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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 1SO 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.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft Internatjonal Standards adopted by the technical committees are circulated to the menmiber bodies for voting.
Publication ag an International Standard requires approval by at least 75 % of the membet)bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this International Standard may be the subject of
patent rights. |ISO shall not be held responsible for identifying any or all such paterit rights.

International $tandard ISO 8660 was prepared by Technical Committee ISOATFC 61, Plastics, Subcomnjittee SC 5,
Physical-chemical properties.

This second gdition cancels and replaces the first edition (ISO 8660:1988), which has been technically revised.

iv © I1SO 2002 - All rights reserved
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ction

The permanganate index, expressed as the permanganate absorption number (PAN), defines the stability of a
caprolactam sample to potassium permanganate in a buffered neutral aqueous solution and is a measure of the
purity of the caprolactam in relation to the presence of oxidizable impurities, e.g. unsaturated caprolactams.

Permanganate in a neutral aqueous solution is a strong oxidizing agent, capable of oxidizing the impurities in
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INTERNATIONAL STANDARD

ISO 8660:2002(E)

Plastics — Determination of permanganate absorption number of
caprolactam — Spectrometric method

WARNING — This International Standard may involve hazardous chemicals, materials or operations. This

standard does not purport to address the safety problems,
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htional Standard specifies a spectrometric method for the determinatiofn-of the permangana
caprolactam for industrial use. The permanganate absorption number is a measure of
 caprolactam, determined in a buffered neutral agueous mediunr under fixed conditions.

J is applicable to purified caprolactam (and intermediates in the caprolactam purification prg
acidity lower than 0,50 mmol/kg and a PAN value of up t0.35.

and definition

poses of this International Standard, the following term and definition apply.

hate absorption number

| on measurement of the absarbance at 420 nm of a 3 % (by mass) buffered neutral aqueou
comparison with a blank cansisting of buffered water, after addition of a standard solution

ength 5 cm

PAN is the difference’béetween the absorbance of the test solution and that of the blank, multiplied by 1
ngth 5 cm.

3 Princi

Equal amo

ple

ubts of potassium permanganate are added to a buffered caprolactam test solution a

ite absorption
he oxidizable

cess) with an

5 caprolactam
of potassium

ate, ¢ = 0,002 mol/l, to €ach and allowing each to stand for 10 min, the absorbance being measured in a

00/3 for a glass

nd to a blank

consisting ofbuffered—water—After a Teactionm timeof 10, the—absorbanceata wavetengtirof420 nm of the

caprolactam test solution and the blank are compared in glass cells with a pathlength of 5 cm.

4 Reagents

During the analysis, use only reagents of recognized analytical grade or of the grade specified.

4.1 Sulfu

ric acid, p.a., 95 % (by mass) to 97 % (by mass).

4.2 Hydrochloric acid, p.a., 37 % (by mass).

4.3 Oxalic acid dihydrate, ¢ =

© SO 2002 -
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4.4 Millipore-Q (or double-distilled) water.

4.5 pH 7,0 buffer salt, exclusively composed of potassium dihydrogen phosphate (40,30 %) and disodium
hydrogen phosphate (59,70 %). The salt shall not contain impurities that influence the PAN analysis.

Some commercially available buffer salts contain impurities and/or preservatives which influence the PAN analysis.
The suitability of a commercially available buffer salt shall always be tested by comparing the PAN results obtained
with this buffer salt with those obtained with a buffer salt made of analytically pure components. The maximum
storage time of a commercially available buffer salt or the pure components shall never be exceeded.

4.6 pH 7,0 buffer solution.

Dissolve 3,3 @
with Millipore
noticed).

4.7 PAN wa

Add 2,5ml/l d
mark with Mil
determination
4.8 Potassi
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is observed, t
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5.1 Spectrog

of the buffer salt (4.5) in Millipore-Q water (4.4) in a 500 ml volumetric flask and make up

Q water. This solution shall be discarded 6 months after preparation (or sooner if-any §
fer.
f buffer solution (4.6) to a small quantity of Millipore-Q water in a 1 | volumetric flask, mak

ipore-Q water and degas with helium (4.11). Prepare a fresh solution‘daily. The PAN valug
shall be < 0,67.

Im permanganate, solid, p.a.
Im permanganate stock solution, ¢ = 0,020 mol/l.

bwn bottle in the dark. Prepare a fresh solution ‘€very 4 weeks. Check the solution ev

o the mark
ediment is

e up to the
e of a blank

bry day for

joxide deposit on the walls of the bottle (see thewote to 7.1). If any deposit is observed, the solution
shall be discajded.

ium permanganate solution, ¢ = 0,002'tmol/l.
n bottle in the dark. Prepare a freshysolution weekly from the 0,020 mol/l potassium per

Before use check the solution for manganese dioxide deposit on the walls of the bottle. If
ne solution shall be discarded;

us
Fatory apparatus and additionally:

meter,, suitable for monochromatic analyses at 420 nm, bandwith < 2 nm.

manganate
hny deposit

5.2 Glassc

b[1S) pathlength 5 cm.

