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N F PA
®

 c o d e s ,  s tan d ar d s ,  r e c o m m e n d e d  p r ac ti c e s ,  an d  g u i d e s  ( “ N F PA S tan d ar d s ” ) ,  o f wh i c h  th e  d o c u m e n t
c o n tai n e d  h e r e i n  i s  o n e ,  ar e  d e ve l o p e d  th r o u g h  a c o n s e n s u s  s tan d ar d s  d e ve l o p m e n t p r o c e s s  ap p r o ve d  b y th e
Am e r i c an  N ati o n al  S tan d ar d s  I n s ti tu te .  T h i s  p r o c e s s  b r i n g s  to g e th e r  vo l u n te e r s  r e p r e s e n ti n g  var i e d  vi e wp o i n ts
an d  i n te r e s ts  to  ac h i e ve  c o n s e n s u s  o n  fre  an d  o th e r  s afe ty i s s u e s .  Wh i l e  th e  N F PA ad m i n i s te r s  th e  p r o c e s s  an d
e s tab l i s h e s  r u l e s  to  p r o m o te  fai r n e s s  i n  th e  d e ve l o p m e n t o f c o n s e n s u s ,  i t d o e s  n o t i n d e p e n d e n tl y te s t,  e val u ate ,  o r
ve r i fy th e  ac c u r ac y o f an y i n fo r m ati o n  o r  th e  s o u n d n e s s  o f an y j u d g m e n ts  c o n tai n e d  i n  N F PA S tan d ar d s .

T h e  N FPA d i s c l ai m s  l i ab i l i ty fo r  an y p e r s o n al  i n j u r y,  p r o p e r ty,  o r  o th e r  d am ag e s  o f an y n atu r e  wh ats o e ve r,
wh e th e r  s p e c i al ,  i n d i r e c t,  c o n s e q u e n ti al  o r  c o m p e n s ato r y,  d i r e c tl y o r  i n d i r e c tl y r e s u l ti n g  fr o m  th e  p u b l i c ati o n ,  u s e
o f,  o r  r e l i an c e  o n  N F PA S tan d ar d s .  T h e  N F PA al s o  m ake s  n o  g u ar an ty o r  war r an ty as  to  th e  ac c u r ac y o r
c o m p l e te n e s s  o f an y i n fo r m ati o n  p u b l i s h e d  h e r e i n .

I n  i s s u i n g  an d  m aki n g  N F PA S tan d ar d s  avai l ab l e ,  th e  N F PA i s  n o t u n d e r taki n g  to  r e n d e r  p r o fe s s i o n al  o r  o th e r
s e r vi c e s  fo r  o r  o n  b e h al f o f an y p e r s o n  o r  e n ti ty.  N o r  i s  th e  N F PA u n d e r taki n g  to  p e r fo r m  an y d u ty o we d  b y an y
p e r s o n  o r e n ti ty to  s o m e o n e  e l s e .  An yo n e  u s i n g  th i s  d o c u m e n t s h o u l d  r e l y o n  h i s  o r  h e r  o wn  i n d e p e n d e n t
j u d g m e n t o r,  as  ap p r o p r i ate ,  s e e k th e  ad vi c e  o f a c o m p e te n t p r o fe s s i o n al  i n  d e te r m i n i n g  th e  e x e r c i s e  o f
r e as o n ab l e  c ar e  i n  an y g i ve n  c i r c u m s tan c e s .

T h e  N FPA h as  n o  p o we r,  n o r  d o e s  i t u n d e r take ,  to  p o l i c e  o r  e n fo r c e  c o m p l i an c e  wi th  th e  c o n te n ts  o f N F PA
S tan d ar d s .  N o r  d o e s  th e  N F PA l i s t,  c e r ti fy,  te s t,  o r  i n s p e c t p r o d u c ts ,  d e s i g n s ,  o r  i n s tal l ati o n s  fo r  c o m p l i an c e  wi th
th i s  d o c u m e n t.  An y certifcation  o r  o th e r  s tate m e n t o f c o m p l i an c e  wi th  th e  r e q u i r e m e n ts  o f th i s  d o c u m e n t s h al l
n o t b e  attr i b u tab l e  to  th e  N F PA an d  i s  s o l e l y th e  r e s p o n s i b i l i ty o f th e  certifer  o r  m ake r  o f th e  s tate m e n t.

RE VI S I O N  S YM B O L S  I D E N T I FYI N G  C H AN G E S  FRO M  T H E  P RE VI O U S  E D I T I O N

Te x t r e vi s i o n s  ar e  s h ad e d .  A Δ  b e fo r e  a s e c ti o n  n u m b e r  i n d i c ate s  th at wo r d s  wi th i n  th at s e c ti o n  we r e
d e l e te d  an d  a Δ  to  th e  l e ft o f a tab l e  o r  fgure  n u m b e r  i n d i c ate s  a r e vi s i o n  to  an  e x i s ti n g  tab l e  o r
fgure.  Wh e n  a c h ap te r  was  h e avi l y r e vi s e d ,  th e  e n ti r e  c h ap te r  i s  m ar ke d  th r o u g h o u t wi th  th e  Δ

s ym b o l .  Wh e r e  o n e  o r  m o r e  s e c ti o n s  we r e  d e l e te d ,  a •  i s  p l ac e d  b e twe e n  th e  r e m ai n i n g  s e c ti o n s .
C h ap te r s ,  an n e x e s ,  s e c ti o n s ,  fgures,  an d  tab l e s  th at ar e  n e w ar e  i n d i c ate d  wi th  an  N.

N o te  th at th e s e  i n d i c ato r s  ar e  a g u i d e .  Re ar r an g e m e n t o f s e c ti o n s  m ay n o t b e  c ap tu r e d  i n  th e
m ar ku p ,  b u t u s e r s  c an  vi e w c o m p l e te  r e vi s i o n  d e tai l s  i n  th e  F i r s t an d  S e c o n d  D r aft Re p o r ts  l o c ate d  i n
th e  ar c h i ve d  r e vi s i o n  i n fo r m ati o n  s e c ti o n  o f e ac h  c o d e  at www. n fp a. o r g / d o c i n fo .  An y s u b s e q u e n t
c h an g e s  fr o m  th e  N F PA Te c h n i c al  M e e ti n g ,  Te n tati ve  I n te r i m  Am e n d m e n ts ,  an d  E r rata ar e  al s o
l o c ate d  th e r e .

RE M I N D E R:  U P D AT I N G  O F N FPA S TAN D ARD S

U s e r s  o f N F PA c o d e s ,  s tan d ar d s ,  r e c o m m e n d e d  p r ac ti c e s ,  an d  g u i d e s  ( “ N F PA S tan d ar d s ” )  s h o u l d  b e
awar e  th at th e s e  d o c u m e n ts  m ay b e  s u p e r s e d e d  at an y ti m e  b y th e  i s s u an c e  o f a n e w e d i ti o n ,  m ay b e
am e n d e d  wi th  th e  i s s u an c e  o f Te n tati ve  I n te r i m  Am e n d m e n ts  ( T I As ) ,  o r  b e  c o r r e c te d  b y E r r ata.   I t i s
i n te n d e d  th at th r o u g h  r e g u l ar  r e vi s i o n s  an d  am e n d m e n ts ,  p ar ti c i p an ts  i n  th e  N F PA s tan d ar d s
d e ve l o p m e n t p r o c e s s  c o n s i d e r  th e  th e n -c u r r e n t an d  avai l ab l e  i n fo r m ati o n  o n  i n c i d e n ts ,  m ate r i al s ,
te c h n o l o g i e s ,  i n n o vati o n s ,  an d  m e th o d s  as  th e s e  d e ve l o p  o ve r  ti m e  an d  th at N F PA S tan d ar d s  refect
th i s  c o n s i d e r ati o n .   T h e r e fo r e ,  an y p r e vi o u s  e d i ti o n  o f th i s  d o c u m e n t n o  l o n g e r  r e p r e s e n ts  th e  c u r r e n t
N FPA S tan d ar d  o n  th e  s u b j e c t m atte r  ad d r e s s e d .  N F PA e n c o u r ag e s  th e  u s e  o f th e  m o s t c u r r e n t e d i ti o n
o f an y N F PA S tan d ar d  [ as  i t m ay b e  am e n d e d  b y T I A( s )  o r  E r r ata]  to  take  ad van tag e  o f c u r r e n t
e x p e r i e n c e  an d  u n d e r s tan d i n g .  An  offcial  N F PA S tan d ar d  at an y p o i n t i n  ti m e  c o n s i s ts  o f th e  c u r r e n t
e d i ti o n  o f th e  d o c u m e n t,  i n c l u d i n g  an y i s s u e d  T I As  an d  E r r ata th e n  i n  e ffe c t.

To  d e te r m i n e  wh e th e r  an  N F PA S tan d ar d  h as  b e e n  am e n d e d  th r o u g h  th e  i s s u an c e  o f T I As  o r
c o rr e c te d  b y E r r ata,  vi s i t th e  “ C o d e s  &  S tan d ar d s ”  s e c ti o n  at www. n fp a. o r g .
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U p d ati n g o f N FPA S tan d ard s

U s e r s  o f N F PA c o d e s ,  s tan d ar d s ,  r e c o m m e n d e d  p r a c ti c e s ,  an d  g u i d e s  ( “ N F PA S ta n d a r d s ” )  s h o u l d  b e  awar e  th a t th e s e
d o c u m e n ts  m ay b e  s u p e r s e d e d  at an y ti m e  b y th e  i s s u a n c e  o f a  n e w e d i ti o n ,  m ay b e  am e n d e d  wi th  th e  i s s u an c e  o f Te n ta ti ve
I n te r i m  Am e n d m e n ts  ( T I As ) ,  o r  b e  c o r r e c te d  b y E r r a ta .   I t i s  i n te n d e d  th at th r o u g h  r e gu l ar  r e vi s i o n s  an d  a m e n d m e n ts ,
p arti c i p an ts  i n  th e  N F PA s tan d ar d s  d e ve l o p m e n t p r o c e s s  c o n s i d e r  th e  th e n - c u r r e n t a n d  avai l ab l e  i n fo r m ati o n  o n  i n c i d e n ts ,
m ate r i al s ,  te c h n o l o g i e s ,  i n n o va ti o n s ,  an d  m e th o d s  as  th e s e  d e ve l o p  o ve r  ti m e  a n d  th a t N F PA S tan d ar d s  refect th i s
c o n s i d e r ati o n .  T h e r e fo r e ,  a n y p r e vi o u s  e d i ti o n  o f th i s  d o c u m e n t n o  l o n ge r  r e p r e s e n ts  th e  c u r r e n t N F PA S ta n d a r d  o n  th e
s u b j e c t m a tte r  ad d r e s s e d .  N F PA e n c o u r ag e s  th e  u s e  o f th e  m o s t c u r r e n t e d i ti o n  o f an y N F PA S ta n d ar d  [ as  i t m a y b e  am e n d e d
b y T I A( s )  o r  E r r a ta ]  to  ta ke  a d van tag e  o f c u r r e n t e x p e r i e n c e  a n d  u n d e r s tan d i n g .  An  offcial  N F PA S tan d ar d  a t a n y p o i n t i n
ti m e  c o n s i s ts  o f th e  c u r r e n t e d i ti o n  o f th e  d o c u m e n t,  i n c l u d i n g  an y i s s u e d  T I As  an d  E r r a ta  th e n  i n  e ffe c t.

To  d e te r m i n e  wh e th e r  a n  N F PA S ta n d a r d  h as  b e e n  a m e n d e d  th r o u g h  th e  i s s u a n c e  o f T I As  o r  c o r r e c te d  b y E r r ata,  vi s i t th e
“ C o d e s  &  S tan d ar d s ”  s e c ti o n  a t www. n fp a. o r g .

I n te rp re tati o n s  o f N FPA S tan d ard s

A s tate m e n t,  wr i tte n  o r  o r al ,  th at i s  n o t p r o c e s s e d  i n  ac c o r d an c e  wi th  S e c ti o n  6  o f th e  Re gu l ati o n s  Go ve r n i n g th e
D e ve l o p m e n t o f N F PA S ta n d ar d s  s h a l l  n o t b e  c o n s i d e r e d  th e  offcial  p o s i ti o n  o f N F PA o r  a n y o f i ts  C o m m i tte e s  an d  s h a l l  n o t
b e  c o n s i d e r e d  to  b e ,  n o r  b e  r e l i e d  u p o n  as ,  a F o r m al  I n te r p r e tati o n .

P ate n ts

T h e  N F PA d o e s  n o t ta ke  an y p o s i ti o n  wi th  r e s p e c t to  th e  va l i d i ty o f an y p ate n t r i gh ts  r e fe r e n c e d  i n ,  r e l a te d  to ,  o r  a s s e r te d  i n
c o n n e c ti o n  wi th  a n  N F PA S ta n d a r d .  T h e  u s e r s  o f N F PA S tan d ar d s  b e ar  th e  s o l e  r e s p o n s i b i l i ty fo r  d e te r m i n i n g  th e  val i d i ty o f
a n y s u c h  p a te n t r i g h ts ,  as  we l l  as  th e  r i s k o f i n fr i n g e m e n t o f s u c h  r i g h ts ,  an d  th e  N F PA d i s c l a i m s  l i a b i l i ty fo r  th e  i n fr i n ge m e n t
o f an y p ate n t r e s u l ti n g fr o m  th e  u s e  o f o r  r e l i a n c e  o n  N F PA S tan d a r d s .

N F PA ad h e r e s  to  th e  p o l i c y o f th e  Am e r i c an  N ati o n al  S tan d a r d s  I n s ti tu te  ( AN S I )  r e g ar d i n g th e  i n c l u s i o n  o f p ate n ts  i n
Am e r i c a n  N a ti o n a l  S ta n d ar d s  ( “ th e  AN S I  P a te n t P o l i c y” ) ,  an d  h e r e b y gi ve s  th e  fo l l o wi n g n o ti c e  p u r s u an t to  th a t p o l i c y:

N O T I C E :  T h e  u s e r ’ s  atte n ti o n  i s  c al l e d  to  th e  p o s s i b i l i ty th at c o m p l i a n c e  wi th  a n  N F PA S ta n d ar d  m a y r e q u i r e  u s e  o f an
i n ve n ti o n  c o ve r e d  b y p ate n t r i gh ts .  N F PA take s  n o  p o s i ti o n  as  to  th e  val i d i ty o f a n y s u c h  p a te n t r i g h ts  o r  a s  to  wh e th e r  s u c h
p ate n t r i gh ts  c o n s ti tu te  o r  i n c l u d e  e s s e n ti al  p ate n t c l a i m s  u n d e r  th e  AN S I  P ate n t P o l i c y.  I f,  i n  c o n n e c ti o n  wi th  th e  AN S I  P a te n t
P o l i c y,  a  p ate n t h o l d e r  h as  fled  a  s tate m e n t o f wi l l i n g n e s s  to  g r an t l i c e n s e s  u n d e r  th e s e  r i gh ts  o n  r e a s o n a b l e  an d
n o n d i s c r i m i n a to r y te r m s  an d  c o n d i ti o n s  to  ap p l i c a n ts  d e s i r i n g  to  o b tai n  s u c h  a  l i c e n s e ,  c o p i e s  o f s u c h  fled  s ta te m e n ts  c a n  b e
o b tai n e d ,  o n  r e q u e s t,  fr o m  N F PA.  F o r  fu r th e r  i n fo r m a ti o n ,  c o n ta c t th e  N F PA at th e  a d d r e s s  l i s te d  b e l o w.

L aw an d  Re gu l ati o n s

U s e r s  o f N F PA S ta n d ar d s  s h o u l d  c o n s u l t ap p l i c a b l e  fe d e r al ,  s tate ,  a n d  l o c al  l aws  an d  r e gu l ati o n s .  N F PA d o e s  n o t,  b y th e
p u b l i c ati o n  o f i ts  c o d e s ,  s ta n d a r d s ,  r e c o m m e n d e d  p r ac ti c e s ,  an d  gu i d e s ,  i n te n d  to  u r ge  ac ti o n  th a t i s  n o t i n  c o m p l i a n c e  wi th
ap p l i c a b l e  l a ws ,  a n d  th e s e  d o c u m e n ts  m a y n o t b e  c o n s tr u e d  a s  d o i n g  s o .

C o p yri gh ts

N F PA S ta n d ar d s  a r e  c o p yr i gh te d .  T h e y ar e  m ad e  avai l ab l e  fo r  a  wi d e  var i e ty o f b o th  p u b l i c  an d  p r i vate  u s e s .  T h e s e  i n c l u d e
b o th  u s e ,  b y r e fe r e n c e ,  i n  l aws  a n d  r e gu l a ti o n s ,  an d  u s e  i n  p r i vate  s e l f-r e gu l a ti o n ,  s ta n d a r d i z ati o n ,  an d  th e  p r o m o ti o n  o f s a fe
p r ac ti c e s  a n d  m e th o d s .  B y m a ki n g th e s e  d o c u m e n ts  avai l ab l e  fo r  u s e  an d  a d o p ti o n  b y p u b l i c  au th o r i ti e s  a n d  p r i va te  u s e r s ,  th e
N F PA d o e s  n o t wa i ve  a n y r i gh ts  i n  c o p yr i gh t to  th e s e  d o c u m e n ts .

U s e  o f N F PA S ta n d a r d s  fo r  r e gu l a to r y p u r p o s e s  s h o u l d  b e  ac c o m p l i s h e d  th r o u g h  ad o p ti o n  b y r e fe r e n c e .  T h e  te r m
“ a d o p ti o n  b y r e fe r e n c e ”  m e a n s  th e  c i ti n g o f ti tl e ,  e d i ti o n ,  a n d  p u b l i s h i n g  i n fo r m a ti o n  o n l y.  An y d e l e ti o n s ,  ad d i ti o n s ,  a n d
c h an ge s  d e s i r e d  b y th e  a d o p ti n g  au th o r i ty s h o u l d  b e  n o te d  s e p a r ate l y i n  th e  ad o p ti n g  i n s tr u m e n t.  I n  o r d e r  to  a s s i s t N F PA i n
fo l l o wi n g  th e  u s e s  m a d e  o f i ts  d o c u m e n ts ,  ad o p ti n g  a u th o r i ti e s  ar e  r e q u e s te d  to  n o ti fy th e  N F PA ( Atte n ti o n :  S e c r e ta r y,
S tan d a r d s  C o u n c i l )  i n  wr i ti n g o f s u c h  u s e .  F o r  te c h n i c a l  as s i s tan c e  an d  q u e s ti o n s  c o n c e r n i n g ad o p ti o n  o f N F PA S tan d a r d s ,
c o n tac t N F PA at th e  ad d r e s s  b e l o w.

Fo r Fu r th e r I n fo r m ati o n

Al l  q u e s ti o n s  o r  o th e r  c o m m u n i c ati o n s  r e l ati n g  to  N F PA S tan d ar d s  an d  al l  r e q u e s ts  fo r  i n fo r m ati o n  o n  N F PA p r o c e d u r e s
go ve r n i n g  i ts  c o d e s  an d  s tan d a r d s  d e ve l o p m e n t p r o c e s s ,  i n c l u d i n g i n fo r m ati o n  o n  th e  p r o c e d u r e s  fo r  r e q u e s ti n g  F o r m a l
I n te r p r e tati o n s ,  fo r  p r o p o s i n g  Te n ta ti ve  I n te r i m  Am e n d m e n ts ,  a n d  fo r  p r o p o s i n g r e vi s i o n s  to  N F PA s tan d ar d s  d u r i n g  r e gu l ar
r e vi s i o n  c yc l e s ,  s h o u l d  b e  s e n t to  N F PA h e ad q u ar te r s ,  ad d r e s s e d  to  th e  atte n ti o n  o f th e  S e c r e ta r y,  S ta n d a r d s  C o u n c i l ,  N F PA,  1
B atte r ym a r c h  P ar k,  P. O .  B o x  9 1 0 1 ,  Qu i n c y,  M A 0 2 2 6 9 - 9 1 0 1 ;  e m a i l :  s td s _ad m i n @ n fp a . o r g .

F o r  m o r e  i n fo r m a ti o n  a b o u t N F PA,  vi s i t th e  N F PA we b s i te  at www. n fp a . o r g .  Al l  N F PA c o d e s  a n d  s ta n d ar d s  c a n  b e  vi e we d  a t
n o  c o s t at www. n fp a. o r g/ d o c i n fo .
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T h i s  e d i ti o n  o f N F PA 7 7 ,  Recommended Practice on Static Electricity,  wa s  p r e p a r e d  b y th e  Te c h n i c a l
C o m m i tte e  o n  S tati c  E l e c tr i c i ty.  I t wa s  i s s u e d  b y th e  S tan d ar d s  C o u n c i l  o n  Ap r i l  2 3 ,  2 0 2 3 ,  wi th  a n
e ffe c ti ve  d a te  o f M ay 1 3 ,  2 0 2 3 ,  a n d  s u p e r s e d e s  a l l  p r e vi o u s  e d i ti o n s .

T h i s  e d i ti o n  o f N F PA 7 7  was  ap p r o ve d  a s  a n  Am e r i c a n  N a ti o n al  S ta n d a r d  o n  M ay 1 3 ,  2 0 2 3 .

O ri gi n  an d  D e ve l o p m e n t o f N FPA 7 7

An  N F PA p r o j e c t ad d r e s s i n g  s tati c  e l e c tr i c i ty wa s  i n i ti a te d  i n  1 9 3 6 ,  an d  a  p r o gr e s s  r e p o r t wa s
p r e s e n te d  to  N F PA i n  1 9 3 7 .  A te n ta ti ve  e d i ti o n  o f N F PA 7 7  wa s  a d o p te d  i n  1 9 4 1 .  T h i s  te n ta ti ve
e d i ti o n  wa s  fu r th e r  r e vi s e d  an d  offcially a d o p te d  b y th e  N F PA i n  1 9 4 6 .  Re vi s i o n s  we r e  ad o p te d  i n
1 9 5 0 ,  1 9 6 1 ,  1 9 6 6 ,  1 9 7 2 ,  1 9 7 7 ,  1 9 8 2 ,  1 9 8 8 ,  an d  1 9 9 3 .

T h e  2 0 0 0  e d i ti o n  o f N F PA 7 7  p r e s e n te d  a to tal l y r e vi s e d  o ve r vi e w o f th e  s u b j e c t o f s ta ti c  e l e c tr i c i ty
an d  i ts  h az ar d s ,  i n c l u d i n g th e  l e ve l  o f u n d e r s ta n d i n g  o f s ta ti c  e l e c tr i c i ty at th a t ti m e  an d  c o n s i d e r a b l e
n e w i n fo r m a ti o n  e x p l ai n i n g th e  fu n d am e n tal  a s p e c ts  o f th e  p h e n o m e n o n  a n d  r e c o m m e n d a ti o n s  fo r
e va l u a ti n g a n d  c o n tr o l l i n g  p o te n ti a l  h az ar d s .  Al s o  i n c l u d e d  we r e  s e c ti o n s  a d d r e s s i n g  specifc  h az ar d s
o f fammable  ga s e s  a n d  va p o r s  an d  c o m b u s ti b l e  d u s ts ,  s e c ti o n s  o n  specifc  i n d u s tr i al  p r o c e s s e s  an d
o p e r ati o n s ,  a  d atab a s e  o f r e l e va n t p r o p e r ti e s  o f n u m e r o u s  c o m m e r c i al l y signifcant m a te r i al s ,  a
gl o s s ar y o f te r m s ,  a n d  d i ag r am s  s h o wi n g a c c e p ta b l e  m e th o d s  o f b o n d i n g  an d  g r o u n d i n g .

T h e  2 0 0 7  e d i ti o n  o f N F PA 7 7  i n c l u d e d  th e  fo l l o wi n g  c h a n ge s :

( 1 ) Re c o m m e n d ati o n s  fo r  th e  s e l f-c h e c ki n g  b o n d i n g c l a m p s  an d  b o n d  wi r e s  th at c o n ti n u o u s l y
m o n i to r  th e  r e s i s tan c e  to  g r o u n d  an d  ve r i fy th a t r e s i s tan c e  i s  m a i n tai n e d  wi th i n  a c c e p ta b l e
l e ve l s

( 2 ) C au ti o n ar y s ta te m e n ts  r e g ar d i n g  th e  u s e  o f a p p r o p r i ate  i n s tr u m e n ts  b as e d  o n  th e  e l e c tr i c a l
classifcation  o f th e  ar e a i n  wh i c h  th e  i n s tr u m e n ts  wi l l  b e  u s e d

( 3 ) C au ti o n ar y s ta te m e n ts  r e g ar d i n g  th e  u s e  o f h i gh -vo l tag e  s tati c  n e u tr al i z e r s  i n  e l e c tr i c al l y
classifed  a r e as  an d  th e  u s e  o f s u c h  s ta ti c  n e u tr a l i z e r s  as  i n d u c ti ve  n e u tr al i z e r s  wh e n  d e -
e n e r gi z e d  o r  at fa i l u r e

T h e  2 0 1 4  e d i ti o n  o f N F PA 7 7  i n c l u d e d  th e  fo l l o wi n g  c h a n ge s :

( 1 ) Re o r g an i z a ti o n  i n to  a m o r e  l o gi c a l  ar r a n ge m e n t,  wi th  s o m e  l ar g e  c h ap te r s  d i vi d e d  i n to
s e ve r al  s m a l l  c h ap te r s  th at fo c u s  o n  a s i n gl e  to p i c

( 2 ) Re vi s i o n  to  C h ap te r  5  fo r  c l ar i ty o n  th e  m e c h a n i s m s  o f s tati c  e l e c tr i c  c h a r gi n g a n d
d i s c h ar g i n g

( 3 ) Ad d i ti o n  o f i n fo r m ati o n  to  C h ap te r  9  o n  th e  h a z a r d s  o f s wi tc h  l o ad i n g
( 4 ) Re wr i ti n g  o f r e c o m m e n d a ti o n s  fo r  flling  s to r ag e  ta n ks
( 5 ) Re wr i ti n g  o f r e c o m m e n d a ti o n s  fo r  fexible  i n te r m e d i a te  b u l k c o n ta i n e r s
( 6 ) Re wr i ti n g  o f r e c o m m e n d a ti o n s  fo r  we b  p r o c e s s e s

T h e  2 0 1 9  e d i ti o n  i n c l u d e d  th e  fo l l o wi n g  c h an g e s :

( 1 ) C h an g e s  to  th e  defnitions  fo r  combustible dust an d  grounding to  refect th e  u s e  o f th e  te r m s
specifc  to  N F PA 7 7

( 2 ) C h an g e s  to  th e  c h ar a c te r i z a ti o n  o f l o w,  m e d i u m ,  an d  h i gh  r e s i s ti vi ty p o wd e r s  i n  C h a p te r  1 5
to  refect ge n e r a l l y ac c e p te d  i n te r n ati o n a l  s ta n d ar d s

T h e  2 0 2 4  e d i ti o n  i n c l u d e s  th e  fo l l o wi n g c h an g e s :

( 1 ) Re vi s i o n s  to  th e  e n ti r e  r e c o m m e n d e d  p r ac ti c e  fo r  r e ad a b i l i ty an d  c o n s i s te n c y,  a n d  th e
ad d i ti o n  o f clarifcations  fo r  u s e r s  n o t fa m i l i ar  wi th  s ta ti c  e l e c tr i c  c o n tr o l



S TAT I C  E L E C T RI C I T Y77-2

2 0 2 4  E d i t i o n

( 2 ) Ad d i ti o n  o f U S  u n i ts  th r o u gh o u t th e  d o c u m e n t an d  r e vi s i o n  o f Gr e e k s ym b o l
n o m e n c l a tu r e

( 3 ) C o r r e l ati o n  o f th e  defnitions  fo r  th e  te r m s  grounded (grounding) an d  grounding electrode
connector wi th  NFPA 70,  National Electrical Code,  a n d  ad d i ti o n  o f a  defnition  fo r  th e  te r m
verifed ground point

( 4 ) Ad d i ti o n  o f l i q u i d  c l as s e s  defnitions  fr o m  N F PA 3 0 ,  Flammable and Combustible Liquids
Code,  a n d  clarifcation  o f th e  i gn i ti b l e  l i q u i d  n o m e n c l a tu r e  to  c o r r e l ate  wi th  N F PA 3 0

( 5 ) Re vi s i o n s  to  C h a p te r  7 ,  i n c l u d i n g th e  fo l l o wi n g :

( a) Re o r g an i z i n g  th e  c h ap te r  s u c h  th at th e  s ta ti c  e l e c tr i c  c o n tr o l  p r ac ti c e s  a r e  p l a c e d
i n  th e  o r d e r  o f h o w th e y ar e  a p p r o a c h e d  i n  i n d u s tr y

( b ) E s ta b l i s h i n g th e  d i ffe r e n c e  b e twe e n  a  gr o u n d i n g  c o n d u c to r,  a b o n d i n g
c o n d u c to r,  an d  a n  a c ti ve  b o n d  m o n i to r i n g s ys te m

( c ) P r o vi d i n g  gu i d an c e  o n  r e s i s tan c e  m e as u r e m e n ts  fo r  b o n d i n g c o n n e c ti o n s  an d
to ta l  r e s i s tan c e  to  gr o u n d

( d ) Re c o m m e n d i n g  s e p ar a te  g r o u n d  s ys te m s  fo r  e l e c tr o s ta ti c  s ys te m s  an d  n o t
c o n n e c ti n g e l e c tr o s ta ti c  g r o u n d s  to  e i th e r  e l e c tr i c al  gr o u n d s  o r  l i gh tn i n g
p r o te c ti o n  s ys te m s

( 6 ) Ad d i ti o n  o f a  r e c o m m e n d ati o n  th at c o m b u s ti b l e  l i q u i d s  ( C l a s s  I I  o r  C l as s  I I I  l i q u i d s ,  as
d e s i g n ate d  b y N F PA 3 0 )  h e ate d  at o r  a b o ve  th e i r  fashpoints  b e  h an d l e d  a s  fammable
l i q u i d s  ( C l as s  I  l i q u i d s ,  a s  d e s i g n ate d  b y N F PA 3 0 )

( 7 ) Re vi s i o n  o f th e  s tr e am i n g c u r r e n t ax i s  i n  F i g u r e  1 0 . 7 . 1 ( a )  to  c o r r e l ate  wi th  n e w d a ta
( 8 ) P r o vi s i o n  o f a r e fe r e n c e  to  d ata o n  s a fe  fll  r ate s  fo r  tan ks  an d  c o n ta i n e r s
( 9 ) D e s c r i p ti o n  o f e l e c tr o s tati c  i g n i ti o n  r i s ks  wh e n  h a n d l i n g n o n c o n d u c ti ve  ve s s e l s  wi th

i gn i ti b l e  an d  n o n i gn i ti b l e  l i q u i d s
( 1 0 ) Re o r g an i z ati o n  o f C h ap te r s  1 3  an d  1 4  i n to  a s i n g l e  c h ap te r  b e c au s e  C h a p te r  1 4  was

vi e we d  as  a c o n ti n u ati o n  o f r e c o m m e n d ati o n s  fo r  p r o c e s s  ve s s e l s
( 1 1 ) P r o vi s i o n  o f r e fe r e n c e s  o n  p o wd e r  c h ar g e  r e l ax ati o n  ti m e  m e a s u r e m e n ts
( 1 2 ) Clarifcation  as  to  wh y b o n d i n g  a  h o s e  h e l i x  wi r e  m i gh t n o t b e  suffcient o n  i ts  o wn  to

p r o vi d e  s ta ti c  e l e c tr i c i ty p r o te c ti o n  ( i . e . ,  th e  p r i m ar y p u r p o s e  o f th e  h e l i x  wi r e  i s  to
p r o vi d e  s tr u c tu r a l  s tr e n g th )  an d  r e c o m m e n d e d  u s e  o f c o n d u c ti ve  o r  s tati c -d i s s i p a ti ve
h o s e s  i n s te a d

( 1 3 ) E x p an s i o n  o f th e  d e s c r i p ti o n  o f r i s ks  fr o m  i n tr o d u c i n g s o l i d s  i n to  ve s s e l s
( 1 4 ) E l a b o r a ti o n  o n  th e  r i s ks  o f i n d u c i n g  e l e c tr o s tati c  c h ar g e s  a t i n te r m e d i ate  b u l k c o n tai n e r s

( I B C s )  wi th  fu l l y o p e n  to p s
( 1 5 ) Ad d i ti o n  o f a  n e w s e c ti o n  o n  fexible  I B C s  ( F I B C s )  wi th o u t b o tto m  s p o u ts  an d  l ar g e  flter

b a gs
( 1 6 ) Signifcant e x p an s i o n  o f C h ap te r  1 7  o n  we b  a n d  s h e e t p r o c e s s e s  th at i n c l u d e s  n e w

s e c ti o n s  o n  i d e n ti fyi n g  s ta ti c  c h ar g i n g  s o u r c e s ,  s ta ti c  c o n tr o l  b e s t p r ac ti c e s ,  a n d
m a i n tai n i n g s tati c  c o n tr o l

( 1 7 ) E x te n s i ve  r e vi s i o n  o f An n e x  G th at i n c l u d e s  n e w fgures  s h o wi n g  s tate -o f-th e - ar t b o n d i n g
a n d  g r o u n d i n g s ys te m s
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Ke l l y Ro b i n s o n ,  Chair
E l e c tr o s ta ti c  An s we r s  L L C ,  N Y [ U ]

Re p .  As s o c i a ti o n  fo r  Ro l l -to - Ro l l  C o n ve r te r s

Tro y B .  An th o n y,  E l e c tr o -Te c h  S ys te m s ,  I n c . ,  PA [ M ]

Raq ue l  M ac e d o  D e  Arau j o ,  S c u l l y S i g n a l  C o m p a n y,  M A [ M ]
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J am e s  A.  Kl e i n ke ,  G r a c o ,  I n c . ,  M N  [ M ]
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B e r n ard  T.  P ri c e ,  O r b i ta l  AT K,  I n c . / N o r th r o p  Gr u m m a n
I n n o va ti o n  S ys te m s ,  U T  [ U ]

Ri c h ard P.  P ui g,  N e ws o n  G al e ,  I n c . ,  T X  [ M ]

J as o n  E .  Te l i s z c z ak,  J T  E n vi r o n m e n tal  C o n s u l ti n g ,  F L  [ S E ]

Tre n t D e an  T h o l e n ,  H i l l  Ai r  F o r c e  B as e ,  U T  [ U ]

E ri c  R.  Wi n te r,  C o r te va  Ag r i s c i e n c e ,  D E  [ M ]
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This list represents the membership at the time the Committee was balloted on the fnal text of this edition.
Since that time,  changes in the membership may have occurred.  A key to classifcations is found at the
back of the document.

N O T E :  M e m b e r s h i p  o n  a  c o m m i tte e  s h al l  n o t i n  a n d  o f i ts e l f c o n s ti tu te  a n  e n d o r s e m e n t o f
th e  As s o c i a ti o n  o r  a n y d o c u m e n t d e ve l o p e d  b y th e  c o m m i tte e  o n  wh i c h  th e  m e m b e r  s e r ve s .

C o m m i tte e  S c o p e :  T h i s  C o m m i tte e  s h a l l  h a ve  p r i m a r y r e s p o n s i b i l i ty fo r  d o c u m e n ts  o n
s a fe g u a r d i n g  a g a i n s t th e  fre  an d  e x p l o s i o n  h a z a r d s  as s o c i ate d  wi th  s ta ti c  e l e c tr i c i ty,
i n c l u d i n g  th e  p r e ve n ti o n  a n d  c o n tr o l  o f th e s e  h a z a r d s .  T h i s  C o m m i tte e  s h a l l  a l s o  h ave
p r i m ar y r e s p o n s i b i l i ty fo r  c o n d u c ti ve  a n d  s ta ti c -d i s s i p ati ve  foors,  e x c e p t a s  th i s  s u b j e c t i s
a d d r e s s e d  b y th e  C o m m i tte e  o n  H e a l th  C ar e  F a c i l i ti e s .
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4 . 2 S ym b o l s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   1 0

C h ap te r 5 Fu n d am e n tal s  o f S tati c  E l e c tri c i ty  . . . . . . . . . . . . . . . . . 7 7 –   1 1
5 . 1 Ge n e r a l .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   1 1
5 . 2 S e p ar a ti o n  o f C h ar g e  b y C o n ta c t o f M ate r i a l s .   . . . . . 7 7 –   1 1
5 . 3 C h a r g i n g  b y I n d u c ti o n .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   1 2
5 . 4 Ac c u m u l a ti o n  a n d  D i s s i p ati o n  o f C h a r g e .   . . . . . . . . . . . . 7 7 –   1 3
5 . 5 D i s c h a r g e  o f S ta ti c  E l e c tr i c i ty a n d  I g n i ti o n

M e c h a n i s m s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   1 4

C h ap te r 6 E val u ati n g S tati c  E l e c tri c i ty H az ard s   . . . . . . . . . . . . . 7 7 –   1 7
6 . 1 Ge n e r a l .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   1 7
6 . 2 M e a s u r i n g  a  S ta ti c  E l e c tr i c  C h ar g e .   . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   1 8
6 . 3 M e a s u r i n g  th e  C h a r g e  o n  a C o n d u c to r.   . . . . . . . . . . . . . . . . 7 7 –   1 8
6 . 4 M e a s u r i n g  th e  C h a r g e  o n  a N o n c o n d u c to r.   . . . . . . . . . 7 7 –   1 8
6 . 5 Ge n e r a l  P r a c ti c e s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   1 8
6 . 6 M e a s u r i n g  th e  Ac c u m u l a ti o n  a n d  Re l a x a ti o n  o f

C h a r g e .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   1 8
6 . 7 M e a s u r i n g  th e  Re s i s ti vi ty o f M a te r i al s .   . . . . . . . . . . . . . . . . . . . 7 7 –   1 9
6 . 8 As s e s s m e n t o f C o n d u c ti o n  P a th s .   . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   1 9
6 . 9 M e a s u r i n g  S p a r k D i s c h a r g e  E n e r g i e s .   . . . . . . . . . . . . . . . . . . . 7 7 –   1 9
6 . 1 0 M e a s u r i n g  I g n i ti o n  E n e r g i e s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 0

C h ap te r 7 C o n tro l  o f S tati c  E l e c tri c i ty an d  I ts  H az ards
b y P ro c e s s  Modifcation  an d G ro u n d i n g  . . . . . . 7 7 –   2 0

7 . 1 Ge n e r a l .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 0
7 . 2 Re l o c a ti o n .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 0
7 . 3 C h a r g e  D i s s i p a ti o n .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 0
7 . 4 C o n tr o l  o f Ge n e r a ti o n  o f S ta ti c  E l e c tr i c  C h a r g e .   . 7 7 –   2 1
7 . 5 C o n tr o l  o f I g n i ti b l e  M i x tu r e s  i n  E q u i p m e n t.   . . . . . . . . 7 7 –   2 2

C h ap te r 8 C o n tro l  o f S tati c  E l e c tri c i ty an d  I ts  H az ards
b y S tati c  E l i m i n ato rs  an d  P e rs o n n e l  Fac to rs   7 7 –   2 2

8 . 1 C h a r g e  N e u tr al i z a ti o n  b y I o n i z a ti o n  o f Ai r.   . . . . . . . . . . 7 7 –   2 2
8 . 2 C o n tr o l  o f S ta ti c  E l e c tr i c  C h ar g e  o n  P e r s o n n e l .   . . . 7 7 –   2 3
8 . 3 M a i n te n a n c e  a n d  Te s ti n g .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 4
8 . 4 D i s c o m fo r t a n d  I n j u r y.   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 4

C h ap te r 9 I gn i ti b l e  ( Fl am m ab l e  an d  C o m b us ti b l e )
L i q u i d s  an d  T h e i r Vap o rs   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 4

9 . 1 G e n e r a l .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 4
9 . 2 C o m b u s ti o n  C h a r a c te r i s ti c s  o f L i q u i d s ,  Va p o r s ,

an d  M i s ts .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 4
9 . 3 Ge n e r a ti o n  a n d  D i s s i p a ti o n  o f S ta ti c  E l e c tr i c

C h a r g e  i n  L i q u i d s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 5

C h ap te r 1 0 Fl u i d  Fl o w i n  P i p i n g,  H o s e ,  Tu b i n g,  an d
Fi l te rs   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 7

1 0 . 1 M e tal  P i p i n g  S ys te m s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 7
1 0 . 2 N o n c o n d u c ti ve  P i p e  a n d  L i n e d  P i p e .   . . . . . . . . . . . . . . . . . . . . 7 7 –   2 7
1 0 . 3 F l e x i b l e  H o s e  a n d  Tu b i n g .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 7
1 0 . 4 F i l l  P i p e s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 8
1 0 . 5 F i l tr a ti o n .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 8
1 0 . 6 S u s p e n d e d  M a te r i a l .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 8
1 0 . 7 M i s c e l l a n e o u s  L i n e  Re s tr i c ti o n s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 8

C h ap te r 1 1 S tati c  E l e c tri c i ty H az ard s  o f L i q u i ds  i n
C o n tai n e rs   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 8

1 1 . 1 P o r ta b l e  Ta n ks ,  I n te r m e d i a te  B u l k C o n ta i n e r s
( I B C s ) ,  a n d  N o n - B u l k C o n ta i n e r s .   . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   2 8

1 1 . 2 C l e a n i n g  o f C o n tai n e r s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 0

C h ap te r 1 2 S tati c  E l e c tri c i ty H az ard s  o f L i q u i ds  i n  B ul k
S to rage  Tan ks  an d  i n  Tan k  Ve h i c l e s   . . . . . . . . . . . . . . 7 7 –   3 1

1 2 . 1 S to r ag e  Ta n ks .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 1
1 2 . 2 L o a d i n g  o f Ta n k Ve h i c l e s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 3
1 2 . 3 Va c u u m  Tr u c ks .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 5
1 2 . 4 Ra i l r o a d  Tan k  C a r s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 5
1 2 . 5 M a r i n e  Ve s s e l  a n d  B ar g e  C a r g o  Ta n ks .   . . . . . . . . . . . . . . . . . . 7 7 –   3 5
1 2 . 6 Ai r c r aft F u e l  Ta n ks  ( Re fu e l e r s ) .  ( Re s e r ve d )   . . . . . . . . . 7 7 –   3 5

C h ap te r 1 3 S tati c  E l e c tri c  H az ards  o f P ro c e s s  Ve s s e l s
an d  Tan ks   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 5

1 3 . 1 Ge n e r a l .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 5
1 3 . 2 P r o c e d u r e s  fo r  Tr a n s fe r  to  Ta n ks .   . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 5
1 3 . 3 Ag i ta ti o n .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 5
1 3 . 4 P r o c e s s  Ve s s e l s  wi th  N o n c o n d u c ti ve  L i n i n g s .   . . . . . . . . 7 7 –   3 5
1 3 . 5 Ad d i n g  S o l i d s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 5
1 3 . 6 M i x i n g  S o l i d s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 6
1 3 . 7 N o n c o n d u c ti ve  P r o c e s s  Ve s s e l s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 6
1 3 . 8 Ga u g i n g  a n d  S a m p l i n g .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 6
1 3 . 9 C l e a n i n g  Ve s s e l s  an d  Ta n ks .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 7
1 3 . 1 0 Va c u u m  C l e a n i n g .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 7
1 3 . 1 1 C l e a n  Ga s  F l o ws .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 7

C h ap te r 1 4 Re s e r ve d   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 7

C h ap te r 1 5 P o wd e rs  an d D us ts   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 7
1 5 . 1 G e n e r a l .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 7
1 5 . 2 C o m b u s ti b i l i ty o f D u s ts .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 8
1 5 . 3 S ta ti c  E l e c tr i c  C h a r g i n g .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 8
1 5 . 4 Re te n ti o n  o f S ta ti c  E l e c tr i c  C h a r g e .   . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 8
1 5 . 5 D i s c h a r g e s  i n  P o wd e r  O p e r ati o n s .   . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   3 9
1 5 . 6 P n e u m a ti c  Tr a n s p o r t S ys te m s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 0
1 5 . 7 F l e x i b l e  H o s e .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 0
1 5 . 8 F l e x i b l e  B o o ts  a n d  S o c k s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 0
1 5 . 9 F a b r i c  F i l te r s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 0
1 5 . 1 0 H yb r i d  M i x tu r e s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 1
1 5 . 1 1 M a n u a l  Ad d i ti o n  o f P o wd e r s  to  F l a m m a b l e

L i q u i d s  ( C l a s s   I  L i q u i d s ,  a s  D e s i g n a te d  b y
N F PA  3 0 ) .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 1

1 5 . 1 2 B u l k S to r a g e .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 2

C h ap te r 1 6 I n te r m e d i ate  B u l k  C o n tai n e rs  ( I B C s )  fo r
P o wd e rs   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 2

1 6 . 1 Ge n e r a l .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 2
1 6 . 2 Typ e s  o f D i s c h a r g e .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 2
1 6 . 3 Gr a n u l a r  M ate r i a l s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 3
1 6 . 4 C o n d u c ti ve  I n te r m e d i a te  B u l k C o n ta i n e r s

( I B C s ) .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 3
1 6 . 5 N o n c o n d u c ti ve  I n te r m e d i a te  B u l k C o n ta i n e r s

( I B C s ) .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 3



C O N T E N T S 7 7 - 5

2 0 2 4  E d i t i o n

1 6 . 6 F l e x i b l e  I n te r m e d i a te  B u l k  C o n ta i n e r s  ( F I B C s ) .   . . 7 7 –   4 3

C hap te r 1 7 We b  an d  S h e e t P ro c e s s e s   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 5
1 7 . 1 Ge n e r a l .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 5
1 7 . 2 S u b s tr a te s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 5
1 7 . 3 I n ks  an d  C o a ti n g s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 6
1 7 . 4 P r o c e s s e s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 6
1 7 . 5 C o n tr o l  o f S ta ti c  E l e c tr i c i ty i n  We b  P r o c e s s e s .   . . . . . . 7 7 –   4 6
1 7 . 6 I d e n ti fyi n g  S ta ti c  C h a r g i n g  S o u r c e s .   . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 7
1 7 . 7 S ta ti c  C o n tr o l  B e s t P r a c ti c e s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   4 9
1 7 . 8 M a i n ta i n i n g  S ta ti c  C o n tr o l .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   5 4

C hap te r 1 8 M i s c e l l an e o u s  Ap p l i c ati o n s   . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   5 6
1 8 . 1 S p r ay Ap p l i c ati o n  P r o c e s s e s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   5 6
1 8 . 2 B e l ts  a n d  C o n ve yo r s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   5 6
1 8 . 3 E x p l o s i ve s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   5 7
1 8 . 4 P l a s ti c  S h e e ts  a n d  Wr a p s .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   5 7

An n e x  A E xp l an ato r y M ate ri al   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   5 7

An n e x  B P h ys i c al  C h arac te ri s ti c s  o f M ate ri al s   . . . . . . . . . . . . 7 7 –   6 3

An n e x  C Ad d i ti o n al  I n fo r m ati o n  o n  Fl as h  P o i n t  . . . . . . . . . 7 7 –   7 0

An n e x  D Ad d i ti o n al  I n fo r m ati o n  o n  Vap o r P re s s u re   . . 7 7 –   7 1

An n e x  E Ad d i ti o n al  I n fo r m ati o n  o n  C h arge
Re l ax ati o n   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   7 1

An n e x  F Ad d i ti o n al  I n fo r m ati o n  o n  C o n d u c ti vi ty  . . . . . . 7 7 –   7 2

An n e x  G M e an s  fo r B o n d i n g an d G ro u n d i n g  . . . . . . . . . . . . . . 7 7 –   7 3

An n e x  H G l o s s ar y o f Te r m s   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   8 0

An n e x  I I n fo r m ati o n al  Re fe re n c e s   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   8 0

I n d e x   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 –   8 3
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IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers.  These notices
and disclaimers appear in all publications containing this document

and may be found under the heading “Important Notices and
Disclaimers Concerning NFPA Standards. ” They can also be viewed
at www. nfpa. org/disclaimers or obtained on request from NFPA.

UPDATES,  ALERTS,  AND FUTURE EDITIONS: New editions of
NFPA codes,  standards,  recommended practices,  and guides (i. e. ,

NFPA Standards)  are released on scheduled revision cycles.  This
edition may be superseded by a later one,  or it may be amended

outside of its scheduled revision cycle through the issuance of Tenta‐
tive Interim Amendments (TIAs) .  An offcial NFPA Standard at any
point in time consists of the current edition of the document,  together

with all TIAs and Errata in effect.  To verify that this document is the
current edition or to determine if it has been amended by TIAs or
Errata,  please consult the National Fire Codes® Subscription Service
or the “List of NFPA Codes & Standards” at www. nfpa. org/docinfo.

In addition to TIAs and Errata,  the document information pages also
include the option to sign up for alerts for individual documents and

to be involved in the development of the next edition.
N O T I C E :  An  as te r i s k ( * )  fo l l o wi n g th e  n u m b e r  o r  l e tte r

d e s i g n ati n g  a  p ar a gr a p h  i n d i c ate s  th at e x p l an a to r y m ate r i a l  o n
th e  p a r ag r ap h  c an  b e  fo u n d  i n  An n e x  A.

A r e fe r e n c e  i n  b r ac ke ts  [  ]  fo l l o wi n g a  s e c ti o n  o r  p a r ag r ap h
i n d i c ate s  m a te r i al  th at h as  b e e n  e x tr ac te d  fro m  an o th e r  N F PA
d o c u m e n t.  E x tr ac te d  te x t m ay b e  e d i te d  fo r  c o n s i s te n c y an d

s tyl e  an d  m a y i n c l u d e  th e  r e vi s i o n  o f i n te r n a l  p ar ag r ap h  r e fe r ‐
e n c e s  a n d  o th e r  r e fe r e n c e s  as  a p p r o p r i ate .  Re q u e s ts  fo r  i n te r ‐
p r e tati o n s  o r  r e vi s i o n s  o f e x tr a c te d  te x t s h o u l d  b e  s e n t to  th e

te c h n i c al  c o m m i tte e  r e s p o n s i b l e  fo r  th e  s o u rc e  d o c u m e n t.
I n fo r m a ti o n  o n  r e fe r e n c e d  an d  e x tr a c te d  p u b l i c ati o n s  c an

b e  fo u n d  i n  C h ap te r  2  a n d  An n e x  I .

C h ap te r  1       Ad m i n i s trati o n

1 . 1  S c o p e .

1 . 1 . 1    T h i s  r e c o m m e n d e d  p r a c ti c e  a p p l i e s  to  th e  identifca‐
tion,  as s e s s m e n t,  an d  c o n tr o l  o f s tati c  e l e c tr i c i ty fo r  p u r p o s e s  o f
p r e ve n ti n g fres  an d  e x p l o s i o n s .

1 . 1 . 2 *    T h i s  r e c o m m e n d e d  p r ac ti c e  d o e s  n o t a p p l y d i r e c tl y to
s h o c k h az ar d s  fr o m  s tati c  e l e c tr i c i ty.  H o we ve r,  ap p l i c ati o n  o f

th e  p r i n c i p l e s  s e t fo r th  i n  th i s  r e c o m m e n d e d  p r ac ti c e  c an
r e d u c e  s u c h  s h o c k h az ar d s  to  p e r s o n n e l .

1 . 1 . 3  Re s e r ve d .

1 . 1 . 4 *    T h i s  r e c o m m e n d e d  p r a c ti c e  d o e s  n o t ap p l y to  l i g h t‐
n i n g .

1 . 1 . 5 *    T h i s  r e c o m m e n d e d  p r a c ti c e  d o e s  n o t ap p l y to  s tr a y
e l e c tr i c al  c u r r e n ts  o r  to  i n d u c e d  c u r r e n ts  fr o m  r a d i o  fr e q u e n c y
( RF )  e n e r gy.

1 . 1 . 6 *    T h i s  r e c o m m e n d e d  p r ac ti c e  d o e s  n o t ap p l y to  fu e l i n g
o f m o to r  ve h i c l e s ,  m ar i n e  c r a ft,  o r  a i r c r aft.

1 . 1 . 7 *    T h i s  r e c o m m e n d e d  p r ac ti c e  d o e s  n o t ap p l y to  c l e an ‐
r o o m s .

1 . 1 . 8    T h i s  r e c o m m e n d e d  p r a c ti c e  d o e s  n o t ap p l y to  c o n tr o l  o f
s tati c  e l e c tr i c i ty a n d  i ts  h az ar d s  as  th e y m i gh t a ffe c t e l e c tr o n i c

c o m p o n e n ts  o r  c i r c u i ts ,  wh i c h  h ave  th e i r  o wn  r e q u i r e m e n ts .

1 . 2  P urp o s e .    T h e  p u r p o s e  o f th i s  r e c o m m e n d e d  p r ac ti c e  i s  to
a s s i s t th e  u s e r  i n  c o n tr o l l i n g th e  h az ar d s  a s s o c i a te d  wi th  th e

ge n e r a ti o n ,  a c c u m u l a ti o n ,  an d  d i s c h a r ge  o f s tati c  e l e c tr i c i ty b y
p r o vi d i n g th e  fo l l o wi n g :

( 1 ) B as i c  u n d e r s ta n d i n g  o f th e  n a tu r e  o f s ta ti c  e l e c tr i c i ty
( 2 ) Gu i d e l i n e s  fo r  i d e n ti fyi n g  a n d  as s e s s i n g th e  h az ar d s  o f

s tati c  e l e c tr i c i ty
( 3 ) Te c h n i q u e s  fo r  c o n tr o l l i n g th e  h az ar d s  o f s tati c  e l e c tr i c i ty
( 4 ) Gu i d e l i n e s  fo r  c o n tr o l l i n g s tati c  e l e c tr i c i ty i n  s e l e c te d

i n d u s tr i al  a p p l i c ati o n s

1 . 3  Ap p l i c ati o n .  ( Re s e r ve d )

1 . 4  E q ui val e n c y.    N o th i n g  i n  th i s  r e c o m m e n d e d  p r ac ti c e  i s
i n te n d e d  to  p r e ve n t th e  u s e  o f s ys te m s ,  m e th o d s ,  o r  d e vi c e s  o f
e q u i val e n t o r  s u p e r i o r  q u a l i ty,  s tr e n g th ,  fre  r e s i s tan c e ,  e ffe c ‐

ti ve n e s s ,  d u r a b i l i ty,  an d  s afe ty o ve r  th o s e  p r e s c r i b e d  b y th i s
r e c o m m e n d e d  p r ac ti c e .

1 . 4 . 1    Te c h n i c al  d o c u m e n tati o n  s h o u l d  b e  s u b m i tte d  to  th e
au th o r i ty h a vi n g j u r i s d i c ti o n  to  d e m o n s tr a te  e q u i va l e n c y.

1 . 4 . 2    T h e  s ys te m ,  m e th o d ,  o r  d e vi c e  s h o u l d  b e  ap p r o ve d  fo r
th e  i n te n d e d  p u r p o s e  b y th e  au th o r i ty h a vi n g j u r i s d i c ti o n .

1 . 5  S ym b o l s ,  U n i ts ,  an d  Fo r m ul as .    T h e  u n i ts  o f m e as u r e  an d
s ym b o l s  u s e d  i n  th i s  r e c o m m e n d e d  p r a c ti c e  ar e  a s  d e s c r i b e d  i n
C h ap te r   4 .

C h ap te r 2    Re fe re n c e d  P u b l i c ati o n s

2 . 1  G e n e ral .    T h e  d o c u m e n ts  o r  p o r ti o n s  th e r e o f l i s te d  i n  th i s
c h a p te r  ar e  r e fe r e n c e d  wi th i n  th i s  r e c o m m e n d e d  p r ac ti c e  an d

s h o u l d  b e  c o n s i d e r e d  p a r t o f th e  r e c o m m e n d ati o n s  o f th i s
d o c u m e n t.

Δ 2 . 2  N FPA P u b l i c ati o n s .    N ati o n a l  F i r e  P r o te c ti o n  As s o c i a ti o n ,
1  B atte r ym ar c h  P ar k,  Qu i n c y,  M A 0 2 1 6 9 -7 4 7 1 .

N F PA  3 0 ,   Flammable and Combustible Liquids Code,  2 0 2 4
e d i ti o n .

N F PA  3 3 ,   Standard for Spray Application Using Flammable or
Combustible Materials,  2 0 2 1  e d i ti o n .

N F PA  6 9 ,   Standard on Explosion Prevention Systems,  2 0 1 9
e d i ti o n .

NFPA  70®,   National Electrical Code®,  2 0 2 3  e d i ti o n .
N F PA  4 9 5 ,   Explosive Materials Code,  2 0 2 3  e d i ti o n .
N F PA  4 9 8 ,   Standard for Safe Havens and Interchange Lots for

Vehicles Transporting Explosives,  2 0 2 3  e d i ti o n .
N F PA  6 5 2 ,   Standard on the Fundamentals of Combustible Dust,

2 0 1 9  e d i ti o n .
N F PA  6 5 4 ,   Standard for the Prevention of Fire and Dust Explosions

from the Manufacturing,  Processing,  and Handling of Combustible
Particulate Solids,  2 0 2 0  e d i ti o n .

N F PA  1 1 2 4 ,   Code for the Manufacture,  Transportation,  and Stor‐
age of Fireworks and Pyrotechnic Articles,  2 0 2 2  e d i ti o n .

N F PA  1 1 2 5 ,   Code for the Manufacture of Model Rocket and High-
Power Rocket Motors,  2 0 2 2  e d i ti o n .
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2 . 3  O th e r P u b l i c ati o n s .

2 . 3 . 1  AI C h E  P u b l i c ati o n s .    Am e r i c an  I n s ti tu te  o f C h e m i c al
E n g i n e e r s ,  1 2 0  Wa l l  S tr e e t,  F l o o r  2 3 ,  N e w Yo r k,  N Y 1 0 0 0 5 -4 0 2 0 .

B r i tto n ,  L .  G . ,  “ U s i n g m a te r i al  d ata i n  s ta ti c  h az ar d  as s e s s ‐
m e n t, ”  Process Safety Progress,  Ap r i l  1 9 9 2 ,  p p .  5 6 –7 0 .

B r i tto n ,  L .  G.  an d  H .  L .  Wal m s l e y,  “ S ta ti c  e l e c tr i c i ty:  N e w
g u i d a n c e  fo r  s to r ag e  tan k l o ad i n g  r ate s , ”  Process Safety Progress,
S e p te m b e r  2 0 1 2 ,  p p .  2 1 9 –2 2 9 .

B r i tto n ,  L .  G.  a n d  H .  L .  Wa l m s l e y,  “ S tati c  h a z a r d s  o f
c o n tai n e r  flling,”  Process Safety Progress,  D e c e m b e r  2 0 2 1 ,  p p .

1 9 5 –2 1 4 .

2 . 3 . 2  AP I  P u b l i c ati o n s .    Am e r i c an  P e tr o l e u m  I n s ti tu te ,  2 0 0
M as s ac h u s e tts  Ave n u e ,  N W,  S u i te  1 1 0 0 ,  Was h i n g to n ,  D C

2 0 0 0 1 -5 5 7 1 .

AP I  RP  2 0 0 3 ,  Protection Against Ignitions Arising Out of Static,
Lightning,  and Stray Currents,  2 0 1 5 ,  reaffrmed  2 0 2 0 .

2 . 3 . 3  AS T M  P ub l i c ati o n s .    AS T M  I n te r n ati o n a l ,  1 0 0  B a r r
H ar b o r  D r i ve ,  P. O .  B o x  C 7 0 0 ,  We s t C o n s h o h o c ke n ,  PA
1 9 4 2 8 - 2 9 5 9 .

AS T M  D 2 5 7 ,  Standard Test Methods for DC Resistance or Conduc‐
tance of Insulating Materials,  2 0 1 4 ,  r e ap p r o ve d  2 0 2 1 e 1 .

AS T M  E 5 0 2 ,  Standard Test Method for Selection and Use of ASTM
Standards for the Determination of Flash Point of Chemicals by Closed

Cup Methods,  2 0 2 1 .

AS T M  F 1 5 0 ,  Standard Test Method for Electrical Resistance of
Conductive and Static Dissipative Resilient Flooring,  2 0 0 6 ,  r e ap ‐

p r o ve d  2 0 1 8 .

Δ 2 . 3 . 4  B S I  P u b l i c ati o n s .    B S I  Gr o u p ,  1 2 9 5 0  Wo r l d g ate  D r i ve ,
S u i te  8 0 0 ,  H e r n d o n ,  VA 2 0 1 7 0 .

B S  P D  C L C / T R 6 0 0 7 9 -3 2 -1 ,  Explosive atmospheres — Part 32-1 :
Electrostatic hazards,  guidance,  2 0 1 8 .

•
N 2 . 3 . 5  E l s e vi e r P u b l i c ati o n s .    E l s e vi e r,  Rad a r we g 2 9 ,  1 0 4 3  N X

Am s te r d am ,  N e th e r l an d s .

B r i tto n ,  L .  G.  an d  J .  A.  S m i th ,  “ S tati c  H az ar d s  o f th e  VAS T, ”
Journal of Loss Prevention in the Process Industries,  M a r c h  2 0 1 2 ,  p p .
3 0 9 –3 2 8 .

P e r r i n ,  L . ,  e t al . ,  “ D u s t an d  e l e c tr o s tati c  h a z a r d s ,  c o u l d  we
i m p r o ve  o u r  s ta n d a r d s ? ”  Journal of Loss Prevention in the Process

Industries.  M ay 2 0 0 7 ,  p p .  2 0 7 –2 1 7 .

Wal m s l e y,  H .  L . ,  “ Avo i d a n c e  o f E l e c tr o s tati c  H a z a r d s  i n  th e
P e tr o l e u m  I n d u s tr y, ”  Journal of Electrostatics,  1 9 9 2 .

2 . 3 . 6  I E C  P u b l i c ati o n s .    I n te r n a ti o n a l  E l e c tr o te c h n i c al
C o m m i s s i o n ,  3 ,  r u e  d e  Va r e m b é ,  P. O .  B o x  1 3 1 ,  C H -1 2 1 1
Ge n e va  2 0 ,  S wi tz e r l a n d .

I E C / T S  6 0 0 7 9 -3 2 -1 ,  Explosive atmospheres — Part 32-1 : Electro‐
static hazards,  guidance,  2 0 1 3 .

I E C  6 0 0 7 9 -3 2 -2 ,  Explosive atmospheres — Part 32-2: Electrostatics
hazards — Tests,  2 0 1 5 .

I E C  6 1 3 4 0 -4 - 4 ,  Electrostatics — Part 4-4: Standard test methods
for specifc applications — Electrostatic classifcation of fexible inter‐

mediate bulk containers (FIBC),  2 0 1 8 .

I S O / I E C  8 0 0 7 9 -2 0 -2 ,  Explosive atmospheres — Part 20-2: Mate‐
rial characteristics — Combustible dusts test methods,  2 0 1 6 .

N 2 . 3 . 7  I E E E  P u b l i c ati o n s .    I E E E ,  3  P a r k Ave n u e ,  1 7 th  F l o o r,
N e w Yo r k,  N Y 1 0 0 1 6 -5 9 9 7 .

Ro b i n s o n ,  K.  S . ,  “ S tati c  C o n tr o l  fo r  Ro l l - to -Ro l l  M an u fac tu r ‐
i n g, ”  IEEE Transactions on Industry Applications,  O c to b e r  2 0 2 2 ,

p p . 1 –1 2 .

2 . 3 . 8  I M E  P u b l i c ati o n s .    I n s ti tu te  o f M a ke r s  o f E x p l o s i ve s ,
1 2 1 2  N e w Yo r k Ave n u e ,  N W,  S u i te  6 5 0 ,  Wa s h i n g to n ,  D C  2 0 0 0 5 .

I M E  S afe ty L i b r ar y P u b l i c a ti o n  N o .  3 ,  Suggested Code of Regu‐
lations for the Manufacture,  Transportation,  Storage,  Sale,  Possession,

and Use of Explosive Materials,  2 0 2 1 .

I M E  S afe ty L i b r ar y P u b l i c a ti o n  N o .  1 7 ,  Safety in the Transpor‐
tation,  Storage,  Handling,  and Use of Commercial Explosive Materi‐
als,  2 0 2 1 .

N 2 . 3 . 9  I S O  P u b l i c ati o n s .    I n te r n ati o n al  O r ga n i z ati o n  fo r  S ta n d ‐
a r d i z a ti o n ,  I S O  C e n tr al  S e c r e tar i a t,  B I B C  I I ,  C h e m i n  d e  B l an ‐

d o n n e t 8 ,  C P  4 0 1 ,  1 2 1 4  Ve r n i e r,  Ge n e va,  S wi tz e r l a n d .

I S O  8 0 3 1 ,  Rubber and plastics hoses and hose assemblies — Deter‐
mination of electrical resistance and conductivity,  2 0 2 0 .

Δ 2 . 3 . 1 0  J I S  P u b l i c ati o n s .    J ap an  I n d u s tr i al  S tan d a r d s ,  1 -3 -1
Ka s u m i g as e ki ,  C h i yo d a- ku ,  To kyo  1 0 0 -8 9 0 1 ,  J ap a n .

J I S  B  9 9 1 5 ,  Measuring Methods for Dust Resistivity (with Parallel
Electrodes),  1 9 8 9 .

N 2 . 3 . 1 1  U N  P u b l i c ati o n s .    U n i te d  N a ti o n s  P u b l i c a ti o n s
C u s to m e r  S e r vi c e ,  P. O .  B o x  9 6 0 ,  H e r n d o n ,  VA 2 0 1 7 2 .

AD R 2 0 2 1 ,  Agreement Concerning the International Carriage of
Dangerous Goods by Road,  2 0 2 1 .

2 . 3 . 1 2  U S  D e p ar tm e n t o f D e fe n s e  P u b l i c ati o n s .    U S  D e p a r t‐
m e n t o f D e fe n s e ,  4 1 0 0  D e fe n s e  P e n tag o n ,  Ro o m  5 D 6 3 6 ,  Was h ‐
i n gto n ,  D C  2 0 3 0 1 -4 1 0 0 .

S tan d a r d  4 1 4 5 . 2 6 M ,  DOD Contractor’s Safety Manual for Ammu‐
nition and Explosives,  2 0 0 8 .

S tan d a r d  6 0 5 5 . 9 ,  DOD Ammunition and Explosives Safety Stand‐
ards,  1 9 9 9 .

N 2 . 3 . 1 3  U S  G o ve r n m e n t P u b l i c ati o n s .    U S  G o ve r n m e n t
P u b l i s h i n g  Offce,  7 3 2  N o r th  C a p i to l  S tr e e t,  N W,  Wa s h i n gto n ,

D C  2 0 4 0 1 -0 0 0 1 .

T i tl e  4 9 ,  C o d e  o f F e d e r a l  Re g u l ati o n s ,  P ar ts  1 0 0 -1 8 0 ,
“ H az ar d o u s  M ate r i a l s  Re gu l ati o n s . ”

Δ 2 . 3 . 1 4  O th e r P ub l i c ati o n s .

Gl o r,  M . ,  Electrostatic Hazards in Powder Handling,  Re s e a r c h
S tu d i e s  P r e s s ,  L td . ,  L e tc h wo r th ,  H e r tfo r d s h i r e ,  E n gl an d ,  1 9 8 8 .

International Safety Guide for Oil Tankers and Terminals
(ISGOTT),  Wi th e r b y an d  C o . ,  L td . ,  L o n d o n ,  6 th  e d i ti o n ,  2 0 2 0 .

Merriam-Webster's Collegiate Dictionary,  1 1 th  e d i ti o n ,  M e r r i am -
We b s te r,  I n c . ,  Springfeld,  M A,  2 0 2 0 .

P r att,  T.  H . ,  Electrostatic Ignitions of Fires and Explosions,
B u r g o yn e ,  I n c . ,  M ar i e tta,  GA,  1 9 9 7 .



S TAT I C  E L E C T RI C I T Y7 7 - 8

2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Ro b i n s o n ,  K.  “ As s e s s  S ta ti c  Ri s ks  U s i n g  E l e c tr i c  F i e l d s , ”  P F F C
O n l i n e ,  www.pffc-online.com/static-beat/15664-assess-static-
risks-using-electric-felds,  M a y 2 0 1 9  ( ac c e s s e d  Ap r i l  2 0 2 2 ) .

2 . 4  Re fe re n c e s  fo r E x trac ts  i n  Re c o m m e n d ati o n s  S e c ti o n s .

N F PA  3 0 ,   Flammable and Combustible Liquids Code,  2 0 2 4
e d i ti o n .

N F PA 6 8 ,  Standard on Explosion Protection by Defagration Vent‐
ing,  2 0 1 8  e d i ti o n .

NFPA  70®,  National Electrical Code®,  2 0 2 3  e d i ti o n .

C h ap te r  3       Defnitions

3 . 1  G e n e ral .    T h e  defnitions  c o n tai n e d  i n  th i s  c h a p te r  a p p l y
to  th e  te r m s  u s e d  i n  th i s  r e c o m m e n d e d  p r ac ti c e .  Wh e r e  te r m s

a r e  n o t defned  i n  th i s  c h a p te r  o r  wi th i n  a n o th e r  c h a p te r,  th e y
s h o u l d  b e  defned  u s i n g th e i r  o r d i n ar i l y ac c e p te d  m e a n i n g s
wi th i n  th e  c o n te x t i n  wh i c h  th e y ar e  u s e d .  Merriam-Webster's

Collegiate Dictionary,  1 1 th  e d i ti o n ,  i s  th e  s o u r c e  fo r  th e  o r d i n a‐
r i l y ac c e p te d  m e an i n g.

3 . 2  N FPA Offcial  Defnitions.

3 . 2 . 1 *  Ap p ro ve d .    Ac c e p tab l e  to  th e  a u th o r i ty h avi n g  j u r i s d i c ‐
ti o n .

3 . 2 . 2 *  Au th o ri ty H avi n g J u ri s d i c ti o n  ( AH J ) .    An  o r g an i z a ti o n ,
offce,  o r  i n d i vi d u a l  r e s p o n s i b l e  fo r  e n fo r c i n g th e  r e q u i r e m e n ts
o f a  c o d e  o r  s tan d ar d ,  o r  fo r  a p p r o vi n g  e q u i p m e n t,  m ate r i a l s ,

a n  i n s ta l l ati o n ,  o r  a p r o c e d u r e .

3 . 2 . 3 *  L i s te d .    E q u i p m e n t,  m a te r i al s ,  o r  s e r vi c e s  i n c l u d e d  i n  a
l i s t p u b l i s h e d  b y an  o r g an i z a ti o n  th a t i s  a c c e p ta b l e  to  th e

au th o r i ty h avi n g  j u r i s d i c ti o n  a n d  c o n c e r n e d  wi th  e va l u ati o n  o f
p r o d u c ts  o r  s e r vi c e s ,  th at m ai n ta i n s  p e r i o d i c  i n s p e c ti o n  o f

p r o d u c ti o n  o f l i s te d  e q u i p m e n t o r  m ate r i a l s  o r  p e r i o d i c  e val u a‐
ti o n  o f s e r vi c e s ,  a n d  wh o s e  l i s ti n g  s ta te s  th at e i th e r  th e  e q u i p ‐
m e n t,  m ate r i a l ,  o r  s e r vi c e  m e e ts  ap p r o p r i ate  d e s i gn a te d

s tan d ar d s  o r  h a s  b e e n  te s te d  a n d  fo u n d  s u i tab l e  fo r  a specifed
p u r p o s e .

3 . 2 . 4  Re c o m m e n d e d  P rac ti c e .    An  N F PA s ta n d a r d  s i m i l ar  i n
c o n te n t a n d  s tr u c tu r e  to  a  c o d e  o r  s tan d ar d  b u t th at c o n tai n s
o n l y n o n m a n d ato r y p r o vi s i o n s  u s i n g  th e  wo r d  “ s h o u l d ”  to  i n d i ‐

c a te  r e c o m m e n d ati o n s  i n  th e  b o d y o f th e  te x t.

3 . 2 . 5  S h o u l d .    I n d i c a te s  a  r e c o m m e n d ati o n  o r  th at wh i c h  i s
a d vi s e d  b u t n o t r e q u i r e d .

3 . 3 *  G e n e ral  Defnitions.

3 . 3 . 1  An ti s tati c .    C ap ab l e  o f d i s s i p ati n g  a s tati c  e l e c tr i c  c h ar g e
a t an  a c c e p ta b l e  r ate  fo r  th e  i n te n d e d  p u r p o s e .

3 . 3 . 1 . 1 *  Antistatic Additive.    An  a d d i ti ve  u s e d  to  i n c r e as e  th e
s u r fac e  o r  vo l u m e  c o n d u c ti vi ty o f a l i q u i d  o r  s o l i d  m a te r i al .

3 . 3 . 2 *  B o n d i n g.    F o r  th e  p u r p o s e  o f c o n tr o l l i n g  s ta ti c  e l e c tr i c
h a z a r d s ,  th e  p r o c e s s  o f c o n n e c ti n g  two  o r  m o r e  c o n d u c ti ve

o b j e c ts  to g e th e r  b y m e a n s  o f a c o n d u c to r  s o  th a t th e y ar e  a t th e
s a m e  e l e c tr i c al  p o te n ti a l ,  b u t n o t n e c e s s ar i l y a t th e  s am e  p o te n ‐

ti a l  as  th e  e a r th .

3 . 3 . 3  B re akd o wn  S tre n gth .    T h e  m i n i m u m  e l e c tr i c  feld,  m e a s ‐
u r e d  i n  vo l ts  p e r  m e te r,  n e c e s s a r y to  c a u s e  a  s p ar k th r o u gh  a

m ate r i al  th at i s  h e l d  b e twe e n  e l e c tr o d e s  th at p r o d u c e  a
u n i fo r m  e l e c tr i c  feld  u n d e r  specifed  te s t c o n d i ti o n s .

3 . 3 . 4  B re akd o wn  Vo l tage .    T h e  m i n i m u m  vo l ta ge ,  n e c e s s ar y to
c a u s e  a s p ar k th r o u g h  a m ate r i a l  u n d e r  a  g i ve n  s e t o f c o n d i ‐
ti o n s .

3 . 3 . 5 *  C ap ac i tan c e .    T h e  am o u n t o f c h a r ge ,  m e as u r e d  i n
c o u l o m b s  p e r  vo l t o r  i n  far ad s ,  th at m u s t b e  s to r e d  o n  a s p e c i ‐
fed  b o d y o r  m ate r i al  to  r ai s e  th e  p o te n ti a l  d i ffe r e n c e  b y 1   vo l t.

3 . 3 . 6  C h arge .    A c o l l e c ti o n  o r  i m b a l an c e  o f e l e c tr o n s  o r  o f
p o s i ti ve  o r  n e g ati ve  i o n s  th a t c an  a c c u m u l a te  o n  b o th  c o n d u c ‐

to r s  an d  i n s u l a to r s  an d  th a t h as  b o th  m ag n i tu d e  an d  p o l a r i ty.
M o ve m e n t o f c h a r ge  c o n s ti tu te s  an  e l e c tr i c  c u r r e n t.  E x c e s s  o r
defciency o f e l e c tr o n s  i s  e x p r e s s e d  i n  c o u l o m b s .  An  e l e c tr o n

c a r r i e s  a c h ar g e  o f –1 . 6  ×  1 0 -1 9  c o u l o m b .

3 . 3 . 6 . 1  Charge Decay Time.    T h e  ti m e  fo r  s tati c  e l e c tr i c
c h a r ge  to  b e  r e d u c e d  to  a specifed  p e r c e n ta ge  o f th e  c h ar ‐

g e ' s  o r i g i n a l  m ag n i tu d e .

3 . 3 . 6 . 2  Charge Density.    T h e  c h a r ge  p e r  u n i t a r e a o n  a
s u r fac e  o r  th e  c h a r ge  p e r u n i t vo l u m e  i n  s p ac e .  S u r fa c e

c h a r ge  d e n s i ty i s  m e as u r e d  i n  c o u l o m b s  p e r  s q u ar e  m e te r.
Vo l u m e  c h a r ge  d e n s i ty,  al s o  c al l e d  space charge density o r

space charge,  i s  m e a s u r e d  i n  c o u l o m b s  p e r  c u b i c  m e te r.

3 . 3 . 6 . 3  Charge Relaxation.    T h e  p r o c e s s  b y wh i c h  s e p ar ate d
c h a r ge s  r e c o m b i n e  o r  b y wh i c h  e x c e s s  c h ar g e  i s  l o s t fr o m  a

s ys te m .

3 . 3 . 7  C h argi n g.

3 . 3 . 7 . 1  Induction Charging.    T h e  ac t o f c h a r gi n g a n  o b j e c t b y
b r i n gi n g i t n e a r  an o th e r  c h ar g e d  o b j e c t,  th e n  to u c h i n g  th e
frst o b j e c t to  gr o u n d ;  al s o  kn o wn  a s  induction.  C h a r ge  p o l ar ‐

i z a ti o n  i s  i n d u c e d  o n  a g r o u n d e d  o b j e c t i n  th e  vi c i n i ty o f a
c h a r ge d  s u r fa c e  d u e  to  th e  e l e c tr i c  feld  e x i s ti n g b e twe e n

th e  o b j e c t an d  th e  s u r fac e .  I f th e  gr o u n d  c o n n e c ti o n  i s
r e m o ve d  fr o m  th e  o b j e c t d u r i n g  th i s  p e r i o d ,  th e  i n d u c e d

c h a r ge  r e m ai n s  o n  th e  o b j e c t.  I n d u c ti o n  c h a r gi n g o c c u r s
wh e r e  a  p e r s o n  wa l ks  fr o m  a c o n d u c ti ve  foor  c o ve r i n g  o n to
a n  i n s u l ati n g  foor  i n  th e  p r e s e n c e  o f an  e l e c tr i c  feld.

3 . 3 . 7 . 2 *  Triboelectric Charging.    S tati c  e l e c tr i c  c h ar g i n g  th at
r e s u l ts  fr o m  c o n tac t o r  fr i c ti o n  b e twe e n  two  d i s s i m i l ar  m a te ‐
r i al s ;  al s o  kn o wn  as  fr i c ti o n a l  c h a r gi n g an d  c o n ta c t-

s e p ar a ti o n  c h ar g i n g .

3 . 3 . 8  C o m b u s ti b l e .    C ap a b l e  o f u n d e r go i n g c o m b u s ti o n .

3 . 3 . 9  C o m b u s ti b l e  D u s t.    F o r th e  p u r p o s e s  o f th i s  r e c o m m e n ‐
d e d  p r ac ti c e ,  a c o m b u s ti b l e  p ar ti c u l a te  s o l i d  th at p r e s e n ts  a fre

o r  defagration  h a z a r d  wh e n  s u s p e n d e d  i n  a i r  o r  o th e r  o x i d i z ‐
i n g m e d i u m  o ve r  a  r an g e  o f c o n c e n tr ati o n s ,  r e ga r d l e s s  o f p ar ti ‐
c l e  s i z e  o r  s h a p e .

3 . 3 . 1 0  C o m b u s ti o n .    A c h e m i c al  p r o c e s s  o f o x i d ati o n  th a t
o c c u r s  at a  r a te  fa s t e n o u g h  to  p r o d u c e  h e a t an d  u s u al l y l i g h t

i n  th e  fo r m  o f e i th e r  a  g l o w o r a fame.

3 . 3 . 1 1  C o n d u c ti ve .    P o s s e s s i n g  th e  a b i l i ty to  a l l o w th e  fow o f
an  e l e c tr i c  c h ar g e ;  typ i c al l y,  l i q u i d s  p o s s e s s i n g  a c o n d u c ti vi ty

g r e ate r  th a n  1 0 4  p i c o s i e m e n s  p e r  m e te r  ( p S / m )  o r  s o l i d s
h a vi n g a  r e s i s ti vi ty l e s s  th an  1 0 5  o h m -m e te r s  ( Ω - m ) .

3 . 3 . 1 2 *  C o n d u c ti vi ty (σL ) .    T h e  r e c i p r o c al  o f r e s i s ti vi ty,  th a t i s ,
1 / r e s i s ti vi ty.  An  i n tr i n s i c  p r o p e r ty o f a s o l i d  o r  l i q u i d  th at

g o ve r n s  th e  way e l e c tr i c al  c h a r ge s  m o ve  a c r o s s  i ts  s u r fac e  o r
th r o u g h  i ts  b u l k.
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S h ad e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

3 . 3 . 1 3  C o n d uc to r.    A m ate r i a l  o r  o b j e c t th a t al l o ws  an  e l e c tr i c
c h a r ge  to  fow e as i l y th r o u gh  i t.

3 . 3 . 1 4  C ur re n t ( I ) .    A m e a s u r e  o f th e  r ate  o f tr an s p o r t o f e l e c ‐
tr i c  c h a r ge  p as t a specifed  p o i n t o r  a c r o s s  a specifed  s u r fa c e .

T h e  s ym b o l  I  i s  g e n e r al l y u s e d  fo r  c o n s tan t c u r r e n ts ,  an d  th e
s ym b o l  i  i s  u s e d  fo r  ti m e - va r i ab l e  c u r r e n ts .  T h e  u n i t o f c u r r e n t

i s  th e  am p e r e ;  1  a m p e r e  e q u al s  1  c o u l o m b / s e c  ( 6 . 2 4  ×  1 0 1 8

e l e c tr o n s / s e c ) .

3 . 3 . 1 4 . 1  Charging Current (Ic) .    T h e  r ate  o f fow o f c h ar g e
i n to  a g i ve n  s ys te m  p e r  u n i t o f ti m e ,  e x p r e s s e d  i n  am p e r e s .

3 . 3 . 1 4 . 2  Streaming Current (Is) .    T h e  c u r r e n t p r o d u c e d  b y
th e  fow o f a c h ar g e d  l i q u i d  o r s o l i d .

N 3 . 3 . 1 5  Defagration.    P r o p ag ati o n  o f a c o m b u s ti o n  z o n e  a t a
ve l o c i ty th a t i s  l e s s  th an  th e  s p e e d  o f s o u n d  i n  th e  u n r e a c te d

m e d i u m .  [ 6 8 ,  2 0 1 8 ]

3 . 3 . 1 6 *  D i e l e c tri c  C o n s tan t.    T h e  r a ti o  o f th e  p e r m i tti vi ty o f a
m a te r i al  to  th e  p e r m i tti vi ty o f a va c u u m  th at i n d i c a te s  a  m ate r i ‐
al ' s  ab i l i ty,  r e l ati ve  to  a vac u u m ,  to  s to r e  e l e c tr i c a l  e n e r g y o r

c h a r ge ,  wh e r e  th e  m ate r i a l  i s  p l ac e d  i n  a n  e l e c tr i c  feld.

3 . 3 . 1 7 *  D i e l e c tri c  S tre n gth .    T h e  m a x i m u m  e l e c tr i c al  p o te n ‐
ti a l  g r ad i e n t ( e l e c tr i c  feld)  th a t a  m ate r i a l  c an  wi th s tan d  wi th ‐

o u t e l e c tr i c  b r e a kd o wn ,  u s u al l y specifed  i n  vo l ts  p e r  m i l l i m e te r
o f th i c kn e s s ;  a l s o  kn o wn  as  electric strength o r  breakdown strength.

3 . 3 . 1 8  D i s c h arge .

3 . 3 . 1 8 . 1 *  Brush Discharge.    A h i g h e r  e n e r g y fo r m  o f c o r o n a
d i s c h ar g e  c h a r ac te r i z e d  b y l o w- fr e q u e n c y b u r s ts  o r  b y

s tr e am e r s ,  wh i c h  c an  fo r m  b e twe e n  c h ar g e d  n o n c o n d u c ti ve
s u r fac e s  an d  g r o u n d e d  c o n d u c to r s .

3 . 3 . 1 8 . 2 *  Bulking Brush Discharge.    A p ar ti a l  s u r fa c e
d i s c h ar g e  o ve r  th e  to p  o f s o l i d  p i l e s  th at i s  c r e a te d  d u r i n g

b u l ki n g  o f p o wd e r  i n  c o n ta i n e r s  an d  th at a p p e a r s  a s  a  l u m i ‐
n o u s ,  b r an c h e d  c h a n n e l  fashing  r ad i a l l y fr o m  th e  wa l l

to war d  th e  c e n te r  o f th e  p i l e .

3 . 3 . 1 8 . 3 *  Corona Discharge.    A l o w e n e r g y e l e c tr i c al
d i s c h ar g e  th at r e s u l ts  fr o m  a l o c a l i z e d  e l e c tr i c al  b r e a kd o wn

o f ga s e s  n e a r  s h a r p  c o n d u c ti ve  e d g e s ,  n e e d l e  p o i n ts ,  an d
wi r e s .

3 . 3 . 1 8 . 4 *  Propagating Brush Discharge.    An  e n e r g e ti c
d i s c h ar g e  c au s e d  b y e l e c tr i c al  b r e a kd o wn  ac r o s s  a  d i e l e c tr i c

l aye r  h avi n g  e q u a l  an d  o p p o s i te  c h ar g e s  o n  th e  o p p o s i te
s i d e s  o f th e  l aye r.

3 . 3 . 1 9 *  D i s s i p ati ve .    A m a te r i al  o r  a c o n s tr u c ti o n  th at wi l l
r e d u c e  s ta ti c  c h ar g e  to  ac c e p tab l e  l e ve l s .

3 . 3 . 2 0 *  D o u b l e  L aye r.    A p h e n o m e n o n  u s u al l y as s o c i ate d  wi th
a  s o l i d –l i q u i d  i n te r fa c e  wh e r e  i o n s  o f o n e  c h ar g e  typ e  a r e  fxed

to  th e  s u r fa c e  o f th e  s o l i d ,  an d  a n  e q u a l  n u m b e r  o f m o b i l e  i o n s
o f o p p o s i te  c h a r ge  ar e  d i s tr i b u te d  th r o u g h  th e  n e i g h b o r i n g

r e g i o n  o f th e  l i q u i d .

3 . 3 . 2 1  E l e c tro m e te r.    A d e vi c e  u s e d  to  m e as u r e  s tati c  e l e c tr i c
c h a r ge  wi th  h i g h -i n p u t i m p e d a n c e ,  typ i c a l l y g r e ate r  th an  1 0 1 3

o h m s ,  wh i c h  d r a ws  n e gl i g i b l e  c u r r e n t fr o m  th e  m e as u r e d
o b j e c t.

3 . 3 . 2 2  Fl am m ab l e  L i m i t.

3 . 3 . 2 2 . 1  Lower Flammable Limit (LFL) .    T h e  l o we s t m o l a r
( o r  vo l u m e )  c o n c e n tr ati o n  o f a c o m b u s ti b l e  s u b s ta n c e  i n  a n

o x i d i z i n g  m e d i u m  th at wi l l  p r o p a ga te  a fame.

3 . 3 . 2 2 . 2  Upper Flammable Limit (UFL) .    T h e  h i g h e s t m o l a r
( o r  vo l u m e )  c o n c e n tr ati o n  o f a c o m b u s ti b l e  s u b s ta n c e  i n  a n

o x i d i z i n g  m e d i u m  th at wi l l  p r o p a ga te  a fame.

Δ 3 . 3 . 2 3  G ro u n d e d  ( G ro u n d i n g) .    C o n n e c te d  ( c o n n e c ti n g )  to
gr o u n d  o r  to  a c o n d u c ti ve  b o d y th a t e x te n d s  th e  g r o u n d

c o n n e c ti o n .  [ 7 0 ,  2 0 2 3 ]

N 3 . 3 . 2 4  G ro u n d i n g E l e c tro d e  C o n d u c to r.    A c o n d u c to r  u s e d  to
c o n n e c t th e  s ys te m  gr o u n d e d  c o n d u c to r  o r  th e  e q u i p m e n t to  a

gr o u n d i n g  e l e c tr o d e  o r  to  a p o i n t o n  th e  g r o u n d i n g  e l e c tr o d e
s ys te m .  [ 7 0 ,  2 0 2 3 ]

3 . 3 . 2 5  I gn i ti b l e  M i x tu re .    A ga s –ai r,  va p o r –ai r,  m i s t–ai r,  o r
d u s t–ai r  m i x tu r e ,  o r  c o m b i n a ti o n s  o f s u c h  m i x tu r e s ,  th at c a n

b e  i gn i te d  b y a  suffciently s tr o n g  s o u r c e  o f e n e r g y,  s u c h  as  a
s tati c  e l e c tr i c  d i s c h a r ge .

3 . 3 . 2 6  I gn i ti o n  E n e rgy.    T h e  e n e r g y r e q u i r e d  to  e ffe c t i gn i ti o n
o f a specifed  fu e l  m i x tu r e  u n d e r  specifed  c o n d i ti o n s  o f te s t.

3 . 3 . 2 6 . 1  Minimum Ignition Energy (MIE) .    T h e  e n e r g y,
u s u al l y e x p r e s s e d  i n  m i l l i j o u l e s ,  s to r e d  i n  a c ap ac i to r  th at,

u p o n  d i s c h ar g e ,  i s  j u s t suffcient to  e ffe c t i gn i ti o n  o f th e
m o s t i g n i ti b l e  m i x tu r e  o f a g i ve n  fu e l  m i x tu r e  u n d e r  s p e c i ‐
fed  te s t c o n d i ti o n s .

3 . 3 . 2 7  I n c e n d i ve .    Ab l e  to  c a u s e  i g n i ti o n .

3 . 3 . 2 8  I n d u c ti o n .    T h e  p r o c e s s  b y wh i c h  c h a r ge s  ar e  m o ve d  to
n e w l o c a ti o n s  o n  a c o n d u c to r  b y th e  a c ti o n  o f an  e l e c tr i c  feld

o r  th e  m o ve m e n t o f a c o n d u c to r  i n to  th e  infuence  o f an  e x i s t‐
i n g e l e c tr i c  feld.

3 . 3 . 2 9 *  I n d u c ti o n  B ar.    A d e vi c e  th a t p r o d u c e s  a i r  i o n s  b y
m e a n s  o f c o r o n a d i s c h a r ge  wh e n  i n  c l o s e  p r o x i m i ty to  a

c h a r ge d  n o n c o n d u c ti ve  s u r fa c e .

3 . 3 . 3 0  I n e r t G as .    F o r  th e  p u r p o s e  o f c o n tr o l l i n g s tati c  e l e c tr i c
h a z a r d s ,  a  nonfammable,  n o n r e a c ti ve  ga s  th at r e n d e r s  th e
c o m b u s ti b l e  m a te r i al  i n  a s ys te m  i n c a p ab l e  o f s u p p o r ti n g

c o m b u s ti o n .

3 . 3 . 3 1  I o n i z ati o n .    A p r o c e s s  b y wh i c h  a  n e u tr al  ato m  o r  m o l e ‐
c u l e  l o s e s  o r  g ai n s  e l e c tr o n s ,  th e r e b y a c q u i r i n g a n e t c h ar g e

a n d  b e c o m i n g an  i o n .

N 3 . 3 . 3 2  L i q u i d .

N 3 . 3 . 3 2 . 1 *  Combustible Liquid.    An  i gn i ti b l e  l i q u i d  th at i s  c l as ‐
sifed  as  a C l as s   I I  o r  C l as s   I I I  l i q u i d .  [ 3 0 ,  2 0 2 4 ]

N 3 . 3 . 3 2 . 2 *  Flammable Liquid.    An  i gn i ti b l e  l i q u i d  th at i s  c l a s ‐
sifed  as  a C l as s   I  l i q u i d .  [ 3 0 ,  2 0 2 4 ]

N 3 . 3 . 3 2 . 3  Ignitible Liquid.    An y l i q u i d  o r  l i q u i d  m i x tu r e  th at
h as  a m e as u r a b l e  c l o s e d -c u p  fash  p o i n t.  [ 3 0 ,  2 0 2 4 ]

N 3 . 3 . 3 2 . 4  Liquid Class.    A u n i fo r m  s ys te m  o f c l as s i fyi n g i g n i ti ‐
b l e  l i q u i d s .  [ 3 0 ,  2 0 2 4 ]

N 3 . 3 . 3 2 . 4 . 1  Class I Liquid.    A l i q u i d  wi th  a  c l o s e d -c u p  fash
p o i n t b e l o w 3 7 . 8 ° C  ( 1 0 0 ° F ) .
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N 3 . 3 . 3 2 . 4 . 2  Class IA Liquid.    A l i q u i d  th at h a s  a fash  p o i n t
b e l o w 2 2 . 8 ° C  ( 7 3 ° F )  a n d  a  b o i l i n g p o i n t b e l o w 3 7 . 8 ° C

( 1 0 0 ° F ) .

