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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 20163:2019(E)

Vulcanized rubber — Determination of free sulfur by
gas chromatography (GC) and high performance liquid

chromatography (HPLC)

WARNING 1 — Persons using this document should be familiar with normal laboratory practice.

use. : :
determine the appllcablllty of any other restrlctlons

WARNING 2 — Certain procedures specified in this document might involve th€ use or
of sybstances, or the generation of waste, that could constitute a local envibonmen
Reference should be made to appropriate documentation on safe handling’and dispos

1 $cope

This|document specifies chromatographic methods for the determination of the inorgani¢

(Sx) hot consumed during the vulcanization of the rubber. Thisimiethod is used primarily
the free sulfur content in different samples.

NOTE 1 In this document, “free sulfur” is used instead of “inenganic free sulfur”.

NOTHE 2  The residual curing agent containing sulfur is 10t concerned by this measure.

2 ormative references

The following documents are referred telin the text in such a way that some or all of t
constitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition-of the referenced document (including any amendme

ISO 1407:2011, Rubber — Determination of solvent extract

3 Terms and definitions
Therf are no term and-definition in this document.
ISO dnd IEC maintain terminological databases for use in standardization at the following g

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

This document does not purport to address all of the safety problems, 1f any, assoc1ated with its
i : and-head actices and to

generation
tal hazard.
h]l after use.

free sulfur
to compare

heir content
applies. For
hts) applies.

ddresses:

— IECGElectropedia: available at http://www.electropedia.org/

4 Principle

The free sulfur is quantified following two techniques: gas chromatography/mass spectrometric
detector (GC-MS) or gas chromatography/flame ionization detector (GC/FID) (method A) and high

performance liquid chromatography/ultraviolet detector (HPLC/UV) (method B).

A sample of vulcanized rubber is first extracted using an appropriate solvent according to ISO 1407:2011
(Method B). A known quantity of triphenylphosphine (TPP) is added to the obtained solution. TPP
reacts with free sulfur to form a stable compound, triphenylphosphine sulfide (TPPS). See Figure 1.

© IS0 2019 - All rights reserved
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X

TPPS, Triphenylphosphine sulfide
(CAS 3878-45-3)

TPP, Triphenylphosphine
(CAS 603-35-0)

Figure 1 — TPP reaction with free sulfur for derivatization

contains aromatic rings, offers the following advantages:

0 have a more active chromophore in UV than sulfur, therefore being more easily detec
/UV;

y, to have sufficient thermal stability to be injectedin*GC.

The following calibration methods are possible for both types of chromatography (GC and HPLC)

preparation

Standar
when s4

Externd
free sul

5 Appar

of samples is the same for GC and HPLC.

d addition method is the preferred calibration method, used to correct matrix effect
mples contain unknown contents of\free sulfur.

] calibration is used in case of(@bsence of matrix effect and to check known conter
fur.

atus

5.1 Balance, precision 0,0Cng.

5.2 Soxhl

5.3 Mater

pt extractor:

ial for-gas chromatography (Method A).

table

The

b and

ts of

5.3.1

5.3.2 Mas

5.3.3 Mas

Injector for either Split Or Spiitiess injection.

s spectrometric (MS) detector or flame ionization detector (FID).

s spectrometer with the following specifications:

transfer line temperature: 300 °C;
ionizing energy: 70 eV;
scan range: 33 m/z to 600 m/z;

analysis mode: full scan.
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5.3.4 Data system, using an acquisition and a data processing software.

5.3.5 Apolar capillary column.

A column 5 % diphenyl-dimethylpolysiloxane of 30 m length, 0,25 mm diameter and 0,25 pm thickness

film,

is usually appropriate.

The use of an autosampler is recommended for a better precision.

5.4

Material for liquid chromatography (Method B).

5.4.1

5.4.2

5.4.3

5.4.4

5.4.5

Solvent pump, allowing the use of gradient.

Injector, allowing injection of variable volumes.

Ultraviolet (UV) detector.

Data system, using an acquisition and a data processing software,

Column, for example, a cartridge with C18 type silica-bound.

A column of 15 cm length, 4,6 mm diameter and 5 pm partiglessize, is usually appropriate.

6 Reagents and materials

6.1 | Standard solutions

6.1.1 TPP, analytical grade.

6.1.1 TPPS, analytical grade.

6.1.3 Tetrahydrofuran (THE), HPLC grade.

6.2 | Materials for preparation of samples

6.2.1 Single use'polytetrafluoroethylene (PTFE) filters, 25 mm diameter, 0,45 um poro
6.2.2 Solvent for extraction, according to ISO 1407:2011, Table A.1, or any suitable
dichloromethane).

