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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
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rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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third edition cancels and replaces the second edition (ISO 11235:2016), which has been technically

ed.

main changes are ag.follows:

errors in Formula(1) and Formula (2) have been corrected;

he CAS Registry Number®1) has been added for each chemical;
he usage.of auto titrator with electrode has been added in Clause 5;

Annex A has been changed from “normative” to “informative”.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

1) CASRegistry Number® is a trademark of CAS corporation. This information is given for the convenience of users
of this document and does not constitute an endorsement by ISO of the product named. Equivalent products may be
used if they can be shown to lead to the same results.
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INTERNATIONAL STANDARD ISO 11235:2023(E)

Rubber compounding ingredients — Sulfenamide
accelerators — Test methods

WARNING — Persons using this document should be familiar with normal laboratory practice.
This 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
determine the applicability of any other restrictions.

1 $cope
This|document specifies the methods to be used for the evaluation of sulfenamide-accelerators:
— MBTS: benzothiazyl disulphide;

— (BS: N-cyclohexylbenzothiazole-2-sulfenamide;

— TBBS: N-tert-butylbenzothiazole-2-sulfenamide;

— DIBS: N,N'-diisopropylbenzothiazole-2-sulfenamide;
— DCBS: N,N'-dicyclohexylbenzothiazole-2-sulfenamide;
— MBS: N-oxydiethylenebenzothiazole-2-sulfenamides

NOTE1  Although MBTS is not a sulfenamide, it is-the primary decomposition product of thesg accelerators
and quantitatively determined by the method specified in 5.2.

The analytical methods are applicable for mest commercial sulfenamide accelerators:

— gulfenamides of primary aminestype I);

— gulfenamides of unhindered secondary amines (type II);

— gulfenamides of hindered secondary amines (type III).

NOTHE 2  Classification ahd-key properties of sulfenamide accelerators are described in Annex A.

The method (5.2) «0-determine purity by high performance liquid chromatography (HPLC) is the
preférred method

2 Normative references

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

[SO 385, Laboratory glassware — Burettes

[SO 648, Laboratory glassware — Single-volume pipettes

ISO 1772, Laboratory crucibles in porcelain and silica

ISO 3819, Laboratory glassware — Beakers

ISO 4788, Laboratory glassware — Graduated measuring cylinders

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

©1S0 2023 - All rights reserved 1
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ISO 6556, Laboratory glassware — Filter flasks

[SO 15528, Paints, varnishes and raw materials for paints and varnishes — Sampling

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Eleqtropedia: available at https://www.electropedia.org/

31

lot sample
sample from production representative of a standard production unit, normally referred to as| “the
sample”

3.2
test portion
actual material, representative of the lot sample, used for a particular determination

4 Determination of physical and chemical properties

4.1 Sampling
The sampling of the product shall be performed in accerdance with ISO 15528.

To ensure Homogeneity, thoroughly blend at least(250 g of the lot sample before removing thg test
portion.

4.2 Test methods

The test methods list of sulfenamide acoéelerators is shown in Table 1.

Table 1 — List of the test methods

Property Clause or subclause of this document
Purity by redluction with MBT and titration 5.1
Purity by high performance liquid chromatography (HPLC) 5.2
Insoluble material 6
Melting rangeby eapillary tube 7.1
Melting range by differentiat scanming catorimetry tDSE) 72
Volatile material 8
Wet sieve analysis 9
Ash 10

4.3 Limit of acceptance

The difference between the results of duplicate determinations shall not exceed the repeatability of the
test, if it is defined. Otherwise, it is necessary to repeat the test. When the repeatability is not defined,
the results of both determinations shall be reported.

2 © IS0 2023 - All rights reserved


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=ac065af7bb77f4c6e5ab9def7c41af70

ISO 11235:2023(E)

5 Test methods for purity
5.1 Method to determine purity by reduction with MBT and titration

5.1.1 Purpose

The following method is suitable for determining the purity and free amine in sulfenamides commonly
used in the rubber industry and is applicable to CBS, DCBS, MBS and TBBS.

5.1.2 Principle

After neutralization of the free amine, the sulfenamide is reduced by means of| 2@ solution of
merdaptobenzothiazole (MBT). An excess of hydrochloric acid is added, and the unreacted hydrochloric
acid |s then titrated with sodium hydroxide using one of the two following methods:

— I:ethod A: potentiometric titration;

ethod B: titration using an indicator.

5.1.3 Reagents

Durihg the analysis, use only reagents of recognized analyticakgrade and only distilled water or water
of equivalent purity.

5.1.3.1 Basicreagents for methods A and B

5.1.3.1.1 2-Mercaptobenzothiazole (MBT) (CAS 149-30-4), min. assay 99,0 %.
5.1.3.1.2 Absolute ethanol (CAS 64-17-5).