5.3 Water b

ath, capable of being maintained at 25,0 °C + 0,5 °C.

5.4 Stopwatch, accurate to at least 0,5 s.

5.5 Glassware, extremely clean and suitable for PAN analyses (see 7.1).

NOTE Disposable syringes and other plastic devices are not suitable because of the extraction capacity of caprolactam.
Additives extracted from plastic devices such as syringes have a negative effect on the PAN determination.

5.6 Pipette,

NOTE Plastic

made of glass (e.g. a Pasteur pipette), chemically clean (see 7.1).

pipettes are not suitable (see note to 5.5).
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6 Sample

Caprolactam samples shall be stored in chemically clean, preferably glass, containers. If plastic flasks or containers
are used, contact with hot, liquid caprolactam shall be avoided. Caprolactam solutions shall not be stored in plastic
containers and any contact with e.g. plastic stoppers shall be avoided (see 5.5).

Samples can consist of pure solid caprolactam or caprolactam solutions. The preferred sample is a solution
containing 50 % (by mass) of caprolactam in Millipore-Q water.

NOTE Sampling of pure liquid caprolactam may result in an increase in the PAN value, as a result of oxidation of caprolactam in
the presence of air.

7 Procedure

7.1 Cleaning of the glassware

Glassware used for the first time in PAN analysis shall be cleaned successively with
— concentrated sulfuric acid (4.1),

— tap watr,

— concentrated hydrochloric acid (4.2),

— Milliporp-Q water (4.4).

Glassware [used for PAN analysis shall be used for that purpose only and shall be cleaned at leagt once every
6 months using the above procedure.

Glassware [shall be rinsed with tap water (3 times) immediately after the analysis, followed by rinsing 3 times with
Millipore-Q|water (4.4). Glassware shall be stored'clesed.

NOTE If th¢ glassware is not rinsed immediately after the analysis, manganese dioxide will settle on the insid¢ surface of the
glass. Mangfanese dioxide catalyses the reaction and has a negative effect on the PAN determination. Manganesq dioxide can be
removed fron the glassware by rinsing with-exalic acid (4.3).

7.2 Purity of the PAN water

Check the PAN water (4.7)bycarrying out a blank determination in accordance with 7.3 and calculate|its PAN value
(see clause 8). If the PAN/value is < 0,67, the PAN water is acceptable.

For e.g. pfloductien=control, the blank determination carried out to check the PAN water should |preferably be
combined witha'\determination carried out on a control sample. Analysis of further samples should oply be carried
out if both thezblank and the control sample meet the specifications.

If the PAN value of the PAN water is > 0,67, repeat the blank determination with a freshly prepared 0,002 mol/I
solution of potassium permanganate (4.10) and, if necessary, a fresh 0,020 mol/l stock solution of potassium
permanganate (4.9).

If the PAN value is still > 0,67, purify the Millipore-Q water by dissolving 1 g of potassium permanganate (4.8) in
each litre of Millipore-Q water, storing the solution for 24 h and then distilling with a 600 mm Vigreux column,
collecting the first three-quarters of the solution to distill over. Use this purified Millipore-Q water to prepare a fresh
solution of PAN water.

If the PAN water still does not meet the specification of < 0,67 PAN units (for a glass cell of 5 cm in length, this
corresponds to an absorbance of 0,020), the potassium permanganate may be contaminated with manganese
dioxide or the PAN water may have too high an impurity content.

© 1S0 2002 - All rights reserved 3


https://standardsiso.com/api/?name=d80401acfd255f6f9475fabfe509c6bf

ISO 8660:2002(E)

7.3 Determination

Weigh 3,00 g & 0,03 g of solid caprolactam or 6,00 g 4= 0,06 g of 50 % (by mass) caprolactam solution in Millipore-Q
water into a 100 ml volumetric flask, transferring the solution with a glass pipette. If the concentration of the
caprolactam solution is not 50 %, determine the mass of the test portion by dividing 3,0 g by the concentration of the
caprolactam solution, expressed as a percentage by mass, and multiplying by 100. In the case of solid caprolactam,
add 50 ml of PAN water (4.7) and dissolve the caprolactam. Make up to the mark with PAN water and mix. Place the
flask in a water bath at 25,0 °C £ 0,5 °C for at least 15 min. Add 2,00 ml of permanganate solution (4.10) and start
the stopwatch immediately. Mix carefully, minimizing the amount of oxygen entering the mixture, and put the flask
back in the water bath. After 9 min, fill two glass spectrometer cells with the test solution and with Millipore-Q water,
respectively. Determine the absorbance of the solution after 10 min 4= 10 s in comparison with the Millipore-Q water
at a wavelength of 420 nm.

