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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD IS0 6101-1:2019(E)

Rubber — Determination of metal content by atomic
absorption spectrometry —

Part 1:
Determination of zinc content

WAlllNING 1 — Persons using this document should be familiar with normal laborateyy practice.
Thi§ document does not purport to address all of the safety problems, if any, associated with its
use.|It is the responsibility of the user to establish appropriate safety and health practices and to
detdrmine the applicability of any other restrictions.

WARNING 2 — Certain procedures specified in this document might involve the use orgeneration
of substances, or the generation of waste, that could constitute a local environmental hazard.
Refdrence should be made to appropriate documentation on safe handling and disposdl after use.

1 Bcope

This|document specifies an atomic absorption spectrometricémethod for the determination of the zinc
content of rubbers.

The jmethod is applicable to raw rubber and rubbenproducts having zinc contents at a thinimum of
0,05 % (mass fraction). Zinc contents below this limit can be determined, provided that suitable
adjuptments are made to the mass of the test pontion and/or to the concentrations of the solfitions used.
The pse of the standard additions method mightlower the bottom limit of detection.

2 Normative references

The [following documents are referred to in the text in such a way that some or all of their content
condtitutes requirements of this'document. For dated references, only the edition cited ppplies. For
undated references, the lateStedition of the referenced document (including any amendments) applies.

[SO 123, Rubber latex —Sampling

ISO 124, Latex, rubber-— Determination of total solids content

ISO 247-1, Rubbér-— Determination of ash — Part 1: Combustion method
ISO $48, Laboratory glassware — Single-volume pipettes

[SO 1042, Laboratory glassware — One-mark volumetric flasks

[SO 1772, Laboratory crucibles in porcelain and silica
ISO 1795, Rubber, raw natural and raw synthetic — Sampling and further preparative procedures

ISO 4793, Laboratory sintered (fritted) filters — Porosity grading, classification and designation

3 Terms and definitions
No terms and definitions are listed in this document.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

© IS0 2019 - All rights reserved 1
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— IEC Electropedia: available at http://www.electropedia.org/

4 Principle

Atestportionisashed at 550 °C + 25 °Cin accordance with ISO 247-1. The ash is dissolved in hydrochloric
or nitric acid. The solution is aspirated into an atomic absorption spectrometer and the absorption is
measured at a wavelength of 213,8 nm, using a zinc hollow-cathode lamp as the zinc emission source.
Any silicates are volatilized by sulfuric acid and hydrofluoric acid.

During the gnalysis, unless otherwise stated, use only reagents of recognized analytical grade;andjonly
distilled wdter or water of equivalent purity.

5 Reag:]:".ts
5.1 Sulfufic acid, o, = 1,84 Mg/m3.
5.2 Hydrpchloric acid, g,, =1, 18 Mg/m3.

5.3 Hydrochloric acid solutions.

5.3.1 Hydrochloric acid, diluted 1 + 2.

Dilute 1 volhime of the concentrated hydrochloric acid (5.2) with\2’volumes of water.

5.3.2 Hydrochloric acid, diluted 1 + 100.

Dilute 1 volhime of the concentrated hydrochloric acid{(5.2) with 100 volumes of water.
5.4 Hydrpfluoric acid, 0,, =1, 12 Mg/m3.
5.5 Nitri¢ acid, o,, = 1,42 Mg/m3.

5.5.1 Dilyte nitric acid, 1,6 % (ly mass), carefully pipette 11,5 cm3 of concentrated nitric acid (5.5)
into a 1 000| cm3 one-mark volungétric flask (6.5), making up to the mark with water, and mix thorouighly.

5.6 Zinc standard stockselution (1mg/ml).
Either use 4 commercially available standard zinc solution, or prepare as follows.

Weigh, to the nearest 0,1 mg, 1 g of pure zinc dust (minimum purity 99,9 %) and dissolve in a minifnum
amount of the*l ™+ 2 hydrochloric acid solution (5.3.1). Allow to cool and transfer quantitatively to
1 000 cm3 gne=mark volumetric flask (6.5). Make up to the mark with 1 + 100 hydrochloric acid soldtion
(5.3.2) and mix thoroughly.

1 cm3 of this standard stock solution contains 1 000 pg of Zn.

5.7 Zinc standard solution (10 pg/ml).

Using a pipette (6.6), carefully introduce 10 cm3 of the zinc standard stock solution (5.6) into 1 000 cm3
one-mark volumetric flask (6.5). Dilute to the mark with 1 + 2 hydrochloric acid solution (5.3.1) or
dilute nitric acid (5.5.1) and mix thoroughly.

Prepare this solution on the day of use.

1 cm3 of this standard solution contains 10 pg of Zn.