N 3 . 3 . 3 2 . 4 . 3  Class IB Liquid.    A l i q u i d  th at h a s  a fash  p o i n t
b e l o w 2 2 . 8 ° C  ( 7 3 ° F )  a n d  a  b o i l i n g  p o i n t a t o r  ab o ve  3 7 . 8 ° C

( 1 0 0 ° F ) .

N 3 . 3 . 3 2 . 4 . 4  Class IC Liquid.    A l i q u i d  th a t h a s  a  fash  p o i n t at
o r  a b o ve  2 2 . 8 ° C  ( 7 3 ° F ) ,  b u t b e l o w 3 7 . 8 ° C  ( 1 0 0 ° F ) .

N 3 . 3 . 3 2 . 4 . 5  Class II Liquid.    A l i q u i d  wi th  a c l o s e d -c u p  fash
p o i n t at o r  ab o ve  3 7 . 8 ° C  ( 1 0 0 ° F )  b u t b e l o w 6 0 ° C  ( 1 4 0 ° F ) .

N 3 . 3 . 3 2 . 4 . 6  Class III Liquid.    A l i q u i d  wi th  a  c l o s e d - c u p  fash
p o i n t a t o r  ab o ve  6 0 ° C  ( 1 4 0 ° F ) .

N 3 . 3 . 3 2 . 4 . 7  Class IIIA Liquid.    A l i q u i d  th a t h as  a  fash  p o i n t
at o r  ab o ve  6 0 ° C  ( 1 4 0 ° F ) ,  b u t b e l o w 9 3 ° C  ( 2 0 0 ° F ) .

N 3 . 3 . 3 2 . 4 . 8  Class IIIB Liquid.    A l i q u i d  th at h as  a  fash  p o i n t
at o r  ab o ve  9 3 ° C  ( 2 0 0 ° F ) .

3 . 3 . 3 3  M e go h m e te r.    A m e te r  u s e d  to  m e as u r e  h i g h  r e s i s ta n c e
va l u e s  th a t typ i c al l y o p e r ate s  a t h i g h e r  te s t vo l tag e s  th an  s tan d ‐
ar d  o h m m e te r s ,  u s u a l l y i n  th e  r a n ge  o f 1 0 0   vo l ts  to  1 0 0 0   vo l ts .

3 . 3 . 3 4  M i n i m u m  E x p l o s i b l e  C o n c e n trati o n  ( M E C ) .    T h e
l o we s t c o n c e n tr a ti o n  o f a c o m b u s ti b l e  d u s t i n  ai r,  e x p r e s s e d  i n

g r am s  p e r  c u b i c  m e te r,  th at wi l l  p r o p a ga te  a fame.

3 . 3 . 3 5  N o n c o n d u c to r ( I n s u l ato r) .    A m ate r i a l  th at h a s  th e  a b i l ‐
i ty to  ac c u m u l ate  c h ar g e ,  e ve n  wh e n  i n  c o n tac t wi th  gr o u n d .

3 . 3 . 3 6  O h m s  p e r S q u are .    A u n i t o f s u r fac e  r e s i s ti vi ty d e te r ‐
m i n e d  b y u s e  o f a  s q u a r e  e l e c tr o d e  confguration  to  m e as u r e

th e  r e s i s tan c e .

3 . 3 . 3 7  Re l ax ati o n  T i m e  C o n s tan t (τ) .    T h e  ti m e ,  i n  s e c o n d s ,
fo r  c h ar g e  to  d e c ay b y O h m ' s  l aw to  e –1  ( 3 6 . 7  p e r c e n t)  o f i ts

i n i ti a l  val u e .  F o r  a c ap ac i to r,  th e  r e l ax ati o n  ti m e  c o n s tan t i s  th e
p r o d u c t o f r e s i s tan c e  ( o h m s )  a n d  c ap a c i tan c e  ( fa r ad s ) .

3 . 3 . 3 8  Re s i s tan c e  (R) .    T h e  o p p o s i ti o n  th at a  m a te r i al  o ffe r s  to
th e  fow o f c u r r e n t,  e x p r e s s e d  i n  o h m s ,  an d  wh i c h  i s  e q u a l  to

th e  vo l ta ge  ( V,  i n  vo l ts )  b e twe e n  two  p o i n ts  d i vi d e d  b y th e
c u r r e n t ( I,  am p e r e s )  th at fows  b e twe e n  th o s e  p o i n ts .

3 . 3 . 3 9  Re s i s ti vi ty.    T h e  i n tr i n s i c  p r o p e r ty o f a h o m o ge n e o u s
m a te r i al  th at o p p o s e s  th e  fow o f e l e c tr i c  c u r r e n t.  A l o w r e s i s ti v‐

i ty ( h i gh  c o n d u c ti vi ty)  i n d i c ate s  a m ate ri a l  th a t r e a d i l y al l o ws
th e  m o ve m e n t o f e l e c tr i c a l  c h ar g e .  T h e  r e s i s ti vi ty a c r o s s  th e
s u r fac e  o f a m a te r i al  wi l l  d i ffe r  fr o m  th e  r e s i s ti vi ty th r o u g h  a

vo l u m e  o f th e  s a m e  m a te r i al .  Al s o ,  th e  resistance o f a  m a te r i al
d e p e n d s  o n  i ts  r e s i s ti vi ty a n d  i ts  g e o m e tr y.  Re s i s ti vi ty i s  th e
r e c i p r o c al  o f c o n d u c ti vi ty.

3 . 3 . 3 9 . 1  Surface Resistivity.    T h e  e l e c tr i c  r e s i s tan c e  o f th e
s u r fac e  o f an  i n s u l ato r,  i n  o h m s  p e r  s q u ar e ,  a s  m e a s u r e d

b e twe e n  th e  o p p o s i te  s i d e s  o f a s q u a r e  o n  th e  s u r fac e ,  an d
wh o s e  val u e  i n  o h m s  i s  i n d e p e n d e n t o f th e  s i z e  o f th e
s q u a r e  o r  th e  th i c kn e s s  o f th e  s u r fa c e  flm.

3 . 3 . 3 9 . 2 *  Volume Resistivity.    T h e  i n tri n s i c  p r o p e r ty o f a
m a te r i al  th at o ffe r s  r e s i s ta n c e  to  th e  fow o f e l e c tr i c  c u r r e n t
th r o u g h  th e  m ate r i a l ,  e x p r e s s e d  i n  o h m -m e te r s  ( o h m -m )  o r

o h m -c e n ti m e te r s  ( o h m -c m ) .

3 . 3 . 4 0  S e m i c o n d u c ti ve  ( S tati c  D i s s i p ati ve ) .    L i q u i d s  th at typ i ‐
c a l l y p o s s e s s  a  c o n d u c ti vi ty b e twe e n  1 0 2  p S / m  an d  1 0 4  p S / m  o r

s o l i d s  th at typ i c a l l y p o s s e s s  a  r e s i s ti vi ty b e twe e n  1 0 5  Ω -m  an d  1 0 9

Ω -m .

3 . 3 . 4 1  S p ark.    A s h o r t-d u r a ti o n  e l e c tr i c  d i s c h ar g e  d u e  to  a
s u d d e n  b r e akd o wn  o f ai r  o r  s o m e  o th e r  i n s u l ati n g  m a te r i al
s e p ar a ti n g two  c o n d u c to r s  at d i ffe r e n t e l e c tr i c  p o te n ti a l s ,
ac c o m p a n i e d  b y a m o m e n ta r y fash  o f l i g h t;  al s o  kn o wn  as  elec‐
tric spark,  spark discharge,  an d  sparkover.

3 . 3 . 4 2  S tati c  E l e c tri c  D i s c h arge .    A r e l e as e  o f s ta ti c  e l e c tr i c i ty
i n  th e  fo r m  o f a s p ar k,  c o r o n a d i s c h a r ge ,  b r u s h  d i s c h ar g e ,  b u l k‐
i n g  b r u s h  d i s c h ar g e ,  o r  p r o p ag ati n g  b r u s h  d i s c h a r ge  th at
m i gh t b e  c a p ab l e  o f c a u s i n g  i gn i ti o n  o f a fammable  atm o s ‐
p h e r e  u n d e r  a p p r o p r i a te  c i r c u m s tan c e s .

3 . 3 . 4 3  S tati c  E l e c tri c i ty.    T h e  b r an c h  o f e l e c tr i c a l  s c i e n c e  d e a l ‐
i n g  wi th  th e  e ffe c ts  o f th e  ac c u m u l ati o n  o f e l e c tr i c  c h a r ge .

3 . 3 . 4 4 *  S ur fac e  S tre am e r.    A s u r fa c e -to -wal l  d i s c h a r ge
o b s e r ve d  o n  c h ar g e d  l i q u i d s  d u r i n g ta n ke r  flling,  a p p e ar i n g  a s
a fash  u p  to  3 0   c m  ( 1 1 . 8   i n . )  l o n g  an d  a c c o m p a n i e d  b y a c r ac k‐
l i n g  s o u n d .

3 . 3 . 4 5 *  Tri b o e l e c tri c  S e ri e s .    A r an ki n g  o f m a te r i al s  a c c o r d i n g
to  th e i r  affnity to  a c c e p t o r  d o n ate  e l e c tr o n s .

N 3 . 3 . 4 6  Verifed  G ro u n d  P o i n t.    A gr o u n d  r o d  o r  g r o u n d  g r i d
wi th  a r e s i s ta n c e  o f l e s s  th an  1  ×  1 0 6  o h m s .

C h ap te r 4    U n i ts  an d  S ym b o l s  o f M e as ure

4 . 1  U n i ts .  ( Re s e r ve d )

4 . 2  S ym b o l s .    T h e  fo l l o wi n g  s ym b o l s  a r e  u s e d  th r o u g h o u t th i s
r e c o m m e n d e d  p r ac ti c e  an d  a r e  defned  as  fo l l o ws :

Δ C = c a p ac i ta n c e  ( far a d s )
D = th i c kn e s s  ( m e te r s )

d = d i a m e te r  [ m e te r s  ( fe e t) ]
E = e l e c tr i c  feld  s tr e n g th  ( vo l ts  p e r  m e te r )

e = b a s e  o f N a p i e r i an  ( n a tu ral )  l o ga r i th m s  =  2 . 7 1 8
ℇ = e l e c tr i c a l  p e r m i tti vi ty o f a  m a te r i al  ( fa r ad s  p e r  

m e te r )
ℇ0 = e l e c tr i c a l  p e r m i tti vi ty o f a  va c u u m  ( 8 . 8 4 5  ×  

1 0 -1 2 far a d s  p e r  m e te r )
ℇr = r e l ati ve  d i e l e c tr i c  c o n s ta n t o f a  m a te r i al  

( d i m e n s i o n l e s s )
F = vo l u m e tr i c  fow [ c u b i c  m e te r s  p e r  h o u r  ( g al l o n s  

p e r  m i n u te ) ]
I = e l e c tr i c  c u r r e n t ( am p e r e s )

Is = s tr e am i n g  c u r r e n t ( am p e r e s )
m A = m i l l i am p e r e s  =  1  ×  1 0 -3  am p e r e s
σL = l i q u i d  c o n d u c ti vi ty ( s i e m e n s  p e r  m e te r )
σq = s u r fac e  c h a r ge  d e n s i ty ( c o u l o m b s  p e r  s q u ar e  

m e te r )
μ = i o n  m o b i l i ty ( s q u a r e  m e te r s  p e r  vo l t-s e c o n d )

μ A = m i c r o a m p e r e s  =  1  ×  1 0 -6  a m p e r e s
μ m = m i c r o m e te r s  ( m i c r o n s )  =  1  ×  1 0 -6  m e te r

Ω = e l e c tr i c  r e s i s tan c e  ( o h m s )
Ω - m = e l e c tr i c a l  r e s i s ti vi ty ( o h m -m e te r s )

Q = q u an ti ty o f e l e c tr i c a l  c h ar g e  ( c o u l o m b s )
R = e l e c tr i c a l  r e s i s tan c e  ( o h m s )
ρq = s u r fac e  c h a r ge  d e n s i ty ( c o u l o m b s  p e r  c u b i c  m e te r )
ρv = vo l u m e tr i c  r e s i s ti vi ty ( o h m -m e te r s )

(continues)
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S = e l e c tr i c a l  c o n d u c tan c e  ( s i e m e n s )
t = e l ap s e d  ti m e  ( s e c o n d s )
t = c h a r ge  r e l a x a ti o n  ti m e  c o n s tan t ( s e c o n d s )

U = we b  s p e e d  ( m e te r s  p e r  s e c o n d )
ν = fow ve l o c i ty [ m e te r s  p e r  s e c o n d  ( fe e t p e r  s e c o n d ) ]

V = e l e c tr i c a l  p o te n ti al  d i ffe r e n c e  ( vo l ts )
W = e n e r g y o r  wo r k d o n e  ( j o u l e s )

C h ap te r  5       Fu n d am e n tal s  o f S tati c  E l e c tri c i ty

5 . 1  G e n e ral .

5 . 1 . 1    T h e  m o s t c o m m o n  e x p e r i e n c e s  o f s tati c  e l e c tr i c i ty a r e
th e  c r ac kl i n g a n d  c l i n g i n g  o f fab r i c s  a s  th e y ar e  r e m o ve d  fr o m

a  c l o th e s  d r ye r  o r  th e  e l e c tr i c  s h o c k fe l t wh e n  to u c h i n g a m e tal
o b j e c t afte r  wal ki n g  a c r o s s  a c a r p e te d  foor  o r  s te p p i n g  o u t o f
an  au to m o b i l e .  N e a r l y e ve r yo n e  r e c o g n i z e s  th at th e s e  p h e n o m ‐

e n a  o c c u r  m a i n l y wh e n  th e  a tm o s p h e r e  i s  ve r y d r y,  p ar ti c u l ar l y
i n  wi n te r.  To  m o s t p e o p l e ,  s ta ti c  e l e c tr i c i ty i s  s i m p l y a n  an n o y‐
an c e .  I n  m an y i n d u s tr i e s ,  p a r ti c u l a r l y th o s e  wh e r e  c o m b u s ti b l e

m ate r i al s  ar e  h a n d l e d ,  s tati c  e l e c tr i c i ty c an  c au s e  fres  o r  e x p l o ‐
s i o n s .

5 . 1 . 2    T h e  wo r d  electricity i s  d e r i ve d  fr o m  elektron,  th e  a n c i e n t
Gre e k wo r d  fo r  amber.  T h e  p h e n o m e n o n  o f electrifcation  wa s
frst n o ti c e d  wh e n  p i e c e s  o f a m b e r  we r e  r u b b e d  b r i s kl y.  F o r

c e n tu r i e s ,  th e  wo r d  electricity h ad  n o  m e a n i n g  o th e r  th an  th e
ab i l i ty o f s o m e  s u b s ta n c e s  to  a ttr ac t o r  r e p e l  l i g h twe i gh t o b j e c ts
afte r  b e i n g  r u b b e d  wi th  a  m a te r i al  s u c h  a s  s i l k o r  wo o l .  S tr o n ‐

g e r  electrifcation  a c c o m p a n i e d  b y l u m i n o u s  e ffe c ts  a n d  s m a l l
s p ar ks  was  frst o b s e r ve d  a b o u t 3 0 0  ye a r s  a go  b y O tto  vo n
Gu e r i c ke .

5 . 1 . 3    I n  c o m p ar ati ve l y r e c e n t ti m e s ,  wh e n  th e  p r o p e r ti e s  o f
fowing  ( c u r r e n t)  e l e c tr i c i ty we r e  d i s c o ve r e d ,  th e  te r m  static

c a m e  i n to  u s e  to  d i s ti n gu i s h  a c h a r ge  th at wa s  a t r e s t fr o m  o n e
th at was  i n  m o ti o n .  To d ay th e  te r m  i s  u s e d  to  d e s c r i b e  p h e n o m ‐
e n a th at o r i g i n a te  fr o m  a n  e l e c tr i c  c h a r ge ,  r e g ar d l e s s  o f

wh e th e r  th e  c h a r ge  i s  at r e s t o r  i n  m o ti o n .

5 . 1 . 4    Al l  m a te r i al s ,  wh e th e r  s o l i d  o r  fuid,  ar e  c o m p o s e d  o f
vari o u s  a r r an g e m e n ts  o f ato m s .  Ato m s  a r e  c o m p o s e d  o f p o s i ‐

ti ve l y c h ar g e d  n u c l e ar  c o m p o n e n ts ,  wh i c h  gi ve  th e m  m as s ,
s u rr o u n d e d  b y n e g ati ve l y c h ar g e d  e l e c tr o n s .  Ato m s  c a n  b e

c o n s i d e r e d  e l e c tr i c al l y n e u tr a l  i n  th e i r  n o r m al  s tate ,  m e an i n g
th at th e r e  ar e  e q u al  am o u n ts  o f p o s i ti ve  a n d  n e g ati ve  c h ar g e .
T h e y c an  b e c o m e  c h ar g e d  wh e r e  th e r e  i s  an  e x c e s s  o r  a  def‐
ciency o f e l e c tr o n s  r e l ati ve  to  th e  n e u tr a l  s ta te .  E l e c tr o n s  ar e

m o b i l e  an d  o f insignifcant m as s  an d  ar e  th e  c h a r ge  c ar r i e r s
m o s t a s s o c i a te d  wi th  s tati c  e l e c tr i c i ty.

5 . 1 . 5    I n  m a te r i al s  th a t ar e  c o n d u c to r s  o f e l e c tr i c i ty,  s u c h  a s
m e tal s ,  e l e c tr o n s  c a n  m o ve  fr e e l y.  I n  m a te r i al s  th at ar e  i n s u l a‐

to rs ,  e l e c tr o n s  ar e  m o r e  ti gh tl y b o u n d  to  th e  n u c l e i  o f th e
ato m s  an d  ar e  n o t fr e e  to  m o ve .  E x a m p l e s  o f m ate r i a l s  th at
o fte n  a r e  i n s u l a to r s  i n c l u d e  gl as s ,  r u b b e r,  p l a s ti c s ,  ga s e s ,  p ap e r,

a n d  p e tr o l e u m  p r o d u c ts .

5 . 1 . 6    T h e  m o b i l i ty o f e l e c tr o n s  i n  m a te r i al s  kn o wn  a s  s e m i c o n ‐
d u c to r s  i s  fr e e r  th an  i n  i n s u l ato r s  b u t i s  s ti l l  l e s s  th an  i n

c o n d u c to r s .  S e m i c o n d u c ti ve  m ate r i a l s  ar e  c o m m o n l y c h a r ac te r ‐
i z e d  b y th e i r  h i g h  e l e c tr i c a l  r e s i s ta n c e ,  wh i c h  c an  b e  m e as u r e d
wi th  a m e go h m m e te r.

5 . 1 . 7    I n  o th e r wi s e  i n s u l ati n g  fuids,  a n  e l e c tr o n  c an  s e p a r ate
fr o m  o n e  ato m  an d  m o ve  fr e e l y o r  atta c h  to  a n o th e r  a to m  to

fo r m  a  n e ga ti ve  i o n .  T h e  a to m  l o s i n g th e  e l e c tr o n  th e n
b e c o m e s  a  p o s i ti ve  i o n .  I o n s  a r e  c h a r ge d  ato m s  an d  m o l e c u l e s .

5 . 1 . 8    U n l i ke  c h a r ge s  a ttr ac t e a c h  o th e r,  an d  th e  attr ac ti ve
fo r c e  c an  d r a w th e  c h a r ge s  to g e th e r  i f th e  c h a r ge s  ar e  m o b i l e .
T h e  e n e r gy s to r e d  i s  th e  r e s u l t o f th e  wo r k d o n e  to  s e p ar a te  th e

c h a r ge s .

5 . 2  S e p arati o n  o f C h arge  b y C o n tac t o f M ate ri al s .    S e p ar a ti o n
o f c h a r ge  c an n o t b e  p r e ve n te d  a b s o l u te l y,  b e c a u s e  th e  o r i g i n  o f

th e  c h ar g e  l i e s  at th e  i n te r fac e  o f m ate r i al s .  Wh e r e  m ate r i al s
ar e  p l ac e d  i n  c o n tac t,  s o m e  e l e c tr o n s  m o ve  fr o m  o n e  m a te r i al

to  th e  o th e r  u n ti l  a b al a n c e  ( e q u i l i b r i u m  c o n d i ti o n )  i n  e n e r g y
i s  r e ac h e d .  T h i s  c h ar g e  s e p ar a ti o n  i s  m o s t n o ti c e a b l e  i n  l i q u i d s
th a t a r e  i n  c o n tac t wi th  s o l i d  s u r fa c e s  a n d  i n  s o l i d s  th a t ar e  i n

c o n tac t wi th  o th e r  s o l i d s .  T h e  fow o f c l e an  g as  o ve r  a  s o l i d
s u r fac e  p r o d u c e s  n e g l i gi b l e  c h a r gi n g.

5 . 2 . 1    T h e  e n h a n c e d  c h a r gi n g th at r e s u l ts  fr o m  m a te r i al s
b e i n g r u b b e d  to g e th e r  ( tr i b o e l e c tr i c  c h ar g i n g )  i s  th e  r e s u l t o f
s u r fac e  e l e c tr o n s  b e i n g  e x p o s e d  to  a b r o ad  var i e ty o f e n e r gi e s

i n  an  ad j a c e n t m ate r i a l ,  s o  th at c h a r ge  s e p a r ati o n  i s  m o r e  l i ke l y
to  take  p l a c e .  T h e  b r e aku p  o f l i q u i d s  b y s p l as h i n g an d  m i s ti n g
r e s u l ts  i n  a s i m i l ar  c h ar g e  s e p a r ati o n .  I t i s  n e c e s s a r y to  tr an s fe r

o n l y a b o u t o n e  e l e c tr o n  fo r  e a c h  5 0 0 , 0 0 0  a to m s  to  p r o d u c e  a
c o n d i ti o n  th a t c a n  l e a d  to  a s tati c  e l e c tr i c  d i s c h a r ge .  S u r fa c e
c o n tam i n a n ts  at ve r y l o w c o n c e n tr ati o n s  c a n  p l a y a  signifcant

r o l e  i n  c h a r ge  s e p ar a ti o n  at th e  i n te r fa c e  o f m a te r i al s .  [See
Figure 5. 2. 1 (a) and Figure 5. 2. 1 (b). ]

5 . 2 . 2    C h a r ge  c an  a l s o  b e  i n j e c te d  i n to  a  s tr e am  o f n o n c o n d u c ‐
ti ve  fuid  b y s u b m e r g i n g  wi th i n  th e  s tr e a m  a p o i n te d  e l e c tr o d e
o n  wh i c h  a  h i g h  vo l tag e  h as  b e e n  i m p r e s s e d .

I n t e r f a c e  w i t h  n o
n e t  c h a rg e

C h a r g e s  f i x e d  o n
m a t e r i a l

M o v e m e n t

+ + + + + + + + +

– – – – – – – – –

+ + + + + + + + +

– – – – – – – – –

FI G U RE  5 . 2 . 1 ( a)   Typ i c al  C h arge  G e n e rati o n  b y Re l ati ve
M o ve m e n t o f I n s u l ati n g M ate ri al s .  (Source: H.  L.  Walmsley,
“Avoidance of Electrostatic Hazards in the Petroleum Industry, ” p.
1 9. )

D o u b l e  l a y e r
o f  c h a rg e  i n
l i q u i d

D r o p l e t  f o rm s  f r o m
o u t e r  p a rt  o f  d o u b l e
l a y e r

G a s

L i q u i d

–

–

–

– – – – –

+ + + + + +

+ +

+ + + + + + +

– – – – – – –

FI G U RE  5 . 2 . 1 ( b )   Typ i c al  C h arge  G e n e rati o n  b y
Ato m i z ati o n .  (Source: H.  L.  Walmsley,  “Avoidance of Electrostatic
Hazards in the Petroleum Industry, ” p.  1 9. )
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Δ 5 . 3  C h argi n g b y I n d u c ti o n .

5 . 3 . 1  T h e o r y o f I n d u c ti o n  C h argi n g.    C o n d u c ti ve  m ate r i al s
c a n  b e c o m e  c h a r ge d  wh e n  b r o u g h t n e a r  a  h i g h l y c h a rg e d

s u r fac e .  As s u m e  a c h ar g e d  i n s u l ato r,  a s  s h o wn  i n  F i g u r e
5 . 3 . 1 ( a ) .  An  u n gr o u n d e d  c o n d u c to r  i s  b r o u g h t c l o s e  to  th e
c h a r ge d  i n s u l ato r,  as  s h o wn  i n  F i g u r e  5 . 3 . 1 ( b ) .  E l e c tr o n s  i n  th e

c o n d u c to r  ar e  e i th e r  d r a wn  to wa r d  o r  fo r c e d  away fr o m  th e
r e gi o n  o f c l o s e s t ap p r o ac h  to  th e  c h a r ge d  i n s u l a to r ’ s  s u r fac e ,
d e p e n d i n g  o n  th e  n atu r e  o f th e  c h ar g e  o n  th at s u r fa c e .  I f th e

u n gr o u n d e d  c o n d u c to r  i s  th e n  to u c h e d  to  g r o u n d  o r  to  a th i r d
o b j e c t,  e l e c tr o n s  c a n  fow to  o r  fr o m  g r o u n d  o r  th e  o b j e c t,
c h a n gi n g th e  n e t c h a r ge  o n  th e  c o n d u c to r.  T h i s  i s  s h o wn  i n

F i g u r e  5 . 3 . 1 ( c ) .  I f,  as  s h o wn  i n  F i g u r e  5 . 3 . 1 ( d ) ,  c o n ta c t i s  th e n
b r o ke n  an d  th e  c o n d u c to r  an d  c h a r ge d  s u r fac e  ar e  s e p ar a te d ,
th e  c h a r ge  o n  th e  n o w i s o l ate d  c o n d u c to r  r e m a i n s  th e  s am e  a s

wh e n  c o n tac t i s  b r o ke n .  T h e  n e t c h a r ge  th at was  tr a n s fe r r e d
d u r i n g c o n ta c t i s  c al l e d  induced charge.

Insulator

+ + + + + + + + + + + +

FI G U RE  5 . 3 . 1 ( a)   C h arge d  I n s u l ato r wi th  Fi e l d  L i n e s  S h o wn .
(Source: T.  H.  Pratt,  Electrostatic Ignitions of Fires and Explosions,
p.  29. )

– – – – – – – – – – – –

Conductor

+ + + + + + + + + + + +

Insulator

+ + + + + + + + + + + +

FI G U RE  5 . 3 . 1 ( b )   C h arge  Re d i s tri b u ti o n  o n  a C o n d uc to r as
I t N e ars  a C h arge d  S u r fac e  C h arge  re m ai n s  o n  c o n d uc to r  as
c o n d u c to r i s  re m o ve d  fro m  c o n tac t wi th  i n s u l ato r.  (Source: T.  H.
Pratt,  Electrostatic Ignitions of Fires and Explosions,  p.  29. )

– – – – – – – – – – – –

Conductor

Insulator

+ + + + + + + + + + + +

+

FI G U RE  5 . 3 . 1 ( c )   N e t C h arge  Tran s fe r to  o r fro m
C o n d uc to r as  a Re s u l t o f C o n tac t o r D i s c h arge .  (Source: T.  H.
Pratt,  Electrostatic Ignitions of Fires and Explosions,  p.  29. )

5 . 3 . 1 . 1    T h e  s e p a r ati o n  o f c h a r ge  o n  a n e u tr a l  i s o l ate d  c o n d u c ‐
to r  an d  i ts  d i s tr i b u ti o n  n e ar  a  c h a r ge d  i n s u l ati n g  s u r fa c e

p r o d u c e s  e l e c tr i c al  s tr e s s e s  n e ar  th e  p o i n t o f c l o s e s t a p p r o a c h .
S h a r p  e d g e s  o n  th e  c o n d u c to r  c a n  yi e l d  a  l o c al i z e d  e l e c tr i c al
b r e a kd o wn  o f th e  ga s  s tr e a m ,  kn o wn  a s  corona,  o r  a n  e l e c tr i c

s p ar k a c r o s s  th e  g ap .  E i th e r  o f th e s e  e ve n ts  c a n  tr an s fe r  c h a r ge
b e twe e n  th e  m ate r i a l s ,  l e avi n g  th e  i s o l ate d  c o n d u c to r  c h a r ge d .
S u c h  a tr an s fe r  o c c u r s ,  fo r  e x a m p l e ,  wh e r e  a p e r s o n  we a r i n g

n o n c o n d u c ti ve  s h o e s  r e c e i ve s  a s ta ti c  e l e c tr i c  s h o c k b y c o n ta c t‐
i n g  th e  m e ta l  fr am e  s u p p o r ti n g a  h i g h l y c h a r ge d  we b .  As  a
r e s u l t,  th e  p e r s o n  a c q u i r e s  a n e t s ta ti c  e l e c tr i c  c h a r ge  a n d  c a n

r e c e i ve  a s e c o n d  s h o c k afte r  l e avi n g  th e  ar e a b y to u c h i n g  a
gr o u n d e d  m e ta l  o b j e c t,  th e r e b y al l o wi n g  th e  ac q u i r e d  c h ar g e
to  fow to  e a r th .

5 . 3 . 1 . 2    C h ar g e  c a n  a l s o  b e  i m p ar te d  to  a  s u r fac e  o r  i n to  th e
b u l k o f a m a te r i al  b y d i r e c ti n g  a s tr e am  o f e l e c tr o n s  o r  i o n s

a ga i n s t th e  s u r fa c e  o r  th e  m ate r i a l .  I f th e  s u r fac e  o r  m ate r i al  i s
n o t c o n d u c ti ve  o r  i s  c o n d u c ti ve  b u t i s o l a te d  fr o m  g r o u n d ,  th e
c h a r ge  d e l i ve r e d  b y th e  b o m b a r d i n g  s tr e a m  r e m ai n s  a fte r  th e

s tr e am  s to p s .

5 . 3 . 2  I n d uc ti o n  C h argi n g o f P e rs o n n e l .

5 . 3 . 2 . 1    I f a  p e r s o n  wal ks  ab o u t,  th e r e  i s  a r e d i s tr i b u ti o n  o f
s tati c  e l e c tr i c  c h ar g e  o n  th e  b o d y as  h e  o r  s h e  a p p r o a c h e s  an d

l e ave s  p l a c e s  wh e r e  th e r e  i s  c h ar g e .  H e r e ,  th e  te r m  person
i n c l u d e s  th e  b o d y,  c l o th i n g ,  to o l s ,  fashlights,  p e n s ,  an d  an y

o th e r  a r ti c l e s  c ar r i e d  a l o n g ,  as  we l l  as  th e  n a tu r e  o f th e  e l e c tr i ‐
c a l  c o n n e c ti o n s  a m o n g  th e m .  T h e  to ta l  c h ar g e  o n  th e  p e r s o n
d o e s  n o t c h an g e  as  h e  wa l ks  ar o u n d ,  u n l e s s  th e r e  i s  p as s ag e  o f

c h a r ge  fr o m  th e  p e r s o n  to  th e  e n vi r o n m e n t,  fo r  e x a m p l e ,  a
c h a r ge d  o b j e c t,  th e  foor,  th e  ai r,  o r  an yth i n g  e l s e  i n  th e
s u r r o u n d i n gs  th at b e c o m e s  a  p ath  fo r  c h ar g e  r e d i s tr i b u ti o n .

5 . 3 . 2 . 2    I n d u c ti o n  c h ar g i n g  o f a p e r s o n  c an  o c c u r  i n  a var i e ty
o f ways :

( 1 ) The person touches the charged object.  I n  th i s  c a s e  c h ar g e
fows  b e twe e n  th e  o b j e c t an d  th e  p e r s o n ,  an d  th e
p e r s o n ’ s  c o n d u c ti vi ty gi ve s  c h ar g e  th e  p o s s i b i l i ty o f b e i n g

d i s tr i b u te d  far th e r  fr o m  th e  o b j e c t.

( a) I f th e  o b j e c t i s  a c o n d u c to r,  c h a r ge  fr o m  i ts  e n ti r e ty
wi l l  b e  r e d u c e d  b y th e  am o u n t tr an s fe r r e d  to  th e
p e r s o n ,  s o  th a t b o th  wi l l  e n d  u p  wi th  th e  s a m e  vo l t‐
ag e  ( p o te n ti a l ) .

( b ) I f th e  o b j e c t i s  a n  i n s u l ato r,  l o c al  d i s c h ar g e  wi l l
o c c u r  an d  th at c h ar g e  wi l l  b e  d i s tr i b u te d  to  th e
p e r s o n .  A m o vi n g we b  wo u l d  b e  o n e  c as e  i n  wh i c h

th e  l o c a l  d i s c h ar g e s  to  th e  p e r s o n  wo u l d  a d d  u p  o n
th e  p e r s o n  to  p r o d u c e  n e t c h ar g i n g  th a t i s  s i m i l ar  to
th a t fr o m  a c o n d u c to r.  T h e  p e r s o n  wo u l d  e n d  u p

wi th  th e  ave r ag e  vo l tag e  ( p o te n ti al )  o f th e  we b .
( 2 ) An electrical discharge occurs between the person and the charged

object.  T h e  r e s u l t wi l l  b e  ve r y s i m i l ar  to  wh at h ap p e n s  wi th
d i r e c t c o n tac t,  an d  i n  fac t,  a  d i s c h ar g e  p r o b ab l y wi l l  o c c u r

a s  th e  p e r s o n  ap p r o ac h e s  an d  to u c h e s  th e  c h ar g e d

Conductor

– – – – – –

– – – – – –

FI G U RE  5 . 3 . 1 ( d )   I s o l ate d  C o n d u c to r  C ar r yi n g a C h arge
( Afte r B e i n g S e p arate d  fro m  I n s u l ato r) .
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o b j e c t.  T h e  e l e c tr i c al  d i s c h ar g e  ge n e r a l l y o c c u r s  fr o m
wh e r e  th e r e  i s  a h i g h  c o n c e n tr a ti o n  o f c h ar g e  — n e ar b y
r e gi o n s  o n  th e  p e r s o n  o r  o b j e c t th a t a r e  p o i n te d  o r  s h ar p
( e . g. ,  p o i n ts ,  c o r n e r s ,  o r  e d ge s ) .  T h e r e  wi l l  b e  a  s p ar k o r

s o m e  fo r m  o f c o r o n a d i s c h ar g e .  (See Section 5. 5 for descrip‐
tions of electrical discharges. )

( 3 ) Current is conducted through shoes to the foor.  I f th e r e  i s
c o n d u c ti o n  th r o u g h  th e  s h o e s ,  c h ar g e  wi l l  d i s tr i b u te
b e yo n d  th e  p e r s o n ,  a n d  a n  e q u a l  a m o u n t o f c h ar g e  wi l l

b e  c o n d u c te d  to  th e  p e r s o n  to  b e  d r awn  c l o s e r  to  th e
c h a r ge d  o b j e c t.  I f th e  s h o e s  o r  foor  ar e  n o t g o o d  c o n d u c ‐
to r s ,  i t wi l l  take  ti m e  fo r  th e  n e t c h a r ge  o n  th e  p e r s o n  to

gr o w an d  b e  l o s t as  th e  p e r s o n  wal ks  fr o m  th e  a r e a.
( 4 ) The person touches others,  structural steel,  tool boxes in the area,

etc. ,  or provides other paths for charge to redistribute.  E ac h  o f
th e s e  a c ti o n s  g i ve s  a l ar g e r  ar e a  fo r  c h ar g e  r e d i s tr i b u ti o n ,

a n d  wh e n  th o s e  p ath s  a r e  b r o ke n  l e ave s  a n e t c h a r ge  o n
th e  p e r s o n .  I f s h o e s  an d  foor  a r e  n o n c o n d u c ti ve ,  th e

c h a r ge  wi l l  r e m ai n  o n  th e  p e r s o n  wh e n  h e  o r  s h e  l e ave s
th e  c h ar g e d  o b j e c t.

( 5 ) There is an electrical discharge between the person and something
— typically grounded — in the environment.  T h e  d i s c h a r ge
c a n  c o m e  fr o m  th e  h ai r,  r i n g s ,  fnger  n ai l s ,  c o n d u c ti ve

c l o th i n g,  an d  s o  fo r th .  I n  th e  c as e  o f c o r o n a,  th e
d i s c h ar g e  c an  b e  i n to  th e  ai r  wi th o u t a n e a r b y g r o u n d e d
s u r fac e .

5 . 3 . 2 . 3    T h e  ac tu a l  r e d i s tr i b u ti o n  o f c h a r ge  i s  c o m p l e x  an d
d yn am i c ,  an d  th e  n e t c h a r ge  o n  th e  p e r s o n  c h a n ge s  wi th  ti m e .
O n e  m u s t b e  c a r e fu l  i n  h an d l i n g to o l s  a n d  ac ti o n s  p e r fo r m e d

wh i l e  wo r ki n g  wi th  c h ar g e d  o p e r ati o n s  i n  i n d u s tr y.  Gr avu r e
p r i n ti n g ,  c o a ti n g,  a n d  fnishing  wi th  s o l ve n t-b as e d  m a te r i al s  a r e
p ar ti c u l ar l y h a z a r d o u s  as  a  r e s u l t o f i n d u c ti o n  c h ar g i n g .  Wi th ‐

o u t g o o d  e l e c tr o s tati c  c h ar g e  e l i m i n ati o n ,  p o i n ti n g a  fnger  a t
p r o c e s s  l i n e s  a n d  wo r ki n g wi th  c o n d u c ti ve  to o l s  c an  b e  h az ar d ‐
o u s .  T h e r e  a r e  n u m e r o u s  o p p o r tu n i ti e s  fo r  s p a r k d i s c h ar g e s

b r o u gh t o n  b y p r o x i m i ty o f wo r ke r s  an d  c h a r ge d  o b j e c ts .

5 . 3 . 2 . 4    P n e u m ati c  c o n ve yi n g o f b u l k s o l i d s  i n  n o n c o n d u c ti ve
h o s e s  p o s e s  s p e c i a l  p r o b l e m s ,  b e c au s e  c h ar g i n g  a n d  d i s c h a r g‐

i n g  a l o n g  th e  l i n e s  i n d u c e s  c o m p l e x  c h ar g e s  a n d  c u r r e n ts  i n
th e  wo r k a r e a.  T h e  i n d u c e d  c h ar g e s  a n d  c u r r e n ts  c an  b e

h a z a r d o u s  to  wo r ke r s  a n d  e l e c tr o n i c  e q u i p m e n t.

5 . 3 . 2 . 5    O n e  ar e a o fte n  o ve r l o o ke d  i s  th e  p i c ku p  o f c h a r ge  b y
i n d u c ti o n  at o n e  wo r ks tati o n ,  p o s s i b l y i n  a  n o n h az ar d o u s  ar e a ,

th a t i s  c a r r i e d  to  a h a z a r d o u s  l o c ati o n .  Ap p r o p r i a te  fo o twe a r
an d  fooring  i s  a d vi s e d  i n  th e  h az ar d o u s  a r e a.

5 . 4  Ac c u m u l ati o n  an d  D i s s i p ati o n  o f C h arge .

5 . 4 . 1    A s ta ti c  e l e c tr i c  c h a r ge  wi l l  ac c u m u l ate  wh e r e  th e  r ate  at
wh i c h  c h a r ge s  s e p ar ate  e x c e e d s  th e  r a te  at wh i c h  c h ar g e s

r e c o m b i n e .  Wo r k m u s t b e  d o n e  to  s e p ar a te  c h ar g e s ,  a n d  th e r e
i s  a te n d e n c y fo r  th e  c h a r ge s  to  r e tu r n  to  a n e u tr a l  s tate .  T h e
p o te n ti a l  d i ffe r e n c e ,  th at i s ,  th e  vo l tag e ,  b e twe e n  a n y two

p o i n ts  i s  th e  wo r k p e r  u n i t c h ar g e  th at wo u l d  h ave  to  b e  d o n e
to  m o ve  th e  c h ar g e s  fr o m  o n e  p o i n t to  th e  o th e r.  T h i s  wo r k
d e p e n d s  o n  th e  p h ys i c al  c h a r ac te r i s ti c s  ( th at i s ,  s h ap e ,  s i z e ,  an d

n a tu r e  o f m ate r i a l s  an d  l o c ati o n  o f o b j e c ts )  o f th e  p ar ti c u l ar
s ys te m  an d  c a n  b e  e x p r e s s e d  b y th e  fo l l o wi n g  e q u ati o n :

C
Q

V
=

wh e r e :
C = c a p ac i ta n c e  ( far a d s )

Q = c h a r ge  th at h as  b e e n  s e p a r ate d  ( c o u l o m b s )
V = p o te n ti a l  d i ffe r e n c e  ( vo l ts )

5 . 4 . 2    Typ i c al  e x am p l e s  o f ac c u m u l ati o n  ar e  i l l u s tr ate d  i n
F i g u r e  5 . 4 . 2 .  (See also Table A. 3. 3. 5. )

5 . 4 . 3    S e p a r ati o n  o f e l e c tr i c  c h ar g e  m i gh t n o t i n  i ts e l f b e  a
p o te n ti a l  fre  o r  e x p l o s i o n  h a z a r d .  T h e r e  m u s t b e  a  d i s c h ar g e
o r  s u d d e n  r e c o m b i n ati o n  o f th e  s e p ar a te d  c h ar g e s  to  p o s e  an
i g n i ti o n  h az ar d .  O n e  o f th e  b e s t p r o te c ti o n s  fr o m  s ta ti c  e l e c tr i c
d i s c h ar g e  i s  a c o n d u c ti ve  o r  s e m i c o n d u c ti ve  p ath  th at al l o ws
th e  c o n tr o l l e d  r e c o m b i n a ti o n  o f th e  c h ar g e s .

5 . 4 . 4    I n  s tati c  e l e c tr i c  p h e n o m e n a ,  c h ar g e  i s  g e n e r al l y s e p a r a‐
te d  b y a r e s i s ti ve  b a r r i e r,  s u c h  as  an  a i r  g ap  o r  i n s u l a ti o n
b e twe e n  th e  c o n d u c to r s ,  o r  b y th e  i n s u l ati n g  p r o p e r ty o f th e
m a te r i al s  b e i n g h a n d l e d  o r  p r o c e s s e d .  I n  m an y ap p l i c ati o n s ,
p ar ti c u l ar l y th o s e  i n  wh i c h  th e  m ate r i al s  b e i n g  p r o c e s s e d  ar e
c h a r ge d  i n s u l a to r s  ( n o n c o n d u c to r s ) ,  i t i s  n o t e as y to  m e as u r e
th e  c h ar g e s  o r  th e i r  p o te n ti al  d i ffe r e n c e s .

5 . 4 . 5    Wh e r e  r e c o m b i n i n g  o f c h ar g e s  o c c u r s  th r o u gh  a  p ath
th a t h a s  e l e c tr i c al  r e s i s tan c e ,  th e  p r o c e s s  p r o c e e d s  a t a fnite
ra te ,  1 /τ,  an d  i s  d e s c r i b e d  b y th e  charge relaxation time o r  charge

 
[ 5 . 4 . 1 ]
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FI G U RE  5 . 4 . 2   E x am p l e s  o f C h arge  Ac c u m u l ati o n .  (Source:
H.  L.  Walmsley,  “Avoidance of Electrostatic Hazards in the
Petroleum Industry, ” p.  37. )
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2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

decay time,  τ.  T h i s  r e l ax ati o n  p r o c e s s  i s  typ i c a l l y e x p o n e n ti al
an d  i s  e x p r e s s e d  b y th e  fo l l o wi n g  e q u ati o n :

Q Q et

t
=

−

0

τ

wh e r e :
Qt = c h a r ge  r e m ai n i n g  at e l ap s e d  ti m e  t ( c o u l o m b s )

Q0 = c h a r ge  o r i g i n a l l y s e p a r ate d  ( c o u l o m b s )
e = b a s e  o f n atu r al  l o ga r i th m s  =  2 . 7 1 8

t = e l ap s e d  ti m e  ( s e c o n d s )
τ = c h a r ge  r e l ax ati o n  ti m e  c o n s ta n t ( s e c o n d s )

5 . 4 . 6    T h e  r ate  o f c h ar g e  r e c o m b i n a ti o n  d e p e n d s  o n  th e
c a p a c i ta n c e  o f th e  m ate r i al  a n d  i ts  r e s i s ta n c e  an d  i s  e x p r e s s e d

a s  fo l l o ws :

τ = RC

wh e r e :
τ = c h ar g e  r e l ax ati o n  ti m e  c o n s ta n t ( s e c o n d s )

R = r e s i s ta n c e  ( o h m s )
C = c ap a c i tan c e  ( fa r ad s )

5 . 4 . 7    F o r  b u l k m ate r i a l s ,  th e  r e l a x a ti o n  ti m e  i s  o fte n  e x p r e s s e d
i n  te r m s  o f th e  vo l u m e  r e s i s ti vi ty o f th e  m ate r i a l  an d  i ts  e l e c tr i ‐
c a l  p e r m i tti vi ty as  fo l l o ws :

τ ε ε ρ=
r o v

wh e r e :
τ = c h a r ge  r e l a x a ti o n  ti m e  c o n s tan t ( s e c o n d s )
ℇr = r e l ati ve  d i e l e c tr i c  c o n s ta n t o f th e  m a te r i al
ℇo = e l e c tr i c a l  p e r m i tti vi ty o f a  va c u u m  ( 8 . 8 4 5  ×  1 0 -1 2  far a d s  p e r

m e te r )
ρv = vo l u m e tr i c  r e s i s ti vi ty ( o h m -m e te r s )

 
[ 5 . 4 . 5 ]

 
[ 5 . 4 . 6 ]

 
[ 5 . 4 . 7 ]Δ

5 . 4 . 8    T h e  e x p o n e n ti a l  d e c ay m o d e l  d e s c r i b e d  i n  5 . 4 . 5  i s  h e l p ‐
fu l  i n  e x p l a i n i n g  th e  r e c o m b i n ati o n  p r o c e s s  b u t i s  n o t n e c e s s a‐

r i l y ap p l i c ab l e  to  al l  s i tu ati o n s .  I n  p ar ti c u l ar,  n o n e x p o n e n ti al
d e c ay i s  o b s e r ve d  wh e r e  th e  m a te r i al s  s u p p o r ti n g  th e  c h ar g e
ar e  c e r tai n  l o w-c o n d u c ti vi ty l i q u i d s  o r  p o wd e r s  c o m p o s e d  o f

c o m b i n ati o n s  o f i n s u l ati n g ,  s e m i c o n d u c ti ve ,  an d  c o n d u c ti ve
m a te r i al s .  T h e  d e c a y i n  s u c h  c a s e s  i s  fa s te r  th an  th e  e x p o n e n ‐
ti al  m o d e l  p r e d i c ts .

5 . 4 . 9    D i s s i p a ti o n  o f s tati c  e l e c tr i c  c h ar g e s  c a n  b e  ac h i e ve d  b y
o n e  o r  m o r e  o f th e  fo l l o wi n g  m e th o d s :  m o d i fyi n g  th e  vo l u m e

o r  s u r fac e  r e s i s ti vi ty o f i n s u l ati n g  m ate r i a l s  wi th  a n ti s ta ti c  ad d i ‐
ti ve s ,  b y g r o u n d i n g i s o l ate d  c o n d u c to r s ,  o r  b y i o n i z i n g th e  ai r
n e ar  i n s u l ati n g  m a te r i al s  o r  i s o l ate d  c o n d u c to r s .  Ai r  i o n i z a ti o n

i n vo l ve s  i n tr o d u c i n g m o b i l e  e l e c tr i c  c h ar g e s  ( p o s i ti ve ,  n e g ati ve ,
o r  b o th )  i n to  th e  ai r  ar o u n d  th e  c h ar g e d  o b j e c ts .  T h e  i o n s  a r e
attr a c te d  to  th e  c h a r ge d  o b j e c ts  u n ti l  th e  c h ar g e s  o n  th e

o b j e c ts  a r e  n e u tr a l i z e d .  T h e  i o n  c u r r e n t i n  th e  ai r  s e r ve s  a s  th e
m e c h a n i s m  th at b r i n g s  th e  n e u tr al i z i n g c h ar g e  to  th e  o th e r wi s e
b o u n d  o r  i s o l ate d  c h ar g e .

5 . 5  D i s c h arge  o f S tati c  E l e c tri c i ty an d  I gn i ti o n  M e c h an i s m s .

5 . 5 . 1  G e n e ral .    As  e l e c tr i c  c h a r ge  ac c u m u l ate s  th r o u g h  s e p a r a‐
ti o n ,  th e r e  i s  a n  i n c r e as e  i n  th e  e l e c tr i c a l  fo r c e s  tr yi n g  to
r e s to r e  a  n e u tr a l  c o n d i ti o n  b y r e u n i ti n g  th o s e  c h ar g e s  i n  th e

fo r m  o f a  s ta ti c  e l e c tr i c  d i s c h a r ge .  M an y typ e s  o f d i s c h a r ge s  c an
o c c u r  a n d  ar e  i l l u s tr ate d  b r o ad l y i n  F i g u r e  5 . 5 . 1 .  F o r  a s ta ti c
e l e c tr i c  d i s c h ar g e  to  b e  a s o u r c e  o f i gn i ti o n ,  th e  fo l l o wi n g  fo u r

c o n d i ti o n s  m u s t b e  m e t:

( 1 ) An  e ffe c ti ve  m e a n s  o f s e p ar ati n g  c h ar g e  m u s t b e  p r e s e n t.
( 2 ) A m e an s  o f ac c u m u l ati n g  th e  s e p ar a te d  c h a r ge s  an d

m a i n tai n i n g a d i ffe r e n c e  o f e l e c tr i c al  p o te n ti al  m u s t b e
avai l ab l e .

( 3 ) A d i s c h ar g e  o f th e  s ta ti c  e l e c tr i c i ty o f a d e q u a te  e n e r g y
m u s t o c c u r.

( 4 ) T h e  d i s c h ar g e  m u s t o c c u r  i n  an  i g n i ti b l e  m i x tu r e .

5 . 5 . 2  C o ro n a D i s c h arge .    As  defned  i n  3 . 3 . 1 8 . 3 ,  c o r o n a
d i s c h ar g e  i s  a l o w e n e r gy e l e c tr i c al  d i s c h ar g e  th at r e s u l ts  fr o m
l o c al i z e d  e l e c tr i c al  b r e akd o wn  o f ga s e s  n e a r  s h ar p  c o n d u c ti ve

e d ge s ,  n e e d l e  p o i n ts ,  an d  wi r e s .  (See Figure 5. 5. 2. )
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FI G U RE  5 . 5 . 1   Ap p ro x i m ate  E n e rgi e s  o f Typ e s  o f D i s c h arge s  C o m p are d  wi th  M i n i m um  I gn i ti o n
E n e rgi e s  ( M I E s )  o f Typ i c al  C o m b us ti b l e  M ate ri al s .  (Adapted from H.  L.  Walmsley,  “Avoidance of
Electrostatic Hazards in the Petroleum Industry, ” p.  26. )
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

5 . 5 . 2 . 1    I n  m o s t c as e s ,  th e  e n e r gy d e n s i ty o f c o r o n a  d i s c h ar g e
i s  ve r y l o w.  C o n s e q u e n tl y,  th e  h az ar d  fr o m  c o r o n a d i s c h a r ge  i s

s m a l l .  Wh e r e  c o r o n a d i s c h ar g e  i s  m o r e  i n te n s e ,  p r e -b r e a kd o wn
s tr e am e r s  c al l e d  brush discharges o c c u r.  T h e s e  ap p e ar  as  r an d o m
flaments  o f l i g h t th at m a ke  fai n t h i s s i n g  o r  fr yi n g  s o u n d s .
B r u s h  d i s c h ar g e s  th a t o r i gi n ate  o n  n e e d l e l i ke  ti p s  wi th  r ad i i

s m al l e r  th a n  1  m m  ( 0 . 0 4  i n . )  d o  n o t,  i n  g e n e r al ,  l e ad  to  i g n i ‐
ti o n .  D i s c h ar g e s  fr o m  b l a d e s ,  h o we ve r,  c a n  i g n i te  m i x tu r e s  th at
h ave  ve r y l o w i gn i ti o n  e n e r g i e s ,  s u c h  a s  h yd r o g e n –ai r  o r  c ar b o n
disulfde–air  m i x tu r e s .  Gas –a i r  an d  vap o r –a i r  m i x tu r e s  c an  b e

i gn i te d  i f b r u s h  d i s c h a r ge s  o r i gi n ate  fr o m  e l e m e n ts  wi th  e d ge
d i a m e te r s  g r e ate r  th an  5  m m  ( 0 . 2 0  i n . )  o r  fr o m  a r o d  wi th  a
h e m i s p h e r i c a l  e n d ,  s u c h  as  a h u m an  fnger.  (See Figure 5. 5. 2. 1 . )

5 . 5 . 2 . 2    S h ar p  e d g e s ,  c o r n e r s ,  an d  p r o j e c ti o n s  [ e . g. ,  th o s e  wi th
an  e d g e  d i am e te r  o f 5  m m  ( 0 . 2 0  i n . )  o r  l e s s ]  th at p o i n t to war d

c h a r ge d  s u r fa c e s  n e e d  to  b e  identifed  b e c a u s e  th e y c an
c o n c e n tr ate  th e  c h a r ge ,  p r o vi d i n g i n te n s e ,  l o c al i z e d  s tr e s s e s
th a t c an  l e a d  to  e l e c tr i c a l  c o r o n a  a n d  s p a r ks .

+ + + + + + + + + + + + + + + + +

FI G U RE  5 . 5 . 2   C o ro n a D i s c h arge .  (Source: T.  H.  Pratt,
Electrostatic Ignitions of Fires and Explosions,  p.  32. )
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FI G U RE  5 . 5 . 2 . 1   B r u s h  D i s c h arge .  (Adapted from H.  L.
Walmsley,  “Avoidance of Electrostatic Hazards in the Petroleum
Industry, ” p.  27. )

5 . 5 . 3  S p ark s  B e twe e n  C o n d u c to rs .

5 . 5 . 3 . 1    S p a r ks  fr o m  u n gr o u n d e d  c h a r ge d  c o n d u c to r s ,  i n c l u d ‐
i n g  th e  h u m an  b o d y,  a r e  r e s p o n s i b l e  fo r  m o s t fres  an d  e x p l o ‐

s i o n s  i g n i te d  b y s ta ti c  e l e c tr i c i ty.  S p ar ks  a r e  typ i c a l l y i n te n s e
c a p a c i ti ve  d i s c h a r ge s  th a t o c c u r  i n  th e  g ap  b e twe e n  two
c h a r ge d  c o n d u c ti n g  b o d i e s ,  u s u a l l y m e tal .  T h e  e n e r gy o f a

s p ar k d i s c h ar g e  i s  h i g h l y c o n c e n tr a te d  i n  s p ac e  an d  i n  ti m e .

5 . 5 . 3 . 2    T h e  ab i l i ty o f a s p ar k to  p r o d u c e  i g n i ti o n  i s  g o ve r n e d
l ar g e l y b y i ts  e n e r gy,  wh i c h  i s  s o m e  fr ac ti o n  o f th e  to tal  e n e r g y

s to r e d  i n  th e  s ys te m .

5 . 5 . 3 . 3    T h e  e n e r gy o f a  s p ar k c an  b e  d e te r m i n e d  fr o m  th e
c a p a c i ta n c e  o f th e  c o n d u c ti ve  s ys te m  a n d  th e  e l e c tr i c al  p o te n ‐
ti al  o r  fr o m  th e  q u an ti ty o f c h ar g e  s e p ar ate d  fr o m  th e  c o n d u c ‐

to r s .  T h i s  d e te r m i n ati o n  i s  e x p r e s s e d  b y th e  e q u a ti o n s  th a t
fo l l o w,  an d  th e  r e l a ti o n s h i p s  ar e  s h o wn  g r ap h i c al l y i n  F i gu r e
5 . 5 . 3 . 3 .

W CV=

1

2

2

wh e r e :
W = e n e r gy ( j o u l e s )

C = c ap a c i tan c e  ( fa r ad s )
V = p o te n ti al  d i ffe r e n c e  ( vo l ts )

W QV=

1

2

wh e r e :
Q = c h a r ge  ( c o u l o m b s )

W
Q

C
=











1

2

2

Q CV=

5 . 5 . 3 . 4 *    To  b e  c a p a b l e  o f c au s i n g i g n i ti o n ,  th e  e n e r g y r e l e as e d
i n  th e  d i s c h ar g e  m u s t b e  a t l e a s t e q u a l  to  th e  m i n i m u m  i g n i ‐
ti o n  e n e r g y ( M I E )  o f th e  i gn i ti b l e  m i x tu r e .  O th e r  fac to r s ,  s u c h
as  th e  s h ap e  o f th e  c h ar g e d  e l e c tr o d e s  a n d  th e  fo r m  o f
d i s c h ar g e ,  infuence  c o n d i ti o n s  fo r  th e  s ta ti c  e l e c tr i c  d i s c h ar g e
an d  i ts  l i ke l i h o o d  o f c au s i n g i g n i ti o n .

5 . 5 . 3 . 5    M o s t ga s e s  an d  va p o r s  o f h yd r o c a r b o n s  r e q u i r e  ab o u t
0 . 2 5  m J  o f e n e r gy fo r  s p ar k d i s c h a r ge  i g n i ti o n ,  as s u m i n g  o p ti ‐
m u m  m i x tu r e s  wi th  ai r.  T h e r e  ar e  s o m e  th at r e q u i r e  l e s s  e n e r g y
fo r  i g n i ti o n .  D i s c u s s i o n  o f th e  m i n i m u m  i g n i ti o n  e n e r gy fo r
specifc  m ate r i a l s  c an  b e  fo u n d  i n  9 . 2 . 3 ,  9 . 2 . 4 ,  an d  1 5 . 1 0 . 1 .  (See
Table B. 1 . )

5 . 5 . 3 . 6    M i s ts ,  d u s ts ,  an d  fbers  u s u al l y r e q u i r e  an  M I E  th at i s
o n e  o r  two  o r d e r s  o f m ag n i tu d e  gr e a te r  th a n  th a t fo r  g as e s  an d
va p o r s .  I t s h o u l d  b e  n o te d  th at,  fo r  a n y gi ve n  p a r ti c u l a te  m a te ‐
ri al ,  th e  M I E  d i m i n i s h e s  r ap i d l y wi th  d e c r e as i n g  p ar ti c l e  s i z e .

 
[ 5 . 5 . 3 . 3 a]Δ

 
[ 5 . 5 . 3 . 3 b ]

 
[ 5 . 5 . 3 . 3 c ]

 
[ 5 . 5 . 3 . 3 d ]



S TAT I C  E L E C T RI C I T Y7 7 - 1 6

2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

5 . 5 . 3 . 7    T h e  i g n i ti o n  e n e r gi e s  fo r  ga s e s ,  va p o r s ,  an d  d u s ts  ar e
r e d u c e d  b y a n  i n c r e as e  i n  th e  o x yge n  c o n c e n tr a ti o n  r e l ati ve  to
th a t fo r  a i r.  L i ke wi s e ,  i gn i ti o n  e n e r g i e s  a r e  i n c r e a s e d  b y a
d e c r e as e  i n  o x yge n  c o n c e n tr a ti o n .

5 . 5 . 4  H yb ri d  M i x tu re s .    Wh e r e  two  o r  m o r e  fammable  m ate r i ‐
al s  o f d i ffe r e n t p h a s e s  ( e . g . ,  a d u s t a n d  a vap o r )  ar e  p r e s e n t i n
th e  s a m e  m i x tu r e ,  th e  m i x tu r e  i s  r e fe r r e d  to  as  a  hybrid.  Te s ts
h ave  s h o wn  th at ad d i n g a fammable  ga s  to  a d u s t s u s p e n s i o n
c a n  gr e a tl y l o we r  th e  i g n i ti o n  e n e r g y o f th e  d u s t.  T h i s  p h e n o m ‐
e n o n  i s  e s p e c i al l y tr u e  wh e r e  th e  ga s  i s  p r e s e n t at a c o n c e n tr a‐
ti o n  b e l o w i ts  l o we r  fammable  l i m i t ( L F L )  o r  th e  d u s t i s  b e l o w
i ts  m i n i m u m  e x p l o s i b l e  c o n c e n tr ati o n  ( M E C ) .  S u c h  h yb r i d
m i x tu r e s  c an  s o m e ti m e s  b e  i g n i te d  e ve n  i f b o th  c o m p o n e n ts
ar e  b e l o w th e i r  l o we r  l i m i ts .  A h yb r i d  m i x tu r e  c an  b e  fo r m e d  b y
th e  fo l l o wi n g:

( 1 ) Vap o r  d e s o r p ti o n  fr o m  p a r ti c u l a te s  ( s u c h  as  i n  r e s i n
p r o d u c t r e c e i ve r s )

( 2 ) Re a c ti o n  o f p a r ti c u l a te s  wi th  atm o s p h e r i c  m o i s tu r e  th at
p r o d u c e s  a fammable  g as

( 3 ) I n tr o d u c ti o n  o f a  d u s t i n to  a  fammable  va p o r  atm o s ‐
p h e r e  [ s u c h  a s  a d d i n g  a d u s t o r  p o wd e r  to  a fammable
l i q u i d  ( C l as s  I  l i q u i d ,  as  d e s i g n ate d  b y N F PA  3 0 ) ]

5 . 5 . 5  S tati c  E l e c tri c  D i s c h arge  fro m  th e  H um an  B o d y.

5 . 5 . 5 . 1    T h e  h u m an  b o d y i s  a  g o o d  e l e c tr i c al  c o n d u c to r  an d
h a s  b e e n  r e s p o n s i b l e  fo r  n u m e r o u s  i n c i d e n ts  o f s tati c  e l e c tr i c
d i s c h ar g e .

5 . 5 . 5 . 2    A p e r s o n  i n s u l ate d  fr o m  gr o u n d  c an  ac c u m u l ate  a
signifcant c h a r ge  b y wa l ki n g  o n  an  i n s u l a ti n g s u r fac e ,  b y
to u c h i n g a c h ar g e d  o b j e c t,  b y b r u s h i n g s u r fa c e s  wh i l e  we a r i n g
n o n c o n d u c ti ve  c l o th i n g,  o r  b y m o m e n ta r i l y to u c h i n g a g r o u n ‐
d e d  o b j e c t i n  th e  p r e s e n c e  o f c h ar g e s  i n  th e  e n vi r o n m e n t.
D u r i n g n o r m a l  ac ti vi ty,  th e  p o te n ti a l  o f th e  h u m a n  b o d y c a n
re a c h  1 0  kV to  1 5  kV.  At a c a p ac i ta n c e  o f 2 0 0  p F  (see Table

1 0 4

1 0 0

1 0

1

0 . 1

0 . 0 1

1 0 –3

1 0 – 4

1 0 4

1 0 3

1 0 0

1 0

1

0 . 1

0 . 0 1

1 0 –3

1 0 – 4

1 0 – 5

1 0 4

1 0 3 1 0 3

1 0

1 0 0

1

0 . 1

1 0 4

1 0 3

1 0

1 0 0

1

0 . 1

W =  ¹ ⁄₂CV ² W =  ¹ ⁄₂QV W =  ¹ ⁄₂Q²/C Q =  CV

C ( p F ) V ( kV )

W ( m J )

Q (mC )

N o t e :  O n e  s t ra i g h t  l i n e  t h r o u g h  t h e  s c a l e s  s i m u l t a n e o u s l y  s o l ve s  t h e  r e l a t i o n s h i p s :

Δ FI G U RE  5 . 5 . 3 . 3   N o m o grap h  fo r E s ti m ati n g E n e rgy i n  a
C ap ac i ti ve  S p ark D i s c h arge .  (Source: T.  H.  Pratt,  Electrostatic
Ignitions of Fires and Explosions,  p.  1 1 3. )

A. 3. 3. 5),  th e  a c c u m u l a te d  e n e r g y avai l ab l e  fo r  a s p ar k c a n
r e a c h  1 0  to  2 2 . 5  m J .  A c o m p ar i s o n  o f th e s e  va l u e s  to  th e  M I E s

o f ga s e s  o r  va p o r s  m a ke s  th e  h a z a r d  r e ad i l y ap p a r e n t.

5 . 5 . 6  D i s c h arge s  B e twe e n  C o n d u c to rs  an d  I n s u l ato rs .

5 . 5 . 6 . 1    S p ar ks  o fte n  o c c u r  b e twe e n  c o n d u c to r s  an d  i n s u l ato r s .
E x am p l e s  o f s u c h  o c c u r r e n c e s  i n c l u d e  s i tu ati o n s  i n  wh i c h  p l a s ‐
ti c  p ar ts  a n d  s tr u c tu r e s ,  i n s u l a ti n g flms  a n d  we b s ,  l i q u i d s ,  an d

p ar ti c u l ate  m ate r i al  ar e  h a n d l e d .  T h e  c h a r gi n g o f th e s e  m ate r i ‐
al s  c an  r e s u l t i n  s u r fac e  d i s c h a r ge s  an d  s p ar ks ,  d e p e n d i n g  o n
th e  ac c u m u l ate d  c h a r ge  an d  th e  s h ap e  o f n e ar b y c o n d u c ti ve

s u r fac e s .  T h e  va r i ab l e  c h ar g e  d e n s i ty ( b o th  i n  m ag n i tu d e  an d
p o l a r i ty)  o b s e r ve d  o n  i n s u l a ti n g s u r fa c e s  i s  th e  e ffe c t o f th e s e
d i s c h ar g e s  s p r e a d i n g  o ve r  a l i m i te d  p ar t o f th e  i n s u l ati n g

s u r fac e .

5 . 5 . 6 . 2    E ve n  wi th  th e  u s e  o f s ta ti c  e l e c tr i c i ty n e u tr a l i z e r s ,  s o m e
c h a r ge s  wi l l  r e m ai n  i n  c e r ta i n  a r e as  b u t typ i c a l l y a r e  n o t

h az ar d o u s  i f th e r e  i s  n o  m e c h a n i s m  b y wh i c h  th e y c a n  ac c u m u ‐
l ate .  H o we ve r,  a d an g e r o u s  ( i . e . ,  i g n i ti o n -c ap ab l e )  s ta ti c  e l e c tr i c

c h a r ge  c a n  r e s u l t b e c au s e  o f c o n c e n tr ati o n  o f i n d i vi d u al
c h a r ge s .  E x a m p l e s  o f h o w s u c h  c o n c e n tr a ti o n  o f c h a r ge  c a n
o c c u r  i n c l u d e  s tac ki n g  o r  n e s ti n g  o f e m p ty p l as ti c  c o n ta i n e r s ,

wi n d i n g flm  o n to  a r o l l  o r  d r u m ,  a n d  flling  a ve s s e l  wi th  a
n o n c o n d u c ti ve  l i q u i d  o r  p o wd e r.

5 . 5 . 7  D i s c h arge  o n  th e  S u r fac e  o f an  I n s u l ato r B ac ke d  b y a
C o n d uc to r.    A s u r fac e  c o ate d  wi th  a  th i n  [ l e s s  th an  8  m m
( 0 . 3 1  i n . ) ]  l a ye r  o f an  i n s u l ati n g  m a te r i al  wi l l  a c t a s  a  c ap ac i to r

to  s to r e  c h a r ge .  At suffciently h i gh  c h a r ge  l e ve l s  ( i . e . ,  gr e a te r
th a n  2 5 0  μ C / m 2 ) ,  a  b r an c h i n g  d i s c h a r ge  wi l l  b e  o b s e r ve d  o n

th e  s u r fa c e  o f th e  c o ati n g .  T h i s  b r a n c h i n g  d i s c h a r ge  i s  r e fe r r e d
to  as  a propagating brush discharge.  Al te r n a ti ve l y,  an  e l e c tr i c al

b r e a kd o wn  th r o u gh  th e  l a ye r  c an  o c c u r.  T h e  e n e r g y s to r e d  i n
th e  c o a ti n g c a n  b e  as  h i gh  as  s e ve r al  j o u l e s  p e r  s q u ar e  m e te r,  s o
th e  e n e r gy o f th e  d i s c h ar g e ,  h o we ve r  d i s tr i b u te d  i n  s p ac e ,  c a n

b e  suffcient to  i gn i te  ga s –ai r,  vap o r –a i r,  an d  d u s t–a i r  m i x tu r e s .
(See Figure 5. 5. 7. )

I n s u l a t i v e  l a y e r C o n d u c t i v e  b a c ki n g

+

–

+

–

+

–

+

–

+

–

+

–

+

–

+

–

+

–

FI G U RE  5 . 5 . 7   P ro p agati n g B r u s h  D i s c h arge .  (Source: T.  H.
Pratt,  Electrostatic Ignitions of Fires and Explosions,  p.  35. )
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

C h ap te r 6    E val u ati n g S tati c  E l e c tri c i ty H az ard s

6 . 1  G e n e ral .

6 . 1 . 1    T h e  two  b as i c  s te p s  i n  e val u a ti n g s tati c  e l e c tr i c i ty h az ar d s
ar e  as  fo l l o ws :

( 1 ) Identifcation  o f l o c ati o n s  wh e r e  c h ar g e  s e p ar ate s  an d
a c c u m u l a te s

( 2 ) As s e s s m e n t o f th e  i g n i ti o n  h az ar d s  a t th e  l o c a ti o n s  wh e r e
c h a r ge  s e p a r ate s  a n d  ac c u m u l ate s

6 . 1 . 2    T h e  e val u ati o n  p r o c e s s  specifed  i n  6 . 1 . 1  i s  o u tl i n e d  i n
F i g u r e  6 . 1 . 2 .

Δ 6 . 1 . 3    O n -s i te  e va l u a ti o n  o r  s u r ve y o f th e  p r o c e s s  s h o u l d  b e
d o n e  to  i d e n ti fy a n y u n g r o u n d e d  c o n d u c ti ve  o b j e c ts ,  i n c l u d i n g
p e r s o n n e l ,  an d  an y m ate r i a l s  th at c o u l d  s e r ve  a s  e l e c tr i c al  i n s u ‐
l ato r s  a n d  i n te r fe r e  wi th  p r o p e r  b o n d i n g  an d  g r o u n d i n g .

N 6 . 1 . 3 . 1    T h e  s u r ve y s h o u l d  i d e n ti fy th o s e  l o c ati o n s  th a t m i g h t
p o s e  a s ta ti c  e l e c tr i c i ty h a z a r d ,  e ve n  i f th e r e  i s  n o  e vi d e n c e  o f

a c c u m u l a ti o n  o f c h a r ge  a t th e  ti m e  o f th e  e va l u a ti o n .

6 . 1 . 3 . 2    S p e c i a l  a tte n ti o n  s h o u l d  b e  gi ve n  to  i n s u l ati n g  m ate r i ‐
a l s  th a t a r e  h a n d l e d  o r  p r o c e s s e d ,  i n c l u d i n g i n s u l a ti n g m ate r i ‐

al s  th at m i gh t b e  wo r n  b y p e r s o n n e l .

6 . 1 . 3 . 2 . 1 *    E a c h  p r o c e s s  o p e r a ti o n  s h o u l d  b e  c o n s i d e r e d  s e p a‐
r ate l y,  wi th  atte n ti o n  g i ve n  to  th e  l i ke l y r a n ge  o f e x p o s u r e  o f
th e  m ate r i a l s  to  e x te r n al  infuences.

6 . 1 . 3 . 3    A d e s i gn  r e vi e w o f th e  o p e r ati o n ,  p r o c e s s ,  e q u i p m e n t,
m a te r i al s ,  a n d  o p e r ato r  i n te r ac ti o n ,  i n c l u d i n g a vi s u al  s u r ve y o f
th e  ar e a ,  s h o u l d  b e  c o m p l e te d  frst.  O n -s i te  te s ti n g  s h o u l d  b e
c o n d u c te d  d u r i n g  n o r m al  an d  fo r e s e e ab l e  o p e r ati n g  c o n d i ‐

ti o n s  a n d  p r o c e s s  u p s e ts  to  d e te r m i n e  th e  n atu r e  a n d  m ag n i ‐
tu d e  o f an y s ta ti c  e l e c tr i c i ty h az ar d s  p r e s e n t.

I s  t h e re
p o t e n t i a l  t o  c r e a t e

i g n i t i b l e  m i x t u r e ?

M a t e r i a l  o r
p r o c e s s  c h a n g e

N o t e  1 :  D o e s  p r o c e s s  i n c l u d e

•   M o v i n g ,  p o u ri n g ,  s l i d i n g ,
   f l o w i n g  o r  s p ra y i n g  o f  m a t e ri a l s
   o r l i q u i d s ?

•   M o v i n g  p a rt s  ( g e a r s ,  b e l t s ,
   p u l l e y s ,  s h a f t s ) ?

•   A g i t a t i o n  o r  a t o m i z a t i o n ?
•   L i q u i d s ,  p o w d e rs  o r  s o l i d s ?
•   I n t e ra c t i o n  w i t h  p e r s o n n e l ?
•   F i l t ra t i o n ?
•   S e t t l i n g ?
•   B u b b l e s  ri s i n g ? B o n d  a n d  g r o u n d  a l l

c o n d u c t i v e  e q u i p m e n t
a n d  p e rs o n n e l  (Note 3) 

Ye s

N o

Yes

N o

N o

N o

Ye s

Ye s

Ye s

S t a t i c  c o n t r o l
o r e q u i p m e n t

c h a n g e

C a n
m a t e r i a l ,

p ro c e s s ,  e q u i p m e n t ,
o r  s t a t i c  c o n t ro l

c h a n g e s  b e
m a d e ?

N o

D a n g e r:  I g n i t i o n
i s  a n t i c i p a t e d

C o n t r o l  i g n i t i b l e
m i x t u re s

( s e e  N o t e  4 )

C a n
e l e c t r o s t a t i c  e n e r g y

a c c u m u l a t e ?
( N o t e  2 )

C a n
d i s c h a rg e  e n e rg y

e x c e e d  m i n i m u m
i g n i t i o n  e n e r g y ?

I g n i t i o n  i s  n o t
a n t i c i p a t e d

S t a t i c  i g n i t i o n
h a z a r d  i s

c o n t ro l l e d

S t a t i c  i g n i t i o n
h a z a r d  i s

c o n t r o l l e d

S t a t i c  i g n i t i o n
h a z a r d  i s

c o n t r o l l e d

I g n i t i o n
i s  n o t

a n t i c i p a t e d

N o t e  2 :  D o e s  p r o c e s s  i n c l u d e

N o t e  3 :  F o r r e c o m m e n d a t i o n s  o n  b o n d i n g  a n d  g ro u n d i n g ,  s e e  S e c t i o n  7 . 3 . 1

N o t e  4 :  F o r i n f o r m a t i o n  o n  c o n t ro l l i n g  i g n i t i b l e  m i x t u r e s ,  s e e  N F P A  6 9

•   I n s u l a t e d  e q u i p m e n t ?
•   I n s u l a t i n g  m a t e r i a l s ?
•   I s o l a t e d  c o n d u c t i v e  e q u i p m e n t ?
•   I n t e r a c t i o n  w i t h  p e rs o n n e l ?
•   N o n c o n d u c t i v e  l i q u i d s ?
•   M i s t s  o r  c l o u d s ?

•   D e l i b e r a t e  o r  i n t e n t i o n a l  
 g e n e r a t i o n  o f  e l e c t r o s t a t i c  
 c h a r g e ,  e . g . ,  a n  e l e c t r o s t a t i c  
 c o a t i n g  p ro c e s s ?

•   I s o l a t e d  c o n d u c t i v e  l i q u i d s ,  e . g . ,  a  c o n d u c t i v e  
 l i q u i d  i n  a n  e l e c t r o s t a t i c  s y s t e m  w h e r e  t h e  e n t i re  
 s y s t e m  i s  i s o l a t e d  f ro m  g ro u n d ?

C a n
e l e c t r o s t a t i c  e n e r g y

b e  g e n e r a t e d ?
(Note 1 )

Δ FI G U RE  6 . 1 . 2   Fl o w C h ar t fo r D e te r m i n i n g S tati c  E l e c tri c  I gn i ti o n  H az ard .
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2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

WARN I N G :  D u r i n g  th e  o n -s i te  r e vi e w an d  te s ti n g,  p r e c au ‐
ti o n s  s h o u l d  b e  take n  to  a vo i d  c r e ati n g  a s ta ti c  e l e c tr i c
d i s c h ar g e  an d  a n y te s ti n g s h o u l d  b e  c o n d u c te d  i n  a  s a fe

m an n e r  to  avo i d  i g n i ti o n  o f a fammable  a tm o s p h e r e .  Al l  te s t
e q u i p m e n t s h o u l d  b e  s u i tab l e  fo r  th e  ap p l i c a ti o n ,  fo r  th e  ar e a
i n  wh i c h  i t i s  u s e d ,  an d  fo r  th e  typ e  o f o b j e c t b e i n g  e val u a te d .

T h e  p r i m ar y i g n i ti o n  h az ar d  c o m e s  fr o m  i n tr o d u c i n g  a gr o u n ‐
d e d  e l e c tr o d e ,  s u c h  as  th e  h o u s i n g  o f an  e l e c tr o s tati c  feld
m e te r  (see Section 6. 4),  i n to  th e  vi c i n i ty o f a c h ar g e d  s u r fa c e ,

th u s  p r o vi d i n g a r o u te  fo r  a  s ta ti c  e l e c tr i c  d i s c h ar g e .  T h e
s u r fac e  o f o b j e c ts  b e i n g  m e as u r e d  s h o u l d  al ways  b e
a p p r o a c h e d  s l o wl y d u r i n g o b s e r vati o n  o f th e  m e te r ' s  r e s p o n s e .

E x tr e m e  c ar e  s h o u l d  b e  ta ke n  s o  th a t n e i th e r  i n s tr u m e n ts  n o r
te s ti n g te c h n i q u e s  c a u s e  i gn i ti o n  o f fammable  atm o s p h e r e s .
Ap p r o p r i ate  s a fe  wo r k p r ac ti c e s  s h o u l d  b e  e m p l o ye d  wh e r e

m e a s u r e m e n ts  ar e  b e i n g  take n  i n  an d  ar o u n d  h az ar d s  i n c l u d ‐
i n g,  b u t n o t l i m i te d  to ,  l i ve  e l e c tr i c al  c i r c u i ts ,  h o t s u r fac e s ,
l as e r s ,  a n d  m o vi n g p a r ts .

6 . 2  M e as u ri n g a S tati c  E l e c tri c  C h arge .    A m e an i n gfu l  e val u a‐
ti o n  s h o u l d  b e  d o n e  u s i n g a n  ap p r o p r i ate  i n s tr u m e n t,  u s i n g

th e  i n s tr u m e n t ac c o r d i n g  to  th e  m an u fa c tu r e r ' s  i n s tr u c ti o n s ,
m ai n tai n i n g c a l i b r a ti o n  o f th e  i n s tr u m e n t,  an d  i n te r p r e ti n g  th e
m e a s u r e m e n ts  ac c o r d i n g  to  th e  m a n u fac tu r e r ' s  r e c o m m e n d a‐

ti o n s .

6 . 3  M e as u ri n g th e  C h arge  o n  a C o n d uc to r.

6 . 3 . 1    T h e  vo l ta ge  o n  a c o n d u c to r  i s  p r o p o r ti o n al  to  th e
c h ar ge  i t s u p p o r ts  an d  i s  e x p r e s s e d  b y th e  fo l l o wi n g e q u a ti o n :

V
Q

C
=

wh e r e :
V = p o te n ti a l  d i ffe r e n c e  ( vo l ts )

Q = c h a r ge  s u p p o r te d  b y th e  c o n d u c to r  ( c o u l o m b s )
C = c a p a c i ta n c e  o f th e  c o n d u c to r  ( fa r ad s )

6 . 3 . 2    T h e  vo l ta ge  o n  a  c o n d u c to r  c an  b e  m e as u r e d  b y d i r e c t
c o n tac t u s i n g a vo l tm e te r  i f th e  i m p e d a n c e  o f th e  vo l tm e te r  i s
h i gh  e n o u g h  s o  th at i t d o e s  n o t d i s c h ar g e  th e  c o n d u c to r  an d
th e  c ap ac i tan c e  i s  s m al l  e n o u g h  s o  th at i t d o e s  n o t c o l l e c t a
signifcant c h ar g e  fr o m  th e  c o n d u c to r.  An  e l e c tr o s tati c  vo l tm e ‐
te r  wi th  i n p u t i m p e d a n c e  g r e ate r  th an  1  ×  1 0 1 2  o h m s  c an  b e

u s e d  fo r  m e a s u r i n g  vo l ta ge s  o n  m o s t u n gr o u n d e d  c o n d u c to r s .
B e c au s e  c o n d u c to r s  h ave  th e  s a m e  vo l ta ge  a t e ve r y p o i n t o n

th e i r  s u r fa c e ,  th e  l o c ati o n  a t wh i c h  th e  te s t p r o b e  o f th e  vo l t‐
m e te r  to u c h e s  th e  s u r fac e  o f th e  c o n d u c to r  i s  n o t i m p o r tan t.

6 . 4  M e as u ri n g th e  C h arge  o n  a N o n c o n d u c to r.

6 . 4 . 1    B e c au s e  th e  c h ar g e  o n  a  n o n c o n d u c to r  c an n o t b e  m e as ‐
u r e d  u s i n g  a  d i r e c t c o n ta c t e l e c tr o s tati c  vo l tm e te r ,  a n o n c o n ‐
ta c t e l e c tr o s tati c  vo l tm e te r  o r  a n  e l e c tr o s tati c  feld  m e te r

s h o u l d  b e  u s e d .

N 6 . 4 . 2    A n o n c o n ta c t e l e c tr o s ta ti c  vo l tm e te r  s e n s e s  th e  s tr e n g th
o f th e  s tati c  e l e c tr i c  feld  fr o m  th e  n e t c h a r ge  o n  o r  i n  th e

n o n c o n d u c to r.  T h e  feld  s tr e n gth ,  wh i c h  i s  p r o p o r ti o n al  to  th e
s tati c  e l e c tr i c  fo r c e  p e r  u n i t c h ar g e ,  d e s c r i b e s  th e  e l e c tr i c

fo r c e s  p r e s e n t n e ar  a c h ar g e d  o b j e c t.  F o r  p r a c ti c al  p u r p o s e s ,  an
e l e c tr i c  feld  i s  th e  fo r c e  th a t a p e r s o n  e x p e r i e n c e s  o r  m e as u r e s
ar o u n d  a  c h a r ge d  o b j e c t.

 
[ 6 . 3 . 1 ]

6 . 4 . 3    E l e c tr o s tati c  feld  m e te r s  m e as u r e  th e  fo r c e  b e twe e n  th e
i n d u c e d  c h a r ge s  i n  a  s e n s o r  an d  th e  c h ar g e  p r e s e n t o n  th e
s u r fac e  o f an  o b j e c t a n d  a r e  c al i b r ate d  to  m e as u r e  th e  e l e c tr i c
feld  i n  u n i ts  o f vo l ts  p e r  u n i t d i s tan c e ,  typ i c a l l y ki l o vo l ts  p e r

m e te r.  I n  m o s t c as e s ,  th e  m e as u r e m e n ts  ar e  p r o p o r ti o n a l  to  th e
n e t s ta ti c  e l e c tr i c  c h a r ge  o n  th e  o b j e c t b e i n g  m e as u r e d .  E l e c ‐

tr o s ta ti c  feld  m e te r s  ar e  s o m e ti m e s  r e fe r r e d  to  a s  feld mills,
static meters,  static locators,  o r  charge locators.  B e c au s e  th e  c h ar g e
d e n s i ty o n  o r  i n  a n o n c o n d u c to r  typ i c al l y i s  n o t u n i fo r m ,  m e a s ‐

u r e m e n ts  s h o u l d  b e  take n  a t s e ve r al  l o c a ti o n s .

6 . 4 . 4    C h ar g e d  n o n c o n d u c to r s  e x i s t i n  m an y fo r m s ,  s u c h  a s
s h e e ts ,  flms,  we b s ,  p o wd e r s ,  l i q u i d s ,  p r o c e s s  r o l l s ,  a n d  e x tr u ‐

s i o n s .  C h ar g e s  o n  th e s e  m a te r i al s  a n d  o b j e c ts  m i g h t p r o d u c e
e l e c tr i c  felds  th at ar e  infuenced  b y th e  te s t i n s tr u m e n t,  b y th e

i n d i vi d u a l  c o n d u c ti n g  th e  te s t ,  an d  b y o th e r  n e a r b y c o n d u c ti ve ,
s e m i c o n d u c ti ve ,  o r  i n s u l ati n g  m ate r i a l s .  As  a  r e s u l t,  th e  e l e c tr o ‐
s tati c  feld  m e a s u r e d  b y th e  i n s tr u m e n t ge n e r a l l y i s  d i ffe r e n t

fr o m  th e  e l e c tr o s ta ti c  feld  p r e s e n t b e fo r e  th e  i n s tr u m e n t wa s
i n tr o d u c e d .  T h i s  p h e n o m e n o n  i s  d u e  to  a c h a n ge  i n  c ap ac i ‐
tan c e  o f th e  n o n c o n d u c to r  b e i n g  te s te d .

6 . 4 . 5    T h e  fo r c e s  b e twe e n  e l e c tr i c  c h ar g e s  e x h i b i t th e m s e l ve s
a t a d i s ta n c e .  F o r  th a t r e a s o n ,  th e  e ffe c ts  o f ac c u m u l ate d

c h a r ge  c an  b e  o b s e r ve d  as  th e  c h a r ge d  o b j e c ts  a r e  a p p r o a c h e d .
F o r  e x a m p l e ,  th e  h an d s  a n d  a r m s  o f a p e r s o n  wh o  a p p r o a c h e s
a  h i g h l y c h ar g e d  o b j e c t wi l l  ti n g l e  a n d  m i g h t e ve n  d r aw a s p a r k

as  th e  s u r fa c e  o f th e  s ki n  an d  th e  h ai r  b e c o m e  “ c h a r ge d . ”
S o m e ti m e s  th e s e  o b s e r vati o n s  an d  s p ar ks  p r o vi d e  th e  frst i n d i ‐
c a ti o n  th a t a  p o te n ti al l y h az ar d o u s  c o n d i ti o n  e x i s ts .  C h a r gi n g

o f th e  h u m an  b o d y c an  h ap p e n  e ve n  i f th e  p e r s o n  i s  we l l
g r o u n d e d .

6 . 5  G e n e ral  P rac ti c e s .

Δ 6 . 5 . 1    T h e  p r i m ar y i n s tr u m e n t fo r  l o c a ti n g a c h ar g e  o n  e i th e r
a  c o n d u c to r  o r  a n o n c o n d u c to r  i s  th e  n o n c o n tac t vo l tm e te r  o r
th e  e l e c tr o s ta ti c  feld  m e te r.  T h e  i n s tr u m e n t d o e s  n o t c o n tac t

th e  c h a r ge d  s u r fac e  d i r e c tl y.  Ra th e r,  i t s e n s e s  th e  m ag n i tu d e
a n d  th e  p o l a r i ty o f th e  e l e c tr i c  feld  th at e x i s ts  at i ts  s e n s i n g
a p e r tu r e .  T h e  i n s tr u m e n t a n d  i ts  s e n s i n g  ap e r tu r e  m i g h t

d i s tu r b  th e  e l e c tr i c  feld  ar o u n d  th e  c h ar g e  to  b e  m e a s u r e d ,  s o
th e  m e te r  r e ad i n g  m i gh t n o t ac c u r a te l y i n d i c a te  th e  a c tu al
m a gn i tu d e  o f th e  feld  wh e r e  th e  m e te r  i s  n o t p r e s e n t.  As i d e

fr o m  th i s  i s s u e ,  th e  m e te r s  ar e  e ffe c ti ve  to o l s  fo r  l o c a ti n g a
s tati c  e l e c tr i c  c h a r ge .

6 . 5 . 2    I n  s o m e  c a s e s ,  p r i m ar i l y c a s e s  i n vo l vi n g fowing  l i q u i d s
a n d  fowing  b u l k s o l i d s ,  i t i s  e as i e r  to  c o l l e c t a s am p l e  o f th e
c h a r ge d  m a te r i al  i n  an  i s o l a te d  ve s s e l  o r  c u p ,  r e fe r r e d  to  as  a

Faraday cup,  an d  to  u s e  a n  e l e c tr o m e te r  to  m e a s u r e  th e  s tr e a m ‐
i n g c u r r e n t o r  n e t c h ar g e  fowing  to  th e  c u p  r e c e i vi n g th e
c h a r ge d  m a te r i al .

6 . 6  M e as u ri n g th e  Ac c um ul ati o n  an d  Re l ax ati o n  o f C h arge .

6 . 6 . 1    M e a s u r i n g  th e  r a te  o f a c c u m u l a ti o n  an d  r e l ax ati o n  o f
s tati c  e l e c tr i c  c h a r ge  i n vo l ve s  m e as u r i n g  c h an g i n g  p o te n ti al

d i ffe r e n c e s  o r  c u r r e n ts .

6 . 6 . 2    E l e c tr o s tati c  feld  m e te r s  an d  d e d i c a te d  c h ar g e  d e c a y
m o n i to r s  c a n  b e  u s e d  to  o b s e r ve  c h ar g e  r e l ax ati o n  o n  c o n d u c ‐

to r s  an d  n o n c o n d u c to r s  u n d e r  c o n d i ti o n s  o f p r e s c r i b e d  i n i ti al
vo l tag e s .



E VAL UAT I N G S TAT I C  E L E C T RI C I T Y H AZ ARD S 7 7 - 1 9

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

6 . 6 . 3    L e akag e  c u r r e n ts  d o wn  to  a b o u t 1  ×  1 0 –1 3  a m p e r e s  c a n
b e  m e as u r e d  fr o m  i s o l a te d  c o n d u c to r s  u s i n g  c o m m e r c i al l y

avai l ab l e  e l e c tr o m e te r s .  T h e  i s o l ate d  c o n d u c to r  c an  b e  a  F ar a‐
d ay c u p  c o n ta i n i n g a b u l k s o l i d  o r  fuid.

Δ 6 . 7  M e as u ri n g th e  Re s i s ti vi ty o f M ate ri al s .

N 6 . 7 . 1    E l e c tr i c al  r e s i s ti vi ty o f m ate r i a l s  o fte n  c o n s i s ts  o f vo l u m e
( b u l k)  a n d  s u r fac e  c o m p o n e n ts .  I n  e l e c tr o s tati c  p r o c e s s e s ,  th e

a p p r o x i m a te  r an g e s  o f r e s i s ti vi ti e s  th at defne  m ate r i a l s  as  i n s u ‐
l ati n g ,  s e m i c o n d u c ti ve  ( an ti s ta ti c ) ,  o r  c o n d u c ti ve  a r e  s u m m ar ‐
i z e d  i n  F i gu r e  6 . 7 . 1 .

N 6 . 7 . 1 . 1    N o te  th a t th e r e  a r e  o ve r l ap p i n g  r an g e s  i n  F i g u r e  6 . 7 . 1 .
D i s s i p ati n g  e l e c tr i c al  c h a r ge  i s  o n e  e ffe c ti ve  way to  m i ti g ate

s tati c  i gn i ti o n  r i s ks .  O fte n ,  c h ar g e  d i s s i p a te s  e x p o n e n ti a l l y wi th
a ti m e  c o n s ta n t τ  kn o wn  a s  th e  c h a r ge  r e l ax ati o n  ti m e  i n  E q u a‐
ti o n s  5 . 4 . 6  an d  5 . 4 . 7  th a t i s  p r o p o r ti o n al  to  th e  vo l u m e tr i c  r e s i s ‐

ti vi ty.