The reaction §me is critical as slowly oxidizing components, e.g. caprolactam, will continue to react.-The test solution
shall only be| exposed to the light source of the spectrometer during the last minute of thé)reactipn time. A
spectrometer [provided with a chopper is preferred.

Carry out a blank determination in the same way. Measure the absorbance of the blank directly after thaf of the test
solution but allowing the same reaction time of 10 min 4= 10 s.

If the absorbances of e.g. a series of test solutions are measured and/or the absorbances of the test solufion and the
blank are not measured in direct succession, the drift of the spectrometer shall_not exceed 0,1 % of full Scale during
the total lenggh of time. The specification for PAN water is < 0,67 PAN units, which corresponds, for a glass cell of
5cm in length, to an absorbance of < 0,020. For a glass cell of 5 cm in length and a difference in timg of 10 min
between the fijrst measurement and the last measurement of a series, the"drift of the spectrometer shall [not exceed
0,02 x 0,1 %|= 0,000 02 absorbance units/10 min = 0,000 12 absorbance units/h.

8 Calculagion

Calculate the jpermanganate absorption number (PAN) using the formula

1
PAN = (111 - Ao) X %

where
A is the absorbance of the test-solution in comparison with Millipore-Q water;
A is the absorbance of:th& blank solution in comparison with Millipore-Q water.
9 Precisign

The reprodudibility of this method is not known because inter-laboratory data are not available. Hgwever, the
reproducibility is/expected not to deviate significantly from the estimated reproducibility given in Table 3. Inter-
laboratory da‘a are being obtained and will be added at the next revision.

Repeatability data, however, have been determined within one laboratory by ninefold analysis of six caprolactam
samples on two separate occasions. This was done using the method in ISO 8660:1988 and also using the method
in this edition (i.e. with the test solutions buffered at pH 7,0). Results are given in Tables 1 and 2.

For PAN values between 0,6 and 10, the repeatability of the buffered method specified in this edition of ISO 8660,
expressed as coefficient of variation, can be seen to lie between 0,7 % and 2,3 %.

Reproducibility data for the buffered method specified in this edition of ISO 8660 have been estimated by analysis of
a 50 % caprolactam solution over a longer period of time and with two laboratories involved.

For PAN values around 3,5, the reproducibility of the buffered method specified in this edition of ISO 8660, expressed
as the coefficient of variation, is expected to lie between 4,5 % and 5,5 %.

4 © 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=d80401acfd255f6f9475fabfe509c6bf

ISO 8660:2002(E)

Table 1 — Repeatability data for first set of analyses

Caprolactam sample
Parameter? ! 2 _3_ 4 > °
Edition of ISO 8660 used
2002 1988 2002 1988 2002 1988 2002 1988 2002 1988 2002 1988

T 0,60 0,68 4,39 4,45 3,89 4,87 6,04 7,24 8,59 9,99 10,49 | 10,76
Sr 0,01 0,03 0,06 0,16 0,07 0,24 0,07 0,15 0,06 0,28 0,10 0,36
(4Y) 2,3 4,4 15 3,6 1.8 4,9 1,2 2,1 0,7 2,8 0,9 3,3
For the method specified in this edition of ISO 8660, x was varied between 0,60 and 10,49.
2 The meanings of the parameters are as follows:

x is the mean PAN value;

Sr is the repeatability standard deviation of the mean;

Ccv is the repeatability coefficient of variation.

Table 2 — Repeatability data for second set of analyses
Caprolactam sample
1 2 3 4 5 6
Parametef? —
Edition of 1SO 8660 used
2002 1988 2002 1988 2002 1988 2002 1988 2002 1988 2002 1988

T 0,65 0,70 4,46 5,12 3,73 4,33 6,17 7,21 8,72 9,06 1p,36 | 11,49
S 0,01 0,03 0,05 0,29 0,07 0;19 0,12 0,40 0,10 0,14 g,11 0,32
cVv 11 4,2 11 5,7 1.8 4,3 2,0 55 1,2 15 1,1 2,7
For the method specified in this edition of ISO 8660, x waswaried between 0,65 and 10,36.
2 The meanings of the parameters are as follows:

x is the mean PAN value;

Sr is the repeatability standard deviation 0f the mean;

CVv is the repeatability coefficient of-variation.

Table 3 — Estimated reproducibility data
Parameterd Laboratory 1 Laboratory 2

T 3,57 3,38
SR 0,20 0,15
CcVv 55 4,5
Number of analyses 37 22
Number of analysts > 10 3
2 The meanings of the parameters are as follows:

x is the mean PAN value;

SR is the reproducibility standard deviation of the mean;

CcVv is the reproducibility coefficient of variation.
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