2 © IS0 2019 - All rights reserved
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6 Apparatus

Use ordinary laboratory apparatus and the following.

1:2019(E)

6.1 Atomic absorption spectrometer, fitted with a burner fed with acetylene and compressed air and
also fitted with a zinc hollow-cathode lamp capable of emitting radiation of the required wavelengths. A

high-brightness lamp is advisable.

The instrument shall be operated in accordance with the manufacturer's instructions for optimum
performance.

Altefnatively, an electrothermal atomization device (graphite furnace) may be used] It shall be
operjated by a competent person in accordance with the manufacturer's instructiods, f¢r optimum
perfprmance.

6.2 | Balance, accurate to 0,1 mg.

6.3 | Muffle furnace, capable of being maintained at a temperature of 550,°C + 25 °C.

6.4 | Beaker, of capacity 250 cm3.

6.5 | One-mark volumetric flasks, glass-stoppered, of capaeity50 cm3, 100 cm3, 200 cm3, 00 cm3 and

1 00P cm3, in accordance with the requirements of ISO 1042;.class A.

6.6

6.7
to 4

6.8

One-mark volumetric pipettes, of capacity 0,53, 1,0 cm3, 5 cm3, 10 cm3, 20 cm3 anld 50 cm3, in
accordance with the requirements of SO 648, class A.

Filter funnel, of diameter 65 mm and angle 60°, fitted with a sintered-glass disc of porf{
um (porosity grade P 40 — see ISO 4793).

Silica or porcelain crucible, éf capacity 50 cm3 to 150 cm3 depending on the test pof

accordance with the requirements of ISO 1772.

6.9

6.10

NOT

Platinum crucible, of capacity 50 cm3 to 150 cm?3 depending on the test portion size.

Platinum or berosilicate-glass rod, for use as stirrer.

) Platinum.rod is used to stir samples digested with hydrofluoric acid.

6.11 Ashlessfilter paper, diameter 150 mm.

6.12

Electric heating plate or sand bath heated by a gas burner.

b size 16 um

tion size, in

6.13 Conical flask, of capacity 250 cm3.

6.14 Steam bath.

6.15 Watch glass.

7 Sampling

Carry out sampling as follows:

— raw rubber: in accordance with ISO 1795;

© IS0 2019 - All rights reserved
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latex: in accordance with ISO 123;

— products: to be representative of the whole batch.
8 Procedure
8.1 Preparation of test portion

8.1.1 Weigh, to the nearest 0,1 mg, approximately 1 g to 5 g of rubber product and 5 g to 10 g of raw

rubber, mill

8.1.2 Ifth
weigh, to th

8.1.3 For
10 g of total
as specified

8.1.4 For
ISO 1795.

8.2 Prep
8.2.1 Deg

8.2.1.1 Ag
muffle furn
to ambient

If the ash is
to the ash,
(6.12) and 1

8.2.1.2 If
the test por

Add to the
test portior
portion has

Some rubbe

8.2.2 Dis

od or finely cutinto the annronriate crucible (6 8 or 6 9)
J rr r = =7

e rubber contains halogenated compounds (for example, in the case of chloroprene’rub
E nearest 0,1 mg, 0,1 g of milled or finely cut rubber into 250 cm3 conical flask (6.13).

natural rubber latex concentrate, take a portion of thoroughly mixed latex'eontaining

in ISO 124 and cut into small pieces.

raw, natural rubber, take the test portion from a test sample prepared in accordance

pration of test solution
itruction of organic matter

h the test portion (8.1.1) in accordance with method A or method B of ISO 247-1, usin
ice (6.3) maintained at 550 °C + 25 °C. After ashing, allow the crucible and its content to
emperature.

black, caused by a small amount.of carbon black, add 1 cm3 of concentrated nitric acid

eturn to the muffle furnaege and ash for 10 min to 15 min.

the rubber contains halogenated compounds, carry out destruction of the organic matt|
fion (8.1.2) in accordance with the following alternative procedure.

test portion8.2.2), 10 cm3 to 15 cm3 of sulfuric acid (5.1) and heat moderately unti
has disintegrated. Carefully add 5 cm3of nitric acid (5.5). Continue heating until the
completely'decomposed and white fumes are evolved.

r fetmulations cause considerable splashing; in this case, use a larger conical flask.

apout
solids, make into a thin film by pouring the portion onto a glass plate, drjpto a constant ltnass

ber),

with

v the
cool

5.5)

evaporate to dryness on antelectrical heating plate or sand bath heated by a gas burner

er in

the
test

solution of inorganic matter using hydrochloric acid

8.2.2.1 Add carefully 20 cm3 of 1 + 2 hydrochloric acid (5.3.1) to the residue and heat for 30 min on a
steam bath (6.14). Cover with a watch glass (6.15) to avoid losses, for example due to carbonates, which
cause splashing and foaming.