N 6 . 7 . 1 . 2    T h e  m ax i m u m  vo l u m e tr i c  r e s i s ti vi ty n e e d e d  to  m i ti ‐
g ate  s tati c  d i s c h a r ge  r i s ks  d e p e n d s  g r e atl y o n  th e  s p e e d  o f th e

p r o c e s s .  Vo l u m e  r e s i s ti vi ti e s  l e s s  th a n  th e  m ax i m u m  ar e  c o n s i d ‐
e r e d  c o n d u c ti ve .  M i ti g ati n g  s tati c  r i s ks  i n  te n s  o f s e c o n d s  m ay

b e  ap p r o p r i ate  fo r  a s l o w p r o c e s s ,  s u c h  a s  flling  a l a r ge  s to r a ge
ta n k,  wh i l e  m i ti ga ti n g th e  r i s k i n  m i l l i s e c o n d s  i s  re q u i r e d  fo r  a
fa s t p r o c e s s  s u c h  as  a p r i n ti n g  o p e r ati o n .

6 . 7 . 2    E l e c tr i c  c h a r ge s  c a n  b e  c o n d u c te d  fr o m  a s o l i d ,  l i q u i d ,
o r  p o wd e r,  e i th e r  a c r o s s  th e  s u r fa c e  o r  th r o u gh  th e  m a te r i al .

6 . 7 . 3    T h e  vo l u m e tr i c  r e s i s ti vi ty o f a  m ate r i al  c an  b e  d e te r ‐
m i n e d  b y ap p l yi n g  a  p o te n ti al  d i ffe r e n c e  ac r o s s  a s am p l e  o f

kn o wn  c r o s s  s e c ti o n  a n d  m o n i to r i n g th e  c u r r e n t th r o u g h  th e
c r o s s  s e c ti o n .

Δ 6 . 7 . 4    Ad s o r b e d  m ate r i a l ,  p ar ti c u l ar l y wa te r  va p o r,  an d
c o m p a c ti o n  o f m a te r i al s  ar e  kn o wn  to  l o we r  th e  r e s i s ti vi ty o f
m a te r i al s .  T h e  r e s i s ti vi ty o f m a n y m ate r i a l s  a l s o  h as  b e e n  fo u n d

to  va r y wi th  th e  ap p l i e d  p o te n ti a l  d i ffe r e n c e  a n d  wi th  th e  d u r a‐
ti o n  o f th e  te s t.  Va r i o u s  d e s i g n s  o f c e l l s  u s e d  to  m e as u r e  r e s i s ti v‐

C o n d u c t i v e  m a t e r i a l s

S e m i c o n d u c t i v e  m a t e ri a l s

N o n c o n d u c t i v e  m a t e r i a l s

( a )  V o l u m e  r e s i s t i v i t y

C o n d u c t i v e  m a t e ri a l s

S e m i c o n d u c t i v e  m a t e ri a l s

N o n c o n d u c t i v e  m a t e ri a l s

1           1 0          1 0           1 0          1 0          1 0           1 0          1 02 4 6 8 1 0 1 2 1 4

o h m - m

1 0           1 0          1 0          1 0          1 0          1 0          1 06 8 1 0 1 2 1 4 1 6 1 8

o h m s  p e r s q u a re

1 0 4

( b )  S u r f a c e  r e s i s t i v i t y

FI G U RE  6 . 7 . 1   Ran ge s  o f Vo l u m e  an d  S ur fac e  Re s i s ti vi ti e s .
(Source: H.  L.  Walmsley,  “Avoidance of Electrostatic Hazards in the
Petroleum Industry, ” p.  1 38. )

i ty h ave  b e e n  d e ve l o p e d  i n to  s tan d ar d  te s t confgurations  th a t
a r e  ap p l i c a b l e  to  specifc  ki n d s  o f s am p l e s .  Ap p r o p r i ate  te s t

p r o c e d u r e s  i n c l u d e  th e  fo l l o wi n g :

( 1 ) AS T M  D 2 5 7 ,  Standard Test Methods for DC Resistance or
Conductance of Insulating Materials

( 2 ) I S O / I E C  8 0 0 7 9 -2 0 -2 ,  Explosive atmospheres — Part 20-2:
Material characteristics — Combustible dusts test methods

( 3 ) J I S  B  9 9 1 5 ,  Measuring Methods for Dust Resistivity (with
Parallel Electrodes)

6 . 8  As s e s s m e n t o f C o n d u c ti o n  P ath s .

Δ 6 . 8 . 1    As  defned  i n  3 . 3 . 2 ,  bonding i s  a  p r o c e s s  wh e r e b y two  o r
m o r e  c o n d u c ti ve  o b j e c ts  ar e  c o n n e c te d  b y m e an s  o f a c o n d u c ‐

to r  s o  th at th e y ar e  a t th e  s a m e  e l e c tr i c al  p o te n ti al ;  th a t i s ,  th e
vo l tag e  d i ffe r e n c e  b e twe e n  th e  o b j e c ts  i s  z e r o .  T h e  o b j e c ts

m i gh t o r  m i g h t n o t b e  at th e  s am e  p o te n ti al  a s  th e  e ar th .  I n
fa c t,  a c o n s i d e r a b l e  p o te n ti al  d i ffe r e n c e  b e twe e n  th e  o b j e c ts
an d  th e  e ar th  c o u l d  e x i s t.

Δ 6 . 8 . 2    As  defned  i n  3 . 3 . 2 3 ,  grounding i s  th e  p r o c e s s  o f b o n d i n g
o n e  o r  m o r e  c o n d u c ti ve  o b j e c ts  to  th e  e ar th  s o  th at th e y a r e  a l l

a t z e r o  e l e c tr i c a l  p o te n ti al .

Δ 6 . 8 . 3    T h e  p u r p o s e  o f b o n d i n g  an d  g r o u n d i n g i s  to  e l i m i n ate
th e  o c c u r r e n c e  o f a  s tati c  e l e c tr i c  s p ar k.

6 . 8 . 4    An  e val u ati o n  an d  o n - s i te  s u r ve y o f th e  ar e a s h o u l d  b e
d o n e  to  i d e n ti fy c o n d u c ti ve  o b j e c ts  a n d  ve r i fy th e y ar e  p r o p e r l y

b o n d e d  an d  g r o u n d e d .  P e r i o d i c  i n s p e c ti o n  an d  te s ti n g o f
b o n d i n g  an d  g r o u n d i n g  s ys te m s  ar e  e q u a l l y i m p o r tan t to

e n s u r e  th at th e  a c c u m u l a ti o n  o f s tati c  e l e c tr i c  c h a r ge s  ar e  m i n i ‐
m i z e d .  S e l f- te s ti n g  b o n d i n g  c l a m p s  c an  b e  u s e d  to  c o n ti n u o u s l y

te s t th e  r e s i s tan c e  to  g r o u n d  a n d  ve r i fy a c c e p ta b l e  l e ve l s  i n
b o n d i n g an d  g r o u n d i n g i n s tal l ati o n s  th at ar e  s u b j e c t to  m o ve ‐

m e n t,  h ave  i n s u l a ti n g c o ati n g s ,  o r  ar e  p r o n e  to  c o r r o s i o n .

Δ 6 . 8 . 5    T h e  r e s i s tan c e  to  g r o u n d  o f th e  b o n d i n g  o r  g r o u n d i n g
p ath  i s  i m p o r tan t n o t o n l y to  e n s u r e  r e l a x a ti o n  o f th e  s ta ti c
e l e c tr i c  c h ar g e  b u t a l s o  to  m a i n tai n  wo r ke r  s afe ty a n d  s a ti s fy

o th e r  p u r p o s e s ,  s u c h  a s  fo r  l i g h tn i n g p r o te c ti o n  a n d  e l e c tr i c al
s ys te m  s h o c k p r o te c ti o n .  P r ac ti c e s  th at c o n s ti tu te  p r o p e r  r e s i s t‐
an c e  to  gr o u n d  var y fr o m  ap p l i c ati o n  to  ap p l i c ati o n .  C h a p te r s

7  th r o u g h  1 6  p r o vi d e  e x a m p l e s  o f ac c e p tab l e  g r o u n d i n g  p r ac ti ‐
c e s .

6 . 8 . 6    T h e  r e s i s ta n c e  to  gr o u n d  i s  m e as u r e d  wi th  an  o h m m e te r
o r  a m e g o h m m e te r.  C ar e  s h o u l d  al ways  b e  ta ke n  to  a vo i d  i g n i ‐
ti o n  o f a  fammable  a tm o s p h e r e .  T h e  te s t e q u i p m e n t s h o u l d  b e

s u i tab l e  fo r  th e  a p p l i c a ti o n ,  fo r  th e  classifcation  o f th e  ar e a  i n
wh i c h  i t i s  u s e d ,  an d  fo r  th e  typ e  o f o b j e c t b e i n g  e va l u ate d .

6 . 9  M e as u ri n g S p ark D i s c h arge  E n e rgi e s .

6 . 9 . 1    T h e  s p ar k d i s c h a r ge  e n e r g y fo r  c o n d u c to r s  i s  d e te r ‐
m i n e d  fr o m  th e  vo l tag e  o n  th e  c o n d u c to r  an d  i ts  c a p a c i ta n c e
an d  i s  e x p r e s s e d  b y th e  fo l l o wi n g e q u ati o n s  ( wh i c h  we r e  a l s o

g i ve n  i n  5 . 5 . 3 . 3 ) :
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2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

wh e r e :
W = e n e r gy ( j o u l e s )

C = c ap a c i tan c e  ( fa r ad s )
V = p o te n ti al  d i ffe r e n c e  ( vo l ts )

Q = c h ar g e  ( c o u l o m b s )

6 . 9 . 2    A c a p ac i ta n c e  m e te r  o fte n  c a n  b e  u s e d  to  m e as u r e  e l e c ‐
tr o s ta ti c  c h a r ge  s to r a ge  c a p ac i ty wh e r e  th e  c h a r ge  i s  s to r e d  o n
a c o n d u c ti ve  e l e m e n t.  C ar e  s h o u l d  al ways  b e  take n  to  avo i d
i gn i ti o n  o f a  fammable  atm o s p h e r e .  T h e  te s t e q u i p m e n t
s h o u l d  b e  s u i ta b l e  fo r  th e  ap p l i c a ti o n ,  fo r  th e  classifcation  o f
th e  a r e a i n  wh i c h  i t i s  u s e d ,  an d  fo r  th e  typ e  o f o b j e c t b e i n g
e val u a te d .

6 . 1 0  M e as u ri n g I gn i ti o n  E n e rgi e s .

Δ 6 . 1 0 . 1    An y c o m b u s ti b l e  s o l i d  ( d u s t) ,  l i q u i d  ( vap o r ) ,  o r  ga s
s h o u l d  b e  e val u ate d  fo r  i ts  p o te n ti al  as  an  i gn i ti b l e  atm o s p h e r e
i n  th e  p r e s e n c e  o f d i s c h ar g e s  o f s tati c  e l e c tr i c i ty.  T h i s  e val u a‐
ti o n  r e q u i r e s  d e te r m i n i n g th e  M I E  o f th e  m a te r i al .  (See Table
B. 1  for the MIEs of typical gases and vapors. )

6 . 1 0 . 2    S tan d ar d i z e d  te s t e q u i p m e n t an d  p r o c e d u r e s  h ave
b e e n  d e ve l o p e d  fo r  m e as u r i n g th e  M I E s  o f p a r ti c u l a te  an d
ga s e o u s  m ate r i al s .  T h e  e q u i p m e n t i s  h i gh l y s p e c i a l i z e d  an d
r e q u i r e s  tr ai n e d  te c h n i c i a n s  fo r  i ts  o p e r ati o n .  Typ i c a l l y,  th e
e q u i p m e n t i s  o p e r ate d  an d  m ai n ta i n e d  b y s p e c i al i z e d  te s ti n g
frms.

C h ap te r 7    C o n tro l  o f S tati c  E l e c tri c i ty an d  I ts  H az ard s  b y
P ro c e s s  Modifcation  an d  G ro un d i n g

7 . 1  G e n e ral .

7 . 1 . 1 *    T h e  o b j e c ti ve  o f c o n tr o l l i n g  a s ta ti c  e l e c tr i c  h a z a r d  i s  to
p r o vi d e  a m e a n s  wh e r e b y s e p a r ate d  c h a r ge s  c a n  d i s s i p ate
b e fo r e  h ar m fu l  d i s c h a r ge s  c an  o c c u r.

Δ 7 . 1 . 2    I g n i ti o n  h az ar d s  fr o m  s ta ti c  e l e c tr i c i ty c an  b e  c o n tr o l l e d
b y th e  fo l l o wi n g m e th o d s :

( 1 ) Re m o vi n g  th e  i gn i ti b l e  m i x tu r e  fr o m  th e  ar e a  wh e r e
s tati c  e l e c tr i c i ty c o u l d  c au s e  a n  i gn i ti o n -c ap a b l e  d i s c h a r ge

( 2 ) N e u tr a l i z i n g th e  c h ar g e s ,  th e  p r i m a r y m e th o d s  o f wh i c h
ar e  gr o u n d i n g  i s o l a te d  c o n d u c to r s  an d  a i r  i o n i z ati o n

( 3 ) Re d u c i n g  c h ar g e  ge n e r a ti o n ,  c h ar g e  ac c u m u l ati o n ,  o r
b o th  b y m e a n s  o f p r o c e s s  o r  p r o d u c t modifcations

( 4 ) O p e r a ti n g o u ts i d e  th e  fammable  r an g e ,  wh i c h  c o u l d
i n c l u d e  d i l u ti n g  o r  i n e r ti n g th e  m i x tu r e

Δ 7 . 2  Re l o c ati o n .    Wh e r e  e q u i p m e n t th at c an  ac c u m u l ate  a
s tati c  e l e c tr i c  c h a r ge  i s  u n n e c e s s a r i l y l o c a te d  i n  a  h az ar d o u s
ar e a,  i t s h o u l d  b e  m o ve d  to  a  s a fe  l o c a ti o n  r a th e r  th an  r e l y o n
an o th e r  m e an s  o f h a z a r d  c o n tr o l .

7 . 3 *  C h arge  D i s s i p ati o n .

7 . 3 . 1  B o n d i n g an d  G ro u n d i n g.    B o n d i n g  i s  u s e d  to  m i n i m i z e
th e  p o te n ti al  d i ffe r e n c e  b e twe e n  c o n d u c ti ve  o b j e c ts ,  e ve n
wh e r e  th e  r e s u l ti n g  s ys te m  i s  n o t g r o u n d e d .  G r o u n d i n g ( i . e . ,
e a r th i n g) ,  o n  th e  o th e r  h a n d ,  e q u al i z e s  th e  p o te n ti al  d i ffe r ‐
e n c e  b e twe e n  th e  o b j e c ts  a n d  th e  e ar th .  S e e  C h ap te r  3  fo r  th e
defnitions  o f bonding,  verifed ground point,  grounding,  an d
grounding electrode conductor.  E x am p l e s  o f b o n d i n g  a n d  g r o u n d ‐
i n g  a r e  i l l u s tr ate d  i n  F i gu r e  7 . 3 . 1 .

N 7 . 3 . 1 . 1    A gr o u n d i n g  c o n d u c to r  c o n n e c ts  th e  g r o u n d i n g e l e c ‐
tr o d e  s ys te m  to  c o n d u c ti ve  o b j e c ts .

N 7 . 3 . 1 . 2    A b o n d i n g  c o n d u c to r  c o n n e c ts  e q u i p m e n t to  o th e r
c o n d u c ti ve  o b j e c ts .

N 7 . 3 . 1 . 3    An  a c ti ve  b o n d  m o n i to r i n g  s ys te m  p r o vi d e s  a l o w
r e s i s ta n c e  m o n i to r e d  b o n d  c o n n e c ti o n  b e twe e n  th e  o b j e c t an d

th e  verifed  g r o u n d  p o i n t.

7 . 3 . 1 . 4    A c o n d u c ti ve  o b j e c t c a n  b e  gr o u n d e d  b y a d i r e c t
c o n d u c ti ve  p ath  to  e a r th  o r  b y b o n d i n g i t to  an o th e r  c o n d u c ‐

ti ve  o b j e c t th a t i s  al r e ad y c o n n e c te d  to  th e  g r o u n d .  S o m e
o b j e c ts  ar e  i n h e r e n tl y b o n d e d  o r  i n h e r e n tl y g r o u n d e d  b e c au s e

o f th e i r  c o n tac t wi th  th e  gr o u n d .  E x am p l e s  o f i n h e r e n tl y
gr o u n d e d  o b j e c ts  ar e  u n d e r gr o u n d  m e ta l  p i p i n g a n d  l ar g e
m e tal  s to r ag e  ta n ks  r e s ti n g o n  th e  g r o u n d .

7 . 3 . 1 . 5 *    T h e  to tal  r e s i s tan c e  b e twe e n  a g r o u n d e d  o b j e c t an d
th e  s o i l  i s  th e  s u m  o f th e  i n d i vi d u a l  r e s i s tan c e s  o f th e  g r o u n d

wi r e ,  i ts  c o n n e c to r s ,  o th e r  c o n d u c ti ve  m ate r i a l s  al o n g  th e
i n te n d e d  g r o u n d i n g p ath ,  a n d  th e  r e s i s tan c e  o f th e  g r o u n d
e l e c tr o d e  ( i . e . ,  g r o u n d  r o d )  to  th e  s o i l .  M o s t o f th e  r e s i s ta n c e

i n  a  gr o u n d  c o n n e c ti o n  e x i s ts  b e twe e n  th e  gr o u n d  e l e c tr o d e
an d  th e  s o i l .  T h i s  g r o u n d  r e s i s ta n c e  i s  q u i te  va r i a b l e  b e c au s e  i t
d e p e n d s  o n  th e  a r e a o f c o n tac t,  th e  r e s i s ti vi ty o f th e  s o i l ,  an d

th e  am o u n t o f m o i s tu r e  p r e s e n t i n  th e  s o i l .

Δ 7 . 3 . 1 . 6 *    To  p r e ve n t th e  a c c u m u l a ti o n  o f s tati c  e l e c tr i c i ty i n
c o n d u c ti ve  e q u i p m e n t,  th e  to tal  r e s i s tan c e  o f th e  g r o u n d  p a th

to  e a r th  s h o u l d  b e  suffcient to  d i s s i p ate  c h ar g e s  th a t a r e  o th e r ‐
wi s e  l i ke l y to  b e  p r e s e n t.  A r e s i s tan c e  o f 1  m e go h m  ( 1  ×  1 0 6

o h m s )  o r  l e s s  i s  c o n s i d e r e d  ad e q u ate  fo r  fxed  e q u i p m e n t
i n s ta l l ati o n s .  F o r  fuids  wi th  ve r y l o w c o n d u c ti vi ty ( <  4 5  p S / m ) ,
s u c h  a s  h e p ta n e ,  a ti m e  p e r i o d  fo r  r e l ax ati o n  o f th e  c h ar g e s

s h o u l d  b e  i n  p l ac e  (see 5. 4. 7).

7 . 3 . 1 . 6 . 1    Wh e r e  th e  b o n d i n g/ gr o u n d i n g  s ys te m  i s  a l l  m e tal ,
r e s i s tan c e  i n  c o n ti n u o u s  gr o u n d  p ath s  i s  m e a s u r e d  to  ve r i fy

m e c h a n i c al  i n te gr i ty.  (See A. 3. 3. 2. ) S u c h  s ys te m s  i n c l u d e  th o s e
h avi n g  m u l ti p l e  c o m p o n e n ts .  Gr e ate r  r e s i s tan c e  u s u a l l y i n d i ‐

c a te s  th at th e  m e tal  p a th  i s  n o t c o n ti n u o u s ,  u s u a l l y b e c a u s e  o f
l o o s e  c o n n e c ti o n s  o r  c o r r o s i o n .  A p e r m a n e n t o r  fxed  g r o u n d ‐
i n g  s ys te m  th a t i s  ac c e p tab l e  fo r  p o we r  c i r c u i ts  o r  fo r  l i g h tn i n g

p r o te c ti o n  i s  m o r e  th an  a d e q u a te  fo r  a s ta ti c  e l e c tr i c i ty g r o u n d ‐

B o n d i n g

G r o u n d i n g

B o n d i n g  a n d  g r o u n d i n g

Δ FI G U RE  7 . 3 . 1   B o n d i n g an d  G ro u n d i n g.
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

i n g s ys te m .  S tati c  g r o u n d s  s h o u l d  b e  m ad e  to  th e  b u i l d i n g
s te e l ,  i f p o s s i b l e .  Gr o u n d i n g  to  p o we r  g r o u n d s  o r  l i g h tn i n g
p r o te c ti o n  s ys te m s  i s  n o t r e c o m m e n d e d .

Δ 7 . 3 . 1 . 6 . 1 . 1    I n  feld-based  s i tu ati o n s  s u c h  a s  H AZ M AT  r e s p o n s e
o p e r ati o n s  o r  fammable/combustible  m ate r i a l  s p i l l  c o n tr o l

a n d  tr an s fe r,  i t m i g h t b e  n e c e s s ar y to  e s tab l i s h  a te m p o r ar y o r
e m e r g e n c y g r o u n d i n g  s ys te m  i n  a r e m o te  l o c ati o n  i n  o r d e r  to

d i s s i p ate  e l e c tr o s tati c  c h ar g e s .  I n  s u c h  s i tu ati o n s ,  va r i o u s  typ e s
o f c o n d u c ti ve  gr o u n d i n g  e l e c tr o d e s  c a n  b e  u s e d ,  s u c h  as  r o d s ,
p l a te s ,  an d  wi r e s ,  wh i c h  a r e  s o m e ti m e s  u s e d  i n  c o m b i n ati o n  to

i n c r e as e  s u r fac e  a r e a c o n tac t wi th  th e  e ar th .  I f th e  p u r p o s e  o f
th e  te m p o r ar y gr o u n d i n g  s ys te m  i s  to  d i s s i p ate  s tati c  e l e c tr i c i ty,
a  to ta l  r e s i s ta n c e  o f u p  to  1  Ki l o o h m  ( 1 0 0 0  o h m s )  i n  th e

gr o u n d  p ath  to  e ar th  i s  c o n s i d e r e d  a d e q u a te .  T h i s  c a n  b e  m e as ‐
u r e d  u s i n g  s ta n d a r d  g r o u n d  r e s i s ta n c e  te s ti n g  i n s tr u m e n ts  an d

i s  r e al i s ti c al l y an d  q u i c kl y a c h i e vab l e  i n  m o s t typ e s  o f te r r ai n
a n d  we a th e r  c o n d i ti o n s .

7 . 3 . 1 . 6 . 2    An n e x  G c o n tai n s  d i a gr a m s  o f va r i o u s  b o n d i n g an d
g r o u n d i n g  d e vi c e s ,  c o n n e c ti o n s ,  an d  e q u i p m e n t.

7 . 3 . 1 . 7    Wh e r e  wi r e  c o n d u c to r s  ar e  u s e d ,  th e  m i n i m u m  s i z e  o f
th e  b o n d i n g o r  g r o u n d i n g  wi r e  i s  d i c ta te d  b y m e c h an i c al

s tr e n g th ,  n o t b y i ts  c u r r e n t-c ar r yi n g c a p ac i ty.  S tr an d e d  o r  b r ai ‐
d e d  wi r e s  s h o u l d  b e  u s e d  fo r  b o n d i n g  wi r e s  th at wi l l  b e  c o n n e c ‐
te d  an d  d i s c o n n e c te d  fr e q u e n tl y.  (See Annex G for additional

information. )

7 . 3 . 1 . 8    Al th o u g h  g r o u n d i n g c o n d u c to r s  c a n  b e  i n s u l ate d
( e . g. ,  a  j a c ke te d  o r  p l as ti c -c o ate d  c a b l e )  o r  u n i n s u l ate d  ( i . e . ,

b a r e  c o n d u c to r s ) ,  u n i n s u l a te d  c o n d u c to r s  s h o u l d  b e  u s e d
b e c au s e  d e fe c ts  a r e  e as i e r  to  d e te c t.

7 . 3 . 1 . 9    P e r m a n e n t b o n d i n g o r  gr o u n d i n g  c o n n e c ti o n s  c an  b e
m a d e  b y b r az i n g  o r  we l d i n g .  Te m p o r ar y c o n n e c ti o n s  c an  b e

m a d e  u s i n g  b o l ts ,  p r e s s u r e -typ e  b o n d i n g  c l am p s ,  b o n d i n g b al l s ,
o r  o th e r  s p e c i al  c l a m p s  o r  m e an s  o f c o n n e c ti o n .  P r e s s u r e -typ e

b o n d i n g c l a m p s  s h o u l d  h a ve  suffcient p r e s s u r e  to  p e n e tr a te
a n y p r o te c ti ve  c o ati n g ,  r u s t,  o r  s p i l l e d  m a te r i al  to  e n s u r e

c o n tac t wi th  th e  b a s e  m e tal .  Wh e n  m a ki n g c o n n e c ti o n s
th r o u g h  an y s u r fac e  th at i s  c o m p r o m i s e d  ( e . g. ,  b y d e b r i s ,  b y
c o r r o s i o n ) ,  th e  c o n n e c ti o n  s h o u l d  b e  verifed  wi th  a l o w vo l t‐

ag e  o h m m e te r  o r  s i m i l ar  d e vi c e  (see A. 3. 3. 2).

7 . 3 . 1 . 1 0    Wo r ke r s  s h o u l d  b e  g r o u n d e d  o n l y th r o u g h  a r e s i s t‐
an c e  th a t l i m i ts  th e  c u r r e n t to  g r o u n d  to  l e s s  th a n  3  m A fo r  th e

r a n ge  o f vo l tag e s  e x p e r i e n c e d  i n  th e  ar e a.  T h i s  m e th o d ,  r e fe r ‐
r e d  to  a s  soft grounding,  i s  u s e d  to  p r e ve n t i n j u r y fr o m  a n  e l e c ‐

tr i c  s h o c k fr o m  l i n e  vo l tag e s  o r  s tr ay c u r r e n ts .

7 . 4  C o n tro l  o f G e n e rati o n  o f S tati c  E l e c tri c  C h arge .    E l e c tr i c
c h a r ge s  s e p a r ate  wh e r e  m a te r i al s  a r e  p l a c e d  i n  c o n tac t an d

th e n  p u l l e d  ap ar t.  Re d u c i n g p r o c e s s  s p e e d s  a n d  fow r ate s
r e d u c e s  th e  r ate  o f c h ar g e  g e n e r ati o n .  S u c h  c h ar g e  s e p ar a ti o n

i s  fo u n d  wh e r e  p l a s ti c  p a r ts  an d  s tr u c tu r e s ,  i n s u l a ti n g flms  an d
we b s ,  l i q u i d s ,  an d  p ar ti c u l ate  m ate r i a l  a r e  h an d l e d .  I f th e  m a te ‐

r i al  fows  a t a s l o w e n o u gh  r ate ,  a  h a z a r d o u s  l e ve l  o f e x c e s s
c h a r ge  d o e s  n o t n o r m al l y ac c u m u l ate .  T h i s  m e a n s  o f s ta ti c
e l e c tr i c i ty c o n tr o l  m i gh t n o t b e  p r a c ti c a l  d u e  to  p r o c e s s i n g

r e q u i r e m e n ts .  (See Chapters 9 through 1 6 for recommended practices
in specifc applications. )

7 . 4 . 1  Humidifcation.

Δ 7 . 4 . 1 . 1    T h e  s u r fa c e  r e s i s ti vi ty o f m an y m ate r i a l s  c an  b e
c o n tr o l l e d  b y th e  h u m i d i ty o f th e  s u r r o u n d i n g s .  At h u m i d i ti e s
o f 6 5  p e r c e n t an d  h i g h e r,  th e  s u r fa c e s  o f s o m e  m a te r i al s  a d s o r b

e n o u gh  m o i s tu r e  to  e n s u r e  a s u r fa c e  c o n d u c ti vi ty suffcient to
p r e ve n t a c c u m u l a ti o n  o f s tati c  e l e c tr i c i ty.  Wh e n  h u m i d i ty fa l l s
b e l o w 3 0  p e r c e n t,  th e s e  s a m e  m a te r i al s  c o u l d  b e c o m e  go o d

i n s u l ato r s ,  i n  wh i c h  c as e  ac c u m u l ati o n  o f c h ar g e  o c c u r s .

7 . 4 . 1 . 2    Wh i l e  humidifcation  d o e s  i n c r e as e  th e  s u r fa c e
c o n d u c ti vi ty o f th e  m ate r i a l ,  th e  c h ar g e  wi l l  d i s s i p ate  o n l y i f

th e r e  i s  a c o n d u c ti ve  p ath  to  g r o u n d .

7 . 4 . 1 . 3    Humidifcation  i s  a n o t a c u r e -al l  fo r  s ta ti c  e l e c tr i c i ty
p r o b l e m s .  S o m e  i n s u l a to r s  d o  n o t a d s o r b  m o i s tu r e  fr o m  th e
a i r ;  th e r e fo r e ,  h i g h  h u m i d i ty wi l l  n o t n o ti c e ab l y d e c r e a s e  th e i r

s u r fac e  r e s i s ti vi ty.  E x a m p l e s  o f s u c h  i n s u l ato r s  a r e  u n c o n tam i ‐
n a te d  s u r fa c e s  o f s o m e  p o l ym e r i c  m ate r i a l s ,  s u c h  a s  p l a s ti c
p i p i n g ,  c o n tai n e r s ,  an d  flms,  a n d  th e  s u r fac e s  o f p e tr o l e u m

l i q u i d s .  T h e s e  s u r fa c e s  c an  ac c u m u l ate  a s ta ti c  e l e c tr i c  c h ar g e
e ve n  wh e n  th e  a tm o s p h e r e  h as  a h u m i d i ty o f 1 0 0   p e r c e n t.

7 . 4 . 2  C h arge  Re l ax ati o n  an d  An ti s tati c  Tre atm e n ts .

7 . 4 . 2 . 1    B a s e d  o n  th e i r  p r o p e r ti e s ,  l i q u i d  an d  s o l i d  m ate r i al s
c a r r yi n g  a s tati c  e l e c tr i c  c h a r ge  n e e d  ti m e  to  d i s s i p ate ,  o r
“ r e l ax , ”  th e  c h ar g e .  I n  s o m e  c a s e s ,  th e  m a te r i al s  c an  b e  al l o we d
suffcient ti m e  fo r  th e  c h ar g e s  to  r e l ax  b e fo r e  b e i n g  m o ve d  a n d
u s e d  i n  a  h a z a r d o u s  ar e a  o r  p r o c e s s .

7 . 4 . 2 . 2    C h a r ge  r e l ax ati o n  c a n  o c c u r  o n l y i f a p a th  to  g r o u n d
fo r  c o n d u c ti o n  o f th e  c h ar g e  i s  avai l ab l e .  I n c r e a s i n g  th e

c o n d u c ti vi ty o f th e  m ate r i a l  wi l l  n o t e l i m i n ate  h az ar d s  i f th e
m a te r i al  r e m ai n s  i s o l ate d  fr o m  g r o u n d .

7 . 4 . 2 . 3    A n o n c o n d u c ti ve  m ate r i al  o fte n  c an  b e  m a d e  suff‐
ciently c o n d u c ti ve  to  d i s s i p ate  s tati c  e l e c tr i c  c h ar g e ,  e i th e r  b y

ad d i n g  c o n d u c ti ve  i n gr e d i e n ts  to  i ts  c o m p o s i ti o n  o r  b y a p p l y‐
i n g h ygr o s c o p i c  ag e n ts  to  i ts  s u r fac e  to  attr a c t atm o s p h e r i c
m o i s tu r e .

7 . 4 . 2 . 4    C a r b o n  b l a c k c an  b e  ad d e d  to  s o m e  p l as ti c s  o r  r u b b e r s
to  i n c r e as e  c o n d u c ti vi ty.  Carbon-flled  p l a s ti c s  an d  r u b b e r  ar ti ‐

c l e s  ar e  s o m e ti m e s  suffciently c o n d u c ti ve  to  b e  g r o u n d e d  l i ke
m e tal  o b j e c ts .  H o we ve r,  a  m a te r i al  b e i n g b l a c k d u e  to  c ar b o n

l o ad i n g d o e s  n o t n e c e s s a r i l y m e an  i t i s  c o n d u c ti ve .  An ti s ta ti c
ad d i ti ve s  c an  al s o  b e  m i x e d  wi th  l i q u i d  an d  p ar ti c u l ate  s tr e am s
to  fo s te r  c h a r ge  r e l a x a ti o n .

7 . 4 . 2 . 5    I n  s o m e  c a s e s ,  p ar ti c u l ar l y wi th  p l as ti c  flms  o r  s h e e t‐
i n g ,  a m ate r i a l  i s  ad d e d  to  a ttr ac t atm o s p h e r i c  m o i s tu r e  to  th e

s u r fac e ,  th u s  i n c r e as i n g s u r fa c e  c o n d u c ti vi ty.  C a r e  s h o u l d  b e
ta ke n  wh e r e  a n ti s ta ti c  p l as ti c  flm  o r  s h e e ti n g  i s  u s e d  i n  l o w-
h u m i d i ty c o n d i ti o n s .  I n  e n vi r o n m e n ts  wi th  l e s s  th an  3 0  p e r c e n t

h u m i d i ty,  flm  o r  s h e e ti n g  c a n  b e c o m e  n o n c o n d u c ti ve  an d
ac c u m u l ate  s tati c  e l e c tr i c  c h ar g e .  T h e s e  m a te r i al s  h a ve  a  fnite
s h e l f l i fe  an d  c an  b e  i m p ac te d  b y s o l ve n ts ,  s u n l i g h t,  o r  U V

e x p o s u r e  o r  o th e r wi s e  l o s e  e ffe c ti ve n e s s  o ve r ti m e .

7 . 4 . 2 . 6    To p i c a l  h ygr o s c o p i c  c o a ti n gs  a ttr ac t a tm o s p h e r i c  m o i s ‐
tu r e  an d  m ake  th e  s u r fac e  o f th e  c o ate d  m a te r i al  c o n d u c ti ve .

H o we ve r,  s u c h  c o ati n g s  c an  b e  e as i l y wa s h e d  awa y o r  r u b b e d  o ff
o r  c an  l o s e  e ffe c ti ve n e s s  o ve r  ti m e .  T h i s  typ e  o f c o a ti n g s h o u l d
b e  c o n s i d e r e d  o n l y a s  a te m p o r ar y m e as u r e  to  r e d u c e  ac c u m u ‐

l ati o n  o f s ta ti c  e l e c tr i c  c h ar g e .

7 . 4 . 2 . 7    C o n d u c ti ve  p o l ym e r s ,  l a m i n ate s  wi th  c o n d u c ti ve
e l e m e n ts ,  a n d  m e tal l i z e d  flms,  al o n g  wi th  p e r m an e n t,  i n h e r ‐

e n tl y d i s s i p a ti ve  p o l ym e r  ( I D P )  a d d i ti ve s  th at d o  n o t d e p e n d
o n  m o i s tu r e  to  i m p ar t d i s s i p a ti ve  p r o p e r ti e s ,  h ave  b e e n  d e ve l ‐

o p e d  fo r  i m p r o ve d  d i s s i p a ti o n  o f s tati c  e l e c tr i c  c h ar g e .
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7 . 5  C o n tro l  o f I gn i ti b l e  M i x tu re s  i n  E q u i p m e n t.

Δ 7 . 5 . 1  G e n e ral .    D e s p i te  e ffo r ts  to  p r e ve n t ac c u m u l ati o n  o f
s tati c  e l e c tr i c  c h ar g e s  th r o u g h  g o o d  d e s i gn ,  m an y o p e r ati o n s
th a t i n vo l ve  th e  h a n d l i n g o f n o n c o n d u c ti ve  m ate r i a l s  o r
n o n c o n d u c ti ve  e q u i p m e n t d o  n o t l e n d  th e m s e l ve s  to  e n g i ‐
n e e r e d  s o l u ti o n s .  I t th e n  b e c o m e s  d e s i r a b l e  o r  e s s e n ti al ,
d e p e n d i n g  o n  th e  n atu r e  o f th e  m a te r i al s  i n vo l ve d ,  to  p r o vi d e
o th e r  m e a s u r e s ,  s u c h  a s  o n e  o f th e  fo l l o wi n g :

( 1 ) I n e r ti n g  o f th e  e q u i p m e n t
( 2 ) Ve n ti l a ti o n  o f th e  e q u i p m e n t o r  th e  ar e a i n  wh i c h  i t i s

l o c a te d

7 . 5 . 2  I n e r ti n g.

7 . 5 . 2 . 1 *    Wh e r e  a n  i g n i ti b l e  m i x tu r e  i s  c o n tai n e d ,  s u c h  as  i n  a
p r o c e s s i n g  ve s s e l ,  th e  atm o s p h e r e  s h o u l d  b e  m ad e  o x yg e n  def‐
cient b y i n tr o d u c i n g e n o u gh  i n e r t g as  ( e . g . ,  n i tr o g e n ,  c o m b u s ‐
ti o n  fue  g as )  to  m ake  th e  m i x tu r e  n o n i gn i ti b l e .  T h i s  te c h n i q u e
i s  kn o wn  as  inerting.  (See NFPA 69 for more information on inerting
systems. )

7 . 5 . 2 . 2    Wh e r e  o p e r ati o n s  ar e  n o r m a l l y c o n d u c te d  i n  an
atm o s p h e r e  c o n ta i n i n g a  m i x tu r e  ab o ve  th e  u p p e r  fammable
l i m i t ( U F L ) ,  i t m i g h t b e  p r a c ti c a l  to  i n tr o d u c e  th e  i n e r t ga s
o n l y d u r i n g  th o s e  p e r i o d s  wh e n  th e  m i x tu r e  p as s e s  th r o u g h  i ts
fammable  r a n ge .

7 . 5 . 3  Ve n ti l ati o n .    M e c h an i c a l  ve n ti l a ti o n  c a n  b e  u s e d  to  d i l u te
th e  c o n c e n tr ati o n  o f a  c o m b u s ti b l e  m ate r i a l  to  a p o i n t we l l
b e l o w i ts  l o we r  fammable  l i m i t ( L F L ) ,  i n  th e  c a s e  o f a ga s  o r
vap o r,  o r  b e l o w i ts  m i n i m u m  e x p l o s i b l e  c o n c e n tr a ti o n  ( M E C ) ,
i n  th e  c a s e  o f a d u s t.  U s u a l l y,  s u c h  a r e d u c ti o n  m e a n s  d i l u ti o n
to  a c o n c e n tr ati o n  at o r  b e l o w 2 5  p e r c e n t o f th e  l o we r  l i m i t.
Al s o ,  b y p r o p e r l y d i r e c ti n g  th e  ai r  m o ve m e n t,  i t m i g h t b e  p r ac ‐
ti c a l  to  p r e ve n t th e  m a te r i al  fr o m  a p p r o a c h i n g an  a r e a o f o p e r ‐
ati o n  wh e r e  a n  o th e r wi s e  u n c o n tr o l l a b l e  s tati c  e l e c tr i c i ty
h a z a r d  e x i s ts .

C h ap te r 8    C o n tro l  o f S tati c  E l e c tri c i ty an d  I ts  H az ard s  b y
S tati c  E l i m i n ato rs  an d  P e rs o n n e l  Fac to rs

8 . 1  C h arge  N e utral i z ati o n  b y I o n i z ati o n  o f Ai r.

8 . 1 . 1  G e n e ral .    C h ar g e s  o n  n o n c o n d u c ti ve  s u r fac e s  c an  b e
n e u tr a l i z e d  b y d e vi c e s  th at p r o d u c e  o p p o s i te l y c h ar g e d  a i r  i o n s
vi a  c o r o n a  d i s c h ar g e .  I f s u c h  ai r  i o n i z e r s  ar e  u s e d ,  c e r tai n
fa c to r s  infuence  th e i r  e ffe c ti ve n e s s  an d  m u s t b e  c o n s i d e r e d .
T h e s e  fac to r s  m i gh t b e  e n vi r o n m e n tal  c o n d i ti o n s  ( e . g . ,  d u s t
an d  te m p e r a tu r e )  an d  p o s i ti o n i n g  o f th e  d e vi c e  i n  r e l ati o n  to
th e  m a te r i al  p r o c e s s e d ,  m ac h i n e  p ar ts ,  an d  p e r s o n n e l .  I t i s
i m p o r ta n t to  n o te  th a t th e s e  c o n tr o l  d e vi c e s  d o  n o t p r e ve n t th e
ge n e r ati o n  o f s ta ti c  e l e c tr i c  c h ar g e .  T h e y p r o vi d e  i o n s  o f o p p o ‐
s i te  p o l ar i ty to  n e u tr al i z e  th e  ge n e r a te d  s tati c  e l e c tr i c  c h ar g e .

8 . 1 . 2  I n d u c ti ve  N e u tral i z e rs .

8 . 1 . 2 . 1    I n d u c ti ve  n e u tr al i z e r s  i n c l u d e  th e  fo l l o wi n g :

( 1 ) N e e d l e  b a r s ,  wh i c h  ar e  m e ta l  b ar s  e q u i p p e d  wi th  a s e r i e s
o f n e e d l e l i ke  e m i tte r s

( 2 ) M e tal  tu b e s  wr ap p e d  wi th  m e tal  ti n s e l
( 3 ) C o n d u c ti ve  s tr i n g
( 4 ) B r u s h e s  m a d e  wi th  m e ta l  fbers  o r  c o n d u c ti ve  fbers

8 . 1 . 2 . 2    T h e  d e s i g n  o f e a c h  typ e  o f i n d u c ti ve  n e u tr al i z e r  i s
b a s e d  o n  o r  c o n s i s ts  o f s h a r p l y p o i n te d  e l e m e n ts  ar r an g e d  fo r
p l a c e m e n t i n  th e  s tati c  e l e c tr i c  feld  n e a r  th e  c h ar g e d  s u r fac e s .

8 . 1 . 2 . 3    A c h a r ge  d r awn  fr o m  gr o u n d  to  th e  n e e d l e l i ke  ti p s  o f
an  i n d u c ti ve  n e u tr a l i z e r  p r o d u c e s  a  c o n c e n tr ate d  e l e c tr i c  feld

a t th e  ti p s .  I f th e  ti p s  ar e  s h a r p l y p o i n te d ,  th e  e l e c tr i c a l  feld
wi l l  b e  suffcient [ i . e . ,  g r e ate r  th a n  3  kV/ m m  ( 7 6  kV/ i n . ) ]  to
p r o d u c e  a  l o c a l i z e d  e l e c tr i c a l  b r e akd o wn  o f th e  ai r.  T h i s  e l e c tr i ‐
c a l  b r e a kd o wn ,  kn o wn  as  c o r o n a ,  i n j e c ts  i o n s  i n to  th e  ai r  th at

a r e  fr e e  to  m o ve  to  d i s tan t c h ar g e s  o f o p p o s i te  p o l ar i ty.  T h e
fow o f i o n s  p r o d u c e d  i n  c o r o n a c o n s ti tu te s  a  n e u tr al i z i n g
c u r r e n t.  (See Figure 8. 1 . 2. 3. )

8 . 1 . 2 . 4    Al th o u g h  i n e x p e n s i ve  a n d  e a s y to  i n s tal l ,  i n d u c ti ve
n e u tr al i z e r s  r e q u i r e  a  m i n i m u m  p o te n ti al  d i ffe r e n c e  b e twe e n

th e  o b j e c t a n d  th e  n e e d l e  ti p  to  i n i ti a te  c o r o n a  an d  th e  n e u tr al ‐
i z i n g p r o c e s s .  I n  th e  a b s e n c e  o f th i s  m i n i m u m  c h ar g e ,  n e u tr al i ‐

z a ti o n  wi l l  n o t o c c u r,  a n d  a  r e s i d u a l  p o te n ti al  o f a  fe w th o u s an d
vo l ts  wi l l  b e  l e ft o n  th e  m ate r i a l  wh e r e  s h ar p  i n d u c ti ve  p o i n ts

a r e  wi th i n  ab o u t 1 2   m m  ( 0 . 4 7   i n . )  o f th e  s u r fac e .

8 . 1 . 2 . 5    I t i s  c r i ti c a l l y i m p o r tan t th at i n d u c ti ve  n e u tr al i z e r s  a r e
c o n n e c te d  to  a s e c u r e  g r o u n d .  I f th e  i n d u c ti ve  n e u tr a l i z e r  i s

n o t gr o u n d e d ,  s p a r ks  fr o m  th e  i n d u c ti o n  b ar  c an  o c c u r.

8 . 1 . 3  Ac ti ve  E l e c tri c  S tati c  N e u tral i z e rs .

8 . 1 . 3 . 1    E l e c tr i c al l y p o we r e d  e l e c tr o s tati c  c h a r ge  n e u tr al i z e r s
u s e  a h i g h -vo l ta ge  p o we r  s u p p l y to  p r o d u c e  c o r o n a fr o m  s h ar p
e l e c tr o d e s .  T h e  c h ar g e  o n  an y o b j e c t n e ar  th e  d e vi c e  a ttr ac ts

o p p o s i te l y c h ar g e d  ai r  i o n s  p r o d u c e d  b y th e  d e vi c e  to  a c h i e ve
n e u tr a l i z a ti o n .  T h e  u s e  o f a  h i g h -vo l ta ge  p o we r  s u p p l y e l i m i ‐

n ate s  th e  l i m i tati o n  o f i n d u c ti ve  n e u tr al i z e r s  i n  c o n tr o l  o f
c h a r ge s  h avi n g  felds  b e l o w th e  c o r o n a o n s e t th r e s h o l d .

8 . 1 . 3 . 2    An  e l e c tr i c al l y p o we r e d  s tati c  n e u tr al i z e r  c an  c r e ate
s p ar ks  an d  m u s t b e  ap p r o ve d  fo r  th e  l o c a ti o n  i n  wh i c h  i t i s
u s e d .  I t m u s t n o t c o n s ti tu te  a s o u r c e  o f i gn i ti o n .  F o r  e x am p l e ,

wh e n  n o t e n e r g i z e d  o r  i n  c as e  o f fai l u r e ,  i t c an  b e  d e s i g n e d  to
fu n c ti o n  as  an  i n d u c ti o n  n e u tr al i z e r.

8 . 1 . 3 . 3    E l e c tr i c al l y p o we r e d  s tati c  n e u tr al i z e r s  u s i n g  al te r n a t‐
i n g c u r r e n t u s e  a  h i gh -vo l tag e  p o we r  s u p p l y to  e n e r g i z e  th e
c o r o n a e l e c tr o d e s  a t 5 0  H z  to  6 0  H z .  T h e  u s e  o f an  al te r n a ti n g
feld  s tr e s s e s  th e  e l e c tr o d e s  to  p r o d u c e  b o th  p o s i ti ve  an d  n e g a‐

ti ve  i o n s  fo r  u s e  i n  th e  n e u tr al i z i n g  p r o c e s s .  C u r r e n t fr o m  th e
p o we r  s u p p l y i s  c a p ac i ti ve -c o u p l e d  to  e a c h  o r  to  s e ve r a l  o f th e

s h a r p  e l e c tr o d e s  to  l i m i t s p ar k e n e r g y i n  th e  e ve n t o f a  s h o r t
c i r c u i t.  An  e l e c tr i c  s tati c  n e u tr al i z e r  m u s t b e  s u i tab l e  fo r  th e
l o c a ti o n  i n  wh i c h  i t i s  u s e d  an d  m u s t n o t c o n s ti tu te  a s o u r c e  o f

i g n i ti o n .

8 . 1 . 3 . 4    E l e c tr i c  s tati c  n e u tr al i z e r s  th a t u s e  p u l s e d  o r  s te ad y-
s tate  d o u b l e - p o l a r i ty d i r e c t c u r r e n t u s e  a  p u l s e d  o r  s te ad y feld

to  s tr e s s  th e  e l e c tr o d e s  to  p r o d u c e  i o n s  fo r  u s e  i n  th e  n e u tr a l i z ‐

C h a rg e d  s u rf a c e
+ + + + + + + + + + + +

+

+
+

+

–

– –
–

–
–

– – –

FI G U RE  8 . 1 . 2 . 3   E x am p l e  o f an  I n d uc ti o n  N e e d l e .
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i n g p r o c e s s .  I n  th e  e ve n t o f a s h o r t c i r c u i t,  th e  s p a r k e n e r gy i s
c o n tr o l l e d  b y c u r r e n t-l i m i ti n g  r e s i s to r s .  P u l s e d  o r  d o u b l e -
p o l a r i ty d c  i o n i z e r s  m u s t b e  s u i tab l e  fo r  th e  l o c ati o n  i n  wh i c h

th e y a r e  u s e d  an d  m u s t n o t c o n s ti tu te  a s o u r c e  o f i g n i ti o n .

8 . 1 . 4 *  Ac ti ve  Rad i o ac ti ve  S tati c  N e utral i z e rs .    Rad i o ac ti ve
( n u c l e a r )  i o n i z e r s  u s e  i o n i z i n g  r ad i ati o n  to  p r o d u c e  i o n s  fo r

n e u tr al i z a ti o n  o f s ta ti c  e l e c tr i c  c h a r ge s .  T h e  m o s t c o m m o n
r ad i o ac ti ve  i o n i z e r s  d e p e n d  o n  al p h a p a r ti c l e  g e n e r ati o n  fr o m

th e  d e c ay o f p o l o n i u m -2 1 0  ( 2 1 0 P o ) .

8 . 1 . 4 . 1    P e r fo r m a n c e  o f r ad i o ac ti ve  i o n i z e r s  d e te r i o r a te s  wi th
th e  d e c ay o f th e  r a d i o a c ti ve  m ate r i al .  T h e  n e u tr a l i z e r s  m u s t b e

r e gi s te r e d  an d  i n s ta l l e d  i n  ac c o r d an c e  wi th  N u c l e ar  Re g u l ato r y
C o m m i s s i o n  r e gu l ati o n s  an d  r e p l ac e d  p e r i o d i c a l l y ( a t l e as t

a n n u a l l y) ,  b e c au s e  i o n i z ati o n  c ap ab i l i ty d i m i n i s h e s  wi th  r a d i o ‐
ac ti ve  d e c a y.  Rad i o ac ti ve  i o n i z e r s  a r e  o fte n  u s e d  i n  c o n j u n c ti o n
wi th  i n d u c ti ve  n e u tr al i z e r s  to  c o n tr o l  h i g h  c h a r ge  d e n s i ti e s .

8 . 1 . 4 . 2    Al th o u g h  c o s t a n d  r e g u l ato r y c o m p l i a n c e  i s s u e s  a r e
as s o c i ate d  wi th  r a d i o a c ti ve  i o n i z e r s ,  th e y ar e  n o n i n c e n d i ve ,

r e q u i r e  n o  wi r i n g,  an d  c a n  r e d u c e  s ta ti c  e l e c tr i c  c h ar g e s  to  th e
l o we s t l e ve l s .

8 . 2 *  C o n tro l  o f S tati c  E l e c tri c  C h arge  o n  P e rs o n n e l .    T h e
h u m an  b o d y i s  an  e l e c tr i c a l  c o n d u c to r  a n d  c an  a c c u m u l a te  a
s tati c  c h ar g e  i f i n s u l a te d  fr o m  g r o u n d .  T h i s  c h a r ge  c a n  b e

g e n e r ate d  b y c o n ta c t a n d  s e p a r ati o n  o f fo o twe a r  wi th  foor
c o ve r i n g s ,  b y i n d u c ti o n ,  o r  b y p ar ti c i p ati o n  i n  va r i o u s  m an u fa c ‐
tu r i n g  o p e r ati o n s .  Wh e r e  i gn i ti b l e  m i x tu r e s  e x i s t,  th e  p o te n ti al

fo r  i g n i ti o n  fr o m  th e  c h ar g e d  h u m a n  b o d y e x i s ts ,  a n d  m e an s  to
p r e ve n t ac c u m u l ati o n  o f s tati c  e l e c tr i c  c h ar g e  o n  th e  h u m a n
b o d y m i g h t b e  n e c e s s a r y.

8 . 2 . 1  P re ve n ti o n  o f C h arge  Ac c u m u l ati o n .    S te p s  to  p r e ve n t
c h a r ge  a c c u m u l a ti o n  i n c l u d e  u s e  o f th e  fo l l o wi n g:

( 1 ) C o n d u c ti ve  o r  s tati c  d i s s i p ati ve  fooring  an d  fo o twe a r
( 2 ) P e r s o n n e l -g r o u n d i n g d e vi c e s
( 3 ) An ti s tati c  o r  c o n d u c ti ve  c l o th i n g

8 . 2 . 2  C o n d u c ti ve  an d  S tati c  D i s s i p ati ve  Fl o o ri n g an d  Fo o twe ar.

8 . 2 . 2 . 1    C o n d u c ti ve  o r  s tati c  d i s s i p a ti ve  fooring  c a n  p r o vi d e
e ffe c ti ve  d i s s i p a ti o n  o f s tati c  e l e c tr i c i ty fr o m  p e r s o n n e l  wh o  a r e

a d e q u a te l y b o n d e d  to  th e  foor.  M ate r i a l s  c an  b e  s o l i d  o r  c an
b e  c o ati n g s  th at a r e  s e l e c te d  o n  th e  b as i s  o f we a r  c h ar a c te r i s ‐
ti c s ,  c h e m i c al  r e s i s tan c e ,  an d  th e  foor  ar e a th at n e e d s  to  b e

c o ve r e d .  S m a l l  a r e as  c an  b e  h an d l e d  wi th  a  gr o u n d e d  m e tal
p l a te .  Re s i s ta n c e  to  g r o u n d  fo r fooring  s ys te m s  s h o u l d  b e  l e s s
th a n  1  ×  1 0 8  o h m s .  C l e an  u n c o a te d  c o n c r e te  foors  typ i c al l y

h a ve  a r e s i s tan c e  to  g r o u n d  o f 1  ×  1 0 6  to  1  ×  1 0 8  o h m s .  I f s ta ti c
p r o te c ti o n  i s  d e p e n d e n t o n  th e  r e s i s tan c e  to  gr o u n d  o f th e
fooring,  th e  fooring  s h o u l d  b e  m e a s u r e d  r e g u l ar l y p e r  AS T M

F 1 5 0 ,  Standard Test Method for Electrical Resistance of Conductive
and Static Dissipative Resilient Flooring.  Ac c u m u l ati o n  o f d e b r i s ,
wax ,  an d  o th e r  h i g h -r e s i s ti vi ty m ate r i a l s  wi l l  c o m p r o m i s e  th e

c o n d u c ti vi ty o f th e  foor.  F l o o r s  s h o u l d  b e  r o u ti n e l y m e a s u r e d
to  confrm  th at th e y h a ve  a c c e p ta b l e  r e s i s ta n c e  to  g r o u n d .

8 . 2 . 2 . 2 *    S tati c  d i s s i p a ti ve  ( S D )  fo o twe ar  u s e d  i n  c o n j u n c ti o n
wi th  c o n d u c ti ve  o r  s tati c  d i s s i p a ti ve  fooring  p r o vi d e s  a m e a n s
to  c o n tr o l  an d  d i s s i p ate  s tati c  e l e c tr i c  c h a r ge s  fr o m  th e  h u m a n

b o d y.  Re s i s ta n c e  to  e ar th  th r o u g h  s tati c  d i s s i p ati ve  fo o twe ar
an d  c o n d u c ti ve  o r  s tati c  d i s s i p ati ve  fooring  s h o u l d  b e  b e twe e n
1  ×  1 0 6  o h m s  a n d  1  ×  1 0 8  o h m s .  F o r  m a te r i al s  wi th  ve r y l o w i g n i ‐
ti o n  e n e r gi e s ,  th e  r e s i s ta n c e  to  e ar th  th r o u g h  fo o twe ar  an d
fooring  s h o u l d  b e  l e s s  th an  1  ×  1 0 6  o h m s .  Re s i s ta n c e  s h o u l d  b e

m e a s u r e d  wi th  c o m m e r c i a l l y avai l ab l e  fo o twe ar  c o n d u c ti vi ty
te s te r s .

8 . 2 . 2 . 3    Re s i s ta n c e  o f fo o twe ar  c a n  i n c r e as e  wi th  a c c u m u l a ti o n
o f d e b r i s  s u c h  a s  wa x  o r  o th e r  n o n c o n d u c ti ve  d e p o s i ts  o n  th e

s o l e  o f th e  fo o twe ar  o r  o n  th e  fooring  i ts e l f,  th e  u s e  o f o r th o ‐
p e d i c  fo o t b e d s  o r  o r th o ti c  d e vi c e s ,  a n d  r e d u c e d  foor  c o n tac t
a r e a.  Re s i s ta n c e  o f fo o twe a r  s h o u l d  b e  te s te d  o n  a p e r i o d i c

b a s i s  to  confrm  fu n c ti o n al i ty.

8 . 2 . 2 . 4    C o n d u c ti ve  fo o twe ar  i s  fo o twe ar  d e s i g n e d  to  h ave  a
r e s i s ta n c e  to  g r o u n d  th r o u gh  th e  fo o twe ar  a n d  th e  foor  o f l e s s

th an  1  ×  1 0 6  o h m s .  I t i s  typ i c a l l y u s e d  wh e r e  m ate r i a l s  o f l o w
i gn i ti o n  e n e r g y,  s u c h  as  e x p l o s i ve s  a n d  p r o p e l l an ts ,  ar e

h an d l e d .  C o n d u c ti ve  fo o twe ar  s h o u l d  n o t b e  u s e d  wh e r e  a
p o s s i b i l i ty fo r e l e c tr o c u ti o n  b y l i n e  vo l ta ge s  e x i s ts .

8 . 2 . 3 *  P e rs o n n e l  G ro u n d i n g D e vi c e s .

8 . 2 . 3 . 1    Wh e r e  s ta ti c  d i s s i p ati ve  fo o twe a r  wi l l  n o t p r o vi d e
a d e q u a te  p e rs o n n e l  gr o u n d i n g ,  s u p p l e m e n ta r y d e vi c e s  s h o u l d
b e  u s e d .  S u c h  d e vi c e s  i n c l u d e  wr i s t s tr ap s ,  h e e l / to e  gr o u n d e r s ,

an d  c o n d u c ti ve  o ve r s h o e s .

8 . 2 . 3 . 2    S u p p l e m e n tar y d e vi c e s  s h o u l d  b e  s e l e c te d  s o  th at ac c u ‐
m u l a ti o n  o f h a z a r d o u s  s tati c  e l e c tr i c  c h a r ge  i s  p r e ve n te d ,  wh i l e

th e  r i s k o f e l e c tr o c u ti o n  i s  n o t i n c r e a s e d .  I n  m o s t p r ac ti c al
s i tu ati o n s ,  gro u n d i n g  o f p e r s o n n e l  i s  ac h i e ve d  b y e n s u r i n g  th a t

th e  r e s i s tan c e  fr o m  th e  s ki n  to  g r o u n d  i s  ap p r o x i m ate l y 1  ×  1 0 8

o h m s  o r  l e s s .  T h e  n e e d  to  p r o te c t a ga i n s t e l e c tr o c u ti o n  vi a  a
g r o u n d i n g  d e vi c e  i m p o s e s  a m i n i m u m  r e s i s tan c e  fr o m  s ki n  to

gr o u n d  o f 1  ×  1 0 6  o h m s .  B as e d  o n  s ki n  c o n tac t an d  c o n tac t
wi th  th e  foor,  e s p e c i a l l y d u r i n g  a c ti vi ti e s  wh e r e  th e  e n ti r e  s o l e
o f th e  fo o twe ar  i s  n o t i n  c o n tac t wi th  th e  foor  ( e . g . ,  kn e e l i n g) ,

e ffe c ti ve n e s s  c a n  b e  c o m p r o m i s e d .

8 . 2 . 3 . 3    T h e  s i m p l e s t typ e  o f c o m m e r c i al  d e vi c e  i s  a  g r o u n d i n g
b r a c e l e t wi th  a  b u i l t-i n  r e s i s to r  typ i c a l l y g i vi n g  a  r e s i s tan c e  to

g r o u n d  o f ab o u t 1  ×  1 0 6  o h m s  fo r  s h o c k p r o te c ti o n .  Wr i s t s tr ap s
o f th i s  typ e  h a ve  th e  g r e ate s t u ti l i ty at ve n ti l ati o n  h o o d s  an d  a t
o th e r  l o c a ti o n s  wh e r e  l i m i ta ti o n  o n  th e  o p e r ato r ' s  m o b i l i ty c an

b e  to l e r a te d .  B r e akawa y wr i s t te th e r  s ys te m s  c o u l d  b e  n e c e s s ar y
wh e r e  e m e r g e n c y e g r e s s  i s  n e e d e d .  A h o o d  c an  b e  e q u i p p e d
wi th  two  e x te r n al  c o i l e d  g r o u n d i n g  c o r d s  wi th  c u ff a ttac h m e n ts

th a t c an  b e  r e m o ve d  an d  ke p t b y i n d i vi d u a l  u s e r s .

8 . 2 . 3 . 4    P e r s o n n e l  r e s i s ta n c e  to  gr o u n d  s h o u l d  b e  c h e c ke d
p e r i o d i c al l y to  e n s u r e  i t m e e ts  th e  m an u fa c tu r e r ' s  specifed

l i m i ts .  T h e  c h o s e n  te s ti n g i n s tr u m e n t s h o u l d  b e  c ap a b l e  o f
m e a s u r i n g  an  o r d e r  o f m ag n i tu d e  g r e ate r  th a n  th e  l i m i t val u e .

8 . 2 . 4  An ti s tati c  o r C o n du c ti ve  C l o th i n g.

8 . 2 . 4 . 1    Al th o u g h  s i l k an d  m o s t s yn th e ti c  fbers  a r e  e x c e l l e n t
i n s u l a to r s  an d  u n d e r ga r m e n ts  m a d e  fr o m  th e s e  m a te r i al s

e x h i b i t e l e c tr o s tati c  p h e n o m e n a,  n o  c o n c l u s i ve  e vi d e n c e  e x i s ts
to  i n d i c ate  th at we ar i n g s u c h  u n d e r ga r m e n ts  c o n s ti tu te s  a
h a z a r d .  H o we ve r,  r e m o va l  o f o u te r  g ar m e n ts  i s  p ar ti c u l ar l y

h az ar d o u s  i n  wo r k ar e as ,  s u c h  a s  i n  h o s p i ta l  o p e r a ti n g r o o m s ,
e x p l o s i ve s  m a n u fac tu r i n g  fac i l i ti e s ,  an d  s i m i l a r  o c c u p an c i e s
a n d  wh e r e  c l o th i n g  i s  c o n tam i n ate d  b y fammable  l i q u i d s

( C l as s  I  l i q u i d s ,  as  d e s i g n ate d  b y N F PA 3 0 ) .  O u te r  g ar m e n ts
u s e d  i n  s u c h  a r e as  s h o u l d  b e  s u i tab l e  fo r  th e  wo r k ar e a  an d
s h o u l d  b e  an ti s ta ti c .

8 . 2 . 4 . 2 *    Al th o u gh  th e  l i ke l i h o o d  o f i gn i ti o n  b y a gr o u n d e d
p e r s o n  d u e  to  an y typ e  o f c l o th i n g  i s  u s u a l l y ve r y l o w,  th e  c h ar g ‐
i n g o f p e r s o n n e l  ( e . g. ,  wh e r e  p e r s o n n e l  ar e  ge tti n g  o u t o f a
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fo r kl i ft tr u c k)  i s  g r e atl y i n c r e a s e d  b y c l o th i n g  th at h as  h i g h
r e s i s ti vi ty.

8 . 2 . 4 . 3 *    I n  o x yge n - e n r i c h e d  a tm o s p h e r e s ,  s u c h  a s  th o s e  th at
c o u l d  b e  p r e s e n t i n  l i q u i d  o x yg e n  flling  p l an ts ,  va p o r  fr o m  th e
c o o l e d  g as  c an  p e r m e ate  a n  e m p l o ye e ' s  c l o th i n g ,  i n c r e as i n g i ts
c o m b u s ti b i l i ty.  A s ta ti c  e l e c tr i c  c h ar g e  th a t ac c u m u l ate s  o n  th e
e m p l o ye e  an d  th e n  s u d d e n l y d i s c h ar g e s  c a n  i g n i te  th e  c l o th ‐
i n g.

8 . 2 . 5  G l o ve s .    Gl o ve s  s h o u l d  b e  an ti s ta ti c  o r  c o n d u c ti ve  wi th
th e  s a m e  r e s i s ti vi ty as  p r e s c r i b e d  fo r  fo o twe a r.  Gl o ve s  s h o u l d  b e
te s te d  i n  c o n j u n c ti o n  wi th  th e  fo o twe ar.

8 . 2 . 6  C l e an i n g o r Wi p i n g C l o th s .

8 . 2 . 6 . 1    S yn th e ti c  fa b r i c s  u s e d  i n  c l e an i n g  o r  wi p i n g c l o th s  c an
d e ve l o p  suffcient s ta ti c  e l e c tr i c  c h ar g e  to  p r o d u c e  d i s c h ar g e s
c a p a b l e  o f i gn i ti n g s o l ve n t vap o r s .  I gn i ti b l e  (fammable  an d
c o m b u s ti b l e )  l i q u i d s  u s e d  at te m p e r a tu r e s  a b o ve  th e i r  fash
p o i n ts ,  wh e r e  u s e d  wi th  s yn th e ti c  c l e a n i n g  o r  wi p i n g  c l o th s ,
i n c r e as e  th e  r i s k o f fre.  Typ i c al l y,  c h ar g e  ge n e r a ti o n  i n c r e as e s
wi th  th e  s p e e d  a n d  vi go r  o f th e  wi p i n g ac ti o n .  T h e  m a te r i al
b e i n g c l e an e d  o r  wi p e d ,  i f n o n c o n d u c ti ve ,  al s o  c an  ac c u m u l ate
a c h ar g e ,  wh i c h  m i gh t b e  c ap ab l e  o f c a u s i n g  i g n i ti o n .

8 . 2 . 6 . 2    C o tto n  o r  s yn th e ti c  fab r i c  tr e a te d  wi th  an  an ti s ta ti c
c o m p o u n d  s h o u l d  b e  u s e d  i f s tati c  e l e c tr i c  c h ar g e  ge n e r a ti o n
n e e d s  to  b e  c o n tr o l l e d ,  e s p e c i a l l y i f fammable  l i q u i d  ( C l as s  I
l i q u i d ,  as  d e s i g n ate d  b y N F PA 3 0 )  s o l ve n ts  a r e  u s e d  fo r  c l e an ‐
i n g  o r  wi p i n g .  C o n d u c ti ve  s o l ve n ts  s h o u l d  b e  u s e d .

8 . 3  M ai n te n an c e  an d  Te s ti n g.    Al l  p r o vi s i o n s  fo r  c o n tr o l  o f
p e r s o n n e l  s tati c  e l e c tr i c i ty s h o u l d  b e  m a i n tai n e d  a n d  te s te d  to
re m a i n  e ffe c ti ve .

8 . 4  D i s c o m fo r t an d  I n j u r y.    E l e c tr o s tati c  s h o c k c a n  r e s u l t i n
d i s c o m fo r t a n d ,  u n d e r  s o m e  c i r c u m s tan c e s ,  i n j u r y.  Wh i l e  th e
d i s c h ar g e  i ts e l f typ i c a l l y i s  n o t d an g e r o u s  to  h u m a n s ,  i t c a n
c a u s e  a n  i n vo l u n ta r y r e ac ti o n  th at r e s u l ts  i n  a  fal l  o r  e n tan g l e ‐
m e n t wi th  m o vi n g m a c h i n e r y.  I f c h ar g e  a c c u m u l a ti o n  c an n o t
b e  avo i d e d  an d  n o  fammable  ga s e s  o r  va p o r s  a r e  p r e s e n t,
c o n s i d e r ati o n  s h o u l d  b e  g i ve n  to  th e  var i o u s  m e th o d s  b y wh i c h
c o n tac t wi th  m e tal  p a r ts  c an  b e  e l i m i n ate d .  S u c h  m e th o d s
i n c l u d e  u s e  o f n o n m e tal  h an d r a i l s ,  i n s u l ate d  d o o r kn o b s ,  an d
o th e r  n o n c o n d u c ti ve  s h i e l d s .  An y s p a r k o r  s h o c k to  p e r s o n n e l
s h o u l d  b e  i n ve s ti g ate d .

C h ap te r  9       I gn i ti b l e  ( Fl am m ab l e  an d  C o m b us ti b l e )  L i q ui d s
an d  T h e i r Vap o rs

9 . 1  G e n e ral .    T h i s  c h a p te r  d i s c u s s e s  th e  as s e s s m e n t an d
c o n tr o l  o f s ta ti c  e l e c tr i c i ty h az ar d s  i n vo l ve d  wi th  th e  s to r ag e ,
h an d l i n g ,  a n d  u s e  o f i gn i ti b l e  (fammable  a n d  c o m b u s ti b l e )
l i q u i d s  an d  th e i r  vap o r s  an d  m i s ts .  Wh i l e  fo c u s e d  o n  i g n i ti b l e
(fammable  an d  c o m b u s ti b l e )  l i q u i d s ,  th e  p r i n c i p l e s  o f th i s
c h a p te r  a l s o  ap p l y to  n o n c o m b u s ti b l e  l i q u i d s  an d  vap o r s  ( e . g . ,
we t s te am )  wh e r e  th e i r  s to r ag e ,  u s e ,  a n d  h a n d l i n g  c an  c a u s e  a
s tati c  e l e c tr i c i ty i gn i ti o n  h az ar d .  T h e  c h ap te r  b e g i n s  wi th  a
d i s c u s s i o n  o f th e  c o m b u s ti o n  c h a r ac te r i s ti c s  o f l i q u i d s  an d  th e i r
va p o r s  an d  m i s ts ,  fo l l o we d  b y a  d i s c u s s i o n  o f c h a r ge  ge n e r a ti o n
an d  d i s s i p a ti o n  i n  l i q u i d s .  E m p h a s i s  i s  th e n  gi ve n  to  p r o c e s s e s
i n vo l vi n g th e  fo l l o wi n g :

( 1 ) F l o w i n  p i p e ,  h o s e ,  an d  tu b i n g
( 2 ) S to r a ge  tan ks
( 3 ) L o ad i n g  a n d  u n l o ad i n g o f tan k ve h i c l e s

( 4 ) Vac u u m  tr u c ks
( 5 ) Ra i l r o a d  ta n k c ar s
( 6 ) M ar i n e  ve s s e l  an d  b a r ge  c ar g o  tan ks
( 7 ) P r o c e s s  ve s s e l s
( 8 ) G au g i n g  an d  s a m p l i n g
( 9 ) Tan k c l e an i n g

( 1 0 ) P o r ta b l e  ta n ks  an d  c o n tai n e r s
( 1 1 ) Vac u u m  c l e a n i n g

Δ 9 . 1 . 1    S ta ti c  c o n tr o l  m e as u r e s  n e e d  to  b e  take n  wh e r e ve r  i g n i ti ‐
b l e  m i x tu r e s  m i g h t p r e s e n t.  C o n ve r s e l y,  i f i gn i ti b l e  m i x tu r e s

c a n  b e  r u l e d  o u t,  th e s e  m e as u r e s  ar e  n o t r e q u i r e d .  H o we ve r,
c a r e fu l  e val u ati o n  i s  r e q u i r e d  to  r u l e  o u t th e  p o s s i b i l i ty o f i g n i ‐
ti b l e  m i x tu r e s  u n d e r  al l  c o n d i ti o n s  (see Section 9. 2).  Gr o u n d i n g

a n d  b o n d i n g  s h o u l d  c o r r e c t p r o b l e m s  wi th  e l e c tr o s ta ti c  s h o c k,
wh i c h  c a n  r e s u l t i n  d i s c o m fo r t an d ,  u n d e r  s o m e  c i r c u m s tan c e s ,
i n j u r y (see Section  8. 4).

9 . 2  C o m b u s ti o n  C h arac te ri s ti c s  o f L i q u i d s ,  Vap o rs ,  an d  M i s ts .
T h e  fo l l o wi n g  c o m b u s ti o n  p r o p e r ti e s  o f l i q u i d s  n e e d  to  b e

u n d e r s to o d  to  p r o p e r l y as s e s s  th e  s tati c  e l e c tr i c i ty i gn i ti o n
h az ar d :

( 1 ) F l a s h  p o i n t
( 2 ) F l a m m a b l e  l i m i t an d  va p o r  p r e s s u r e
( 3 ) I g n i ti o n  e n e r g y
( 4 ) O x i d an t c o n c e n tr a ti o n

9 . 2 . 1  Fl as h  P o i n t.

9 . 2 . 1 . 1 *    F l a s h  p o i n t i s  th e  m i n i m u m  te m p e r atu r e  at wh i c h  a
l i q u i d  g i ve s  o ff suffcient vap o r  to  fo r m  a n  i gn i ti b l e  m i x tu r e

wi th  a i r  n e ar  th e  s u r fa c e  o f th e  l i q u i d ,  as  d e te r m i n e d  u s i n g
s tan d ar d  fash  p o i n t ap p ar a tu s  d e s c r i b e d  i n  AS T M  E 5 0 2 ,  Stand‐
ard Test Method for Selection and Use of ASTM Standards for the

Determination of Flash Point of Chemicals by Closed Cup Methods.
S e l e c ti o n  o f te s t p r o c e d u r e s  an d  a p p ar atu s  d e p e n d s  o n  o th e r
p h ys i c al  c h ar a c te r i s ti c s  o f th e  l i q u i d .  F o r  r e a s o n s  d i s c u s s e d  i n

A. 9 . 2 . 1 . 2 ,  i gn i ti o n  m i gh t o c c u r  a t te m p e r atu r e s  l o we r  th an  th e
r e p o r te d  fash  p o i n t.

9 . 2 . 1 . 2 *    I f th e  fash  p o i n t o f a l i q u i d  i s  at o r  b e l o w typ i c al
am b i e n t te m p e r atu r e s ,  i t i s  l i ke l y to  e vo l ve  a n  i g n i ti b l e  va p o r.
T h e  l o we r  th e  fash  p o i n t,  th e  h i g h e r  th e  va p o r  p r e s s u r e  an d

th e  m o r e  l i ke l y th at a n  i g n i ti b l e  vap o r  c o n c e n tr ati o n  wi l l  b e
p r e s e n t.  B e c au s e  o f th e  i n h e r e n t e r r o r s  i n  s tan d ar d  fash  p o i n t
m e a s u r e m e n ts ,  an  a l l o wan c e  o f a t l e as t 5 ° C  to  1 1 ° C  ( 9 ° F  to

2 0 ° F )  b e l o w th e  p u b l i s h e d  fash  p o i n t s h o u l d  b e  m ad e  i n  th e
e va l u a ti o n  o f an  i gn i ti o n  h a z a r d .  A m i n i m u m  s afe ty fac to r  o f
5 ° C  ( 9 ° F )  i s  ap p r o p r i ate  fo r  s i n gl e -c o m p o n e n t l i q u i d s  h avi n g
well-defned  fash  p o i n ts .  T h e  h i g h e r  m i n i m u m  s afe ty fa c to r  o f

1 1 ° C  ( 2 0 ° F )  i s  ap p r o p r i ate  fo r  m i x e d  l i q u i d s  o f l e s s  c e r tai n
c o m p o s i ti o n ,  s u c h  as  fu e l s .

N 9 . 2 . 1 . 3    P r o c e s s i n g  an d  h an d l i n g  o f c o m b u s ti b l e  l i q u i d s
( C l as s  I I  an d  C l as s  I I I  l i q u i d s ,  as  d e s i gn a te d  b y N F PA 3 0 )

h e a te d  at o r  ab o ve  th e i r  fash  p o i n t s h o u l d  fo l l o w th e  r e q u i r e ‐
m e n ts  fo r  fammable  l i q u i d s  ( C l a s s  I  l i q u i d s ,  as  d e s i g n ate d  b y
N F PA 3 0 ) ,  u n l e s s  a n  e n g i n e e r i n g e va l u a ti o n  justifes  fo l l o wi n g

th e  r e q u i r e m e n ts  fo r  s o m e  o th e r  l i q u i d  c l as s .

9 . 2 . 1 . 4    O p e r a ti o n s  at h i gh  e l e vati o n s ,  s u c h  as  m i n i n g  o p e r a‐
ti o n s ,  r e q u i r e  a n  a d d i ti o n al  s afe ty fac to r,  d e p e n d i n g  o n  th e

e l e vati o n .  T h e  r e c o m m e n d e d  a d d i ti o n al  s a fe ty fa c to r  fo r  e a c h
1 0 0 0  m  ( 3 2 8 0  ft)  ab o ve  s e a  l e ve l  i s  2 . 6 ° C  ( 4 . 7 ° F )  fo r  c o m p l e x

fu e l s ,  s u c h  as  d i e s e l  fu e l s ,  a n d  1 . 9 ° C  ( 3 . 4 ° F ) ,  fo r  p u r e  l i q u i d s ,
s u c h  as  to l u e n e  a n d  e th an o l .  E l e vati o n s  b e l o w 1 0 0 0  m  ( 3 2 8 0   ft)
c a n  b e  n e g l e c te d ,  b e c a u s e  th e  ad d i ti o n a l  c o r r e c ti o n  fac to r  i s  n o
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g r e ate r  th a n  th e  typ i c al  e r r o r  o f a fash  p o i n t m e as u r e m e n t o f a
gi ve n  s am p l e .

9 . 2 . 1 . 5    I n  ad d i ti o n  to  th e  c o n d i ti o n s  d e s c r i b e d  i n  9 . 2 . 1 . 2 ,  th e
fo l l o wi n g  c i r c u m s ta n c e s  al s o  c an  g e n e r ate  an  i g n i ti b l e  vap o r :

( 1 ) O ff- ga s s i n g o f fammable  vap o r s  fr o m  s o l i d s  o r  l o w-
vo l a ti l i ty l i q u i d s

( 2 ) S wi tc h  l o ad i n g
( 3 ) F l o w th r o u gh  c o m m o n  va p o r  h e ad e r s
( 4 ) P r o c e s s i n g  at p r e s s u r e s  b e l o w atm o s p h e r i c  p r e s s u r e
( 5 ) N o n h o m o g e n e i ty o f th e  vap o r s  ab o ve  th e  l i q u i d
( 6 ) M i s t,  d r o p l e ts ,  o r  fo a m  o n  th e  s u r fa c e  o f a l i q u i d

Δ ( A)    T h e  te r m  switch loading d e s c r i b e s  a s i tu ati o n  th at wa r r an ts
s p e c i al  c o n s i d e r a ti o n .  Wh e n  a tan k i s  e m p ti e d  o f a c a r go  o f
fammable  l i q u i d ( C l a s s  I  l i q u i d ,  a s  d e s i g n ate d  b y N F PA 3 0 ) ,  a

m i x tu r e  o f vap o r  an d  ai r  i s  l e ft,  wh i c h  c an  b e ,  a n d  o fte n  i s ,
wi th i n  th e  fammable  r a n ge .  Wh e n  s u c h  a ta n k i s  reflled  wi th  a
fammable  l i q u i d  ( C l a s s  I  l i q u i d ,  a s  d e s i gn a te d  b y N F PA 3 0 ) ,

a n y c h ar g e  th at r e a c h e s  th e  tan k s h e l l  wi l l  b e  b l e d  o ff b y th e
r e q u i r e d  b o n d  wi r e .  Al s o ,  th e r e  wi l l  b e  n o  fammable  m i x tu r e
at th e  s u r fac e  o f th e  r i s i n g  o i l  l e ve l  b e c a u s e  th e  fammable

l i q u i d ( C l a s s  I  l i q u i d ,  as  d e s i gn a te d  b y N F PA 3 0 )  p r o d u c e s  at i ts
s u r fac e  a m i x tu r e  to o  r i c h  to  b e  i gn i ti b l e .  T h i s  i s  th e  s i tu a ti o n
c o m m o n l y e x i s ti n g  i n  ta n k ve h i c l e s  i n  g as o l i n e  s e r vi c e .  I f,  a s

o c c as i o n a l l y h a p p e n s ,  a s tati c  c h ar g e  d o e s  ac c u m u l ate  o n  th e
s u r fac e  suffcient to  p r o d u c e  a  s p ar k,  i t o c c u r s  i n  a  to o - r i c h ,
n o n i gn i ti b l e  atm o s p h e r e  a n d  th u s  c a u s e s  n o  h a r m .

Δ ( B )    A ve r y d i ffe r e n t s i tu ati o n  ar i s e s  i f th e  l i q u i d  i s  “ s wi tc h
l o ad e d , ”  th at i s ,  wh e n  a c o m b u s ti b l e  l i q u i d ( C l a s s  I I  o r  C l as s  I I I

l i q u i d ,  as  d e s i g n ate d  b y N F PA 3 0 )  i s  l o ad e d  i n to  a tan k ve h i c l e
th a t p r e vi o u s l y c o n tai n e d  a fammable  l i q u i d ( C l a s s  I  l i q u i d ,  a s
d e s i g n ate d  b y N F PA 3 0 ) .  C o m b u s ti b l e  l i q u i d s  ( C l as s  I I  o r

C l a s s  I I I  l i q u i d s ,  a s  d e s i g n ate d  b y N F PA 3 0 )  ar e  n o t n e c e s s ar i l y
m o r e  p o te n t s tati c  e l e c tr i c  g e n e r ato r s  th an  th e  fammable
l i q u i d  ( C l a s s  I  l i q u i d ,  a s  d e s i g n ate d  b y N F PA 3 0 )  p r e vi o u s l y

l o ad e d ,  b u t th e  a tm o s p h e r e  i n  c o n ta c t wi th  th e  r i s i n g o i l
s u r fac e  i s  n o t e n r i c h e d  to  b r i n g  i t o u t o f th e  fammable  r an g e .
I f c i r c u m s tan c e s  ar e  s u c h  th at a  s p a r k s h o u l d  o c c u r  e i th e r

a c r o s s  th e  o i l  s u r fac e  o r  fr o m  th e  o i l  s u r fa c e  to  s o m e  o th e r
o b j e c t,  th e  s p ar k o c c u r s  i n  a m i x tu r e  th at c a n  b e  wi th i n  th e
fammable  r an g e ,  a n d  an  e x p l o s i o n  c an  r e s u l t.

( C )    I t i s  e m p h as i z e d  th at b o n d i n g th e  ta n k to  th e  fll  s te m  i s
n o t suffcient;  a  m aj o r i ty o f r e c o r d e d  e x p l o s i o n s  h a ve  o c c u r r e d

wh e n  i t was  b e l i e ve d  th e  tan k h ad  b e e n  ad e q u ate l y b o n d e d .
T h e  e l e c tr o s tati c  p o te n ti al  th at i s  r e s p o n s i b l e  fo r  th e  s p ar k
e x i s ts  i n s i d e  th e  ta n k o n  th e  s u r fac e  o f th e  l i q u i d  an d  c an n o t

b e  r e m o ve d  b y b o n d i n g .  M e as u r e s  to  r e d u c e  th i s  c h ar g e  c a n  b e
o n e  o r  m o r e  o f th e  fo l l o wi n g :

( 1 ) Avo i d  s p a r k p r o m o te r s .  C o n d u c ti ve  o b j e c ts  foating  o n
th e  o i l  s u r fa c e  i n c r e a s e  th e  c h ar g e  o f s p ar ki n g  to  th e  ta n k
wal l .  M e ta l  g au g e  r o d s  o r  o th e r  o b j e c ts  p r o j e c ti n g  i n to

th e  vap o r  s p ac e  c an  c r e ate  a  s p ar k g ap  a s  th e  r i s i n g  l i q u i d
l e ve l  a p p r o a c h e s  th e  p r o j e c ti o n .  A c o m m o n  p r e c a u ti o n  i s

to  r e q u i r e  th a t fll  p i p e s  ( d o wn s p o u ts )  r e ac h  as  c l o s e  to
th e  b o tto m  o f th e  ta n k a s  p r ac ti c ab l e .  An y o p e r a ti o n  s u c h
a s  s am p l i n g ,  ta ki n g o i l  te m p e r a tu r e ,  o r  ga u g i n g  th a t

i n vo l ve s  l o we r i n g a  c o n d u c ti ve  o b j e c t th r o u g h  an  o p e n i n g
i n to  th e  va p o r  s p ac e  o n  th e  o i l  s h o u l d  b e  d e fe r r e d  u n ti l  a t
l e as t 1  m i n u te  a fte r  fow h a s  c e as e d .  T h i s  wi l l  p e r m i t an y
s u r fac e  c h ar g e  to  r e l ax .

( 2 ) Re d u c e  th e  s tati c  ge n e r a ti o n  b y o n e  o r  m o r e  o f th e
fo l l o wi n g :

( a) Avo i d  s p l as h  flling  an d  u p war d  s p r ayi n g  o f o i l
wh e r e  b o tto m  flling  i s  u s e d .

( b ) E m p l o y r e d u c e d  fll  r ate s  at th e  s tar t o f flling
th r o u g h  d o wn s p o u ts ,  u n ti l  th e  e n d  o f th e  s p o u t i s

s u b m e r g e d .  S o m e  c o n s i d e r  3  ft/ s e c  ( 0 . 9  m / s e c )  to
b e  a s u i ta b l e  p r e c au ti o n .

( c ) Wh e r e  flters  a r e  e m p l o ye d ,  p r o vi d e  r e l ax ati o n  ti m e
i n  th e  p i p i n g  d o wn s tr e am  fr o m  th e  flters.  A r e l ax a‐

ti o n  ti m e  o f 3 0  s e c o n d s  i s  c o n s i d e r e d  b y s o m e  to  b e
a s u i tab l e  p r e c au ti o n .

( 3 ) E l i m i n a te  th e  fammable  m i x tu r e  b e fo r e  s wi tc h  l o ad i n g s
b y ga s  fr e e i n g  o r  i n e r ti n g.

[ 3 0 : A. 2 8 . 1 1 . 3 ]

9 . 2 . 1 . 6    F o r  ad d i ti o n a l  i n fo r m ati o n ,  s e e  An n e x   C .

9 . 2 . 2 *  Fl am m ab l e  L i m i ts  an d  Vap o r P re s s u re .    Vap o r s  o r  g as e s
i n  ai r  a r e  fammable  o n l y b e twe e n  c e r ta i n  c o n c e n tr ati o n s  —

th e  l o we r  fammable  l i m i t ( L F L )  an d  th e  u p p e r  fammable
l i m i t ( U F L ) .  T h e  c o n c e n tr ati o n s  b e twe e n  th e s e  l i m i ts  c o n s ti ‐
tu te  th e  fammable  r an g e .  B e l o w th e  L F L ,  va p o r s  ar e  to o  l e an

to  b u r n ;  ab o ve  th e  U F L ,  th e y a r e  to o  r i c h  to  b u r n .  B o th
i n c r e as e d  p r e s s u r e  ( a b o ve  atm o s p h e r i c  p r e s s u r e )  an d
i n c r e as e d  te m p e r atu r e  wi d e n  th e  fammability r an g e  o f typ i c al

h yd r o c ar b o n s .

Δ 9 . 2 . 3  I gn i ti o n  E n e rgy.    T h e  e n e r g y n e e d e d  to  i g n i te  a  vap o r –
a i r  m i x tu r e  va r i e s  wi th  th e  c o n c e n tr ati o n .  F o r  m o s t m ate r i al s ,

th e  l o we s t i g n i ti o n  e n e r gy val u e  o c c u r s  at a  c o n c e n tr a ti o n  n e a r
th e  m i d p o i n t b e twe e n  th o s e  fo r  th e  L F L  an d  U F L .  T h e  l o we s t

val u e  i s  r e fe r r e d  to  a s  th e  m i n i m u m  i gn i ti o n  e n e r g y ( M I E ) .  (See
Section B. 1  for the MIEs of typical gases and vapors. )  F i gu r e  9 . 2 . 3
i l l u s tr ate s  a  typ i c al  r e l ati o n s h i p  b e twe e n  i gn i ti o n  e n e r g y an d

c o n c e n tr a ti o n .

9 . 2 . 4 *  O x i d an t C o n c e n trati o n .    C o m b u s ti b i l i ty i s  n o r m al l y
d e te r m i n e d  fo r  atm o s p h e r i c  ai r,  wh i c h  c o n tai n s  2 1  p e r c e n t

o x yge n .  Wi th  an  o x yge n -e n r i c h e d  a tm o s p h e r e ,  th e  fammable
r an g e  e x p an d s ;  th at i s ,  th e  L F L  d e c r e a s e s  a n d  th e  U F L  i n c r e a‐

s e s .  I f th e  o x yge n  c o n c e n tr a ti o n  i s  suffciently r e d u c e d  b y i n e r t‐
i n g ,  h o we ve r,  a n  o x yg e n  c o n c e n tr a ti o n  b e l o w wh i c h  n o  i gn i ti o n
i s  p o s s i b l e  i s  r e a c h e d .  T h i s  c o n c e n tr a ti o n  i s  r e fe r r e d  to  as  th e

limiting oxygen concentration ( L O C ) .  B y e ffe c ti ve l y i n e r ti n g to
b e l o w th e  L O C ,  th e  h a z a r d  o f i gn i ti o n  c an  b e  e l i m i n ate d ,  a s
e x p l ai n e d  i n  N F PA 6 9 .  O th e r  o x i d a n ts ,  i f p r e s e n t i n  th e

m i x tu r e ,  c an  b e  ad d r e s s e d  s i m i l ar l y.  L a b o r a to r y te s ti n g  m i g h t
b e  r e q u i r e d  to  e val u ate  th e  h a z a r d .

9 . 3  G e n e rati o n  an d  D i s s i p ati o n  o f S tati c  E l e c tri c  C h arge  i n
L i q u i d s .

9 . 3 . 1 *  C h arge  G e n e rati o n .    C h a r ge  s e p ar a ti o n  o c c u r s  wh e r e
l i q u i d s  fow th r o u gh  p i p e s ,  h o s e ,  an d  flters;  wh e r e  s p l a s h i n g

o c c u r s  d u r i n g tr a n s fe r  o p e r ati o n s ;  o r  wh e r e  l i q u i d s  a r e  s ti r r e d
o r  ag i tate d .  T h e  g r e ate r  th e  a r e a o f th e  i n te r fac e  b e twe e n  th e
l i q u i d  an d  th e  s u r fac e s  an d  th e  h i g h e r  th e  fow ve l o c i ty,  th e

g r e ate r  i s  th e  r ate  o f c h ar g i n g .  T h e  c h ar g e s  b e c o m e  m i x e d  wi th
th e  l i q u i d  a n d  ar e  c ar r i e d  to  r e c e i vi n g ve s s e l s ,  wh e r e  th e y c a n
ac c u m u l ate .  T h e  c h a r ge  i s  o fte n  c h ar a c te r i z e d  b y i ts  b u l k

c h a r ge  d e n s i ty an d  i ts  fow a s  a s tr e a m i n g c u r r e n t to  th e  ve s s e l .
(See Figure 9. 3. 1 . )

9 . 3 . 2 *  C h arge  Re l ax ati o n .    S tati c  e l e c tr i c  c h ar g e  o n  a l i q u i d  i n
a gr o u n d e d  c o n d u c ti ve  c o n tai n e r  wi l l  d i s s i p ate  a t a r a te  th at

d e p e n d s  o n  th e  c o n d u c ti vi ty o f th e  l i q u i d .
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FI G U RE  9 . 3 . 1   E x am p l e s  o f C h arge  G e n e rati o n  i n  L i q u i d s .
(Source: H.  L.  Walmsley,  “Avoidance of Electrostatic Hazards in the
Petroleum Industry, ” p.  33. )

9 . 3 . 2 . 1    F o r  l i q u i d s  wi th  c o n d u c ti vi ty o f 1  p i c o s i e m e n s  p e r
m e te r  ( 1  p S / m )  o r  g r e ate r,  c h a r ge  r e l a x a ti o n  p r o c e e d s  b y

e x p o n e n ti a l ,  o r  o h m i c ,  d e c ay,  as  d e s c r i b e d  fo r  s e m i c o n d u c ti ve
m a te r i al s  i n  5 . 4 . 5 .  F o r  l i q u i d s  wi th  c o n d u c ti vi ty l e s s  th a n
1  p S / m ,  r e l ax ati o n  o c c u r s  m o r e  r ap i d l y th a n  wo u l d  b e  p r e d i c ‐

te d  b y th e  e x p o n e n ti al  d e c a y m o d e l .  (See 5. 4. 8. )

9 . 3 . 2 . 2    Ac c o r d i n g  to  th e  B u s ti n  r e l a ti o n s h i p  (see Annex E),
wh e r e  l o w vi s c o s i ty l i q u i d s  [ l e s s  th a n  3 0  ×  1 0 –6  m 2 / s e c  ( 3 2  ×  1 0 -5

ft2 / s e c ) ]  a r e  c h ar g e d ,  r e l ax ati o n  p r o c e e d s  b y h yp e r b o l i c  d e c ay.
H o we ve r,  fo r  th o s e  s am e  l i q u i d s ,  th e  e x p o n e n ti a l  d e c ay
c o n s tan t g i ve s  a c o n s e r va ti ve  e s ti m ate  fo r  th e  r e l a x a ti o n  ti m e .

