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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 ISQ, alsa take part in the work. 1SO collaborates closely with the International Flectrotechnical
Commission|(IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'3.

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member‘bodies casting a vote.

Attention is drawn 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 patent rights.

International|Standard 1SO 15033 was prepared by Technical Committee ISQATC 61, Plastics, Subcommjttee SC 5,
Physical-chemical properties.

Annex A formis a normative part of this International Standard. Annex:B’is for information only.
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Introduction

The basic method specified in this International Standard can be used for the HPLC determination of the cyclic
oligomers of caprolactam up to and including the hexamer (n = 6), using UV detection. Simultaneously, after post-
column reaction of the primary amine with 1,2-phthalic dicarboxaldehyde, on-line determination of the linear
oligomers up to and including the hexamer can be carried out.

The deter‘nination is not quantitative for oligomers higher than the hexamer (n> 6). In the determindtion of cyclic
oligomers| the sensitivity for the tetramer and higher oligomers is constant, which means that calibfation should
take place|up to and including the tetramer (n = 4).

For the dgtermination of linear oligomers, it is assumed that the fluorescence sensitivity” of the pfoduct of the
reaction between the primary amino group and 1,2-phthalic dicarboxaldehyde and r3-mercaptopropionic acid is
determinefl only by the iso-indole group, so that calibration with e~aminocaproic acid (nh = 1) is sufficient.

In general, the separation between g-caprolactam and the cyclic dimer is sufficient. However, if thgre is a large
excess of [e-caprolactam relative to the cyclic dimer, the latter cannot be determined quantitatively. For|these cases,
an alternajive HPLC method, using the same basic equipment, is included\in this International Standarg.

© 1SO 2000 — All rights reserved \
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Plastics — Determination of caprolactam and its cyclic and linear

oligom

ers by HPLC

WARNING — Use of this International Standard may involve hazardous chemicals, materials or operations.

This stanc
responsibi
regulatory

1 Scoy

ard does not purport to address all of the safety problems associated with its use. If.I4
ity of the user to establish proper safety and health practices and determine the applicahilit
limitations prior to use.

e

This Inter

the conceptrations of cyclic oligomers of caprolactam, from 0,01 % by mass upwards, and linear
caprolactgm, from 5 mg/kg upwards, both up to and including the hexamer ‘of caprolactam (n=6), i

ational Standard specifies an HPLC (high-performance liquid chromatoegraphy) method fo

the
y of

determining
oligomers of
N samples of

polyamide| 6, caprolactam and mixtures of rearrangement products in watet, However, if there is a lafge excess of

caprolactgm (n=1) relative to the cyclic dimer (n=2), the latter canfiot’be determined quantitative

cases, an

and the cyclic dimer of caprolactam at concentrations of 0,01 %%y mass and higher in samples of

caprolact

2  Princ

2.1 Method A — Determination of the cycliciand linear oligomers of caprolactam

A test sa
mobile ph
absorption
of the pri
are calcul

2.2 Method B — Determination of caprolactam and the cyclic dimer of caprolactam

A test sar
presence
absorption
calibration

Iternative method is specified. This method uses HPLC to.determine the concentrations of

m and mixtures of rearrangement products in water.

iple

se using a column filled with.reversed-phase packing material. The cyclic oligomers are de
at 200 nm. Simultaneously, the linear oligomers are detected by fluorescence after post-col
ary amino group with 1,2-phthalic dicarboxaldehyde and 3-mercaptopropionic acid. The ¢
ted by comparison of the'measured values with those of calibration solutions.

hple is disselved in, or diluted with, formic acid and the two components separated by
bf a low-pH'mobile phase using a column filled with reversed-phase packing material. Deted
at 200>nm. The concentrations are calculated by comparison of the measured values
selutions.

y. For these
caprolactam
polyamide 6,

ple is dissolved in, or diluted with,formic acid and the oligomers separated in the presence of a low-pH

tected by UV
uMmn reaction
bncentrations

HPLC in the
tion is by UV
vith those of

3 Reagents

During the
3.1 Dist

3.2 Pho
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analysis, unless otherwise stated, use only reagents of recognized analytical grade.
illed water, Millipore-Q or double-distilled.

sphoric acid, 85 % by mass.
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horic acid, 1 mol/l.