Sity.

solvent (e.g.

6.2.3 THF, HPLC grade.

6.3

Reagents used in GC

6.3.1 Helium, purity = 99,999 % or purity 2 99,999 9 % quality, as carrier gas (hydrogen can also
be used).

6.3.2 Air and hydrogen, purity = 99,99 %.

6.3.3 Syringe rinsing solvent: cyclohexane of analytical grade (or other solvent for the sample
dissolution).

© ISO

2019 - All rights reserved
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6.3.4 Rinsing solvent used between each injection series: THE, HPLC grade.
6.4 Elution solvents used in HPLC

6.4.1 Water, ultrapure quality (resistivity = 18 MQ-cm) used for the preparation of ammonium acetate
buffer solution (pH 6,7).

6.4.2 Acetonitrile, HPLC grade.

6.4.3 Ammonium acetate analytical grade, used for the preparation of huffer solution using 10-2
mol/l of ammonium acetate.

7 Preparation of standard solutions and calibration curves

7.1 Standard addition method
The standard solutions of standard addition method shall be prepared as specified below.

Add standard solutions varying in concentration to the sample solution into several even aliqudts in
separate volumetric flasks of the same volume.

The standand solutions A, B, C, D and E correspond to the concentration range from 5 x 10-4 mol/1 to
5 x 1073 mql/1 of TPPS. The preparation of the standard solutions shall be carried out in accordance
with Table A.1.

The concentration range shall be adapted in function of the‘requested quantification limit.

Add 0,5 ml of each standard solution to the sample solution (F, prepared according to Clause 8):
— G=F (0[5 ml)+A (0,5 ml);

— H=F (0[5 ml) + B (0,5 ml);

— I=F(0,bml) +C (0,5 ml);

— J=F (0,5 ml)+D (0,5 ml);

— K=F(0[5ml) +E (0,5 m}:

The injected volume is Lplin GC (Method A) and 20 pl in HPLC (Method B).

The calibratfion curve is'obtained by plotting the peak area of G to K solutions versus the concentrations
of the standprds TPPS, A to E, see example in Figure 2.

In the absengéof autosampler, repeat the injections three times and report the average of the three values.

7.2 External calibration method

The various solutions are prepared and correspond to the concentration range from 5 x 10-3 mol/] to
6 x 1075 mol/l of TPPS. The preparation of the standard solutions shall be carried out in accordance
with Table B.1.

The concentration range shall be adapted in function of the requested quantification limit.
The injected volume is 1 pl in GC (Method A) and 20 pl in HPLC (Method B).
The calibration curves are obtained by plotting the peak area function of the initial concentration of TPPS.

In the absence of autosampler, repeat the injections three times and report the average of the three values.

4 © IS0 2019 - All rights reserved
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8 Preparation of samples

Weigh a test piece of vulcanized rubber (4 g is currently used), cut it into pieces and extract according
to ISO 1407:2011, Method B.

Evaporate the obtained solution under partial vacuum using a rotary evaporator. Dilute the residue
using 5 ml of THF.

NOTE The use of SPE (solid-phase extractor) cartridge, having a volume capacity of approximately 2 ml or
5 ml, can improve the purification of the extract.
Introduce the solution in a flask of 10 ml; add 4 ml of solution of TPP 10-1 mol/I to this solution. Complete
up td 10 ml with THF. Filtrate with PTFE filter.
In order to have a total derivatization, it might be necessary to use a larger volume’of TPP to be in
exce$s related to free sulfur in the sample.
The tests shall be duplicated. Two test pieces per sample are extracted and derivatizated.
9 Chromatographic procedure
9.1 | Method A by GC procedure
The $plit ratio is 42 and the split flow is 50 ml/min.
The injector temperature is 250 °C.
The flowrate of the carrier gas (helium) is set at 1,2\ml/min.
In the case of a FID detector, the flowrate -0f* air and hydrogen are 450 ml/min and| 40 ml/min
respectively. The detector temperature is 320°C. The make-up could be adjusted.
The injected quantity is 1 pl.
The ¢olumn oven temperature program is shown in Table 1.

Table 1 — Column oven temperature program

o . Next Hold
Oven ramp C /min oC min
Initial 50 0,00

Ramp 1 25,00 150 0,50

Ramp 2 10,00 250 0,00

Ramp 3 25,00 320 10,00

Post run — 0,00 0,00
NOTE For information, the retention time for TPP and TPPS is 12,75 min and 16,10 min respectively.