9 . 3 . 3  Fac to rs  T h at Affe c t L i q u i d  C h argi n g.

9 . 3 . 3 . 1 *    I n  g r o u n d e d  s ys te m s ,  th e  c o n d u c ti vi ty o f th e  l i q u i d
p h as e  h as  th e  m o s t e ffe c t o n  th e  ac c u m u l ati o n  o f c h ar g e  i n  th e

l i q u i d  o r  o n  m ate r i a l s  s u s p e n d e d  i n  i t.  A l i q u i d  i s  c o n s i d e r e d
n o n c o n d u c ti ve  ( c h ar g e  ac c u m u l ati n g )  i f i ts  c o n d u c ti vi ty i s
b e l o w 5 0  p S / m ,  as s u m i n g  a d i e l e c tr i c  c o n s ta n t o f 2 .  Tab l e  B . 2

l i s ts  va l u e s  o f c o n d u c ti vi ty fo r  typ i c al  l i q u i d s .  Wh at i s  i m p o r ta n t
i s  th a t th e  c h a r ge  d e c ays  fr o m  th e  l i q u i d  fa s t e n o u g h  to  avo i d
i g n i ti o n  h az ar d s .  T h e  ac c e p tab l e  c o n d u c ti vi ty i n  a n y p a r ti c u l a r

a p p l i c a ti o n  c an  b e  l ar g e r  o r  s m a l l e r,  d e p e n d i n g  o n  fow r a te
an d  p r o c e s s i n g  c o n d i ti o n s .

9 . 3 . 3 . 2    C o n d u c ti ve  l i q u i d s ,  defned  a s  h avi n g  c o n d u c ti vi ti e s
gr e a te r  th a n  1  ×  1 0 4  p S / m ,  d o  n o t p o s e  a h az ar d  d u e  to  s ta ti c
e l e c tr i c  c h ar g e  a c c u m u l a ti o n  i n  typ i c al  h yd r o c ar b o n  a n d  c h e m ‐
i c al  p r o c e s s i n g a n d  h a n d l i n g o p e r ati o n s ,  p r o vi d e d  th a t e q u i p ‐

m e n t i s  c o n d u c ti ve  o r  s tati c  d i s s i p a ti ve  an d  i s  gr o u n d e d .  I n  th i s
r e c o m m e n d e d  p r ac ti c e ,  l i q u i d s  h a vi n g c o n d u c ti vi ti e s  o f 5 0
p S / m  to  1  ×  1 0 4  p S / m  a r e  c o n s i d e r e d  s e m i c o n d u c ti ve .

9 . 3 . 3 . 3    T h e  c h ar gi n g c h ar a c te r i s ti c s  o f m a n y i n d u s tr i al  l i q u i d s ,
p ar ti c u l ar l y n o n p o l ar  h yd r o c ar b o n s ,  ar e  th e  r e s u l t o f tr a c e

c o n tam i n a n ts  i n  th e  l i q u i d ,  s o m e ti m e s  i n  c o n c e n tr ati o n s  o f l e s s
th a n  1  p p m .  T h u s ,  i n d u s tr i a l  l i q u i d s  c an  b e c o m e  m o r e  o r  l e s s
c o n d u c ti ve  b y o r d e r s  o f m a gn i tu d e ,  d e p e n d i n g  o n  th e  c o n c e n ‐

tr ati o n  o f c o n tam i n a n ts  th at r e s u l ts  fr o m  p r o c e s s ,  s to r ag e ,  an d
h an d l i n g  p r ac ti c e s .

9 . 3 . 3 . 4    C o n d u c ti ve  l i q u i d s  th at at frst c o u l d  ap p e ar  to  b e  s a fe
c a n  p r e s e n t a signifcant h az ar d  i f i s o l ate d  fr o m  gr o u n d  b y a n
i n s u l ati n g  c o n tai n e r  o r  i f s u s p e n d e d  i n  ai r.  Wh e r e  i s o l a te d ,

e s s e n ti al l y al l  c h a r ge  o n  th e  c o n d u c ti ve  l i q u i d  c an  b e  r e l e as e d
as  an  i n c e n d i ve  s p a r k.  Wh e r e  s u s p e n d e d  a s  a  m i s t,  signifcant
s tati c  e l e c tr i c  felds  c an  l e ad  to  i n c e n d i ve  b r u s h  d i s c h ar g e .

9 . 3 . 3 . 5    I n  th e  p e tr o l e u m  i n d u s tr y,  fo r  tan k-l o ad i n g  an d  d i s tr i ‐
b u ti o n  o p e r a ti o n s  i n vo l vi n g p e tr o l e u m  m i d d l e  d i s ti l l ate s ,

l i q u i d s  i n  th e  s e m i c o n d u c ti ve  c a te g o r y ar e  h a n d l e d  a s  c o n d u c ‐
ti ve  l i q u i d s .  T h e  u s e  o f s u c h  p r o c e d u r e s  i s  p o s s i b l e  b e c au s e
r e gu l ati o n s  p r o h i b i t th e  u s e  o f n o n c o n d u c ti ve  p l a s ti c  h o s e  an d

tan ks ,  a n d  m u l ti p h as e  m i x tu r e s  a n d  e n d -o f-l i n e  p o l i s h i n g flters
ar e  n o t i n vo l ve d .

9 . 3 . 3 . 6    I n  g e n e r al  c h e m i c a l  o p e r ati o n s ,  s e m i c o n d u c ti ve
l i q u i d s  r e p r e s e n t a  d i s ti n c t c a te g o r y i n  wh i c h  th e  te n d e n c y to
ac c u m u l ate  c h ar g e  var i e s  gr e a tl y wi th  th e  o p e r ati o n  a n d  wi th

l i q u i d  c o n d u c ti vi ty.  T h e s e  o p e r ati o n s  c an  i n vo l ve  m u l ti p h a s e
m i x tu r e s ,  n o n c o n d u c ti ve  tan k l i n i n g s ,  a n d  microflters,  al l  o f
wh i c h  p r o m o te  c h ar g e  ac c u m u l ati o n  i n  e q u i p m e n t.
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C h ap te r 1 0    Fl u i d  Fl o w i n  P i p i n g,  H o s e ,  Tu b i n g,  an d  Fi l te rs

1 0 . 1 *  M e tal  P i p i n g S ys te m s .

Δ 1 0 . 1 . 1    Al l  p a r ts  o f b o n d e d  c o n ti n u o u s  al l -m e ta l  p i p i n g  s ys te m s
s h o u l d  h ave  a r e s i s ta n c e  to  th e  verifed  g r o u n d  p o i n t ( e . g . ,

g ro u n d i n g  e l e c tr o d e  s ys te m )  th at d o e s  n o t e x c e e d  1 0  o h m s .  A
signifcantly h i gh e r  r e s i s ta n c e  c o u l d  i n d i c ate  p o o r  e l e c tr i c al
c o n tac t,  a l th o u gh  th i s  wi l l  d e p e n d  o n  th e  o ve r a l l  s ys te m .

N 1 0 . 1 . 2    F o r  fanged  c o u p l i n g s ,  n e i th e r  p a i n t o n  th e  fange  fac e s
n o r  th i n  p l as ti c  c o a ti n gs  u s e d  o n  n u ts  an d  b o l ts  wi l l  n o r m al l y

p re ve n t b o n d i n g ac r o s s  th e  c o u p l i n g afte r  p r o p e r  to r q u e  h a s
b e e n  ap p l i e d .  H o we ve r,  c ar e  s h o u l d  b e  ta ke n  to  avo i d  ac c u m u ‐
l ati o n  o f e x c e s s i ve l y th i c k c o a ti n gs  o f p ai n t o ve r  s u c c e s s i ve

r e p ai n ti n gs .  J u m p e r  c ab l e s  a n d  s tar  was h e r s  ar e  n o t u s u al l y
n e e d e d  a t fanges.  S tar  was h e r s  c o u l d  e ve n  i n te r fe r e  wi th
p ro p e r  to r q u i n g .  E l e c tr i c al  c o n ti n u i ty o f th e  g r o u n d  p ath

s h o u l d  b e  confrmed  a fte r  as s e m b l y an d  p e r i o d i c al l y th e r e afte r.

N 1 0 . 1 . 3    T h e  m ax i m u m  r e s i s tan c e  ac r o s s  a  fange  i n  an  al l -m e tal
p i p e l i n e  s h o u l d  b e  l e s s  th a n  1 0  o h m s .  T h e  l i m i t o f 1 0  o h m s  i s

n o t m a n d ato r y fo r  s tati c  d i s s i p a ti o n ,  b u t i s  typ i c a l  fo r  a  m ax i ‐
m u m  r e s i s tan c e  fo u n d  i n  p r ac ti c e .

N 1 0 . 1 . 4    Wh e n  m e as u r i n g r e s i s ta n c e  fr o m  a l l -m e ta l  p i p i n g
s ys te m s  to  a gr o u n d  ( e . g . ,  s tr u c tu r al  m e m b e r,  s u c h  as  a n  I -

b e a m ) ,  s e e  7 . 3 . 1 . 6 . 1 .

1 0 . 1 . 5    B o n d i n g wi r e s  m i g h t b e  n e e d e d  ar o u n d  fexible,  s wi ve l ,
o r s l i d i n g  j o i n ts .  Te s ts  an d  e x p e r i e n c e  h ave  s h o wn  th at r e s i s t‐

an c e  i n  th e s e  j o i n ts  i s  n o r m al l y b e l o w 1 0  o h m s ,  wh i c h  i s  l o w
e n o u gh  to  p r e ve n t ac c u m u l ati o n  o f s tati c  c h ar g e s .  H o we ve r,
th e  m a n u fac tu r e r ' s  specifcations  s h o u l d  b e  c h e c ke d  o r  th e

j o i n ts  s h o u l d  b e  i n s p e c te d ,  b e c au s e  a fe w ar e  fab r i c ate d  wi th
i n s u l a ti n g s u r fac e s .  Wh e r e  p ai n te d ,  s l i p  fanges  ( l a p  j o i n ts )
u s i n g  n o n c o n d u c ti ve  ga s ke ts  c an  c a u s e  l o s s  o f c o n ti n u i ty i n  th e

gro u n d i n g  p ath .  T h i s  l o s s  o f c o n ti n u i ty c a n  b e  r e m e d i e d  b y
u s i n g  a c o n d u c ti ve  ga s ke t,  s u c h  as  a fexible,  graphite-flled,
s p i r al -wo u n d  g as ke t,  o r  b y i n s tal l i n g a  j u m p e r  wi r e  ac r o s s  th e

j o i n t.  T h e  e n d -to -e n d  r e s i s tan c e  o f a  b o n d i n g  wi r e  s h o u l d  b e
l e s s  th an  1 0  o h m s  fo r  c o p p e r  an d  l e s s  th an  2 5  o h m s  fo r  s ta i n ‐
l e s s  s te e l  an d  o th e r  m e tal s .

N 1 0 . 1 . 5 . 1    T h e  m ax i m u m  1 0  o h m  an d  2 5  o h m  m e as u r e m e n ts
a re  n o t r e q u i r e d  to  b e  th a t l o w fo r  s ta ti c  d i s s i p ati o n .  T h e y ar e

typ i c a l  m ax i m u m  r e s i s tan c e s  fo u n d  i n  p r ac ti c e .  (See A. 3. 3. 2. )

1 0 . 1 . 6    B o n d i n g  an d  gr o u n d i n g  s h o u l d  n o t c o m p r o m i s e
s e c ti o n s  o f p i p e  th at ar e  s u p p o s e d  to  b e  i s o l ate d .  F o r  e x am p l e ,

i n s u l a ti n g fanges  c o u l d  h a ve  b e e n  i n s tal l e d  to  avo i d  a r c s  fr o m
s tray c u r r e n t o r  fr o m  c a th o d i c  p r o te c ti o n  s ys te m s ,  wh i c h

p ro vi d e  a s e p a r ate  gr o u n d  p ath .

1 0 . 1 . 7    F i g u r e  1 0 . 1 . 7 ( a)  a n d  F i g u r e  1 0 . 1 . 7 ( b )  p r o vi d e  g u i d a n c e
i n  e s ti m a ti n g th e  c h a r ge  o n  a n o n c o n d u c ti ve  l i q u i d  fowing

th r o u g h  a s m o o th  p i p e .  T h e  fo r m u l a fo r  s tr e am i n g c u r r e n t i s
p ro vi d e d  i n  “ S ta ti c  H az ar d s  o f th e  VAS T ”  an d  “ S ta ti c  e l e c tr i c i ty:

N e w g u i d a n c e  fo r  s to r ag e  tan k l o ad i n g  r ate s . ”

1 0 . 2 *  N o n c o n d u c ti ve  P i p e  an d  L i n e d  P i p e .    N o n c o n d u c ti ve
s u r fac e s  affe c t th e  r a te s  o f c h ar g e  g e n e r ati o n  a n d  c h a r ge  d i s s i ‐

p ati o n  d u r i n g  fow th r o u gh  a p i p e .  T h e  r ate  o f c h a r ge  g e n e r a‐
ti o n  i s  s i m i l a r  i n  c o n d u c ti ve  an d  n o n c o n d u c ti ve  p i p e s ,  wh i l e

th e  r ate  o f c h a r ge  l o s s  c an  b e  signifcantly s l o we r  i n  n o n c o n ‐
d u c ti ve  p i p e s .  F o r  c h ar g e d ,  n o n c o n d u c ti ve  l i q u i d s ,  i n s u l a ti o n
b y th e  p i p e  wa l l  c an  r e s u l t i n  c h ar g e  ac c u m u l ati o n  o f th e  o p p o ‐

s i te  p o l ar i ty o n  th e  o u te r  s u r fac e  o f th e  i n s u l a ti n g l i n e r  o r  p i p e .

C h ar g e  a c c u m u l a ti o n  c an  e ve n tu a l l y l e ad  to  e l e c tr i c a l  b r e a k‐
d o wn  an d  p i n h o l e  p u n c tu r e s  o f e i th e r  th e  l i n e r  o r,  i n  th e  c a s e

o f n o n c o n d u c ti ve  p i p e ,  th e  e n ti r e  wa l l  th i c kn e s s .

1 0 . 3 *  Fl e x i b l e  H o s e  an d  Tu b i n g.    F l e x i b l e  h o s e  an d  fexible
tu b i n g ar e  avai l ab l e  i n  m e ta l ,  l i n e d  m e ta l ,  n o n c o n d u c ti ve  p l a s ‐

ti c ,  r e i n fo r c e d  r u b b e r  an d  p l as ti c ,  a n d  c o m p o s i te -p l y typ e s .
An n e x  A o f I S O  8 0 3 1 ,  Rubber and plastics hoses and hose assemblies

— Determination of electrical resistance and conductivity,  i n c l u d e s
p r o p o s e d  s tan d a r d i z e d  d e s c r i p ti o n s  a n d  r e s i s tan c e s  fo r  h o s e
a s s e m b l i e s .

1 0 . 3 . 1    Wh e r e  n o n c o n d u c ti ve  h o s e  o r  tu b i n g m u s t b e  u s e d
b e c au s e  o f p r o c e s s  c o n d i ti o n s ,  th e  h az ar d s  o f s ta ti c  e l e c tr i c

c h a r ge  g e n e r ati o n  s h o u l d  b e  th o r o u gh l y i n ve s ti ga te d .

1 0 . 3 . 2    As  a  m i n i m u m ,  a l l  c o n d u c ti ve  c o u p l i n g s  ( e . g. ,  e n d
fttings)  an d  c o m p o n e n ts  s h o u l d  b e  b o n d e d  a n d  g r o u n d e d .

1 0 . 3 . 3    I f h o s e  a r e  u s e d  i m m e d i ate l y d o wn s tr e a m  o f flters  i n
n o n c o n d u c ti ve  l i q u i d  s e r vi c e ,  th e y s h o u l d  b e  c o n s tr u c te d  o f

m e tal  o r  a n o th e r  c o n d u c ti ve  m a te r i al .  S e m i c o n d u c ti ve  l i n e r s
m i gh t b e  n e c e s s ar y to  p r e ve n t c h ar g e  ac c u m u l ati o n  an d

p i n h o l e  d am ag e  to  th e  h o s e .

Δ 1 0 . 3 . 4    C o n d u c ti ve  h o s e  s h o u l d  b e  e l e c tr i c a l l y c o n ti n u o u s .

N 1 0 . 3 . 4 . 1    T h e  c o n ti n u i ty o f th e  h o s e  s h o u l d  b e  p e r i o d i c al l y
c h e c ke d .
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1 0  m m

1  i n .
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( m /s e c )

( g a l /m i n )  ( m 3 /h r )

N o t e s :  

( 1 )  O n e  s t ra i g h t  l i n e  t h r o u g h  t h e  s c a l e s  s o l v e s  F =   (p/4 )  nd2  a n d

      p r o v i d e s  a  v a l u e  f o r  t h e  s t r e a m i n g  c u rr e n t .

( 2 )  T o  c o n v e r t  f ro m  m /s e c  t o  f t /s e c ,  m u l t i p l y  b y  0 . 8 ;  t o  c o n v e rt  f r o m  

 b b l /h r t o  m 3 /h r,  m u l t i p l y  b y  0 . 1 5 9 .

F

Δ FI G U RE  1 0 . 1 . 7 ( a)   N o m o grap h  fo r E s ti m ati n g C h arge  o n
N o n c o n d u c ti ve  L i q u i d  Fl o wi n g T h ro u gh  a S m o o th  P i p e .
(Sources: T.  H.  Pratt,  Electrostatic Ignitions of Fires and Explosions;
Britton and Smith,  “Static Hazards of the VAST”; Britton and
Walsmley,  “Static electricity: New guidance for storage tank loading
rates”; and M.  Sherman. )
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2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

1 0 . 3 . 4 . 2    H o s e  wi th  m o r e  th an  o n e  i n te r n a l  s p i r al  s h o u l d  n o t
b e  u s e d ,  s i n c e  i t i s  n o t p o s s i b l e  to  d e te r m i n e  i f o n e  o f th e
s p i r a l s  h as  l o s t i ts  c o n ti n u i ty.

Δ 1 0 . 4  Fi l l  P i p e s .    F i l l  p i p e s  s h o u l d  b e  c o n d u c ti ve  an d  b o n d e d  to
th e  flling  s ys te m .

Δ 1 0 . 4 . 1    F i l l  p i p e s  s h o u l d  e x te n d  to  th e  b o tto m  o f th e  ve s s e l  an d
b e  e q u i p p e d  wi th  e i th e r  a  4 5 - d e g r e e  c u t ti p  o r  a te e  to  d i ve r t
fow h o r i z o n tal l y n e ar  th e  b o tto m  o f th e  ve s s e l  b e i n g flled.

Δ 1 0 . 4 . 2    T h e  d e s i g n  s h o u l d  p r e ve n t u p wa r d  s p r a yi n g d u r i n g  th e
i n i ti a l  s tag e  o f flling.  A “ s l o w s tar t”  m i gh t b e  n e c e s s a r y s o  th a t
th e  i n l e t ve l o c i ty i s  h e l d  to  l e s s  th an  1  m / s e c  ( 3 . 2 8  ft/ s e c )  u n ti l
th e  o u tl e t o f th e  d i p  p i p e  i s  c o ve r e d  b y a t l e as t two  p i p e  d i a m e ‐
te r s  o f l i q u i d .

1 0 . 5  Fi l trati o n .

1 0 . 5 . 1  Microflters.

Δ 1 0 . 5 . 1 . 1    Microflters  typ i c al l y h a ve  p o r e  s i z e s  l e s s  th a n  1 5 0  μ m
( 5 . 9  m i l s ) .  T h e s e  flters  g e n e r ate  ve r y l a r ge  s tr e am i n g  c u r r e n ts
wi th  n o n c o n d u c ti ve  l i q u i d s  d u e  to  th e i r  l ar g e  c o n tac t ar e a .
( C o n d u c ti ve  l i q u i d s  typ i c al l y d i s s i p a te  th e i r  c h a r ge  to  g r o u n d
th r o u g h  th e  b o d y o f th e  l i q u i d . )  S tr e am i n g c u r r e n ts  fr e q u e n tl y
ar e  gr e a te r  th an  th o s e  fo r  th e  p i p e  fow e n te r i n g  th e  microfl‐
ter  b y two  o r d e r s  o f m a gn i tu d e ,  a n d  th e  c h a r ge  d e n s i ty ad d e d
to  th e  l i q u i d  c a n  e x c e e d  2 0 0 0  μ C / m 3 .

N o t e s :  

( 1 )  O n e  s t r a i g h t  l i n e  t h ro u g h  t h e  s c a l e s  s o l v e s  t h e  f l o w  re l a t i o n :
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1
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( 2 )  T o  c o n v e r t  f ro m  b b l /h r  t o  m 3 /h r,  m u l t i p l y  b y  0 . 1 5 9 .

F =  (p /4 )  nd2

FI G U RE  1 0 . 1 . 7 ( b )   N o m o grap h  fo r E s ti m ati n g Fl u i d  Fl o w
P aram e te rs .  (Source: T.  H.  Pratt,  Electrostatic Ignitions of Fires and
Explosions. )

1 0 . 5 . 1 . 2    To  p r e ve n t th e  c h ar g e s  d e s c r i b e d  i n  1 0 . 5 . 1 . 1  fr o m
e n te r i n g th e  r e c e i vi n g ve s s e l ,  th e  flter  s h o u l d  b e  p l ac e d  fa r

e n o u gh  u p s tr e a m  s o  th at th e  c h a r ge  c a n  d e c ay to  th e  m ag n i ‐
tu d e  i t wo u l d  b e  i n  th e  p i p e  fow.  C o m m o n  i n d u s tr y p r ac ti c e  i s
to  p r o vi d e  3 0  s e c o n d s  o f r e s i d e n c e  ti m e  i n  th e  p i p e  o r  c o n d u c ‐

ti ve  h o s e  d o wn s tr e a m  o f th e  microflter,  e s p e c i a l l y i f th e
c o n d u c ti vi ty o f th e  l i q u i d  i s  n o t kn o wn .  F o r  n o n c o n d u c ti ve
l i q u i d s  th at h ave  b o th  ve r y l o w c o n d u c ti vi ty ( i . e . ,  l e s s  th a n  2

p S / m )  an d  h i gh  vi s c o s i ty ( i . e . ,  g r e ate r  th an  3 0  c e n ti s to ke s )  a t
th e  l o we s t i n te n d e d  o p e r a ti n g te m p e r a tu r e ,  l o n g e r  r e s i d e n c e
ti m e s  m i gh t b e  ap p r o p r i ate .  I n  th o s e  c as e s ,  a r e s i d e n c e  ti m e  o f

u p  to  th r e e  ti m e s  th e  r e l a x a ti o n  ti m e  c o n s tan t o f th e  l i q u i d
s h o u l d  b e  c o n s i d e r e d .

1 0 . 5 . 2  S trai n e rs .    M e s h  s tr a i n e r s  fner  th an  1 5 0  μ m  ( 5 . 9  m i l s )
s h o u l d  b e  tr e ate d  as  microflters.  M e s h  s tr ai n e r s  c o ar s e r  th a n
1 5 0  μ m  ( 5 . 9  m i l s )  c an  a l s o  ge n e r a te  signifcant s ta ti c  e l e c tr i c

c h a r ge  wh e r e  fo u l e d  wi th  a c c u m u l a te d  d e b r i s .  I f s u c h  c o a r s e
s tr ai n e r s  ar e  u s e d  i n  s e r vi c e s  wh e r e  d e b r i s  c an  b e  e x p e c te d  to
ac c u m u l ate ,  th e n  th o s e  s tr a i n e r s  s h o u l d  a l s o  b e  tr e ate d  a s
microflters.

1 0 . 5 . 3  P o l i s h i n g Fi l te rs .    A p o l i s h i n g  flter  i s  s o m e ti m e s  p l ac e d
at th e  e n d  o f a  d e l i ve r y l i n e  to  r e m o ve  d e b r i s .  T h i s  flter  m i g h t
b e  a b ag  i n s tal l e d  o n  th e  e n d  o f a  h o s e  a n d  d i r e c tl y e x p o s e d  to

th e  va p o r  i n  th e  tan k.  F i l te r s  u s e d  i n  fammable  l i q u i d  ( C l as s  I
l i q u i d ,  as  d e s i gn a te d  b y N F PA  3 0 )  s e r vi c e  s h o u l d  b e  e n c l o s e d  i n
gr o u n d e d  m e ta l  h o u s i n g s .

1 0 . 6  S u s p e n d e d  M ate ri al .    I m m i s c i b l e  an d  m ar g i n a l l y s o l u b l e
l i q u i d s  an d  s l o w-d i s s o l vi n g  s o l i d s  c an  d i s p e r s e  a s  d r o p l e ts  o r  a s
an  e m u l s i o n .  Wh e r e  a n o n c o n d u c ti ve  l i q u i d  c o n tai n s  a

d i s p e r s e d  p h a s e ,  s u c h  as  wate r  i n  o i l ,  th e  c o n ti n u o u s  p h a s e
d e te r m i n e s  th e  c h ar g e  r e l ax ati o n  b e h a vi o r.  C h a r ge  ge n e r a ti o n
typ i c a l l y i s  g r e ate r  fo r  s u c h  s u s p e n s i o n s  th a n  th a t fo r  a s i n gl e

p h as e .

Δ 1 0 . 7  M i s c e l l an e o u s  L i n e  Re s tri c ti o n s .    P i p i n g  s ys te m  c o m p o ‐
n e n ts ,  s u c h  as  orifce  p l a te s ,  val ve s ,  e l b o ws ,  a n d  te e s ,  i n c r e a s e

tu r b u l e n c e  an d  c a n  i n c r e as e  th e  r a te  o f c h a r ge  g e n e r ati o n .
B r i e f c o n tac t wi th  a p l as ti c  c o m p o n e n t i n  p ar ti c u l ar  c an  c au s e
signifcant c h ar g e  g e n e r ati o n .  S u s p e n d e d  m a te r i al  s u c h  a s

wate r  (see Section 1 0. 6) al s o  h a s  b e e n  fo u n d  to  i n c r e a s e  th i s
e ffe c t.

Δ C h ap te r 1 1    S tati c  E l e c tri c i ty H az ard s  o f L i q ui d s  i n  C o n tai n e rs

1 1 . 1  P o r tab l e  Tan k s ,  I n te r m e d i ate  B u l k  C o n tai n e rs  ( I B C s ) ,
an d  N o n - B u l k C o n tai n e rs .    T h e  p r ac ti c e s  specifed  i n  th i s
s e c ti o n  s h o u l d  b e  fo l l o we d  to  r e d u c e  s tati c  e l e c tr i c i ty h az ar d s

d u r i n g flling  an d  e m p tyi n g o f p o r tab l e  tan ks ,  I B C s ,  an d
c o n tai n e r s .

Δ 1 1 . 1 . 1  C o n d u c ti ve  ( M e tal )  P o r tab l e  Tan ks  an d  I B C s .

1 1 . 1 . 1 . 1    M e tal  p o r ta b l e  tan ks ,  I B C s ,  an d  c o n tai n e r s ,  i n  ad d i ‐
ti o n  to  fll  tu b e s  an d  h o s e ,  s h o u l d  b e  g r o u n d e d  d u r i n g flling

a n d  e m p tyi n g.

N 1 1 . 1 . 1 . 2    T h e  m e ta l  p o r ta b l e  tan k,  I B C ,  o r  c o n tai n e r  s h o u l d  b e
b o n d e d  to  th e  fll  s ys te m  p r i o r  to  o p e n i n g an d  s h o u l d  b e

c l o s e d  b e fo r e  b e i n g d i s c o n n e c te d  fr o m  th e  b o n d .

1 1 . 1 . 1 . 3    T h e  m e tal  p o r tab l e  ta n k o r  I B C  s h o u l d  b e  flled  i n  a
way th at r e d u c e s  o r  a vo i d s  s p l as h  flling.  F i l l i n g  i n  th i s  m a n n e r
wi l l  r e d u c e  tu r b u l e n c e  an d  r e d u c e  s tati c  c h ar g e  g e n e r ati o n  o n
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

th e  l i q u i d  i n  th e  r e c e i vi n g ve s s e l .  A gr o u n d e d  d i p  p i p e  o r
b o tto m  flling  c an  b e  u s e d  to  m i n i m i z e  s p l a s h  flling.

Δ 1 1 . 1 . 1 . 4    Wh e r e  u s e d  fo r  n o n c o n d u c ti ve  fammable
l i q u i d s ( C l as s  I  l i q u i d s ,  as  d e s i g n ate d  b y N F PA  3 0 ) ,  flters  s h o u l d
b e  p l a c e d  s u c h  th a t th e r e  i s  at l e as t 3 0  s e c o n d s  o f r e s i d e n c e
ti m e  i n  th e  p i p e  b e twe e n  th e  flter  a n d  th e  r e c e i vi n g  ve s s e l  i n
ac c o r d an c e  wi th  1 0 . 5 . 1 . 2 .

Δ 1 1 . 1 . 1 . 5    F i l l i n g r ate s  s h o u l d  b e  l i m i te d  to  th o s e  specifed  i n
Static hazards of container flling.  T h i s  p a p e r  h as  ve l o c i ty a n d  fow
e q u ati o n s  fo r  c o n ta i n e r s  gr e a te r  th a n  a n d  l e s s  th an  2 0 0  L  ( 5 2 . 8
U S  g al )  as  we l l  as  I B C s .

Δ 1 1 . 1 . 1 . 6    I f th e  fll  p i p e  d o e s  n o t e x te n d  c l o s e  to  th e  b o tto m
an d  th e  ve s s e l  i s  n o t i n e r te d ,  a s l o w s tar t ve l o c i ty o f 1  m / s e c  o r
l e s s  s h o u l d  b e  u s e d  u n ti l  th e  fll  p i p e  i s  s u b m e r g e d .

1 1 . 1 . 1 . 7    P o r tab l e  ta n ks  an d  I B C s  wi th  n o n c o n d u c ti ve  l i n i n g s
p r e s e n t g r e ate r  h az ar d s  th an  th o s e  wi th  d r u m s  d u e  to  th e
l ar g e r  c a p ac i ty an d  th e  g r e ate r  e n e r g y th at c a n  b e  s to r e d  fo r
e q u al  c h a r ge  d e n s i ti e s .

1 1 . 1 . 2  N o n c o n d uc ti ve  ( P l as ti c )  P o r tab l e  Tan k s  an d  N o n c o n ‐
d u c ti ve  I B C s .

1 1 . 1 . 2 . 1    N o n c o n d u c ti ve  p o r ta b l e  tan ks  a n d  I B C s  s h o u l d  n o t
b e  u s e d  fo r  fammable  l i q u i d s  ( C l as s  I  L i q u i d s ,  a s  d e s i g n ate d  b y
N F PA  3 0 ) .

1 1 . 1 . 2 . 2    N o n c o n d u c ti ve  p o r ta b l e  tan ks  a n d  I B C s  s h o u l d  n o t
b e  u s e d  wh e r e  i gn i ti b l e  va p o r s  c o u l d  b e  p r e s e n t.

N 1 1 . 1 . 2 . 3    T h e  r o u ti n e  h an d l i n g  o f n o n c o n d u c ti ve  ve s s e l s  flled
wi th  an y typ e  o f l i q u i d  ( i gn i ti b l e  o r  n o n i gn i ti b l e )  c a n  ge n e r a te
a c h ar g e  o n  th e  o u ts i d e  s u r fac e  o f th e  ve s s e l .  A c h ar g e  o n  th e
o u ts i d e  o f th e  ve s s e l  c an  p o s e  th e  fo l l o wi n g  r i s ks  o f s tati c  i g n i ‐
ti o n :

( 1 ) A b r u s h  d i s c h ar g e  c a p ab l e  o f i gn i ti n g fammable  vap o r s
o u ts i d e  th e  ve s s e l

( 2 ) A d i s c h a r ge  fr o m  th e  l i q u i d  s u r fac e  c au s e d  b y a n  i n d u c e d
c h a r ge  o n  th e  l i q u i d  i n s i d e  th e  ve s s e l  c a p ab l e  o f i g n i ti n g
fammable  va p o r s  i n s i d e  th e  ve s s e l

( 3 ) I n d u c ti o n  c h ar g i n g  o f o th e r  n e ar b y o b j e c ts  th at l e a d s  to
a n  e l e c tr o s tati c  d i s c h ar g e

N 1 1 . 1 . 2 . 4    F i l l i n g n o n c o n d u c ti ve  p o r ta b l e  ta n ks  o r  I B C s  wi th
c o m b u s ti b l e  l i q u i d s  ( C l a s s  I I  an d  C l as s  I I I  l i q u i d s ,  a s  d e s i gn ate d
b y N F PA 3 0 )  a t te m p e r a tu r e s  b e l o w th e i r  fash  p o i n ts  d o e s  n o t
typ i c a l l y p r e s e n t a s ta ti c  e l e c tr i c  i g n i ti o n  h az ar d .  Ap p r o p r i ate
s a fe ty m ar g i n s  m i g h t b e  r e q u i r e d  b a s e d  o n  th e  c o m p o s i ti o n  o f
th e  l i q u i d  a n d  te m p e r atu r e  c o n tr o l  m e as u r e s .

N 1 1 . 1 . 2 . 4 . 1    O p e r ati o n s  th at c o u l d  g e n e r ate  a m i s t s h o u l d  b e
e val u a te d  s i n c e  m i s ts  c a n  p r e s e n t an  e l e c tr o s ta ti c  h a z a r d .

1 1 . 1 . 2 . 5    I t s h o u l d  b e  n o te d  th at a  c h an g e  i n  fashpoint m i g h t
o c c u r  wh e n  a l i q u i d  i s  tr an s fe r r e d  i n to  a c o n tai n e r  th a t h a s
p r e vi o u s l y c o n tai n e d  an o th e r  l i q u i d  wi th  a l o we r  fashpoint.
P r o p e r  p r e c au ti o n s  s h o u l d  b e  take n  to  p r e ve n t th e  c r e a ti o n  o f
a fammable  va p o r .  (See NFPA  30 for additional details. )

1 1 . 1 . 2 . 6    P o r tab l e  tan ks  an d  I B C s  c o n s tr u c te d  o f n o n c o n d u c ‐
ti ve  m a te r i al s  ar e  p r o h i b i te d  fo r  u s e  wi th  fammable
l i q u i d s ( C l a s s  I  l i q u i d s ,  a s  d e s i g n ate d  b y N F PA 3 0 )  e x c e p t u n d e r
ve r y s tr i c t c o n d i ti o n s .  Wh e r e  s u c h  c o n tai n e r s  ar e  u s e d  fo r
c o m b u s ti b l e  l i q u i d s ( C l a s s  I I  an d  C l as s  I I I  l i q u i d s ,  a s  d e s i g n ate d
b y N F PA 3 0 ) ,  th e  p r e c au ti o n s  fo r  flling  d e p e n d  o n  th e  s i z e  o f

th e  c o n ta i n e r,  th e  c o n tai n e r  d e s i g n ,  a n d  th e  c o n d u c ti vi ty o f th e
l i q u i d .  (See NFPA  30 for additional details. )

1 1 . 1 . 3  M e tal  N o n - B u l k  C o n tai n e rs  ( D r u m s ,  P ai l s ) .

1 1 . 1 . 3 . 1    M e tal  c o n ta i n e r s  a n d  as s o c i ate d  fll  e q u i p m e n t
s h o u l d  b e  b o n d e d  to g e th e r  a n d  gr o u n d e d  d u r i n g  flling.

1 1 . 1 . 3 . 2    B o n d i n g s h o u l d  b e  d o n e  wi th  a  c l a m p  th a t h as  h ar d ‐
e n e d  s te e l  p o i n ts  th at wi l l  p e n e tr a te  p ai n t,  c o r r o s i o n  p r o d u c ts ,

an d  a c c u m u l a te d  m ate r i a l  u s i n g e i th e r  s c r e w fo r c e  o r  a s tr o n g
s p r i n g .  (See Annex  G for recommendations. )

1 1 . 1 . 3 . 3    T h e  c l am p  s h o u l d  b e  a p p l i e d  p r i o r  to  r e m o va l  o f th e
c o n tai n e r  b u n g s  an d  at a  p o i n t o n  th e  to p  c h i m e  th a t i s  l o c a te d

a way fr o m  th e  b u n g  o p e n i n g s .

1 1 . 1 . 3 . 4    T h e  ve r ti c al  g r o u n d e d  fll  p i p e  s h o u l d  b e  c u t at a n
a n gl e  ( e . g . ,  4 5  d e g r e e s )  an d  b e  l e ft r e l ati ve l y s h a r p  to  r e d u c e

th e  r i s k o f s ta ti c  d i s c h ar g e .

1 1 . 1 . 3 . 5    T h e  ti p  o f th e  fll  p i p e  s h o u l d  e x te n d  to  n e ar l y th e
b o tto m  o f th e  d r u m [ e . g . , 2 5  m m  ( 1  i n . ) ]  an d  r e m ai n  b e n e ath
th e  l i q u i d  s u r fac e  u n ti l  th e  d r u m  i s  flled.  Vi s c o u s  l i q u i d s  th at
fow wi th o u t s p l as h i n g  c an  b e  defected  b y a s h o r t fll  n o z z l e  to
fow d o wn  th e  i n s i d e  wal l  o f th e  d r u m .  D e p e n d i n g o n  e l e c tr o ‐
s tati c  c h a r ge  d e n s i ty,  i n e r ti n g m i g h t b e  n e c e s s a r y,  p a r ti c u l a r l y

fo r  n o n c o n d u c ti ve  vi s c o u s  l i q u i d s .

1 1 . 1 . 3 . 6    M e tal  c o n tai n e r s  d i s p e n s i n g l i q u i d  s h o u l d  b e  gr o u n ‐
d e d .

1 1 . 1 . 3 . 7    S e l f- c l o s i n g,  m e ta l  d i s p e n s i n g val ve s  s h o u l d  b e  u s e d .
N o n -s e l f-c l o s i n g  va l ve s  c a n  r e s u l t i n  l o s s  o f c o n tai n m e n t.

N 1 1 . 1 . 3 . 8    S e l f- c l o s i n g p l as ti c  va l ve s ,  i f u s e d ,  s h o u l d  n o t b e  e l e c ‐
tr o s ta ti c a l l y c h ar g e d  b y a c ti o n s  s u c h  as  r u b b i n g .

Δ 1 1 . 1 . 3 . 9    Wh e r e  l i q u i d  i s  d i s p e n s e d  fr o m  a n  u p r i g h t d r u m ,  th e
d i p  p i p e ,  h o s e ,  a n d  p u m p  s h o u l d  b e  c o n d u c ti ve ,  b o n d e d  to  th e

d r u m ,  an d  gr o u n d e d .  (For funnels and receiving containers,  see
1 1 . 1 . 7. )

1 1 . 1 . 4  P l as ti c - L i n e d  M e tal  N o n - B u l k  C o n tai n e rs .

1 1 . 1 . 4 . 1 *    M e ta l  c o n tai n e r s  c o a te d  o r  l i n e d  wi th  i n s u l ati n g
m a te r i al  m ay p o s e  an  e l e c tr o s tati c  i g n i ti o n  h az ar d  i f u s e d  fo r
fammable  l i q u i d s  ( C l a s s  I  l i q u i d s ,  as  d e s i gn a te d  b y N F PA 3 0 ) .

I f m e tal  c o n tai n e r s  c o a te d  o r  l i n e d  wi th  i n s u l a ti n g m a te r i al
n e e d  to  b e  u s e d  fo r  fammable  l i q u i d s ,  th e i r  i gn i ti o n  h az ar d s

s h o u l d  b e  e va l u a te d .

1 1 . 1 . 4 . 2    Wh e r e  th e  d r u m  h a s  a  l i n i n g o f n o n c o n d u c ti ve  p l as ti c
th i c ke r  th an  5 0  μ m  ( 2  m i l s ) ,  i t s h o u l d  b e  tr e ate d  as  a  n o n c o n ‐

d u c ti ve  c o n ta i n e r,  u n l e s s  th e  l i n i n g  i s  e i th e r  c o n d u c ti ve
( vo l u m e  r e s i s ti vi ty <  1  ×  1 0 5  o h m -m )  o r  s tati c  d i s s i p ati ve
( vo l u m e  r e s i s ti vi ty <  1  ×  1 0 9  o h m -m ) .  C o n d u c ti ve  an d  s ta ti c

d i s s i p ati ve  l i n i n g s  a r e  c o n d u c ti ve  e n o u g h  to  s afe l y d i s s i p ate
c h a r ge  p r o vi d e d  th e  l i n i n g  i s  n o t i s o l a te d  fr o m  g r o u n d  b y a

n o n c o n d u c ti ve  c o ati n g  b e n e ath  i t (see 1 1 . 1 . 5).  O wi n g to  th e
c o m m o n  u s e  o f s u r fac e  r e s i s ti vi ty to  d e s c r i b e  l i n i n g s ,  i t i s
r e c o m m e n d e d  th a t c o n d u c ti ve  typ e s  b e  u s e d  wh e r e  th e  vo l u m e

r e s i s ti vi ty i s  i n  d o u b t.  To  a vo i d  s p a r k h a z a r d s  d u e  to  b atc h
d e fe c ts  o f c o n d u c ti ve  l i n i n g s ,  a s i m p l e  p e r fo r m a n c e  te s t c an  b e
u s e d .  F o r  e x am p l e ,  m e g ge r  o r  te r a-o h m m e te r  m e as u r e m e n ts

c a n  b e  m ad e  b e twe e n  th e  to p  a n d  b o tto m  o f s e ve r a l  l i n i n g
s a m p l e s  to  confrm  th at th e  r e s i s ta n c e  i s  wi th i n  th e  r an g e  p r o vi ‐

d e d  b y th e  l i n i n g s u p p l i e r.
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2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ 1 1 . 1 . 5 *  Re m o vab l e  C o n d u c ti ve  an d  S tati c  D i s s i p ati ve  L i n i n gs .
D r u m s  an d  p a i l s  u s u a l l y h a ve  i n te r n al  n o n c o n d u c ti ve  p h e n o l i c

o r  e p o x y i n te r n al  p ai n te d  c o ati n g s  l e s s  th a n  5 0  μ m  ( 2  m i l s )
th i c k.  T h e s e  c o ati n g s  c an  i s o l ate  th e  r e m o va b l e  l i n i n g  p l u s  an y

l i q u i d  c o n te n ts  fr o m  g r o u n d .  N o  s p e c i al  m e as u r e s  ar e  n e e d e d
fo r  g r o u n d e d ,  l i n e d  p ai l s  d u r i n g  o r d i n a r y l i q u i d  tr an s fe r  an d
s ti r r i n g o p e r a ti o n s ,  al th o u gh  o p e n  p ai l s  s h o u l d  b e  g r o u n d e d

u s i n g  a c l am p  at th e  u p p e r  r i m  th at al s o  g r o u n d s  th e  r e m o va‐
b l e  l i n i n g.  T h e  fo l l o wi n g  m e a s u r e s  s h o u l d  b e  c o n s i d e r e d  fo r
d r u m s :

( 1 ) O p e n -h e ad  d r u m s  s h o u l d  b e  g r o u n d e d  u s i n g  a c l am p
c o n n e c te d  ac r o s s  th e  u p p e r  c h i m e  s o  th at b o th  th e  d r u m
an d  r e m o va b l e  l i n i n g  a r e  b o n d e d  an d  g r o u n d e d .

( 2 ) C l o s e d - h e ad  d r u m s  c an ,  i n  m an y c as e s ,  b e  flled  vi a a
g r o u n d e d  d i p  p i p e  th at i s  fu l l y i n s e r te d  b e fo r e  th e  d r u m
i s  flled.

Δ 1 1 . 1 . 5 . 1    Wh e r e  th e  m e as u r e s  ar e  i m p r ac ti c al ,  a  h e l p fu l  m e a s ‐
u r e  i s  to  s e l e c t d r u m s  th a t h ave  c o a ti n g th i c kn e s s e s  i n  th e  r a n ge
o f 1 2  μ m  to  2 5  μ m  ( 0 . 5  m i l  to  1  m i l )  s o  th at th e  b r e a kd o wn

vo l tag e  b e twe e n  th e  l i n i n g a n d  th e  d r u m  i s  m i n i m i z e d .  A p r a g‐
m a ti c  s o l u ti o n  i s  s i m p l y to  r e m o ve  p a r t o f th e  d r u m  c o ati n g  at
th e  c h i m e  s o  th at th e  l i n i n g  c o n tac ts  b ar e  m e tal .

1 1 . 1 . 6  P l as ti c  N o n - B ul k C o n tai n e rs .    T h e  u s e  o f p l as ti c
c o n tai n e r s  fo r  fammable  l i q u i d s ( C l as s  I  l i q u i d s ,  as  d e s i gn a te d

b y N F PA 3 0 )  i s  l i m i te d  b y N F PA 3 0 .  Wh e r e  s u c h  c o n tai n e r s  ar e
u s e d  fo r  c o m b u s ti b l e  l i q u i d s ( C l as s  I I  an d  C l a s s  I I I  l i q u i d s ,  a s
d e s i g n ate d  b y N F PA 3 0 ) ,  th e  p r e c au ti o n s  fo r  flling  d e p e n d  o n

th e  s i z e  o f th e  c o n tai n e r,  th e  c o n ta i n e r  d e s i gn ,  a n d  th e  c o n d u c ‐
ti vi ty o f th e  l i q u i d .

1 1 . 1 . 6 . 1    B e c au s e  p l as ti c  c o n ta i n e r s  c a n n o t b e  g r o u n d e d ,  th e y
s h o u l d  n o t b e  u s e d  fo r  fammable  l i q u i d s ( C l as s  I  l i q u i d s ,  a s
d e s i g n ate d  b y N F PA 3 0 )  o r  h an d l e d  i n  fammable  atm o s p h e r e s

wi th o u t e x p e r t r e vi e w o f th e  h a z a r d s .

1 1 . 1 . 6 . 2    F o r  C l as s  I I  l i q u i d s  ( a s  d e s i g n ate d  b y N F PA 3 0 ) ,
h a z a r d s  o f s ta ti c  e l e c tr i c i ty s h o u l d  b e  ad d r e s s e d  as  fo l l o ws :

( 1 ) Wh e r e  th e  l i q u i d  i s  wi th i n  5 ° C  ( 9 ° F )  o f i ts  fash  p o i n t,  fo r
h o m o ge n e o u s  l i q u i d s ,  o r  1 1 ° C  ( 2 0 ° F )  o f i ts  fash  p o i n t,

fo r  m i x e d  l i q u i d s  o f u n c e r tai n  c o m p o s i ti o n  d u r i n g  flling
o r  e m p tyi n g

( 2 ) Wh e r e  th e  c o n ta i n e r  m i g h t b e  s to r e d  o r  h an d l e d  i n  a n
i gn i ti b l e  am b i e n t atm o s p h e r e

1 1 . 1 . 6 . 3    T h e  o p ti o n s  th a t c a n  b e  u s e d  to  a d d r e s s  th e  s i tu a ti o n
specifed  i n  1 1 . 1 . 6 . 2 ( 1 )  i n c l u d e  b o tto m  flling  an d  c o o l i n g o f

th e  l i q u i d  p r i o r  to  u n l o a d i n g ,  e s p e c i a l l y i f th e  c o n tai n e r  h a s
b e e n  i n  d i r e c t s u n l i gh t o r  i n  a h o t s to r ag e  ar e a.  C o n ti n u o u s
i n e r ti n g d u r i n g  u n l o a d i n g c an  al s o  b e  c o n s i d e r e d .

1 1 . 1 . 6 . 4    F o r  th e  s i tu ati o n  specifed  i n  1 1 . 1 . 6 . 2 ( 2 ) ,  p l a s ti c
c o n tai n e r s  s h o u l d  b e  s to r e d  awa y fr o m  c o n tai n e r s  o f fammable

l i q u i d s  ( C l a s s  I  l i q u i d s ,  as  d e s i g n ate d  b y N F PA 3 0 )  s o  th at th e
h a z a r d  o f s tati c  e l e c tr i c  d i s c h a r ge  fr o m  th e  e x te r n al  s u r fac e  o f
th e  p l as ti c  c o n tai n e r  i s  a vo i d e d .

Δ 1 1 . 1 . 7  H an d h e l d  C o n tai n e rs .

N 1 1 . 1 . 7 . 1    T h e  s e ve r i ty/ c o n s e q u e n c e  o f a fre,  fash  fre,  a n d / o r
e x p l o s i o n  i s  e x p e c te d  to  i n c r e a s e  wi th  th e  c o n ta i n e r  s i z e .  T h e

r i s k o f i gn i ti o n  fr o m  s tati c  e l e c tr i c i ty d i s c h ar g e  i s  ab o u t th e
s a m e  r e g ar d l e s s  o f th e  c o n tai n e r  s i z e .  H a n d h e l d  c o n tai n e r s  ar e
typ i c a l l y 2 5   L  ( 6 . 6  U S  g al )  o r  l e s s .

Δ 1 1 . 1 . 7 . 2    L i s te d  s afe ty c an s  s h o u l d  b e  u s e d ,  e s p e c i al l y th o s e
e q u i p p e d  wi th  a  fexible  m e tal  d i s p e n s i n g n o z z l e  s o  th e y c an  b e

u s e d  wi th o u t a fu n n e l .

1 1 . 1 . 7 . 3    N o n c o n d u c ti ve  ( e . g . ,  p l a s ti c )  c o n tai n e r s  c an n o t b e
g r o u n d e d  a n d  s h o u l d  b e  l i m i te d  to  a p p r o x i m a te l y 2  L  ( 0 . 5  U S

ga l )  fo r  C l as s  I A l i q u i d s  ( as  d e s i gn a te d  b y N F PA 3 0 )  an d
ap p r o x i m a te l y 5   L  ( 1 . 3  U S  g al )  fo r  C l as s  I B  a n d  C l a s s  I C  l i q u i d s
( as  d e s i g n ate d  b y N F PA  3 0 ) .

N 1 1 . 1 . 7 . 3 . 1    An  e x c e p ti o n  i s  ga s o l i n e ,  fo r  wh i c h  ap p r o ve d  2 0  L
( 5 . 3  U S  g al )  p l a s ti c  c a n s  h ave  b e e n  wi d e l y u s e d  fo r  m a n y ye a r s

wi th  n o  r e p o r te d  i n c r e as e  i n  i gn i ti o n  i n c i d e n ts  d u e  to  s ta ti c
e l e c tr i c i ty c o m p ar e d  wi th  m e ta l  c an s .  T h at r e c o r d  i s  d u e  i n  p ar t
to  th e  r a p i d  e s tab l i s h m e n t o f r i c h  ( ab o ve  th e  U F L )  g as o l i n e

vap o r  i n s i d e  th e  c a n .

1 1 . 1 . 7 . 4    T h e  p l a s ti c  c o n ta i n e r s  specifed  i n  1 1 . 1 . 7 . 3  s h o u l d  n o t
b e  u s e d  fo r  o th e r  fammable  l i q u i d s  ( C l as s  I  l i q u i d s ,  as  d e s i g n a‐

te d  b y N F PA  3 0 )  wi th o u t r e vi e w o f th e  h az ar d s .  U n l i ke  ga s o l i n e ,
c o n d u c ti ve  l i q u i d s  s u c h  a s  al c o h o l s  c an  b e c o m e  i n d u c ti ve l y
c h a r ge d  b y a c h a r ge d  p l as ti c  c o n ta i n e r  a n d  gi ve  r i s e  to  s p ar ks .

I n  ad d i ti o n ,  th e  c o n tai n e r  c an  c o n ta i n  an  i gn i ti b l e  atm o s p h e r e .

1 1 . 1 . 8  N o n c o n d u c ti ve  ( P l as ti c )  C o n tai n e rs .    S u b j e c t to  th e
vo l u m e  l i m i tati o n s  d e s c r i b e d  i n  1 1 . 1 . 7 ,  fammable  l i q u i d s

( C l as s  I  l i q u i d s ,  as  d e s i g n ate d  b y N F PA 3 0 )  s h o u l d  b e  h an d l e d
i n  s m a l l  gl as s  o r  p l as ti c  c o n tai n e r s  o f 0 . 5  L  ( 0 . 1 3  U S  g al )

c a p ac i ty o r  l e s s .

1 1 . 1 . 8 . 1    Wh e r e  th e  c o n tai n e r s  specifed  i n  1 1 . 1 . 8  ar e  i n vo l ve d
i n  fr e q u e n t tr a n s fe r  o p e r a ti o n s ,  s u c h  as  a s m a l l - s c a l e  s o l ve n t

b l e n d i n g o p e r a ti o n ,  a  gr o u n d e d  m e ta l  fu n n e l  wi th  a s p o u t th at
e x te n d s  to  th e  b o tto m  o f th e  c o n tai n e r  s h o u l d  b e  u s e d  fo r  fll‐
ing th e  c o n tai n e r.  T h i s  p r ac ti c e  e n s u r e s  th a t a n y c h a r ge

i n d u c e d  o n  th e  l i q u i d  b y th e  c o n tai n e r,  as  c o u l d  h ap p e n  i f th e
p l a s ti c  c o n tai n e r  h a s  b e e n  c h a r ge d  b y r u b b i n g ,  i s  d i s s i p a te d

th r o u g h  th e  g r o u n d e d  fu n n e l .

1 1 . 1 . 8 . 2    P l as ti c  o r  gl as s  fu n n e l s  s h o u l d  b e  u s e d  o n l y wh e r e
e s s e n ti al  fo r  c o m p ati b i l i ty r e as o n s .

1 1 . 1 . 9  C o n tai n e rs  fo r S am p l i n g.

Δ 1 1 . 1 . 9 . 1    I gn i ti o n  r i s k i s  g r e atl y i n c r e as e d  wh e r e  a n  i g n i ti b l e
a tm o s p h e r e  i s  p r e s e n t o u ts i d e  th e  c o n tai n e r  ( e . g . ,  wh e r e

s a m p l i n g i s  d i r e c tl y fr o m  a  tan k o r  a s am p l e  i s  tr an s fe r r e d  n e a r
a m a n way b e c a u s e  s u c h  a c ti o n  c an  p r e c i p i tate  a l a r ge  fre  o r

e x p l o s i o n ) .  A g r o u n d e d  m e ta l  s am p l e  “ th i e f”  o r  g l as s  b o ttl e  i n
a gr o u n d e d  m e tal  s am p l e  c ag e  c a n  b e  u s e d  i n  s u c h  c a s e s .

1 1 . 1 . 9 . 2    B e c au s e  th e y ar e  m o r e  e as i l y c h a r ge d  th a n  gl as s ,
n o n c o n d u c ti ve  p l as ti c  c o n tai n e r s  s h o u l d  b e  a vo i d e d  e x c e p t
wh e r e  u s e d  i n  we l l - ve n ti l ate d  a r e as .  I f o u td o o r  s a m p l i n g i s

c a r r i e d  o u t at s am p l e  s p i g o ts  th at ar e  l o c ate d  a way fr o m  ta n k
o p e n i n g s  a n d  i n  fr e e l y ve n ti l ate d  a r e as  an d  i f s a m p l e d  q u an ti ‐
ti e s  a r e  1  L  ( 0 . 2 6  U S  g al )  o r  l e s s ,  th e  fre  r i s k i s ,  i n  m o s t c as e s ,
insuffcient to  n e c e s s i tate  an y s p e c i a l  p r o c e d u r e s  o th e r  th an

b o n d i n g  o f m e tal  c o m p o n e n ts .

1 1 . 2 *  C l e an i n g o f C o n tai n e rs .

1 1 . 2 . 1    C o n ta i n e r s  s h o u l d  b e  b o n d e d  an d  gr o u n d e d  p r i o r  to
b e i n g o p e n e d  fo r  c l e an i n g o p e r a ti o n s  s u c h  as  s te a m i n g .

1 1 . 2 . 2    C l e a n i n g  e q u i p m e n t s h o u l d  b e  b o n d e d  o r  gr o u n d e d .
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

C h ap te r 1 2    S tati c  E l e c tri c i ty H az ard s  o f L i q u i d s  i n  B u l k
S to rage  Tan k s  an d  i n  Tan k Ve h i c l e s

1 2 . 1  S to rage  Tan k s .

1 2 . 1 . 1 *  G e n e ral .    L i q u i d  fowing  i n to  a  tan k c a n  c ar r y a  s ta ti c
e l e c tr i c  c h ar g e  th at wi l l  ac c u m u l ate  i n  th e  ta n k.  T h i s  c h a r ge

c a n  b e  d e te c te d  a s  a  p o te n ti a l  ab o ve  th e  s u r fa c e  o f th e  l i q u i d  i n
th e  ta n k.  T h e  m a x i m u m  s u r fa c e  p o te n ti al  atta i n e d  d e p e n d s  o n

th e  c h a r ge  d e n s i ty o f th e  i n c o m i n g  l i q u i d  a n d  o n  th e  d i m e n ‐
s i o n s  o f th e  tan k.  T h e  p r e c au ti o n s  i n  th i s  s e c ti o n  r e g ar d i n g fll
r ate s  an d  fow ve l o c i ti e s  s h o u l d  b e  ta ke n  wh e r e  an  i g n i ti b l e

a tm o s p h e r e  c a n  b e  p r e s e n t i n  th e  tan k.  I n  g e n e r al ,  a p r o p e r l y
i n e rte d  tan k wi l l  n o t n e e d  to  fo l l o w th e  fow ve l o c i ty g u i d e l i n e s
i n  S e c ti o n   1 2 . 1 .

1 2 . 1 . 2  Classifcation.    F o r  th e  p u r p o s e  o f S e c ti o n  1 2 . 1 ,  s to r ag e
ta n ks  ar e  classifed  a c c o r d i n g  to  th e i r  d i am e te r  an d  c a p ac i ty,  a s

s h o wn  i n  Tab l e  1 2 . 1 . 2 .

Δ 1 2 . 1 . 3    F o r  th e  p u r p o s e  o f S e c ti o n  1 2 . 1 ,  c o n d u c ti ve  ta n ks  a r e
c o n s i d e r e d  to  b e  th o s e  ve s s e l s  h avi n g  l e s s  th an  1  m e g o h m

r e s i s ta n c e  to  g r o u n d .

1 2 . 1 . 4  L arge  C o n d uc ti ve  Tan ks .

1 2 . 1 . 4 . 1    F o r  a l l  l i q u i d s  ( fr o m  n o n c o n d u c ti ve  to  c o n d u c ti ve ) ,
th e  fo l l o wi n g p r e c a u ti o n s  s h o u l d  b e  ta ke n :

( 1 ) T h e  ta n k an d  al l  a s s o c i a te d  e q u i p m e n t,  s u c h  as  p i p i n g ,
p u m p s ,  an d  flters,  s h o u l d  b e  g r o u n d e d .

( 2 ) P e r s o n n e l  e n te r i n g  o r  wo r ki n g  n e ar  ta n k o p e n i n g s
s h o u l d  b e  gr o u n d e d .

( 3 ) S p l as h  flling  s h o u l d  b e  avo i d e d .
( 4 ) F o r  l o w c o n d u c ti vi ty l i q u i d s ,  th e  g u i d e l i n e s  g i ve n  i n  Tab l e

1 2 . 1 . 4 . 4  s h o u l d  b e  fo l l o we d .

1 2 . 1 . 4 . 2  Specifc  Re c o m m e n d ati o n s  fo r L arge  C o n d u c ti ve
Fi x e d - Ro o f Tan ks .    F o r  n o n c o n d u c ti ve  l i q u i d s ,  th e  fo l l o wi n g
a d d i ti o n al  p r e c au ti o n s  s h o u l d  b e  take n :

( 1 ) H i g h  s tati c  e l e c tr i c  c h ar g e –ge n e r a ti n g e l e m e n ts ,  s u c h  a s
p u m p s  a n d  flters,  s h o u l d  b e  l o c ate d  a  s u i tab l e  r e s i d e n c e
ti m e  u p s tr e a m  o f th e  tan k i n l e t.  (See 1 0. 5. 1 . 2. )

( 2 ) F o r  u n c o n ta m i n ate d  s i n g l e - p h as e  l i q u i d s ,  th e  i n l e t fow
ve l o c i ty s h o u l d  b e  r e s tr i c te d  to  1  m / s  ( 3 . 2 8  ft/ s )  u n ti l  th e

fll  p i p e  h as  b e e n  s u b m e r ge d  to  a  d e p th  o f twi c e  th e  i n l e t
p i p e  d i am e te r.  F i l l  r ate  c a n  th e n  b e  i n c r e as e d  u p  to  7  m / s
( 2 3   ft/ s ) .

( 3 ) F o r  m u l ti p h as e  o r  c o n tam i n ate d  l i q u i d s  an d  wh e r e  i t
c a n n o t b e  e n s u r e d  th a t wate r  b o tto m s  wi l l  n o t b e
d i s tu r b e d ,  th e  i n l e t fow ve l o c i ty s h o u l d  b e  r e s tr i c te d  to

1   m / s  ( 3 . 2 8   ft/ s )  d u r i n g th e  e n ti r e  fll  c yc l e .
( 4 ) U s e  o f a c e n tr al l y l o c ate d  i n l e t p i p e  th a t e x te n d s  to  wi th i n

1 5 0  m m  ( 5 . 9 1  i n . )  o f th e  b o tto m  o f th e  ta n k i s  r e c o m ‐
m e n d e d .  A h o r i z o n tal  te e  i s  r e c o m m e n d e d  at th e
d i s c h ar g e  fo r  b o tto m  fll  c o n n e c ti o n s .

( 5 ) Ac c u m u l ati o n  o f wate r  an d  s e d i m e n t i n  th e  ta n k s h o u l d
b e  m i n i m i z e d .

( 6 ) F o r  m u l ti s ta ge  l o a d i n g ,  l i q u i d s  s h o u l d  b e  tr a n s fe r r e d  to
th e  ta n k i n  i n c r e as i n g  o r d e r  o f d e n s i ty.

( 7 ) I n  al l  c as e s ,  th e  m ax i m u m  fow ve l o c i ty s h o u l d  n o t e x c e e d
7   m / s  ( 2 3   ft/ s ) .

1 2 . 1 . 4 . 3 *  Specifc  Re c o m m e n d ati o n s  fo r L arge  C o n d u c ti ve
Fl o ati n g- Ro o f Tan k s  an d  Fi x e d - Ro o f Tan ks  wi th  I n te r n al  Fl o at‐
i n g C o ve rs .    F o r  al l  l i q u i d s ,  a n  i n i ti al  fow ve l o c i ty n o  g r e ate r
th a n  1  m / s  ( 3 . 2 8  ft/ s )  s h o u l d  b e  m ai n ta i n e d  at al l  ti m e s  wh i l e

th e  r o o f o r  c o ve r  i s  l an d e d ,  r e g ar d l e s s  o f d e p th  o f l i q u i d  ab o ve
th e  i n l e t c o n n e c ti o n .  F l o w ve l o c i ty c an  b e  i n c r e as e d  wh e n  th e
r o o f o r  c o ve r  b e c o m e s  b u o yan t.  At th a t ti m e ,  th e  fammable

a tm o s p h e r e  wi l l  b e  s h i e l d e d  fr o m  th e  p o te n ti al s  d e ve l o p i n g
d u r i n g flling  b y th e  foating  r o o f o r  c o ve r,  p r o vi d e d  th e  r o o f o r
c o ve r  i s  m ad e  fr o m  c o n d u c ti ve  m ate r i a l  a n d  i s  p r o p e r l y gr o u n ‐
d e d .

1 2 . 1 . 4 . 4  S u m m ar y o f Fl o w Ve l o c i ti e s .    Tab l e  1 2 . 1 . 4 . 4  s u m m ar i ‐
z e s  th e  fow ve l o c i ty r e s tr i c ti o n s  fo r  l a r ge  tan ks .

1 2 . 1 . 5  M e d i u m - S i z e d  Fi x e d - Ro o f C o n d uc ti ve  Tan ks .

1 2 . 1 . 5 . 1    T h e  fo l l o wi n g  p r e c a u ti o n s  s h o u l d  b e  take n  fo r  a l l
typ e s  o f l i q u i d :

( 1 ) T h e  r e c o m m e n d ati o n s  i n  1 2 . 1 . 4 . 1  s h o u l d  b e  fo l l o we d .
( 2 ) F l o w ve l o c i ti e s  wi th i n  th e  l i m i ts  gi ve n  i n  1 2 . 1 . 5 . 3  s h o u l d

b e  m ai n ta i n e d .
( 3 ) L i n e s  s h o u l d  b e  c l e ar e d  wi th  a i r  o r  o th e r  ga s  u n l e s s  i t i s

c e r tai n  th a t th e  o p e r ati o n  wi l l  n o t o ve r p r e s s u r e  th e  e q u i p ‐
m e n t.

Tab l e   1 2 . 1 . 2  Classifcation  o f S to rage  Tan k s

Tan k  S i z e

Al l  Ve r ti c al - Ax i s  C yl i n d ri c al  Tan ks
an d  Al l  Re c tan gu l ar Tan k s  Wh o s e

L e n gth - to - Wi d th  Rati o  ≤  1 . 5

Al l  H o ri z o n tal - Ax i s  C yl i n d ri c al  Tan k s
an d  Al l  Re c tan gu l ar Tan ks  Wh o s e

L e n gth - to - Wi d th  Rati o  >  1 . 5

L a r ge  tan ks D >  1 0   m C ap ac i ty >  5 0 0   m 3

M e d i u m  ta n ks 1 . 3   m  <  D ≤  1 0   m 2   m 3  <  c a p ac i ty ≤  5 0 0   m 3

S m al l  tan ks D ≤  1 . 3   m C ap ac i ty ≤  2   m 3

F o r  U S  u n i ts ,  1   m  =  3 . 2 8  fe e t,  1   m 3  =  2 6 4  U S  g a l
D =  d i a m e te r  o f c yl i n d r i c a l  ta n ks  [ fo r  r e c tan g u l a r  ta n ks  D =  2 ( LW/ N) 1 / 2 ]  ( m )
L =  m ax i m u m  l i n e ar  d i m e n s i o n  o f n o n c yl i n d r i c a l  r e c ta n g u l a r  c r o s s -s e c ti o n  ta n k  ( m )
W =  m i n i m u m  l i n e a r  d i m e n s i o n  o f n o n c yl i n d r i c al  r e c tan g u l a r  c r o s s -s e c ti o n  ta n k ( m )

d =  i n l e t fll  l i n e  d i a m e te r  ( m )
v =  i n l e t l i q u i d  fow ve l o c i ty ( m / s )
N =  1  fo r  ta n k l e n g th s  <  2   m
N =  ( L/ 2 ) 1 / 2  fo r  ta n k l e n g th s  ≥  2   m  a n d  ≤  4 . 6   m

N =  1 . 5  fo r  tan k l e n g th s  >  4 . 6   m
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1 2 . 1 . 5 . 2    T h e  fo l l o wi n g a d d i ti o n al  p r e c a u ti o n s  s h o u l d  b e  ta ke n
fo r  l o w c o n d u c ti vi ty l i q u i d s :

( 1 ) Suffcient r e s i d e n c e  ti m e  s h o u l d  b e  p r o vi d e d  fo r  c h ar g e
r e l ax ati o n  b e twe e n  h i gh  c h ar g i n g  e l e m e n ts  ( e . g . ,  flters)
a n d  th e  tan k i n l e t,  as  r e c o m m e n d e d  i n  Ta b l e  1 2 . 1 . 4 . 4 .

( 2 ) T h e  l e ve l  o f wa te r  i n  th e  b o tto m  o f th e  ta n k s h o u l d  b e
ke p t at l e a s t two  p i p e  d i am e te r s  b e l o w th e  i n l e t.

( 3 ) T h e  i n l e t s h o u l d  b e  d e s i g n e d  to  m i n i m i z e  j e tti n g  o f
h i g h l y c h ar g e d  p r o d u c t to  th e  s u r fa c e  an d  to  m i n i m i z e
th e  d i s tu r b a n c e  o f wate r  b o tto m s  o r  s e d i m e n t.  F o r  e x a m ‐

p l e ,  a d i p  p i p e  s h o u l d  b e  u s e d  fo r  o ve rh e ad  flling  an d  a
h o r i z o n tal  te e  s h o u l d  b e  u s e d  fo r  b o tto m  s i d e  e n tr y fll‐
ing.

( 4 ) S p l as h  flling  s h o u l d  b e  a vo i d e d  b y b o tto m  flling  o r  b y
u s i n g  a n  i n l e t p i p e  e x te n d i n g  c l o s e  to  th e  ta n k b o tto m .  A
fll  p i p e  d i r e c te d  to war d  th e  i n n e r  wal l  o f th e  tan k c a n  b e
u s e d  wh e r e  th e  p r o c e s s  r e q u i r e s  to p  flling.  I n  s u c h  c as e s ,
fow ve l o c i ty s h o u l d  n o t e x c e e d  th e  l e s s e r  o f 2  m / s
( 6 . 5 6  ft/ s )  o r  5 0  p e r c e n t o f th e  fow ve l o c i ty d e te r m i n e d
fr o m  th e  a l l o wa b l e  ve l o c i ty l i m i t (see 1 2. 1 . 5. 3),  a n d  th e

p i p e  d i s c h ar g e  s h o u l d  b e  a t l e a s t 2 0 0  m m  ( 7 . 8 7   i n . )  ab o ve
th e  m ax i m u m  fll  l e ve l .

1 2 . 1 . 5 . 3  Ad d i ti o n al  Fl o w Ve l o c i ty an d  Fl o w Rate  L i m i tati o n s
fo r M e d i u m - S i z e d  Fi x e d - Ro o f Tan ks .

1 2 . 1 . 5 . 3 . 1    To  p r e ve n t d an g e r o u s  ac c u m u l ati o n  o f s tati c  e l e c ‐
tr i c  c h a r ge ,  fow ve l o c i ty m u s t b e  l i m i te d  th r o u g h  a  r e l a x a ti o n
re g i o n  u p s tr e am  o f th e  tan k.  T h i s  r e gi o n  c o n s i s ts  o f a  r u n  o f
p i p i n g  th r o u gh  wh i c h  th e  l i q u i d  h a s  a r e s i d e n c e  ti m e  e q u a l  to
th e  l e s s e r  o f 3 0  s e c o n d s  o r  3  r e l ax ati o n  ti m e s .  Re l ax ati o n  ti m e
s h o u l d  b e  b as e d  o n  th a t l i q u i d  h avi n g  th e  l o we s t p o s s i b l e
c o n d u c ti vi ty th at m i g h t b e  h a n d l e d .  T h e  3 0  s e c o n d s  c r i te r i o n
s h o u l d  b e  a d o p te d  wh e r e  th e  l o we s t va l u e  o f c o n d u c ti vi ty i s  n o t
kn o wn .

1 2 . 1 . 5 . 3 . 2    To  e n s u r e  th at th e  ve l o c i ty l i m i ts  a r e  m e t th r o u gh ‐
o u t th e  r e l ax ati o n  r e gi o n ,  i t i s  n e c e s s a r y o n l y to  e n s u r e  th a t

th e y a r e  m e t th r o u g h  th e  m o s t c r i ti c al  s e c ti o n ,  wh i c h  i s  th at
s e c ti o n  h avi n g  th e  s m a l l e s t p i p e  d i am e te r  i n  a n  u n b r an c h e d

s ys te m .  I f th e  s e c ti o n  h avi n g  th e  s m al l e s t d i am e te r  i s  l e s s  th an
5  m  ( 1 6 . 4  ft)  l o n g  an d  i s  o n l y o n e  n o m i n a l  p i p e  s i z e  l e s s  th a n
th e  s e c ti o n  h avi n g  th e  n e x t s m al l e s t d i am e te r,  th e n  th e  l atte r

c a n  b e  take n  a s  th e  c r i ti c al  o n e .

1 2 . 1 . 5 . 3 . 3    F o r  b r an c h e d  s ys te m s  ( e . g . ,  a l ar g e  fe e d e r  l i n e  th at
d i vi d e s  i n to  s m al l e r  l i n e s ,  s u c h  th at th e  u p s tr e a m  p i p e

s e g m e n ts  fe e d  s e ve r al  tan ks  wh i l e  d o wn s tr e am  s e c ti o n s  e a c h
fe e d  j u s t o n e  ta n k) ,  th e  c r i ti c al  s e c ti o n  i s  th e  o n e  wi th  th e  h i gh ‐

e s t val u e  o f Fs/ ds
3 ,  wh e r e  Fs i s  th e  h i g h e s t p o s s i b l e  fow r a te

th r o u g h  th e  s e g m e n t an d  ds i s  th e  d i a m e te r  o f th e  p i p e  i n  th e
s e g m e n t.

1 2 . 1 . 6  L i m i tati o n s  fo r M e d i um - S i z e d  Fi x e d - Ro o f Tan ks .

1 2 . 1 . 6 . 1    Al l o wa b l e  fow ve l o c i ti e s  d e p e n d  o n  th e  c o n d u c ti vi ty
o f th e  l i q u i d  b e i n g tr a n s fe r re d  a n d  th e  s i z e  an d  g e o m e tr y o f

th e  tan k i n to  wh i c h  th e  l i q u i d s  ar e  tr an s fe r r e d .  F o r  m e d i u m -
a n d  l o w- c o n d u c ti vi ty l i q u i d s ,  th e  i n i ti al  fow ve l o c i ty s h o u l d  n o t
e x c e e d  1  m / s  ( 3 . 2 8  ft/ s )  u n ti l  th e  fll  p i p e  o u tl e t i s  s u b m e r g e d

to  a d e p th  o f two  p i p e  d i am e te r s .

1 2 . 1 . 6 . 2    Afte r  th e  l o w i n i ti al  flling  r ate  p e r i o d  o r  wh e r e  s u c h  a
p e r i o d  i s  n o t n e e d e d ,  a m ax i m u m  fow c an  b e  e s ta b l i s h e d  i n

a c c o r d an c e  wi th  th e  fo l l o wi n g:

( 1 ) F o r  c o n d u c ti ve  l i q u i d s  an d  fo r  s i n gl e -p h a s e  m e d i u m -
c o n d u c ti vi ty l i q u i d s ,  a m a x i m u m  fow ve l o c i ty o f 7  m / s
( 2 3   ft/ s )  i s  r e c o m m e n d e d .

( 2 ) F o r  l i q u i d s  wi th  c o n tam i n a n ts  an d  fo r  two - p h as e  m e d i u m -
o r  l o w- c o n d u c ti vi ty l i q u i d s ,  a  m a x i m u m  fow ve l o c i ty o f
1   m / s  ( 3 . 2 8   ft/ s )  i s  r e c o m m e n d e d .

Tab l e   1 2 . 1 . 4 . 4  S u m m ar y o f P re c au ti o n s  fo r Fi l l i n g L arge  C o n d u c ti ve  Tan k s  wi th  L o w- C o n d u c ti vi ty L i q u i d s

P re c au ti o n s

Ap p l i c ab i l i ty to  Tan k

Wi th  Fl o ati n g Ro o f o r I n te r n al  C o ve r Wi th  Fi xe d  Ro o f,  N o  Fl o ati n g C o ve r

Ke e p  fow ve l o c i ti e s  b e l o w 1   m / s . E s s e n ti al  u n ti l  th e  r o o f o r  c o ve r  i s  
afoat.

E s s e n ti a l  d u r i n g  th e  i n i ti al  flling  p e r i o d  an d  
wh e n  l o ad i n g a  c o n tam i n a te d  o r  two -p h a s e  
l i q u i d  o r  a l i q u i d  wi th  a  s u b s tan ti a l l y l o we r  
d e n s i ty th an  th a t a l r e ad y i n  th e  ta n k.

Ke e p  fow ve l o c i ti e s  b e l o w 7   m / s . N o t e s s e n ti a l  wh e n  th e  r o o f o r  c o ve r  i s  
afoat.  N O T E :  A fow r ate  l i m i t wi l l  
o fte n  b e  n e e d e d  to  avo i d  d am ag i n g  
th e  r o o f b y to o  r a p i d  m o ve m e n t.

Re c o m m e n d e d  i n  a l l  c as e s  i n  wh i c h  th e  1   m / s  
l i m i t d o e s  n o t ap p l y.

E n s u r e  a d e q u a te  r e s i d e n c e  ti m e  
b e twe e n  s tr o n g  c h a r ge  g e n e r ato r s  
( e . g. ,  microflters)  a n d  th e  tan k.

E s s e n ti al  u n ti l  th e  r o o f o r  c o ve r  i s  
afoat.  N O T E :  T h e  r e s i d e n c e  ti m e  
c a n  b e  c al c u l a te d  u s i n g  a ve l o c i ty o f 
1   m / s  i n  th i s  i n s ta n c e .

E s s e n ti al .

Avo i d  d i s tu r b i n g  wate r  b o tto m s  wi th  
i n c o m i n g p r o d u c t o r  e n tr ai n e d  ai r  
o r  b y b l o wi n g  o u t l i n e s  wi th  g as .

E s s e n ti al  u n ti l  th e  r o o f o r  c o ve r  i s  
afoat.

E s s e n ti al .

Avo i d  c h ar g i n g  l o w d e n s i ty l i q u i d s  
i n to  tan ks  c o n tai n i n g s u b s tan ti al l y 
h i g h e r  d e n s i ty l i q u i d s .

U n n e c e s s a r y. Re c o m m e n d e d  as  far  as  p r a c ti c a b l e .  I f 
u n avo i d a b l e ,  ke e p  th e  fow ve l o c i ty b e l o w 
1   m / s  ( s e e  Ro w 1 ) .

F o r  U S  u n i ts ,  1   m / s  =  3 . 2 8   ft/ s .
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

1 2 . 1 . 6 . 3    F o r  u n c o n ta m i n ate d ,  s i n g l e -p h as e  l o w-c o n d u c ti vi ty
l i q u i d s ,  th e  fo l l o wi n g ap p l i e s :

( 1 ) F o r  ve r ti c a l -a x i s  c yl i n d r i c a l  tan ks  a n d  fo r  r e c ta n gu l ar
ta n ks  o f n e a r- s q u ar e  c r o s s  s e c ti o n ,  th e  m ax i m u m  fow
ve l o c i ty s h o u l d  b e  th e  l e s s e r  o f 7  m / s  ( 2 3  ft/ s )  o r  0 . 7 ( D/
d) 1 / 2  m / s ,  wh e r e  D i s  th e  d i a m e te r  o f a c yl i n d r i c a l  ta n k,  i n
m e te r s ,  an d  d i s  th e  d i am e te r  o f th e  i n l e t fll  l i n e ,  a l s o  i n
m e te r s .  F o r  r e c ta n gu l a r  tan ks ,  D =  2 ( LW/ N) 1 / 2 .

( 2 ) F o r  h o r i z o n ta l -a x i s  c yl i n d r i c al  ta n ks  an d  fo r  r e c ta n gu l ar
ta n ks  h avi n g  L/ W ≤  1 . 5 ,  th e  m ax i m u m  ve l o c i ty s h o u l d  b e
o n e  o f th e  fo l l o wi n g,  wh e r e  N i s  th e  fac to r  d e s c r i b e d  i n
Ta b l e  1 2 . 1 . 2  a n d  d i s  th e  d i am e te r  o f th e  i n l e t fll  l i n e ,  i n

m e te r s :

( a) 0 . 5  ×  N/ d fo r  to p  l o ad i n g an d  fo r  b o tto m  l o ad i n g
wi th  a c e n tr a l  c o n d u c to r

( b ) 0 . 3 8  ×  N/ d fo r  b o tto m  l o ad i n g  wi th o u t a  c e n tr al
c o n d u c to r

1 2 . 1 . 6 . 3 . 1    Wh e r e  m u l ti p l e  ta n ks  ar e  flled  th r o u g h  a b r an c h e d
l i n e ,  th e  c r i ti c al  s e c ti o n  m i g h t o c c u r  a t a  l o c ati o n  th at fe e d s

m o r e  th an  o n e  tan k.  I n  th a t c as e ,  th e  m ax i m u m  ve l o c i ty i n  th e
c r i ti c a l  s e c ti o n  c a n  b e  i n c r e a s e d  b y a fa c to r  Ns

1 / 2  fr o m  th e  va l u e
gi ve n  i n  1 2 . 1 . 6 . 3 ( 1 ) ,  wh e r e  Ns i s  th e  r ati o  o f th e  m ax i m u m  fow

r a te  th r o u g h  th e  c r i ti c al  s e g m e n t to  th e  fow r ate  i n to  th e  ta n k.

1 2 . 1 . 7  G ro u n d i n g.

Δ 1 2 . 1 . 7 . 1    C o n d u c ti ve  s to r ag e  ta n ks  fo r  n o n c o n d u c ti ve  l i q u i d s
s h o u l d  b e  gr o u n d e d .

N 1 2 . 1 . 7 . 2    C o n d u c ti ve  s to r ag e  tan ks  o n  gr a d e -l e ve l  fo u n d ati o n s
s h o u l d  b e  c o n s i d e r e d  i n h e r e n tl y g r o u n d e d ,  r e g ar d l e s s  o f th e

typ e  o f fo u n d a ti o n  ( e . g . ,  c o n c re te ,  s an d ,  a s p h al t) .

1 2 . 1 . 7 . 3    F o r  tan ks  o n  e l e vate d  fo u n d ati o n s  o r  s u p p o r ts ,  th e
r e s i s ta n c e  to  gr o u n d  c an  b e  a s  h i gh  a s  1  ×  1 0 6  o h m s  a n d  s ti l l  b e

c o n s i d e r e d  a d e q u a te l y gr o u n d e d  fo r  p u r p o s e s  o f d i s s i p ati o n  o f
s tati c  e l e c tr i c  c h a r ge s ,  b u t th e  r e s i s tan c e  s h o u l d  b e  verifed.

T h e  ad d i ti o n  o f g r o u n d i n g r o d s  an d  s i m i l a r  gr o u n d i n g s ys te m s
wi l l  n o t r e d u c e  th e  h az ar d  a s s o c i a te d  wi th  s tati c  e l e c tr i c  c h a r ge s
i n  th e  l i q u i d .

1 2 . 1 . 8  S p ark P ro m o te rs .

1 2 . 1 . 8 . 1    A ta n k ga u g i n g  r o d ,  h i g h -l e ve l  s e n s o r,  o r  o th e r
c o n d u c ti ve  d e vi c e  th at p r o j e c ts  d o wn wa r d  i n to  th e  vap o r  s p a c e
o f a  ta n k c a n  p r o vi d e  a l o c ati o n  fo r  s ta ti c  e l e c tr i c  d i s c h a r ge

b e twe e n  th e  d e vi c e  a n d  th e  r i s i n g l i q u i d ;  th e re fo r e ,  th e s e  d e vi ‐
c e s  s h o u l d  m e e t th e  fo l l o wi n g c r i te r i a :

( 1 ) T h e y s h o u l d  b e  b o n d e d  s e c u r e l y an d  d i r e c tl y d o wn war d
to  th e  b o tto m  o f th e  tan k b y a  c o n d u c ti ve  c ab l e  o r  r o d  to
e l i m i n ate  a  s p a r k g ap  o r  s h o u l d  b e  i n s tal l e d  i n  a ga u g i n g

we l l  th at i s  b o n d e d  to  th e  tan k.
( 2 ) T h e y s h o u l d  b e  i n s p e c te d  p e r i o d i c a l l y to  e n s u r e  th a t th e

b o n d i n g s ys te m  h as  n o t b e c o m e  d e tac h e d .

1 2 . 1 . 8 . 2    I f tan k fxtures  a r e  n o n c o n d u c ti ve ,  th e  p o te n ti a l  fo r
s p ar ki n g  d o e s  n o t e x i s t,  an d  n o  specifc  m e as u r e s  a r e  n e e d e d .
D e vi c e s  th at a r e  m o u n te d  to  th e  s i d e wal l  o f th e  ta n k ( e . g . ,  l e ve l

s wi tc h e s  o r  te m p e r atu r e  p r o b e s )  an d  p r o j e c t a s h o r t d i s ta n c e
i n to  th e  tan k m i gh t n o t p o s e  a s ta ti c  e l e c tr i c  d i s c h a r ge  h az ar d .
T h e s e  s i tu ati o n s  s h o u l d  b e  e val u ate d  o n  an  i n d i vi d u al  b a s i s .

1 2 . 1 . 9  Tan k  M i x e rs .    I n -tan k j e t m i x i n g o r  h i g h -ve l o c i ty ag i ta‐
to r  m i x i n g  c an  s ti r  u p  wa te r  an d  d e b r i s  a n d  c a u s e  s p l as h i n g  a t

th e  s u r fac e  th at c a n  g e n e r ate  s ta ti c  e l e c tr i c  c h a r ge s .  I f a n  i g n i ti ‐
b l e  m i x tu r e  e x i s ts  a t th e  s u r fac e ,  i gn i ti o n  i s  p o s s i b l e .  F o r  th e s e

r e a s o n s ,  s u r fa c e  s p l a s h i n g  s h o u l d  b e  m i n i m i z e d .  Gas  b l an ke t‐
i n g  o r  i n e r ti n g  c a n  b e  e m p l o ye d  to  e l i m i n a te  th e  i gn i ti o n

h a z a r d .

1 2 . 1 . 1 0  G as  Agi tati o n .

1 2 . 1 . 1 0 . 1    Ai r,  s te a m ,  o r  o th e r  ga s e s  s h o u l d  n o t b e  u s e d  fo r
a gi ta ti o n  b e c au s e  th e y c an  p r o d u c e  h i g h  l e ve l s  o f c h a r ge  i n
l i q u i d s ,  m i s ts ,  o r  fo am s .  I n  ad d i ti o n ,  a i r  a gi ta ti o n  c a n  c r e ate  an

i g n i ti b l e  atm o s p h e r e  i n  th e  va p o r  s p ac e  o f th e  ta n k.  I f g as  ag i ta‐
ti o n  i s  u n avo i d a b l e ,  th e  vap o r  s p ac e  s h o u l d  b e  p u r g e d  p r i o r  to
m i x i n g,  an d  th e  p r o c e s s  s h o u l d  b e  s tar te d  s l o wl y to  e n s u r e  th a t

s tati c  e l e c tr i c  c h a r ge  d o e s  n o t ac c u m u l ate  fa s te r  th a n  i t c a n
d i s s i p ate .

1 2 . 1 . 1 0 . 2    I t s h o u l d  b e  n o te d  th a t s p e c i al  p r e c au ti o n s  n e e d  to
b e  take n  to  p r e ve n t ag i tati o n  wi th  ai r  b e c au s e  i t c a n  d i l u te  a n y
i n i ti a l  i n e r ti n g .  S i m i l ar l y,  wh i l e  ag i tati o n  wi th  an  i n e r t ga s  c an

e ve n tu a l l y r e s u l t i n  an  i n e r t vap o r  s p ac e ,  th e  b u i l d u p  o f a s ta ti c
e l e c tr i c  c h ar g e  d u e  to  th e  a gi ta ti o n  p r o c e s s  c a n  r e s u l t i n  a
s p ar k a n d  i g n i ti o n  b e fo r e  i n e r ti n g  o f th e  ta n k vap o r  s p a c e  i s

ac h i e ve d .  A wa i ti n g  ti m e  s h o u l d  b e  o b s e r ve d  p r i o r  to  an y g au g‐
i n g o r  s am p l i n g  a c ti vi ti e s .

1 2 . 1 . 1 1  C o ate d  an d  L i n e d  Tan k s .    T h e  p r e s e n c e  o f i n te r n al
c o ati n g s  o r  l i n i n g s  i n  g r o u n d e d  m e ta l  tan ks  c an  g e n e r al l y b e
n e g l e c te d ,  p r o vi d e d  th a t o n e  o f th e  fo l l o wi n g c r i te r i a  ap p l i e s :

( 1 ) T h e  c o a ti n g o r  l i n i n g h as  a vo l u m e  r e s i s ti vi ty e q u a l  to  o r
l o we r  th a n  1  ×  1 0 9  o h m -m .

( 2 ) T h i c kn e s s  o f a p ai n te d  c o ati n g  d o e s  n o t e x c e e d  5 0  μ m
( 2   m i l s ) .

( 3 ) T h e  l i q u i d  i s  c o n d u c ti ve  an d  i s  al ways  i n  c o n tac t wi th
gr o u n d ,  fo r  e x am p l e ,  a g r o u n d e d  d i p  tu b e  o r  g r o u n d e d
m e tal  va l ve .

1 2 . 1 . 1 1 . 1    M e ta l  tan ks  wi th  n o n c o n d u c ti ve  c o a ti n gs  o r  l i n i n g s
th a t d o  n o t m e e t th e  c r i te r i a o f 1 2 . 1 . 1 1 ( 1 )  o r  1 2 . 1 . 1 1 ( 2 )  s h o u l d
b e  tr e ate d  as  n o n c o n d u c ti ve  tan ks .  Re ga r d l e s s  o f th e  c o ati n g  o r

l i n i n g th i c kn e s s  o r  r e s i s ti vi ty,  th e  ta n k s h o u l d  b e  b o n d e d  to  th e
flling  s ys te m .