5.1.3.1.3 Toluene (CAS 108-88-3)(

5.1.3.1.4 Hydrochloric acid{CAS 7647-01-0), standard volumetric solution, c(HCI) = 0,1 mol/dm3.
5.1.3.1.5 Hydrochloricacid (CAS 7647-01-0), standard volumetric solution, c(HCI) = 0,3 mol/dm3.

5.1.3.1.6 Sodium hydroxide (CAS 1310-73-2), standard volumetric solution, ¢(NaOH] = 0,1 mol/
dm?3 [carbonate ffee.

5.1.3.1.7 _Sodium hydroxide (CAS 1310-73-2), standard volumetric solution, ¢(NaOH] = 0,5 mol/
dm3,|carbonate free.

5.1.3.1.8 Bromophenol blue (CAS 115-39-9), 10 g/dm3 solution.

Dissolve 1 g of bromophenol blue with a small volume of ethanol (5.1.3.1.2). Transfer to a 100 cm3
volumetric flask and neutralize with the sodium hydroxide solution (5.1.3.1.6) to a green colour. Dilute
to the mark with ethanol (5.1.3.1.2).

5.1.3.2 Prepared reagent for method A

5.1.3.2.1 2-Mercaptobenzothiazole, 40 g/dm3 solution, freshly prepared.

Weigh a suitable quantity of MBT (5.1.3.1.1) to the nearest 0,1 g and dissolve in absolute ethanol
(5.1.3.1.2). If the MBT does not dissolve completely, heat the solution to a temperature no higher than

©1S0 2023 - All rights reserved 3
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(55 * 2) °C (not exceeding 57 °C) to ensure complete dissolution. Cool to room temperature and dilute

to the mark

of a suitable volumetric flask with absolute ethanol.

5.1.3.3 Prepared reagent for method B

5.1.3.3.1 Ethanol (5.1.3.1.2)/toluene (5.1.3.1.3) solution, 5:3 (V:V).

5.1.3.3.2 2-Mercaptobenzothiazole, 40 g/dm3 solution, freshly prepared.

Weigh a suitable quantity of MBT (5.1.3.1.1) to the nearest 0,1 g and dissolve in the ethanol/toluene

solution (5.]
higher than
and dilute t

=334t the MBT dues ot dissotve tompletety, heatthesolutiomr toatemperatu
(55 % 2) °C (not exceeding 57 °C) to ensure complete dissolution. Cool to room temper;
the mark of a suitable volumetric flask with the ethanol/toluene solution (5.1.3.3:1).

e no
hiture

5.1.4 Apparatus

5.1.4.1 Mportar and pestle or other appropriate grinding device.

5.1.4.2 Pipette, 25 cm3 capacity, in accordance with the specifications given in 1ISO 648.

5.1.4.3 Buyrette, 25 cm3 capacity, graduated in 0,05 cm3, in accordance’'with the general specifications
given in 1SO|385.

5.1.4.4 Bdaker, 250 cm?3 capacity, in accordance with the spé¢ifications given in 1SO 3819.

5.1.4.5 Temperature-controlled bath, capable of being maintained at (55 # 2) °C.

5.1.4.6 Stpp-watch.

5.1.4.7 Magnetic stirrer.

5.1.4.8 pH-meter, with a resolution of 0,1 unit or better (or auto titrator with electrode, in thefcase
that 5.1.5.1.¢ is automatically tested):

5.1.4.9 Analytical balancé;accurate to within +0,1 mg.

5.1.5 Profredure

5.1.5.1 MegthodA

5.1.5.1.1 Grimdasampte and weigh a test portion of approxXimatety 2-g of the biemnded powder to

the nearest 0,1 mg. For TBBS, weigh approximately 1,6 g of the test sample. Transfer it to the beaker
(5.1.4.4).

5.1.5.1.2 Add 50 cm?3 of ethanol (5.1.3.1.2) and stir until dissolved. If needed, heat the solution to a
temperature no higher than 55 °C. A slight turbidity can remain.

5.1.5.1.3 Cool to room temperature. Add 3 drops of indicator (5.1.3.1.8) and titrate the free amine
with 0,1 mol/dm3 hydrochloric acid (5.1.3.1.4) to the blue-green-colour end point (V).

5.1.5.1.4 Add 50 cm3 of the MBT solution (5.1.3.2.1) and immediately pipette 25 cm3 of 0,5 mol/dm3
hydrochloric acid (5.1.3.1.5), exactly measured.

© IS0 2023 - All rights reserved
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5.1.5.1.5 Stir the solution in a temperature-controlled bath (5.1.4.5) maintained at (55 * 2) °C for
exactly 5 min, timed with the stop-watch (5.1.4.6).

5.1.5.1.6 Titrate potentiometrically the unreacted hydrochloric acid with the 0,5 mol/dm3 sodium
hydroxide (5.1.3.1.7). With continued stirring, add the sodium hydroxide stepwise in increments of
1 cm3, and record the resultant equilibrium potential (mV) after each addition. Approaching the end
point, add titrant in increments of 0,1 cm3, recording the potential (mV) 20 s after each addition until
the end point has been passed.