Introduce 68 ml of phosphoric acid (3.2) into a 1 litre volumetric flask, make up to the mark with water (3.1) and mix

well.

3.4 Acetonitrile.

3.5 Formic acid, concentrated.

3.6 Caprolactam.

3.7 Cyclic
3.8 Cyclic
3.9 Mixtur

3.10 &Amir

3.11 Helium.

3.12 Eluent
(3.1), make (

3.13 Eluent
(3.1), make U

3.14 Boric &
3.15 Potass
3.16 1,2-Ph
3.17 Ethang
3.18 3-Mertq

3.18 Post-c
pH of the so

(3.16) in 20 Ml of ethanol (3.17) and add this solution to the boric acid reagent. Add 2 ml of 3-mercapt

acid (3.18) tq

NOTE TH
methanol extr
presence of of

fimer-of caprotactam,—isotated-by HPEC(seenote):

trimer of caprolactam, isolated by HPLC (see note).

b of cyclic oligomers of caprolactam, isolated by HPLC (see note).
ocaproic acid.

for method A:  add 10 ml of acetonitrile (3.4) and 10 ml of phgsphoric acid (3.3) to 900 n
p to 1 litre and saturate with helium (3.11).

for method B: add 150 ml of acetonitrile (3.4) and 10.mil-of phosphoric acid (3.3) to 800 1
p to 1 litre and saturate with helium (3.11).

cid.

ium hydroxide flakes.
thalic dicarboxaldehyde.
I, 96 % by volume.
aptopropionic acid.

blumn derivatization réagent:  dissolve 50 g of boric acid (3.14) in 1,5 litres of water (3.1)
ution to 10 using potassium hydroxide flakes (3.15). Dissolve 1,6 g of 1,2-phthalic dicarbg

the reagent, make up to 2 litres and mix well.

e cyclic . dimer, the cyclic trimer and the mixture of cyclic oligomers of caprolactam can be isold
ct of PAG-by preparative HPLC, using the HPLC method described here. The purity of the dimer and
her oligomers can be checked using method A described in this International Standard.

| of water

nl of water

Raise the
xaldehyde
opropionic

ted from a
he possible

4  Apparatus

41 HPLC

equipment, having the following specifications:

pressure drop of approximately 140 bar.

Eluent pump, including mixer, damper and manometric module, giving an eluent flow rate of 1,2 ml/min and a

Injector, e.g. auto-sampler for 1 pl to 50 pl injections, equipped to carry out a variable injector programme (see

annex A). The injector shall be capable of accommodating at least three components in the sample loop.

© 1SO 2000 — All rights reserved
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— Column:
— stainless steel
— inside diameter: 4 mm
— outside diameter: 8 mm
— length: 250 mm

— temperature: 40 °C

— packing: reversed-phase C18 silica or equivalent
— plarticle size: 0,005 mm

— UV detector, wavelength 200 nm.

And additipnally, for method A:

— Reagent pump, including manometric module and pulse damper, giving a reagent flow rate of 0,5 |ml/min and a
reagent pressure drop of approximately 20 bar.

— Reaction coil:
— slainless steel or PEEK
— length: 12 m
— inpside diameter: 0,35 mm
— teémperature: 25 °C
— Fluorgscence detector:
— excitation: 330 nm
— @mission: 420 nm
— filter: >390 nm
— time constant:‘Q;3's

— detector.celf: 12 pl

The resolytion ‘of the column shall be such that baseline separation of the components of interest i$ obtained. A
schematichg;am—eL&n—HP—l:@-&ppaaﬂ&ns—gma—m—amex—B’ ts—¢i i -

4.2 Microbalance, accurate to 0,1 mg.

4.3 Ultrasonic vibration bath.

4.4  Volumetric flask, 25 ml.

5 Testsample

For polyamide 6 and caprolactam, the maximum sample size shall be 0,5g. For mixtures of rearrangement
products in water, a maximum sample size of 1,25 g shall be used.