1 2 . 1 . 1 2  Tan k s  C o n s tr uc te d  o f N o n c o n d u c ti ve  M ate ri al s .
Ta n ks  c o n s tr u c te d  o f n o n c o n d u c ti ve  m ate r i a l s  ar e  n o t p e r m i t‐

te d  fo r  s to r ag e  o f C l a s s  I ,  C l a s s  I I ,  a n d  C l a s s  I I I A l i q u i d s  ( a s
d e s i g n ate d  b y N F PA 3 0 ) ,  e x c e p t u n d e r  s p e c i a l  c i r c u m s tan c e s ,
as  o u tl i n e d  i n  S e c ti o n  2 1 . 4  o f N F PA 3 0 .  (See Section 1 3. 7 for

design and use recommendations. )

Δ 1 2 . 2  L o ad i n g o f Tan k Ve h i c l e s .    Re c o m m e n d e d  l o ad i n g
p r e c au ti o n s  fo r  tan k ve h i c l e s  var y wi th  th e  c h ar a c te r i s ti c s  o f th e

l i q u i d  b e i n g  h an d l e d  an d  th e  d e s i g n  o f th e  l o ad i n g  fa c i l i ty.  A
s u m m a r y o f r e c o m m e n d e d  p r e c au ti o n s  th a t s h o u l d  b e  u s e d

wh e r e  a fammable  m i x tu r e  e x i s ts  i n  th e  ta n k ve h i c l e  c o m p a r t‐
m e n t i s  p r o vi d e d  i n  Tab l e  1 2 . 2  an d  i s  b as e d  o n  AP I  RP  2 0 0 3 ,
Protection Against Ignitions Arising Out of Static,  Lightning,  and

Stray Currents.  T h e s e  p r e c a u ti o n s  ar e  i n te n d e d  fo r  ta n k ve h i c l e s
wi th  c o n d u c ti ve  ( m e tal )  c o m p ar tm e n ts .  (For compartments with
nonconductive linings,  see Section 1 3. 5.  For compartments of noncon‐

ductive material,  see Section  1 3. 7. )

1 2 . 2 . 1  To p  Fi l l i n g.    S p l as h  flling  s h o u l d  b e  a vo i d e d  b y u s i n g  a
fll  p i p e  th at i s  d e s i gn e d  ac c o r d i n g  to  th e  r e c o m m e n d a ti o n s  i n

S e c ti o n   1 0 . 4 .
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Δ Tab l e   1 2 . 2  S u m m ar y o f P re c au ti o n s  fo r L o ad i n g Tan k  Ve h i c l e s

    L i q u i d  B e i n g L o ad e d  

    N o n c o n d uc ti ve    

Re c o m m e n d e d  Lo ad i n g P re c au ti o n a
L o w Vap o r

P re s s ure
I n te r m e d i ate

Vap o r P re s s ure

H i gh  Vap o r

P re s s ure b C o n d uc ti ve c , d

B o n d i n g an d  G ro un d i n g.  Tan k tr u c ks  s h o u l d  b e  b o n d e d  to  th e  fll  s ys te m ,  a n d  al l  b o n d i n g  an d  
g r o u n d i n g s h o u l d  b e  i n  p l a c e  p r i o r  to  s ta r ti n g o p e r a ti o n s .  Gr o u n d  i n d i c ato r s ,  o fte n  
i n te r l o c ke d  wi th  th e  flling  s ys te m ,  fr e q u e n tl y a r e  u s e d  to  e n s u r e  b o n d i n g  i s  i n  p l ac e .  B o n d i n g  
c o m p o n e n ts ,  s u c h  as  c l i p s ,  an d  th e  fll  s ys te m  c o n ti n u i ty s h o u l d  b e  p e r i o d i c al l y e x am i n e d  an d  
verifed.  F o r  to p  l o ad i n g ,  th e  fll  p i p e  s h o u l d  fo r m  a c o n ti n u o u s  c o n d u c ti ve  p ath  an d  s h o u l d  
b e  i n  c o n tac t wi th  th e  b o tto m  o f th e  tan k.

Ye s e Ye s Ye s O p ti o n al

I n i ti al  L o ad i n g.  To p - l o ad i n g  fll  p i p e s  an d  b o tto m -l o ad i n g  s ys te m s  s h o u l d  b e  e q u i p p e d  wi th  
s p r a y defectors,  an d  s p l as h  flling  s h o u l d  b e  avo i d e d .  A s l o w s ta r t ( i . e . ,  ve l o c i ty l e s s  th a n  1   m /
s e c )  s h o u l d  b e  e m p l o ye d  u n ti l  th e  i n l e t i n to  th e  c o m p ar tm e n t i s  c o ve r e d  b y a d e p th  e q u al  to  
two  fll-pipe  d i a m e te r s  to  p r e ve n t s p r ayi n g  a n d  to  m i n i m i z e  s u r fac e  tu r b u l e n c e .

Ye s Ye s Ye s Ye s

M ax i m u m  L o ad i n g Rate .  T h e  m ax i m u m  l o a d i n g  r ate  s h o u l d  b e  l i m i te d  s o  th e  ve l o c i ty i n  th e  fll  
p i p e  o r  l o ad  c o n n e c ti o n  d o e s  n o t e x c e e d  7   m / s e c  o r  0 . 5 / d m / s e c  ( wh e r e  d =  i n l e t i n s i d e  
d i am e te r  i n  m e te r s ) ,  wh i c h e ve r  i s  l e s s . f Tr an s i ti o n  fr o m  s l o w s tar t to  n o r m a l  p u m p i n g  r ate  c a n  

b e  ac h i e ve d  au to m ati c al l y u s i n g  a  s p e c i al  l o ad i n g  r e g u l ato r  ti p  ( wh i c h  s h i fts  th e  r a te  wh e n  
s u b m e r g e d  to  a  s a fe  d e p th ) .  E x c e s s i ve  fow r ate s  s h o u l d  b e  avo i d e d  p r o c e d u r al l y o r,  
p r e fe r ab l y,  b y s ys te m  d e s i gn .  T h e  m a x i m u m  l o ad i n g  r a te  fo r  u l tr a l o w–s u l fu r  d i e s e l  an d  g as  

o i l s  ( < 5 0  p p m  S )  wi th  c o n d u c ti vi ty l e s s  th an  1 0  p S / m  o r  u n kn o wn  c o n d u c ti vi ty s h o u l d  n o t 
e x c e e d  0 . 2 5 / d m / s .  T h e  l o a d i n g  r ate  c an  b e  i n c r e as e d  to  0 . 3 8 / d m / s  i f S  >  5 0  p p m  o r  i f th e  
c o n d u c ti vi ty e x c e e d s  1 0  p S / m .  I f S  >  5 0  p p m  a n d  th e  c o n d u c ti vi ty e x c e e d s  1 0  p S / m ,  th e  
l o ad i n g  r a te  c an  b e  i n c r e as e d  to  0 . 5 / d m / s .  I f th e  c o n d u c ti vi ty e x c e e d s  5 0  p S / m ,  th e  l o ad i n g  
r ate  c an  b e  i n c r e as e d  to  0 . 5 / d m / s  i n  b o th  c as e s . g

Ye s e Ye s O p ti o n al c O p ti o n al

C h arge  Re l ax ati o n .  A r e s i d e n c e  ti m e  o f a t l e as t 3 0   s e c o n d s  s h o u l d  b e  p r o vi d e d  b e twe e n  an y 
microflter  o r  s tr ai n e r  an d  th e  ta n k tr u c k i n l e t. h  A wai ti n g  p e r i o d  o f a t l e as t 1   m i n u te  s h o u l d  

b e  al l o we d  b e fo r e  th e  l o ad e d  tan k c o m p ar tm e n t i s  g au ge d  o r  s am p l e d  th r o u g h  th e  d o m e  o r  
h a tc h .  [ H o we ve r,  s am p l i n g  an d  g au gi n g vi a a  s a m p l e  we l l  ( g au g e  we l l )  c an  b e  d o n e  at a n y 
ti m e . ]

Ye s e Ye s Ye s O p ti o n al

S p ark P ro m o te rs .  A tan k g au g i n g  r o d ,  h i g h - l e ve l  s e n s o r,  o r  o th e r  c o n d u c ti ve  d e vi c e  th a t p r o j e c ts  
d o wn war d  i n to  th e  vap o r  s p ac e  o f a tan k c an  p r o vi d e  a l o c ati o n  fo r  e l e c tr o s tati c  d i s c h ar g e  
b e twe e n  th e  d e vi c e  an d  th e  r i s i n g  l i q u i d  an d  s h o u l d  b e  a vo i d e d .  T h e s e  d e vi c e s  s h o u l d  b e  
b o n d e d  s e c u r e l y an d  d i r e c tl y d o wn wa r d  to  th e  b o tto m  o f th e  tan k b y a c o n d u c ti ve  c ab l e  o r  
r o d  ( to  e l i m i n ate  a  s p ar k g ap )  o r  s h o u l d  b e  i n s tal l e d  i n  a g au gi n g we l l  th at i s  b o n d e d  to  th e  
b o tto m . i  P e r i o d i c  i n s p e c ti o n  s h o u l d  b e  c o n d u c te d  to  e n s u r e  th at th e  b o n d i n g  s ys te m  d o e s  n o t 

b e c o m e  d e tac h e d  an d  th a t th e r e  ar e  n o  u n gr o u n d e d  c o m p o n e n ts  o r  fo r e i g n  o b j e c ts .

Ye s Ye s Ye s O p ti o n al

N o te :  Ta n k ve h i c l e  confguration  c h a r ac te r i s ti c s  s h o u l d  c o m p l y wi th  U N  AD R 2 0 2 1 ,  Agreement Concerning the International Carriage of Dangerous Goods by

Road,  o r  U S  D O T  C F R 4 9 ,  “ Tr a n s p o r ta ti o n . ”
F o r  U S  u n i ts ,  1   m / s  =  3 . 2 8   ft/ s .
aL o a d i n g  p r e c a u ti o n s  va r y wi th  th e  p r o d u c t b e i n g  h an d l e d .  I n  l o ad i n g  o p e r a ti o n s  wh e r e  a  l a r g e  va r i e ty o f p r o d u c ts  a r e  h a n d l e d  a n d  wh e r e  i t i s
diffcult to  c o n tr o l  l o ad i n g  p ro c e d u r e s ,  s u c h  a s  a t s e l f-s e r vi c e  l o ad i n g  r a c ks ,  a  s i n g l e  s ta n d a r d  p r o c e d u r e  th a t i n c l u d e s  a l l  th e  p r e c a u ti o n s  s h o u l d  b e
fo l l o we d .
b I f h i g h  va p o r  p r e s s u r e  p r o d u c ts  a r e  h an d l e d  a t l o w te m p e r a tu r e s  ( n e a r  o r  s l i g h tl y b e l o w th e i r  fash  p o i n ts ) ,  al l  th e  r e c o m m e n d e d  l o a d i n g

p r e c a u ti o n s  s h o u l d  b e  fo l l o we d .
c Wh e r e  a d d i ti ve s  ar e  u s e d  to  i n c r e as e  c o n d u c ti vi ty,  c a u ti o n  s h o u l d  b e  e x e r c i s e d .  (See 1 2. 2. 6. )

d S e m i c o n d u c ti ve  l i q u i d s  c a n  a c c u m u l a te  c h ar g e  wh e r e  c h a r g i n g  r a te s  ar e  e x tr e m e l y h i g h  o r  wh e r e  th e y a r e  e ffe c ti ve l y i s o l a te d  fr o m  g r o u n d .  T h e y
m i g h t n e e d  to  b e  h a n d l e d  a s  n o n c o n d u c ti ve  l i q u i d s .  (See 9. 3. 3. 6. )

e Re c o m m e n d e d  l o a d i n g  p r e c au ti o n s  n e e d  n o t b e  a p p l i e d  i f o n l y l o w va p o r  p r e s s u r e  c o m b u s ti b l e  l i q u i d s  ( C l as s   I I  a n d  C l a s s   I I I  l i q u i d s ,  a s  d e s i g n ate d
b y N F PA  3 0 )  a t am b i e n t te m p e r a tu r e s  a r e  h a n d l e d  a t th e  l o a d i n g  r a c k  a n d  th e r e  i s  n o  p o s s i b i l i ty o f s wi tc h  l o a d i n g  o r  c r o s s  c o n tam i n a ti o n  o f p r o d u c ts .
Al l  l o ad i n g  p r e c a u ti o n s  s h o u l d  b e  fo l l o we d  wh e r e  l o w va p o r  p r e s s u r e  p r o d u c ts  ar e  h a n d l e d  a t te m p e r a tu r e s  n e a r  ( wi th i n  4 ° C  to  9 ° C )  o r  a b o ve  th e i r
fash  p o i n ts .  (See 9. 2. 1  for applicable safety factors. )
fWh e r e  th e  p r o d u c t b e i n g  h a n d l e d  i s  a n o n c o n d u c ti ve ,  s i n g l e -c o m p o n e n t l i q u i d  ( s u c h  a s  to l u e n e  o r  h e p tan e ) ,  th e  m a x i m u m  fow ve l o c i ty s h o u l d  b e

0 . 3 8 / d m / s e c .
g T h e  m a x i m u m  fow ve l o c i ty fo r  ta n k ve h i c l e s  confgured  fo r  h i g h - s p e e d  l o a d i n g  c a n  b e  i n c r e a s e d  as  fo l l o ws :  fo r  u l tr a  l o w–s u l fu r  d i e s e l  fu e l  a n d  fo r

ga s  o i l s  wi th  n o t m o r e  th an  5 0  p p m  s u l fu r  an d  c o n d u c ti vi ty l e s s  th a n  1 0  p S / m  o r  u n k n o wn  c o n d u c ti vi ty,  th e  l o a d i n g  r ate  c a n  b e  i n c r e a s e d  to  0 . 3 5 / d

m / s ;  fo r  d i e s e l  fu e l  a n d  g as  o i l s  wi th  m o r e  th a n  5 0  p p m  s u l fu r  o r  wh o s e  c o n d u c ti vi ty e x c e e d s  1 0  p S / m ,  th e  l o a d i n g  r ate  c a n  b e  i n c r e a s e d  to  0 . 5 / d

m / s .  S e e  1 0 . 1 . 7  fo r  r e l a ti n g  vd to  fll  r a te s  a n d  s tr e a m i n g  c u r r e n ts .
h Ve r y l o w c o n d u c ti vi ty a n d  h i g h -vi s c o s i ty p r o d u c ts  c a n  r e q u i r e  a d d i ti o n a l  r e s i d e n c e  ti m e  o f u p  to  1 0 0   s e c o n d s .  (See 1 0. 5. 1 . 2. )
i I f th e s e  d e vi c e s  a r e  n o n c o n d u c ti ve ,  th e  p o te n ti a l  fo r  s p a r ki n g  d o e s  n o t e x i s t,  a n d  n o  specifc  m e a s u r e s  n e e d  b e  ta ke n .  D e vi c e s  th at a r e  m o u n te d  to

th e  s i d e wa l l  o f th e  ta n k ( e . g . ,  l e ve l  s wi tc h e s  a n d  te m p e r a tu r e  p r o b e s ) ,  th at p r o j e c t a s h o r t d i s ta n c e  i n to  th e  tan k ,  a n d  th a t h a ve  n o  d o wn wa r d
p r o j e c ti o n  m i g h t n o t p o s e  an  e l e c tr o s ta ti c  h a z a r d .  T h e s e  s i tu a ti o n s  s h o u l d  b e  e va l u ate d  o n  a n  i n d i vi d u al  b a s i s .



S TAT I C  E L E C T RI C  H AZ ARD S  O F  P RO C E S S  VE S S E L S  AN D  TAN KS 7 7 - 3 5

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

1 2 . 2 . 2  B o tto m  Fi l l i n g.    T h e  bottom-flling  i n l e t s h o u l d  b e
d e s i g n e d  wi th  a defector  o r  a  d i ve r te r  to  p r e ve n t u p war d  s p r a y‐

i n g  an d  g e n e r ati o n  o f m i s t.  U s i n g  a  c ap  o r  a  te e  to  d i r e c t
i n c o m i n g l i q u i d  s i d e ways  to war d  th e  c o m p ar tm e n t wal l s ,  r ath e r

th an  u p wa r d ,  wi l l  ac h i e ve  th i s  o b j e c ti ve .

1 2 . 2 . 3  S wi tc h  L o ad i n g.    T h e  p r ac ti c e  o f l o a d i n g a l i q u i d
h a vi n g a h i g h  fash  p o i n t a n d  l o w c o n d u c ti vi ty i n to  a  tan k ve h i ‐

c l e  th at p r e vi o u s l y c o n ta i n e d  a l o w fash  p o i n t l i q u i d  i s  r e fe r r e d
to  as  switch loading.  T h i s  p r ac ti c e  c an  r e s u l t i n  th e  i g n i ti o n  o f

r e s i d u a l  fammable  va p o r  as  th e  tan k ve h i c l e  i s  flled.  T h e
m e th o d s  o f h az ar d  p r e ve n ti o n  ar e  s i m i l ar  to  th o s e  specifed  i n
S e c ti o n   1 2 . 1 .  F l o w ve l o c i ti e s  ar e  fo u n d  i n  Tab l e  1 2 . 2 .

1 2 . 2 . 4  H i gh way Tran s p o r t.    As  n o te d  i n  AP I  RP  2 0 0 3 ,  Protection
Against Ignitions Arising Out of Static,  Lightning,  and Stray

Currents,  ta n k ve h i c l e s  n o r m al l y d o  n o t c r e ate  a s tati c  e l e c tr i c i ty
h a z a r d  d u r i n g tr an s p o r t,  p r o vi d e d  th at th e y ar e  c o m p a r tm e n ‐

te d  o r  c o n tai n  baffes.  T h e  c o m p ar tm e n ts  o r  baffes  m i n i m i z e
s l o s h i n g o f th e  l i q u i d  i n  th e  ta n k ve h i c l e ,  wh i c h  c o u l d  r e s u l t i n
signifcant c h ar g e  g e n e r ati o n .  C l e a r  b o r e  (unbaffed)  ta n k

ve h i c l e s  s h o u l d  n o t b e  u s e d  fo r  l i q u i d s  th a t c a n  ge n e r a te  a n
i gn i ti b l e  m i x tu r e  i n  th e  vap o r  s p a c e .

1 2 . 2 . 5  U n l o ad i n g o f Tan k Ve h i c l e s .    F o r  b u l k tr a n s fe r  o f
l i q u i d s  fr o m  ta n k ve h i c l e s  to  s to r a ge  tan ks ,  s e e  S e c ti o n   1 2 . 1 .

1 2 . 2 . 6  An ti s tati c  Ad d i ti ve s .    C h a r ge  ac c u m u l ati o n  c an  b e
r e d u c e d  b y i n c r e a s i n g th e  c o n d u c ti vi ty o f th e  l i q u i d  b y a d d i n g
a  c o n d u c ti vi ty-e n h a n c i n g a ge n t ( an ti s tati c  ad d i ti ve ) .

1 2 . 2 . 6 . 1    An ti s tati c  ad d i ti ve s  n o r m al l y ar e  ad d e d  i n  p a r ts -p e r-
m i l l i o n  c o n c e n tr ati o n s  an d  s h o u l d  b e  u s e d  i n  ac c o r d an c e  wi th

m a n u fac tu r e r  i n s tr u c ti o n s .

1 2 . 2 . 6 . 2    Wh e r e  a n ti s ta ti c  a d d i ti ve s  a r e  u s e d  as  a p r i m ar y
m e a n s  o f m i n i m i z i n g  ac c u m u l ati o n  o f s tati c  e l e c tr i c  c h a r ge ,  th e

o p e r ato r  s h o u l d  ve r i fy th e  c o n c e n tr ati o n  o f th e  a d d i ti ve  a t c r i ti ‐
c a l  p o i n ts  i n  th e  s ys te m .

Δ 1 2 . 3 *  Vac u u m  Tr u c k s .

1 2 . 3 . 1    F o r  c o n tr o l  o f s ta ti c  e l e c tr i c i ty,  h o s e  s h o u l d  b e  c o n d u c ‐
ti ve  o r  s e m i c o n d u c ti ve .

1 2 . 3 . 2    As  a n  al te r n a ti ve  to  th e  r e c o m m e n d a ti o n  o f 1 2 . 3 . 1 ,  a l l
c o n d u c ti ve  c o m p o n e n ts  s h o u l d  b e  b o n d e d ,  an d  th e  tr u c k

s h o u l d  b e  gr o u n d e d .

1 2 . 3 . 3    I n  n o  c as e  s h o u l d  p l as ti c  d i p  p i p e s  o r  p l as ti c  i n te r m e d i ‐
ate  c o l l e c ti o n  p an s  o r  d r u m s  b e  u s e d .

1 2 . 4  Rai l ro ad  Tan k  C ars .

1 2 . 4 . 1    I n  ge n e r a l ,  th e  p r e c a u ti o n s  fo r  r ai l r o ad  ta n k c ar s  ar e
s i m i l a r  to  th o s e  fo r  tan k ve h i c l e s  specifed  i n  S e c ti o n  1 2 . 2 .  T h e

m a j o r  e x c e p ti o n  i s  th e  l a r ge r  vo l u m e  typ i c al  o f r ai l r o ad  ta n k
c a r s  [ e . g. ,  g r e ate r  th an  8 7  m 3  ( 2 3 , 0 0 0  U S  g al ) ]  c o m p a r e d  wi th

th at o f tan k ve h i c l e s  [ e . g . ,  ab o u t 5 0  m 3  ( 1 3 , 2 1 0  U S  ga l ) ] .  T h e
g r e ate r  vo l u m e  al l o ws  g r e ate r  m a x i m u m  fow ve l o c i ti e s  to  b e

u s e d  fo r  flling,  u p  to  a m ax i m u m  o f 0 . 8 / d m / s e c ,  wh e r e  d i s
th e  i n s i d e  d i a m e te r  o f th e  i n l e t i n  m e te rs .

1 2 . 4 . 2    M a n y tan k c ar s  ar e  e q u i p p e d  wi th  n o n c o n d u c ti ve  b e ar ‐
i n gs  an d  n o n c o n d u c ti ve  we ar  p ad s  l o c ate d  b e twe e n  th e  c ar
i ts e l f a n d  th e  tr u c ks  ( wh e e l  as s e m b l i e s ) .  C o n s e q u e n tl y,  r e s i s t‐

an c e  to  gr o u n d  th r o u g h  th e  r ai l s  m i g h t n o t b e  l o w e n o u g h  to
p r e ve n t ac c u m u l ati o n  o f a  s tati c  e l e c tr i c  c h ar g e  o n  th e  ta n k c ar
b o d y.  T h e r e fo r e ,  b o n d i n g o f th e  ta n k c ar  b o d y to  th e  fll  s ys te m
p i p i n g  i s  n e c e s s ar y to  p r o te c t a ga i n s t c h ar g e  a c c u m u l a ti o n .  I n

a d d i ti o n ,  b e c au s e  o f th e  p o s s i b i l i ty o f s tr ay c u r r e n ts ,  l o ad i n g
l i n e s  s h o u l d  b e  b o n d e d  to  th e  r ai l s .

1 2 . 5  M ari n e  Ve s s e l  an d  B arge  C argo  Tan ks .    M a r i n e  ve s s e l  an d
b a r ge  c ar g o  tan ks  ar e  b e yo n d  th e  s c o p e  o f th i s  r e c o m m e n d e d

p r ac ti c e .  T h e  r e c o m m e n d ati o n s  g i ve n  i n  th e  International Safety
Guide for Oil Tankers and Terminals ( I S G O T T )  s h o u l d  b e

fo l l o we d .

N 1 2 . 6 *  Ai rc raft Fu e l  Tan ks  ( Re fu e l e rs ) .  ( Re s e r ve d )

Δ C h ap te r  1 3       S tati c  E l e c tri c  H az ard s  o f P ro c e s s  Ve s s e l s  an d
Tan k s

1 3 . 1  G e n e ral .

1 3 . 1 . 1    F o r  th e  p u r p o s e  o f th i s  c h a p te r,  th e  te r m  “ p r o c e s s
ve s s e l ”  o r  “ ve s s e l ”  c a n  b e  c o n s i d e r e d  s yn o n ym o u s  wi th  th e

wo r d s  “ p r o c e s s  ta n k, ”  “ m i x i n g  ta n k, ”  “ ta n k, ”  o r  “ c o m p a r tm e n t. ”

1 3 . 1 . 2    Ac c u m u l a ti o n  o f s tati c  e l e c tr i c i ty i n  p r o c e s s  ve s s e l s
o c c u r s  b y th e  s am e  m e th o d s  a s  d e s c r i b e d  i n  S e c ti o n  1 2 . 1  fo r
s to r ag e  tan ks .

1 3 . 1 . 3    Wh e r e  a c o n d u c ti ve  an d  a  n o n c o n d u c ti ve  l i q u i d  a r e  to
b e  b l e n d e d ,  th e  c o n d u c ti ve  l i q u i d  s h o u l d  b e  a d d e d  frst s o  th a t

th e  c o n d u c ti vi ty o f th e  m i x tu r e  i s  as  h i g h  a s  p o s s i b l e  th r o u gh ‐
o u t th e  m i x i n g p r o c e s s .

1 3 . 1 . 4    Re -e n tr y o f r e c i r c u l a ti o n  l o o p s  i n to  a  p r o c e s s  ve s s e l
s h o u l d  b e  d e s i gn e d  to  m i n i m i z e  s p l as h i n g  an d  s u r fac e  d i s r u p ‐
ti o n ,  fo r  e x am p l e ,  b y u s e  o f s u b s u r fac e  j e ts  th at d o  n o t b r e a k

th e  l i q u i d ' s  s u r fa c e .

1 3 . 2 *  P ro c e d u re s  fo r Tran s fe r to  Tan k s .

1 3 . 2 . 1    Wh e n  two  o r  m o r e  n o n c o n d u c ti ve  l i q u i d s  a r e  i n tr o ‐
d u c e d  i n to  a  p r o c e s s  ve s s e l ,  th e  l o ad i n g  s e q u e n c e  s h o u l d  b e

s u c h  th a t th e  l e s s  d e n s e  l i q u i d ( s )  wi l l  n o t p e r c o l ate  u p  th r o u gh
th e  m o r e  d e n s e  l i q u i d ( s ) .  T h i s  wi l l  m i n i m i z e  c h ar g e  g e n e r a‐

ti o n .

1 3 . 2 . 2    S p l as h i n g o f i g n i ti b l e  l i q u i d s  d u r i n g  flling  o r  r e c i r c u l a‐
ti o n  th at c o u l d  c r e ate  o r  i g n i te  a n  i g n i ti b l e  m i x tu r e  s h o u l d  b e

a vo i d e d .

Δ 1 3 . 3  Agi tati o n .

N 1 3 . 3 . 1    Agi ta to r s  s h o u l d  b e  c o ve r e d  wi th  suffcient d e p th  o f
l i q u i d  b e fo r e  b e i n g  o p e r ate d  to  m i n i m i z e  s p l a s h i n g ,  o r  b e
o p e r ate d  at r e d u c e d  s p e e d  u n ti l  suffcient d e p th  h as  b e e n

ac h i e ve d .

N 1 3 . 3 . 2    I n  c as e s  wh e r e  h a z a r d o u s  c h a r ge  ac c u m u l ati o n  c an n o t
b e  avo i d e d  u s i n g th e  m e as u r e s  d i s c u s s e d  i n  th i s  c h a p te r,  th e

ve s s e l  s h o u l d  b e  i n e r te d .

1 3 . 4  P ro c e s s  Ve s s e l s  wi th  N o n c o n d u c ti ve  L i n i n gs .    T h e  ac c u ‐
m u l ati o n  o f s tati c  e l e c tr i c  c h a r ge  c an  r e s u l t i n  p i n h o l e  d a m a ge
to  e q u i p m e n t s u c h  a s  e n am e l - o r  g l a s s - l i n e d  ve s s e l s .  B e c au s e

s tati c  e l e c tr i c  d i s c h ar g e s  o fte n  o c c u r  at th e  l i q u i d  i n te r fac e  a s
l i q u i d  d r a i n s  fr o m  th e  we tte d  wal l ,  a  vap o r  i g n i ti o n  h az ar d
c o u l d  a l s o  e x i s t.  I n  s o m e  c as e s ,  i t i s  p o s s i b l e  to  s p e c i fy s ta ti c

d i s s i p ati ve  c o a ti n gs  fo r  th e  ve s s e l  o r  ag i tato r.  C o n d u c ti ve  ve s s e l s
a n d  ap p u r te n an c e s  s h o u l d  b e  b o n d e d  an d  g r o u n d e d .  I n  s o m e
c a s e s ,  i n e r ti n g  m i gh t b e  n e c e s s ar y.

1 3 . 5  Ad d i n g S o l i d s .    A c o m m o n  c au s e  o f s tati c  e l e c tr i c  i g n i ‐
ti o n s  i n  p r o c e s s  ve s s e l s  i s  th e  ad d i ti o n  o f s o l i d s  to  fammable

l i q u i d s  ( C l as s  I  l i q u i d s ,  a s  d e s i gn a te d  b y N F PA 3 0 )  i n  th e
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ve s s e l s .  E ve n  wh e n  a ve s s e l  i s  i n e r te d ,  ad d i n g  s o l i d s  wi l l  i n tr o ‐
d u c e  a i r  i n to  th e  ve s s e l  an d  e x p e l  va p o r s .  T h e  ad d i ti o n  o f s o l i d s
c a n  c a u s e  e l e c tr o s tati c  d i s c h ar g e s .  F o r  fu r th e r  i n fo r m ati o n ,  s e e
S e c ti o n   1 5 . 1 0 .

Δ 1 3 . 5 . 1 *    P e r s o n n e l  i n  th e  vi c i n i ty o f a ve s s e l  wh e r e  th e r e  c o u l d
b e  a n  i g n i ti b l e  m i x tu r e  s h o u l d  b e  g r o u n d e d ,  wi th  s p e c i al  a tte n ‐
ti o n  p ai d  to  h o u s e ke e p i n g .

N 1 3 . 5 . 2    Wh e n  th e  a c c u m u l a ti o n  o f n o n c o n d u c ti ve  r e s i d u e s  i s
u n avo i d ab l e ,  p e r s o n n e l  s h o u l d  b e  gr o u n d e d  u s i n g  wr i s t s tr ap s
o r  e q u i va l e n t p e r s o n a l  g r o u n d i n g m e th o d s .

•
Δ 1 3 . 6  M i x i n g S o l i d s .    L ar g e  am o u n ts  o f s ta ti c  c h ar g e  m i g h t b e

s e p ar a te d  wh e n  s o l i d s  ar e  d i s s o l ve d  o r  d i s p e r s e d  i n to  n o n c o n ‐
d u c ti ve  l i q u i d s .  C h ar g e  s e p ar ati o n  d e p e n d s  o n  fac to r s  s u c h  a s

s o l i d s  l o ad i n g,  p ar ti c l e  s i z e ,  a n d  a gi ta ti o n  r ate .  D i s s i p ati o n  o f
th e  c h ar g e  i s  u s u al l y ac h i e ve d  b y r ai s i n g th e  c o n d u c ti vi ty o f th e

c o n ti n u o u s  p h as e  b y r e fo r m u l ati o n  wi th  c o n d u c ti ve  s o l ve n ts  o r
b y th e  ad d i ti o n  o f an ti s tati c  ad d i ti ve s .  Al te r n ati ve l y,  i gn i ti o n
h az ar d s  c an  b e  c o n tr o l l e d  b y i n e r ti n g .

1 3 . 7  N o n c o n d uc ti ve  P ro c e s s  Ve s s e l s .

1 3 . 7 . 1    F l a m m a b l e  l i q u i d s  ( C l as s  I  l i q u i d s ,  as  d e s i g n ate d  b y
N F PA 3 0 )  s h o u l d  n o t b e  u s e d  wi th  n o n c o n d u c ti ve  p r o c e s s

ve s s e l s  wh e r e  th e  o u te r  s u r fa c e s  c an  b e c o m e  c h a r ge d  b e c au s e
th i s  p r e s e n ts  i g n i ti o n  r i s ks .

Δ 1 3 . 7 . 2    I f u s i n g  a n o n c o n d u c ti ve  ve s s e l  wi th  a fammable  l i q u i d
i s  u n a vo i d ab l e ,  a n  e n gi n e e r i n g  e va l u a ti o n  s h o u l d  b e  c o n d u c te d
to  ve r i fy th e  fo l l o wi n g:

( 1 ) Al l  c o n d u c ti ve  c o m p o n e n ts  ( e . g. ,  a m e tal  r i m  an d  h atc h
c o ve r )  s h o u l d  b e  b o n d e d  to g e th e r  a n d  g r o u n d e d .

( 2 ) Wh e r e  th e  ve s s e l  i s  u s e d  to  s to r e  n o n c o n d u c ti ve  l i q u i d s ,
th e  fo l l o wi n g  c r i te r i a s h o u l d  b e  m e t:

( a) An  e n c l o s i n g ,  gr o u n d e d  c o n d u c ti ve  s h i e l d  s h o u l d
b e  p r o vi d e d  to  p r e ve n t e x te r n al  d i s c h a r ge s .  T h i s
s h i e l d  s h o u l d  b e  a gr o u n d e d ,  b u r i e d  wi r e  m e s h  th a t

e n c l o s e s  al l  e x te r n a l  s u r fac e s .
( b ) A m e tal  p l a te  s h o u l d  b e  i n s tal l e d  i n s i d e  th e  ta n k to

p r o vi d e  a p ath  th r o u g h  wh i c h  c h ar g e  c a n  fow fr o m
th e  l i q u i d  c o n te n ts  to  g r o u n d .  T h e  m e ta l  p l a te
s h o u l d  h ave  a s u r fa c e  a r e a n o t l e s s  th a n  5 0 0   c m 2 / m 3

( 0 . 2 9  i n 2 / U S  g al )  o f tan k vo l u m e ,  b e  l o c a te d  a t th e
b o tto m  o f th e  tan k ,  a n d  b e  gr o u n d e d .

( 3 ) Wh e r e  th e  ve s s e l  i s  u s e d  to  s to r e  c o n d u c ti ve  l i q u i d s ,  o n e
o f th e  fo l l o wi n g s h o u l d  b e  p r o vi d e d :

( a) An  i n te rn al  gr o u n d i n g  c a b l e  e x te n d i n g fr o m  th e
to p  to  th e  b o tto m  o f th e  ve s s e l  an d  c o n n e c te d  to
g r o u n d

( b ) A gr o u n d e d  fll  l i n e  e x te n d i n g to  th e  b o tto m  o f th e
ve s s e l  an d  m e e ti n g  th e  fo l l o wi n g c r i te r i a :

i . T h e  g r o u n d e d  fll  l i n e  e n te r s  a t th e  b o tto m  o f
th e  ve s s e l .

i i . T h e  g r o u n d e d  fll  l i n e  d o e s  n o t i n tr o d u c e  a
s p ar k p r o m o te r  (see 1 2. 1 . 8).

N 1 3 . 8  G augi n g an d  S am p l i n g.    Gau gi n g an d  s am p l i n g  o p e r a‐
ti o n s ,  i n c l u d i n g  te m p e r a tu r e  m e as u r e m e n t,  c a n  i n tr o d u c e
s p ar k p r o m o te r s  i n to  a p r o c e s s  ve s s e l ,  a s to r ag e  tan k,  o r  a

c o m p a r tm e n t th e r e i n .  A c o n d u c ti ve  ga u g i n g  we l l  fo r  m an u al
s a m p l i n g a n d  ga u g i n g  s h o u l d  b e  u s e d .

N 1 3 . 8 . 1  P re c au ti o n s .    T h e  p r e c a u ti o n s  g i ve n  i n  S e c ti o n  1 3 . 8
s h o u l d  b e  ta ke n  wh e r e  u s e  o f a g au gi n g we l l  i s  n o t p o s s i b l e ,

wh e r e  th e  m ate r i al  s to r e d  i s  a  n o n c o n d u c to r,  o r  wh e r e  th e
va p o r  s p ac e  o f th e  ve s s e l  o r  tan k c o u l d  b e  i g n i ti b l e .

N 1 3 . 8 . 2  M an u al  O p e rati o n s .    Wh e r e  ga u g i n g  a n d  s a m p l i n g
o p e r ati o n s  ar e  c o n d u c te d  m a n u al l y,  th e  p e r s o n n e l  g r o u n d i n g
r e c o m m e n d a ti o n s  i n  S e c ti o n   8 . 2  s h o u l d  b e  c o n s i d e r e d .

N 1 3 . 8 . 3  M ate ri al s .    Gau gi n g a n d  s a m p l i n g s ys te m s  s h o u l d  b e
e i th e r  c o m p l e te l y c o n d u c ti ve  o r  c o m p l e te l y n o n c o n d u c ti ve .

F o r  e x am p l e ,  c o n d u c ti ve  s am p l i n g  an d  g au g i n g  d e vi c e s  s h o u l d
b e  u s e d  wi th  a  c o n d u c ti ve  l o we r i n g  d e vi c e ,  s u c h  as  a  s te e l  tap e
o r  c ab l e .

N 1 3 . 8 . 3 . 1    C h a i n s  ar e  n o t e l e c tr i c a l l y c o n ti n u o u s  an d  s h o u l d  n o t
b e  u s e d  i n  fammable  atm o s p h e r e s .

N 1 3 . 8 . 3 . 2    C o n d u c ti ve  s a m p l i n g an d  g au gi n g d e vi c e s ,  i n c l u d i n g
th e  s am p l i n g  c o n ta i n e r  an d  th e  l o we r i n g  d e vi c e ,  s h o u l d  b e

p r o p e r l y b o n d e d  to  th e  ve s s e l ,  ta n k,  o r  c o m p a r tm e n t.

N 1 3 . 8 . 3 . 3    T h e  b o n d i n g  specifed  i n  1 3 . 8 . 3 . 2  s h o u l d  b e  ac c o m ‐
p l i s h e d  b y u s e  o f a b o n d i n g c a b l e  o r  b y m ai n ta i n i n g  c o n ti n u ‐

o u s  m e tal -to -m e tal  c o n tac t b e twe e n  th e  l o we r i n g d e vi c e  a n d  th e
ve s s e l  h atc h .

N 1 3 . 8 . 3 . 4    I d e al l y,  i f n o n c o n d u c ti ve  h a n d  g au gi n g o r  s a m p l i n g
d e vi c e s  a r e  u s e d ,  n o  wai ti n g p e r i o d  i s  n e e d e d  a fte r  l o a d i n g  o r
flling;  h o we ve r,  i t s h o u l d  b e  n o te d  th a t th e s e  d e vi c e s  m i g h t n o t

r e tai n  th e  n e c e s s ar y l e ve l  o f n o n c o n d u c ti vi ty d u e  to  e n vi r o n ‐
m e n tal  fac to r s  s u c h  as  m o i s tu r e  o r  c o n ta m i n ati o n .  T h e r e fo r e ,
an  a p p r o p r i a te  wai ti n g p e r i o d  s h o u l d  b e  a l l o we d  wh e r e

n o n c o n d u c ti ve  d e vi c e s  ar e  u s e d .

N 1 3 . 8 . 3 . 5    C o r d  m ad e  fr o m  s yn th e ti c  m ate r i a l  s u c h  as  n yl o n
s h o u l d  n o t b e  u s e d  d u e  to  p o s s i b l e  c h ar g i n g  i f i t s l i p s  r ap i d l y

th r o u g h  gl o ve d  h a n d s .  Al th o u gh  n atu r a l  c e l l u l o s i c  fber  c o r d
c a n ,  i n  p r i n c i p l e ,  b e  u s e d ,  s u c h  c o r d  i s  fr e q u e n tl y c o m p o s e d  o f

a  n atu r al –s yn th e ti c  b l e n d ,  wi th  c o r r e s p o n d i n g  c h a r ge -
ge n e r a ti n g ab i l i ty.

N 1 3 . 8 . 4  G augi n g.    Wh e r e  p o s s i b l e ,  g au gi n g s h o u l d  b e  c a r r i e d
o u t u s i n g  au to m ati c  g au gi n g s ys te m s .  T h e s e  s ys te m s  c a n  b e
u s e d  s afe l y i n  ve s s e l s ,  p r o vi d e d  th at th e  ga u g e  foats  a n d  s i m i l a r

d e vi c e s  a r e  e l e c tr i c al l y b o n d e d  to  th e  ve s s e l  s h e l l  th r o u gh  a
c o n d u c ti ve  l e a d -i n  tap e  o r  c o n d u c ti ve  g u i d e  wi r e s .  Free-
foating,  u n b o n d e d  foats  c a n  b e  e ffe c ti ve  s p ar k p r o m o te r s  an d

s h o u l d  b e  a vo i d e d .  N o n c o n ta c t ga u g i n g  d e vi c e s ,  s u c h  a s  r a d ar
an d  u l tr as o n i c  ga u g e s ,  a r e  al s o  s ati s fac to r y,  p r o vi d e d  th a t e l e c ‐
tr i c a l  c o n ti n u i ty i s  e n s u r e d .  I s o l ate d  c o n d u c ti ve  c o m p o n e n ts

m u s t n o t b e  u s e d .

N 1 3 . 8 . 5  Wai ti n g P e ri o d .

N 1 3 . 8 . 5 . 1    D e p e n d i n g  o n  th e  s i z e  o f th e  ve s s e l  a n d  th e  c o n d u c ‐
ti vi ty o f th e  p r o d u c t b e i n g  l o ad e d ,  a  suffcient wai ti n g  p e r i o d

s h o u l d  b e  al l o we d  fo r  a c c u m u l a te d  c h a r ge  to  d i s s i p ate .

N 1 3 . 8 . 5 . 2    A 3 0 -m i n u te  wa i ti n g  p e r i o d  s h o u l d  b e  al l o we d  b e fo r e
th e  ga u g i n g  o r  s am p l i n g  o f ve s s e l s ,  ta n ks ,  o r  c o m p a r tm e n ts
gr e a te r  th an  4 0  m 3  ( 1 0 , 5 7 0  U S  g al ) ,  u n l e s s  a ga u g i n g  we l l  i s
u s e d .  T h e  wai ti n g p e r i o d  b e fo r e  th e  ga u g i n g  o r  s a m p l i n g o f

s m a l l e r  ve s s e l s  c an  b e  r e d u c e d  to  5  m i n u te s  fo r  ve s s e l s  b e twe e n
2 0  m 3  ( 5 2 8 0  U S  g al ) ,  an d  4 0  m 3  ( 1 0 , 5 7 0  U S  ga l )  a n d  to

1  m i n u te  fo r  ve s s e l s  l e s s  th a n  2 0  m 3  ( 5 2 8 0  U S  ga l ) .  L o n g e r  wai t‐
i n g p e r i o d s  m i gh t b e  ap p r o p r i ate  fo r  ve r y l o w c o n d u c ti vi ty

l i q u i d s  (σL  <  2  p S / m )  o r  n o n c o n d u c ti ve  l i q u i d s  th a t c o n tai n  a
s e c o n d  d i s p e r s e d  p h as e  [ s u c h  as  a  C l a s s  I  l i q u i d  ( as  d e s i gn a te d
b y N F PA 3 0 )  wi th  m o r e  th an  0 . 5  p e r c e n t wate r  ( we i g h t b as i s ) ] .

I f a ga u g i n g  we l l  i s  u s e d ,  a wai ti n g p e r i o d  i s  u n n e c e s s ar y.
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N 1 3 . 9  C l e an i n g Ve s s e l s  an d  Tan ks .

N 1 3 . 9 . 1  Wate r Was h i n g.

N 1 3 . 9 . 1 . 1    T h e  m i s t c r e ate d  i n  a  ve s s e l  b y wa te r  s p r ayi n g  c an  b e
h i g h l y c h a r ge d .  T h i s  i s  a  p a r ti c u l a r  p r o b l e m  wi th  ve s s e l s  l ar g e r

th an  1 0 0  m 3  ( 2 6 , 4 2 0  U S  ga l ) ,  d u e  to  th e  s i z e  o f th e  m i s t c l o u d
th at c a n  fo r m .  Wa te r  was h i n g  u s i n g s p r ays  s h o u l d  b e  d o n e  o n l y
i n  an  i n e r te d  o r  nonfammable  a tm o s p h e r e .

N 1 3 . 9 . 1 . 2    Al th o u gh  specifcally wr i tte n  fo r  m ar i n e  c ar g o  tan ks ,
th e  International Safety Guide for Oil Tankers and Terminals

( I S GO T T )  p r e s e n ts  a c o m p r e h e n s i ve  d i s c u s s i o n  o f c l e a n i n g .
Ve s s e l s  l e s s  th an  1 0 0  m 3  ( 2 6 , 4 2 0  U S  g al ) ,  an d  wi th  al l  c o n d u c ‐
ti ve  c o m p o n e n ts  gr o u n d e d  h a ve  a n e g l i gi b l e  d i s c h ar g e  h az ar d .

Wh e r e  a p o s s i b i l i ty o f s te a m  e n te r i n g  th e  ve s s e l  d u r i n g  th e
wate r-was h i n g  p r o c e s s  e x i s ts ,  th e  p r e c au ti o n s  i n  1 3 . 9 . 3  s h o u l d
b e  fo l l o we d .

N 1 3 . 9 . 2  S o l ve n t Was h i n g.    M i s t c h ar g e  d e n s i ti e s  c r e a te d  b y fam‐
mable  l i q u i d  ( C l a s s  I  l i q u i d ,  as  d e s i g n ate d  b y N F PA 3 0 )  s o l ve n ts

ar e  s i m i l a r  to  th o s e  fr o m  wate r  wa s h i n g ,  an d  s i m i l ar  p r e c au ‐
ti o n s  s h o u l d  b e  take n  r e g ar d i n g g r o u n d i n g o f c o n d u c ti ve

c o m p o n e n ts .

N 1 3 . 9 . 2 . 1    Wh e r e  a n  i g n i ti b l e  atm o s p h e r e  o r  m i s t c a n n o t b e
a vo i d e d  b e c au s e  o f th e  typ e  o f s o l ve n t o r  c l e a n i n g  p r o c e s s  u s e d ,
th e  ve s s e l  b e i n g  c l e an e d  s h o u l d  b e  i n e r te d  o r  e n r i c h e d  to
r e d u c e  th e  l i ke l i h o o d  o f i gn i ti o n  d u r i n g th e  c l e an i n g  p r o c e s s .

N 1 3 . 9 . 2 . 2    Wh e r e  th e  ve s s e l  i s  n o t i n e r te d  o r  e n r i c h e d  a n d  an
i gn i ti b l e  a tm o s p h e r e  i s  p r e s e n t,  th e  fo l l o wi n g p r e c au ti o n s

s h o u l d  b e  c o n s i d e r e d  wh e r e  s o l ve n t i s  u s e d  as  a c l e an i n g a ge n t:

( 1 ) T h e  s o l ve n t s h o u l d  b e  c o n d u c ti ve .
( 2 ) Wh e r e  a s o l ve n t b l e n d ,  s u c h  as  r e c l ai m e d  s o l ve n t,  i s  u s e d ,

th e  c o n d u c ti vi ty s h o u l d  b e  c h e c ke d  p e r i o d i c al l y.
( 3 ) H i gh  fash  p o i n t m ate r i a l s  [ a t l e as t 9 ° C  ( 1 6 ° F )  a b o ve  th e

m a x i m u m  o p e r ati n g  te m p e r atu r e  d u r i n g c l e an i n g]
s h o u l d  b e  u s e d ,  a n d  th e  fash  p o i n t s h o u l d  b e  confrmed

o n  a  d ai l y b a s i s .
( 4 ) T h e  c l e an i n g  s ys te m  s h o u l d  b e  c o n d u c ti ve  an d  b o n d e d  to

th e  ve s s e l ,  a n d  c o n ti n u i ty te s ts  o f al l  b o n d e d  e q u i p m e n t
s h o u l d  b e  d o n e  p e ri o d i c al l y.

( 5 ) U n gr o u n d e d  c o n d u c ti ve  o b j e c ts  s h o u l d  b e  tr e a te d  i n
a c c o r d an c e  wi th  th e  fo l l o wi n g:

( a) T h e y s h o u l d  n o t b e  i n tr o d u c e d  i n to  th e  ve s s e l
d u r i n g th e  c l e an i n g  p r o c e s s .

( b ) T h e y s h o u l d  n o t b e  i n tr o d u c e d  i n to  th e  ve s s e l  fo r  a
suffcient p e ri o d  o f ti m e  afte r  th e  c l e an i n g  p r o c e s s ,
wh i c h  m i g h t take  s e ve r a l  h o u r s  d u e  to  th e  g e n e r a‐

ti o n  o f m i s t.

N 1 3 . 9 . 3  S te am  C l e an i n g.    S te am  c l e an i n g c a n  c r e a te  ve r y l ar g e
c h a r ge  d e n s i ti e s  wi th  c o r r e s p o n d i n g l y l a r ge  s p ac e  c h ar g e
p o te n ti a l s  th a t i n c r e a s e  wi th  th e  s i z e  o f th e  ve s s e l .  T h e r e fo r e ,

th e  fo l l o wi n g p r e c a u ti o n s  s h o u l d  b e  ta ke n :

( 1 ) Ve s s e l s  l ar g e r  th an  4  m 3  ( 1 0 5 6  U S  ga l )  s h o u l d  b e  i n e r te d
b e fo r e  s te am  c l e an i n g.

( 2 ) Al l  c o m p o n e n ts  o f th e  s te am i n g  s ys te m  s h o u l d  b e
c o n d u c ti ve  a n d  gr o u n d e d .

( 3 ) Al l  c o n d u c ti ve  c o m p o n e n ts  o f th e  ve s s e l  s h o u l d  b e
b o n d e d  an d  g r o u n d e d .

N 1 3 . 9 . 4  I n te r n al  G ri t B l as ti n g.

N 1 3 . 9 . 4 . 1    Wh e r e  p o s s i b l e ,  tan ks  an d  p r o c e s s  ve s s e l s  s h o u l d  b e
c l e an  a n d  fr e e  o f i gn i ti b l e  m ate r i a l s  ( n o  m o r e  th a n  1 0  p e r c e n t

o f th e  L F L ) .

N 1 3 . 9 . 4 . 2    H o s e  u s e d  fo r  gr i t b l a s ti n g s h o u l d  b e  gr o u n d e d ,  an d
th e  r e s i s tan c e  to  gr o u n d  fr o m  an y p ar t o f th e  h o s e  a s s e m b l y,

e s p e c i al l y th e  n o z z l e ,  s h o u l d  n o t e x c e e d  1  ×  1 0 6  o h m s .  (See
Section  1 0. 3. )

N 1 3 . 1 0 *  Vac u um  C l e an i n g.    C o l l e c ti n g l i q u i d s  an d  s o l i d s  i n  an
i g n i ti b l e  atm o s p h e r e  u s i n g  a  vac u u m  c l e an e r  c an  c r e a te  a
signifcant h az ar d  d u e  to  i g n i ti o n  fr o m  s tati c  e l e c tr i c  d i s c h ar g e .

I f i t i s  n e c e s s ar y to  u s e  s u c h  e q u i p m e n t i n  a p r o c e s s  ar e a ,  th e
h az ar d s  an d  th e  p r o c e d u r e s  fo r  s afe  u s e  s h o u l d  b e  c ar e fu l l y
r e vi e we d  a n d  c l e a r l y c o m m u n i c a te d  to  th e  p o te n ti al  u s e r s .  I f

e l e c tr i c a l l y p o we r e d ,  th e  vac u u m  c l e a n e r  s h o u l d  b e  l i s te d  fo r
u s e  i n  th e  ap p l i c ab l e  h az ar d o u s  (classifed)  l o c a ti o n ,  as  defned
i n  Ar ti c l e  5 0 0  o f NFPA 70.  Ai r-o p e r ate d  vac u u m  c l e a n e r s  a r e

a va i l ab l e  fo r  th i s  ap p l i c ati o n .  S p e c i a l  c o n s i d e r a ti o n  s h o u l d  b e
gi ve n  to  gr o u n d i n g  th e  va c u u m  h o s e  a n d  th e  n o z z l e  a c c o r d i n g
to  th e  m an u fac tu r e r s '  r e c o m m e n d ati o n s ,  r e g ar d l e s s  o f th e  typ e

o f va c u u m  u s e d .

N 1 3 . 1 1  C l e an  G as  Fl o ws .

N 1 3 . 1 1 . 1    U s u al l y,  a n e g l i gi b l e  ge n e r a ti o n  o f s tati c  e l e c tr i c i ty
o c c u r s  i n  s i n g l e -p h as e  ga s  fow.  T h e  p r e s e n c e  o f s o l i d s  s u c h  a s

p i p e  s c al e  o r  s u s p e n d e d  l i q u i d s  s u c h  as  wate r  o r  c o n d e n s ate
wi l l  c r e ate  c h a r ge ,  wh i c h  i s  c ar r i e d  b y th e  ga s  p h a s e .  T h e

i m p ac t o f th e  c h ar g e d  s tr e a m  o n  u n g r o u n d e d  o b j e c ts  c an  th e n
c r e a te  s p ar k h a z a r d s .  F o r  e x a m p l e ,  c ar b o n  d i o x i d e  d i s c h a r ge d
u n d e r  p r e s s u r e  wi l l  fo r m  c h a r ge d  s o l i d  “ s n o w. ”  I n  an  i g n i ti b l e

a tm o s p h e r e ,  th i s  p h e n o m e n o n  c a n  c r e a te  an  i g n i ti o n  h az ar d .
F o r  th at r e as o n ,  c a r b o n  d i o x i d e  fr o m  h i g h -p r e s s u re  c yl i n d e r s
o r  fre  e x ti n gu i s h e r s  s h o u l d  n e ve r  b e  u s e d  to  i n e r t a  c o n tai n e r

o r  ve s s e l .

N 1 3 . 1 1 . 2    G as e s  wi th  ve r y l o w i g n i ti o n  e n e r g i e s ,  s u c h  as  ac e ty‐
l e n e  an d  h yd r o ge n ,  th at c o n tai n  s u s p e n d e d  m ate r i a l  c a n  b e

i g n i te d  b y c o r o n a  d i s c h a r ge  wh e r e  th e y a r e  e s c ap i n g fr o m
s tac ks  a t h i gh  ve l o c i ty.  T h i s  p h e n o m e n o n  i s  as s o c i ate d  wi th

e l e c tr i c a l  b r e a kd o wn  at th e  p e r i p h e r y o f th e  c h a rge d  s tr e a m
b e i n g ve n te d .  S u c h  d i s c h a r ge s  c a n  o c c u r  e ve n  i f th e  e q u i p m e n t
i s  p r o p e r l y g r o u n d e d .

Δ C h ap te r  1 4       Re s e r ve d

C h ap te r  1 5       P o wd e rs  an d  D u s ts

Δ 1 5 . 1  G e n e ral .    P o wd e r s  i n c l u d e  p e l l e ts ,  g r an u l e s ,  d u s t p ar ti ‐
c l e s ,  a n d  o th e r  p a r ti c u l a te  s o l i d s .  I t s h o u l d  b e  n o te d  th at ag gr e ‐

g ate s  o f p e l l e ts  a n d  gr a n u l e s  o fte n  c o n tai n  a signifcant am o u n t
o f d u s t.  T h e  m o ve m e n t o f p o wd e r s  i n  i n d u s tr i al  o p e r a ti o n s

c o m m o n l y g e n e r ate s  s tati c  e l e c tr i c  c h ar g e s .  T h e  a c c u m u l a ti o n
o f th e s e  c h ar g e s  an d  th e i r  s u b s e q u e n t d i s c h ar g e  c an  l e ad  to
fres  an d  e x p l o s i o n s .  (See NFPA  654 for more information. )
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2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

1 5 . 2  C o m b us ti b i l i ty o f D u s ts .

1 5 . 2 . 1    F o r  a  s tati c  e l e c tr i c  d i s c h ar g e  to  i g n i te  a c o m b u s ti b l e
d u s t,  th e  fo l l o wi n g  fo u r  c o n d i ti o n s  n e e d  to  b e  m e t:

( 1 ) An  e ffe c ti ve  m e a n s  o f s e p ar a ti n g c h ar g e  i s  p r e s e n t.
( 2 ) A m e an s  o f ac c u m u l ati n g  th e  s e p ar a te d  c h a r ge s  an d

m a i n tai n i n g a d i ffe r e n c e  o f e l e c tr i c al  p o te n ti a l  i s  avai l a‐
b l e .

( 3 ) A d i s c h ar g e  o f th e  s tati c  e l e c tr i c i ty o f a d e q u a te  e n e r g y
( ab o ve  th e  m i n i m u m  i g n i ti o n  e n e r g y) i s  p o s s i b l e .

( 4 ) T h e  e n e r ge ti c  d i s c h ar g e  o c c u r s  i n  a n  i g n i ti b l e  m i x tu r e  o f
th e  s u s p e n d e d  d u s t c l o u d .

Δ 1 5 . 2 . 2    A suffcient am o u n t o f d u s t s u s p e n d e d  i n  ai r  n e e d s  to
b e  p r e s e n t fo r  a n  i g n i ti o n  to  ac h i e ve  s u s tai n e d  c o m b u s ti o n .
T h i s  m i n i m u m  am o u n t i s  c a l l e d  th e  minimum explosible concen‐
tration ( M E C ) .  I t i s  th e  s m al l e s t c o n c e n tr a ti o n ,  e x p r e s s e d  i n
m a s s  p e r  u n i t vo l u m e ,  fo r  a g i ve n  p a r ti c l e  s i z e  th at wi l l  s u p p o r t
a defagration  wh e r e  u n i fo r m l y s u s p e n d e d  i n  a i r.  I n  th i s  c h a p ‐
te r,  a i r  i s  as s u m e d  to  b e  th e  s u p p o r ti n g  atm o s p h e r e  u n l e s s
an o th e r  o x i d i z i n g a tm o s p h e r e  i s  specifed.

1 5 . 2 . 3 *    F o r  a  d u s t c l o u d  to  b e  i gn i te d  b y a  s ta ti c  e l e c tr i c
d i s c h ar g e ,  th e  d i s c h a r ge  n e e d s  to  h ave  e n o u gh  e n e r g y d e n s i ty,
b o th  i n  s p ac e  an d  i n  ti m e ,  to  e ffe c t i g n i ti o n .  F o r  d i s c h ar g e s
typ i c a l  o f s p ar ks  th at c an  b e  p r o d u c e d  b y c h ar g e d ,  u n g r o u n d e d
c o n d u c to r s ,  i gn i ti o n  o f a  d u s t c l o u d  i s  p o s s i b l e  i f th e  e n e r g y i n
th e  d i s c h ar g e  e x c e e d s  th e  m i n i m u m  i gn i ti o n  e n e r gy ( M I E )  o f
th e  d u s t.  T h e  M I E  i s  a m e as u r e  o f th e  m i n i m u m  a m o u n t o f
c a p a c i ti ve  s p ar k e n e r gy n e c e s s a r y to  i g n i te  a d u s t c l o u d  o f o p ti ‐
m a l  c o n c e n tr ati o n .

•
Δ 1 5 . 3  S tati c  E l e c tri c  C h argi n g.

Δ 1 5 . 3 . 1    C o n tac t s tati c  e l e c tr i c  c h a r gi n g o c c u r s  e x te n s i ve l y i n
th e  m o ve m e n t o f p o wd e r s ,  b o th  b y s u r fac e  c o n ta c t a n d  s e p a r a‐
ti o n  b e twe e n  p o wd e r s  a n d  s u r fac e s  an d  b y c o n tac t a n d  s e p a r a‐

ti o n  b e twe e n  i n d i vi d u al  p o wd e r  p a r ti c l e s .  T h e  c h ar g i n g
c h a r ac te r i s ti c s  o f p a r ti c l e s  a r e  o fte n  d e te r m i n e d  as  m u c h  b y
th e i r  s u r fac e  fe atu r e s  a s  b y th e i r  c h e m i c al  c h ar a c te r i s ti c s ;  th u s ,

th e  m ag n i tu d e  a n d  p o l a r i ty o f a c h ar g e  ar e  diffcult to  p r e d i c t
wi th o u t l ab o r ato r y o r  o n -s i te  m e a s u r e m e n ts .

Δ 1 5 . 3 . 2    C h a r gi n g c an  b e  e x p e c te d  a n y ti m e  a p o wd e r  c o m e s
i n to  c o n ta c t wi th  an o th e r  s u r fa c e ,  s u c h  as  i n  s i e vi n g ,  p o u r i n g ,
s c r o l l i n g ,  g r i n d i n g,  m i c r o n i z i n g ,  s l i d i n g ,  a n d  p n e u m a ti c

c o n ve yi n g.  I n  th o s e  o p e r a ti o n s ,  th e  m o r e  vi g o r o u s  th e  c o n tac t,
th e  m o r e  c h a r ge  i s  g e n e r ate d ,  as  s h o wn  i n  Ta b l e  1 5 . 3 . 2 .  Tab l e
1 5 . 3 . 2  s h o ws  th a t a  wi d e  r a n ge  o f c h ar g e  d e n s i ti e s  i s  p o s s i b l e  i n
a  g i ve n  o p e r ati o n ;  th e  ac tu a l  val u e s  wi l l  d e p e n d  o n  b o th  th e
p r o d u c t an d  th e  o p e r ati o n .

Δ 1 5 . 3 . 3    T h e r e  i s  a n  u p p e r  l i m i t to  th e  am o u n t o f c h ar g e  th a t
c a n  b e  c ar r i e d  b y a p o wd e r  s u s p e n d e d  i n  a  g as .  T h i s  l i m i t i s  s e t

b y th e  s tr e n gth  o f th e  e l e c tr i c  feld  at th e  s u r fa c e  o f th e  p ar ti c l e
a n d  d e p e n d s  o n  th e  s u r fac e  c h a r ge  d e n s i ty,  as  we l l  a s  th e  p ar ti ‐
c l e ' s  s i z e  an d  s h a p e .  F o r  we l l -d i s p e r s e d  p ar ti c l e s ,  th e  m ax i m u m

s u r fac e  c h ar g e  d e n s i ty i s  2 7  μ C / m 2 .  T h i s  va l u e  c a n  b e  u s e d  to
e s ti m ate  m a x i m u m  c h ar g e -to - m a s s  r ati o s  fr o m  p a r ti c l e  d i am e ‐
te r  an d  d e n s i ty i n fo r m ati o n .

1 5 . 3 . 4    E l e c tr o s ta ti c  c h ar g e  ac c u m u l ati o n  i n  p a r ti c u l a te  s o l i d s
c a n  b e  m i n i m i z e d  b y d e c r e as i n g  th e  p o wd e r ’ s  b u l k r e s i s ti vi ty b y

i n c r e as i n g  th e  m o i s tu r e  c o n te n t o f th e  p o wd e r,  b y r e d u c i n g
c o n ve yi n g s p e e d  o r  th r o u g h p u t,  o r  b y s u b s ti tu ti n g p r o c e s s e s
th at r e s u l t i n  l e s s  p ar ti c l e  c o n ta c t p e r  u n i t ti m e  ( e . g . ,  g r avi ty

tr a n s fe r  vs .  p n e u m a ti c  c o n ve yi n g) .  T h e  u s e  o f i o n i z ati o n  to

r e d u c e  ac c u m u l ate d  c h a r ge  i s  al s o  e ffe c ti ve  fo r  s o m e  ap p l i c a‐
ti o n s .

1 5 . 4  Re te n ti o n  o f S tati c  E l e c tri c  C h arge .

1 5 . 4 . 1 *    T h e  ab i l i ty o f a s o l i d  to  tr an s m i t e l e c tr i c  c h ar g e s  i s
c h a r ac te r i z e d  b y i ts  vo l u m e  r e s i s ti vi ty.

1 5 . 4 . 2 *    P o wd e r s  c a n  b e  d i vi d e d  i n to  th e  fo l l o wi n g  gr o u p s :

( 1 ) L o w-r e s i s ti vi ty ( c o n d u c ti ve )  p o wd e r s  h a ve  vo l u m e  r e s i s ti vi ‐
ti e s  l e s s  th a n  1  ×  1 0 5  o h m - m ,  i n c l u d i n g  m e ta l s ,  c o al  d u s t,

an d  c ar b o n  b l ac k.
( 2 ) M e d i u m -r e s i s ti vi ty ( s e m i - c o n d u c ti ve )  p o wd e r s  h ave

vo l u m e  r e s i s ti vi ti e s  e q u a l  to  o r  gr e a te r  th an  1  ×  1 0 5  o h m -
m  b u t l e s s  th an  1  ×  1 0 9  o h m -m ,  i n c l u d i n g m an y o r g an i c

p o wd e r s  an d  ag r i c u l tu r al  p r o d u c ts .
( 3 ) H i gh -r e s i s ti vi ty ( i n s u l ati ve )  p o wd e r s  h a ve  vo l u m e  r e s i s ti vi ‐

ti e s  e q u al  to  o r  g r e ate r th an  1  ×  1 0 9  o h m -m ,  i n c l u d i n g
o r g an i c  p o wd e r s ,  s yn th e ti c  p o l ym e r s ,  an d  q u a r tz .

1 5 . 4 . 3    B u l k p o wd e r  c an  r e tai n  a s ta ti c  e l e c tri c  c h ar g e ,  d e p e n d ‐
i n g o n  i ts  b u l k r e s i s ti vi ty an d  i ts  b u l k d i e l e c tr i c  c o n s ta n t.  T h e

r e l ax ati o n  ti m e  i s  e x p r e s s e d  b y th e  fo l l o wi n g e q u a ti o n :

τ ε ε ρ=
r o v

wh e r e :
τ = c h a r ge  r e l a x a ti o n  ti m e  c o n s tan t ( s e c o n d s )
ℇr = r e l ati ve  d i e l e c tr i c  c o n s ta n t o f th e  m a te r i al
ℇo = e l e c tr i c a l  p e r m i tti vi ty o f a  va c u u m  ( 8 . 8 4 5  ×  1 0 -1 2  far a d s  p e r

m e te r )
ρv = vo l u m e tr i c  r e s i s ti vi ty ( o h m -m e te r s )

A p o wd e r  c h a r ge  r e l a x a ti o n  ti m e  c an  b e  o b tai n e d  b y
p e r fo r m i n g a c h a r ge  r e l ax ati o n  ( d e c ay)  ti m e  m e as u r e m e n t i n  a
qualifed  l a b o r a to r y.  Re s u l ts  o n  te s ts  p e r fo r m e d  i n  c o m p ac ti o n

c e l l s  c an  b e  var i a b l e  an d  m u s t b e  e val u a te d  c a r e fu l l y.  [See IEC
60079-32-2,  Explosive atmospheres — Part 32-2: Electrostatics

hazards — Tests,  and “Dust and electrostatic hazards,  could we
improve our standards?” (Perrin et.  al). ]

1 5 . 4 . 4    L o w- r e s i s ti vi ty p o wd e r s  c an  b e c o m e  c h ar g e d  d u r i n g
fow.  T h e  c h a r ge  r ap i d l y d i s s i p a te s  wh e r e  th e  p o wd e r  i s
c o n ve ye d  i n to  a g r o u n d e d  c o n tai n e r.  H o we ve r,  i f th e  p o wd e r  i s

c o n ve ye d  i n to  a n o n c o n d u c ti ve  c o n tai n e r,  th e  a c c u m u l a te d

 
[ 1 5 . 4 . 3 ]Δ

Δ Tab l e   1 5 . 3 . 2  Typ i c al  C h arge  L e ve l s  o n  M e d i u m - Re s i s ti vi ty
P o wd e rs  E m e rgi n g fro m  Vari o u s  P o wd e r O p e rati o n s  ( B e fo re
C o m p ac ti o n )

O p e rati o n
M as s  C h arge  D e n s i ty

( μ C / kg)

S i e vi n g 1  ×  1 0 –3  to  1  ×  1 0 –5

P o u r i n g 1  ×  1 0 –1  to  1  ×  1 0 –3

Au ge r  o r  s c r e w-fe e d  tr a n s fe r 1  ×  1 0 –2  to  1 . 0
Gr i n d i n g 1  ×  1 0 –1  to  1 . 0
M i c r o n i z i n g 1  ×  1 0 2  to  1  ×  1 0 –1

P n e u m a ti c  c o n ve yi n g 1  ×  1 0 3  to  1  ×  1 0 –1

Source: B S  P D  C L C / T R 6 0 0 7 9 - 3 2 - 1 ,  Explosive atmospheres — Part  32-1 :

Electrostatic hazards,  guidance.
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

c h a r ge  c an  r e s u l t i n  a n  i n c e n d i ve  s p a r k fr o m  th e  c h a r ge d  m a s s
o f s o l i d  m a te r i al .

Δ 1 5 . 4 . 5    Wh e r e  a m e d i u m -r e s i s ti vi ty p o wd e r  c o m e s  to  r e s t i n
b u l k,  th e  c h ar g e  r e tai n e d  d e p e n d s  o n  th e  r e s i s ta n c e  b e twe e n
th e  p o wd e r  an d  g r o u n d .  I f th e  p o wd e r  i s  p l a c e d  i n  a g r o u n d e d

c o n tai n e r,  c h a r ge  r e te n ti o n  i s  d e te r m i n e d  b y th e  b u l k vo l u m e
r e s i s ti vi ty o f th e  p o wd e r,  wh i c h  i n c l u d e s  th e  i n te r p a r ti c l e  r e s i s t‐
an c e ,  a s  g o ve r n e d  b y th e  r e l ati o n s h i p  e x p r e s s e d  i n  E q u a ti o n

1 5 . 4 . 3 .  I f th e  p o wd e r  i s  p l a c e d  i n  a n o n c o n d u c ti ve  c o n tai n e r,
c h a r ge  r e te n ti o n  i s  d e te r m i n e d  b y th e  r e s i s tan c e  o f th e
c o n tai n e r.

Δ 1 5 . 4 . 6    H i gh - r e s i s ti vi ty p o wd e r s  d o  n o t p r o d u c e  s p ar k
d i s c h ar g e s  i n  th e m s e l ve s ,  b u t th e y c a n  p r o d u c e  o th e r  typ e s  o f

d i s c h ar g e  s u c h  as  c o r o n a ,  b r u s h ,  b u l ki n g b r u s h ,  a n d  p r o p a ga t‐
i n g  b r u s h  (see Section 5. 5).  H i gh - r e s i s ti vi ty p o wd e r s  l o s e  c h ar g e
at a s l o w r ate  d e te r m i n e d  b y th e i r  vo l u m e  r e s i s ti vi ty,  e ve n  i n

p r o p e r l y gr o u n d e d  c o n tai n e r s .  M a n y h i g h -r e s i s ti vi ty p o wd e r s
ar e  al s o  h yd r o p h o b i c  a n d ,  i n  b u l k,  c an  r e tai n  c h ar g e  fo r  h o u r s
o r  e ve n  d ays .  H i g h -r e s i s ti vi ty p o wd e r s ,  s u c h  a s  th e r m o p l as ti c

r e s i n s ,  c an  h ave  b u l k r e s i s ti vi ti e s  u p  to  a b o u t 1  ×  1 0 1 6  o h m -m .

1 5 . 4 . 7    I t s h o u l d  b e  n o te d  th a t E q u ati o n s  1 5 . 5 . 1 a  th r o u g h
1 5 . 5 . 1 d  ap p l y o n l y to  c ap ac i ti ve  d i s c h ar g e s  fr o m  c o n d u c to r s

an d  c a n n o t b e  ap p l i e d  to  d i s c h ar g e s  fr o m  i n s u l ato r s .  D i s c h ar g e
e n e r gi e s  s o  e s ti m ate d  c an  b e  c o m p ar e d  wi th  th e  M I E  o f th e

d u s t to  p r o vi d e  an  i n s i gh t i n to  th e  p r o b ab i l i ty o f i g n i ti o n  b y
c a p a c i ti ve  s p ar k d i s c h ar g e  (see 5. 5. 3).  L aye r s  o f c o m b u s ti b l e
d u s ts  c a n  b e  i gn i te d  b y c ap ac i ti ve  s p ar k d i s c h a r ge ,  wh i c h  c a n

l e ad  to  fres  an d  p o s s i b l y to  s e c o n d a r y d u s t e x p l o s i o n s .  F o r  a
d u s t l a ye r,  th e r e  i s  n o  c o r r e l a ti o n  wi th  th e  M I E  fo r  d u s t c l o u d
i g n i ti o n .  T h e  M I E  o f a d u s t l aye r  c a n  b e  o b ta i n e d  th ro u g h  l ab o ‐
r ato r y te s ti n g .  C ap ac i ti ve  s p a r k d i s c h ar g e s  n e e d  to  b e  avo i d e d

b y gr o u n d i n g  al l  c o n d u c ti ve  c o n tai n e r s ,  e q u i p m e n t,  an d  p r o d ‐
u c ts .  P e r s o n n e l  wh o  ar e  e x p o s e d  to  c l o u d s  o f c o m b u s ti b l e  d u s t
wi th  an  M I E  l e s s  th an  3 0  m J  s h o u l d  a l s o  b e  g r o u n d e d .  H i g h e r

vo l tag e s  ar e  p o s s i b l e  d u r i n g c e r tai n  i n d u s tr i a l  a p p l i c ati o n s /
o p e r ati o n s .

1 5 . 5  D i s c h arge s  i n  P o wd e r O p e rati o n s .

1 5 . 5 . 1  S p ark D i s c h arge .    Wh e r e  s p ar k d i s c h ar g e s  o c c u r  fr o m
c o n d u c to r s ,  th e  e n e r g y i n  th e  s p ar k c an  b e  e s ti m a te d  fr o m  th e
fo l l o wi n g  e q u ati o n s  o r  fr o m  th e  n o m o g r ap h  i n  F i g u re  5 . 5 . 3 . 3 :

W CV=

1

2

2

W QV=

1

2

W
Q

C
=
1

2

2









Q CV=

 
[ 1 5 . 5 . 1 a]

 
[ 1 5 . 5 . 1 b ]

 
[ 1 5 . 5 . 1 c ]

 
[ 1 5 . 5 . 1 d ]

wh e r e :
W = e n e r gy ( j o u l e s )

C = c ap a c i tan c e  ( fa r ad s )
V = p o te n ti a l  d i ffe r e n c e  ( vo l ts )

Q = c h ar g e  ( c o u l o m b s )
•

1 5 . 5 . 2  C o ro n a an d  B r us h  D i s c h arge .    Wh e r e  l ar g e  am o u n ts  o f
p o wd e r  h avi n g  m e d i u m  o r  h i g h  r e s i s ti vi ti e s  ar e  h a n d l e d ,
c o r o n a a n d  b r u s h  d i s c h ar g e s  ar e  to  b e  e x p e c te d .  N o  e vi d e n c e
i s  avai l a b l e ,  h o we ve r,  th a t a c o r o n a d i s c h ar g e  c a n  i g n i te  a  d u s t
c l o u d .  L i ke wi s e ,  th e r e  i s  n o  e vi d e n c e  s u g ge s ti n g  th at b r u s h
d i s c h ar g e s  c an  i gn i te  a  d u s t c l o u d  i f n o  fammable  ga s  o r  vap o r
i s  p r e s e n t i n  th e  d u s t c l o u d .

1 5 . 5 . 3  P ro p agati n g B r us h  D i s c h arge .    P r o p ag ati n g  b r u s h
d i s c h ar g e s  c a n  h ave  e n e r g i e s  g r e ate r  th an  1  J  an d  s h o u l d  b e
c o n s i d e r e d  e a s i l y c a p ab l e  o f i g n i ti n g  b o th  c l o u d s  a n d  l aye r s  o f
c o m b u s ti b l e  d u s ts .

1 5 . 5 . 4  L i gh tn i n g- L i k e  D i s c h arge s .    Wh i l e  c o l l e c ti o n  o f i n d i vi d ‐
u al  p ar ti c l e  c h ar g e s  to  c r e a te  a l i g h tn i n g-l i ke  d i s c h ar g e  i s  s e e n
i n  n a tu r e  ( th u n d e r s to r m s ,  vo l c an i c  e r u p ti o n s ) ,  s u c h  d i s c h ar g e s
h a ve  n o t b e e n  s e e n  i n  i n d u s tr i al  o p e r ati o n s .

Δ 1 5 . 5 . 5 *  D i s c h arge s  D u ri n g Fi l l i n g O p e rati o n s .    D u r i n g th e  fll‐
ing o f l ar g e  s i l o s  wi th  p o wd e r s ,  g r an u l e s ,  a n d  p e l l e ts ,  s u r fa c e
fashes  u p  to  a  m e te r  i n  l e n g th  h a ve  b e e n  o b s e r ve d .  T h e s e
d i s c h ar g e s ,  r e fe r r e d  to  a s  bulking brush (cone) discharges,  a r e
ac c o m p a n i e d  b y a  c r a c kl i n g  s o u n d  c ap ab l e  o f b e i n g  h e ar d
ab o ve  th e  n o i s e  o f th e  m a te r i al  tr an s fe r.  (See Figure 1 5. 5. 5. )
B u l ki n g b r u s h  d i s c h ar g e s  h a ve  a m ax i m u m  e ffe c ti ve  e n e r gy o f
2 5  m J  an d  ar e  b e l i e ve d  to  b e  r e s p o n s i b l e  fo r  d u s t e x p l o s i o n s  i n
gr o u n d e d  s i l o s .  S i m i l ar  d i s c h ar g e s  ar e  o b s e r ve d  d u r i n g th e  fll‐
ing  o f tan k ve h i c l e s  wi th  n o n c o n d u c ti ve  l i q u i d s .  I n  th o s e  c as e s ,
th e  p h e n o m e n o n  i s  kn o wn  as  a  “ s u r fa c e  s tr e a m e r ”  o r  “ go -
d e vi l . ”

FI G U RE  1 5 . 5 . 5   B u l k i n g B r us h  D i s c h arge  D uri n g Fi l l i n g o f
S i l o  wi th  B u l k P o wd e r.
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2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

1 5 . 5 . 6  B ul ki n g B r u s h  D i s c h arge  ( C o n e  D i s c h arge ) .

1 5 . 5 . 6 . 1    Wh e r e  p o wd e r s  th a t h a ve  r e s i s ti vi ti e s  gr e a te r  th an
ab o u t 1  ×  1 0 9  o h m -m  a r e  p u t i n to  g r o u n d e d  c o n d u c ti ve

c o n tai n e r s ,  th e y u s u al l y d i s s i p a te  th e i r  c h ar g e s  b y c o n d u c ti o n  a t
a r a te  s l o we r  th an  th at o f th e  c h ar g e  ac c u m u l ate d  i n  th e  l o ad ‐
i n g  p r o c e s s .  T h e  c h a r ge  i s  th e r e fo r e  c o m p ac te d ,  an d

d i s c h ar g e s  o c c u r  fr o m  th e  b u l ki n g p o i n t ( wh e r e  th e  p ar ti c l e s
frst c o n tac t th e  h e ap )  to  th e  wal l s  o f th e  c o n ta i n e r.  T h e s e
d i s c h ar g e s  ar e  r e fe r r e d  to  as  bulking brush discharges.  E x p e r i e n c e
i n d i c ate s  th at th e s e  d i s c h ar g e s  a r e  n o t c ap a b l e  o f i g n i ti n g  d u s ts

h a vi n g M I E s  gr e a te r  th an  2 5  m J .  H o we ve r,  s u c h  d i s c h a r ge s  h ave
b e e n  attr i b u te d  to  e x p l o s i o n s  o f d u s ts  h avi n g  M I E s  l e s s  th an

2 5   m J .

1 5 . 5 . 6 . 2    D u r i n g th e  c o m p ac ti o n  p r o c e s s ,  th e  e n e r g y i n  th e
d i s c h ar g e  i n c r e as e s  as  th e  p ar ti c l e  s i z e  i n c r e as e s .  T h e r e fo r e ,  i t
c a n  b e  e x p e c te d  th at s ys te m s  m o s t at r i s k ar e  th o s e  i n vo l vi n g

p e l l e ts  h avi n g  an  ap p r e c i a b l e  fr a c ti o n  o f fnes  ( d u s t) .

1 5 . 6  P n e u m ati c  Tran s p o r t S ys te m s .

1 5 . 6 . 1    P n e u m ati c  tr an s p o r t o f p o wd e r e d  m a te r i al  th r o u g h
p i p e s  o r  d u c ts  c a n  p r o d u c e  a s ta ti c  e l e c tr i c  c h ar g e  o n  b o th  th e

p r o d u c t b e i n g  tr an s p o r te d  a n d  th e  c o n d u i t.  T h i s  s ta ti c  e l e c tr i c
c h a r ge  r e m ai n s  o n  th e  m ate r i a l  as  i t e x i ts  th e  s ys te m .  P r e c au ‐

ti o n s  ag ai n s t a c c u m u l a ti o n  o f c h ar g e  s h o u l d  b e  ta ke n  wh e r e
th e  m ate r i a l  i s  c o l l e c te d .

1 5 . 6 . 2    T h e  c o n s tr u c ti o n  m a te r i al s  o f p i p e s  a n d  d u c ts  u s e d  fo r
th e  c o n ve yi n g  o f p o wd e r s  s h o u l d  b e  c o n d u c ti ve ( e . g . ,  m e tal )  o r
s tati c  d i s s i p a ti ve  an d  b e  g r o u n d e d .

1 5 . 6 . 2 . 1    E q u i p m e n t to  wh i c h  th e  c o n d u i ts  c o n n e c t s h o u l d  b e
c o n d u c ti ve  ( e . g. ,  m e tal )  o r  s tati c  d i s s i p ati ve  an d  g r o u n d e d  to

d i s s i p ate  th e  c h a r ge  i m p r e s s e d  o n  i t b y th e  tr a n s p o r t o f th e
m a te r i al .

1 5 . 6 . 2 . 2    Wh e r e  th e  u s e  o f p i p e -j o i n i n g  m e th o d s  o r  i n s tal l a ti o n
o f p i p i n g c o m p o n e n ts  r e s u l ts  i n  an  i n te r r u p ti o n  o f c o n ti n u i ty
o f th e  g r o u n d  p a th ,  o n e  o f th e  fo l l o wi n g  c r i te r i a s h o u l d  b e

m e t:

( 1 ) A j u m p e r  c ab l e  s h o u l d  b e  u s e d  to  m ai n ta i n  c o n ti n u i ty.
( 2 ) An  i n d e p e n d e n t g r o u n d  s h o u l d  b e  p r o vi d e d  fo r  th e  i s o l a‐

te d  s e c ti o n  o f th e  c o n d u i t,  as  s h o wn  i n  F i g u r e  1 5 . 6 . 2 . 2 .

1 5 . 6 . 3    N o n c o n d u c ti ve  p i p e  o r  d u c two r k s h o u l d  n o t b e  u s e d .

Δ 1 5 . 6 . 4    Tr a n s p are n t n o n c o n d u c ti ve  m ate r i a l s  ( e . g . ,  p l as ti c ,
g l a s s )  o f an y l e n gth  s h o u l d  n o t b e  u s e d  a s  fow vi s u al i z e r s
b e c au s e  th e y h a ve  b e e n  kn o wn  to  gi ve  r i s e  to  p r o p a ga ti n g

b r u s h  d i s c h ar g e s  c a p ab l e  o f i g n i ti n g  d u s ts .

1 5 . 7  Fl e x i b l e  H o s e .

Δ 1 5 . 7 . 1    C o n d u c ti ve  o r  s ta ti c - d i s s i p ati ve  h o s e s  s h o u l d  b e  u s e d
fo r  tr an s p o r t o f c o m b u s ti b l e  d u s t a n d  i n  s i tu ati o n s  wh e r e  a
fammable  e x te rn al  a tm o s p h e r e  m i g h t e x i s t.

N 1 5 . 7 . 1 . 1    Gr o u n d i n g  m e tal  h e l i x  r e i n fo r c i n g  wi r e  s h o u l d  n o t
b e  u s e d  a s  a  s u b s ti tu te  fo r  c o n d u c ti ve  o r  s tati c -d i s s i p a ti ve  h o s e s .

N 1 5 . 7 . 1 . 2    C o n d u c ti ve  o r  s ta ti c - d i s s i p ati ve  h o s e s  s h o u l d  b e
a d e q u a te l y c o n n e c te d  to  c o n d u c ti ve  e n d  fttings  an d  p r o p e r l y
g r o u n d e d .

Δ 1 5 . 7 . 1 . 3    Wh e r e  h o s e  c o n ta i n i n g a m e tal  h e l i x  r e i n fo r c i n g  wi r e
i s  u s e d ,  th e  wi re  s h o u l d  m ake  g o o d  c o n ta c t wi th  m e tal  e n d
c o u p l i n gs  an d  b e  g r o u n d e d .

N 1 5 . 7 . 1 . 3 . 1    H o s e  wi th  m o r e  th an  o n e  i n te r n a l  m e ta l  h e l i x  wi r e
s h o u l d  n o t b e  u s e d ,  b e c a u s e  i t i s  n o t p o s s i b l e  to  d e te r m i n e  i f

o n e  o f th e  m e tal  h e l i c e s  h as  l o s t i ts  c o n ti n u i ty.

1 5 . 7 . 2 *    Wh e n  n o n c o n d u c ti n g h o s e s  ar e  u s e d  to  tr an s p o r t
n o n c o m b u s ti b l e  d u s ts ,  signifcant e l e c tr o s tati c  c h ar g e  c a n  b e

ge n e r a te d .  T h i s  i n  tu r n  c a n  r e s u l t i n  var i o u s  typ e s  o f e l e c tr o ‐
s tati c  d i s c h ar g e .  S u c h  h o s e s  a r e  n o r m al l y u s e d  o n l y wi th

n o n c o m b u s ti b l e  d u s ts  a n d  i n  ar e a s  th at ar e  n o n h az ar d o u s
(unclassifed)  l o c ati o n s  i n  a c c o r d an c e  wi th  Ar ti c l e  5 0 0  o f
NFPA  70.  (See NFPA  652. )

1 5 . 8  Fl e x i b l e  B o o ts  an d  S o c ks .

Δ 1 5 . 8 . 1    F l e x i b l e  b o o ts  a n d  s o c ks  ar e  c o m m o n l y u s e d  fo r  g r avi ty
tr a n s fe r  o p e r ati o n s .  F l e x i b l e  b o o ts  typ i c al l y a r e  m a d e  o f p l as ti c

o r  r u b b e r,  wh i l e  fexible  s o c ks  typ i c a l l y ar e  m ad e  o f wo ve n
fa b r i c .  A n o n c o n d u c ti ve  b o o t c o u l d  g i ve  r i s e  to  e i th e r  b r u s h
d i s c h ar g e  o r  p r o p a ga ti n g b r u s h  d i s c h a r ge .  P r o p a ga ti n g b r u s h

d i s c h ar g e  c a n n o t h ap p e n  wi th  a s o c k b e c a u s e  o f th e  l o w b r e a k‐
d o wn  s tr e n gth  o f th e  a i r  ga p s  i n  th e  we a ve .  H o we ve r,  th e r e  a r e
c o n d i ti o n s  wh e r e  s o c ks  c an  p r o d u c e  b r u s h  d i s c h ar g e s .  I t i s

a d vi s ab l e  to  m e as u r e  th e  b r e akd o wn  vo l tag e  o f th e  fexible
b o o ts  a n d  s o c ks  th at ar e  c o n s i d e r e d  fo r  p o wd e r  gr a vi ty tr an s fe r
o p e r ati o n s .

Δ 1 5 . 8 . 2    Wh e r e  c o m b u s ti b l e  d u s ts  ar e  h a n d l e d ,  s o c ks  an d  b o o ts
s h o u l d  b e  c o n d u c ti ve  o r  s tati c -d i s s i p a ti ve  an d  gr o u n d e d .  Al te r ‐

n a ti ve l y,  i n s u l ati n g  s o c ks  a n d  b o o ts  c o u l d  b e  c o n s i d e r e d ,
d e p e n d i n g  o n  th e i r  b r e akd o wn  vo l ta ge ,  wh e n  n o  fammable
va p o r s / g as e s  a r e  p r e s e n t i n  th e  vi c i n i ty o f th e i r  u s e .  (See

NFPA 652 for more information. )

Δ 1 5 . 8 . 3    F l e x i b l e  c o n n e c ti o n s  s h o u l d  n o t b e  d e p e n d e d  o n  fo r  a
b o n d  o r  gr o u n d  c o n n e c ti o n  b e twe e n  p r o c e s s  e q u i p m e n t.

N 1 5 . 8 . 3 . 1    S e p ar a te  b o n d i n g o r  gr o u n d i n g  c o n n e c ti o n s  s h o u l d
b e  u s e d .

1 5 . 9  Fab ri c  Fi l te rs .

1 5 . 9 . 1    As  d u s ts  ar e  d r awn  o r  b l o wn  i n to  a fltration  s ys te m
( c o m m o n l y c al l e d  a “ b ag  h o u s e ”  an d  h e r e afte r  r e fe r r e d  to  as  a

“ h o u s i n g ” ) ,  th e y n e c e s s ar i l y c ar r y wi th  th e m  a  s tati c  e l e c tr i c
c h a r ge ,  th e  m ag n i tu d e  o f wh i c h  d e p e n d s  o n  th e  c h ar ac te r i s ti c s

G r o u n d  c l i p

I n s u l a t i o n

C o m p r e s s i o n

c o u p l i n g

FI G U RE  1 5 . 6 . 2 . 2   C o m p re s s i o n  Fi tti n g fo r P n e u m ati c
Tran s p o r t D u c t.  (Source: T.  H.  Pratt,  Electrostatic Ignitions of Fires
and Explosions. )
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

o f th e  d u s t an d  th e  p r o c e s s ,  a s  i l l u s tr a te d  i n  Tab l e  1 5 . 3 . 2 .  T h e
c h a r ge  r e m ai n s  o n  th e  d u s t an d  a c c u m u l a te s  o n  th e  s u r fa c e s  o f
th e  flters  wi th i n  th e  h o u s i n g.  I t i s  th e r e fo r e  i m p o r tan t to  ke e p

a l l  c o n d u c ti ve  e q u i p m e n t gr o u n d e d  to  p r e ve n t th e  i n d u c ti o n
o f th i s  ac c u m u l ate d  c h a r ge  o n to  c o n d u c ti ve  c o m p o n e n ts  th at
c o u l d  h ave  i n ad ve r te n tl y b e c o m e  u n g r o u n d e d .  S u c h  i n d u c ti o n

i s  p a r ti c u l a r l y tr u e  i n  th e  c as e  o f c ag e  a s s e m b l i e s  o n  wh i c h  th e
flters  a r e  m o u n te d .

Δ 1 5 . 9 . 2    S p ar k d i s c h ar g e  m i gh t o c c u r  fr o m  n o n g r o u n d e d  o r
p o o r l y gr o u n d e d  c a ge s  to  e i th e r  th e  h o u s i n g  s tr u c tu r e  o r  a d j a‐
c e n t c ag e s .  O fte n  th e  flters  h ave  a m e ta l  b r ai d  g r o u n d  s tr ap

a ttac h e d  to  th e  c u ff s o  th a t th e  s tr a p  c a n  b e  b o n d e d  to  th e  tu b e
s h e e t,  wh i c h  m i gh t n o t a l wa ys  b e  s u c c e s s fu l .  B e c au s e  th e  flter
i s  n o n c o n d u c ti ve ,  i t i s  n o t g r o u n d e d .  T h e r e fo r e ,  i t i s  u s e l e s s  to

e x te n d  th e  m e ta l  b r a i d  th e  e n ti r e  l e n g th  o f th e  flter.  (See Figure
1 5. 9. 2. )

1 5 . 9 . 3    F i l te r s  a n d  c ag e s  s h o u l d  b e  e n g i n e e r e d  s o  th at a  p o s i ‐
ti ve  gr o u n d  c o n n e c ti o n  i s  al ways  e n s u r e d  d u r i n g m ai n te n a n c e ,

e ve n  i f p e r s o n n e l  ar e  i n e x p e r i e n c e d  o r  i n atte n ti ve .  O n e  way o f
e n s u r i n g  th i s  c o n n e c ti o n  i s  b y s e wi n g  two  m e ta l  b r ai d s  i n to  th e
c u ffs  o f th e  flters,  1 8 0  d e g r e e s  ap ar t.  E ac h  b r ai d  i s  c o n ti n u o u s

an d  i s  s e wn  u p  th e  i n s i d e  o f th e  c u ff,  a c r o s s  th e  to p ,  a n d  d o wn
th e  o u ts i d e  o f th e  c u ff.  T h i s  m e th o d  e n s u r e s  th a t th e  b r a i d s
a l wa ys  m a ke  a p o s i ti ve  c o n ta c t wi th  th e  c ag e ,  th e  ve n tu r i ,  an d

th e  c l am p  a n d  th at s u c h  an  a r r an g e m e n t wi th s ta n d s  th e  r i g o r s
o f th e  o p e r a ti o n .  I n  an y c as e ,  th e  r e s i s ta n c e  b e twe e n  th e  c a ge
a n d  g r o u n d  s h o u l d  b e  l e s s  th an  2 5  o h m s  b e c au s e  th e  b o n d i n g

p i g  ta l e s  ar e  o fte n  m ad e  o f s tai n l e s s  s te e l .

1 5 . 9 . 4    I n  g e n e r al ,  c o n d u c ti ve  flter  m e d i a p r o vi d e  n o  e x tr a
p r o te c ti o n  wh e r e  n o n c o n d u c ti ve  c o m b u s ti b l e  d u s ts  a l o n e  a r e

h a n d l e d .  I n  fac t,  s u c h  flters  c o u l d  p o s e  a n  ad d i ti o n a l  s p a r ki n g
h a z a r d  i f th e y ar e  i m p r o p e r l y gr o u n d e d  o r  i f th e y b e c o m e  l o o s e
a n d  fal l  i n to  th e  b o tto m  o f th e  h o u s i n g .  H o we ve r,  th e  u s e  o f

s u c h  b ag s  s h o u l d  b e  c o n s i d e r e d  i f h yb r i d  c o m b u s ti b l e  dust–
fammable  va p o r  m i x tu r e s  h a vi n g M I E s  o f l e s s  th an  4  m J  ar e
p r e s e n t o r  wh e r e  c o m b u s ti b l e  c o n d u c ti ve  d u s ts  a r e  h an d l e d .