Transfer the solution and the residue to a beaker (6.4) with 50 cm3 of 1 + 2 hydrochloric acid solution
(5.3.1) and heat for 30 min.

If the residue dissolves completely, transfer to 50 cm3 volumetric flask (6.5), dilute to the mark with

1+ 2 hydro

chloric acid solution (5.3.1), and proceed in accordance with 8.4.

© ISO 2019 - All rights reserved
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8.2.2.2 If the ash is not totally dissolved when following the procedure described in 8.2.2.1, repeat the
ashing in accordance with 8.2.1.1 or 8.2.1.2 using a new test portion, and proceed as follows.

Transfer the ash from the new test portion to a platinum crucible (6.9). Add a few drops of sulfuric acid
(5.1) and heat to fuming. Cool and add a further 3 drops of sulfuric acid (5.1) and 5 cm3 of hydrofluoric
acid (5.4). Heat on the electric heating plate or sand bath (6.12) in a fume cupboard and evaporate to
dryness, while stirring with the platinum rod (6.10). Repeat this digestion with the same quantities of
sulfuric and hydrofluoric acids twice.

NOTE Borosilicate-glass rod is not suitable to stir samples digested with hydrofluoric acid.

ocooltoambienttemperatureadd28-enr—-o rdreckloericactdselttionr{53-1, cover with
a wqtch glass and heat for 10 min. Filter the contents of the crucible into a 50 cm3 volumétpik flask (6.5)
thropgh an ashless filter paper (6.11) and rinse the contents with 1+2 hydrochloric acid (5.3/1). Dilute to
ark with 1 + 2 hydrochloric acid solution (5.3.1) and mix thoroughly. Proceed in accordamce with 8.4.

8.2.2.3 Test solutions should contain approximately 12 % hydrochloric acid;lf evaporatior] or reaction
with| carbonates, etc., has reduced or increased this concentration, adjust it adcordingly with cpncentrated
hydrochloric acid (5.2) or water.

8.2.3 Dissolution of inorganic matter using nitric acid — Alternative method

Add|10 cm3 of dilute nitric acid (5.5.1) to the cooled residué: Cover with a watch glass and heat on
a st¢am bath (6.14) or electrical heating plate (6.10) forsatileast 30 min. Allow to cool[to ambient
temperature. Filter the contents of the crucible into a 50.¢m3 one-mark volumetric flask (6.5) through
an afhless filter paper (6.11). Rinse the crucible and mizxthoroughly, before making up with dilute nitric
acid|(5.5.1) to the mark. Proceed in accordance with<8.4.

8.3 | Preparation of the calibration graph
8.3.1 Preparation of standard calibration solutions

8.3.1.1 Into a series of five 100 .cm3 one-mark volumetric flasks (6.5), introduce, using pipettes
(6.6], the volumes of the standakd zinc solution (5.7) indicated in Table 1. Dilute to the mark with 1 + 2
hydifochloric acid solution (5:3:4) or dilute nitric acid (5.5.1) and mix thoroughly.

Table 1 — Standard calibration solutions

Volume of standard zinc solution (5.7) Mass of zinc contained in 1 cm3
cm3 g
50 5
20 2
10 1
5 0,5
0 0

8.3.1.2 Prepare fresh standard calibration solutions daily.

8.3.2 Spectrometric measurements

Switch on the spectrometer (6.1) sufficiently in advance to ensure stabilization. With the zinc hollow-
cathode lamp suitably positioned, adjust the wavelength to 213,8 nm and the sensitivity and the slit
aperture according to the characteristics of the instrument.

© IS0 2019 - All rights reserved 5
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Adjust the pressures and flow rates of the air and of the acetylene in accordance with the manufacturer's
instructions so as to obtain a clear, non-luminous, oxidizing flame, suited to the characteristics of the
particular spectrometer being used.

Aspirate the series of standard calibration solutions (8.3.1.1) in succession into the flame, and measure
the absorbance of each solution twice, averaging the readings. Take care to ensure that the rate of
aspiration is constant throughout this process. Ensure also that at least one calibration solution is at or
below the level of the zinc concentration in the test solution.

Aspirate water through the burner after each measurement.

8.3.3 Plo

Plota graph
solutions aj
the calibrat
straight ling

8.4 Dete

8.4.1 Spe

Carry out (
(8.2.2), follg

8.4.2 Dil

If the instru
having the
(5.3.1)ord

Pipette car
volumetric
calibration
acid (5.5.1).

NOTE
Annex A).