© I1SO 2000 — All rights reserved 3
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6 Procedure

6.1 Method A — Determination of the cyclic and linear oligomers of caprolactam

6.1.1 Calibration

Prepare a series of three calibration solutions with concentrations increasing from 100 mg/l to 1500 mg/l by
dissolution in formic acid (3.5) for caprolactam, the cyclic dimer, the cyclic trimer and the oligomer mixture (3.6 to
3.9). Prepare a series of three solutions of &~aminocaproic acid (3.10) with concentrations increasing from 2 mg/l to
15 mg/l by dissolving in formrc acid (3. 5) Pump eIuent (3 12) through the column at a rate of 1 2 ml/min. Starting

with the lowg
accordance

annex A. Re
rate of 0,5 m
Measure the

Repeat the i
calibration sq

wrth the IHJECIOI’ programme grven in annexA Elute in accordance Wlth the gradrent t|
cord the UV chromatogram. Immediately after UV detection, add the post-column reagent
I/min, mixing the eluent and the reagent in the reaction coil. Record the fluorescence,chro
peak area of the component(s).

hjection of 5 pl successively for the other calibration solutions of the samercemponent ang
ries.

6.1.2 Deterjmination

Introduce a t
and dissolve
eluent (3.12
accordance

annex A. Re
(3.19) is add
fluorescence|
linear oligom

6.2 Metha

6.2.1 Calib

Prepare a s¢
1500 mg/l by
(3.7) with co
(3.13) throug
inject 5 pl of
Elute in accd
of the compag

Repeat the i
second calib

pst sample (see clause 5) into a 25 ml volumetric flask. Add 20'ml of formic acid (3.5), clos
the sample, optionally by using ultrasonic vibration. Make up{to the mark with formic acid (3
through the column at a rate of 1,2 ml/min. Inject 5 pl of the sample solution into the
with the injector programme given in annex A. Elute 'in”accordance with the gradient ti
cord the UV chromatogram (see Figure 1). Immediately after UV detection the post-colu

ed at a flow rate of 0,5 ml/min, mixing the eluent*and the reagent in the reaction coil. R
chromatogram (see Figure 1). Measure the, peak areas of the cyclic oligomers (UV detg

ers (fluorescence detection) up to and including the hexamer.
d B — Determination of caprolactant-and the cyclic dimer of caprolactam
ation

ries of three calibration splutions of caprolactam (3.6) with concentrations increasing from 1
dissolving in formic acid-(3.5). Prepare a series of three solutions of the cyclic dimer of c4
ncentrations increasing.from 100 mg/l to 1500 mg/l by dissolving in formic acid (3.5). PuU

the calibration selution into the column in accordance with the injector programme given i
rdance with the-gradient timetable in annex A. Record the UV chromatogram. Measure the
nent.

hjectionof 5 pl successively for the other two calibration solutions of the same compone
ation, series.

column in
etable in
3.19) at a
natogram.

the other

b the flask
.5). Pump
column in
etable in
n reagent
ecord the
ction) and

00 mg/l to
\prolactam
mp eluent

h the column at aflow rate of 1,2 ml/min. Starting with the lowest concentration of a calibration series,

N annex A.
peak area

nt and the

6.2.2 Determination

Introduce a test sample (see clause 5) into a 25 ml volumetric flask. Add 20 ml of formic acid (3.5), close the flask
and dissolve the sample, optionally by using ultrasonic vibration. Make up to the mark with formic acid (3.5). Pump
eluent (3.13) through the column at a rate of 1,2 ml/min. Inject 5 ul of the sample solution into the column in
accordance with the injector programme given in annex A. Elute in accordance with the gradient timetable in
annex A. Record the UV chromatogram (see Figure 2). Measure the peak areas of caprolactam and the dimer of

caprolactam.

© 1SO 2000 — All rights reserved
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=
n=1
35.00—
30.00— n=3 n=4n=5
n=2 n=6
25.00—]
20.00—
15.00— A J
I I | I
0.00 4.00 8.00 12.00 16.00
Retention time in minutes
a) Cyclic oligomers
6.05
6.04
6.03
6.02—]
[ I I [
0.00 4.00 8.00 12.00 16.00

Retention time in minutes
b) Linear oligomers

Figure 1 — Chromatograms obtained with method A
(determination of the cyclic and linear oligomers of caprolactam)

© 1SO 2000 — All rights reserved
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160.00 1

np
j
(@)
@

80.007

40.007]

f i !
0.00 2.00 4.00 6.00

Retention_time in minutes

Key
1 Caprolactam
2 Cyclic dinjer

Figure 2 — Chromatogram obtained with method B
(determination of caprolactam and the cyclic dimer of caprolactam)