An example of chromatogram for method A is found in Figure C.1.

9.2

Method B by HPLC procedure

9.2.1 General

Two

elution solvents are used in this method.

The temperature of the column is standard laboratory temperature.

The wavelength of detection is fixed to 260 nm.

© IS0 2019 - All rights reserved
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The gradient elution program used is the following:

— solvent A: buffer aqueous solution at pH = 6,7, using ammonium acetate;
— solvent B: acetonitrile;

— flowrate: 1 ml/min.

NOTE1 Solvents can be continuously degassed.

NOTE 2 For information, the retention time for TPPS and TPP is 8,96 min and 11,96 min respectively.

£l L L il dD . I o co
An example orentromarogramrror metmoa oS rotra i rigure =

9.2.2 Stampdard addition method

The operatihg conditions for standard solutions including the sample are given in Table(2,

NOTE The gradient condition can be adapted depending on the sample analysed.

Table 2 — Operating conditions for sample solutions

Time t Solvent A Solvent B
min % %
t= 50 50
t=12 min 0 100
t=30 min 0 100
t = B5 min 50 50
t =45 min 50 50

9.2.3 External calibration method

The operating conditions for external calibration solutions are given in Table 3.

Table 3 — Operating conditions for external calibration solutions

Time ¢t Solvent A Solvent B
min % %
t=0 50 50
t = 12min 0 100
t=13 min 50 50
t=20 min 50 50

The operati hg conditions for the camp]n solution are givnn in Table 2

10 Sample analysis and calculation

10.1 General
Check that the calibration curve is linear and the determination coefficient r2 is greater than 0,99.

In order to obtain quantitative results, basic chromatographic rules shall be respected in term of
resolution, coelution, etc.

Check in the obtained chromatogram that the derivatization reaction is complete, i.e. the TPP peak is
saturated. Examples of chromatograms are given in Figure C.1 (GC) and Figure C.2 (HPLC).

6 © IS0 2019 - All rights reserved
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10.2 Calculation using standard addition method

The concentration of TPPS shall be calculated, in mol/l], using the equation of the calibration curve
typically y = a x + b, where linear regression is performed to the point on the abscissa x-axis at which
y = 0. Using the slope (a) and y-intercept (b), this concentration x will be x = abscissa (-b/a).

Y
_~
K
/ J'
I
Zero
Absorbance H
G
¢
1 Oy {
X
Concentration  AddnO Addn 1 Addw2 Addn 3 Addn 4
of Sample AddnofA  AddnofB AddnofC  AddnofD AddnofE

Key
X  doncentration
Y 4dbsorbance

Figure 2 — Standard addition calibration curve

The ¢ontent of free sulfur in the test piece shall be calculated, in ug/g (ppm), using Formuld (1):

Ifree sulfur content = crppg XV xMx10°® /m (1)

where
drpps is the/TPPS concentration in mol/l;
¢ is‘the volume of TPPS solution obtained after derivatization of the sample (10 x{10-31);

M is the atomic weight of sulfur (32,06 g/mol);

m 1S The mass of the test piece In g.

A test result shall be the average of two tests in either of method A or method B.

10.3 Sample analysis and calculation using external calibration method

Once the calibration system has been established, run the sample extract prepared in accordance with
Clause 8 using the procedure described in 9.1 (Method A) or 9.2 (Method B).

The concentration of TPPS shall be calculated, in mol/l, using the equation of the calibration curve and
the TPPS area obtained for the test piece.

The content of free sulfur in the test piece shall be calculated, in ug/g (ppm), using the Formula (1).

© IS0 2019 - All rights reserved 7
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A test result shall be the average of two tests in either of method A or method B.

11 Precision

For precision, see Annex D.

12 Test report

The test report shall include the following information:

a) Sample|details:
1) full|description of the sample;
2) thelextraction solvent used;
3) extractrate (for information);
b) Test method:
1) afufll reference to the test method used, i.e. ISO 20163:2019;
2) theltest procedure used, i.e. method A (GC-MS or GC/FID) or,miethod B (HPLC/UV);
3) thejcalibration procedure used, i.e. standard addition method or external calibration;
c) Testdefails: details of any procedures not specified in this‘document;
d) Testresults;
1) the[number of test pieces used;
2) the|mean results, expressed in pg/g (ppm], and rounded to one place of decimals;

e) Date(s) pf test.