T

84.3 Bla

Carry out a
or dilute nit

If the prepa

blank test seh

9 Expre

9.1 Read

{

kting the calibration graph

having, for example, the masses, in pg, of zinc contained in 1 cm3 of the standard-¢alibrj

abscissae, and the corresponding values of absorbance, corrected for the absorban
ion blank solution (see 8.3.1.1), as ordinates. Represent the points on the graph by the
e as judged visually, or calculated by the least-square fit method.

rmination

ctrometric measurements

uplicate spectrometric measurements at a wavelength of’'213,8 nm on the test solu
wing the procedure specified in 8.3.2.

1tion

ment response for the test solution is greateg than that for the standard calibration soly
ighest zinc content (see 8.3.1.1), dilute as-appropriate with 1 + 2 hydrochloric acid sold
ute nitric acid (5.5.1) in accordance with the following procedure.

pfully a suitable volume (V cm3).of the test solution (8.2.2) into a 100 cm3 one-y
flask (6.5) so that the zinc concentration lies within the range covered by the stan
solutions. Dilute to the markwith the 1 + 2 hydrochloric acid solution (5.3.1) or dilute 1
Repeat the spectrometrigmeasurements.

b increase the reliabiljty of the test method, the standard additions method is found useful

nk determindtion

ric acid-{5.5.1), but omitting the test portion.

ration of the test solution involved the use of sulfuric acid and hydrofluoric acid, prepar

blank test\in parallel with the determination, using 1 + 2 hydrochloric acid solution (5.

ition
re of
best

ition

ition
ition

nark
dard
itric

(see

.3.1)

b the

nnnnnnnnnnnnnnnnnnnnnnnnn aritbinagtha tact ot

£ bt
THHOH Oyt \—yvunlll& tHat proceaure, oottt gttt esSt POt tHoH-

ssion of results

the zinc content of the test solution directly from the calibration graph (8.3.3).

The zinc content, expressed as a percentage by mass, is given by Formula (1):

p(Zn),

—p(Zn),

xf

200m

where

€y
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p(Zn), is the zinc content, in pg/cm3, of the test solution (8.2.2), read from the calibration graph;

p(Zn), is the zinc content, in pg/cm3, of the blank test solution (8.4.3), read from the calibra-

tion graph;
m is the mass, in pug, of the test portion (8.1);
f is the dilution factor, if required (see 8.4.2), of the test solution:
100
=
/ being the volume, in cm3, of test solution taken in 8.4.2.

hula (2):

kpress the zinc content as zinc oxide content, multiply the result by 1,245.

The zinc content of the test portion can also be calculated, in mg/kg(of* the test

50 p(Zn), —p(Zn), |

9.3
cong
expr
9.4
kg iff

10

See |

11
The

f

m

The test result is the average of two determinations, rounded to two decimal places w
entration is expressed as a percentage and to the nearést whole number when the cong
essed in mg/kg.

Report the zinc content as a percentage if greater than or equal to 0,1 % (mass fraction
less than 0,1 % (mass fraction).

Precision

Annex B.

lTest report

test report shall inglude the following information:

hll details necessary for the complete identification of the product tested;
the method ef sampling;

h reference to this document, i.e. ISO 6101-1:2019;

solution, by

(2)

hen the zinc
entration is

), or as mg/

Fhie-method of ashing and the method of dissolution used;

e) the type of instrument used (flame or graphite furnace spectrometer);

f) the results obtained and the units in which they have been expressed;

g) any unusual features noted during the determination;

h) any operations not specified in this document, or in the International Standards to which reference
is made, which might have affected the results.
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Annex A
(informative)

Method of standard additions

The method of standard additions provides the analyst with a powerful tool for increasing the reliability
and accuracy of an atomic absorption analysis.

It is used w
duplicate wj

The methog
usually des

The followi

From a test]
aliquots, ad
total for all

Measure th
Plot absorb

Extrapolatg
zinc in the 4

rhen samples contain unknown concentrations of matrix materials, which are difficy
ith blanks, or where the analyst desires to increase the accuracy of the determination.

hg example illustrates the method.

d a different, but known, volume of standard zinc solution. Makexip the volumes to the
four aliquots. Use concentrations which fall on the linear pettion of the calibration gray

b absorbance of each of the four solutions so obtained.

hnce on the y-axis and the concentration, in pg of zinc'per cm3 of solution, on the x-axis.

est solution. An example is given in Figure-AZl.

of standard additions can be found in any standard text-book on atomic absorption a
ribed in the user's manual supplied with the atomic absorption spectrometer.

solution prepared as described in 8.2, take four aliquots of the sante size. To three of t

the straight line to cut the x-axis (zero absorbhante). At this point, read the concentrati

It to

nd is

hese

ame
h.

bn of
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