7 Calculations

7.1 Method A— Determination of the cyclic and llnear oligomers of caprotactam
7.1.1 Calculation of calibration factors

7.1.1.1  Calibration factors for cyclic oligomers

Calculate the calibration factor for the relevant component for each solution using the following equation (see
note 1):

= fc (1)

6 © IS0 2000 — All rights reserved
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Cc
Ac
2(F-A)
f

ISO 15033:2000(E)

is the concentration of the relevant component in the calibration solution, in mg/I;
is the peak area of the relevant component;
is the sum of the concentrations of any other cyclic oligomers in the calibration solution, in

is the calibration factor for the relevant component.

mgl/l;

Calculate the calibration factors for n=1 up to and including n= 3 by taking the mean value of the three calculated

calibration

factors in the series for the relevant component.

The calibr
The calibr

calibration

The calibr
than 5 %.

NOTE 1
caprolactan

NOTE 2
approximat

7.1.1.2

Calculate

Ce1 _

Ac1

where

q

Ccl i\.

Act s

i9

fe1

Calculate

factors in the series.

The calibr
than 5 %.

htion factors for the tetramer (n=4) up to and including the hexamer (n = 6) are assumed\to
htion factor for the oligomers from n=4 up to and including n= 6 is calculated from the“chrd
the oligomer mixture, the calibration factors for n=1 up to and including n=3 being known. (

btion shall be repeated if the relative difference between the calibration facters’ for two solu

n and/or the cyclic dimer if the latter are known.

bly three orders of magnitude, and do not interfere with the determination.

factor for n= 4 to n= 6 by taking the mean value of the three calculated calibration factors in

The calibration factor for e.g. n = 3 can also be calculated by using for instance a calibration solution

Usually, the linear oligomers are present in polyamide 6 at a concentration lower than that of the cycli

Calibration factors for linear oligomers

he calibration factor for s-aminocaproic acid for gach solution using the following equation:

fcl

the concentration of e~aminogaproic acid in the calibration solution, in mg/l;
the peak area of s~aminacaproic acid;
the calibration factorfor s-aminocaproic acid.

he calibration-factor for s-aminocaproic acid by taking the mean value of the three calculat

htion shall'be repeated if the relative difference between the calibration factors for two solu

be constant.
matogram of
Calculate the
the series.

fions is more

lso containing

C oligomers by

)

pd calibration

fions is more

Calculate

he-calibration factors for the linear nlignmorc forn=1 up toand inr\lur’ling n=6 from the cali

ration factor

for e-aminocaproic acid on the basis of the ratio of their molecular mass to that of caprolactam (see Table 1), using
the following equation:

for X M, = f,
where
M; is the molecular mass ratio for the relevant component in Table 1;
fe1 is the calculated calibration factor for s-aminocaproic acid;
fc  is the calibration factor for the relevant component.
© 1SO 2000 — All rights reserved
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Table 1 — Molecular mass of linear oligomers relative to that of

gaminocaproic acid

Component Molecular mass, M Molecular mass ratio, M;
gAminocaproic acid 131 1
Dimer 244 1,86
Trimer 357 2,73
Linear tetramer 470 3,59
Linear pentamer 583 4,45
Lingar hexamer 696 5,31

7.1.2 Test

7121

Calculate thg
using the fol
0,01 % for cd

fo X Agq
400 x m

where

fo Isth
Acs isth
my is th
Ces IS th
7.1.2.2

Calculate thq
following eqy

fo X Agg
My

Calculation of cyclic oligomer concentrations

Calculation of linear oligomer concentrations

sample

e concentration, in % by mass, of each of the cyclic oligomers from™r=1 up to and inclu
owing equation, rounding the result to 0,1 % for concentrations greater than or equal to 1(
ncentrations below 10 %:

— = Ccs

L=y

e calibration factor for the relevant component, calculated in accordance with 7.1.1.1;
e peak area of the relevant component;
e sample size, in g/25 ml;

e concentration of the relevant component in the sample, in % by mass.

concentration,in mg/kg, of each of the linear oligomers from n= 1 up to and including n= §
ation, rounding.the result to 1 mg/kg in each case:

x 25

=Ccs

where
fe

Acs

is the calibration factor for the relevant component, calculated in accordance with to 7.1.1.2;
is the peak area of the relevant component;
is the sample size, in g/25 ml;

is the concentration of the relevant component in the sample, in mg/kg.