8 © IS0 2019 - All rights reserved
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Calibration using standard addition method

The solutions are prepared by successive dilutions of a TPPS solution of 102 mol/l, obtained by
dissolving 294 mg of TPPS, exact to 0,01 mg (molecular weight M = 294,36 g/mol) in 100 ml of THF.

Take|off 10 ml of the solution and introduce it into a flask of 100 ml, then complete with™T

marlk. This dilution with THF gives a solution of 103 mol/1.

NOTH The order of injection standard solutions is generally from the less coneentrated

concgntrated.

Table A.1 — Steps for preparation of the standard solutions fer.the calibration

HF up to the

to the more

range

References Solutions TPPS coI:llgle/rlltration
A 5 ml of 0 mol/I1 solution 0
B 5 ml of 10-3 mol/1 solution then complete up to 10 ml 5x 10
C 1 ml of 10-2 mol/1 solution then compléte up to 10 ml 1x10P
D 3 ml of 10~2 mol/1 solution then‘¢omplete up to 10 ml 3x10P
E 5ml of 102 mol/1 solution thén complete up to 10 ml 5x 107

The injected volume is 1 pl in GC (method A) ,and 20 ul in HPLC (method B).

© IS0 2019 - All rights reserved
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Annex B
(normative)

Calibration using external standard solutions

The solutions are prepared by successive dilutions of a TPPS solution of 102 mol/l], obtained by
dissolving 294 mg of TPPS, exact to 0,01 mg (molecular weight M = 294,36 g/mol) in 100 ml of THF.

Take off 10

mark. This dilution with THF gives a solution of 10~3 mol/I.

| of the solution and introduce it into a flask of 100 ml, then complete with THF up-tp the

NOTE The order of injection standard solutions is generally from the less concentrated’to the jmore

concentrated|.

Table

The injected

B.1 — Steps for preparation of the standard solutions for the ecalibration range

Solutions

TPPS concentration
mol/1

5 ml of 10~2 mol/I solution
then complete up to 10 ml

5 x 1053

2 ml of 10~2 mol/I solution
then complete up to 10 ml

2 %1073

1 ml of 102 mol/1 solution
then complete up to 10 ml

1x1073

5 ml of 10-3 mol/1 solution
then complete up to 10 ml

5x 1074

3 ml of 10-3 mol/1 solution
then complete up to 10/ml

3x10°4

6 ml of 10-3 mol/1 solution
then complete upte,100 ml

6 x 107>

volume is 1 pl in GC (Method A) and 20 pl in HPLC (Method B).

10
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Examples of chromatogram

Figure C.1 and Figure C.2 are examples of chromatograms for method A and method B, respectively.

Y

180 000

1670 000

1440 000

1240 000 /

1040 000
8(0 000

6740 000
400 000

200000
0 A kL A e

TPP

TPPS

Key
X time (min)
Y 4dbundance

Figure C.1 — Example’of GC chromatogram (method A)

A
3,5 7 TPP = 11,964
3 -
2,5
2 -
O
mn
1,5 )
o
1 A (a9
1 =
0 - :
L I | [ | T T

Key
X  time (min)
Y abundance

Figure C.2 — Example of HPLC chromatogram (method B)
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Annex D
(informative)

Precision

D.1 General

Two interlalLoratory test programs (ITPs) for precision evaluation for free sulfur content were.ca

out using re
second in 2(}
in ISO 1998]

The ITP’s wj
(efficient vu

A TPPS sta
transportat

The testing
measureme
determinati

D.2 Inter

D.2.1 Four

individual de

different tes

General sta
terms of bof]
resulting fr
Table D.1 fo

The precisid
any group o
actually app

The 2016 IT]

Repeata
found i

spectively two calibration methods; the firstin 2016 (external calibration methed) an
17 (standard addition method), using the precision procedures and guidelines-as'desc
:2017 Method A.

pre conducted using two compounds based on NR (conventional vulcanization) and H
[canization). They were tested using methods A (GC) and B (HPLC).

hdard of known concentration (32,8 mg/1), prepared by one-laboratory and seale
on, is also tested to control the analyses.

was conducted on a day 1 vs day 2 repeatability basis,”with 7 days between thg
hts. On each day, the test is duplicated and the test resultiis the mean value of two indiv
pns of sulfur content by method A or B.

laboratory test program (ITP) No 1(2016)

laboratories participated in the 20%6°ITP. A test result represents the mean for
terminations of free sulfur content'obtained on each of material (NR and EPDM) or
days, seven days apart.