1 5 . 1 0 *  H yb ri d  M i x ture s .

1 5 . 1 0 . 1    T h e  te r m  hybrid mixture ap p l i e s  to  an y m i x tu r e  o f
s u s p e n d e d  c o m b u s ti b l e  d u s t an d  fammable  g as  o r  vap o r  wh e r e

G r o u n d
s t r a pVe n t u ri

C a g e F i l t e r b a g

FI G U RE  1 5 . 9 . 2   Ar ran ge m e n t o f C age  an d  Fi l te r B ag.
(Source: T.  H.  Pratt,  Electrostatic Ignitions of Fires and Explosions. )

n e i th e r th e  d u s t i ts e l f n o r  th e  g as  o r  vap o r  i ts e l f i s  p r e s e n t i n
suffcient q u an ti ty to  s u p p o r t c o m b u s ti o n  b u t wh e r e  th e

m i x tu r e  o f th e  two  c an  s u p p o r t c o m b u s ti o n .  I n  ge n e r a l ,  vap o r
c o n c e n tr ati o n s  gr e a te r  th a n  1 0  p e r c e n t o f th e  l o we r  fammable

l i m i t o f th e  va p o r  ar e  n e c e s s ar y fo r  s u c h  m i x tu r e s  to  e x i s t (see
“Using material data in static hazard assessment”).  H yb r i d  m i x tu r e s
p o s e  p ar ti c u l ar  p r o b l e m s  b e c a u s e  th e y c o m b i n e  th e  p r o b l e m s

o f th e  h i g h  c h a r ge  d e n s i ti e s  o f p o wd e r-h an d l i n g o p e r a ti o n s
wi th  th e  l o w i g n i ti o n  e n e r gi e s  o f fammable  vap o r s .  T h e  M I E  o f
a h yb r i d  m i x tu r e  i s  diffcult to  as s e s s ,  b u t a c o n s e r vati ve  e s ti ‐

m a te  c an  b e  m ad e  b y a s s u m i n g th at th e  M I E  o f th e  m i x tu r e  i s
at o r  n e ar  th e  M I E  o f th e  g as  al o n e .  H yb r i d  m i x tu r e s  c o n tai n ‐
i n g  a fammable  g as  o r  va p o r  m i g h t b e  i g n i te d  b y b r u s h

d i s c h ar g e ,  d e p e n d i n g  o n  th e  ga s  o r  va p o r  c o n c e n tr ati o n  i n  th e
d u s t.

Δ 1 5 . 1 0 . 2    P o wd e r s  c o n tai n i n g  e n o u gh  s o l ve n t ( i . e . ,  0 . 5  p e r c e n t
b y we i g h t o f s o l ve n t o r,  wh e n  s to r i n g  fo r  l o n g p e r i o d s ,
0 . 2  p e r c e n t b y we i gh t)  (see “Using material data in static hazard

assessment”) s u c h  th at signifcant c o n c e n tr ati o n s  o f s o l ve n t
va p o r  c an  ac c u m u l ate  i n  th e  o p e r ati o n s  i n  wh i c h  th e y a r e
h an d l e d  ar e  r e fe r r e d  to  a s  solvent-wet powders.  I n  s u c h  c a s e s ,  th e

p o te n ti a l  fo r  a n  i g n i ti b l e  atm o s p h e r e  to  d e ve l o p  i n  th e  s to r a ge
ve s s e l  e x i s ts .  Ap p r o p r i ate  p r e c a u ti o n s  n e e d  to  b e  take n  to
ad d r e s s  th i s  h a z a r d .  E ve n  at l o w c o n c e n tr ati o n s ,  a  h a z a r d  m i g h t
e x i s t i f th e  s o l ve n t-we t p o wd e r  i s  h e l d  fo r  e x te n d e d  p e r i o d s  o f

ti m e  o r  at e l e vate d  te m p e r a tu r e s .  A s o l ve n t-we t p o wd e r  m i g h t
h a ve  a  l o we r  M I E  th an  a d r y p o wd e r.

1 5 . 1 1 *  M an u al  Ad d i ti o n  o f P o wd e rs  to  Fl am m ab l e  L i q u i d s
( C l as s  I  L i q ui d s ,  as  D e s i gn ate d  b y N FPA  3 0 ) .

Δ 1 5 . 1 1 . 1    A c o m m o n  c au s e  o f s ta ti c  e l e c tr i c  i gn i ti o n s  i n  p r o c e s s
ve s s e l s  i s  th e  ad d i ti o n  o f s o l i d s  to  fammable  l i q u i d s  ( C l as s  I

l i q u i d s ,  a s  d e s i gn a te d  b y N F PA 3 0 )  i n  th e  ve s s e l s .  I n e r ti n g th e
ve s s e l  i s  r e c o m m e n d e d .

N 1 5 . 1 1 . 2    E ve n  wh e n  th e  ve s s e l  i s  i n e r te d ,  ad d i n g s o l i d s  p o s e s  a
r i s k.  T h e  a d d i ti o n  o f s o l i d s  c an  c au s e  e l e c tr o s ta ti c  d i s c h ar g e s .

(See Chapter  1 3 for general precautions. )

N 1 5 . 1 1 . 2 . 1    I n tr o d u c i n g  s o l i d s  c a n  i n tr o d u c e / e n tr a i n  a i r  i n to
th e  ve s s e l  a n d  p o s e  th e  fo l l o wi n g r i s ks :

( 1 ) S u d d e n  a d d i ti o n  o f a  l a r ge  vo l u m e  o f s o l i d s  c a n  r e s u l t i n
a s ta ti c  d i s c h ar g e  o n  a foating  p i l e  o f c h a r ge d  p ar ti c l e s .

( 2 ) H yb r i d  m i x tu r e s  wi th  vap o r s  th a t a r e  signifcantly l e s s
th an  th e  L F L  i n  c o m b i n ati o n  wi th  a i r b o r n e  d u s ts  m i g h t
r e s u l t i n  an  i g n i ti b l e  m i x tu r e .

( 3 ) U n e ve n  c h a r ge  d i s tr i b u ti o n  wi th i n  th e  l i q u i d  p h a s e  i n  a
ve s s e l  m i g h t r e s u l t i n  a  s tati c  d i s c h a r ge  (see Section  9. 3).

N 1 5 . 1 1 . 2 . 2    I n tr o d u c i n g s o l i d s  a l s o  p o s e s  th e  fo l l o wi n g  r i s ks
o u ts i d e  th e  ve s s e l :

( 1 ) F l a m m a b l e  vap o r s  c a n  b e  e x p e l l e d  fr o m  th e  ve s s e l
th r o u g h  s o l i d s / ai r  a d d i ti o n .

( 2 ) C o m b u s ti b l e  d u s t c l o u d s  c an  b e  c r e a te d  d u r i n g s o l i d s
ad d i ti o n  p r o c e s s .

( 3 ) H yb r i d  m i x tu r e s  wi th  vap o r s  th a t a r e  signifcantly l e s s
th an  th e  L F L ,  i n  c o m b i n ati o n  wi th  ai r b o r n e  d u s ts ,  m i g h t
r e s u l t i n  an  i g n i ti b l e  m i x tu r e .

( 4 ) E m p tyi n g th e  s o l i d s  fr o m  th e  c o n tai n e r  c an  c h ar g e  th e
c o n tai n e r  a n d  c r e ate  a s ta ti c  d i s c h ar g e .

( 5 ) U n g r o u n d e d  p e r s o n n e l  o r  o th e r  u n gr o u n d e d  c o n d u c ti ve
o b j e c ts  c an  r e s u l t i n  a  s tati c  d i s c h a r ge .
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2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

1 5 . 1 1 . 3    M an u a l  a d d i ti o n  o f s o l i d s  th r o u g h  an  o p e n  p o r t o r
m a n way s h o u l d  b e  d o n e  o n l y i n  2 5  kg  ( 5 5  l b )  b a tc h e s  o r
s m a l l e r  b atc h e s .

N 1 5 . 1 1 . 3 . 1    S o l i d s  s h o u l d  b e  ad d e d  i n  a s l o w c o n tr o l l e d  m a n n e r
to  m i n i m i z e  d i s p l a c e m e n t o f vap o r  i n to  th e  o p e r a ti n g ar e a .

1 5 . 1 1 . 4    B atc h  ad d i ti o n s  l a r ge r  th a n  2 5  kg ( 5 5  l b )  [ e . g . ,  fexi‐
ble  i n te r m e d i a te  b u l k c o n tai n e r s  ( F I B C s )  (see Section 1 6. 1 )]
s h o u l d  b e  d o n e  th r o u g h  an  i n te r m e d i a te  h o p p e r  wi th  a  r o tar y
va l ve  o r  a n  e q u i val e n t ar r a n ge m e n t.  T h e  h o p p e r  c an  b e  s e p a‐
r ate l y i n e r te d  to  r e d u c e  ai r  e n tr ai n m e n t i n to  th e  m i x i n g ve s s e l ,
wh i l e  e x p u l s i o n  o f va p o r  i n to  th e  o p e r ati n g  a r e a c a n  b e  avo i ‐
d e d  b y ve n ti n g  th e  ve s s e l  to  a  s a fe  l o c a ti o n .

Δ 1 5 . 1 1 . 5    T h e  a d d i ti o n  o f s o l i d s  fr o m  n o n c o n d u c ti ve  p l a s ti c
b a gs  c an  b e  h az ar d o u s ,  e ve n  i f th e  s o l i d s  ar e  n o n c o m b u s ti b l e
( e . g. ,  s i l i c a ) .  B ag s  s h o u l d  b e  c o n s tr u c te d  o f s tati c -d i s s i p ati ve
p l a s ti c  o r  p ap e r.  P ap e r  b ag s  c o n tai n i n g a  n o n c o n d u c ti ve  c o a t‐
i n g  o n  th e  i n s i d e  s u r fac e  ar e  ac c e p tab l e  i f th e  c o ati n g  i s  l e s s
th a n  5 0  m i c r o n s  ( 0 . 0 8  i n . )  th i c k (see “Using material data in static
hazard assessment”).  I f d i r e c t g r o u n d i n g o f th e  b ag s  o r  l i n e r s  b y
gr o u n d i n g  c l i p s  p r o ve s  to  b e  i m p r ac ti c al  o r  u n r e l i a b l e ,  th e y  c an
b e  e ffe c ti ve l y gr o u n d e d  th r o u g h  a g r o u n d e d  o p e r ato r,  e i th e r
b y d i r e c t c o n tac t wi th  th e  s ki n  o r  b y m e a n s  o f s tati c -d i s s i p ati ve
gl o ve s .  Wh e r e  g r o u n d i n g  i s  vi a th e  o p e r ato r,  s tati c -d i s s i p a ti ve
s h o e s  s h o u l d  al s o  b e  u s e d ,  an d  th e  foor  s u r fac e  r e s i s ta n c e
s h o u l d  b e  e n s u r e d  to  b e  l e s s  th a n  1  ×  1 0 8  o h m s .

Δ 1 5 . 1 1 . 6    F i b e r  d r u m s  o r  p a c kag e s  s h o u l d  n o t h ave  a l o o s e  p l as ‐
ti c  l i n e r  th at c an  l e ave  th e  p ac ka ge  an d  b e h ave  l i ke  a p l as ti c

b a g.  I n  s o m e  c a s e s ,  i t i s  p o s s i b l e  to  e l i m i n a te  th e  fammable
vap o r  atm o s p h e r e  b y c o o l i n g  th e  l i q u i d  we l l  b e l o w fash  p o i n t

p r i o r  to  s o l i d s  ad d i ti o n .  H o we ve r,  wh e r e  c o m b u s ti b l e  p o wd e r s
a r e  h an d l e d ,  th e  p o te n ti a l  fo r  th e  fo r m a ti o n  o f h yb r i d  m i x tu r e s
s h o u l d  b e  c o n s i d e r e d .

1 5 . 1 1 . 7    M e ta l  c h i m e s  s h o u l d  b e  gr o u n d e d .

1 5 . 1 1 . 8    P e r s o n n e l  i n  th e  vi c i n i ty o f an  o p e n i n g  o f a  ve s s e l
wh e r e  th e r e  c o u l d  b e  an  i g n i ti b l e  m i x tu re  s h o u l d  b e  gr o u n d e d ,
wi th  s p e c i al  a tte n ti o n  gi ve n  to  h o u s e ke e p i n g ,  b e c a u s e  ac c u m u ‐

l ati o n  o f n o n c o n d u c ti ve  r e s i d u e s  ( e . g . ,  re s i n s )  o n  th e  foor  o r
o n  i te m s  s u c h  a s  g r o u n d i n g c l i p s  c an  i m p ai r  e l e c tr i c al  c o n ti n u ‐
i ty.

N 1 5 . 1 1 . 8 . 1    Wh e n  th e  a c c u m u l a ti o n  o f n o n c o n d u c ti ve  r e s i d u e s
i s  u n avo i d a b l e ,  p e r s o n n e l  s h o u l d  b e  g r o u n d e d  u s i n g  wr i s t

s tr ap s  o r  e q u i va l e n t p e r s o n a l  g r o u n d i n g m e th o d s .

1 5 . 1 1 . 9    P o wd e r  s h o u l d  n o t b e  e m p ti e d  fr o m  a n y n o n c o n d u c ‐
ti ve  c o n tai n e r  o r  p l a s ti c  b ag  i n to  a ve s s e l  th at c o n ta i n s  a fam‐
mable  atm o s p h e r e .

1 5 . 1 1 . 1 0    D i r e c t e m p tyi n g o f p o wd e r s  fr o m  n o n c o n d u c ti ve
p l a s ti c  b a gs  i n to  a ve s s e l  th at c o n ta i n s  a  fammable  atm o s p h e r e
s h o u l d  b e  s tr i c tl y p r o h i b i te d .

1 5 . 1 1 . 1 1    Wh e r e  a  th o r o u gh  u n d e r s tan d i n g  o f th e  p r o c e s s
e x i s ts  an d  wh e r e  th e  ve s s e l  d o e s  n o t c o n ta i n  an  i gn i ti b l e  atm o s ‐

p h e r e ,  a d d i n g  th e  p o wd e r  to  th e  ve s s e l  b e fo r e  ad d i n g th e
l i q u i d  m i g h t b e  p r a c ti c a l .

1 5 . 1 2  B u l k  S to rage .

Δ 1 5 . 1 2 . 1    Wh e r e  p o wd e r s  ar e  c o n ve ye d  i n to  b u l k s to r a ge  ( e . g . ,
s i l o s ,  r ai l  c a r s ,  tr u c ks ,  I B C s ,  F I B C s ) ,  th e  p o wd e r  i s  c o m p a c te d
b y th e  fo r c e  o f gr a vi ty.  T h e  c o m p ac ti o n  p r o c e s s  i s  a c c o m p a n i e d

b y b u l ki n g  b r u s h  d i s c h a r ge ,  a s  e x p l ai n e d  i n  1 5 . 5 . 6 .  I n  th e

c o m p a c ti o n  p r o c e s s ,  th e  e n e r g y o f th e  d i s c h ar g e  i n c r e as e s  a s
th e  p ar ti c l e  s i z e  i n c r e as e s .  T h e r e fo r e ,  th e  s ys te m s  m o s t at r i s k

ar e  p e l l e ts  wi th  a n  a p p r e c i ab l e  fr ac ti o n  o f fnes  ( d u s t) .

Δ 1 5 . 1 2 . 2    T h e  e x a c t c o n d i ti o n s  fo r  i g n i ti o n -c a p ab l e  b u l ki n g
b r u s h  d i s c h a r ge  a r e  n o t we l l  u n d e r s to o d .  H o we ve r,  th e  fo l l o w‐

i n g g e n e r al  fac to r s  th at ar e  kn o wn  to  i n c r e as e  i ts  p r o b ab i l i ty
h a ve  b e e n  identifed  i n  Electrostatic Hazards in Powder Handling:

( 1 ) I n c r e as e  i n  th e  r e s i s ti vi ty o f th e  p o wd e r  e q u al  to  o r
g r e ate r  th a n  1  ×  1 0 9  o h m -m

( 2 ) I n c r e as e  i n  th e  p arti c l e  s i z e  o f th e  p o wd e r  g r e ate r  th an
1   m m  ( 0 . 0 4   i n . )

( 3 ) I n c r e a s e  i n  th e  c h arg e  d e n s i ty o f th e  p o wd e r  gr e a te r  th a n
1  μ C / kg

( 4 ) I n c r e a s e  i n  flling  r ate  as  fo l l o ws :

( a) F o r  g r an u l e s  wi th  a d i am e te r  g r e ate r  th an  1  m m  to
2  m m  ( 0 . 0 4  to  0 . 0 8  i n . ) ,  an  i n c r e a s e  gr e a te r  th a n

2 0 , 0 0 0   kg/ h r  ( 4 4 , 0 9 0   l b / h r )
( b ) F o r  g r an u l e s  wi th  a d i am e te r  o f ab o u t 0 . 8  m m ,  an

i n c r e as e  g r e ate r  th a n  2 0 , 0 0 0  kg / h r  to  3 0 , 0 0 0  kg / h r
( 4 4 , 0 9 0   l b / h r  to  6 6 , 1 4 0   l b / h r )

Δ 1 5 . 1 2 . 3    I n  g e n e r al ,  th e  u s e  o f n o n c o n d u c ti ve  c o n tai n e r s  fo r
s to r ag e  o f c o m b u s ti b l e  c o n d u c ti ve  p o wd e rs  s h o u l d  b e  a vo i d e d .

N 1 5 . 1 2 . 3 . 1    Wh e r e  u s i n g  n o n c o n d u c ti ve  c o n ta i n e r s  i s  u n a vo i d a‐
b l e ,  g r o u n d i n g  o f th e  p o wd e r  s h o u l d  b e  p r o vi d e d  b y i n s e r ti n g a
gr o u n d e d  c o n d u c ti ve  r o d  i n to  th e  c o n tai n e r  p r i o r  to  flling.

N 1 5 . 1 2 . 3 . 2    T h e  g r o u n d e d  c o n d u c ti ve  r o d  s h o u l d  r e ac h  th e
b o tto m  o f th e  c o n tai n e r  wi th o u t p u n c tu r i n g  a n y l i n e r.

C h ap te r 1 6    I n te r m e d i ate  B u l k  C o n tai n e rs  ( I B C s )  fo r P o wd e rs

1 6 . 1  G e n e ral .    T h e  d i s c u s s i o n  an d  p r e c au ti o n s  fo r  p o wd e r s
an d  gr a n u l a r  s o l i d s ,  as  s e t fo r th  i n  C h ap te r  1 5 ,  al s o  ap p l y to

o p e r ati o n s  th at i n vo l ve  h an d l i n g  th e s e  m a te r i al s  i n  i n te r m e d i ‐
ate  b u l k c o n tai n e r s  ( I B C s ) .

1 6 . 1 . 1    S tati c  e l e c tr i c  c h ar g e s  a r e  g e n e r ate d  o n  I B C s ,  p o wd e r s ,
an d  g r an u l ar  s o l i d s  d u r i n g th e  flling  an d  e m p tyi n g  o f I B C s .
T h e s e  c h ar g e s  r e s u l t fr o m  m o ve m e n t an d  th e  r u b b i n g o f

p o wd e r s  an d  g r an u l ar  s o l i d s  a ga i n s t e ac h  o th e r,  ag ai n s t l o ad i n g
e q u i p m e n t d u r i n g flling,  an d  ag ai n s t th e  i n s i d e  s u r fa c e s  o f th e
I B C  d u r i n g  u n l o ad i n g .

Δ 1 6 . 1 . 2    T h e  am o u n t o f c h ar g e  th at c a n  b e  a c c u m u l a te d  o n  a
b e d  o f a p o wd e r e d  m a te ri al  i n  a g r o u n d e d  c o n tai n e r  d e p e n d s

o n  th e  vo l u m e  r e s i s ti vi ty o f th e  p o wd e r.  T h e  h i gh e r  th e  vo l u m e
r e s i s ti vi ty,  th e  l o we r  th e  a p p a r e n t c o n d u c ti vi ty a n d  th e  l o n g e r  a

c h a r ge  wi l l  b e  r e tai n e d .  I n  c as e s  o f ve r y h i g h  vo l u m e  r e s i s ti vi ‐
ti e s ,  c h ar g e s  wi l l  r e l a x  s l o wl y an d  c a n  r e m a i n  o n  b e d s  o f m a te ‐

r i al  fo r  a p p r e c i ab l e  p e ri o d s .  Wh e r e  th e  r a te  o f ge n e r a ti o n
e x c e e d s  th e  r a te  o f r e l ax ati o n ,  signifcant c h ar g e s  c an  ac c u m u ‐
l ate .

1 6 . 2  Typ e s  o f D i s c h arge .    Wh e r e  a s tati c  e l e c tr i c  c h ar g e  ac c u ‐
m u l ate s  o n  p o wd e r,  b u l k c o n tai n e r s ,  o r  as s o c i ate d  p r o c e s s

e q u i p m e n t,  th e  fo l l o wi n g fo u r  typ e s  o f d i s c h a r ge  c a n  o c c u r  (see
Chapter  5):

( 1 ) S p a r k d i s c h ar g e s  c an  o c c u r  fr o m  u n gr o u n d e d  m e tal
s e c ti o n s  o f th e  p o wd e r  tr an s fe r  an d  s to r ag e  s ys te m ,
c o n d u c ti ve  p o wd e r s  i n  an  i n s u l ati n g  I B C ,  fr o m  c o n d u c ‐

ti ve  p ar ts  o f Typ e  C  fexible  i n te r m e d i ate  b u l k c o n tai n e r s
( F I B C s )  ( i f l e ft u n gr o u n d e d ) ,  u n gr o u n d e d  to o l s ,  an d

u n g r o u n d e d  p e r s o n n e l .  E n e r g y o f s p ar k d i s c h ar g e s
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d e p e n d  o n  th e i r  e l e c tr i c al  c ap a c i tan c e  an d  th e  e l e c tro ‐
s tati c  c h a r ge  b u i l d u p  o n  e q u i p m e n t,  c o n tai n e r s ,  to o l s ,
an d  p e r s o n n e l .  S p ar k d i s c h ar g e s  c a n  p o te n ti a l l y i g n i te
fammable  g as ,  va p o r,  an d  d u s t c l o u d  atm o s p h e r e s .

( 2 ) B r u s h  d i s c h a r ge s  c an  o c c u r  fr o m  th e  s u r fac e s  o f i n s u l a t‐
i n g I B C s  a n d  Typ e  A a n d  Typ e  B  F I B C s  an d  l i n e r s ,  an d
fr o m  th e  s u r fa c e  o f th e  p o wd e r  i n  th e  I B C / F I B C  afte r  th e
c o m p l e ti o n  o f tr a n s fe r  o p e r a ti o n .  B r u s h  d i s c h ar g e s  c a n
i gn i te  fammable  g as  an d  vap o r  a tm o s p h e r e s .

( 3 ) P r o p ag ati n g  b r u s h  d i s c h ar g e s  c a n  o c c u r  fr o m  th e  s u r fa‐
c e s  o f i n s u l ati n g  I B C s  an d  F I B C s ,  wh i c h  h ave  an  e l e c tr i c al
b r e a kd o wn  vo l tag e  o f g r e ate r  th a n  6 , 0 0 0  vo l ts .  P r o p a ga t‐
i n g  b r u s h  d i s c h a r ge s  c an  i g n i te  m o s t fammable  g as ,
va p o r,  a n d  d u s t c l o u d  a tm o s p h e r e s .

( 4 ) B u l ki n g b r u s h  d i s c h ar g e s  c an  o c c u r  fr o m  th e  s u r fa c e  o f
th e  p o wd e r  i n  th e  I B C  a n d  F I B C  d u r i n g  tr a n s fe r  o p e r a‐
ti o n s .  B u l ki n g  b r u s h  d i s c h a r ge s  o f ap p r o x i m ate l y 2 5  m J
c a n  i g n i te  fammable  a tm o s p h e r e s .

•
1 6 . 3 *  G ran u l ar M ate ri al s .    E x p e r i e n c e  h a s  s h o wn  th a t wh e r e
gr a n u l a r  m a te r i al s  h ave  vo l u m e  r e s i s ti vi ti e s  o f l e s s  th a n  1  ×  1 0 9

o h m -m  a n d  wh e r e  th e y a r e  i n  a  g r o u n d e d  c o n d u c ti ve
c o n tai n e r,  s tati c  e l e c tr i c  c h ar g e s  u s u a l l y r e l ax  suffciently
ra p i d l y to  p r e ve n t th e i r  a c c u m u l a ti o n  o n  th e  b u l k g r an u l ar
m a te r i al .

•
1 6 . 4  C o n d uc ti ve  I n te r m e d i ate  B u l k  C o n tai n e rs  ( I B C s ) .

1 6 . 4 . 1    C o n d u c ti ve  I B C s  ( e . g. ,  th o s e  c o n s tr u c te d  o f m e ta l )
s h o u l d  b e  gr o u n d e d  d u r i n g  al l  flling  a n d  e m p tyi n g o p e r a ti o n s .

Δ 1 6 . 4 . 2    M e tal  an d  s ta ti c  d i s s i p a ti ve  c o m p o n e n ts ,  s u c h  a s
fu n n e l s  an d  fll  p i p e s  i n  th e  s ys te m  u s e d  to  fll  a n d  e m p ty I B C s ,
s h o u l d  b e  gr o u n d e d .

1 6 . 4 . 3    Wh e r e  a  n o n c o n d u c ti ve  m a te r i al  i s  tr an s fe r r e d  i n to  a
c o n d u c ti ve  I B C  th a t i s  g r o u n d e d ,  a n y c h a r ge  th a t h a s  ac c u m u ‐

l ate d  o n  th e  m a te r i al  wi l l  r e m ai n  o n  th e  m a te r i al .  T h e  p r o c e s s
o f r e l a x a ti o n  i s  th e  s l o w m i gr a ti o n  o f th e  c h ar g e s  th r o u g h  th e
m a te r i al  to  th e  I B C  wal l s .  Wh i l e  th i s  r e l a x a ti o n  p r o c e s s  i s  o c c u r ‐
r i n g,  wh i c h  c an  l as t a fe w s e c o n d s  to  h o u r s  d e p e n d i n g  o n  th e

vo l u m e  r e s i s ti vi ty o f th e  m a te r i al ,  an  e l e c tr i c  feld  s ti l l  e x i s ts  at
th e  s u r fac e  o f th e  m a te r i al .

1 6 . 4 . 4 *    I n  th e  c as e  o f I B C s  wi th  fu l l y o p e n  to p s ,  th e  e l e c tr i c
feld  fr o m  c h ar g e d  m a te r i al  i n s i d e  th e  I B C  c an  i n d u c e  c h ar g e s
o n  o th e r  c o n d u c to r s  th at m i g h t b e  p r e s e n t,  i n c l u d i n g u n gr o u n ‐
d e d  p e r s o n n e l .  T h u s ,  i n d u c ti o n  o f s u r fa c e  c h a r ge s  o n to  o th e r

u n g r o u n d e d  c o n d u c to r s  c a n  o c c u r  e ve n  wh e r e  c o n d u c ti ve  I B C s
ar e  p r o p e r l y g r o u n d e d .  Ap p r o p r i ate  p r e c a u ti o n s  s h o u l d  b e

take n  s u c h  a s  g r o u n d i n g o f c o n d u c ti ve  o b j e c ts  i n  th e  vi c i n i ty o f
th e  o p e n -to p  I B C ,  i n c l u d i n g p l an t e q u i p m e n t,  an d  o p e r a to r s .

1 6 . 4 . 5    I B C s  m a d e  o f c o n d u c ti ve  m ate r i a l s  an d  n o n c o n d u c ti ve
l i n e r s  s h o u l d  b e  u s e d  o n l y i f th e  l i n e r s  ar e  e s s e n ti a l  ( e . g. ,  to
m a i n tai n  c o m p a ti b i l i ty b e twe e n  th e  I B C  an d  th e  m a te r i al  b e i n g

h an d l e d ) .  T h e  r i s k o f i gn i ti o n  an d  th e  p o s s i b i l i ty o f e l e c tr i c
s h o c k fr o m  p r o p ag ati n g  b r u s h  d i s c h ar g e  d e p e n d  o n  fac to r s
s u c h  a s  th e  th i c kn e s s ,  s u r fac e ,  an d  vo l u m e  r e s i s ti vi ty o f th e

l i n e r ;  th e  h an d l i n g p r o c e d u r e ;  th e  e l e c tr i c a l  p r o p e r ti e s  o f th e
p o wd e r  b e i n g  h an d l e d ;  an d  th e  M I E  o f an y explosible/famma‐
ble  atm o s p h e r e  th at m i gh t b e  p r e s e n t.

1 6 . 4 . 6    I n  ge n e r a l ,  p r o p ag ati n g  b r u s h  d i s c h a r ge  wi l l  n o t o c c u r
i f th e  n o n c o n d u c ti ve  l i n e r  h a s  a  b r e akd o wn  vo l ta ge  l o we r  th a n
4  kV.  E ac h  s i tu ati o n  s h o u l d  b e  c o n s i d e r e d  i n d i vi d u al l y.

1 6 . 5  N o n c o n d uc ti ve  I n te r m e d i ate  B ul k C o n tai n e rs  ( I B C s ) .

1 6 . 5 . 1    T h e  te r m  nonconductive a p p l i e s  to  an y I B C  th at h a s  a
vo l u m e  r e s i s ti vi ty gr e a te r  th a n  1  ×  1 0 9  o h m -m  o r  a  s u r fac e  r e s i s ‐
ti vi ty g r e ate r  th a n  1  ×  1 0 1 1  o h m s  p e r  s q u ar e .

1 6 . 5 . 2    Wh e r e  a  m a te r i al  i s  tr a n s fe r r e d  i n to  a n o n c o n d u c ti ve
I B C ,  th e  c o n ta i n e r  m ate r i a l  wi l l  h i n d e r  th e  r e l ax ati o n  to

g r o u n d  o f a n y s tati c  e l e c tri c  c h a r ge  th a t i s  p r e s e n t o n  th e  m a te ‐
r i al .  I n  th i s  i n s tan c e ,  e ve n  c o n d u c ti ve  c o n te n ts  c an  a c c u m u l a te

c h a r ge .

Δ 1 6 . 5 . 3    N o n c o n d u c ti ve  I B C s  s h o u l d  n o t b e  flled  o r  e m p ti e d
wh e r e  i gn i ti b l e  va p o r,  c o m b u s ti b l e  d u s t,  o r  h yb r i d  atm o s p h e r e s
ar e  p r e s e n t i n s i d e  o r  o u ts i d e  th e  I B C  wi th o u t p r o p e r  r i s k as s e s s ‐

m e n t.

1 6 . 5 . 4    P o wd e r s  s h o u l d  n o t b e  ad d e d  to  fammable  l i q u i d s
( C l a s s   I  l i q u i d s ,  as  d e s i gn ate d  b y N F PA  3 0 )  fr o m  n o n c o n d u c ti ve
I B C s  wi th o u t p r o p e r  r i s k as s e s s m e n t an d  e x p e r t c o n s u l tati o n .

1 6 . 5 . 5    N o n c o n d u c ti ve  I B C s  s h o u l d  n o t b e  u s e d  wi th  s o l ve n t-
we t p o wd e r s  ( i . e . ,  p o wd e rs  c o n ta i n i n g m o r e  th a n  0 . 5  p e r c e n t

b y we i g h t o f s o l ve n t o r,  wh e n  s to r i n g  fo r  l o n g p e r i o d s ,
0 . 2   p e r c e n t b y we i gh t )  i n  l o c ati o n s  wh e r e  th e  am b i e n t te m p e r a‐
tu r e  i s  n e a r  o r  a b o ve  th e  fash  p o i n t o f th e  s o l ve n t.

1 6 . 5 . 6    I f a  n o n c o n d u c ti ve  I B C  i s  m o ve d  i n to  a l o c ati o n  wh e r e
fammable  g as e s  o r  vap o rs  ar e  p r e s e n t,  a n y ac ti o n  th a t c o u l d
r e s u l t wi th  ge n e r a ti o n  o f s ta ti c  e l e c tr i c  c h a r ge s  o n  th e  o u ts i d e

s u r fac e s  o f th e  I B C ,  s u c h  as  r u b b i n g  o f th e  c o n ta i n e r ,  s h o u l d
b e  a vo i d e d .

1 6 . 6  Fl e x i b l e  I n te r m e d i ate  B u l k C o n tai n e rs  ( FI B C s ) .

1 6 . 6 . 1  D e s c ri p ti o n .    F l e x i b l e  i n te r m e d i ate  b u l k c o n tai n e r s
( F I B C s )  a r e  typ i c al l y c u b i c al ,  wo ve n  fab r i c  b a gs  h avi n g  a
vo l u m e  o f 1  m 3  ( 2 6 4  U S  ga l )  o r  l ar g e r.  F I B C s  c an  b e  fu l l y

c o l l ap s e d  b e fo r e  an d  a fte r  u s e ,  taki n g  u p  l i ttl e  s to r ag e  s p ac e .

Δ 1 6 . 6 . 1 . 1    T h e  fab r i c  i s  u s u al l y p o l yp r o p yl e n e  a n d  i s  s e wn  to
fo r m  a  th r e e -d i m e n s i o n al  c u b e  o r  r e c tan g l e  wi th  l i fti n g  s tr ap s .

An  F I B C  c a n  b e  flled  wi th  a  p o wd e r  o r  g r an u l ar  m a te r i al  an d
l i fte d  an d / o r  tr an s p o r te d  wi th  c o n ve n ti o n a l  m ate r i a l s -h a n d l i n g
e q u i p m e n t.

1 6 . 6 . 1 . 2    O n e  as p e c t o f F I B C  u s e  i s  th at i t c an  b e  u n l o a d e d
q u i c kl y,  typ i c a l l y 3 0 0  kg  to  5 0 0  kg  ( 6 6 0  l b  to  1 1 0 0  l b )  i n
3 0  s e c o n d s  o r  l e s s .  U n d e r  c o m m o n  c o n d i ti o n s  o f u s e ,  r a te s  at

wh i c h  s tati c  e l e c tr i c  c h ar g e s  ar e  g e n e r ate d  c a n  o fte n  e x c e e d
th e  r ate s  a t wh i c h  th e  c h ar g e s  c an  r e l a x  to  gr o u n d  a n d  th e r e ‐
fo r e  ac c u m u l ati o n  o f a s tati c  e l e c tr i c  c h a r ge  c an  b e  e x p e c te d .

N 1 6 . 6 . 1 . 3    F I B C s  a r e  g e n e r al l y b u i l t wi th  a b o tto m  s p o u t to
p r o vi d e  m e an s  fo r  a  c o n tr o l l e d  e m p tyi n g  d e s i gn .  C u tti n g  an d

o p e n l y d u m p i n g l ar g e  fab r i c  b ag s  th at d o  n o t h a ve  a  b o tto m
s p o u t c o u l d  c a u s e  h az ar d s  d u e  to  th e  c r e a ti o n  o f a d u s t c l o u d
wi th  p e r s o n n e l  n e a r b y.  H a z a r d s  a n d  s afe gu ar d s  fo r  c u tti n g  an d

d u m p i n g ac ti vi ti e s  s h o u l d  b e  th o r o u g h l y r e vi e we d .  M i ti ga ti o n
s te p s  c o u l d  i n c l u d e  l ayi n g  th e  b a g o n  a  g r o u n d e d  m e tal  g r ate ,
c u tti n g  th e  b a g,  an d  a l l o wi n g th e  c o n te n ts  o f th e  b ag  to  e m p ty

i n to  a ve s s e l .  T h i s  p r o c e d u r e  c o u l d  s ti l l  g e n e r ate  a h az ar d ,
h o we ve r,  s o  p r o p e r  a s s e s s m e n t o f h az ar d s ,  r i s ks ,  an d  ap p r o p r i ‐
ate  m i ti ga ti o n  s te p s  n e e d s  to  o c c u r.

1 6 . 6 . 2  C h arge  G e n e rati o n .    S ta ti c  e l e c tr i c  c h ar g e s  c an  b e
ge n e r a te d  d u r i n g th e  flling  an d  e m p tyi n g  o f F I B C s  an d  c a n

a c c u m u l a te  o n  b o th  th e  c o n te n ts  an d  th e  fa b r i c  o f th e  F I B C .  I f
th e  a c c u m u l a te d  c h ar g e  i s  h i g h  e n o u g h  a n d  i s  r e l e as e d  i n  th e
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fo r m  o f an  i n c e n d i ve  d i s c h a r ge  i n  th e  p r e s e n c e  o f an  i g n i ti b l e
atm o s p h e r e ,  i g n i ti o n  c an  o c c u r.

1 6 . 6 . 3  Typ e s  o f FI B C s  an d  T h e i r I n n e r L i n e rs .    I E C  6 1 3 4 0 -4 -4 ,
Electrostatics — Part 4-4: Standard test methods for specifc applica‐
tions — Electrostatic classifcation of fexible intermediate bulk contain‐
ers (FIBC),  d e s c r i b e s  fo u r  typ e s  o f F I B C s  a s  defned  b y th e i r
c o n s tr u c ti o n ,  th e  n a tu r e  o f th e i r  i n te n d e d  o p e r a ti o n ,  a n d  th e i r
as s o c i ate d  p e r fo r m a n c e  r e q u i r e m e n ts :  Typ e  A,  Typ e  B ,  Typ e  C ,
an d  Typ e  D .  F I B C s  s h o u l d  b e  te s te d  i n  ac c o r d an c e  wi th  th e
re q u i r e m e n ts  an d  te s t p r o c e d u r e s  specifed  i n  I E C  6 1 3 4 0 -4 -4
an d  i n  a c c o r d an c e  wi th  th e i r  i n te n d e d  u s e  b e fo r e  b e i n g  u s e d  i n
h az ar d o u s  e n vi r o n m e n ts .  S e e  Tab l e  1 6 . 6 . 3  fo r  a s u m m ar y o f
F I B C  u s e ,  a s  d e s c r i b e d  i n  1 6 . 6 . 4  th r o u g h  1 6 . 6 . 7 .  T h e  s u b j e c t o f
i n n e r  l i n e r s  i s  n o t a d d r e s s e d  i n  th i s  r e c o m m e n d e d  p r ac ti c e .
Gu i d an c e  o n  th e  s afe  u s e  o f i n n e r  l i n e r s  i s  g i ve n  i n  I E C
6 1 3 4 0 -4 - 4 .

1 6 . 6 . 3 . 1    B e fo r e  b e i n g  u s e d  i n  h az ar d o u s  e n vi r o n m e n ts ,  Typ e
B ,  Typ e  C ,  an d  Typ e  D  F I B C s  s h o u l d  b e  qualifed  a s  s a fe  b y
d e m o n s tr ati n g  th a t n o  i n c e n d i ar y d i s c h a r ge  c an  o c c u r  u n d e r
n o r m a l  o p e r ati n g  c o n d i ti o n s .  I E C  6 1 3 4 0 -4 -4 ,  Electrostatics —
Part 4-4: Standard test methods for specifc applications — Electrostatic
classifcation of fexible intermediate bulk containers (FIBC) ,  d e s c r i b e s
te s t p r o c e d u r e s  fo r  i g n i ti o n  te s ti n g  th at c a n  b e  u s e d  fo r  th i s
p u r p o s e .

1 6 . 6 . 4  Typ e  A FI B C s .

1 6 . 6 . 4 . 1    Typ e  A F I B C s  ar e  c o n s tr u c te d  o f n o n c o n d u c ti ve  m a te ‐
ri al s  ( e . g . ,  p o l yp r o p yl e n e  fab r i c  wi th  p o l ye s te r  s ti tc h i n g)  an d
h ave  n o  s p e c i al  fe atu r e s  i n c o r p o r a te d  i n  th e i r  d e s i g n  to  c o n tr o l
s tati c  e l e c tr i c  d i s c h a r ge  h az ar d s .  Typ e  A F I B C s  c an  b e  u s e d  fo r
m a te r i al s  th a t d o  n o t fo r m  i g n i ti b l e  atm o s p h e r e s  i n  n o r m al
h an d l i n g  o p e r ati o n s ,  ar e  n o n e x p l o s i b l e  ( N o -Go ) ,  o r  h ave  M I E
gr e a te r  th an  1 0 0 0   m J .

Δ 1 6 . 6 . 4 . 2    E x p e r i e n c e  h as  s h o wn  th a t p r o p a ga ti n g b r u s h
d i s c h ar g e s  c a n  o c c u r  i n  Typ e  A F I B C s .  T h e  e n e r g y r e l e as e d  i n
p r o p ag ati n g  b r u s h  d i s c h ar g e s  i n  F I B C s  c a n  s u r p a s s  1 0 0 0  m J .
T h e  fo l l o wi n g c r i te r i a  ap p l y:

( 1 ) Typ e  A F I B C s  s h o u l d  n o t b e  u s e d  fo r  p o wd e r  o r  g r an u l a r
m a te r i al s  th at h a ve  a n  M I E  o f 1 0 0 0   m J  o r  l e s s .

( 2 ) Typ e  A F I B C s  s h o u l d  n e ve r  b e  u s e d  i n  ar e a s  wh e r e  a fam‐
mable  ga s  o r  va p o r  i s  p r e s e n t.

( 3 ) Typ e  A F I B C s  s h o u l d  n o t b e  u s e d  fo r  c o n d u c ti ve  p o wd e r s
( i . e . ,  l o w-r e s i s ti vi ty p o wd e r s ) .

1 6 . 6 . 5  Typ e  B  FI B C s .

Δ 1 6 . 6 . 5 . 1    Typ e  B  F I B C s ,  l i ke  Typ e  A F I B C s ,  ar e  c o n s tr u c te d  o f
n o n c o n d u c ti ve  m ate r i a l s  ( e . g . ,  p o l yp r o p yl e n e  fab r i c  wi th  p o l y‐

e s te r  s ti tc h i n g ) .  H o we ve r,  th e  c o n s tr u c ti o n  m ate r i a l  o f Typ e  B
F I B C s  i s  d e s i gn e d  to  h a ve  a b r e akd o wn  vo l tag e  l e s s  th an  6  kV
an d  h e n c e  l i m i t s tati c  e l e c tr i c  d i s c h ar g e  h az ar d s .

1 6 . 6 . 5 . 2    Typ e  B  F I B C s  a r e  d e s i g n e d  to  avo i d  th e  o c c u r r e n c e  o f
p r o p a ga ti n g b r u s h  d i s c h ar g e s .  P r o p ag ati n g  b r u s h  d i s c h ar g e s

c a n  o c c u r  i n  F I B C s  o n l y i f th e  F I B C ’ s  c o n s tr u c ti o n  m a te r i al s
h ave  suffcient e l e c tr i c a l  s tr e n g th  to  s u s ta i n  h i g h  s u r fac e  c h a r ge
d e n s i ti e s .  Re s e a r c h  h a s  s h o wn  th a t p r o p ag ati n g  b r u s h
d i s c h ar g e s  c an n o t o c c u r  i f th e  b r e a kd o wn  vo l ta ge  o f th e  m a te ‐

r i al s  u s e d  to  c o n s tr u c t F I B C s  i s  l e s s  th an  6  kV.

1 6 . 6 . 5 . 3    F i l l i n g c h ar g e d ,  h i g h -r e s i s ti vi ty p o wd e r  i n to  F I B C s  c a n
g e n e r ate  a r e g i o n  o f ve r y h i g h  s p ac e  c h ar g e  d e n s i ty wi th i n  th e

h e ap  o f b u l ke d  p o wd e r.  T h i s  l e a d s  to  h i gh  e l e c tr i c a l  felds  at
th e  to p  o f th e  h e a p .  U n d e r  th e s e  c i r c u m s ta n c e s ,  b u l ki n g b r u s h

d i s c h ar g e s  r u n n i n g  a l o n g th e  s u r fa c e  h ave  b e e n  o b s e r ve d .
Al th o u gh  b u l ki n g  b r u s h  d i s c h a r ge  c an  o c c u r  i n  al l  fo r m s  o f
c o n tai n e r s ,  i n c l u d i n g  g r o u n d e d  c o n d u c ti ve  c o n tai n e r s ,  th e y

c a n  h ave  a m u c h  h i g h e r  e n e r g y i n  Typ e  B  F I B C s  th a n  i n  g r o u n ‐
d e d  c o n d u c ti ve  c o n ta i n e r s ,  wh e r e  th e  wal l s  o f th e  c o n tai n e r s
wi l l  b e  at c l o s e  to  z e r o  p o te n ti al .  E n e r g y c a l c u l ati o n s  p r e d i c t

th at i n  Typ e  B  F I B C s ,  b u l ki n g  b r u s h  d i s c h ar g e s  m i g h t b e  i n c e n ‐
d i a r y to  p o wd e r s  wi th  a n  M I E  o f u p  to  3   m J .

Δ 1 6 . 6 . 5 . 4    S i n c e  Typ e  B  F I B C s  h ave  n o  m e c h an i s m  fo r  d i s s i p a t‐
i n g  e l e c tr o s tati c  c h ar g e ,  b r u s h  d i s c h ar g e s  m i g h t o c c u r  th at c a n

i gn i te  fammable  g as e s  a n d  vap o r s  an d  p o s s i b l y h yb r i d  atm o s ‐
p h e r e s .  T h e  fo l l o wi n g c r i te r i a  a p p l y:

( 1 ) Typ e  B  F I B C s  s h o u l d  b e  m a d e  fr o m  m ate r i al s  wi th  b r e a k‐
d o wn  vo l tag e s  l e s s  th an  6  kV.

( 2 ) Typ e  B  F I B C s  s h o u l d  n o t b e  u s e d  fo r  p o wd e r  o r  g r an u l ar
m a te r i al s  th at h a ve  a n  M I E  o f 3   m J  o r  l e s s .

( 3 ) Typ e  B  F I B C s  s h o u l d  n e ve r  b e  u s e d  i n  ar e a s  wh e r e  a  fam‐
mable  ga s ,  vap o r,  o r  h yb r i d  a tm o s p h e r e  i s  p r e s e n t.

( 4 ) Typ e  B  F I B C s  s h o u l d  n o t b e  u s e d  fo r  c o n d u c ti ve  p o wd e r s
( i . e . ,  l o w-r e s i s ti vi ty p o wd e r s ) .

Δ Tab l e   1 6 . 6 . 3  U s e  o f D i ffe re n t Typ e s  o f FI B C s

B ul k P ro d u c t i n  FI B C   S ur ro un d i n gs

M I E  o f d us t*  
Nonfammable

Atm o s p h e re

C l as s   I I ,  D i vi s i o n  1  an d
D i vi s i o n  2  ( 1 0 0 0   m J  ≥  M I E

>  3   m J ) *

C l as s   I ,  D i vi s i o n  1  an d
D i vi s i o n  2  ( G as  G ro u p  C  an d

G ro up  D )  o r C l as s   I I ,
D i vi s i o n  1  an d  D i vi s i o n  2

( M I E  ≤  3   m J ) *

M I E  >  1 0 0 0   m J A,  B ,  C ,  D B ,  C ,  D C ,  D †

1 0 0 0   m J  ≥  M I E  >  3   m J B ,  C ,  D B ,  C ,  D C ,  D †

M I E  ≤  3   m J C ,  D C ,  D C ,  D †

N o te s :
( 1 )  Ad d i ti o n a l  p r e c a u ti o n s  a r e  u s u a l l y n e c e s s a r y wh e n  a  fammable  g a s  o r  va p o r  a tm o s p h e r e  i s  p r e s e n t i n s i d e
th e  F I B C ( e . g . ,  i n  th e  c a s e  o f s o l ve n t we t p o wd e r s ) .
( 2 )  Nonfammable  a tm o s p h e r e  i n c l u d e s  d u s ts  h a vi n g  an  M I E  >  1 0 0 0   m J .

* M e a s u r e d  i n  a c c o r d an c e  wi th  I S O / I E C  8 0 0 7 9 -2 0 - 2 ,  Explosive atmospheres — Part  20-2: Material characteristics —

Combustible dusts test methods.
† U s e  o f Typ e  C  an d  Typ e  D  l i m i te d  to  g a s  G r o u p  C  a n d  G r o u p  D  wi th  M I E  ≥  0 . 1 4   m J .
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

1 6 . 6 . 6  Typ e  C  FI B C s .

Δ 1 6 . 6 . 6 . 1    Typ e  C  F I B C s  ar e  c o n s tr u c te d  e n ti r e l y fr o m  c o n d u c ‐
ti ve  m a te r i al  o r  i n s u l a ti n g m ate r i al  th at c o n tai n s  fu l l y i n te r c o n ‐

n e c te d  c o n d u c ti ve  th r e a d s  o r  ta p e s  wi th  specifc  s p a c i n g .  I t i s
e s s e n ti a l  th at Typ e  C  F I B C s  b e  gr o u n d e d  d u r i n g flling  an d

e m p tyi n g  o p e r ati o n s .

Δ 1 6 . 6 . 6 . 2    F I B C s  c o n s tr u c te d  o f n o n c o n d u c ti ve  fab r i c  an d
c o n tai n i n g i n te r c o n n e c te d  wo ve n ,  gr o u n d e d ,  c o n d u c ti ve  fla‐
ments  ( i . e . ,  th r e ad s  o r  tap e s )  a r e  c o n s i d e r e d  c o n d u c ti ve .  O n e
typ e  o f F I B C  h as  c o n d u c ti ve  flaments  s p ac e d  e q u al  to  o r  l e s s

th an  2 0  m m  ( 0 . 8  i n . )  a p a r t,  e ac h  o f wh i c h  i s  c o n n e c te d  a t l e as t
o n c e  to  i ts  n e i gh b o r,  p r e fe r a b l y at b o th  e n d s .  T h e y ar e  i n te n ‐
d e d  to  b e  gr o u n d e d .  An o th e r  typ e  h a s  c o n d u c ti ve  flaments

th at fo r m  an  i n te r c o n n e c ti n g  g r i d  o f n o t m o r e  th an  5 0  m m
( 2   i n . )  m e s h  s i z e .  T h e y a l s o  ar e  i n te n d e d  to  b e  g r o u n d e d .

1 6 . 6 . 6 . 3    T h e  r e c o m m e n d ati o n s  fo r  c o n d u c ti ve  I B C s  g i ve n  i n
S e c ti o n  1 6 . 4  a l s o  ap p l y to  Typ e  C  F I B C s .  A g r o u n d i n g tab  th at
i s  e l e c tr i c al l y c o n n e c te d  to  th e  c o n d u c ti ve  flaments  i s  p r o vi d e d
an d  i s  i n te n d e d  to  b e  c o n n e c te d  to  a gr o u n d  p o i n t wh e n  th e

F I B C  i s  flled  o r  e m p ti e d .  T h e  r e s i s ta n c e  b e twe e n  th e  c o n d u c ‐
ti ve  flaments  a t a n y p o i n t i n  th e  F I B C  a n d  th e  gr o u n d i n g  tab s
s h o u l d  b e  l e s s  th a n  1 . 0  ×  1 0 8  o h m s .

•
1 6 . 6 . 6 . 4    M ate r i a l s  u s e d  to  c o n s tr u c t i n n e r  baffes,  o th e r  th an
m e s h  o r  n e t baffes,  s h o u l d  m e e t th e  r e q u i r e m e n ts  i n  1 6 . 6 . 6 . 2

an d  1 6 . 6 . 6 . 3 .

N 1 6 . 6 . 6 . 5    Typ e  C  F I B C s  s h o u l d  b e  gr o u n d e d  r e l i a b l y d u r i n g a l l
flling  an d  e m p tyi n g o p e r ati o n s .  T h e r e  ar e  var i o u s  m e th o d s  fo r

th e  g r o u n d i n g  o f Typ e  C  F I B C s .  (See Annex G for an example of
bonding clamps and equipment for grounding Type C FIBCs. )

1 6 . 6 . 7  Typ e  D  FI B C s .

1 6 . 6 . 7 . 1    Typ e  D  F I B C s  a r e  c o n s tr u c te d  fr o m  fa b r i c s  a n d / o r
th r e ad s  wi th  s p e c i a l  e l e c tr o s tati c  p r o p e r ti e s  to  c o n tr o l

d i s c h ar g e  i n c e n d i vi ty a n d  ar e  i n te n d e d  fo r  u s e  wi th o u t g r o u n d ‐
i n g i n  th e  p r e s e n c e  o f fammable  va p o r s  o r  ga s e s  wi th  M I E  o f
0 . 1 4  m J  o r  gr e a te r  a n d  wi th  c o m b u s ti b l e  p o wd e r s ,  i n c l u d i n g

th o s e  wi th  m i n i m u m  i g n i ti o n  e n e r g i e s  o f 3   m J  o r  l e s s .

1 6 . 6 . 7 . 2    I f Typ e  D  F I B C s  ar e  m a d e  fr o m  m ate r i a l s  th at h ave  an
i n s u l ati n g  l aye r  ( i . e . ,  c o ati n g ,  flm,  o r  l am i n ati o n )  o n  th e  i n s i d e

o f th e  c o n tai n e r,  th e  m a te r i al s  s h o u l d  h ave  a b r e a kd o wn  vo l t‐
ag e  o f l e s s  th an  6  kV.  Al l  l aye r s  o f m u l ti l aye r  m ate r i a l s  s h o u l d
r e m a i n  i n  frm  c o n tac t d u r i n g flling  an d  e m p tyi n g  o p e r ati o n s .

•
N 1 6 . 6 . 7 . 3    Typ e  D  F I B C s  s h o u l d  n o t b e  u s e d  fo r  c o n d u c ti ve

p o wd e r s  ( i . e . ,  l o w-r e s i s ti vi ty p o wd e r s )  d u e  to  p o s s i b l e  i s o l a ti o n
o f th e  p o wd e r  th at c o u l d  g i ve  r i s e  to  s p ar k d i s c h ar g e s .  C o n s i d e r
u s i n g  Typ e  C  F I B C s  i n  th i s  c as e .

C h ap te r 1 7    We b  an d  S h e e t P ro c e s s e s

1 7 . 1  G e n e ral .

1 7 . 1 . 1    I n  we b  p r o c e s s e s ,  s u c h  as  p r i n ti n g ,  c o ati n g ,  s p r e ad i n g ,
a n d  i m p r e g n ati n g ,  s tati c  e l e c tr i c i ty i s  a  fr e q u e n t,  an n o yi n g ,  an d

o fte n  e x p e n s i ve  s o u r c e  o f p r o d u c ti o n  p r o b l e m s .  I f fammable
l i q u i d  ( C l as s  I  l i q u i d ,  as  d e s i gn a te d  b y N F PA 3 0 )  s o l ve n ts  ar e
u s e d  i n  th e  p r o c e s s ,  d i s c h a r ge s  fr o m  s tati c  e l e c tr i c  c h a r ge s  c an

c o n s ti tu te  an  i g n i ti o n  s o u r c e .  T h i s  c h ap te r  p r o vi d e s  a  b r o ad
o ve r vi e w o f s ta ti c  e l e c tr i c i ty i s s u e s  i n  we b  an d  s h e e t p r o c e s s e s ,
d i s c u s s e s  h o w d i ffe r e n t s u b s tr ate s  c o n tr i b u te  to  s ta ti c  e l e c tr i c i ty

p r o b l e m s ,  p r o vi d e s  i n fo r m ati o n  o n  i n ks  a n d  d i ffe r e n t c o ati n g

l i q u i d s ,  o ffe r s  a b r o ad  o ve r vi e w o f s tati c  e l e c tr i c i ty i s s u e s  wi th
d i ffe r e n t p r o c e s s e s ,  c o ve r s  specifc  s ta ti c  e l e c tr i c i ty c o n tr o l

p r ac ti c e s  fo r  we b  p r o c e s s e s ,  a n d  o ffe r s  r e c o m m e n d ati o n s  o n
m a i n tai n i n g  s tati c  c o n tr o l .

1 7 . 1 . 2    I n  p r ac ti c e ,  p ap e r  o r  an y o th e r  s u b s tr ate  c h a r ge d  wi th
s tati c  e l e c tr i c i ty wi l l  attr a c t o r  r e p e l  o th e r  o b j e c ts .  T h i s

p h e n o m e n o n  c an  c au s e  diffculty i n  c o n tr o l l i n g th e  s h e e t o r
we b ,  wh i c h  i s  th e  c o n ti n u o u s  s u b s tr a te  th a t i s  b e i n g  p r i n te d  o r
c o a te d .  I t c an  al s o  c a u s e  p r o b l e m s  wi th  d e l i ve r i n g  an d

h a n d l i n g  th e  p r i n te d  p r o d u c t d u e  to  e l e c tr o s tati c  attr a c ti o n
b e twe e n  th e  s h e e ts  o r  fo l d e d  s i g n atu r e s .  E l e c tr o s tati c  c h ar g e s
c a n  tr an s fe r  b y i n d u c ti o n  o r  b y c o n tac t wi th  var i o u s  o b j e c ts

( e . g . ,  d u r i n g h an d l i n g o f th e  p ap e r  o r  s u b s tr a te  b y p e r s o n n e l ) .
T h e s e  s tati c  e l e c tr i c  c h ar g e s  c an  a c c u m u l a te  o n  a p e r s o n  wh o  i s
n o t ad e q u ate l y gr o u n d e d .

1 7 . 2  S u b s trate s .

1 7 . 2 . 1  P ap e r.

1 7 . 2 . 1 . 1    T h e  c h ar a c te r i s ti c s  o f th e  s u r fac e  o f th e  p a p e r  h ave  a
gr e a t d e a l  to  d o  wi th  th e  a m o u n t o f s ta ti c  e l e c tr i c  c h ar g e  th at i s

g e n e r ate d  d u r i n g  p r o c e s s i n g.  Ge n e r a l l y,  p r i n ti n g  o n  p ap e r
c a u s e s  fe we r  p r o b l e m s  th a n  p r i n ti n g  o n  p l as ti c  s u b s tr ate s  an d
o th e r  s yn th e ti c  m ate r i a l s .  S ta ti c  e l e c tr i c  c h ar g e s  ac c u m u l ate  o n

p ap e r  d u r i n g  th e  h an d l i n g  p r o c e s s .  O n  p r e s s e s  an d  i n  o th e r
h an d l i n g  o p e r ati o n s ,  s ta ti c  e l e c tr i c  c h a r ge s  c a n  b e  d e p o s i te d  b y
b e l ts  d r i vi n g th e  p ap e r  r o l l s ,  s l i d i n g  o f th e  we b  o ve r  i d l e r  r o l l e r s
an d  an g l e  b ar s ,  m o ti o n  o f th e  we b  th r o u g h  a  n i p ,  an d  m o ti o n
o f b r u s h e s  a n d  d e l i ve r y b e l ts  i n  th e  fo l d e r.

1 7 . 2 . 1 . 2    I n  s o m e  o p e r a ti o n s ,  s tati c  e l e c tr i c  c h ar g e  i s  d e l i b e r ‐
ate l y d e p o s i te d  o n  th e  we b  to  i m p r o ve  c e r ta i n  o p e r ati o n s ,  s u c h

a s  m a te r i al  d e p o s i ti o n  a n d  s h e e t tr an s fe r.  I n  gr a vu r e  p r i n ti n g ,
fo r  e x am p l e ,  e l e c tr o s tati c  as s i s t ( E S A)  i s  u s e d  to  i m p r o ve  th e
tr a n s fe r  o f i n k.  O n  h i g h -s p e e d  o ffs e t an d  h i g h -s p e e d  gr a vu r e

p r e s s e s ,  r i b b o n  tac ki n g  i s  u s e d  to  c o n tr o l  th e  r i b b o n s  a n d  s i g n a‐
tu r e s  i n  th e  fo l d e r.

1 7 . 2 . 2  P l as ti c s .    M o s t p l a s ti c  flms  ar e  c h ar a c te r i z e d  b y
e x tr e m e l y h i g h  s u r fac e  a n d  vo l u m e tr i c  r e s i s ti vi ti e s .  T h i s  r e s i s ti v‐

i ty al l o ws  s tati c  e l e c tr i c  c h ar g e  to  a c c u m u l a te  o n  th e  we b  afte r
c o n tac t wi th  m ac h i n e  p ar ts ,  s u c h  as  r o l l e r s  an d  b e l ts ,  wi th  l i ttl e

d i s s i p ati o n  o c c u r r i n g .

1 7 . 2 . 3  Fab ri c s  an d  N o n wo ve n s .

1 7 . 2 . 3 . 1    F ab r i c s  ar e  u s u al l y m a d e  o f b l e n d s  o f n a tu r al  fbers
( u s u a l l y h ygr o s c o p i c  a n d  c ap ab l e  o f r e l a x i n g a  c h ar g e )  an d
s yn th e ti c  fbers  ( u s u a l l y h i gh l y r e s i s ti ve  an d  c ap a b l e  o f h o l d i n g

a  c h a r ge ) .  T h e  s m al l e r  th e  p r o p o r ti o n  o f n a tu r al  fbers  u s e d ,
th e  gr e a te r  th e  i n c i d e n c e  o f s tati c  e l e c tr i c  p r o b l e m s  i n  s u b s e ‐
q u e n t o p e r a ti o n s .  F ab r i c s  ar e  th i n ,  l i ke  p a p e r  an d  p l as ti c  flms,

a n d  ac c u m u l ate  s ta ti c  e l e c tr i c i ty i n  a s i m i l ar  m an n e r.

1 7 . 2 . 3 . 2    N o n wo ve n s  o fte n  h ave  a l o ft th a t gi ve s  th e m  a th r e e -
d i m e n s i o n al  s tr u c tu r e .  T h e y ar e  al m o s t e x c l u s i ve l y s yn th e ti c ,  s o

th e y te n d  to  ge n e r a te  a n d  h o l d  s u b s tan ti a l  c h ar g e s  i n  th e  fo r m ‐
i n g  p r o c e s s .  T h e s e  c h ar g e s  c a n  b e  m o r e  diffcult to  r e m o ve  d u e

to  th e  d e p th  o f th e  l o ft.  I n  a s u b s e q u e n t c o ati n g  o r  s atu r a ti n g
p r o c e s s ,  l a r ge  am o u n ts  o f c h a r ge  c an  ag ai n  b e  g e n e r ate d  d u e
to  r e l a ti ve  m o ti o n  o f th e  fbers  a n d  a ga i n  th e  c h a r ge  c a n  b e
diffcult to  r e m o ve  i f th e  l o ft r e tu r n s .  T h e  s o l ve n t-we t b att

c o n tai n s  a  r e l ati ve l y l ar g e  vo l u m e  o f fammable  va p o r,  an d  e l e c ‐
tr o s ta ti c  d i s c h ar g e  c a n  c a u s e  i g n i ti o n .
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1 7 . 3  I n k s  an d  C o ati n gs .

1 7 . 3 . 1    I n ks  u s e d  i n  l e tte r  p r e s s e s  a n d  o ffs e t p r e s s e s  a r e  typ i ‐
c a l l y C l a s s  I I I B  l i q u i d s  ( a s  d e s i gn a te d  b y N F PA 3 0 )  a n d  p r e s e n t
l i ttl e  fre  o r  e x p l o s i o n  h az ar d .  H o we ve r,  i n ks  u s e d  i n  s i l k
s c r e e n ,  r o to g r avu r e ,  an d  fexographic  p r i n ti n g  ar e  u s u al l y
C l a s s  I B  an d  C l as s  I C  l i q u i d s  ( a s  d e s i g n ate d  b y N F PA 3 0 ) .  F i r e s
c a n  o c c u r  i n  th e s e  i n ks  d u e  to  th e  u s e  o f s o l ve n ts  wi th  va p o r s
th at c a n  b e  i g n i te d  b y s tati c  e l e c tr i c  d i s c h ar g e  o r  o th e r  i g n i ti o n
s o u r c e s .

Δ 1 7 . 3 . 2    T h e  s o l u ti o n s  an d  s u s p e n s i o n s  th a t ar e  u s e d  to  c o a t
an d  s atu r a te  we b s  a r e  d i ve r s e .  Wh i l e  th e y a r e  s ti l l  we t,  wate r-
b a s e d  c o ati n g s  ar e  g e n e r al l y c o n d u c ti ve  e n o u g h  to  d i s s i p a te
an y c h ar g e  th a t i s  ge n e r a te d  i n  th e  p r o c e s s ,  e ve n  th o u gh  th e r e
m i gh t b e  m i n o r  c o n c e n tr ati o n s  o f s o l ve n t p r e s e n t th at c a n
c r e a te  an  i g n i ti b l e  vap o r  l aye r  o n  th e  we b .  Wh e n  d r y,  th e s e
c o ati n g s  ar e  n o t al ways  c ap ab l e  o f d i s s i p ati n g  th e  c h ar g e ,  b u t
va p o r s  a r e  s e l d o m  l e ft at th i s  p o i n t.

Δ 1 7 . 3 . 3    F l a m m a b l e  s o l ve n t- b a s e d  l i q u i d  ( C l as s  I  l i q u i d ,  a s  d e s i g‐
n ate d  b y N F PA 3 0 )  i n ks  an d  c o a ti n gs  s h o u l d  b e  c o n s i d e r e d
n o n c o n d u c ti ve  an d  th e r e fo r e  i n c ap a b l e  o f d i s s i p ati n g  a n  e l e c ‐
tr o s ta ti c  c h a r ge .  C o n d u c ti vi ty e n h an c e r s  i n  th e  i n k o r  c o a ti n g
c a n n o t b e  r e l i e d  o n  to  as s i s t d i s s i p a ti o n  o f c h ar g e  at h i g h
p r o c e s s i n g s p e e d s .  M e as u r e m e n t o f c o a ti n g s o l u ti o n  c o n d u c ti v‐
i ty c an  p r o vi d e  a d d i ti o n al  d ata to  d e te r m i n e  e l e c tr o s ta ti c
ge n e r a ti o n  a n d  d i s s i p a ti o n  c h a r ac te r i s ti c s .  S o l ve n t-b a s e d  c o a t‐
i n g s  h avi n g  c o n d u c ti vi ti e s  l e s s  th an  1  ×  1 0 4  p S / m  s h o u l d  b e
c a r e fu l l y e va l u a te d  fo r  th e i r  ab i l i ty to  d i s s i p ate  e l e c tr o s ta ti c

c h a r ge .

1 7 . 3 . 4    B l a c k i n ks  u s e d  i n  g r avu r e  p r i n ti n g  ar e  g e n e r al l y
n o n c o n d u c ti ve .  Wh e r e  a c c u m u l a ti o n s  o f b l ac k i n k,  p a r ti c u l a r l y
b l ac k i n k u s e d  o n  u n c o ate d  p ap e r s ,  a r e  was h e d  o r  c l e an e d  o ff

th e  r u b b e r  i m p r e s s i o n  r o l l e r s ,  th e  r e s i n  c an  b e  was h e d  o u t o f
th e  i n k b u i l d u p ,  l e avi n g  a  r e s i d u e  o f c o n d u c ti ve  c ar b o n  ( i . e . ,
th e  p i g m e n t) .  I f th i s  c o n d u c ti ve  r e s i d u e  i s  n o t th o r o u g h l y

wi p e d  o ff th e  r o l l e r s ,  s p ar ki n g  an d  ar c i n g  fr o m  th e  r o l l e r  to  th e
c yl i n d e r  o r  o th e r  gr o u n d e d  p r e s s  p a r ts  c an  o c c u r.

1 7 . 4  P ro c e s s e s .

Δ 1 7 . 4 . 1  P ri n ti n g P re s s e s .    Al l  o th e r  fac to r s  b e i n g  e q u al ,  p r i n t‐
i n g  p r e s s e s  th a t o p e r ate  at h i g h e r  s p e e d s  g e n e r ate  m o r e  s ta ti c
e l e c tr i c i ty.  A r o to g r avu r e  p r e s s ,  fo r  e x am p l e ,  c an  ge n e r a te  s ta ti c

e l e c tr i c i ty wh e r e  th e  r u b b e r  r o l l  p r e s s e s  th e  s u b s tr a te  a ga i n s t an
e n gr a ve d  r o l l ,  wh i c h  i s  we tte d  wi th  th e  i n k.  C h ar g e  c a n  b e
tr a n s fe r r e d  fr o m  th e  e n gr a ve d  r o l l  to  th e  s u b s tr a te .  I n  a  m u l ti ‐

c o l o r e d  p r e s s ,  th e r e  i s  a s i m i l ar  a r r an g e m e n t fo r  e a c h  c o l o r.
T h e  g e n e r ati o n  o f c h a r ge  i s  a fu n c ti o n  o f th e  p r e s s u r e  b e twe e n
th e  r o l l s  an d  th e  an g l e  to  th e  r o l l .  T h e  E S A p r o c e s s ,  wh e r e

u s e d ,  d e p o s i ts  l a r ge  am o u n ts  o f c h ar g e  o n to  th e  s u b s tr ate .
N o te  th a t E S A e q u i p m e n t m u s t b e  s u i tab l e  fo r  C l as s  I ,  D i vi s i o n
1  l o c ati o n s .

1 7 . 4 . 2  C o ati n g.    C o a ti n g o f we b  m ate r i al s  i s  d o n e  u s i n g b o th
i g n i ti b l e  (fammable  an d  c o m b u s ti b l e )  an d  n o n i g n i ti b l e  l i q u i d s
o n  a wi d e  va r i e ty o f e q u i p m e n t.  Signifcant c h ar g e  c an  b e

g e n e r ate d  wh e r e  h i g h  fo r c e s  b e twe e n  r o l l e r s  a n d  we b  ar e
p r e s e n t,  s u c h  as  i n  g r avu r e  c o ati n g ,  a n d  wh e r e  we b  s l i p p ag e  i s
p r e s e n t d u e  to  te n s i o n  d i ffe r e n c e  ac r o s s  th e  c o ati n g  r o l l e r.  T h i s

c a n  r e s u l t i n  an  e l e c tr o s ta ti c  i g n i ti o n  h az ar d  wh e r e  fammable
c o a ti n gs  ar e  u s e d .  H i gh  c h ar g e  c an  al s o  a c c u m u l a te  o n  th e
r u b b e r  b ac ku p  r o l l e r,  an d  an  e l e c tr o s tati c  n e u tr al i z e r  m i g h t b e

n e e d e d  i f th i s  p o s e s  an  i gn i ti o n  h a z a r d .

1 7 . 4 . 3  S atu rati n g.    S atu r a ti n g i s  th e  p r o c e s s  o f i m m e r s i o n  o f a
we b  i n  a  l i q u i d  s o  th at th e  l i q u i d  flls  th e  p o r e s  i n  th e  we b .  T h e

e x c e s s  l i q u i d  i s  th e n  s q u e e z e d  o r  wi p e d  fr o m  b o th  s i d e s  o f th e
we b .  E l e c tr o s ta ti c  c h ar g i n g  d u r i n g  s a tu r ati n g  o p e r a ti o n s  i s  n o t

u s u al l y a  p r o b l e m  fo r  m o s t we b s .  Wh e r e  th e  we b  i s  a  n o n wo ve n
wi th  s u b s ta n ti al  l o ft an d  th e  l i q u i d  i s  a  fammable  l i q u i d
( C l as s  I  l i q u i d ,  a s  d e s i g n ate d  b y N F PA 3 0 )  wi th  l o w c o n d u c ti v‐

i ty,  a  s tati c  e l e c tr i c  h az ar d  c a n  b e  c r e ate d .

1 7 . 4 . 4  C al e n d ari n g.

1 7 . 4 . 4 . 1    C a l e n d a r i n g  i s  a  p r o c e s s  b y wh i c h  a  s u b s tr a te  i s
s q u e e z e d  at h i gh  p r e s s u r e  b e twe e n  r o l l e r s  th at a r e  g e n e r al l y

s m o o th .  T h i s  p r o c e s s  i s  u s e d  to  c r e a te  a d e n s e  p r o d u c t wi th  a
s m o o th  s u r fac e ,  s u c h  as  m ag az i n e  c o ve r  s to c k.  I t i s  al s o  u s e d  to

m i l l  an d  fo r m  we b s  fr o m  m ate r i al s  s u c h  a s  r u b b e r  an d  p l as ti c s .
T h e  i n ti m a te  c o n ta c t c au s e d  b y th e  h i g h  p r e s s u r e s  a n d  th e
wo r ki n g o f th e  m ate r i a l s  b e twe e n  th e  n i p p e d  r o l l e r s  c r e ate s

c h a r ge  o n  th e  we b .  C h ar g i n g  c a n  b e  h i gh  e n o u g h  to  fo r m
c o r o n a d i s c h ar g e  a t th e  e x i t o f th e  n i p .

1 7 . 4 . 4 . 2    B e c au s e  fammable  l i q u i d  ( C l as s  I  l i q u i d ,  as  d e s i g n a‐
te d  b y N F PA 3 0 )  s o l ve n ts  ar e  n o t u s u al l y p r e s e n t,  th e  e ffe c t o f
s tati c  e l e c tr i c  c h a r ge  i s  to  c au s e  o p e r ato r  s h o c k an d  we b -

h a n d l i n g  p r o b l e m s .  E l e c tr o s tati c  c h a r ge  n e u tr al i z e r s  c a n  e ffe c ‐
ti ve l y r e m o ve  th e  c h a r ge .

1 7 . 4 . 5  We b  H an d l i n g an d  C o n ve r ti n g.    T h e  p ath  o f th e  we b
th r o u g h  p r o c e s s i n g  m a c h i n e r y o fte n  i s  gu i d e d  o ve r  m a n y r o l l ‐
e r s .  M o ve m e n t o f th e  we b  o ve r  th e  r o l l e r s  p r o d u c e s  s ta ti c  e l e c ‐

tr i c  c h ar g e  d u e  to  fr i c ti o n .  A fr e e l y tu r n i n g i d l e r  r o l l e r  i m p ar ts
l i ttl e  c h ar g e  to  th e  we b .  As  th e  s p e e d  o f th e  p r o c e s s  i n c r e as e s
ab o ve  6 0  m / m i n  ( 1 9 7  ft/ m i n ) ,  ai r  i s  d r a wn  b e twe e n  th e  we b

a n d  th e  r o l l e r,  r e d u c i n g  th e  i n ti m ac y o f c o n ta c t an d  c au s i n g
i n c r e as e d  c h a r gi n g b y s l i d i n g  c o n ta c t.  I f th e  r o l l e r  d o e s  n o t
tu r n  fr e e l y,  h o we ve r,  th e  we b  s l i p s  o n  th e  r o l l e r  s u r fac e  an d  c a n

g e n e r ate  a l a r ge  s tati c  e l e c tr i c  c h a r ge .  P e r i o d i c  i n s p e c ti o n s  an d
m a i n te n an c e  s h o u l d  b e  p e r fo r m e d  to  e n s u r e  th at th e  r o l l e r s
ar e  al ways  fr e e  tu r n i n g .

•
1 7 . 5  C o n tro l  o f S tati c  E l e c tri c i ty i n  We b  P ro c e s s e s .    T h i s
s e c ti o n  c o ve r s  h o w we b s  b e c o m e  c h ar g e d ,  th e  h a z a r d s  o f
c h a r ge d  we b s ,  an d  th e  u s e  o f a n  i o n i z i n g s ta ti c  d i s s i p a te r  fo r
n e u tr a l i z i n g e l e c tr o s tati c  c h ar g e s  o n  we b  an d  s h e e ts .

1 7 . 5 . 1  C h argi n g i n  We b - H an d l i n g O p e rati o n s .    C h ar g i n g  o f
we b s  c an  o c c u r  d u r i n g u n wi n d i n g,  tr a ve l  o ve r  r o l l e r s ,  p r e s s i n g
b e twe e n  r o l l s ,  o r  c o n ta c t wi th  c o ati n g  r o l l s .  C h a r gi n g g e n e r al l y
wi l l  i n c r e as e  wi th  i n c r e a s i n g  we b  s p e e d ,  te n s i o n ,  an d  r o l l e r
wr ap  an g l e ;  a  fner  r o l l  s u r fac e  fnish  wi l l  e n h a n c e  c h ar g i n g  b y
i n c r e as i n g  th e  ar e a o f r o l l - we b  c o n ta c t.  We b  s l i p p ag e  o ve r  r o l l
s u r fac e s ,  c a u s e d  b y d i ffe r e n ti al  we b  s p e e d  o r  r o l l  m a l fu n c ti o n ,
c a n  a l s o  signifcantly i n c r e as e  c h a r gi n g.

1 7 . 5 . 2  P o te n ti al  H az ard s  o f C h arge d  We b s .

1 7 . 5 . 2 . 1    E l e c tr o s ta ti c  c h ar g e s  o n  a  we b  c an  r e s u l t i n  b r u s h
d i s c h ar g e s  fr o m  th e  we b  o r  s p ar k d i s c h ar g e s  fr o m  u n gr o u n d e d
m a c h i n e  c o m p o n e n ts  o r  p e r s o n n e l  th at b e c o m e  i n d u c ti ve l y
c h a r ge d  d u e  to  c l o s e  p r o x i m i ty to  th e  we b .  S u c h  d i s c h ar g e s  c an
p r e s e n t s h o c k h a z a r d s  to  o p e r ato r s  o r  l e ad  to  fres  i n  famma‐
ble  c o a ti n g o p e r a ti o n s  an d  gr a vu r e  p r i n ti n g .

1 7 . 5 . 2 . 2    F o r  fammable  o p e r a ti o n s ,  m e c h an i c a l  ve n ti l a ti o n
c a n  b e  u s e d  to  d i l u te  vap o r s  to  a s afe  c o n c e n tr ati o n  we l l  b e l o w
th e  l o we r  fammable  l i m i t.  “ P u m p i n g”  o f va p o r s  b y th e  m o vi n g
we b  at h i gh e r  s p e e d s  c an  i n c r e as e  th e  vo l u m e  o ve r  wh i c h  s u c h
an  atm o s p h e r e  m i g h t b e  p r e s e n t.  Vap o r s  wi l l  al ways  b e  wi th i n
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th e  fammable  r a n ge  c l o s e  to  th e  p o i n t o f c o ati n g  ap p l i c a ti o n ;
th i s  vo l u m e  s h o u l d  b e  m i n i m i z e d  b y c a p tu r i n g  va p o r s  as  c l o s e
to  th e i r  s o u r c e  as  p o s s i b l e .  S i m i l a r l y,  fammable  vap o r s  c a n

a c c u m u l a te  i n  d r ye r s  wh e n  th e  ve n ti l ati o n  s ys te m  fa i l s .  E q u i p ‐
m e n t s h o u l d  b e  i n te r l o c ke d  to  s h u t d o wn  u p o n  ve n ti l a ti o n
s ys te m  fai l u r e  o r  i f vap o r  c o n c e n tr a ti o n  b e c o m e s  to o  h i gh .

1 7 . 5 . 3  E l e c tro s tati c  C h arge  C o n tro l .

1 7 . 5 . 3 . 1  C o n d u c ti ve  C o m p o n e n ts .    Al l  c o n d u c ti ve  p a r ts  o f th e
m a c h i n e  s h o u l d  b e  b o n d e d  to  th e  gr o u n d e d  m ac h i n e  fr am e  to

p r e ve n t th e m  fr o m  b e c o m i n g  a p o te n ti al  s p ar k s o u r c e  d u e  to
i n d u c ti ve  c h a r gi n g;  r e s i s ta n c e  to  th e  m ac h i n e  fr a m e  fr o m  fxed
m e tal l i c  m ac h i n e  p ar ts  s h o u l d  n o t e x c e e d  1 0   o h m s .

1 7 . 5 . 3 . 1 . 1    F o r  r o l l e r s  i n  h az ar d o u s  (classifed)  z o n e s  (see Chap‐
ter 5 of NFPA 70),  th e  r e s i s ta n c e  to  g r o u n d  o f r o l l e r s  s h o u l d  b e
d e te r m i n e d  u p o n  i n i ti a l  i n s tal l ati o n  an d  verifed  p e r i o d i c al l y

th e r e afte r.  Re s i s tan c e  s h o u l d  n o t e x c e e d  1  m e g o h m .  S i n c e
l u b r i c a n t flms  c an  signifcantly i n c r e a s e  r e s i s tan c e  ( b e c au s e
th e  b e a r i n g s  “foat”  o n  th e  l u b r i c a n t) ,  m e a s u r e m e n t s h o u l d  b e

p e r fo r m e d  d u r i n g o p e r ati o n .  T h e  g r o u n d i n g o f c o n d u c ti ve
r o l l e r s  c a n  al s o  b e  c o m p r o m i s e d  b y n o n c o n d u c ti ve  r o l l e r  b e ar ‐
i n g s  an d  b e a r i n g  l u b r i c an ts  o r  e x c e s s i ve  b e ar i n g c l e ar a n c e s ,  a s

we l l  as  b u i l d u p  o f d i r t o r  r u s t o ve r  ti m e .  Ro l l i n g  o r  s l i d i n g
c o n tac ts ,  s u c h  as  c o n d u c ti ve  b r u s h e s ,  c a n  b e  u s e d  to  g r o u n d
r o l l e r s  i n  c as e s  wh e r e  an  a c c e p ta b l y l o w r e s i s ta n c e  c an n o t b e

o b tai n e d .

1 7 . 5 . 3 . 2  N o n c o n d u c ti ve  We b s .    G r o u n d i n g o f n o n c o n d u c ti ve
we b s  i s  n o t p o s s i b l e ,  s o  o th e r  m e th o d s  ar e  n e c e s s a r y fo r  e l e c tr o ‐

s tati c  c h ar g e  c o n tr o l .  E x i s ti n g p r o c e s s e s  s h o u l d  b e  au d i te d  to
d e te r m i n e  wh e r e  signifcant c h a r ge  i s  b e i n g ge n e r a te d  (see

1 7. 5. 3. 2. 3).  M e as u r e m e n ts  c an  b e  m ad e  wi th  an  e l e c tr o s ta ti c
feld  m e te r  fo r  we b  s e c ti o n s  we l l  away fr o m  gr o u n d e d  o b j e c ts ,
s u c h  a s  r o l l e r s .

1 7 . 5 . 3 . 2 . 1    T h e  frst go a l  o f a n  e l e c tr o s ta ti c  c h a r ge  c o n tr o l
p r o gr a m  s h o u l d  b e  to  m i n i m i z e  c h a r ge  g e n e r ati o n .  P o s s i b l e

m e th o d s  i n c l u d e  m i n i m i z i n g  we b  te n s i o n  ( b u t n o t to  th e
e x te n t th a t s l i p p a ge  o c c u r s ) ,  e n s u r i n g  th at i d l e r  r o l l e r s  h ave
c l e an  s u r fa c e s  a n d  ar e  fr e e l y r o tati n g ,  al i g n i n g  r o l l e r s  wi th  th e

we b  p a th ,  m i n i m i z i n g  we b  s l i p p a ge ,  an d  i n c r e a s i n g r o l l e r
s u r fac e  r o u gh n e s s .  N o n c o n d u c ti ve  r o l l e r  c o ve r s  c an  ac q u i r e
signifcant c h ar g e  an d  s h o u l d  b e  r e p l ac e d  wi th  s tati c -d i s s i p ati ve

c o ve r s  wh e r e  p o s s i b l e ;  o th e r wi s e ,  n o n c o n d u c ti ve  c o ve r s ,  wh i c h
wi l l  m i n i m i z e  c o n tac t c h ar g i n g  wi th  th e  we b  m a te r i al ,  s h o u l d
b e  u s e d .

1 7 . 5 . 3 . 2 . 2    Humidifcation  i s  s o m e ti m e s  u s e d  to  r e d u c e  e l e c ‐
tr o s ta ti c  c h a r ge  o n  n o n c o n d u c ti ve  o b j e c ts  b y p r o vi d i n g  a

m o n o l a ye r  o f m o i s tu r e  th at d e c r e as e s  s u r fa c e  r e s i s ti vi ty,
e n h an c i n g  c h ar g e  d i s s i p ati o n .  T h i s  i s  o fte n  n o t p o s s i b l e  i n  we b
h an d l i n g  o p e r a ti o n s  b e c a u s e  th e  s p e e d  o f th e  o p e r ati o n  d o e s

n o t al l o w suffcient ti m e  fo r  u p take  o f atm o s p h e r i c  m o i s tu r e  b y
th e  s u r fa c e  o f th e  m ate r i a l .  Al s o ,  m a n y p l as ti c  we b  m ate r i al s
wi l l  n o t b e  signifcantly affe c te d  b y m o i s tu r e  e ve n  wi th  e x te n ‐

d e d  e x p o s u r e  ti m e .  F o r  th o s e  r e as o n s ,  humidifcation  s h o u l d
n o t b e  r e l i e d  u p o n  a s  th e  s o l e  m e th o d  fo r  s ta ti c  c o n tr o l  i n  we b
h an d l i n g  p r o c e s s e s ,  al th o u gh  i n  s o m e  c as e s  h i g h e r  h u m i d i ty

l e ve l s  c a n  b e  u s e d  to  r e d u c e  e l e c tr o s tati c  c h ar g e .

Δ 1 7 . 5 . 3 . 2 . 3    I o n i z a ti o n  i n vo l ve s  th e  u s e  o f d e vi c e s  th at p r o d u c e
i o n s  th at n e u tr al i z e  s u r fac e  c h ar g e s  a n d  i s  th e  p r i m a r y m e th o d

u s e d  fo r  e l e c tr o s tati c  c h ar g e  c o n tr o l  o n  we b s .  I o n i z ati o n  d e vi ‐
c e s  m i g h t b e  n e e d e d  at var i o u s  p o i n ts  i n  a we b  h an d l i n g  s ys te m

wh e r e  c h ar g i n g  o c c u r s .  S u c h  d e vi c e s  s h o u l d  e x te n d  a c r o s s  th e

fu l l  wi d th  o f th e  we b .  P as s i ve  i o n i z a ti o n  i n vo l ve s  th e  u s e  o f
gr o u n d e d  ti n s e l s ,  s tr i n gs ,  n e e d l e s ,  o r  b r u s h e s  l o c ate d  a  s h o r t

d i s tan c e  [ typ i c a l l y 5  m m  to  2 5  m m  ( 0 . 2  i n .  to  1  i n . ) ]  ab o ve  th e
we b .  T h e  e l e c tr i c  feld  a b o ve  th e  we b  i s  c o n c e n tr a te d  at th e
p o i n ts  o f th e  ti n s e l ,  s tr i n g ,  n e e d l e ,  o r  b r u s h ,  r e s u l ti n g i n  b r e a k‐

d o wn  an d  i o n i z a ti o n  o f th e  s u r r o u n d i n g  a i r.  Ai r  i o n s  h a vi n g
p o l a r i ty o p p o s i te  to  c h a r ge s  o n  th e  we b  ar e  attr a c te d  to  th e
s u r fac e  o f th e  we b ,  n e u tr a l i z i n g  th e  c h a r ge .  Typ i c al l y,  th i s

m e th o d  c a n  r e d u c e  th e  e l e c tr i c  feld  to  l e s s  th an  ± 5  kV / i n .  I t i s
i m p o r tan t th at p a s s i ve  i o n i z i n g e l e m e n ts  b e  p o s i ti o n e d  p r o p ‐
e r l y,  b e  g r o u n d e d ,  an d  h a ve  p o i n ts  th at ar e  ke p t c l e a n  an d

s h a r p .  P e r fo r m a n c e  s h o u l d  b e  verifed  b y p e r i o d i c  e l e c tr o s ta ti c
c h a r ge  m e as u r e m e n ts  o n  th e  we b  d o wn s tr e a m  o f th e  i o n i z e r.

Δ 1 7 . 5 . 3 . 2 . 4    Ac ti ve  i o n i z ati o n  i n vo l ve s  th e  u s e  o f e l e c tr i c al l y
p o we r e d  d e vi c e s  o r  r a d i o a c ti ve  s o u r c e s .  AC  i o n i z e r s  a r e  m o s t
c o m m o n l y u s e d  a n d  c o n tai n  an  ar r a y o f h i gh -vo l tag e  p o i n te d

e l e c tr o d e s  th at e m i t b o th  p o s i ti ve  an d  n e g ati ve  ai r  i o n s .
N e u tr a l i z a ti o n  i s  ac h i e ve d  b y th e  attr a c ti o n  o f a i r  i o n s  h avi n g
o p p o s i te  p o l a r i ty to  s u r fa c e  c h a r ge s  o n  th e  we b .  T h e  e ffe c ti ve ‐

n e s s  o f i o n i z e r s  d e c r e as e s  g r e atl y wi th  d i s tan c e  fr o m  th e  we b ;
fo r  th i s  r e a s o n ,  i o n i z e r s  ar e  typ i c al l y l o c ate d  ab o u t 2 5  m m  to
1 0 0  m m  ( 1  i n .  to  2  i n . )  fr o m  th e  we b .  F o r c e d  ai r –as s i s te d  u n i ts

( i o n i z i n g  b l o we r s )  m i g h t b e  c ap ab l e  o f n e u tr al i z i n g  c h a r ge  a t
s o m e wh a t g r e ate r  d i s tan c e s .  I o n i z e r s  s h o u l d  b e  l o c a te d  s u c h
th a t i o n  fow wi l l  b e  to wa r d  th e  we b  r ath e r  th an  to  n e ar b y

g r o u n d e d  s u r fac e s  an d  i n  ac c o r d a n c e  wi th  m an u fa c tu r e r s ’
r e c o m m e n d a ti o n s .

N 1 7 . 6  I d e n ti fyi n g S tati c  C h argi n g S o urc e s .

N 1 7 . 6 . 1  M e as uri n g C h arge  o n  We b s  an d  S h e e ts .

N 1 7 . 6 . 1 . 1    I d e n ti fyi n g  s o u r c e s  o f s tati c  c h ar g e  i s  th e  frst s te p  i n
i m p l e m e n ti n g  a n  e ffe c ti ve  s tati c  c o n tr o l  s ys te m .  A s ta ti c  s u r ve y
s h o u l d  b e  c o m p l e te d  to  i d e n ti fy s o u r c e s  o f s tati c  c h a r ge .  A

s tati c  s u r ve y i s  a  s e r i e s  o f e l e c tr o s tati c  m e as u r e m e n ts  a l o n g th e
m a te r i al  fow fr o m  i n c o m i n g m ate r i al s  to  fnished  p r o d u c ts .
(See Figure 1 7. 6. 1 . 1 ).

N 1 7 . 6 . 1 . 2    E l e c tr o s ta ti c  feld  m e te r s  ( E S F M s )  an d  n o n c o n tac t
e l e c tr o s tati c  vo l tm e te r s  ( E S VM s )  a r e  c o m m e r c i al l y avai l ab l e

i n s tr u m e n ts  u s e d  to  m e as u r e  c h a r ge  o n  we b s  a n d  s h e e ts .

N 1 7 . 6 . 1 . 3    An  E S F M  i s  c o m m o n l y u s e d  to  d i a gn o s e  s ta ti c  p r o b ‐
l e m s  a n d  ve r i fy th at s ta ti c  i s  we l l -c o n tr o l l e d .  E S F M  m e as u r e ‐

m e n ts  a r e  take n  o n  we b  s p an s  a way fr o m  i d l e r  r o l l e r s ,  m ac h i n e
fr a m e  e l e m e n ts ,  an d  o th e r  c o n d u c ti n g  o b j e c ts .  T h e  E S F M  i n

F i g u r e  1 7 . 6 . 1 . 1  m e a s u r e s  th e  e l e c tr i c  feld  Eweb,  wh i c h  i s  p r o p o r ‐
ti o n a l  to  al l  o f th e  c h a r ge s  i n s i d e  c o n tr o l  vo l u m e  CV,  wh i c h  i s
th e  n e t c h a r ge  σq-net i n  E q u a ti o n  1 7 . 6 . 1 . 3 .  T h e  e l e c tr i c  feld  Eweb

( V/ m )  d e p e n d s  o n  th e  n e t c h ar g e  d e n s i ty σq-net ( C / m 2 )  an d  th e
p e r m i tti vi ty o f fr e e  s p ac e  ℇ0 ,  wh i c h  i s  a  p h ys i c al  c o n s tan t ( 8 . 8 5 4

× 1 0‒1 2  F / m ) .  T h e  n e t c h ar g e  d e n s i ty σq-net ( C / m 2 )  i s  th e  s u m  o f

th e  c h ar g e  d e n s i ti e s  σq-top ( C / m 2 )  o n  th e  to p  we b  s u r fa c e  a n d  σq-

bot ( C / m 2 )  o n  th e  b o tto m  we b  s u r fac e .