ding n=6
% and to

(4)

using the

®)

© 1SO 2000 — All rights reserved
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7.2 Method B — Determination of caprolactam and the cyclic dimer of caprolactam

7.2.1 Calculation of calibration factors

Calculate the calibration factor for the relevant component for each solution using the following equation:

Cc

_fc

(6)

fo g

Calculate

the concentration of the relevant component in the calibration solution, in mg/l;
the peak area of the relevant component;
the calibration factor for the relevant component.

the calibration factors for caprolactam and the dimer of caprolactam by taking the mean

three calclyilated calibration factors in the series for the relevant component.

The calibr
than 5 %.

7.2.2 Te

Calculate
equation,

htion shall be repeated if the relative difference between the calibration factors for two solu

5t sample

he concentration, in % by mass, of caprolactam and\the cyclic dimer of caprolactam using
rounding the result to 0,1 % for concentrations greater than or equal to 10% and t

concentrations below 10 %:

foxXPes _
4004my Ces
where
fco i3 the calibration factor for the-relevant component, calculated in accordance with 7.2.1;
Acs i the peak area of therefevant component;
mg ig the sample siZe,)in g/25 ml;
Ccs 1§ the cone€éntration of the relevant component in the sample, in % by mass.
8 Precjsion

value of the

fions is more

the following
b 0,01 % for

()

The precision of this method is not known because inter-laboratory data are not available. However, the precision
of the method is expected not to deviate significantly from the precision already determined in one laboratory and

given belo

w. Inter-laboratory data are being obtained and will be added at the next revision.

Precision data within one laboratory were determined by analysis of a reference polyamide 6. The reproducibility of
the determination of the cyclic and linear oligomers of caprolactam using method A was determined by analysis of
68 samples and carried out by six laboratory employees within the laboratory over an extended period of time. In
Tables 2 to 4, X is the mean, sthe standard deviation and CV the coefficient of variation.

© 1SO 2000 — All rights reserved
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Table 2 — Cyclic oligomers — Reproducibility (% by mass)

n=1 n=2 n=3 n=4 n=>5 n==6
X 0,13 0,29 0,27 0,30 0,32 0,33

S 0,0077 0,0134 0,0093 0,0089 0,0136 0,0145
CV (%) 5,99 4,61 3,49 2,97 4,29 4,33

In general, the reproducibility of the determination of cyclic oligomers at a concentration of <0,4 % by mass,

expressed aga coefficientof variation, woutd be expected 1o be between 3% and 6 7.

Table 3 — Linear oligomers — Reproducibility (mg/kg)

n=1 n=2 n=3 n=4 n=>5 n=06

X <4 21 34 68 133 202

S — 2 3 7 7 11
CV (%) — 9,4 9,2 10,6 5,6 5,4

In general, the reproducibility of the determination of linear oligomers:at a concentration of <100 mgfkg (ppm),
expressed ag a coefficient of variation, would be expected to be between 9 % and 10 %, and at cong¢entrations
higher than 100 mg/kg (ppm) lower than 6 %.

The repeatability was determined by analysis of nine samples-in triplicate during a single analysis run.

Table 4 — Cyclic oligomers.— Repeatability (% by mass)

n=1 n=2
X 8,88 0,54

s 0,075 0,0158
CV (%) 0,85 2,90

In general, the repeatability}-expressed as a coefficient of variation, would be expected to be

— approximately 0,9'% at a concentration of 8 % to 9 % by mass for caprolactam;

— approximately 3 % at a concentration of 0,5 % to 0,6 % by mass for the cyclic dimer of caprolactam.

9 Testreport

The test report shall include the following particulars:

a) a reference to this International Standard;

b) all details necessary for complete identification of the sample, including type, manufacturer's code number,
source, trade name, etc.;

c) any deviation from the specifications for the HPLC equipment or from the procedure specified in this
International Standard,;

10
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d) any treatment of the sample prior to the analysis;

e) the mass of the test sample used;

f) the content of the cyclic and linear oligomers of caprolactam in, respectively, % by mass and mg/kg

(method A) or the content of caprolactam and the cyclic dimer of caprolactam in % by mass (method B);
g) arepresentative chromatogram;

h) the date of the analysis.
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