ements for the use of the precision results for free sulfur in NR and EPDM are giv

h the absolute precision 1y, ahd R, and the relative precision, (rp) and (R). The precision|

pm the ITP, using the oltlier replacement and outlier deletion procedures, are set for
the method A (GC).dnd'in Table D.2 for the method B (HPLC).

nresults as detérmined by this ITP may not be applied to acceptance or rejection testir
materials oryproducts without documentation that the results of this precision evalu
ly to the products or materials tested.

repeatability and reproducibility statements are as follows.

blllty The W1th1n day repeatablhty has been estabhshed for each materlal by the v

rried
d the
ribed

PDM

1 for

day
idual

two
two

en in
data
th in

g for
ation

hlues

j that

12

differ by more than the tabulated values for r, in measurement units and (r), in percent shall be
considered as suspect, i.e. to have come from different populations. Such a decision suggests that
some appropriate investigative action be taken (see ISO 19983:2017, Annex E).

Day-to-dayrepeatability: The day-to-day repeatability, orlocal domain precision, hasbeen established
for each material by the values found in Table D.1 or D.2. Two single test results (obtained by the
proper use of this standard) that differ by more than the tabulated values for rj, in measurement
units and (rp), in percent, shall be considered as suspect, i.e. to have come from different populations.
Such a decision suggests that some appropriate investigative action be taken (see ISO 19983:2017,
Annex E).

Reproducibility: The reproducibility, or global domain precision, has been established for each
material by the values found in Table D.1 or D.2. Two single test results obtained in different

© ISO 2019 - All rights reserved
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laboratories (by the proper use of this standard) that differ by more than the tabulated values for
R, in measurement units and (R), in percent, shall be considered as suspect, i.e. to have come from
different populations. Such a decision suggests that some appropriate investigative action be taken
(see ISO 19983:2017, Annex E).

Table D.1 — Precision for free sulfur using method A (GC) - ITP No. 1 (2016)

Within laboratory, | Within laboratory, .
o Between laboratories
within-day day-to-day
No of labora-
. Mean toriesa
Material value S, r () S, o (rp) Sp R (R)
(ppm)

NR 55,2 10,7 | 30,4 | 55,1 | 10,7 | 30,4 | 55,1 | 20,3 | 574 | 1044 4
HPDM 112,3 199 | 56,3 | 50,2 | 36,5 | 103,4 | 92,1 | 60,0 | 169,8 | 151,2 4
TTPS

(328 mg/1) 30,0 mg/1 3,8 10,6 | 355 | 4,3 12,1 40,4 4

a2 Number of laboratories after deletion of outliers.

= within-day within laboratory standard deviation (in measurement units)

r = wjthin-day repeatability (in measurement units)

(r) = within-day repeatability (in percent of mean level)

s,p = Hay-to-day within laboratory standard deviation (pooled over all labgratories, in measurement units)
rp = day-to-day repeatability (in measurement units)

(rp) 4 day-to-day repeatability (in percent of mean level)

sg = Hetween-laboratory standard deviation (for total between laboratory variation, in measurement units)
R = r¢producibility (in measurement units)

(R) =[reproducibility (in percent of mean level)

Table D.2 — Precision for free’sulfur using method B (HPLC) - ITP No. 1 (2016)

Within laboratory, | Within laboratory, .
e gz O Between laboratories
within-day day-to-day
N¢ of labora-
. Mean tories?
Material value S, r (3] S p (rp) Sp R (R)
(ppm)

NR 31,1 6,7 19,1 | 61,5 76 | 21,5 | 694 | 10,7 | 30,2 97,4 4
HPDM 99,9 15,4 | 43,5 | 43,5 | 25,0 | 70,6 | 70,7 | 35,8 | 101,2 | 101,2 4
TTPS

(32)8 mg/1) 31,9 mg/1 0,4 1,2 3,8 0,7 2,0 6,3 4

a  Numberof laboratories after deletion of outliers.

= within-day within laboratory standard deviation (in measurement units)

r = within-day repeatability (in measurement units)

(r) = within-day repeatability (in percent of mean level)

s,p = day-to-day within laboratory standard deviation (pooled over all laboratories, in measurement units)
rp = day-to-day repeatability (in measurement units)

(rp) = day-to-day repeatability (in percent of mean level)

sp = between-laboratory standard deviation (for total between laboratory variation, in measurement units)

R =reproducibility (in measurement units)

(R) = reproducibility (in percent of mean level)
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