Eweb

q net q top q bot

= =

+σ

ε

σ σ

ε

- - -

0 0

wh e r e :
E = e l e c tr i c  feld  s tr e n gth  ( vo l ts  p e r  m e te r )
σq = c h ar g e  d e n s i ty ( C / m 2 )
ℇ0 = e l e c tr i c al  p e r m i tti vi ty o f a vac u u m  ( 8 . 8 4 5  x  1 0 -1 2  F / m )
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2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

N 1 7 . 6 . 1 . 4    N o r m a l l y,  al l  o f th e  c h ar g e s  ar e  o n  th e  s u r fac e s  o f
i n s u l a ti n g we b s .  T h e  vo l u m e tr i c  c h a r ge  d e n s i ty i n s i d e  th e  we b
i s  z e r o .  F o r  e x a m p l e ,  wh e n  th e  n e t c h ar g e  d e n s i ty σq-net i s  + 1 . 8  ×

1 0 -6  C / m 2  ( + 1 . 8  μ C / m 2 ) ,  th e  e l e c tr i c  feld  Eweb i n  E q u a ti o n

1 7 . 6 . 1 . 4  i s  + 2  ×  1 0 + 5  V/ m  ( + 2   kV/ c m ,  + 5   kV/ i n . ) .
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A we l l -a c c e p te d  l i m i t fo r  l o w s ta ti c  i s  Eweb <  ± 2  kV/ c m  ( ± 5  kV/
i n . ) .  A p r o p o s e d  l i m i t fo r  h i gh  s tati c  i s  Eweb >  ± 6  kV/ c m  ( ± 1 5

kV/ i n . ) .

N 1 7 . 6 . 1 . 5    A n o n c o n ta c t E S VM  i s  a s p e c i a l ty i n s tr u m e n t u s e d  to
m e a s u r e  th e  s u r fa c e  p o te n ti a l  o f th e  we b  u s i n g  an  e l e c tr o s ta ti c
feld  n u l l i n g- typ e  E S VM  th a t d o e s  n o t d e c r e as e  th e  s u r fa c e
p o te n ti a l  an d  r e s p o n d s  to  th e  s u r fac e  c h ar g e  d e n s i ty o n  a

s i n gl e  we b  s u r fa c e .  E S VM  m e as u r e m e n ts  ar e  ta ke n  o n  th e  we b
i n  F i gu r e  1 7 . 6 . 1 . 1  th a t i s  wr a p p e d  ti g h tl y o n  a m e tal  i d l e r  r o l l e r.
N o r m al l y,  i d l e r  r o l l e r s  a r e  suffciently we l l  gr o u n d e d  th r o u g h

th e i r  b e ar i n g s  s o  th e  vo l ta ge  o n  th e  r o l l e r  s u r fac e  i s  z e r o .  T h i s
c a n  b e  verifed  b y u s i n g  th e  E S VM  to  m e as u re  th e  r o l l e r  vo l ta ge

wh e r e  th e  we b  i s  n o t wr ap p e d  o n  th e  r o l l e r.

N 1 7 . 6 . 1 . 6    T h e  E S VM  m e as u r e s  th e  s u r fac e  vo l tag e  Vtop (V)  o f
th e  we b ,  wh i c h  i s  p r o p o r ti o n al  to  th e  c h ar g e  d e n s i ty σq-top

( C / m 2 )  o n  th e  e x p o s e d  we b  s u r fac e  i n  E q u a ti o n  1 7 . 6 . 1 . 6 .  T h e
p e r m i tti vi ty o f fr e e  s p ac e  ℇ0 i s  a p h ys i c al  c o n s tan t ( 8 . 8 5 4  ×  1 0‒1 2
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N FI G U RE  1 7 . 6 . 1 . 1   M e as u re m e n t o f C h arge s  i n  We b  an d
S h e e t P ro c e s s e s  wi th  an  E l e c tro s tati c  Fi e l d  M e te r ( E S FM )  an d

an  E l e c tro s tati c  Vo l tm e te r ( E S VM ) .

F / m ) .  T h e  s u r fac e  vo l ta ge  Vtop (V)  i s  p r o p o r ti o n al  to  th e  we b
th i c kn e s s  Dweb ( m ) .  T h e  r e l a ti ve  d i e l e c tr i c  c o n s tan t ℇr-web ( d i m e n ‐

s i o n l e s s )  i s  a  m a te r i al  p r o p e r ty.  F o r  l i m i ts  o n  p o l ar i ty c h ar g e
d e n s i ty,  s e e  “ S tati c  C o n tr o l  fo r  Ro l l -to - Ro l l  M an u fac tu r i n g”
( Ro b i n s o n ) .  Wh e n  e val u ati n g  th e s e  s ys te m s ,  n o te  th a t an  o p p o ‐

s i te  p o l a r i ty c h a r ge  d e n s i ty i s  o n  th e  o th e r  s i d e  o f th e  we b  s u c h
th at th e  s u m  o f th e  c h a r ge  d e n s i ti e s  i s  z e r o .

V
D

top
web

q top
r web

=

−
ε ε

σ

0

-

wh e r e :
V = e l e c tr i c al  p o te n ti a l  d i ffe r e n c e  ( vo l ts )

Dweb = we b  th i c kn e s s  ( m e te r s )
σq-top = s u r fac e  c h ar g e  d e n s i ty ( C / m 2 )
ℇ0 = e l e c tr i c al  p e r m i tti vi ty o f a vac u u m  ( 8 . 8 4 5  x  1 0 -1 2  far a d s

p e r  m e te r )
ℇr-web = r e l a ti ve  d i e l e c tr i c  c o n s tan t o f a m ate r i al

N 1 7 . 6 . 2  S tati c  S u r ve y.

N 1 7 . 6 . 2 . 1    T h e  s i m p l e ,  c o n c e p tu al  s o l ve n t c o ate r  i n  F i gu r e
1 7 . 6 . 2 . 1 ( a )  h as  s e ve r al  e l e m e n ts  o f a  c o m m e r c i a l  c o ate r.  F i gu r e

1 7 . 6 . 2 . 1 ( a)  s h o ws  a  c o ate r  wi th  s i x  E S F M  r e ad i n gs  a n d  two
E S VM  r e ad i n g s .  T h e  i n c o m i n g we b  i s  u n wo u n d  fr o m  a n
u n wi n d i n g  r o l l .  T h e  s i d e  o f th e  we b  to  b e  c o ate d  i s  tr e a te d  wi th

a  c o ro n a  tr e a te r.  Afte r  c o ati n g ,  th e  we b  e n te r s  a l o n g  d r ye r.
T h e  we b  e x i ts  th e  d r ye r  an d  i s  wo u n d  o n to  th e  wi n d i n g  r o l l .
E a c h  o f th e s e  e l e m e n ts  c o n tr i b u te s  to  s tati c  p e r fo r m an c e  o f th e

c o ate r.  A s tati c  s u r ve y o f th i s  c o ate r  h as  s i x  E S F M  r e ad i n g s  an d
two  E S VM  r e a d i n g s  i n d i c ate d  i n  F i g u r e  1 7 . 6 . 2 . 1 ( a ) .  T h e  s ta ti c
s u r ve y o f a m o r e  r e al i s ti c  c o ate r  m i g h t h ave  2 0  to  5 0  E S F M

r e a d i n gs .  T h e  s tati c  p e r fo r m a n c e  o f th e  c o a te r  i s  vi s u al l y
s u m m a r i z e d  b y p l o tti n g  th e  E S F M  r e a d i n gs  i n  F i gu r e
1 7 . 6 . 2 . 1 ( b ) .  T h i s  s to p l i gh t c h ar t s h o ws  th e  g r e e n  [ l o w s ta ti c

z o n e  ( E  <  ± 5  kV/ i n . ) ] ,  th e  ye l l o w [ m o d e r a te  s tati c  z o n e  ( ± 5  <  E
<  ± 1 5  kV/ i n . ) ] ,  a n d  th e  r e d  [ h i gh  s ta ti c  z o n e  ( ± 1 5  kV/ i n .  <
E ) ] .

N 1 7 . 6 . 2 . 2    A c h an g e  i n  th e  a ve r a ge  E S F M  r e a d i n g fr o m  o n e
l o c ati o n  to  th e  n e x t i n  F i gu r e  1 7 . 6 . 2 . 1 ( b )  i n d i c a te s  th at a

s o u r c e  o f s tati c  c h a r gi n g d e p o s i te d  c h a r ge  o n  th e  we b .  F o r
e x a m p l e ,  th e  c o r o n a tr e ate r  ad d e d  a  l ar g e  am o u n t o f p o s i ti ve
c h a r ge  as  s e e n  b y c o m p a r i n g  r e ad i n g E 3  e x i ti n g  th e  c o r o n a

tr e ate r  ( + 2 0  kV/ i n . )  wi th  r e ad i n g E 2  e n te r i n g th e  c o r o n a
tr e a te r  ( − 4  kV/ i n . ) .  T h i s  c h a n ge  i n  th e  ave r ag e  E S F M  r e ad i n g
o f + 2 4  kV/ i n .  identifes  th e  c o r o n a  tr e ate r  as  a signifcant

s o u r c e  o f s tati c  c h a r gi n g.

N 1 7 . 6 . 2 . 3    T h e  frst E S VM  r e a d i n g  V1  i n  F i g u r e  1 7 . 6 . 2 . 1 ( a)
m e a s u r e s  th e  s u r fac e  c h ar g e  d e n s i ty o n  th e  b a c k,  u n c o ate d  we b

s u r fac e  e x i ti n g th e  u n wi n d i n g  r o l l .  T h e  s e c o n d  E S VM  r e ad i n g
V2  m e as u r e s  th e  s u r fac e  c h a r ge  d e n s i ty o n  th e  s a m e  b ac k,

u n c o a te d  we b  s u r fac e  e n te r i n g th e  wi n d i n g  r o l l .  Go o d  s ta ti c
c o n tro l  c au s e s  a c h a n ge  i n  vo l tag e  m ag n i tu d e  l e s s  th an  ± 0 . 5  V/
μ m  o f we b  th i c kn e s s .  F o r  e x am p l e ,  fo r  a  1  m i l  [ 0 . 0 0 1  i n .  ( 2 5

μ m ) ]  we b ,  th e  c h a n ge  i n  vo l tag e  m ag n i tu d e  th r o u gh  th e
m a c h i n e  s h o u l d  n o t e x c e e d  ± 1 2   vo l ts .

 
[ 1 7 . 6 . 1 . 6 ]
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

N 1 7 . 7  S tati c  C o n tro l  B e s t P rac ti c e s .

N 1 7 . 7 . 1  U n wi n d i n g Ro l l .    F i g u r e  1 7 . 7 . 1  s h o ws  th e  i n s i d e  s u r fa c e
o f th e  we b  p e e l s  fr o m  th e  o u ts i d e  s u r fac e  o f th e  u n wi n d i n g  r o l l
a t th e  u n wi n d i n g n i p .  N e u tr al i z i n g  s tati c  o n  b o th  s u r fac e s  o f

th e  we b  e x i ti n g  a n  u n wi n d i n g  r o l l  p r o te c ts  th e  l i n e  fr o m  s ta ti c
s to r e d  i n  th e  wo u n d  r o l l ,  wh i c h  h as  at l e a s t two  s o u r c e s :  c h ar g e

s e p ar ati o n  at th e  u n wi n d i n g  n i p  an d  s ta ti c  fr o m  th e  o p e r a ti o n
wh e r e  th e  r o l l  was  wo u n d .

N 1 7 . 7 . 1 . 1    S tati c  c h ar g e s  s e p a r ate  wh e n e ve r  two  m a te r i al  s u r fa‐
c e s  to u c h  an d  s e p ar a te .  Wh e n  th e  i n s i d e  s u r fa c e  o f th e  we b  i n
F i g u r e  1 7 . 7 . 1  i s  d i ffe r e n t fr o m  th e  o u ts i d e  s u r fac e ,  s u c h  as  wi th

a  c o ate d  o r  l a m i n ate d  we b ,  s tati c  c h ar g e s  s e p a r ate  at th e
u n wi n d i n g  n i p .  Wh i l e  th e  p o l a r i ti e s  d e p e n d  o n  th e  m ate r i a l s ,
p o s i ti ve  c h ar g e s  a r e  s h o wn  o n  th e  i n s i d e  s u r fa c e  o f th e  we b  i n

F i g u r e  1 7 . 7 . 1 . 1  an d  n e g ati ve  c h a r ge s  ar e  o n  th e  o u ts i d e  s u r fa c e
o f th e  u n wi n d i n g  r o l l .

N 1 7 . 7 . 1 . 2    I n  s te a d y s tate ,  th e  c h a r ge s  o n  th e  o u ts i d e  s u r fa c e  o f
th e  wi n d i n g  r o l l  i n  F i g u r e  1 7 . 7 . 1 . 1  m o ve  wi th  th e  m a te r i al  a s
th e  r o l l  r o tate s  a n d  e x i t o n  th e  o u ts i d e  s u r fac e  o f th e  we b .  T h e
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N FI G U RE  1 7 . 6 . 2 . 1 ( b )   S to p l i gh t C h ar t o f Ave rage ,  M i n i m u m ,
an d  M ax i m um  E S FM  Re ad i n gs  at E ac h  L o c ati o n .

n e ga ti ve  c h a r ge s  o n  th e  o u ts i d e  s u r fa c e  o f th e  u n wi n d i n g r o l l
c a n  b e  d e te c te d  b y m e a s u r i n g  Eroll wi th  an  E S F M  th a t r e s p o n d s

to  th e  c h a r ge s  i n  c o n tr o l  vo l u m e  CVroll.  T h e  c h ar g e s  o n  th e  we b
e x i ti n g  th e  u n wi n d i n g r o l l  c an  b e  d e te c te d  b y m e as u r i n g Eweb

wi th  a n  E S F M  th a t r e s p o n d s  to  th e  c h ar g e s  i n  c o n tr o l  vo l u m e
CVweb.  Eweb i s  z e r o  b e c au s e  th e r e  i s  n o  n e t c h a r ge  i n s i d e  c o n tr o l

vo l u m e  CVweb.  At s te ad y s tate ,  th e  we b  e x i ti n g th e  r o l l  i s  n e u tr al .
C h ar g e  d e n s i ty σq-out c a n  b e  m e as u r e d  b y Vout wi th  an  E S VM .
C h ar g e  d e n s i ty σq-in c an  b e  m e a s u r e d  b y Vin wi th  a n  E S VM .

N 1 7 . 7 . 1 . 3    An  e x a m p l e  o f e l e c tr o s ta ti c  d i s c h ar g e s  o n  an  u n wi n d ‐
i n g r o l l  i s  s h o wn  i n  F i g u r e  1 7 . 7 . 1 . 3 .

N 1 7 . 7 . 1 . 4    T h e  b e s t p r ac ti c e  fo r  s ta ti c  c o n tro l  o n  an  u n wi n d i n g
r o l l  as  i l l u s tr a te d  i n  F i g u r e  1 7 . 7 . 1 . 4  h as  th r e e  e l e m e n ts .  T h e
frst e l e m e n t i s  to  l o c a te  th e  u n wi n d e r  o u ts i d e  o f h az ar d o u s
(classifed)  l o c ati o n s  (see Chapter 5 of NFPA 70).  Two  s ta ti c

d i s s i p ate r s  a r e  n e e d e d  to  n e u tr al i z e  s tati c  o n  b o th  s u r fa c e s  o f
th e  we b  e x i ti n g an  u n wi n d i n g  r o l l .

N 1 7 . 7 . 1 . 5    T h e  s e c o n d  e l e m e n t i s  a  p o we r e d  s ta ti c  d i s s i p ate r,
a l s o  kn o wn  as  a s ta ti c  b a r,  to  n e u tr a l i z e  c h ar g e s  o n  th e  o u ts i d e

s u r fac e  o f th e  u n wi n d i n g  r o l l .  T h e  p o we r e d  s ta ti c  b ar  r e s p o n d s
to  th e  c h ar g e s  i n s i d e  c o n tr o l  vo l u m e  CVdiss-roll.  T h i s  s tati c  b ar
s h o u l d  b e  a l o n g -r an g e  s tati c  b a r  to  m a i n tai n  go o d  n e u tr al i z a‐

ti o n  effciency as  th e  u n wi n d i n g r o l l  d i am e te r d e c r e a s e s .  T h e
o p e r ati o n  o f th e  p o we r e d  s ta ti c  b ar  i s  verifed  b y m e as u r i n g Eroll,

wh i c h  r e s p o n d s  to  c h ar g e s  i n s i d e  c o n tr o l  vo l u m e  CVroll.  T h e
o p e r ati o n  o f th e  p o we r e d  s ta ti c  b a r  c an  al s o  b e  verifed  b y

m e a s u r i n g  Vout,  wh i c h  r e s p o n d s  to  th e  c h a rg e  d e n s i ty o n  th e
e x p o s e d  we b  s u r fa c e .

N 1 7 . 7 . 1 . 6    T h e  th i r d  e l e m e n t i s  a  s ta ti c  d i s s i p a te r  i n  F i gu r e
1 7 . 7 . 1 . 4  fac i n g th e  i n s i d e  s u r fac e  o f th e  we b  e x i ti n g th e
u n wi n d i n g  r o l l .  T h i s  s tati c  d i s s i p ate r  i s  u s u al l y l o c ate d  afte r  th e
frst i d l e r  r o l l e r s o  th a t th e  we b  p o s i ti o n  i s  fxed.

N 1 7 . 7 . 1 . 7    S tati c  c o n tr o l  c an  b e  verifed  b y taki n g  two  m e as u r e ‐
m e n ts .  T h e  frst i s  to  u s e  a n  E S F M  to  m e as u r e  Eweb,  wh i c h

r e s p o n d s  to  th e  c h a r ge s  i n s i d e  c o n tr o l  vo l u m e  CVweb.  Eweb s h o u l d
n o t e x c e e d  ± 2  kV/ c m  ( ± 5  kV/ i n . ) .  T h e  s e c o n d  i s  to  u s e  a n
E S VM  to  m e a s u r e  Vin,  wh i c h  r e s p o n d s  to  th e  c h a r ge  d e n s i ty o n

th e  e x p o s e d  s u r fac e  o f th e  we b .  Vin s h o u l d  n o t e x c e e d
± 0 . 5  V/ m m  o f we b  th i c kn e s s .  F o r  e x am p l e ,  wh e n  u n wi n d i n g a
we b  h avi n g  a th i c kn e s s  o f 1  m i l  [ 0 . 0 0 1  i n .  ( 2 5  μ m ) ] ,  Vin s h o u l d

n o t e x c e e d  ± 1 2   vo l ts .
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N FI G U RE  1 7 . 6 . 2 . 1 ( a)   C o ate r S tati c  S u r ve y U s i n g E S FM  an d  E S VM .
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2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

N 1 7 . 7 . 2  N i p  Ro l l e r.    A n i p  e n s u r e s  th at th e  we b  m ai n tai n s
c o n tac t a n d  g o o d  tr ac ti o n  wi th  a d r i ve n  r o l l e r  s u c h  as  a d r i ve
r o l l e r  o r  a  te n s i o n  c o n tr o l  r o l l e r  th a t i s  o fte n  l o c a te d  j u s t

u p s tr e am  o f a  wi n d i n g  r o l l  to  c o n tr o l  wi n d i n g  te n s i o n .  O n e
r o l l e r  i s  c o m m o n l y a m e tal  r o l l e r,  an d  th e  s e c o n d  r o l l e r  i s

c o m m o n l y a  r u b b e r  o r  p o l ym e r  c o ve r e d  r o l l e r.  T h e  r u b b e r  o r
p o l ym e r  c o ve r e d  n i p  r o l l e r  c a n  d e p o s i t a l ar g e  am o u n t o f s ta ti c
o n  th e  we b .

N 1 7 . 7 . 2 . 1    T h e  b e s t p r ac ti c e  fo r  s ta ti c  c o n tr o l  h as  two  e l e m e n ts ,
as  s h o wn  i n  F i g u r e  1 7 . 7 . 2 . 1 .  F i r s t,  th e  p r e s s u r e  o n  th e  n i p  r o l l e r

s h o u l d  b e  r e d u c e d  to  m i n i m i z e  c h a r ge  s e p a r ati o n .  U s e  th e
l o we s t n i p  p r e s s u r e  th at m ai n ta i n s  g o o d  tr ac ti o n .  T h e  s e c o n d
e l e m e n t i s  to  l o c a te  th e  s tati c  d i s s i p a te r  o n  th e  we b  s p an  e x i ti n g
th e  n i p  fa c i n g  th e  we b  s u r fac e  th a t to u c h e d  th e  r u b b e r  o r  p o l y‐

m e r  c o ve r e d  r o l l e r.  T h e  s tati c  d i s s i p ate r  r e s p o n d s  to  th e
c h a r ge s  i n s i d e  c o n tr o l  vo l u m e  CVdiss.

N 1 7 . 7 . 2 . 2    T h e  o p e r ati o n  o f th e  s tati c  d i s s i p ate r  c a n  b e  verifed
b y m a ki n g two  m e a s u r e m e n ts .  T h e  frst i s  to  u s e  an  E S VM  to

m e a s u r e  Vbot,  wh i c h  r e s p o n d s  to  th e  c h ar g e  d e n s i ty o n  th e
e x p o s e  we b  s u r fac e .  Vbot s h o u l d  n o t e x c e e d  ± 0 . 5  V/ μ m  o f we b

th i c kn e s s .  F o r  e x a m p l e ,  fo r  a  1  m i l  [ 0 . 0 0 1  i n .  ( 2 5  μ m ) ]  th i c k
we b ,  Vbot s h o u l d  n o t e x c e e d  ± 1 2  vo l ts .  T h e  s e c o n d  m e a s u r e m e n t
i s  to  u s e  a n  E S F M  to  m e a s u r e  Eweb,  wh i c h  r e s p o n d s  to  th e

c h a r ge s  i n s i d e  c o n tr o l  vo l u m e  CVweb.  Eweb s h o u l d  n o t e x c e e d  ± 2
kV/ c m  ( ± 5  kV/ i n . ) .

N 1 7 . 7 . 3  C o ro n a Tre ate r.    C o r o n a tr e ate r s  a r e  e l e c tr i c al l y
p o we r e d  c h e m i c al  r e a c to r s  th a t m o d i fy th e  s u r fac e  c h e m i s tr y o f
th e  we b  b y i n c o r p o r ati n g  o x yg e n  i n to  th e  p o l ym e r  s u r fa c e .

P l a s m a  tr e a te r s  c an  p e r fo r m  o th e r  c h e m i s tr i e s .  O n e  u n wa n te d
b y-p r o d u c t o f c o r o n a  tr e atm e n t i s  e l e c tr i c al  c h ar g e  o n  th e  tr e a‐
te d  we b  s u r fa c e .

N 1 7 . 7 . 3 . 1    T h e  b e s t p r a c ti c e  i s  to  l o c a te  th e  s ta ti c  d i s s i p ate r,
s h o wn  i n  F i gu r e  1 7 . 7 . 3 . 1 ,  o n  th e  we b  s p an  e x i ti n g  a c o r o n a

tr e a te r  fac i n g  th e  tr e a te d  we b  s u r fac e .  T h e  s ta ti c  d i s s i p ate r
r e s p o n d s  to  th e  c h ar g e s  i n s i d e  c o n tr o l  vo l u m e  CVdiss.
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N FI G U RE  1 7 . 7 . 1   U n wi n d i n g Ro l l  an d  We b  Te r m i n o l o gy.
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N FI G U RE  1 7 . 7 . 1 . 1   S te ad y- S tate  C h arge  D i s tri b u ti o n  fo r an  U n wi n d i n g Ro l l .



WE B  AN D  S H E E T  P RO C E S S E S 7 7 - 5 1
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N

N FI G U RE  1 7 . 7 . 1 . 3   E n e rge ti c  S tati c  D i s c h arge s  O c c u r ri n g o n
U n wi n d i n g Ro l l s .  (Courtesy of S.  Fowler,  Fowler Associates,  Inc. )
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N FI G U RE  1 7 . 7 . 1 . 4   S tati c  D i s s i p ate r o n  U n wi n d i n g Ro l l .
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N FI G U RE  1 7 . 7 . 2 . 1   S tati c  D i s s i p ate r o n  Ru b b e r N i p  Ro l l e r.

1 7 . 7 . 3 . 2    S tati c  c o n tr o l  c an  b e  verifed  b y taki n g  two  m e as u r e ‐
m e n ts .  T h e  frst i s  to  u s e  a n  E S VM  to  m e as u r e  Vbot,  wh i c h
r e s p o n d s  to  th e  c h ar g e  d e n s i ty o n  th e  e x p o s e d  we b  s u r fa c e .  Vbot

s h o u l d  n o t e x c e e d  ± 0 . 5  V/ μ m  o f we b  th i c kn e s s .  F o r  e x am p l e ,
wh e n  tr e ati n g  a 2 5  μ m  ( 0 . 0 0 1  i n . )  th i c k we b ,  Vbot s h o u l d  n o t

e x c e e d  ± 1 2  vo l ts .  T h e  s e c o n d  m e a s u r e m e n t i s  to  u s e  an  E S F M
to  m e a s u r e  Eweb,  wh i c h  r e s p o n d s  to  th e  c h a r ge s  i n s i d e  c o n tr o l
vo l u m e  CVweb.  Eweb s h o u l d  n o t e x c e e d  ± 2  kV/ c m  ( ± 5  kV/ i n . ) .

N 1 7 . 7 . 4  G ravu re  C o ate r.    G r avu r e  c o a te r s  c an  c o at l aye r s  wi th
g o o d  th i c kn e s s  c o n tr o l  an d  p r i n t h i gh  q u al i ty i m a ge s  a t h i gh

we b  s p e e d s .  T h e  g r avu r e  c yl i n d e r  s h o wn  i n  F i gu r e  1 7 . 7 . 4  h a s
s m a l l  p i ts  o r  c a vi ti e s  th a t fll  wi th  c o a ti n g s o l u ti o n  i n  th e  c o ate r

s u m p .  T h e  we b  i s  p r e s s e d  ag ai n s t th e  g r avu r e  c yl i n d e r  b y a
b a c ki n g r o l l  al s o  kn o wn  as  a p r e s s u r e  r o l l e r.  T h e  c o a ti n g s o l u ‐
ti o n  tr an s fe r s  to  th e  we b  i n  th e  n i p  wh e r e  th e  we b  to u c h e s  th e

g r avu r e  c yl i n d e r.  Gr a vu r e  c o a te r s  o fte n  u s e  i g n i ti b l e  c o a ti n g
s o l u ti o n s  o r  i n ks  th a t e vap o r a te  q u i c kl y wh i c h  m i n i m i z e s  th e
d r ye r  l o a d .

N 1 7 . 7 . 4 . 1    T h e  b e s t p r a c ti c e  fo r  g r avu r e  c o a te r  s ta ti c  c o n tr o l  h a s
th r e e  e l e m e n ts .  T h e  frst e l e m e n t i s  a s ta ti c  d i s s i p ate r  l o c a te d

o n  we b  s p a n  e n te r i n g  th e  c o a ti n g n i p  al s o  kn o wn  as  th e  i n -fe e d
we b  s p an .  T h e  i n -fe e d  s ta ti c  d i s s i p ate r  r e s p o n d s  to  c h ar g e s
i n s i d e  c o n tr o l  vo l u m e  CVdiss-in,  wh i c h  p r o te c ts  th e  c o a te r  fr o m

s tati c  c h a r ge s  o n  th e  e n te r i n g we b .  T h e  i n - fe e d  s tati c  d i s s i p a te r
i s  o fte n  a  p o we r e d  s tati c  d i s s i p ate r  th a t p r o vi d e s  a  s i gn a l  o r
i n d i c ato r  th a t th e  u n i t i s  o p e r ati n g  p r o p e r l y.  P o we r e d  s ta ti c

d i s s i p ate r s  ar e  c o m m o n l y kn o wn  as  s tati c  b ar s .  T h e  l o c ati o n  o f
th i s  d i s s i p ate r  m ake s  i t diffcult to  ve r i fy i ts  p e r fo r m an c e  u s i n g
an  i n d e p e n d e n t m e a s u r e m e n t.  T h e  i n -fe e d  s ta ti c  d i s s i p ate r  i s

u s u al l y l o c ate d  ab o ve  th e  we b  s o  th at i t i s  p r o te c te d  fr o m  b e i n g
s p l a s h e d  o r  c o n ta m i n ate d  b y c o ati n g  s o l u ti o n .

N 1 7 . 7 . 4 . 2    T h e  s e c o n d  e l e m e n t i s  a s tati c  d i s s i p ate r  l o c ate d  o n
th e  we b  s p an  e x i ti n g  th e  c o ati n g  n i p  al s o  kn o wn  a s  th e  o u t- fe e d
we b  s p an .  T h i s  d i s s i p ate r  s h o u l d  fa c e  th e  b ac k,  u n c o a te d  we b

s u r fac e .  T h i s  s ta ti c  d i s s i p a te r r e s p o n d s  to  c h ar g e s  i n  c o n tr o l
vo l u m e  CVdiss-out,  wh i c h  p r o te c ts  th e  c o ate r  fr o m  c h a r ge s  o n  th e

we b  fr o m  to u c h i n g th e  b ac ki n g  r o l l e r.  N o r m a l l y,  th e  e l e c tr i c
feld  Eweb o n  th e  we b  e x i ti n g th e  c o a te r  i s  z e r o  b e c au s e  th e  c o a t‐
i n g  s o l u ti o n  h a s  suffciently h i g h  e l e c tr i c a l  c o n d u c ti vi ty to
s u p p r e s s  th e  e l e c tr i c  feld.  H o we ve r,  s h o u l d  c o ati n g  s to p ,  th e

we b  e x i ti n g th e  c o ati n g  n i p  c an  b e  h i gh l y c h a r ge d .  T h e  o u t-
fe e d  s tati c  d i s s i p a te r  p r o te c ts  th e  c o a te r  wh e n  c o a ti n g s to p s  at
th e  e n d  o f a p r o d u c ti o n  r u n  an d  i n  u n u s u al  c i r c u m s ta n c e  s u c h
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+

+

+
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N FI G U RE  1 7 . 7 . 3 . 1   S tati c  D i s s i p ate r o n  th e  We b  E x i ti n g th e
C o ro n a Tre ate r.



S TAT I C  E L E C T RI C I T Y7 7 - 5 2

2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

as  a  we b  b r ake  wh e n  c o a ti n g m i g h t au to m ati c al l y s to p .  An o th e r
u n u s u al  c i r c u m s ta n c e  i s  wh e n  th e  p u m p  th at d e l i ve r s  s o l u ti o n
to  th e  c o a te r  fai l s .  T h e  o p e r a ti o n  o f th e  o u t-fe e d  s ta ti c
d i s s i p ate r  c a n  b e  verifed  b y m e as u r i n g  Eweb d u r i n g a  c o n ve y‐

an c e  tr i a l  wh e n  n o  c o ati n g  i s  a p p l i e d .  Eweb r e s p o n d s  to  c h ar g e s
i n s i d e  c o n tr o l  vo l u m e  CVweb,  wh i c h  c o n ta i n s  th e  s am e  c h ar g e s

i n  CVdiss-out.  Eweb s h o u l d  n o t e x c e e d  ± 2  kV/ c m  ( ± 5  kV/ i n . ) .

N 1 7 . 7 . 4 . 3    F o r  c o ate r s  th a t d o  n o t u s e  E S A,  th e  th i r d  e l e m e n t i s
a s tati c  d i s s i p a ti ve  b a c ki n g  r o l l e r,  wh i c h  b e c o m e s  c h a r ge d  b y

to u c h i n g  th e  b ac k,  u n c o ate d  we b  s u r fac e .  S ta ti c  c o n tr o l  fo r
gr a vu r e  c o a te rs  u s i n g E S A i s  b e yo n d  th e  s c o p e  o f th i s  r e c o m ‐
m e n d e d  p r a c ti c e .

N 1 7 . 7 . 4 . 4    S tati c  c h a r ge s  th a t a c c u m u l a te  o n  th e  b ac ki n g  r o l l e r
s u r fac e  c a n  c au s e  s p a r ks  th at u s u a l l y o c c u r  at th e  e n d s  o f th e

r o l l e r  fr o m  th e  s u r fac e  to  th e  e x p o s e d  g r o u n d e d  m e tal  c o r e  o f
th e  r o l l e r.  C h ar g e s  o n  th e  b ac ki n g  r o l l e r  s u r fa c e  m u s t b e
n e u tr al i z e d  to  s u p p r e s s  th e s e  s p ar ks ,  wh i c h  c a n  i g n i te  famma‐
ble  s o l ve n t vap o r s .  Wh i l e  s tati c  d i s s i p a te r s  c a n  b e  u s e d  to  d i s s i ‐

p ate  c h a r ge s  o n  th e  b a c ki n g  r o l l ,  th e  b e s t p r ac ti c e  i s  to  u s  a
s tati c  d i s s i p a ti ve  r o l l e r.  T h e  c h ar g e  r e l ax ati o n  ti m e  τe o f th e

p o l ym e r  o r  r u b b e r  c o ve r i n g o n  th e  b ac ki n g r o l l e r  i n  E q u a ti o n
1 7 . 7 . 4 . 4  i s  p r o p o r ti o n al  to  th e  vo l u m e tr i c  r e s i s ti vi ty ρv-roller o f th e

r u b b e r  o r  p o l ym e r  c o ve r i n g .  T h e  d i e l e c tr i c  c o n s ta n t o r  re l a ti ve
p e r m i tti vi ty o f th e  p o l ym e r  o r  r u b b e r  c o ve r i n g o n  th e  b ac ki n g

r o l l e r  ℇv-roller ( d i m e n s i o n l e s s )  i s  a  m a te r i al  p r o p e r ty.

τ ε ε ρ
e r roller v roller
=

0 - -

wh e r e :
τe = c h ar g e  r e l a x a ti o n  ti m e  c o n s tan t ( s e c o n d s )
ℇ0 = e l e c tr i c a l  p e r m i tti vi ty o f a  vac u u m  ( 8 . 8 4 5  x  1 0 -1 2  far ad s

p e r  m e te r )
ℇr-roller = r e l ati ve  d i e l e c tr i c  c o n s tan t a r o l l e r  ( d i m e n s i o n l e s s )
ρv-roller = vo l u m e  r e s i s ti vi ty ( o h m -m e te r s )

 
[ 1 7 . 7 . 4 . 4 ]
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N FI G U RE  1 7 . 7 . 4   T h re e  S tati c  C o n tro l  E l e m e n ts  fo r a G ravure
C o ate r.

N 1 7 . 7 . 4 . 5    T h e  m a x i m u m  vo l u m e tr i c  r e s i s ti vi ty ρv-roller-max i n  E q u a‐
ti o n  1 7 . 7 . 4 . 5  i s  d e te r m i n e d  b y r e q u i r i n g 9 5  p e r c e n t o f th e
c h a r ge  to  d i s s i p ate  i n  o n e  r o l l e r  r e vo l u ti o n .  T h re e  ti m e

c o n s ta n ts  a r e  n e e d e d  to  d i s s i p ate  9 5  p e r c e n t o f th e  c h ar g e .  T h e
m a x i m u m  vo l u m e tr i c  r e s i s ti vi ty ρv-roller-max ( o h m -m )  d e p e n d s  o n
th e  r o l l e r  d i a m e te r  Droller ( m ) ,  th e  p e r m i tti vi ty o f fr e e  s p ac e  e0

( 8 . 8 5 4  ×  1 0‒1 2  F / m ) ,  th e  r o l l e r  c o ve r i n g  d i e l e c tr i c  c o n s tan t εroller
( d i m e n s i o n l e s s ) ,  a n d  th e  we b  s p e e d  Uweb ( m / s ) .  T h e  m ax i m u m
vo l u m e tr i c  r e s i s ti vi ty ρroller-max ( o h m -m )  i s  p l o tte d  i n  F i gu r e
1 7 . 7 . 4 . 5  as  a fu n c ti o n  o f we b  s p e e d  Uweb ( m / m i n )  a n d  b ac ki n g

r o l l e r  d i a m e te r  Droller ( m )  fo r  a m ate r i a l  wi th  a r e l ati ve  d i e l e c tr i c
c o n s tan t εroller o f 4 ,  wh i c h  i s  typ i c a l  o f m a n y p o l ym e r s .  F o r  e x am ‐
p l e ,  fo r  a l i n e  r u n n i n g  at 3 5 0  m / m i n  h avi n g  a 0 . 1  m  d i am e te r
b a c ki n g r o l l e r,  th e  vo l u m e tr i c  r e s i s ti vi ty o f th e  r o l l e r  m u s t b e

l e s s  th a n  5  ×  1 0 + 8  Ω  -m  to  d i s s i p a te  s tati c  o n  th e  r o l l e r  wi th i n
o n e  r e vo l u ti o n .

ρ
π

ε ε
v roller max

roller

r roller web

D

U
- -

-

=
3

0

wh e r e :
Droller = r o l l e r  d i am e te r  ( m e te r s )

ρv-roller-max = m ax i m u m  vo l u m e tr i c  r e s i s ti vi ty ( o h m - m e te r s )
ℇ0 = e l e c tr i c al  p e r m i tti vi ty o f a vac u u m  ( 8 . 8 4 5  ×  1 0 -1 2

fa r ad s  p e r  m e te r )
ℇr-roller = r e l a ti ve  d i e l e c tr i c  c o n s tan t a  r o l l e r  ( d i m e n s i o n l e s s )
Uweb = we b  s p e e d  ( m e te r s  p e r  s e c o n d )

N 1 7 . 7 . 5  C h i l l e d  o r H e ate d  Ro l l e r.    A c h i l l e d  r o l l e r  o r  a h e a te d
r o l l e r  i s  u s e d  to  c h a n ge  th e  we b  te m p e r a tu r e .  F o r  e x am p l e ,  a
c h i l l e d  ro l l e r  i s  c o m m o n l y u s e d  to  c o o l  th e  we b  e x i ti n g  a  d r ye r.

T h e  c h i l l e d  o r  h e ate d  r o l l e r  s h o wn  i n  F i g u r e  1 7 . 7 . 5  c an  d e p o s i t
l ar g e  a m o u n ts  o f c h a r ge  o n  th e  we b .  O n e  th e o r y i s  th a t we b

e x p e r i e n c e s  m i c r o s l i p  ag ai n s t th e  r o l l e r  b e c a u s e  as  th e  we b
te m p e r atu r e  c h an g e s ,  th e  we b  d i m e n s i o n s  c h a n ge  s l i g h tl y d u e
to  th e  coeffcient o f th e r m a l  e x p an s i o n .  Specifcally,  th e

c i r c u m fe r e n c e  o f th e  r o l l e r  r e m ai n s  c o n s tan t wh i l e  th e  l e n g th
o f th e  we b  wr a p p e d  o n  th e  r o l l e r  c h an g e s .

 
[ 1 7 . 7 . 4 . 5 ]
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R e l a t i ve  d i e l e c t r i c  c o n s t a n t

εr-roller =  4 . 0

N FI G U RE  1 7 . 7 . 4 . 5   M ax i m um  Al l o wab l e  Vo l um e tri c  Re s i s ti vi ty
o f th e  P o l ym e r  C o ve ri n g o f th e  B ac ki n g.
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

N 1 7 . 7 . 5 . 1    T h e  b e s t p r a c ti c e  i s  to  l o c ate  th e  s tati c  d i s s i p a te r  i n
F i g u r e  1 7 . 7 . 5  o n  th e  we b  s p a n  e x i ti n g th e  r o l l e r  fa c i n g  th e  we b
s u r fac e  th at to u c h e d  th e  r o l l e r.  T h e  s tati c  d i s s i p ate r  r e s p o n d s

to  th e  c h ar g e s  i n s i d e  c o n tr o l  vo l u m e  CVdiss.

N 1 7 . 7 . 5 . 2    S tati c  c o n tr o l  c an  b e  verifed  b y m aki n g  two  m e as u r e ‐
m e n ts .  T h e  frst i s  to  u s e  an  E S VM  to  m e as u r e  Vbot,  wh i c h

r e s p o n d s  to  th e  c h ar g e  d e n s i ty o n  th e  e x p o s e d  we b  s u r fa c e .  Vbot

s h o u l d  n o t e x c e e d  ± 0 . 5  V/ μ m  o f we b  th i c kn e s s .  F o r  e x am p l e ,
wh e n  tr e ati n g  a 1  m i l  [ 0 . 0 0 1  i n .  ( 2 5  μ m ) ]  th i c k we b ,  Vbot s h o u l d

n o t e x c e e d  1 2  vo l ts .  T h e  s e c o n d  m e as u r e m e n t i s  to  u s e  a n
E S F M  to  m e as u r e  Eweb,  wh i c h  r e s p o n d s  to  th e  c h a r ge s  i n  c o n tr o l
vo l u m e  CVweb.  Eweb s h o u l d  n o t e x c e e d  ± 2  kV/ c m  ( ± 5  kV/ i n . ) .

N 1 7 . 7 . 6  Tac ky Ro l l e r We b  C l e an e r.    A we b  c l e an e r  r e m o ve s  d i r t
an d  d e b r i s  th a t c o n ta m i n ate s  th e  we b .  Wh i l e  s o m e  c l e a n e r s  u s e

h i gh  ve l o c i ty ai r  o r  r o ta ti n g b r u s h e s  to  c l e a n  th e  we b ,  r e m o vi n g
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N FI G U RE  1 7 . 7 . 5   S tati c  D i s s i p ate r o n  th e  We b  E x i ti n g th e
C h i l l e d  o r H e ate d  Ro l l e r.

p ar ti c l e s  h avi n g  d i am e te r s  l e s s  th a n  ab o u t 2 0  μ m  r e q u i r e s
to u c h i n g  th e  p ar ti c l e s  wi th  a  tac ky c l e an i n g r o l l e r.  A tac ky

c l e an i n g r o l l e r  c a n  d e p o s i t a l a r ge  a m o u n t o f s tati c  o n  th e  we b .
Wh i l e  two  n i p p e d  c l e a n i n g  r o l l e r s  a r e  o fte n  u s e d ,  th i s  d e p o s i ts

s tati c  s i m u l ta n e o u s l y o n  b o th  we b  s u r fac e s ,  wh i c h  c o m p l i c ate s
s tati c  c o n tr o l .  B e tte r  i s  to  u s e  S -wr a p p e d  c l e a n i n g  r o l l e r s  a s
i l l u s tr ate d  i n  F i gu r e  1 7 . 7 . 6 .

N 1 7 . 7 . 6 . 1    T h e  b e s t p r ac ti c e  i s  to  i n s ta l l  a  s tati c  d i s s i p a te r  o n  th e
we b  s p an  e x i ti n g e ac h  tac ky c l e an i n g r o l l e r  fac i n g th e  we b

s u r fac e  th at to u c h e d  th e  r o l l e r.  T h e  s tati c  d i s s i p a te r  o n  th e  we b
e x i ti n g th e  to p  c l e a n i n g  r o l l e r  i n  F i gu r e  1 7 . 7 . 6  r e s p o n d s  to
c h a r ge s  i n s i d e  c o n tr o l  vo l u m e  CVdiss-top.  T h e  s tati c  d i s s i p a te r  o n
th e  we b  e x i ti n g  th e  b o tto m  c l e an i n g  r o l l e r  r e s p o n d s  to  c h ar g e s

i n s i d e  c o n tr o l  vo l u m e  CVdiss-bot.

N 1 7 . 7 . 6 . 2    S tati c  c o n tr o l  p e r fo r m a n c e  c an  b e  verifed  b y m aki n g
two  m e as u r e m e n ts .  T h e  frst i s  to  u s e  a n  E S F M  to  m e as u r e  Eweb,

wh i c h  r e s p o n d s  to  th e  c h ar g e s  i n  c o n tr o l  vo l u m e  CVwe b .  Eweb

s h o u l d  n o t e x c e e d  ± 2  kV/ c m  ( ± 5  kV/ i n . ) .  T h e  s e c o n d  m e a s ‐
u r e m e n t i s  to  u s e  a n  E S VM  to  m e a s u r e  Vtop,  wh i c h  r e s p o n d s  to
th e  c h a r ge  d e n s i ty o n  th e  e x p o s e d ,  to p  we b  s u r fac e .  Vbot s h o u l d

n o t e x c e e d  ± 0 . 5  V/ m m  o f we b  th i c kn e s s .  F o r  e x a m p l e ,  wh e n
tr e a ti n g a  1  m i l  [ 0 . 0 0 1  i n .  ( 2 5  μ m ) ]  th i c k we b ,  Vbot s h o u l d  n o t

e x c e e d  ± 1 2   vo l ts .

N 1 7 . 7 . 7  S p re ad e r Ro l l e r.    A s p r e ad e r  r o l l e r  i s  u s e d  to  r e m o ve
wr i n kl e s  a n d  c r e a s e s  b y m a ki n g s l i d i n g c o n tac t wi th  th e  we b  to

p u s h  m ate r i al  to war d s  th e  e d ge s  o f th e  we b .  S p r e ad e r  r o l l e r s
ar e  a l s o  kn o wn  as  b o we d  r o l l e r s ,  b an an a  r o l l e r s ,  an d  M o u n t

H o p e  r o l l e r s .  F o r  e a c h ,  th e  s p i n  ax i s  o f th e  r o l l e r  i s  an g l e d  r e l a‐
ti ve  to  th e  we b  tr an s p o r t d i r e c ti o n  to  p u s h  we b  m a te r i al
to wa r d s  th e  e d ge s .  T h e  s l i d i n g  c o n tac t b e twe e n  th e  we b  an d

th e  s p r e ad e r  r o l l e r  c an  d e p o s i t a l a r ge  am o u n t o f s ta ti c  c h a r ge
o n  th e  we b .  T h e  b e s t p r ac ti c e  i s  to  l o c ate  th e  s tati c  d i s s i p ate r
o n  th e  we b  s p an  e x i ti n g  a  s p r e a d e r  r o l l e r  fac i n g  th e  we b

s u r fac e  th a t to u c h e d  th e  r o l l e r  (see Figure 1 7. 7. 7).

Eweb

Vtop

+

+ +

++

E S V M

E S F M

B o t t o m
s t a t i c

d i s s i p a t e r

To p
s t a t i c

d i s s i p a t e r

To p  t a c ky
c l e a n i n g

r o l l e r

B o t t o m  t a c ky
c l e a n i n g

r o l l e r

C h a r g e s
f ro m  ro l l e r

c o n t a c t

C h a r g e s
f ro m  ro l l e r

c o n t a c t

C o n t r o l
vo l u m e  CVweb

C o n t ro l
vo l u m e
CVdiss-bot

C o n t r o l
vo l u m e
CVdiss-top

E x i t i n g
w e b

E n t e r i n g
w e b

N FI G U RE  1 7 . 7 . 6   S tati c  D i s s i p ate r L o c ate d  o n  th e  We b  E x i ti n g E ac h  Tac ky C l e an i n g Ro l l e r.



S TAT I C  E L E C T RI C I T Y7 7 - 5 4

2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

N 1 7 . 7 . 7 . 1    S tati c  c o n tr o l  p e r fo r m a n c e  c an  b e  verifed  b y m aki n g
two  m e as u r e m e n ts .  T h e  frst i s  to  u s e  a n  E S F M  to  m e as u r e  Eweb,
wh i c h  r e s p o n d s  to  al l  o f th e  c h a r ge s  i n  c o n tr o l  vo l u m e  CVweb.
Eweb s h o u l d  n o t e x c e e d  ± 2  kV/ c m  ( ± 5  kV/ i n . ) .  T h e  s e c o n d
m e as u r e m e n t i s  to  u s e  a n  E S VM  to  m e as u r e  Vbot,  wh i c h
r e s p o n d s  to  th e  c h ar g e  d e n s i ty o n  th e  e x p o s e d  b o tto m  s u r fa c e
o f th e  we b .  Vbot s h o u l d  n o t e x c e e d  ± 0 . 5  V/ m m  o f we b  th i c kn e s s .

F o r  e x a m p l e ,  wh e n  tr e a ti n g a 1  m i l  [ 0 . 0 0 1  i n .  ( 2 5  μ m ) ]  th i c k
we b ,  Vbot s h o u l d  n o t e x c e e d  ± 1 2   vo l ts .

N 1 7 . 7 . 8  Wi n d i n g Ro l l .    Wi n d i n g r o l l s  c a n  s to r e  l o n g  l e n gth s
( th o u s a n d s  o f fe e t)  o f we b .  E ve n  wi th  g o o d  s tati c  c o n tr o l ,  th e

we b  e n te r i n g  th e  wi n d i n g  r o l l  wi l l  l i ke l y h a ve  a r e s i d u al ,  l o w
l e ve l  o f s ta ti c .  T h i s  s m al l  am o u n t o f s ta ti c  p e r  u n i t l e n gth  o f th e

we b  ac c u m u l ate s  as  th e  wi n d i n g r o l l  b u i l d s ,  wh i c h  c an  s to r e
l ar g e  am o u n ts  o f s tati c  c h ar g e .

N 1 7 . 7 . 8 . 1    B e s t p r a c ti c e  s ta ti c  c o n tr o l  fo r  th e  wi n d e r  i n  F i g u r e
1 7 . 7 . 8 . 1  h a s  th r e e  e l e m e n ts .  T h e  frst e l e m e n t i s  to  l o c a te  th e
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wi n d e r  o u ts i d e  o f h az ar d o u s  (classifed)  l o c ati o n s  (see Chapter 5
of NFPA  70).

N 1 7 . 7 . 8 . 2    T h e  s e c o n d  e l e m e n t i s  to  u s e  b e s t p r ac ti c e  s ta ti c
c o n tr o l  u p s tr e am  o f th e  wi n d e r  s o  th at th e  we b  e n te r i n g th e

wi n d e r  i s  n e a r l y c h a r ge  fr e e .  F o r  e x a m p l e ,  th e  wi n d i n g te n s i o n
n i p  s h o wn  i n  F i g u r e  1 7 . 7 . 8 . 1  i s  l o c ate d  j u s t u p s tr e am  o f th e

wi n d i n g r o l l  to  c o n tr o l  wi n d i n g  we b  te n s i o n ,  wh i c h  i s  ve r y
c o m m o n .  A s tati c  d i s s i p a te r  s h o u l d  b e  i n s ta l l e d  o n  th e  we b
s p an  e x i ti n g th e  n i p  fac i n g  th e  we b  s u r fa c e  th at to u c h e d  th e

r u b b e r  o r  p o l ym e r  n i p  r o l l e r.  A p o we r e d  s ta ti c  d i s s i p a te r
s h o u l d  b e  u s e d  to  m i n i m i z e  th e  c h ar g e  o n  th e  we b  e n te r i n g  th e
wi n d i n g  r o l l .

N 1 7 . 7 . 8 . 3    U p s tr e am  c h ar g e  c o n tr o l  c a n  b e  verifed  b y m a ki n g
two  m e as u r e m e n ts .  T h e  frst i s  to  u s e  a n  E S F M  to  m e as u r e  Eweb,

wh i c h  r e s p o n d s  to  th e  c h ar g e s  i n s i d e  c o n tr o l  vo l u m e  CVweb.  Eweb

s h o u l d  n o t e x c e e d  ± 0 . 2  kV/ c m  ( ± 0 . 5  kV/ i n . )  o n  th e  we b  e n te r ‐
i n g  th e  wi n d i n g  r o l l .  T h e  s e c o n d  m e as u r e m e n t i s  to  u s e  a n
E S VM  to  m e as u r e  Vtop,  wh i c h  r e s p o n d s  to  th e  c h ar g e  d e n s i ty o n

th e  to p ,  e x p o s e d  s u r fac e  o f th e  we b .  Vtop s h o u l d  n o t e x c e e d
± 0 . 5  V/ m m  o f we b  th i c kn e s s .  F o r  e x a m p l e ,  fo r  a  2 5  μ m

( 0 . 0 0 1   i n . )  we b ,  Vtop s h o u l d  n o t e x c e e d  ± 1 2   vo l ts .

N 1 7 . 7 . 8 . 4    T h e  th i r d  e l e m e n t i s  to  u s e  th e  p o we r e d  s ta ti c
d i s s i p ate r  s h o wn  i n  F i gu r e  1 7 . 7 . 8 . 1  to  d i s s i p ate  s ta ti c  o n  th e

o u ts i d e  s u r fac e  o f th e  wi n d i n g r o l l .  O fte n ,  a  wi n d i n g l a y- o n
r o l l e r  i s  u s e d  to  i m p r o ve  wo u n d  r o l l  i n te g r i ty.  T h e  b r ac ke t

h o l d i n g th e  p o we r e d  s tati c  d i s s i p ate r  c a n  b e  atta c h e d  to  th e  l a y-
o n  r o l l e r  fr am e  s o  th at th e  d i s ta n c e  fr o m  th e  p o we r e d  s ta ti c
d i s s i p ate r  to  th e  s u r fa c e  o f th e  wi n d i n g  r o l l  r e m ai n s  c o n s ta n t.

N 1 7 . 7 . 8 . 5    T h e  o p e r ati o n  o f th e  p o we r e d  s tati c  d i s s i p a te r
n e u tr a l i z i n g c h ar g e  o n  th e  wi n d i n g  r o l l  c an  b e  verifed  b y u s i n g
a n  E S F M  to  m e a s u r e  Eroll,  wh i c h  s h o u l d  n o t e x c e e d  ± 6  kV/ c m
( ± 1 5  kV/ i n . ) .

N 1 7 . 8  M ai n tai n i n g S tati c  C o n tro l .

N 1 7 . 8 . 1  Fau l t To l e ran t S tati c  C o n tro l .

N 1 7 . 8 . 1 . 1    T h e  r i s k z o n e  s h o wn  i n  F i g u r e  1 7 . 8 . 1 . 1  i s  wh e r e  h i gh
s tati c  wo u l d  p o s e  a th r e at.  An  e x am p l e  o f a r i s k z o n e  i s  th e

h az ar d o u s  (classifed)  z o n e  (see Chapter 5 of NFPA 70) ar o u n d  a
s o l ve n t c o ate r.  A c o m m o n  p r ac ti c e  i s  to  p r o te c t th e  r i s k z o n e
wi th  a  s tati c  d i s s i p a te r  o n  th e  e n te r i n g  we b .  T h e  s tati c  d i s s i p a te r
p r e ve n ts  s p a r ks ,  wh i c h  re q u i r e  th at th e  we b  h as  n e t c h ar g e .
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

H o we ve r,  i f th e  s tati c  d i s s i p ate r  fai l s ,  p r o te c ti o n  i s  l o s t an d  i g n i ‐
ti o n s  ar e  p o s s i b l e .  T h e  s ta ti c  c o n tr o l  p e r fo r m an c e  o f th i s
s ys te m  i s  p o o r  b e c a u s e  th e  c h ar g e -fr e e  e n te r i n g  we b  e x i ts  wi th

b a l an c e d  s ta ti c  c h ar g e s  b e c a u s e  th e  n e u tr al i z i n g  i o n s  fo r  th e
s tati c  c h ar g e s  o n  th e  b o tto m  s i d e  o f th e  we b  ar e  d e p o s i te d  o n
th e  to p  s i d e  fac i n g  th e  s ta ti c  d i s s i p ate r.

N 1 7 . 8 . 1 . 2    F au l t-to l e r an t s ys te m s  m ai n ta i n  s ati s fac to r y p e r fo r m ‐
an c e  e ve n  wh e n  an y s i n gl e  s ys te m  e l e m e n t fai l s .  S ys te m

p e r fo r m a n c e  i s  l o s t o n l y wh e n  two  o r  m o r e  c o m p o n e n ts  fa i l
s i m u l tan e o u s l y.  F a u l t-to l e r a n t s ta ti c  c o n tr o l  i s  a c h i e ve d  a s
s h o wn  i n  F i gu r e  1 7 . 8 . 1 . 2  b y n e u tr al i z i n g  s ta ti c  b o th  e n te r i n g

h i gh - r i s k z o n e s  a n d  e x i ti n g  s o u r c e s  o f s tati c  c h a r gi n g.  S o u r c e s
o f s tati c  c h a r gi n g c an  b e  identifed  b y p e r fo r m i n g  a s ta ti c
s u r ve y (see 1 7. 6. 2).

N 1 7 . 8 . 1 . 3    T h e  fa u l t to l e r an t s tati c  c o n tr o l  s ys te m  s h o wn  i n
F i g u r e  1 7 . 8 . 1 . 2  h a s  go o d  s tati c  c o n tr o l  p e r fo r m a n c e  b e c au s e

th e  c h ar g e -fr e e  e n te r i n g  we b  a l s o  e x i ts  c h a r ge  fr e e .  I f th e  s ta ti c
d i s s i p ate r  e x i ti n g C h a r gi n g S o u r c e  1  fai l s ,  th e  r i s k z o n e  r e m a i n s
p r o te c te d  fr o m  th e  th r e at o f e n te r i n g  n e t c h ar g e  b y th e  s ta ti c
d i s s i p ate r  e n te r i n g  th e  r i s k z o n e .  S ati s fa c to r y p e r fo r m an c e  i s

m a i n tai n e d .  H o we ve r,  th e  fai l e d  s tati c  d i s s i p ate r  l o we r s  s ta ti c
p e r fo r m an c e  b e c a u s e  th e  c h ar g e -fr e e  e n te r i n g  we b  e x i ts  wi th
b a l a n c e d  c h ar g e s .  S ta ti c  c h ar g e s  fr o m  C h ar g i n g  S o u r c e  1  a r e

o n  th e  to p  s u r fac e .  T h e  s ta ti c  d i s s i p a te r  e x i ti n g C h a r gi n g
S o u r c e  2  d e p o s i ts  n e u tr al i z i n g  i o n s  fo r  th e s e  c h ar g e s  o n  th e
b o tto m  s u r fac e  r e s u l ti n g i n  b al an c e d  c h ar g e s .

N 1 7 . 8 . 1 . 4    F au l t to l e r a n t s ta ti c  c o n tr o l  s ys te m s  m ai n ta i n  s a ti s fa c ‐
to r y p e r fo r m an c e  wh e n  an y o n e  d i s s i p a te r  fa i l s .  Wh i l e  th e

s ys te m  p e r fo r m a n c e  i s  d e g r ad e d ,  i t i s  suffcient to  p r o te c t th e
r i s k z o n e  fr o m  s p ar ks .  Wi th  a  fau l t-to l e r an t s ta ti c  c o n tr o l
s ys te m ,  verifcation  an d  m ai n te n an c e  p r o c e d u r e s  n e e d  to  b e
suffcient to  d e te c t a  fa i l e d  s tati c  d i s s i p ate r  a n d  r e to r e  i ts

p e r fo r m an c e  b e fo r e  a  s e c o n d  d i s s i p a te r  fai l s .  S e e  “ As s e s s  S ta ti c
Ri s ks  U s i n g  E l e c tr i c  F i e l d s . ”

1 7 . 8 . 2  I o n i z e rs .    P e r fo r m an c e  o f i o n i z e r s  s h o u l d  b e  verifed
u p o n  i n i ti al  i n s tal l ati o n  a n d  p e r i o d i c a l l y d u r i n g u s e .  E l e c tr i ‐

c a l l y p o we r e d  i o n i z e r s  u s e d  i n  fammable  vap o r  e n vi r o n m e n ts
n e e d  to  b e  l i s te d  fo r  th e  h az ar d o u s  (classifed)  l o c ati o n  i n
wh i c h  th e y ar e  i n s tal l e d .

1 7 . 8 . 3  We b  C h arge .    I t i s  p ar ti c u l ar l y i m p o r tan t to  e n s u r e  th at
we b  c h a r ge  i s  r e d u c e d  to  a s afe  l e ve l  as  i t e n te r s  fammable

c o ati n g  s tati o n s .  P o te n ti a l l y i n c e n d i ve  b r u s h  d i s c h ar g e s  c an
o c c u r  i f we b  n e t s u r fac e  c h ar g e  d e n s i ty e x c e e d s  a b o u t 1 . 8
μ C / m 2 .  T h e  m ax i m u m  i n d i c a te d  e l e c tr i c  feld  a b o ve  th e  we b
s h o u l d  n o t e x c e e d  ± 2  kV/ c m ( ± 5  kV/ i n . ) .

•
1 7 . 8 . 4  P e rs o n n e l .    P e r s o n n e l  wo r ki n g  i n  a h a z a r d o u s  ( c l as s i ‐
fed)  z o n e  (see Chapter 5 of NFPA 70) s h o u l d  b e  g r o u n d e d ,  p r e f‐
e r a b l y b y u s e  o f s ta ti c - d i s s i p ati ve  fo o twe ar  a n d  a  s tati c -

d i s s i p ati ve  fooring  s u r fac e .
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C h a rg i n g

S o u r c e  2

S t a t i c  d i s s i p a t e r
e n t e r i n g  r i s k z o n e

C h a rg e s  f ro m
S t a t i c  C h a r g i n g

S o u rc e  1

S t a t i c  d i s s i p a t e r
e x i t i n g

S t a t i c  C h a r g i n g
S o u r c e  1

S t a t i c  d i s s i p a t e r
e x i t i n g

S t a t i c  C h a r g i n g
S o u r c e  2

C h a r g e s  f r o m
S t a t i c  C h a rg i n g

S o u r c e  2

N FI G U RE  1 7 . 8 . 1 . 2   Fau l t To l e ran t C o n tro l  S ys te m  wi th  M ul ti p l e  D i s s i p ate rs .



S TAT I C  E L E C T RI C I T Y7 7 - 5 6

2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

C h ap te r  1 8       M i s c e l l an e o u s  Ap p l i c ati o n s

1 8 . 1  S p ray Ap p l i c ati o n  P ro c e s s e s .

Δ 1 8 . 1 . 1 *    P r o c e s s e s  th at i n vo l ve  s p r a y ap p l i c ati o n  o f l i q u i d s  o r
p o wd e r s  ( e . g . ,  p ai n ts ,  c o ati n g s ,  l u b r i c a n ts ,  ad h e s i ve s )  c an  c au s e
ac c u m u l ati o n  o f s tati c  e l e c tr i c  c h ar g e s  o n  th e  s p r ay ap p a r atu s ,

o n  th e  s u r fac e s  o f th e  o b j e c ts  b e i n g s p r a ye d ,  an d  o th e r  o b j e c ts
i n  th e  s p r a y a r e a.

N 1 8 . 1 . 1 . 1    I f th e  m ate r i a l  s p r aye d  i s  i g n i ti b l e ,  s tati c  e l e c tr i c
d i s c h ar g e  c an  r e s u l t i n  i g n i ti o n .  S p r ayi n g  e q u i p m e n t,  th e
o b j e c ts  b e i n g  s p r aye d ,  a n d  al l  e q u i p m e n t i n  th e  wo r k ar e a

s h o u l d  b e  gro u n d e d .

1 8 . 1 . 2 *    P e rs o n n e l  i n vo l ve d  i n  o p e r ati n g  o r  s e r vi c i n g  e l e c tr o ‐
s tati c  s p r a y a p p l i c a ti o n  e q u i p m e n t s h o u l d  b e  tr a i n e d  i n  th e

o p e r ati n g  p r o c e d u r e s  r e c o m m e n d e d  b y th e  m a n u fac tu r e r  o f
th e  e q u i p m e n t an d  i n  th e  c o n tr o l  o f h az ar d s  as s o c i ate d  wi th

th e  m ate r i al s  b e i n g s p r a ye d  a n d  th e i r  r e s i d u e s .

N 1 8 . 1 . 3 *    Ai rl e s s  s p r ayi n g  c an  al s o  g i ve  r i s e  to  h i g h  c h a r ge  l e ve l s
a n d  th e  p r e c au ti o n s  gi ve n  i n  1 8 . 1 . 1 . 1  s h o u l d  b e  o b s e r ve d .

N 1 8 . 1 . 4    T h e  l e ve l  o f c h ar g i n g  wi th  ai r-a to m i z e d  s p r ayi n g  e q u i p ‐
m e n t i s  n o t u s u a l l y h i g h  e n o u g h  to  c a u s e  c o n c e r n .  H o we ve r,  i f

s p ar ki n g  o r e l e c tr o s tati c  s h o c ks  ar e  e n c o u n te r e d ,  th i s  e q u i p ‐
m e n t s h o u l d  al s o  b e  s u b j e c t to  th e  p r e c au ti o n s  g i ve n  i n

1 8 . 1 . 1 . 1 .  (See NFPA 33 for further information on mitigation techni‐
ques when spraying fammable and combustible materials. )

1 8 . 2  B e l ts  an d  C o n ve yo rs .

Δ 1 8 . 2 . 1  G e n e ral .    F l at o r  V-s h ap e d  r u b b e r  o r  l e a th e r  b e l ts  u s e d
fo r  tr an s m i s s i o n  o f p o we r  an d  b e l ts  u s e d  fo r  th e  tr a n s p o r ta ti o n
o f s o l i d  m ate r i al s  c a n  g e n e r ate  s ta ti c  e l e c tr i c  c h ar g e s  th at

war r an t c o r re c ti ve  m e a s u r e s  i f i gn i ti b l e  c o n c e n tr ati o n s  o f fam‐
mable  g as e s  o r  va p o r s  o r  c o m b u s ti b l e  d u s ts  o r  fbers  m i g h t b e
p r e s e n t.  T h e  a m o u n t o f c h ar g e  ge n e r a te d  i n c r e as e s  a s  a n y o f

th e  fo l l o wi n g  i n c r e as e s :

( 1 ) B e l t s p e e d
( 2 ) B e l t te n s i o n
( 3 ) Wi d th  o f th e  c o n ta c t ar e a

1 8 . 2 . 2  Fl at B e l ts .

Δ 1 8 . 2 . 2 . 1 *    S yn th e ti c ,  r u b b e r,  o r  l e ath e r  fat b e l ts  ar e  u s u al l y
g o o d  i n s u l ato r s  b e c a u s e  th e y a r e  d r y wh e n  o p e r ate d  an d

b e c a u s e  th e y o p e r a te  a t e l e va te d  te m p e r atu r e s  d u e  to  fr i c ti o n .
Ge n e r ati o n  o f s ta ti c  e l e c tr i c  c h ar g e  o c c u r s  wh e r e  th e  b e l t l e ave s
th e  p u l l e y a n d  c an  o c c u r  wi th  e i th e r  c o n d u c ti ve  o r  n o n c o n d u c ‐

ti ve  p u l l e ys .

1 8 . 2 . 2 . 2 *    Ac c u m u l ati o n  o f s tati c  e l e c tr i c  c h ar g e  o n  b e l ts  c a n
b e  m i n i m i z e d  b y u s i n g  b e l ts  m a d e  o f c o n d u c ti ve  m ate r i a l s  o r  b y

ap p l yi n g  a c o n d u c ti ve  d r e s s i n g  to  th e  b e l t.  C o n d u c ti ve  b e l ts
s h o u l d  b e  al ways  g r o u n d e d .

Δ 1 8 . 2 . 2 . 2 . 1    I f a  c o n d u c ti ve  d r e s s i n g i s  u s e d ,  i t s h o u l d  b e  r e ap ‐
p l i e d  fr e q u e n tl y o r  th e  c o n d u c ti vi ty o f th e  b e l t wi l l  d i m i n i s h .

Wh e th e r  o r n o t a  c o n d u c ti ve  d r e s s i n g i s  u s e d ,  b e l ts  s h o u l d  b e
ke p t fr e e  o f c o n tam i n a n ts .

1 8 . 2 . 2 . 3    An  e l e c tr o s ta ti c  n e u tr a l i z e r  p l ac e d  s o  th a t th e  p o i n ts
ar e  c l o s e  to  th e  i n s i d e  o f th e  b e l t a n d  a  fe w c e n ti m e te r s  away

fr o m  th e  p o i n t wh e r e  th e  b e l t l e ave s  th e  p u l l e y i s  al s o  e ffe c ti ve
i n  r e d u c i n g th e  s tati c  c h ar g e  o n  th e  b e l t.

1 8 . 2 . 3 *  V B e l ts .

Δ 1 8 . 2 . 3 . 1    U n d e r  c e r tai n  c o n d i ti o n s ,  a V b e l t c a n  ge n e r a te  a
signifcant c h a r ge .

1 8 . 2 . 3 . 2    Wh e r e  i g n i ti b l e  m i x tu r e s  o f ga s e s ,  vap o r s ,  d u s ts ,  o r
fbers  a r e  p r e s e n t,  th e  p r e fe r r e d  m e th o d  to  l i m i t i g n i ti o n  b y
s tati c  e l e c tr i c  d i s c h ar g e  i s  to  u s e  a d i r e c t d r i ve  i n s te ad  o f a b e l t.

I f a V b e l t i s  n e c e s s a r y fo r  o th e r  r e as o n s ,  i t s h o u l d  b e  p r o te c te d
i n  ac c o r d a n c e  wi th  1 8 . 2 . 2 . 2 .  (See BS PD CLC/TR 60079-32-1 ,
Explosive atmospheres — Part 32-1 : Electrostatic hazards,  guidance. )

1 8 . 2 . 4  C o n ve yo r B e l ts .

1 8 . 2 . 4 . 1    B e l ts  u s e d  fo r  th e  tr a n s p o r t o f s o l i d  m a te r i al s  c a n
ge n e r a te  a signifcant c h a r ge .  F a c to r s  affe c ti n g  c h a r ge  g e n e r a‐

ti o n  i n c l u d e  b e l t m ate r i al ,  s p e e d ,  h u m i d i ty,  am b i e n t te m p e r a‐
tu r e ,  a n d  th e  e l e c tr o s ta ti c  p r o p e r ti e s  o f th e  c o n ve ye d  m ate r i a l .

1 8 . 2 . 4 . 2    M ate r i a l  th a t i s  tr an s fe r r e d  fr o m  th e  e n d  o f a
c o n ve yo r  b e l t i n to  a  h o p p e r  o r  c h u te  c an  c a r r y a signifcant
c h a r ge .  I n  s u c h  c a s e s ,  th e  b e l t s u p p o r t an d  te r m i n a l  p u l l e ys

s h o u l d  b e  e l e c tr i c al l y gr o u n d e d  o r  b o n d e d  to  th e  h o p p e r  o r
c h u te .  A p a s s i ve  o r  a c ti ve  n e u tr al i z e r  i n s tal l e d  c l o s e  to  th e  e n d
o f th e  c o n ve yo r  c an  a l s o  h e l p  r e d u c e  th e  c h ar g e .  C o n d u c ti ve  o r

a n ti s ta ti c  b e l ts  c a n n o t b e  e x p e c te d  to  r e m o ve  e l e c tr o s ta ti c
c h a r ge s  fr o m  th e  c o n ve ye d  m ate r i a l  i f th e  m a te r i al  i s  n o t suff‐
ciently c o n d u c ti ve .

1 8 . 2 . 4 . 3    I t s h o u l d  b e  n o te d  th a t b o th  c o n d u c ti ve  a n d  n o n c o n ‐
d u c ti ve  b e l ts  c an  ge n e r a te  a n d  d e p o s i t c h a r ge  o n  th e  m a te r i al

o r  o b j e c ts  b e i n g c o n ve ye d .

1 8 . 2 . 5  P u l l e ys  an d  S h afts .

1 8 . 2 . 5 . 1    M e tal  p u l l e ys  c an  a c c u m u l a te  a c h ar g e  e q u al  an d
o p p o s i te  to  th a t c ar r i e d  b y th e  b e l t th at r u n s  o ve r  th e m .  T h e

c h a r ge  typ i c al l y wi l l  p as s  to  th e  s u p p o r ti n g  s h a ft a n d  th e n
th r o u g h  b e a r i n g s  to  th e  e q u i p m e n t an d  to  gr o u n d  i f a  g r o u n d

p ath  i s  avai l ab l e .  Wh e r e  n o n c o n d u c ti ve  c o m p o n e n ts  i s o l a te
m e tal  p a r ts ,  s e p ar ate  b o n d i n g o r  gr o u n d i n g  o f th o s e  p ar ts
c o u l d  b e  n e c e s s a r y.

1 8 . 2 . 5 . 2    L u b r i c ate d  b e ar i n gs  m i g h t b e  suffciently c o n d u c ti ve
to  al l o w d i s s i p a ti o n  o f a  s ta ti c  e l e c tr i c  c h a r ge  fr o m  th e  s h a ft.

H o we ve r,  th e  c o n d u c ti vi ty ac r o s s  b e ar i n g s  th a t o p e r a te  at ve r y
h i g h  s p e e d  i s  n o t n e c e s s ar i l y suffcient to  p r e ve n t a c c u m u l a ti o n
o f c h a r ge  wh e r e  th e  r a te  o f g e n e r ati o n  i s  al s o  h i g h .  F o r  th at

r e a s o n ,  s h a fts  th a t r o tate  at h i g h  s p e e d  s h o u l d  m e e t th e  fo l l o w‐
i n g  c r i te r i a:

( 1 ) T h e y s h o u l d  b e  c h e c ke d  fo r  ac c u m u l ati o n  o f s ta ti c  e l e c ‐
tr i c  c h ar g e .

( 2 ) T h e y s h o u l d  b e  b o n d e d  o r  g r o u n d e d  b y m e a n s  o f a  s l i d ‐
i n g m e tal  c o n ta c t to  th e  h o u s i n g ,  i f n e c e s s a r y.

1 8 . 2 . 5 . 3    T h e  e ffe c ti ve  r e s i s tan c e  ac r o s s  a b e ar i n g wh i l e  i n
o p e r ati o n  c a n  b e  m e a s u r e d  wi th  a  c o m m o n  o h m m e te r  a s
fo l l o ws :

( 1 ) O n e  o f th e  p r o b e s  s h o u l d  b e  p l a c e d  o n  th e  gr o u n d e d
m a c h i n e  fr a m e .

( 2 ) T h e  o th e r  p r o b e  s h o u l d  b e  a l l o we d  to  r e s t a ga i n s t th e
r o l l i n g  m e m b e r.

1 8 . 2 . 5 . 3 . 1    A va l u e  o f ap p r o x i m ate l y 1  ×  1 0 4  o h m s  i s  to  b e
e x p e c te d .  I f a  va l u e  g r e ate r  th an  1  ×  1 0 5  o h m s  i s  fo u n d ,  an
a u x i l i ar y gr o u n d i n g  b r u s h  o r  s h o e  m i g h t b e  n e e d e d  to  p r e ve n t

c h a n ge s  wi th  ti m e  th a t c o u l d  al l o w th e  r e s i s ta n c e  to  e x c e e d  1  ×
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

1 0 6  o h m s .  T h e  gr o u n d i n g  b r u s h  s h o u l d  b e  p e r i o d i c al l y
c h e c ke d  an d  m a i n tai n e d .

1 8 . 2 . 5 . 3 . 2    C r i ti c a l  b e ar i n gs  wi th o u t a b r u s h  s h o u l d  b e  m e as ‐
u r e d  p e r i o d i c a l l y.

1 8 . 2 . 6  M ai n te n an c e  o f B e l ts  an d  C o n ve yo rs .    B e l ts  a n d  c o n ve y‐
o r s  s h o u l d  b e  i n s p e c te d  fr e q u e n tl y fo r  s l i p p i n g o r  j am m i n g  to
l e s s e n  th e  c h an c e  o f ge n e r a ti o n  o f s tati c  e l e c tr i c i ty.

1 8 . 2 . 6 . 1    D r i ve  s ys te m s  o p e ra ti n g i n  h az ar d o u s  e n vi r o n m e n ts
s h o u l d  b e  d e s i g n e d  to  s tal l  wi th o u t s l i p p i n g .

1 8 . 2 . 6 . 2    B e ar i n gs  s h o u l d  fu n c ti o n  p r o p e r l y to  p r e ve n t s l i d i n g
c o n tac t.

Δ 1 8 . 3  E x p l o s i ve s .    M o s t e x p l o s i ve s  an d  m a te r i al s  u s e d  a s  s o l i d
p r o p e l l an ts  c o n ta i n  e n o u g h  o x i d i z e r  to  s u s tai n  an  e x p l o s i ve

r e ac ti o n  wi th o u t an y o u ts i d e  c o n tr i b u ti o n .  T h e s e  m a te r i al s
m i gh t b e  s e n s i ti ve  to  s tati c  e l e c tr i c  d i s c h ar g e  a n d  c an  b e
e x tre m e l y h az ar d o u s  to  h a n d l e  i f s u i tab l e  p r e c a u ti o n s  a r e  n o t

take n .  I n  a d d i ti o n  to  th e  r e c o m m e n d a ti o n s  i n  th i s  r e c o m m e n ‐
d e d  p r ac ti c e ,  th e  fo l l o wi n g  d o c u m e n ts  s h o u l d  b e  c o n s u l te d  fo r
m o r e  specifc  i n fo r m ati o n :

( 1 ) N F PA  4 9 5
( 2 ) N F PA  4 9 8
( 3 ) N F PA  1 1 2 4
( 4 ) N F PA  1 1 2 5
( 5 ) I M E  S afe ty L i b r a r y P u b l i c ati o n  N o .  3 ,  Suggested Code of

Regulations for the Manufacture,  Transportation,  Storage,  Sale,
Possession,  and Use of Explosive Materials

( 6 ) I M E  S afe ty L i b r ar y P u b l i c a ti o n  N o .  1 7 ,  Safety in the Trans‐
portation,  Storage,  Handling,  and Use of Commercial Explosive

Materials
( 7 ) U S  D e p ar tm e n t o f D e fe n s e  S ta n d a r d  4 1 4 5 . 2 6 M ,  DOD

Contractor’s Safety Manual for Ammunition and Explosives
( 8 ) U S  D e p ar tm e n t o f D e fe n s e  S ta n d a r d  6 0 5 5 . 9 ,  DOD Ammu‐

nition and Explosives Safety Standards
•

1 8 . 4  P l as ti c  S h e e ts  an d  Wrap s .

1 8 . 4 . 1    N o n c o n d u c ti ve  p l a s ti c  s h e e ts  a n d  wr ap s ,  s u c h  as  th o s e
u s e d  to  wr a p  s h i p p i n g  p a l l e ts ,  p r e s e n t h a z a r d s  s i m i l ar  to  th o s e
o f p l as ti c  b a gs .  S u c h  s h e e ts  an d  wr ap s  c an  ge n e r a te  b r u s h
d i s c h ar g e s  fr o m  th e i r  s u r fa c e s  fo l l o wi n g r u b b i n g o r  s e p ar a ti o n
o f s u r fac e s .  I s o l a te d  we t p atc h e s  c an  al s o  c r e ate  s p ar k h az ar d s .

1 8 . 4 . 2    An  ad d i ti o n a l  p r o b l e m  i s  c h ar g i n g  o f p e r s o n n e l  a s  th e y
h an d l e  p l a s ti c  s h e e ts  a n d  wr a p s .  P l a s ti c  s h e e ts  an d  wr ap s  s h o u l d
n o t b e  b r o u g h t i n to  a r e as  th at c an  c o n ta i n  i gn i ti b l e  atm o s ‐
p h e r e s .  P l as ti c  p al l e t wr a p s  c a n  b e  r e m o ve d  o u ts i d e  th e  ar e a
an d ,  i f n e c e s s a r y,  r e p l ac e d  b y a  s u i ta b l e  tar p au l i n  o r  o th e r
te m p o r a r y c o ve r.  An ti s ta ti c  wr ap s  ar e  a va i l a b l e .  Te ar  s h e e ts
( u s e d  o u ts i d e  m an y c l e an  ar e as )  c an  g e n e r ate  signifcant s ta ti c
e l e c tr i c  c h ar g e  wh e n  th e y ar e  p u l l e d  fr o m  a d i s p e n s e r,  an d
p r e c au ti o n s  ar e  s i m i l a r  to  th o s e  fo r  p l as ti c  s h e e ts .  (Additional
information on handling sheet materials is found in Chapter  1 7. )

An n e x  A   E x p l an ato r y M ate ri al

Annex A is not a part of the recommendations of this NFPA document
but is included for informational purposes only.  This annex contains
explanatory material,  numbered to correspond with the applicable text
paragraphs.

A. 1 . 1 . 2    S e e  NFPA 70 fo r  ad d i ti o n al  i n fo r m ati o n  o n  g r o u n d i n g
to  p r e ve n t s h o c k h az ar d s .

A. 1 . 1 . 4    F o r  i n fo r m a ti o n  o n  th e  h a z a r d s  o f l i gh tn i n g ,  s e e
N F PA  7 8 0 .

A. 1 . 1 . 5    F o r  i n fo r m ati o n  o n  th e  h a z a r d s  o f s tr a y e l e c tr i c al
c u r r e n ts  an d  i n d u c e d  r a d i o  fr e q u e n c y c u r r e n ts ,  s e e  AP I  RP
2 0 0 3 ,  Protection Against Ignitions Arising Out of Static,  Lightning,

and Stray Currents.

A. 1 . 1 . 6    F o r  i n fo r m a ti o n  o n  th e  h az ar d s  o f au to m o ti ve  an d
m a r i n e  c r aft fu e l i n g ,  s e e  N F PA 3 0 A a n d  N F PA 3 0 2 .  F o r  i n fo r ‐

m a ti o n  o n  ai r c r a ft r e fu e l i n g,  s e e  N F PA  4 0 7 .

A. 1 . 1 . 7    F o r  i n fo r m ati o n  o n  th e  h az ar d s  o f s ta ti c  e l e c tr i c i ty i n
c l e an r o o m s ,  s e e  N F PA  3 1 8 .

Δ A. 3 . 2 . 1  Ap p ro ve d .    T h e  N ati o n al  F i r e  P r o te c ti o n  As s o c i a ti o n
d o e s  n o t ap p r o ve ,  i n s p e c t,  o r  c e r ti fy an y i n s ta l l ati o n s ,  p r o c e ‐
d u r e s ,  e q u i p m e n t,  o r  m a te r i al s  n o r  d o e s  i t a p p r o ve  o r  e va l u a te

te s ti n g  l a b o r a to r i e s .  I n  d e te r m i n i n g th e  ac c e p tab i l i ty o f i n s tal l a‐
ti o n s  o r  p r o c e d u r e s ,  e q u i p m e n t,  o r  m ate r i a l s ,  th e  “ au th o r i ty
h a vi n g j u r i s d i c ti o n ”  m a y b a s e  ac c e p tan c e  o n  c o m p l i an c e  wi th

N F PA o r  o th e r  a p p r o p r i ate  s ta n d ar d s .  I n  th e  ab s e n c e  o f s u c h
s tan d ar d s ,  s ai d  au th o r i ty m a y r e q u i r e  e vi d e n c e  o f p r o p e r  i n s ta l ‐
l ati o n ,  p r o c e d u r e ,  o r  u s e .  T h e  “ a u th o r i ty h avi n g  j u r i s d i c ti o n ”

m a y al s o  r e fe r  to  th e  l i s ti n gs  o r  l ab e l i n g p r a c ti c e s  o f an  o r g an i ‐
z ati o n  th at i s  c o n c e r n e d  wi th  p r o d u c t e val u ati o n s  an d  i s  th u s  i n
a  p o s i ti o n  to  d e te r m i n e  c o m p l i an c e  wi th  a p p r o p r i ate  s tan d ar d s

fo r  th e  c u r r e n t p r o d u c ti o n  o f l i s te d  i te m s .

A. 3 . 2 . 2  Au th o ri ty H avi n g J u ri s d i c ti o n  ( AH J ) .    T h e  p h r a s e
“ au th o r i ty h avi n g  j u r i s d i c ti o n , ”  o r  i ts  a c r o n ym  AH J ,  i s  u s e d  i n

N F PA s ta n d ar d s  i n  a  b r o ad  m an n e r  b e c a u s e  j u r i s d i c ti o n s  an d
a p p r o val  ag e n c i e s  var y,  a s  d o  th e i r  r e s p o n s i b i l i ti e s .  Wh e r e

p u b l i c  s afe ty i s  p r i m ar y,  th e  au th o r i ty h a vi n g j u r i s d i c ti o n  m ay
b e  a fe d e r a l ,  s tate ,  l o c a l ,  o r  o th e r  r e g i o n a l  d e p a r tm e n t o r  i n d i ‐
vi d u a l  s u c h  as  a fre  c h i e f;  fre  m a r s h al ;  c h i e f o f a fre  p r e ve n ‐

ti o n  b u r e a u ,  l ab o r  d e p a r tm e n t,  o r  h e a l th  d e p a r tm e n t;  b u i l d i n g
offcial;  e l e c tr i c a l  i n s p e c to r ;  o r  o th e r s  h avi n g  s tatu to r y au th o r ‐
i ty.  F o r  i n s u r an c e  p u r p o s e s ,  a n  i n s u r a n c e  i n s p e c ti o n  d e p a r t‐

m e n t,  r ati n g  b u r e a u ,  o r  o th e r  i n s u r a n c e  c o m p an y
r e p r e s e n ta ti ve  m ay b e  th e  a u th o r i ty h avi n g  j u r i s d i c ti o n .  I n
m a n y c i r c u m s ta n c e s ,  th e  p r o p e r ty o wn e r  o r  h i s  o r  h e r  d e s i g n a‐

te d  ag e n t a s s u m e s  th e  r o l e  o f th e  au th o r i ty h avi n g  j u r i s d i c ti o n ;
a t g o ve r n m e n t i n s tal l ati o n s ,  th e  c o m m an d i n g  offcer  o r  d e p a r t‐
m e n tal  offcial  m a y b e  th e  a u th o r i ty h avi n g  j u r i s d i c ti o n .

A. 3 . 2 . 3  L i s te d .    T h e  m e a n s  fo r  i d e n ti fyi n g l i s te d  e q u i p m e n t
m a y var y fo r  e ac h  o r ga n i z ati o n  c o n c e r n e d  wi th  p r o d u c t e val u a‐

ti o n ;  s o m e  o r g an i z a ti o n s  d o  n o t r e c o g n i z e  e q u i p m e n t as  l i s te d
u n l e s s  i t i s  al s o  l ab e l e d .  T h e  au th o r i ty h a vi n g j u r i s d i c ti o n
s h o u l d  u ti l i z e  th e  s ys te m  e m p l o ye d  b y th e  l i s ti n g o r g an i z a ti o n

to  i d e n ti fy a l i s te d  p r o d u c t.

A. 3 . 3    T h e  te r m s  a n d  th e i r  defnitions  ap p l y o n l y wi th i n  th e
s c o p e  o f th i s  r e c o m m e n d e d  p r a c ti c e .

A. 3 . 3 . 1 . 1  An ti s tati c  Ad d i ti ve .    E x tr i n s i c  a n d  i n tr i n s i c  a n ti s ta ti c
ad d i ti ve s  c a n  b e  d i s ti n g u i s h e d  ac c o r d i n g  to  th e  m e th o d  o f

a d d i ti o n .  B as e d  o n  th e  p e r m a n e n c e  o f th e i r  e ffe c t,  a n ti s ta ti c
tr e atm e n ts  c an  b e  s h o r t-te r m  o r  l o n g -te r m .

N A. 3 . 3 . 2  B o n d i n g.    A r e s i s tan c e  n o t e x c e e d i n g  1 0  o h m s  fo r
c o p p e r  wi r e  o r  2 5  o h m s  fo r  s tai n l e s s  s te e l  o r  o th e r  m e tal s  i s

typ i c a l l y fo u n d  i n  p r ac ti c e .  H i gh e r  r e s i s tan c e s  c o u l d  i n d i c a te  a
l ac k o f m e c h a n i c al  i n te g r i ty.

A. 3 . 3 . 5  C ap ac i tan c e .    C ap a c i tan c e  i s  th e  p r o p e r ty o f a s ys te m
o f c o n d u c to r s  an d  n o n c o n d u c to r s  th at p e r m i ts  th e  s to r a ge  o f
e l e c tr i c a l l y s e p a r ate d  c h ar g e s  wh e r e  p o te n ti al  d i ffe r e n c e s  e x i s t



S TAT I C  E L E C T RI C I T Y7 7 - 5 8

2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

b e twe e n  th e  c o n d u c to r s .  F o r  a  g i ve n  p o te n ti al  d i ffe r e n c e ,  th e
h i g h e r  th e  c ap ac i tan c e ,  th e  g r e ate r  i s  th e  a m o u n t o f c h ar g e
th at c an  b e  s to r e d .  Qu an ti tati ve l y,  i t i s  th e  r a ti o  o f th e  c h a r ge
o n  o n e  o f th e  c o n d u c to r s  o f a  c ap ac i to r  ( th e r e  b e i n g  a n  e q u al
an d  o p p o s i te  c h ar g e  o n  th e  o th e r  c o n d u c to r )  to  th e  p o te n ti al
d i ffe r e n c e  b e twe e n  th e  c o n d u c to r s .  T h e  u n i t o f c ap a c i tan c e  i s
th e  far a d .  B e c a u s e  th e  far a d  i s  s o  l ar g e  a  q u a n ti ty,  c a p a c i ta n c e
(see examples in Table A. 3. 3. 5) i s  u s u al l y r e p o r te d  i n  m i c r o far ad s
( μ F )  o r  p i c o far a d s  ( p F )  i n  a c c o r d an c e  wi th  th e  fo l l o wi n g  e q u a‐
ti o n :

1  far ad  1  ×  1 0 6  μ F  1  ×  1 0 1 2  p F

A. 3 . 3 . 7 . 2  Tri b o e l e c tri c  C h argi n g.    Tr i b o e l e c tr i c  c h ar g i n g  i s  th e
m o s t fam i l i a r,  ye t l e a s t u n d e r s to o d ,  c h a r ge  ge n e r a ti o n  m e c h a‐
n i s m .  Tr i b o e l e c tr i c  c h ar g i n g  r e s u l ts  fr o m  c o n ta c t o r  fr i c ti o n

b e twe e n  two  u n l i ke  m a te r i al s .  T h e  a m o u n t o f c h a r ge  g e n e r ate d
i n  th i s  way i s  d e p e n d e n t p r i m a r i l y o n  th e  n atu r e  o f c o n tac t,  th e
i n tr i n s i c  e l e c tr i c al  an d  s tati c  e l e c tr i c  p r o p e r ti e s  o f th e  m ate r i al s

i n vo l ve d ,  a n d  th e  p r e vai l i n g  c o n d i ti o n s  o f h u m i d i ty an d
te m p e r a tu r e .  An  i n d i c a ti o n  o f th e  te n d e n c y o f m a te r i al s  to
ac c e p t s tati c  e l e c tr i c  c h a r ge  i n  th i s  wa y i s  g i ve n  b y th e  tr i b o e l e c ‐

tr i c  s e r i e s .  Re c e n t s tu d i e s  i n d i c a te  th at th e  a m o u n t o f c h a r ge
tr a n s fe r r e d  d e p e n d s  n o t o n l y o n  th e  c o m p o s i ti o n  o f th e  m ate r i ‐
al s  b u t a l s o  o n  th e  c a p ac i ta n c e  o f th e  j u n c ti o n .  T h e  fo l l o wi n g

s i tu ati o n s  a r e  e x a m p l e s  o f tr i b o e l e c tr i c  c h a r gi n g:

( 1 ) P n e u m ati c  tr an s p o r t o f p o wd e r s  al o n g p i p e s
( 2 ) H i g h -s p e e d  we b s  o f s yn th e ti c  m a te r i al s  m o vi n g o ve r  r o l l ‐

e r s
( 3 ) C h ar g i n g  o f th e  b o tto m  o f s h o e s  as  a  p e r s o n  wa l ks  ac r o s s

a c ar p e t
( 4 ) E x tr u s i o n  o f p l as ti c s  o r th e  e j e c ti o n  o f p l as ti c  p a r ts  fr o m  a

m o l d

Ta b l e  A. 3 . 3 . 7 . 2  i l l u s tr a te s  typ i c a l  e l e c tr o s tati c  vo l tag e s
o b s e r ve d  as  a r e s u l t o f tr i b o e l e c tr i c  c h a r gi n g at two  l e ve l s  o f
r e l ati ve  h u m i d i ty ( RH ) .

A. 3 . 3 . 1 2  C o n d u c ti vi ty (σL ) .    T h i s  p r o p e r ty c an  b e  d r a m a ti c al l y
affe c te d  b y th e  te m p e r atu r e  a n d  e s p e c i al l y b y th e  p r e s e n c e  o f

m o i s tu r e  o r  an ti s tati c  ad d i ti ve s .  C o n d u c to r s  s u c h  as  m e ta l s  an d
a q u e o u s  s o l u ti o n s  h a ve  a h i g h  c o n d u c ti vi ty ( l o w r e s i s ti vi ty)  an d

l o s e  c h a r ge  q u i c kl y wh e re  g r o u n d e d .  I n s u l ato r s  h a ve  a  h i g h
r e s i s ti vi ty a n d  l o s e  c h ar g e  ve r y s l o wl y,  e ve n  wh e r e  g r o u n d e d .
C o n d u c to r s  i s o l ate d  fr o m  g r o u n d  c a n  s to r e  c h a r ge  a n d  c an  r i s e

to  fai r l y h i gh  p o te n ti a l s  i n  m a n y i n d u s tr i al  s i tu ati o n s ,  r e s u l ti n g
i n  h az ar d o u s  s p a r k d i s c h arg e s .

T h e  u n i t o f c o n d u c ti vi ty i s  s i e m e n s  p e r  m e te r  ( S / m ) .  ( N o te
b a s i s  as  r e c i p r o c a l  o f r e s i s ti vi ty,  wi th  u n i ts  o f o h m -m e te r s . )
S o m e  au th o r s  e x p r e s s  vo l u m e  r e s i s ti vi ty d ata i n  te r m s  o f o h m -

m e te r s  ( 1 0 0   Ω -c m  =  1   Ω - m ) .

Tab l e   A. 3 . 3 . 5  E x am p l e s  o f C ap ac i tan c e  o f Vari o u s  I te m s

I te m C ap ac i tan c e  ( p F)

Ta n k c ar 1 0 0 0
Au to m o b i l e 5 0 0
P e r s o n 1 0 0 –3 0 0
O i l / s o l ve n t d r u m 1 0 –1 0 0
M e tal  s c o o p 1 0 –2 0
N e e d l e  e l e c tr o d e 1
D u s t p ar ti c l e 1 0 –7

C o n d u c ti vi ty i s  n o t g e n e r al l y a s s i gn e d  to  a ga s .  I n  g as e s ,  fr e e
e l e c tr o n s  o r  i o n s  c an  b e  fo r m e d  o r  i n j e c te d  b y e x te r n al  m e a n s .

I n  th e  p r e s e n c e  o f a n  e l e c tr i c  feld,  th e  i o n s  m i g r ate  to  e l e c tr o ‐
d e s  o r  c h ar g e d  s u r fac e s  an d  c o n s ti tu te  a c u r r e n t.  C o n d u c ti vi ty
i s  ra r e l y an  i n tr i n s i c  p r o p e r ty o f ga s .

An o th e r  wa y to  c h ar ac te r i z e  c o n d u c ti vi ty i s  as  th e  r ati o  o f th e
e l e c tr i c  c u r r e n t d e n s i ty to  th e  e l e c tr i c  feld  i n  a m ate r i a l .

A. 3 . 3 . 1 6  D i e l e c tri c  C o n s tan t.    Typ i c al  d i e l e c tr i c  c o n s tan ts  an d
d i e l e c tr i c  s tr e n g th s  ar e  s h o wn  i n  Tab l e  A. 3 . 3 . 1 6 .  A d i e l e c tr i c  i s

n o t n e c e s s ar i l y a n  i n s u l ato r.  F o r  e x am p l e ,  wate r,  wh i c h  h a s  a
h i gh  d i e l e c tr i c  c o n s ta n t,  i s  n o t a ve r y go o d  i n s u l a to r.  T h e  m e a s ‐
u r e  o f a  go o d  d i e l e c tr i c  i s  i ts  p o l ar i z a b i l i ty r ath e r  th a n  i ts

c o n d u c ti vi ty.

A. 3 . 3 . 1 7  D i e l e c tri c  S tre n gth .    T h e  m ax i m u m  d i e l e c tr i c  feld

s tr e n gth  i n  a tm o s p h e r i c  a i r  i s  a r o u n d  3  ×  1 0 6  V/ m .  T h i s  va l u e
i m p l i e s  th e  e x i s te n c e  o f m a x i m u m  val u e  o f s u r fa c e  c h ar g e
d e n s i ty.  O s c i l l a ti n g e l e c tr i c  felds  p r o d u c e  a signifcantly

g r e ate r  s tr e s s  o n  m ate r i a l s  th a n  d o  ti m e -i n d e p e n d e n t felds.
F o r  th at r e a s o n ,  i n s u l ati o n  s ys te m  b a s e d  o n  d c  r a ti n gs  fa i l
q u i c kl y wh e r e  u s e d  wi th  ac  p o we r  u n i ts .  S e e  Ta b l e  B . 2  fo r  typ i ‐

c a l  d a ta .

A. 3 . 3 . 1 8 . 1  B r u s h  D i s c h arge .    F o r  p o s i ti ve  d i s c h a r ge s ,  p r e -o n s e t
o r  b r e a kd o wn  s tr e am e r s  ar e  o b s e r ve d ,  an d  th e  m ax i m u m  e ffe c ‐

ti ve  e n e r g y i s  a fe w m i l l i j o u l e s .  F o r  n e g ati ve  d i s c h a r ge s ,  th e
m a x i m u m  e ffe c ti ve  e n e r g y i s  a fe w te n th s  o f a  m i l l i j o u l e .  B r u s h

Tab l e   A. 3 . 3 . 7 . 2  E l e c tro s tati c  Vo l tage s  Re s ul ti n g fro m
Tri b o e l e c tri c  C h argi n g at Two  L e ve l s  o f Re l ati ve  H u m i d i ty
( RH )

  E l e c tro s tati c  Vo l tage s  ( kV)

S i tu ati o n
RH

1 0 % –2 0 %
RH

6 5 % –9 0 %

Wal ki n g  ac r o s s  a  c a r p e t 3 5 1 . 5
Wal ki n g  ac r o s s  a  vi n yl  foor 1 2 0 . 2 5
Wo r ki n g  at a  b e n c h 6 0 . 1
Vi n yl  e n ve l o p e s  fo r  wo r k 

i n s tr u c ti o n s 7 0 . 6
P o l y b a g p i c ke d  u p  fr o m  b e n c h 2 0 1 . 2
Wo r k c h a i r  p a d d e d  wi th  

p o l yu r e th an e  fo a m 1 8 1 . 5

Δ Tab l e   A. 3 . 3 . 1 6  D i e l e c tri c  P ro p e r ti e s  o f S e l e c te d  M ate ri al s

M ate ri al
D i e l e c tri c

C o n s tan t
D i e l e c tri c  S tre n gth

( V/ m )

B ake l i te 4 . 9 2 . 4  ×  1 0 7

C e l l u l o s e  ac e tate 3 . 8 1 . 0  ×  1 0 7

M i c a 5 . 4 1 . 0  ×  1 0 8

P l e x i g l a s ® ,  L u c i te ® 3 . 4 4 . 0  ×  1 0 7

P o l ys tyr e n e 2 . 5 2 . 4  ×  1 0 7

P o r c e l ai n 7 6 . 0  ×  1 0 6

T i ta n i u m  d i o x i d e 9 0 6 . 0  ×  1 0 6

B ar i u m  ti ta n ate 1 2 0 0 5 . 0  ×  1 0 6
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

d i s c h ar g e s  c an  i g n i te  fammable  ga s  an d  h yb r i d  m i x tu r e s  b u t
n o t d u s t i n  ai r.

A. 3 . 3 . 1 8 . 2  B u l k i n g B r us h  D i s c h arge .    T h e  m ax i m u m  e ffe c ti ve
e n e r gy o f a b u l ki n g  b r u s h  d i s c h a r ge  i s  b e l i e ve d  to  b e  1 0  m J  to
2 5  m J .  I t c a n  i g n i te  fammable  ga s ,  h yb r i d  m i x tu r e s ,  a n d  s o m e
fne  d u s ts  i n  ai r.  B u l ki n g  b r u s h  d i s c h ar g e  i s  al s o  kn o wn  a s  cone

discharge.

A. 3 . 3 . 1 8 . 3  C o ro n a D i s c h arge .    C o r o n a d i s c h ar g e s  c a n  al s o
r e s u l t fr o m  s i m i l ar  s h ar p  p o i n ts  o n  c o n d u c to r s  at h i gh  vo l tag e .
C o r o n a d i s c h ar g e  m i gh t b e  a h a z a r d  wi th  i g n i ti o n -s e n s i ti ve
fammable  g as e s  s u c h  as  a c e tyl e n e ,  h yd r o ge n ,  an d  c a r b o n  d i s u l ‐
fde  o r  o th e r  fammable  ga s e s  i n  o x yg e n -e n r i c h e d  a tm o s p h e r e s .

A. 3 . 3 . 1 8 . 4  P ro p agati n g B r u s h  D i s c h arge .    T h e  two -s i d e d
c h a r ge  i s  typ i c a l l y fo r m e d  b y c h a r ge d  p l as ti c  c o ati n g  o n  a m e tal
s u b s tr ate ,  a l th o u g h  p l a s ti c  p i p e  an d  p l a s ti c  i n te r m e d i ate  b u l k

c o n tai n e r s  c an  al s o  fo r m  th e  r e q u i r e d  c h ar g e d  d o u b l e  l aye r.
T h e  e ffe c ti ve  e n e r g y c a n  e x c e e d  1 0 0 0  m J ,  c a u s i n g  b o th  s h o c k
to  p e r s o n n e l  a n d  i gn i ti o n  h a z a r d s  fo r  a wi d e  var i e ty o f m ate r i ‐

a l s ,  i n c l u d i n g  d u s ts  i n  ai r.

A. 3 . 3 . 1 9  D i s s i p ati ve .    Typ i c al l y,  a  d i s s i p ati ve  m a te r i al  i s  o n e
h a vi n g a s u r fac e  r e s i s ti vi ty e q u al  to  o r  g r e ate r  th an  1  ×  1 0 5  b u t

l e s s  th an  1  ×  1 0 9  o h m s  p e r  s q u ar e  o r  a vo l u m e  r e s i s ti vi ty e q u al
to  o r  gr e a te r  th an  1  ×  1 0 5  b u t l e s s  th a n  1  ×  1 0 9  o h m -m e te r s .
S o m e  ap p l i c a ti o n s  m i g h t r e q u i r e  d i ffe r e n t r e s i s ti vi ti e s ,  wh i l e
th e  i n te n t i s  to  d i s s i p ate  c h a r ge .

Δ A. 3 . 3 . 2 0  D o u b l e  L aye r.    I n  s u c h  a s ys te m ,  th e  m o ve m e n t o f
l i q u i d  c au s e s  a  d i s p l ac e m e n t o f th e  m o b i l e  i o n s  wi th  r e s p e c t to

th e  fxed  c h ar g e s  o n  th e  s o l i d  s u r fa c e ,  c r e a ti n g a s tr e a m i n g
c u r r e n t (see 3. 3. 1 4. 2).

A. 3 . 3 . 2 9  I n d u c ti o n  B ar.    I o n s  ( c o r o n a)  ar e  p r o d u c e d  b y th e
e l e c tr o d e  i f th e  c h ar g e  o n  th e  o b j e c t i s  g r e at e n o u g h  an d  i f th e
o b j e c t' s  p l a c e m e n t i s  suffciently c l o s e  th at c o ro n a  o n s e t i s

a c h i e ve d .

N A. 3 . 3 . 3 2 . 1  C o m b u s ti b l e  L i q u i d .    A l i q u i d  wi th  a c l o s e d -c u p
fash  p o i n t at o r  a b o ve  3 7 . 8 ° C  ( 1 0 0 ° F )  b u t b e l o w 6 0 ° C  ( 1 4 0 ° F )

i s  a  C l a s s  I I  l i q u i d  ( i . e . ,  c o m b u s ti b l e  l i q u i d ) ,  a s  d e te r m i n e d  b y
th e  te s t p r o c e d u r e s  a n d  ap p ar a tu s  s e t fo r th  i n  N F PA  3 0 .

A l i q u i d  wi th  a c l o s e d -c u p  fash  p o i n t a t o r a b o ve  6 0 ° C
( 1 4 0 ° F )  i s  a C l a s s  I I I  l i q u i d  ( i . e . ,  c o m b u s ti b l e  l i q u i d ) ,  as  d e te r ‐

m i n e d  b y th e  te s t p r o c e d u r e s  a n d  a p p a r atu s  s e t fo r th  i n
N F PA  3 0 .

C l a s s  I I I  l i q u i d s  ar e  fu r th e r  subclassifed  i n  ac c o r d a n c e  wi th
th e  fo l l o wi n g :

( 1 ) Class IIIA Liquid.  A l i q u i d  th at h as  a  fash  p o i n t at o r
a b o ve  6 0 ° C  ( 1 4 0 ° F ) ,  b u t b e l o w 9 3 ° C  ( 2 0 0 ° F ) .

( 2 ) Class IIIB Liquid.  A l i q u i d  th at h a s  a fash  p o i n t a t o r
ab o ve  9 3 ° C  ( 2 0 0 ° F ) .

N A. 3 . 3 . 3 2 . 2  Fl am m ab l e  L i q ui d .    A l i q u i d  wi th  a c l o s e d -c u p  fash
p o i n t b e l o w 3 7 . 8 ° C  ( 1 0 0 ° F )  i s  a C l as s  I  l i q u i d  ( i . e . ,  fammable

l i q u i d ) ,  as  d e te r m i n e d  b y th e  te s t p r o c e d u r e s  a n d  ap p ar a tu s  s e t
fo r th  i n  N F PA 3 0  a n d  a Re i d  vap o r  p r e s s u r e  th a t d o e s  n o t
e x c e e d  an  a b s o l u te  p r e s s u r e  o f 2 7 6  kP a ( 4 0  p s i )  a t 3 7 . 8 ° C

( 1 0 0 ° F ) ,  as  d e te r m i n e d  b y AS T M  D 3 2 3 ,  Standard Test Method for
Vapor Pressure of Petroleum Products (Reid Method).

C l a s s  I  l i q u i d s  ar e  subclassifed  i n  ac c o r d an c e  wi th  th e
fo l l o wi n g :

( 1 ) Class IA Liquid.  A l i q u i d  th at h as  a fash  p o i n t b e l o w
2 2 . 8 ° C  ( 7 3 ° F )  an d  a b o i l i n g p o i n t b e l o w 3 7 . 8 ° C  ( 1 0 0 ° F ) .

( 2 ) Class IB Liquid.  A l i q u i d  th a t h as  a fash  p o i n t b e l o w
2 2 . 8 ° C  ( 7 3 ° F )  a n d  a  b o i l i n g  p o i n t at o r  ab o ve  3 7 . 8 ° C

( 1 0 0 ° F ) .
( 3 ) Class IC Liquid.  A l i q u i d  th at h a s  a  fash  p o i n t a t o r  ab o ve

2 2 . 8 ° C  ( 7 3 ° F ) ,  b u t b e l o w 3 7 . 8 ° C  ( 1 0 0 ° F ) .

A. 3 . 3 . 3 9 . 2  Vo l u m e  Re s i s ti vi ty.    Typ i c a l  te s t p r o c e d u r e s  i n c l u d e
AS T M  D 9 9 1 ,  Standard Test Method for Rubber Property — Volume

Resistivity of Electrically Conductive and Antistatic Products,  an d
AS T M  D 2 5 7 ,  Standard Test Methods for DC Resistance or Conduc‐

tance of Insulating Materials.

A. 3 . 3 . 4 4  S u r fac e  S tre am e r.    T h e  e ffe c ti ve  e n e r g y i s  u n kn o wn
b u t i s  p o s s i b l y as  h i g h  as  ap p r o x i m a te l y 1 0  m J .  S u r fac e  s tr e am ‐

e r s  ar e  a l s o  o b s e r ve d  o n  tr i b o c h a r ge d  s o l i d  s u r fa c e s ,  s u c h  a s
b e twe e n  ai r c r a ft wi n d s h i e l d s  an d  m e ta l  ai r fr a m e ,  wh e r e  p u n c ‐

tu r i n g d o e s  n o t o c c u r.

A. 3 . 3 . 4 5  Tri b o e l e c tri c  S e ri e s .    Wh e r e  d i ffe r e n t m a te r i al s  a r e
r u b b e d  to g e th e r,  c h ar g e  i s  tr an s fe r r e d .  M a n y r e s e ar c h e r s  wo r k‐

i n g  i n  th e  feld  o f tr i b o e l e c tr i c i ty h a ve  s e t u p  tr i b o e l e c tr i c  s e r i e s
to  s h o w wh i c h  c o m b i n ati o n s  o f m a te r i al s  wo u l d  r e c e i ve  wh i c h

c h a r ge .  T h e r e  i s  s o m e  ag r e e m e n t o n  th e  r an ki n g  o f s o m e  m a te ‐
r i al s ,  b u t m o s t o f th e  s e r i e s  a r e  d i s s i m i l ar,  e ve n  wh e r e  th e  s a m e
m a te r i al s  a r e  u s e d .

A. 5 . 5 . 3 . 4    M i n i m u m  i g n i ti o n  e n e r g i e s  c an  b e  d e te r m i n e d  fo r
p u r e  m a te r i al s  a n d  th e i r  m i x tu r e s .  T h e  a c tu a l  i gn i ti o n  e n e r g y

c o u l d  b e  h i g h e r  th an  th e  M I E  b y an  o r d e r  o f m ag n i tu d e  o r
m o r e  i f th e  m i x tu r e  var i e s  signifcantly fr o m  th e  m o s t e as i l y
i g n i te d  c o n c e n tr ati o n .  F o r  h a z a r d  e val u ati o n ,  th e  M I E  s h o u l d

b e  c o n s i d e r e d  th e  wo r s t c as e .

N A. 6 . 1 . 3 . 2 . 1    F o r  e x am p l e ,  c h a n ge s  i n  te m p e r atu r e  a n d  h u m i d ‐
i ty ( a c tu al  m o i s tu r e  c o n te n t i n  ai r )  c an  signifcantly infuence

th e  b u l k c o n d u c ti vi ty a n d  s u r fac e  c o n d u c ti vi ty o f m a te r i al s .

N A. 7 . 1 . 1    S e e  S e c ti o n s  5 . 2  th r o u g h  5 . 4  fo r  fu r th e r  d e s c r i p ti o n  o n
c h a r ge  s e p a r ati o n  an d  d i s s i p ati o n .

N A. 7 . 3    S e e  C h ap te r  8  fo r  s ta ti c  d i s s i p ati ve  fooring  a n d  fo o t‐
we ar.  Ad d i ti o n al  s ta ti c  p r o te c ti o n  p r ac ti c e s  ar e  p r o vi d e d  i n  th e
fo l l o wi n g  d o c u m e n ts :

( 1 ) AN S I / E S D  S 2 0 . 2 0 ,  Protection Of Electrical And Electronic
Parts,  Assemblies And Equipment (Excluding Electrically Initi‐

ated Explosive Devices)
( 2 ) I E C  6 1 3 4 0 - 4 -5 ,  Electrostatics — Part 4-5: Standard test meth‐

ods for specifc applications — Methods for characterizing the
electrostatic protection of footwear and fooring in combination
with a person

( 3 ) AS T M  F 1 5 0 ,  Standard Test Method for Electrical Resistance of
Conductive and Static Dissipative Resilient Flooring

N A. 7 . 3 . 1 . 5    S e e  I E E E  8 1 ,  IEEE Guide for Measuring Earth Resistiv‐
ity,  Ground Impedance,  and Earth Surface Potentials of a Grounding
System,  fo r  e a r th  r e fe r e n c e  r e s i s ta n c e  m e th o d s  a n d  va l u e s  b y

m e a s u r i n g  a th r e e -p o i n t fa l l -o f-p o te n ti a l .

N A. 7 . 3 . 1 . 6    F o r  h yd r o g e n ,  wh i c h  i s  e as i l y i gn i te d ,  th e  l o we s t vo l t‐
ag e  fo r  wh i c h  i gn i ti o n  h a s  b e e n  o b ta i n e d  i s  1 0 0  V at 1 0 , 0 0 0  p F.
S e e  S e c ti o n   A-4 -1 . 3  o f Avoiding Static Ignition Hazards in Chemical

Operations fo r  m o r e  i n fo r m ati o n .

G i ve n  a  m a x i m u m  e x p e c te d  c h ar g i n g  c u r r e n t o f 1 0 0  μ A,
O h m ’ s  l aw c an  b e  u s e d  to  c a l c u l ate  th e  r e s i s tan c e  i n  th e
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A.7.5.2.1    T h e  te c h n i q u e  o f i n e r ti n g o r  e n r i c h i n g a  p o te n ti al l y
fammable  atm o s p h e r e  to  m i ti g ate  th e  r i s k o f a fre  o r  e x p l o ‐
s i o n  as s o c i ate d  wi th  a s ta ti c  e l e c tr i c  d i s c h ar g e  i s  we l l  kn o wn .  I f
i n e r ti n g  o r  e n r i c h m e n t i s  u s e d  to  r e l a x  th e  g u i d e l i n e s  e s ta b ‐
l i s h e d  i n  th i s  r e c o m m e n d e d  p r ac ti c e  fo r  r e d u c i n g s ta ti c  e l e c tr i c
c h a r ge  ge n e r a ti o n  o r  ac c u m u l ati o n  o r  to  e l i m i n ate  s p a r k
p r o m o te r s ,  th e  d e s i g n ,  o p e r ati o n ,  a n d  te s ti n g  o f th e  i n e r ti n g  o r
e n r i c h m e n t s ys te m  m u s t p r o vi d e  an  e q u i val e n t l e ve l  o f r i s k
m i ti ga ti o n .  T h e  d e s i g n ,  o p e r a ti o n ,  te s ti n g ,  a n d  m ai n te n a n c e  o f
s u c h  s ys te m s  s h o u l d  a d d r e s s  th e  fo l l o wi n g i s s u e s :

( 1 ) F ai l u r e s  a n d  m i ti g ati o n s  identifed  i n  h az ar d / fa i l u r e  a n al ‐
ys i s  te c h n i q u e s  th at ar e  b as e d  o n  th e  c o m p l e x i ty o f th e
s ys te m  [ e . g . ,  fai l u r e  m o d e  e ffe c ts  an a l ys i s  ( F M E A) ,  h az ar d

o p e r ab i l i ty s tu d i e s  ( H AZ O P ) ,  fa u l t tr e e  an al ys e s  ( F TA)
s ys te m  th e o r e ti c  p r o c e s s  a n al ys i s  ( S T PA) ] .

( 2 ) A r e l i ab l e  ga s  s u p p l y,  i n c l u d i n g th e  fo l l o wi n g  c o n s i d e r a‐
ti o n s :

( a) P r o vi d i n g a b ac ku p  g as  s u p p l y
( b ) An ti c i p ati n g  c r e d i b l e  h i gh - d e m an d  s c e n a r i o s  to

e n s u r e  th a t a n  ad e q u ate  vo l u m e  o f ga s  i s  avai l ab l e
to  a c c o m m o d ate ,  fo r  e x am p l e ,  s i m u l tan e o u s  s ta r t-
u p  o f m u l ti p l e  p i e c e s  o f e q u i p m e n t o r  s i m u l tan e o u s

r ap i d  te m p e r atu r e  c h a n ge  i n  m u l ti p l e  fxed-roof
s to r ag e  tan ks  d u e  to  a r a i n  e ve n t,  e i th e r  o f wh i c h

c a n  r e s u l t i n  a d e m a n d  fo r  i n e r t g as  th a t i s  gr e a te r
th an  th e  avai l ab l e  s u p p l y

( 3 ) S ys te m  a va i l a b i l i ty c o m m e n s u r ate  wi th  th e  r i s k,  i n c l u d i n g
th e  fo l l o wi n g  c o n s i d e r ati o n s :

( a) Al ar m s  fo r  l o w ga s  p r e s s u r e  an d  h i gh  g as  fow r ate
( b ) F l o w m e te r s  to  m o n i to r  g as  fow r a te
( c ) Au to m ati c  c o n tr o l s ,  i n c l u d i n g  i n te r l o c ks  to  b r i n g

e q u i p m e n t to  a s a fe  s ta te  i n  th e  e ve n t o f a  fai l u r e  o r
to  i n i ti ate  s u p p l y o f th e  b ac ku p  g as  s u p p l y

( d ) I n s p e c ti o n ,  fu n c ti o n al  te s ti n g  o f s afe ty d e vi c e s /
i n te r l o c ks ,  an d  m ai n te n a n c e

( 4 ) Wr i tte n  c o n ti n g e n c y p l an s  to  e n s u r e  th e  s a fe ty o f th e
fa c i l i ty s h o u l d  fa i l u r e s  o c c u r  o r  fo r  p l an n e d  s h u td o wn  o f

th e  i n e r ti n g  o r  e n r i c h m e n t s ys te m

N A.8.1 .4    F o r  e x am p l e ,  p o l o n i u m -2 1 0  h a s  a  h a l f-l i fe  o f 1 3 8  d ays .
T h e r e fo r e ,  e q u i p m e n t u s i n g  th i s  r ad i o i s o to p e  n e e d s  to  b e
c h a n ge d  o u t e ve r y ye a r.

N A.8.2    Ad d r e s s i n g  s tati c  e l e c tr i c  c h ar g e  o n  p e r s o n n e l  d o e s  n o t
re d u c e  o r  m i ti g ate  s ta ti c  e l e c tr i c  c h ar g e  r i s ks  as s o c i ate d  wi th
e q u i p m e n t o r  p r o c e s s e s .

A.8.2.2.2    S e e  AS T M  F 2 4 1 3 ,  Standard Specifcation for Performance
Requirements for Protective (Safety) Toe Cap Footwear.

 
[A.7.3.1 .6a]

 
[A.7.3.1 .6b]

Δ A.8.2.3    S e e  Avoiding Static Ignition Hazards in Chemical Opera‐
tions( B r i tto n )  fo r  ad d i ti o n a l  i n fo r m ati o n .

Δ A.8.2.4.2    S e e  Avoiding Static Ignition Hazards in Chemical Opera‐
tions( B r i tto n )  fo r  ad d i ti o n a l  i n fo r m ati o n .

A.8.2.4.3    S e e  N F PA  5 3 .

Δ A.9.2.1 .1    F l a m m a b l e  l i q u i d s  ( C l as s  I  l i q u i d s ) ,  wh i c h  h a ve  fash
p o i n ts  o f l e s s  th a n  3 8 ° C  ( 1 0 0 ° F ) ,  c an  fo r m  i gn i ti b l e  va p o r –ai r

m i x tu r e s  u n d e r  m o s t am b i e n t c o n d i ti o n s .  C o m b u s ti b l e  l i q u i d s
( C l as s  I I  an d  C l a s s  I I I  l i q u i d s ,  as  d e s i g n ate d  b y N F PA  3 0 ) ,  wh i c h

h a ve  fash  p o i n ts  o f 3 8 ° C  ( 1 0 0 ° F )  o r  gr e a te r,  typ i c a l l y r e q u i r e
s o m e  d e g r e e  o f p r e h e ati n g  b e fo r e  th e y e vo l ve  e n o u gh  vap o r  to

fo r m  an  i g n i ti b l e  m i x tu r e .  C e r tai n  l i q u i d s  o f l o w fre  h az ar d ,
s u c h  as  s o l ve n t fo r m u l ati o n s  c o n s i s ti n g o f m o s tl y wa te r,  m i g h t

b e  c l a s s e d  as  c o m b u s ti b l e  l i q u i d s  ( C l as s  I I  a n d  C l as s  I I I  l i q u i d s ,
a s  d e s i g n ate d  b y N F PA 3 0 ) ,  ye t th e y c a n  g e n e r ate  i g n i ti b l e
vap o r –ai r  m i x tu r e s  i n  c l o s e d  c o n tai n e r s  a t l e s s  th an  3 8 ° C

( 1 0 0 ° F ) .  S i m i l ar l y,  c e r tai n  l i q u i d s  th at d o  n o t h ave  a  fash  p o i n t
c o u l d  b e  c a p a b l e  o f ge n e r a ti n g an  i gn i ti b l e  vap o r –ai r  m i x tu r e
a s  a  r e s u l t o f d e g as s i n g  o r  s l o w d e c o m p o s i ti o n ,  e s p e c i al l y wh e r e

th e  va p o r  s p ac e  i s  s m al l  c o m p a r e d  wi th  th e  l i q u i d  vo l u m e .  (Also
see Annex  C. )

A.9.2.1 .2    T h e  s ta n d ar d  c l o s e d - c u p  fash  p o i n t i s  g e n e r al l y
h i g h e r  th a n  th e  tr u e  fash  p o i n t,  wh i c h  i s  kn o wn  as  th e  l o we r

te m p e r a tu r e  l i m i t o f fammability ( LT L F ) .  LT L F  i s  th e  te m p e r a ‐
tu r e  at wh i c h  th e  va p o r  a t th e r m al  e q u i l i b r i u m  wi th  th e  l i q u i d
a c h i e ve s  a c o n c e n tr ati o n  e q u a l  to  th e  l o we r  fammable  l i m i t

( L F L ) .  F o r  s i n g l e -c o m p o n e n t l i q u i d s ,  i t i s  fo u n d  th at th e  s tan d ‐
a r d  fash  p o i n t c an  b e  4 ° C  to  6 ° C  ( 7 ° F  to  1 1 ° F )  h i gh e r  th an  th e

tr u e  fash  p o i n t ( LT L F ) .  F o r  c o m p l e x  fu e l  m i x tu r e s ,  s u c h  a s  J e t
F u e l  A,  th e  d i ffe r e n c e  c a n  b e  1 0 ° C  to  1 5 ° C  ( 1 8 ° F  to  2 7 ° F ) .

A.9.2.2    O p e r ati n g  a p r o c e s s  a t l e s s  th an  th e  L F L  i s  o fte n  s afe r
th an  o p e r a ti n g ab o ve  th e  U F L ,  p ar ti c u l ar l y fo r  ta n ks  an d  o th e r

l ar g e  ve s s e l s .  E ve n  i f l i q u i d  i n  a  tan k r ap i d l y g e n e r ate s  suffcient
va p o r  fo r  o p e r ati o n  ab o ve  th e  U F L ,  fammable  m i x tu r e s  c a n

s ti l l  b e  p r e s e n t at tan k o p e n i n g s ,  s u c h  a s  s am p l i n g  p o r ts ,  an d
th e  fammable  r a n ge  c o u l d  b e  tr a ve r s e d  i n s i d e  th e  ta n k d u r i n g
s tar t-u p  o r  s o m e  o th e r  o p e r ati n g  c o n d i ti o n .

O fte n ,  th e  atm o s p h e r e  i n  th e  ve s s e l  c an  b e  i n e r te d ,  a s
d e s c r i b e d  i n  N F PA 6 9 .  T h i s  te c h n i q u e  r e d u c e s  th e  o x yge n

c o n c e n tr ati o n  b e l o w th at r e q u i r e d  to  s u s tai n  c o m b u s ti o n .
I n e r ti n g  m i gh t n o t b e  e ffe c ti ve  n e ar  ta n k o p e n i n gs ,  e s p e c i al l y

i n  c as e s  wh e r e  a d d i ti o n s  o f s o l i d s  c a n  e n tr ai n  ai r.  Al s o  fo r  s to r ‐
ag e  tan ks ,  th e  i n e r t g as  s u p p l y s h o u l d  b e  c ap ab l e  o f c o m p e n s a t‐
i n g  fo r  c h an g e s  i n  te m p e r a tu r e  o r  i n -b r e a th i n g o f ai r  d u r i n g

tan k e m p tyi n g.  (Also see Annex  D. )

A.9.2.4    P r e ve n ti n g an  i g n i ti b l e  a tm o s p h e r e  c a n  b e  ac c o m ‐
p l i s h e d  u s i n g  an y o f th e  m e th o d s  d e s c r i b e d  i n  N F PA 6 9 .  O f

th o s e  m e th o d s ,  th e  m o s t c o m m o n  i s  to  ad d  a  s u i ta b l e  i n e r t g as ,
s u c h  a s  n i tr o g e n ,  s o  th at th e  r e s u l ti n g  c o n c e n tr a ti o n  o f o x yg e n

i s  n o t suffcient to  s u p p o r t a fame.  A s afe ty fac to r  i s  u s u al l y
ap p l i e d .  F o r  m o s t fammable  ga s e s  a n d  vap o r s ,  i n e r ti n g typ i ‐
c a l l y r e q u i r e s  r e d u c i n g th e  o x yg e n  c o n c e n tr ati o n  to  ab o u t

5   p e r c e n t b y vo l u m e .

A.9.3.1    T h e  s ys te m  o f two  l aye r s  h a vi n g o p p o s i te  n e t c h ar g e  i s
r e fe r r e d  to  as  an  electrical double layer.  F ar th e r  a way fr o m  th e

c o n tac t s u r fa c e  i s  wh a t i s  kn o wn  a s  a  diffuse layer,  wh i c h  h a s  a
c h a r ge  o f o p p o s i te  p o l a r i ty.  An y p r o c e s s  th a t s h e a r s  th e  l i q u i d ,

s u c h  as  p i p e  fow,  m o ve s  th e  d i ffu s e  l a ye r  d o wn s tr e a m  wi th  th e
b u l k o f th e  l i q u i d ,  wh i l e  th e  b o u n d  l a ye r  c h a r ge  r e l ax e s  to  th e
wal l ,  p r o vi d e d  th at th e  wal l  i s  g r o u n d e d .  T h i s  p r o c e s s ,  i n  e ffe c t,
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a l l o ws  th e  d i ffu s e  l aye r  to  r e s u l t i n  c h ar g e  a c c u m u l a ti o n  i n  th e
l i q u i d .  F o r  c o n d u c ti ve  l i q u i d s  s u c h  a s  wate r,  th e  d i ffu s e  l a ye r  i s
o n l y a fe w m o l e c u l e s  th i c k.  H o we ve r,  fo r  n o n c o n d u c ti ve

l i q u i d s ,  s u c h  as  l i gh t p e tr o l e u m  d i s ti l l ate s ,  th e  l aye r  c o u l d  b e
m a n y m i l l i m e te r s  th i c k.  I o n i c  s p e c i e s  p r e s e n t i n  l i q u i d s
u n d e r g o  c h ar g e  s e p ar a ti o n  at i n te r fac e s  i n  a  m an n e r  th at

r e s u l ts  i n  o n e  s i g n  o f c h ar g e  b e i n g  m o r e  s tr o n gl y b o u n d  a t th e
c o n tac te d  s u r fac e  th an  th e  o th e r.  T h i s  r e s u l ts  i n  a  b o u n d  l aye r
o f l i q u i d  c l o s e  to  th e  c o n tac t s u r fac e .

Wh e r e  s m a l l  d r o p l e ts  h avi n g  d i m e n s i o n s  s m a l l e r  th a n  th e
th i c kn e s s  o f th e  d o u b l e  l aye r  ar e  fo r m e d ,  th e  fo r m ati o n  o f th e

d r o p l e t c an  p i n c h  o ff a n e t c h ar g e .  T h i s  c a n  r e s u l t i n  c h a r ge d
s p r ays  a n d  m i s ts  fo r  b o th  c o n d u c ti ve  a n d  n o n c o n d u c ti ve

l i q u i d s .  T h e  l ar g e r  th e  ar e a  o f th e  i n te r fa c e ,  th e  g r e ate r  i s  th e
r ate  o f c h ar g i n g .  E x a m p l e s  o f s u c h  p r o c e s s e s  ar e  fne  fltration;
ag i tati o n  o f two -p h a s e  s ys te m s ,  s u c h  a s  wate r  an d  o i l ;  an d

s u s p e n s i o n  o f p o wd e r  i n  l i q u i d .

T h e  c h a r ge s  th a t ar e  c a r r i e d  i n  th e  b u l k o f th e  fowing  l i q u i d
c r e a te  a c u r r e n t r e fe r r e d  to  as  a streaming current.  Al th o u g h  th e

c h a r ge  i s  s e p a r ate d  a t th e  wal l ,  fow m i x e s  th e  c h ar g e  i n to  th e
b u l k o f th e  l i q u i d ,  a n d  a  c h ar g e  d e n s i ty,  m e as u r e d  i n  c o u l o m b s

p e r  c u b i c  m e te r,  c a n  b e  a c h i e ve d .  S tr e a m i n g  c u r r e n t,  i n
c o u l o m b s  p e r  s e c o n d  o r  am p e r e s ,  i s  e q u al  to  th e  vo l u m e  fow
r ate ,  i n  c u b i c  m e te r s  p e r  s e c o n d ,  m u l ti p l i e d  b y th e  l i q u i d

c h a r ge  d e n s i ty,  i n  c o u l o m b s  p e r  c u b i c  m e te r.

A.9.3.2    S e e  An n e x   E .

A.9.3.3.1    T h e  m e c h an i s m  o f c h a r ge  g e n e r ati o n  i s  h i g h l y
c o m p l e x .  F o r  fow o f l i q u i d  i n  p i p e s ,  th e  c h ar g i n g  c u r r e n t

d e p e n d s  o n  th e  l i q u i d ' s  e l e c tr i c a l  c o n d u c ti vi ty a n d  d i e l e c tr i c
c o n s tan t a n d  i ts  vi s c o s i ty a n d  fow c h ar a c te r i s ti c s ,  wh i c h  i n vo l ve

fac to r s  s u c h  a s  fow ve l o c i ty,  p i p e  d i a m e te r,  an d  s u r fa c e  r o u gh ‐
n e s s .  F o r  e q u al  fow c h ar ac te r i s ti c s ,  e l e c tr i c al  c o n d u c ti vi ty i s  th e
d o m i n an t fa c to r.  T h i s  i s  m o s t p r o n o u n c e d  fo r  l o w-c o n d u c ti vi ty

l i q u i d s ,  d u e  to  tr ac e  c o n ta m i n an ts .

Tr ac e  c o n ta m i n an ts  h ave  a n e g l i g i b l e  e ffe c t o n  th e  l i q u i d ' s
d i e l e c tr i c  c o n s tan t an d  vi s c o s i ty b u t h a ve  a  d o m i n an t e ffe c t o n

c o n d u c ti vi ty.  C o n d u c ti ve  l i q u i d s  a r e  m u c h  l e s s  affe c te d  b y tr a c e
c o n tam i n a n ts .  I n  m an y s ys te m s ,  s u c h  a s  l o n g  p i p e s ,  th e  c h a r ge

d e n s i ty r e ac h e s  a  s te ad y s tate  a t wh i c h  th e  r ate  o f c h a r ge  ge n e r ‐
a ti o n  i s  b al an c e d  b y th e  r ate  o f c h a r ge  r e l a x a ti o n  b ac k to
g r o u n d .  (Also see Annex  E. )

Δ A.10.1    S e e  C h ap te r  5 -3 . 1  o f Avoiding Static Ignition Hazards in
Chemical Operations( B r i tto n ) ,  S e c ti o n s  2 . 1 4  th r o u gh  2 . 1 6  o f

“ S tati c  H az ar d s  o f th e  VAS T, ”  an d  S e c ti o n  A. 1 . 4 . 1  o f I E C / T S
6 0 0 7 9 - 3 2 -1 ,  Explosive atmospheres — Part 32-1 : Electrostatic hazards,
guidance,  fo r  ad d i ti o n a l  i n fo r m ati o n  o n  th e  s tr e a m i n g  c u r r e n t

fo r m u l a an d  i ts  d e r i va ti o n .

Var i o u s  th e o r e ti c al  a n d  e m p i r i c a l  m o d e l s  h a ve  b e e n  d e r i ve d
e x p r e s s i n g e i th e r  c h a r ge  d e n s i ty o r  c h ar g i n g  c u r r e n t i n  te r m s

o f fow c h ar ac te r i s ti c s ,  s u c h  as  p i p e  d i am e te r  an d  fow ve l o c i ty.
L i q u i d  d i e l e c tr i c  an d  p h ys i c a l  p r o p e r ti e s  ap p e ar  i n  m o r e
c o m p l e x  m o d e l s .  F o r  tu r b u l e n t fow o f a  n o n c o n d u c ti ve  l i q u i d

th r o u g h  a  p i p e  u n d e r  c o n d i ti o n s  wh e r e  th e  r e s i d e n c e  ti m e  i s
l o n g c o m p ar e d  wi th  th e  r e l ax ati o n  ti m e ,  th e  s tr e am i n g c u r r e n t,
Is,  c an  b e  e x p r e s s e d  b y th e  fo l l o wi n g e q u a ti o n :

I N ds

x y
= ν( ) ( )

 
[A.10.1]

wh e r e :
Is = s tr e am i n g c u r r e n t ( am p e r e s )

N = c o n s tan t ( c h a r ac te ri z i n g  fow c o n d i ti o n s )
ν = fow ve l o c i ty ( m e te r s  p e r s e c o n d )

x = a p p r o x i m a te l y 1
d = d i a m e te r  o f c o n d u i t ( m e te r s )

y = a p p r o x i m a te l y 1

Var i o u s  val u e s  fo r  th e  c o n s ta n ts  c an  b e  fo u n d  i n  th e  l i te r a‐
tu re .  An  i m p o r tan t o u tc o m e  o f th e  s tu d i e s  i s  th at ν  ×  d c a n  b e

u s e d  as  a  m e a n s  o f c h ar a c te r i z i n g  th e  c h a r gi n g c u r r e n t i n  p i p e
fow a n d  as  a  b as i s  fo r  s e tti n g  fow l i m i ts  wh e r e  flling  tan ks .  (See

Sections 1 2. 1  and 1 2. 2. )

A.10.2    Al l -p l as ti c  n o n c o n d u c ti ve  p i p e  s h o u l d  n o t b e  u s e d  fo r
h an d l i n g  n o n c o n d u c ti ve  o r  s e m i c o n d u c ti ve  l i q u i d s  e x c e p t
wh e r e  i t c a n  b e  s h o wn  th a t th e  a d van tag e s  o u twe i gh  a n y r i s ks

a s s o c i a te d  wi th  e x te r n al  s ta ti c  e l e c tr i c  d i s c h a r ge  o r  l e aks  fr o m
p i n h o l e s  o r  wh e r e  te s ts  h ave  d e m o n s tr ate d  th at th e  p h e n o m ‐
e n a wi l l  n o t o c c u r.  G r o u n d e d ,  p l as ti c -l i n e d  m e tal  p i p e  d o e s  n o t

p o s e  e i th e r  o f th o s e  r i s ks  d i r e c tl y,  b u t to l e r an c e  fo r  l i n e r
p i n h o l e s  s h o u l d  b e  c o n s i d e r e d .  F o r  e x am p l e ,  i f th e  l i q u i d  i s
c o rr o s i ve  to  m e tal  p i p i n g ,  g r ad u al  l o s s  o f m e tal  b e c au s e  o f

p i n h o l e s  c o u l d  l e a d  to  u n ac c e p tab l e  p r o d u c t c o n tam i n a ti o n
an d  e ve n tu a l  l o s s  o f c o n tai n m e n t.  C o n ve r s e l y,  m i n o r  p i n h o l e
d am a ge  m i g h t b e  a c c e p ta b l e ,  p r o vi d e d  th at th e  l i n e r  i s  i n te n ‐

d e d  o n l y to  m i n i m i z e  p r o d u c t d i s c o l o r a ti o n  c au s e d  b y r u s t an d
s c al e .

Wh e r e  n o n c o n d u c ti ve  a n d  p a r tl y c o n d u c ti ve  l i q u i d s  n e e d  to
b e  tr a n s fe r r e d  th r o u gh  p l as ti c  p i p i n g s ys te m s ,  m i ti ga ti n g s tr a t‐

e g i e s  i n c l u d e  th e  fo l l o wi n g :

( 1 ) Re d u c i n g  th e  r ate  o f c h ar g i n g  b y d e c r e as i n g fow ve l o c i ty
( 2 ) E l i m i n ati n g  o r  r e l o c a ti n g microflters  fu r th e r  u p s tr e a m
( 3 ) Re d u c i n g  wal l  r e s i s ti vi ty,  p o s s i b l y to  l e s s  th an  1  ×  1 0 8  o h m -

m
( 4 ) I n c r e a s i n g th e  b r e a kd o wn  s tr e n gth  o f th e  p i p e  wal l  b y

i n c r e as i n g  th e  th i c kn e s s  o r  c h an g i n g  th e  m ate r i a l  o f
c o n s tr u c ti o n

( 5 ) I n c o r p o r ati n g  an  e x te r n al  gr o u n d e d  c o n d u c ti ve  l aye r  o n
th e  p i p i n g

C o m b i n ati o n s  o f th e s e  s tr a te g i e s  c an  b e  c o n s i d e r e d .  F o r
e x a m p l e ,  i n  m an y c a s e s ,  th e  p r e s e n c e  o f an  e x te r n a l  c o n d u c ti ve

l aye r  o n  a  p l a s ti c  p i p e  wi l l  n o t b y i ts e l f e l i m i n ate  p u n c tu r i n g o f
th e  i n te r n al  p l as ti c  wa l l ,  an d  i f th e  l aye r  d o e s  n o t p ro vi d e

c o n tai n m e n t,  i t wi l l  n o t p r e ve n t e x te r n a l  l e a ka ge .

A.10.3    F o r  al l -m e tal  c o n d u c ti ve  h o s e ,  th e  r e s i s tan c e  to  g ro u n d
fr o m  a n y p o i n t n o r m a l l y s h o u l d  b e  1 0  o h m s  o r  l e s s .  F o r

c o n d u c ti ve  h o s e  th at c o n tai n  a c o n ti n u o u s  b o n d i n g  e l e m e n t,
s u c h  a s  wi r e  o r  b r ai d ,  th e  r e s i s ta n c e  to  gr o u n d  fr o m  a n y m e tal

c o n n e c to r  n o r m a l l y s h o u l d  b e  1 0 0 0  o h m s  p e r  m e te r  o r l e s s ,
wi th  th e  s am e  e x c e p ti o n  b e i n g a p p l i c a b l e .  Re s i s tan c e  to
g r o u n d  th r o u g h  s e m i c o n d u c ti ve  h o s e  wi th  a c u r r e n t-l i m i ti n g

d e s i g n  th a t e l i m i n a te s  a  l o w-r e s i s tan c e  b o n d i n g  e l e m e n t an d
r e s i s tan c e  to  g r o u n d  th r o u g h  i n s u l a ti n g fanges  s h o u l d  b e
b e twe e n  1  ×  1 0 3  o h m s / m  a n d  1  ×  1 0 5  o h m s / m .  I n  e i th e r  c as e ,
th e  to ta l  r e s i s ta n c e  to  g r o u n d  fr o m  a  m e tal  h o s e  c o n n e c to r
s h o u l d  n o t e x c e e d  1  ×  1 0 6  o h m s .

Wh i l e  a  r e s i s tan c e  to  gr o u n d  o f l e s s  th a n  1  ×  1 0 6  o h m s  wi l l
p r e ve n t ac c u m u l ati o n  o f s tati c  e l e c tr i c  c h ar g e  i n  m o s t c as e s ,  i f
p e r i o d i c  te s ti n g r e ve al s  a signifcant i n c r e a s e  i n  th e  as -i n s tal l e d

r e s i s ta n c e ,  th at i n c r e as e  c o u l d  b e  th e  r e s u l t o f c o rr o s i o n  o r
o th e r  d a m a ge ,  wh i c h  c o u l d  l e ad  to  s u d d e n  l o s s  o f c o n ti n u i ty.
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T h e  h o s e ,  i n s u l a ti n g fange,  o r  b o th  s h o u l d  b e  i n s p e c te d  to
d e te r m i n e  th e  n e e d  fo r  r e p l a c e m e n t.

Wh e r e  c o n d u c ti ve  h o s e  h as  d o u b l e  s p i r a l s ,  o n e  fo r  b o n d i n g
an d  th e  o th e r  fo r  m e c h an i c al  s tr e n g th ,  c o n ti n u i ty b e twe e n  th e
e n d  c o n n e c to r s  confrms  th e  c o n ti n u i ty o f o n l y o n e  s p i r a l .  A
fre  was  r e p o r te d  d u r i n g  d r a i n i n g  o f to l u e n e  fr o m  a tan k ve h i ‐
c l e  th r o u g h  s u c h  a h o s e .  I t was  fo u n d  th a t th e  i n n e r  s p i r al  n o t
o n l y was  b r o ke n  b u t was  n o t d e s i g n e d  to  b e  b o n d e d  to  th e  e n d
c o n n e c to r s .  F o r  h a n d l i n g  n o n c o n d u c ti ve  l i q u i d s ,  o n e  o p ti o n  i s
to  u s e  a h o s e  wi th  a s e m i c o n d u c ti ve  o r  c o n d u c ti ve  l i n e r,  s o  th a t
a b r o ke n  i n n e r  s p i r al  c an n o t b e c o m e  i s o l a te d  fr o m  g r o u n d  an d
fo r m  a  s p ar k g ap .  I d e a l l y,  th e  i n n e r  s p i r a l  s h o u l d  b e  s e p ar a te l y
b o n d e d  to  th e  e n d  c o n n e c to r s .

I t i s  e s p e c i al l y i m p o r tan t to  e n s u r e  c o n ti n u i ty wi th  e n d
c o n n e c to r s  ( o r  n o z z l e s )  wh e r e  a h o s e  i s  u s e d  i n  an  i g n i ti b l e
atm o s p h e r e .  I n  g e n e r al ,  i t i s  s afe r  to  u s e  a p r o p e r l y d e s i g n e d
fxed  fll  s ys te m ,  s u c h  as  a d i p  p i p e  a r r an g e m e n t,  fo r  flling
ta n k ve h i c l e s ,  r ath e r  th an  to  u s e  a  h o s e .

Wh e r e  u s e d  i n  fammable  atm o s p h e r e s ,  s u c h  a s  i n s i d e  tan ks ,
u ti l i ty h o s e  s h o u l d  b e  c o n d u c ti ve  o r  s e m i c o n d u c ti ve .  I n  p ar ti c u ‐
l ar,  a l l  m e tal  c o n n e c to r s  an d  n o z z l e s  s h o u l d  b e  g r o u n d e d .
U n g r o u n d e d  h o s e  c o n n e c to r s  o n  n o n c o n d u c ti ve  h o s e  c a n
b e c o m e  c h ar g e d  b y a var i e ty o f m e a n s ,  s u c h  as  b y th e  i n s e r ti o n
o f a  n i tr o g e n  h o s e  i n to  a ta n k c o n ta i n i n g  c h a r ge d  l i q u i d  o r
m i s t,  b y r u b b i n g ,  o r  b y s tr e a m i n g  c u r r e n ts  ge n e r a te d  b y th e
fow o f s te a m  c o n d e n s ate .  Wh i l e  c l e a n  a n d  d r y g as e s  d o  n o t
ge n e r ate  c h a r ge ,  a n o n c o n d u c ti ve  h o s e  wi l l  b e c o m e  h i gh l y
c h a r ge d  b y th e  fow o f s te a m .

N A.11.1 .4.1    T h e  e ffe c ts  o f s ta ti c  e l e c tr i c i ty fr o m  th i n ,  i n te r n al
c o a ti n gs ,  s u c h  a s  p h e n o l i c  o r  e p o x y p ai n ts ,  c an  b e  i gn o r e d  i f
th e  th i c kn e s s  o f th e  c o a ti n g d o e s  n o t e x c e e d  5 0  μ m  ( 2  m i l s ) .  A
c o n tai n e r  wi th  a  th i n  l i n i n g  c an  b e  tr e a te d  a s  a m e tal  c o n tai n e r.
T h e  h az ar d s  o f s p e c i a l  c o a ti n gs  s u c h  as  fuoropolymers  h ave
n o t b e e n  fu l l y e val u ate d ,  a n d  i t i s  a d vi s e d  th at,  a t a  m i n i m u m ,
l i q u i d  i s  n o t d i r e c tl y s p r aye d  at s u c h  c o a ti n gs  ab o ve  th e  l i q u i d
l e ve l ,  s u c h  a s  b y m e a n s  o f a h an d h e l d  wa n d .

A.11.1 .5    Re m o va l  o f l i n i n g s  th at a r e  we t wi th  fammable  m a te ‐
ri al  p o s e  i g n i ti o n  h az ar d s  d u r i n g  h a n d l i n g an d  s to r ag e .
C o n d u c ti ve  an d  s tati c  d i s s i p ati ve  l i n i n gs  s h o u l d  b e  h a n d l e d  b y a
gr o u n d e d  p e r s o n  a n d  s to r e d  o u ts i d e  th e  o p e r a ti n g ar e a i n  a
we l l -ve n ti l ate d  l o c ati o n .  N o n c o n d u c ti ve  l i n i n g s  p o s e  s p e c i al
h a z a r d s  i f th e y a r e  s tac ke d  an d  th e n  u n s tac ke d ,  c r e a ti n g s ta ti c
e l e c tr i c i ty vi a r u b b i n g .  A h a z a r d  r e vi e w s h o u l d  b e  c o n s i d e r e d  to
d e te r m i n e  th e  s afe s t way to  h an d l e  an d  s to r e  r e m o vab l e  l i n i n g s .

A.11.2    S e e  N F PA  3 2 6 .

A.12.1 .1    F o r  b ac kgr o u n d  i n fo r m a ti o n  r e g ar d i n g  fll  r ate s  an d
fow ve l o c i ti e s ,  s e e  “ S tati c  e l e c tr i c i ty:  N e w g u i d an c e  fo r  s to r a ge
ta n k l o ad i n g  r a te s ”  ( B r i tto n  a n d  Wal m s l e y) ,  an d  “ S ta ti c
H az ar d s  o f th e  VAS T ”  ( B r i tto n  an d  S m i th ) .  F o r  g u i d a n c e  ab o u t
i n e r ti n g o f tan ks  an d  a b o u t “ p ad d i n g ”  o f tan ks  wi th  fu e l  ga s ,
s e e  C h ap te r  7  o f N F PA  6 9 .

A.12.1 .4.3    F l o ati n g -r o o f s to r ag e  ta n ks  ar e  i n h e r e n tl y s afe ,
p r o vi d e d  th a t th e  foating  r o o f i s  b o n d e d  to  th e  ta n k s h e l l .
B o n d i n g  typ i c al l y i s  ac h i e ve d  b y s h u n ts  b e twe e n  th e  foating
ro o f o r  c o ve r  an d  th e  wal l  o f th e  tan k.  T h e  s h u n ts  ar e  i n s tal l e d
fo r  l i gh tn i n g  p r o te c ti o n ,  b u t th e y a l s o  p r o vi d e  p r o te c ti o n  fr o m
s tati c  e l e c tr i c  c h ar g e s  th a t c o u l d  b e  ge n e r a te d .  I f th e  foating
ro o f i s  l a n d e d  o n  i ts  s u p p o r ts ,  c h a r ge  a c c u m u l a ti o n  i n  th e
s u r fac e  o f th e  l i q u i d  c an  o c c u r,  an d  th e  p r e c a u ti o n s  fo r  a  fxed-
roof ta n k s h o u l d  b e  fo l l o we d .  I f an  i n te r n a l  foating-roof ta n k i s

n o t ad e q u ate l y ve n ti l ate d ,  fammable  va p o r  c a n  ac c u m u l ate
b e twe e n  th e  foating  r o o f an d  th e  fxed  r o o f.

A.12.3    S e e  AP I  2 2 1 9 ,  Safe Operation of Vacuum Trucks Handling
Flammable and Combustible Liquids in Petroleum Service,  fo r  g e n e r al
r e c o m m e n d a ti o n s .

N A.12.6    G r o u n d i n g an d  b o n d i n g  m e th o d s  fo r  ai r c r a ft r e fu e l e r s
ar e  b e yo n d  th e  s c o p e  o f th i s  r e c o m m e n d e d  p r ac ti c e .  S e e

N F PA  4 0 7  fo r  ai r c r a ft r e fu e l i n g r e q u i r e m e n ts .

A.13.2    S e e  N F PA  6 9  fo r  i n fo r m a ti o n  th at ap p l i e s  to  th e  d e s i g n ,
i n s ta l l a ti o n ,  an d  o p e r a ti o n  o f e x p l o s i o n  p r e ve n ti o n  s ys te m s  b y

c o n tr o l l i n g o x i d an t c o n c e n tr ati o n s ,  c o m b u s ti b l e  c o n c e n tr a‐
ti o n s ,  i g n i ti o n  s o u r c e s ,  an d  o th e r  m e an s .

N A.13.5.1    Atte n ti o n  to  h o u s e ke e p i n g i s  i m p o r ta n t b e c au s e
ac c u m u l ati o n  o f n o n c o n d u c ti ve  r e s i d u e s  ( e . g. ,  r e s i n s )  o n  th e
foor  o r  o n  i te m s  s u c h  as  g r o u n d i n g c l am p s  c an  i m p ai r  e l e c tr i ‐

c a l  c o n ti n u i ty.

A.13.10    I f u s e d  fo r  fammable  l i q u i d  ( C l a s s  I  l i q u i d ,  as  d e s i g‐
n ate d  b y N F PA 3 0 )  s p i l l s ,  wh i c h  c o u l d  i n vo l ve  a  s e c o n d  p h a s e
s u c h  a s  s p i l l  c o n tr o l  g r an u l e s  o r  d e b r i s ,  we t-d r y va c u u m  c l e an ‐

e r s  p o s e  a n u m b e r  o f p r o b l e m s ,  i n c l u d i n g  th e  fo l l o wi n g:

( 1 ) G e n e r ati o n  o f s ta ti c  e l e c tr i c i ty
( 2 ) E l e c tr i c al  classifcation  o f p o we r e d  e q u i p m e n t
( 3 ) C h e m i c al  c o m p a ti b i l i ty
( 4 ) I n d u s tr i al  h ygi e n e  ( r e l ati ve  to  th e  e x h au s t fr o m  th e

vac u u m  c l e an e r )

C o m m e r c i a l  m ac h i n e s  fo r  C l as s  I ,  Gr o u p  D ,  an d  C l a s s  I I ,
G r o u p  E  th r o u g h  G r o u p  G atm o s p h e r e s  ar e  typ i c al l y ai r-

o p e r ate d  vi a  a  ve n tu r i ,  s o  th e y c o n tai n  n o  e l e c tr i c al  p o we r.  Ai r
s u p p l y h o s e  an d  l i q u i d  r e c o ve r y h o s e  s h o u l d  b e  c o n d u c ti ve  an d
c o n s tr u c te d  o f s e m i c o n d u c ti ve  fa b r i c .  F i l te r s  ar e  a l s o  s e m i c o n ‐

d u c ti ve  o r  c o n d u c ti ve .  T h e  d e s i g n  i s  s u c h  th a t al l  p ar ts  a r e
c o n ti n u o u s l y b o n d e d  a n d  gr o u n d e d .  N o r m al l y,  g r o u n d
c o n ti n u i ty at p r e s c r i b e d  c h e c kp o i n ts  i s  e s ta b l i s h e d  b e fo r e  e a c h

u s e .  F l o a ts  o r  s i m i l a r  m e c h an i s m s  a r e  e m p l o ye d  to  s h u t o ff
s u c ti o n  o n c e  th e  r e c o ve r y tan k h a s  r e a c h e d  c ap a c i ty l e ve l .  Ad d i ‐
ti o n a l  p r e c au ti o n s  m i g h t b e  n e e d e d  to  a vo i d  overfow vi a
s i p h o n i n g  ( i f th e  r e c o ve r y h o s e  i s  c o m p l e te l y s u b m e r g e d  i n

l i q u i d )  o r  wh e r e  d e fo am i n g  ag e n ts  ar e  n o t u s e d .  F o r  famma‐
ble  l i q u i d  ( C l as s  I  l i q u i d ,  a s  d e s i g n ate d  b y N F PA 3 0 )  s p i l l s  i n
p ar ti c u l ar,  m e a s u r e s  s h o u l d  b e  ta ke n ,  i n c l u d i n g tr a i n i n g  an d

p e r s o n n e l  g r o u n d i n g,  to  e n s u r e  p e r s o n n e l  ar e  n o t a s o u r c e  o f
i gn i ti o n .

A.15.2.3    T h e  m i n i m u m  i gn i ti o n  e n e r g y ( M I E )  o f a d u s t c l o u d
i s  d e te r m i n e d  u s i n g  a  s am p l e  th a t i s  r e p r e s e n ta ti ve  o f th e  d u s t
i n  a p r o c e s s .  T h e  e q u i p m e n t a n d  p r o c e d u r e s  u s e d  o ve r  th e

ye a r s  h a ve  b e e n  m a n y a n d  var i e d .  T h e r e fo r e ,  M I E  d ata m i g h t
n o t b e  c o m p ar a b l e  fr o m  o n e  d a ta  s e t to  th e  n e x t.  F u r th e r m o r e ,
th e  c o n d i ti o n s  u n d e r  wh i c h  l a b o r a to r y d ata ar e  ac q u i r e d  c an

b e  d i ffe r e n t fr o m  th o s e  o f th e  p r o c e s s  b e i n g e x am i n e d .  F o r
th e s e  r e as o n s ,  c o m p ar i s o n s  o f M I E  d ata ar e  s o m e ti m e s  q u al i ta‐
ti ve  r a th e r  th an  q u an ti tati ve .  N e ve r th e l e s s ,  c o m p ar i s o n s  c an  b e

q u i te  u s e fu l .

T h e  M I E  o f a  d u s t d e c r e as e s  wi th  d e c r e as i n g  p ar ti c l e  s i z e
a n d  wi th  i n c r e as i n g  te m p e r atu r e .  T h e  M I E  c o u l d  i n c r e a s e  wi th

i n c r e as i n g  m o i s tu r e  c o n te n t o f th e  d u s t.  T h e  M I E  o f a d u s t
va r i e s  l i ttl e  wi th  th e  h u m i d i ty o f th e  s u p p o r ti n g  atm o s p h e r e ,

e x c l u d i n g  p r o b l e m s  wi th  h ygr o s c o p i c  d u s ts .  T h e  fac to r s  th a t
affe c t th e  M I E  s h o u l d  b e  c o n s i d e r e d  i n  a  h az ar d s  an a l ys i s  o f a
p r o c e s s .



AN N E X  B 7 7 - 6 3

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

N A. 1 5 . 4 . 1    Wh e n  th e  s tati c  c h ar g e  o n  c o tto n  i n  a c o tto n  gi n  i s  o f
suffcient m ag n i tu d e ,  th e  c o tto n  wi l l  b al l  u p  i n  th e  g i n  s tan d s
a n d  e q u i p m e n t.  T h i s  r e s u l ts  i n  a p r o d u c ti o n  p r o b l e m  an d  fr i c ‐

ti o n  h e at i n  th e  e q u i p m e n t.  T h e  ge n e r a ti o n  o f s ta ti c  o n  th e
c o tto n  c an  b e  m i n i m i z e d  b y th e  i n tr o d u c ti o n  o f m o i s tu r e  o r  a n

a n ti s ta ti c  ag e n t.  T h e  b o n d i n g  an d  g r o u n d i n g o f c o tto n  g i n
e q u i p m e n t wi l l  n o t p r e ve n t o r  r e m o ve  th e  s tati c  a c c u m u l a ti o n
fr o m  th e  c o tto n  b e i n g p r o c e s s e d .

A. 1 5 . 4 . 2    T h e  val u e s  s h o wn  i n  1 5 . 4 . 2  ar e  take n  fr o m  Ta b l e  1  o f
I E C / T S  6 0 0 7 9 -3 2 - 1 ,  Explosive atmospheres — Part 32-1 : Electro‐

static hazards,  guidance.

Δ A. 1 5 . 5 . 5    S e e  Avoiding Static Ignition Hazards in Chemical Opera‐
tions ( B r i tto n )  fo r  ad d i ti o n al  i n fo r m a ti o n .

A. 1 5 . 7 . 2    S o m e  fexible  h o s e  c an  b e  c u t to  l e n g th  a n d  p u t i n to
s e r vi c e  b y s i m p l y s l i p p i n g  th e m  o ve r  a p i p e  wi th  a h o s e  c l am p .

I t i s  i m p o r tan t th a t th e  s p i r a l  wi r e s  b e  i n  go o d  m e tal -to -m e tal
c o n tac t wi th  th e  p i p e s  to  m a i n tai n  a p r o p e r  g r o u n d  o f th e

s p i r al .  T h i s  c o n ta c t c a n  b e  ac h i e ve d  b y s tr i p p i n g  th e  s p i r a l  an d
b e n d i n g  i t u n d e r  th e  h o s e  n e x t to  th e  p i p e  a n d  u n d e r  th e
c l am p .  I n  c as e s  wh e r e  h o s e  wi th  m e tal  s p i r al s  a r e  c o n n e c te d  to

p l a s ti c  p i p e s ,  th e  s p i r al s  s h o u l d  b e  i n d e p e n d e n tl y g r o u n d e d .

U s i n g  a c o n d u c ti ve  o r  s ta ti c  d i s s i p a ti ve  h o s e  wi th  m u l ti p l e
h e l i c e s  i s  d i s c o u r ag e d  b e c au s e  i f o n e  o f th e  m e ta l  h e l i x  wi r e s  i s

b r o ke n  i n  s u c h  a  way th at i t i s  d i s c o n n e c te d  fr o m  gr o u n d ,  i t
c a n  b e c o m e  a  s o u r c e  o f s p ar k d i s c h a r ge .  T h e  g r o u n d i n g o f a

s i n gl e  m e ta l  h e l i x  wi r e  e n s u r e s  th at a s i n g l e  s m al l e r  wi r e  d o e s
n o t b e c o m e  a s o u r c e  o f s p ar k d i s c h a r ge .  H o we ve r,  th i s  p r a c ti c e
s h o u l d  n o t b e  u s e d  a s  a s u b s ti tu te  fo r  c o n d u c ti ve  o r  s tati c -

d i s s i p ati ve  h o s e .

C o n d u c ti ve  h o s e s  wi th  g r o u n d e d  h e l i c e s  wi r e s  c an  c a u s e  a
p r o p ag ati n g  b r u s h  d i s c h ar g e .  T h e r e fo r e ,  c o n d u c ti ve  o r  s tati c -

d i s s i p ati ve  h o s e  s h o u l d  b e  u s e d  wh e n  c o m b u s ti b l e  d u s t i s
h an d l e d  o r  wh e r e  a fammable  e x te r n a l  atm o s p h e r e  m i g h t

e x i s t u n l e s s  s u p p o r te d  b y fu r th e r  an a l ys i s  fo r  specifc  ap p l i c a‐
ti o n s .

F o r  e x p e r i m e n ts  fo r  p r o p a ga ti n g b r u s h  d i s c h a r ge s  i n  fexible
h o s e  wi th  a  h e l i x ,  s e e  “ P r o p ag ati n g  b r u s h  d i s c h a r ge s  i n  fexible

h o s e s . ”

Δ A. 1 5 . 1 0    S e e  Avoiding Static Ignition Hazards in Chemical Opera‐
tions( B r i tto n )  fo r  ad d i ti o n a l  i n fo r m a ti o n .

Δ A. 1 5 . 1 1    S e e  Avoiding Static Ignition Hazards in Chemical Opera‐
tions( B r i tto n )  fo r  ad d i ti o n a l  i n fo r m a ti o n .

•
N A. 1 6 . 3    S e e  S e c ti o n  1 5 . 1  fo r  i n fo r m ati o n  o n  p o wd e r s  i n c l u d i n g

p e l l e ts ,  gr a n u l e s ,  d u s t p a r ti c l e s ,  a n d  o th e r  p a r ti c u l a te  s o l i d s .

N A. 1 6 . 4 . 4    T h e  l e n g th  s c al e  o f th e  e l e c tr i c  feld  e x te n d i n g fr o m
th e  o p e n i n g  i s  p r o p o r ti o n a l  to  th e  s i z e  o f th e  o p e n i n g.  F o r
s m al l  o p e n i n g s ,  th e r e  i s  r e l a ti ve l y l i ttl e  r i s k o f i n d u c i n g  c h a r ge

i n  n e a r b y c o n d u c ti n g o b j e c ts .  H o we ve r,  fo r  l a r ge r  o p e n i n g s
s u c h  a s  1  m  ( 3 . 2 8  ft)  i n  d i a m e te r,  th e r e  c o u l d  b e  a m o r e  signif‐
cant r i s k b e c au s e  o b j e c ts  wi th i n  1  m  ( 3 . 2 8  ft)  o f th e  e d ge  o f th e

o p e n i n g  c o u l d  b e  i n d u c ti ve l y c h ar g e d .

N A. 1 8 . 1 . 1    T h e r e  ar e  m a n y d i ffe r e n t typ e s  o f s p r ay e q u i p m e n t.
M o s t c o m m o n  ar e  m e c h an i c al  s p r aye r s  ( e . g . ,  r o tati n g  d i s c ) ,

a i r l e s s  s p r aye r s  ( e . g . ,  p u m p  s o u r c e ) ,  h i g h - an d  l o w-p r e s s u r e  ai r
s p r aye r s  ( e . g . ,  c o m p r e s s e d  ai r  s o u r c e ) ,  an d  ai r- as s i s te d  s p r aye r s

( e . g. ,  p u m p  s o u r c e  wi th  a i r  i n j e c ti o n  to  as s i s t d i s p e r s i o n ) .  E a c h
typ e  o f s p r ay e q u i p m e n t c a n  b e  c h ar ac te r i z e d  b y i ts  d i ffe r e n t
m a s s  th r o u g h p u ts ,  d i ffe r e n t p ar ti c l e  s i z e  d i s tr i b u ti o n s ,  an d

d i ffe r e n t i gn i ti o n  e n e r g i e s .  T h e  as s o c i ate d  c h ar g i n g  c u r r e n ts
a r e  h i g h l y var i ab l e  a s  we l l .

A. 1 8 . 1 . 2    S e e  N F PA  3 3  fo r  fu r th e r  i n fo r m ati o n .

N A. 1 8 . 1 . 3    T h e  p u b l i c a ti o n  “ D an g e r o u s  E l e c tr o s tati c  C h ar g i n g
D u r i n g  Ai r l e s s  P ai n t S p r a yi n g”  ( L u n d q u i s t e t al . )  r e p o r ts  c h a r g‐
i n g c u r r e n ts  fo r  s o l ve n ts  an d  fo r  p ai n ts .

A. 1 8 . 2 . 2 . 1    I n ve s ti g ati o n s  i n to  th e  s ta ti c  e l e c tr i c  h a z a r d  i n  g r ai n
e l e va to r s  h a ve  s h o wn  th at d a n ge r  e x i s ts  wh e r e  th e  vo l ta ge

r e ac h e s  3 0 , 0 0 0  vo l ts  o n  th e  b e l t.  T h e s e  s tu d i e s  a l s o  s h o w th at
l o w r e l ati ve  h u m i d i ty i s  a n  i m p o r tan t fac to r  i n  th at i t a l l o ws
vo l tag e s  to  i n c r e as e  r ap i d l y a t te m p e r atu r e s  b e l o w fr e e z i n g .

Δ A. 1 8 . 2 . 2 . 2    T h e  s u r fa c e  r e s i s tan c e  o f a  gr a i n  c o n ve yo r  b e l t
a ffe c ts  i ts  ab i l i ty to  ac c u m u l ate  a c h a r ge .  Te s ts  h ave  s h o wn  th a t

b e l ts  wi th  a  r e s i s tan c e  o f 1  ×  1 0 6  o h m s  to  1  ×  1 0 8  o h m s  a r e
c o n d u c ti ve  e n o u g h  to  p r e ve n t signifcant ac c u m u l ati o n  o f
c h a r ge .  Ac c o r d i n g  to  B S  P D  C L C / T R 6 0 0 7 9 -3 2 -1 ,  Explosive

atmospheres — Part 32-1 : Electrostatic hazards,  guidance,  a b e l t i s
c o n s i d e r e d  suffciently c o n d u c ti ve  i f th e  s u r fa c e  r e s i s tan c e  i s
l e s s  th an  3  ×  1 0 8  o h m s .

A. 1 8 . 2 . 3    Ac c o r d i n g  to  B S  P D  C L C / T R 6 0 0 7 9 -3 2 - 1 ,  Explosive
atmospheres — Part 32-1 : Electrostatic hazards,  guidance,  V b e l ts

a n d  s i m i l a r  tr an s m i s s i o n  b e l ts  a r e  c o n s i d e r e d  to  b e  suffciently
c o n d u c ti ve  i f th e  fo l l o wi n g c r i te r i o n  i s  m e t:

R B× < 1 0
5

 o h m -m

wh e r e :
R = e l e c tr i c al  r e s i s tan c e ,  m e as u r e d  a t th e  i n n e r  s i d e  o f th e

m o u n te d  tr a n s m i s s i o n  b e l t b e twe e n  a n  e l e c tr o d e  h al fway
b e twe e n  th e  two  p u l l e ys  an d  g r o u n d  ( o h m s )

B = wi d th  o f a  fat b e l t o r  twi c e  th e  d e p th  o f th e  s i d e  fa c e  o f a
V b e l t ( m e te r s )

F o r  b e l ts  c o n s tr u c te d  o f d i ffe r e n t m ate r i al s ,  a b e l t i s  c o n s i d ‐
e r e d  to  b e  suffciently c o n d u c ti ve  i f th e  r e s i s ta n c e  a c r o s s  th e
b e l t d o e s  n o t e x c e e d  1  ×  1 0 9  o h m s ,  m e as u r e d  a t 2 3 ° C  ( 7 3 ° F )
a n d  5 0  p e r c e n t r e l ati ve  h u m i d i ty.

An n e x   B       P h ys i c al  C h arac te ri s ti c s  o f M ate ri al s

This annex is not a part of the recommendations of this NFPA docu‐
ment but is included for informational purposes only.

B . 1  C o m b u s ti b i l i ty P aram e te rs  o f G as e s  an d  Vap o rs .    Tab l e
B . 1  l i s ts  typ i c a l  g as e s  an d  vap o r s  a n d  th e  l o we s t va l u e  o f th e i r

m i n i m u m  i g n i ti o n  e n e r g i e s  ( M I E s )  i n  m i l l i j o u l e s ;  th e  s to i c h i o ‐
m e tr i c  c o m p o s i ti o n ,  e x p r e s s e d  a s  p e r c e n t b y vo l u m e  i n  ai r  ( o r
o th e r  o x i d an t) ;  an d  th e  fammable  l i m i ts ,  al s o  e x p r e s s e d  a s

p e r c e n t b y vo l u m e  i n  a i r  ( o r  o th e r  o x i d a n t) .

B . 2  S tati c  E l e c tri c  C h arac te ri s ti c s  o f L i q u i d s .    Ta b l e  B . 2  l i s ts
typ i c a l  i g n i ti b l e  (fammable  an d  c o m b u s ti b l e )  l i q u i d s  an d  th e i r

c o n d u c ti vi ti e s ,  d i e l e c tr i c  c o n s tan ts ,  a n d  r e l ax ati o n  ti m e
c o n s tan ts .

 
[ A. 1 8 . 2 . 3 ]



S TAT I C  E L E C T RI C I T Y7 7 - 6 4

2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ Tab l e   B . 1  C o m b u s ti b i l i ty P aram e te rs  o f G as e s  an d  Vap o rs

G as  o r Vap o ra
L o we s t M I E b

( m J )
S to i c h i o m e tri c  M i x ture

( %  b y vo l um e )
Fl am m ab l e  L i m i ts

( %  b y vo l um e )

Ac e tal d e h yd e 0 . 1 3 c 7 . 7 3 4 . 0 –5 7 . 0
Ac e to n e 0 . 1 9 c 4 . 9 7 2 . 6 –1 2 . 8
Ac e to n e  i n  o x yge n 0 . 0 0 2 4 — —
Ac e tyl e n e 0 . 0 1 7  @  8 . 5 % 7 . 7 2 2 . 5 –1 0 0
Ac e tyl e n e  i n  o x yge n 0 . 0 0 0 2  @  4 0 % 2 8 . 6 2 . 5 –1 0 0
Ac r o l e i n 0 . 1 3 5 . 6 4 2 . 8 –3 1

Ac r yl o n i tr i l e 0 . 1 6  @  9 . 0 % 5 . 2 9 3 . 0 –1 7 . 0
Al l yl  c h l o r i d e 0 . 7 7 d — 2 . 9 –1 1 . 1
Am m o n i a 1 4 2 1 . 8 1 5 –2 8
B e n z e n e 0 . 2  @  4 . 7 % 2 . 7 2 1 . 3 –8 . 0
1 , 3 -B u tad i e n e 0 . 1 3  @  5 . 2 % 3 . 6 7 2 . 0 –1 2
B u tan e 0 . 2 5  @  4 . 7 % 3 . 1 2 1 . 6 –8 . 4

n -B u tyl  c h l o r i d e 1 . 2 4 d 3 . 3 7 1 . 8 –1 0 . 1
C ar b o n  disulfde 0 . 0 0 9  @  7 . 8 % 6 . 5 3 1 . 0 –5 0 . 0
C yc l o h e x a n e 0 . 2 2  @  3 . 8 % 2 . 2 7 1 . 3 –7 . 8
C yc l o p e n tad i e n e 0 . 1 7 c — —
C yc l o p e n tan e 0 . 2 4 c 2 . 7 1 1 . 5 –N D
C yc l o p r o p a n e 0 . 1 7  @  6 . 3 % 4 . 4 4 2 . 4 –1 0 . 4
D i c h l o r o s i l an e 0 . 0 1 5 1 7 . 3 6 4 . 7 –9 6
D i e th yl  e th e r 0 . 1 9  @  5 . 1 % 3 . 3 7 1 . 8 5 –3 6 . 5
D i e th yl  e th e r  i n  o x yg e n 0 . 0 0 1 2 — 2 . 0 –8 2
D i -i s o b u tyl e n e 0 . 2 3 c — 1 . 1 –6 . 0
D i -i s o p r o p yl  e th e r 0 . 2 3 c — 1 . 4 –7 . 9

D i m e th o x ym e th an e 0 . 1 2 c — 2 . 2 –1 3 . 8
2 , 2 -D i m e th yl b u tan e 0 . 2 5  @  3 . 4 % 2 . 1 6 1 . 2 –7 . 0
D i m e th yl  e th e r 0 . 1 5 c — 3 . 4 –2 7 . 0
2 , 2 -D i m e th yl  p r o p a n e 1 . 5 7 — 1 . 4 –7 . 5
D i m e th yl  sulfde 0 . 4 8 d — 2 . 2 –1 9 . 7
D i -t-b u tyl  p e r o x i d e 0 . 1 — —
E th an e 0 . 2 3  @  6 . 5 % 5 . 6 4 3 . 0 –1 2 . 5
E th an e  i n  o x yg e n 0 . 0 0 1 9 — 3 . 0 –6 6
E th an o l 0 . 2 3 c 6 . 5 3 3 . 3 –1 9
E th yl  ac e ta te 0 . 2 3 c 4 . 0 2 2 . 0 –1 1 . 5
E th yl am i n e 0 . 1 9 c 5 . 2 8 3 . 5 –1 4 . 0
E th yl e n e 0 . 0 8 4 — 2 . 7 –3 6 . 0

E th yl e n e  i n  o x yge n 0 . 0 0 0 9 — 3 . 0 –8 0
E th yl e n e i m i n e 0 . 1 1 c — 3 . 6 –4 6
E th yl e n e  o x i d e 0 . 0 6 5  @  1 0 . 8 % 7 . 7 2 3 . 0 –1 0 0
F u r a n 0 . 1 4 c 4 . 4 4 2 . 3 –1 4 . 3
H e p ta n e 0 . 2 4  @  3 . 4 % 1 . 8 7 1 . 0 5 –6 . 7
H e x an e 0 . 2 4  @  3 . 8 % 2 . 1 6 1 . 1 –7 . 5
H yd r o g e n 0 . 0 1 6  @  2 8 % 2 9 . 5 4 . 0 –7 5
H yd r o g e n  i n  o x yge n 0 . 0 0 1 2 — 4 . 0 –9 4
H yd r o g e n  sulfde 0 . 0 6 8 — 4 . 0 –4 4
I s o -o c ta n e 0 . 2 5 — 0 . 9 5 –6 . 0
I s o p e n tan e 0 . 2 1  @  3 . 8 % — 1 . 4 –7 . 6

I s o p r o p yl  a l c o h o l 0 . 2 1 4 . 4 4 2 . 0 –1 2 . 7
I s o p r o p yl  c h l o r i d e 1 . 0 8 d — 2 . 8 –1 0 . 7
I s o p r o p yl am i n e 0 . 2 3 c — —
I s o p r o p yl  m e r c ap ta n 0 . 5 3 — —
M e th an e 0 . 2 1  @  8 . 5 % 9 . 4 7 5 . 0 –1 5 . 0
M e th an e  i n  o x yg e n 0 . 0 0 2 7 — 5 . 1 –6 1
M e th an o l 0 . 1 4  @  1 4 . 7 % 1 2 . 2 4 6 . 0 –3 6 . 0
M e th yl ac e tyl e n e 0 . 1 1  @  6 . 5 % — 1 . 7 –N D

(continues)



AN N E X  B 7 7 - 6 5

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l . 2 0 2 4  E d i t i o n

Δ Tab l e   B . 1   Continued

G as  o r Vap o ra
L o we s t M I E b

( m J )
S to i c h i o m e tri c  M i x ture

( %  b y vo l um e )
Fl am m ab l e  L i m i ts

( %  b y vo l um e )

M e th yl  a c r yl a te 0 . 1 8 c — 2 . 8 –2 5
M e th yl e n e  c h l o r i d e > 1 0 0 0 — 1 4 –2 2
M e th yl  b u ta n e < 0 . 2 5 — 1 . 4 –7 . 6
M e th yl  c yc l o h e x a n e 0 . 2 7  @  3 . 5 % — 1 . 2 –6 . 7

M e th yl  e th yl  ke to n e 0 . 2 1 c 3 . 6 6 2 . 0 –1 2 . 0
M e th yl  fo r m ate 0 . 1 3 c — 4 . 5 –2 3
N - P e n tan e 0 . 2 4 2 . 5 5 1 . 5 –7 . 8
2 -P e n ta n e 0 . 1 8  @  4 . 4 % — —
P r o p a n e 0 . 2 4 4 . 0 2 2 . 1 –9 . 5
P r o p a n e  i n  o x yge n 0 . 0 0 2 1 — —
P r o p i o n a l d e h yd e 0 . 1 8 c — 2 . 6 –1 7
n -P r o p yl  c h l o r i d e 1 . 0 8 d — 2 . 6 –1 1 . 1
P r o p yl e n e 0 . 1 8 c — 2 . 0 –1 1 . 0
P r o p yl e n e  o x i d e 0 . 1 3  @  7 . 5 % — 2 . 3 –3 6 . 0
S tyr e n e 0 . 1 8 c 2 . 0 5 0 . 9 –6 . 8
Te tr ah yd r o fu r a n 0 . 1 9 c — 2 . 0 –1 1 . 8
Te tr ah yd r o p yr a n 0 . 2 2  @  4 . 7 % — —
T h i o p h e n e 0 . 3 9 d — —
To l u e n e 0 . 2 4  @  4 . 1 % 2 . 2 7 1 . 2 7 –7 . 0
Tr i c h l o r o s i l an e 0 . 0 1 7 — 7 . 0 –8 3
Tr i e th yl a m i n e 0 . 2 2 c 2 . 1 0 —
2 , 2 , 3 -Tr i m e th yl  b u ta n e 1 . 0 — —
Vi n yl  ac e tate 0 . 1 6 c 4 . 4 5 2 . 6 –1 3 . 4
Vi n yl  ac e tyl e n e 0 . 0 8 2 — 1 . 7 –1 0 0
X yl e n e 0 . 2 1 . 9 6 1 . 0 –7 . 0

N D :  N o t d e te r m i n e d .
a I n  ai r  a t s ta n d a r d  te m p e r atu r e  a n d  p r e s s u r e ,  u n l e s s  o th e r wi s e  n o te d .
b L o we s t M I E  =  l o we s t m i n i m u m  i g n i ti o n  e n e r g y m e a s u r e d  at o p ti m u m  c o n c e n tr a ti o n .
c L o we s t M I E  c a l c u l ate d  u s i n g  h e a t o f o x i d a ti o n  m e th o d .
d L o we s t M I E  i s  to o  h i g h ,  m e a s u r e d  a t s to i c h i o m e tr i c  c o n c e n tr ati o n ,  b u t i s  n o t a m e n a b l e  to  c a l c u l a ti o n  u s i n g  h e a t o f o x i d a ti o n  m e th o d .
Sources: B r i tto n ,  L .  G . ,  “ U s i n g  h e a ts  o f o x i d a ti o n  to  e va l u a te  fammability h a z a r d s , ”  a n d  Kr a m e r,  H . ,  “ M i n i m u m  I g n i ti o n  E n e r g y o f Am m o n i a / Ai r
Atm o s p h e r e . ”



S TAT I C  E L E C T RI C I T Y7 7 - 6 6

2 0 2 4  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

Δ Tab l e   B . 2  S tati c  E l e c tri c  C h arac te ri s ti c s  o f L i q u i d s

L i q u i d C o n d u c ti vi ty ( p S / m ) D i e l e c tri c  C o n s tan t
Re l ax ati o n  T i m e  C o n s tan t

( s e c )

C o n d uc ti ve  L i q ui d s :  C o n d u c ti vi ty >  1  ×  1 0 4  p S / m
Ac e tal d e h yd e  ( 1 5 ° C ) 1 . 7  ×  1 0 8 2 1 . 1 1 . 1  ×  1 0 –6

Ac e tam i d e 8 . 8  × 1 0 7 5 9 5 . 9  ×  1 0 –6

Ac e ti c  ac i d  ( 0 ° C ) 5  ×  1 0 5 6 . 1 5 1 . 1  ×  1 0 –4

Ac e ti c  ac i d  ( 2 5 ° C ) 1 . 1 2  ×  1 0 6 6 . 1 5 4 . 9  ×  1 0 –5

Ac e ti c  an h yd r i d e  ( 2 5 ° C ) 4 . 8  ×  1 0 7 N A N A
Ac e to n e  ( 2 5 ° C ) 6  ×  1 0 6 2 0 . 7 3  ×  1 0 –5

Ac e to n i tr i l e  ( 2 0 ° C ) 7  ×  1 0 8 3 7 . 5 5  ×  1 0 –7

Ac e to p h e n o n e  ( 2 5 ° C ) 3 . 1  ×  1 0 5 1 7 . 3 9 5 . 0  ×  1 0 –4

Ac e tyl  b r o m i d e  ( 2 5 ° C ) 2 . 4  ×  1 0 8 N A N A
Ac e tyl  c h l o r i d e  ( 2 5 ° C ) 4  ×  1 0 7 N A N A
Ac r o l e i n 1 . 5 5  ×  1 0 7 N A N A

Ac r yl o n i tr i l e 7  ×  1 0 5 3 8 4 . 8  ×  1 0 –4

Al l yl  al c o h o l  ( 2 5 ° C ) 7  ×  1 0 8 N A N A
Am i n o e th yl -e th an o l a m i n e > 1  ×  1 0 6 N A N A
n - Am i n o e th yl  p i p e r az i n e 2 . 4  ×  1 0 5 N A N A
Am m o n i a ( − 7 9 ° C ) 1 . 3  ×  1 0 7 N A N A
I s o -am yl  al c o h o l 1 . 4  ×  1 0 5 1 4 . 7 9 . 3  ×  1 0 –4

An i l i n e  ( 2 5 ° C ) 2 . 4  ×  1 0 6 6 . 8 9 2 . 5  ×  1 0 –5

An th r ac e n e  ( 2 5 ° C ) 3  ×  1 0 4 N A N A
Ar s e n i c  tr i b r o m i d e  ( 2 5 ° C ) 1 . 5  ×  1 0 8 N A N A
Ar s e n i c  tr i c h l o r i d e  ( 2 5 ° C ) 1 . 2  ×  1 0 8 N A N A
B e n z a l d e h yd e  ( 2 5 ° C ) 1 . 5  ×  1 0 7 N A N A

B e n z o i c  ac i d  ( 1 2 5 ° C ) 3  ×  1 0 5 N A N A
B e n z o n i tr i l e  ( 2 5 ° C ) 5  ×  1 0 6 2 5 . 2 4 . 5  ×  1 0 –5

B e n z yl  al c o h o l  ( 2 5 ° C ) 1 . 8  ×  1 0 8 N A N A
B e n z yl a m i n e  ( 2 5 ° C ) < 1 . 7  ×  1 0 6 N A N A
B e n z yl  b e n z o a te  ( 2 5 ° C ) < 1  ×  1 0 5 N A N A
B e n z yl  c ya n i d e < 5  ×  1 0 6 1 8 . 7 > 3 . 3  ×  1 0 –5

B i p h e n yl  ( l i q u i d  ab o ve  1 2 0 ° C ) > 1  ×  1 0 4 N A N A
B r o m o fo r m  ( 2 5 ° C ) < 2  ×  1 0 6 4 . 3 9 > 1 . 9  ×  1 0 –5

I s o b u tyl  a l c o h o l 9 . 1 2  ×  1 0 5 1 7 . 5 1 1 . 7  ×  1 0 –4

s e c -B u tyl  a l c o h o l < 1  ×  1 0 7 1 6 . 5 6 > 1 . 5  ×  1 0 –5

t-B u tyl  a l c o h o l 2 . 6 6  ×  1 0 6 1 2 . 4 7 4 . 2  ×  1 0 –5

I s o b u tyl  c h l o r i d e 1  ×  1 0 4 6 . 4 9 5 . 7  ×  1 0 –3

s e c -B u tyl  c h l o r i d e 1  ×  1 0 4 7 . 0 9 6 . 3  ×  1 0 –3

C ap r o n i tr i l e  ( 2 5 ° C ) 3 . 7  ×  1 0 8 N A N A
m -C h l o r o an i l i n e  ( 2 5 ° C ) 5  ×  1 0 6 N A N A
C h l o r o h yd r i n  ( 2 5 ° C ) 5  ×  1 0 7 N A N A
m -C r e s o l 1 . 3 9 7  ×  1 0 6 1 1 . 8 7 . 5  ×  1 0 –5

o -C r e s o l 1 . 2 7  ×  1 0 5 1 1 . 5 8 . 0  ×  1 0 –4

p -C r e s o l 1 . 3 7 8  ×  1 0 6 9 . 9 1 6 . 4  ×  1 0 –5

C ya n o ge n < 7  ×  1 0 5 N A N A
C yc l o h e x an o n e 5  ×  1 0 5 N A N A
C ym e n e  ( 2 5 ° C ) < 2  ×  1 0 6 N A N A

D i b u tyl -o -p h th al ate 1 . 8  ×  1 0 5 6 . 4 3 6 3 . 2  ×  1 0 –4

D i c h l o r o ac e ti c  ac i d  ( 2 5 ° C ) 7  ×  1 0 6 N A N A
c i s - D i c h l o r o e th yl e n e 8 . 5  ×  1 0 5 9 . 2 0 9 . 6  ×  1 0 –5

D i c h l o r o h yd r i n  ( 2 5 ° C ) 1 . 2  ×  1 0 9 N A N A
D i e th yl am i n e  ( − 3 3 . 5 ° C ) 2 . 2  ×  1 0 5 N A N A
D i e th yl  c a r b o n a te  ( 2 5 ° C ) 1 . 7  ×  1 0 6 2 . 8 2 1 . 5  ×  1 0 –5

D i e th yl e n e  g l yc o l 5 . 8 6  ×  1 0 7 3 1 . 6 9 4 . 8  ×  1 0 –6

D i e th yl e n e tr i am i n e > 1  ×  1 0 6 N A N A
D i e th yl  o x al ate  ( 2 5 ° C ) 7 . 6  ×  1 0 7 N A N A

(continues)