The end point of the titration is the point of inflection of the titration curve, plotted automatically or
manually as the measured potential (mV) against the volume in cubic centimetres of sodium hydroxide
solutlion. At this point, the first derivative curve reaches a maximum while the secon¢l derivative
curve is zero (falling from a positive to a negative value). The end point shall be calculated from the
second derivative on the assumption that the change from a positive to a negative value bears a linear
relatjonship with the addition of sodium hydroxide in the 0,1 cm3 interval (V3)'passing through the
infleftion point.

The gbove steps can be tested automatically using an auto titrator with electrode.
5.1..2 Method B

5.1.5.2.1 Grind a test sample and weigh approximately 2,g.of the blended powder to|the nearest
0,1 mg. For TBBS, weigh approximately 1,6 g of the test samplé. Transfer it to the beaker (51.4.4).

5.1.3.2.2 Add 50 cm?3 of the ethanol/toluene solutiof’s(5.1.3.3.1) and stir until dissolved. If needed,
heat the solution to a temperature no higher than 55€. A slight turbidity can remain.

5.1.5.2.3 Cool to room temperature. Add 3 drops of indicator (5.1.3.1.8) and titrate thg free amine
with(0,1 mol/dm3 hydrochloric acid (5.1.3.1<4) to the blue-green-colour end point (V).

5.1.3.2.4 Add 50 cm?3 of the MBT sglution (5.1.3.3.2) and immediately pipette 25 cm3 of §,5 mol/dm3
hydrpchloric acid (5.1.3.1.5), exactly measured.

5.1.5.2.5 Stir the solution¢in-a temperature-controlled bath (5.1.4.5) maintained at (53 + 2) °C for
exactly 5 min, timed by thestop-watch (5.1.4.6).

5.1.5.2.6 Add 3 drops of bromophenol blue indicator (5.1.3.1.8) and titrate the unreacted lydrochloric
acid with 0,5 mol/dwm? sodium hydroxide (5.1.3.1.7) to the green-blue-colour end point. Then continue,
drop|by drop, té;a-blue colour (V3).

5.1.4 Expression of results (methods A and B)

5.1.6.T Free amine

Calculate the mass fraction of free amine content, F, expressed in per cent to the nearest 0,1 with

Formula (1):
F= Vl XCl %

M 1
10xm 1 (1

© IS0 2023 - All rights reserved 5
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where
V; isthe volume, in cubic centimetres, of hydrochloric acid (5.1.3.1.4) used for the titration;
c; isthe concentration, in moles per cubic decimetre, of the hydrochloric acid (5.1.3.1.4);
m is the mass, in grams, of the test portion;

M; is the molecular mass of the corresponding amine (see Table 2).

Table 2 — Molecular mass of the corresponding amine

Sulfenamide Molecular mass of the corresponding amine
CBS 99,18
DCBS 181,32
MBS 87,12
TBBS 73,14

5.1.6.2 Purity

Calculate the mass fraction of purity of the sulfenamide, P, expressed in-per cent to the nearest 0,1{with

Formula (2)

(25%c7)—(V3xc3)
10xm XMz (2)

p=

¢, is the concentration, in moles per cubic dedimetre, of the hydrochloric acid (5.1.3.1.5);
c3 is the concentration, in moles per cubi¢-decimetre, of the sodium hydroxide (5.1.3.1.7);
V3 is the volume, in cubic centimetges; of the sodium hydroxide (5.1.3.1.7);

m  is the mass, in grams, of the-test portion;

M, is the molecular massfthe sulfenamide (see Table 3).

Table 3 — Molecular mass of the sulfenamide

Sulfenamide Molecular mass
CBS 264,41
DCBS 346,58
MBS 252 30
TBBS 238,37

5.2 Method to determine purity by high performance liquid chromatography (HPLC)
5.2.1 Purpose

5.2.1.1 The following test method is suitable for determining the purity of commercially available
benzothiazole sulfenamide accelerators, when present in the range from 80 % to 100 %. Determination
is carried out by high performance liquid chromatography using ultraviolet detection with the use of an
external standard. It is applicable to MBTS, MBS, CBS, TBBS, DIBS, and DCBS.

6 © IS0 2023 - All rights reserved
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5.2.1.2 In order to carry out this test method correctly, it is necessary to have expertise in high
performance liquid chromatography (HPLC).

5.2.1.3 Method to determine purity by high performance liquid chromatography (HPLC) is the
preferred method.

5.2.2 Principle

A test portion is dissolved in acetonitrile and a filled-loop volume is analysed by isocratic HPLC using
a temperature-controlled C18 reversed-phase column and an ultraviolet (UV) detector. Peak areas are

minaducsinag a chramaatagranhicintaaratar arlaharatarv data cuctom with tho auyantit
dete raphicintegrator orlaboratory data-system with the gquantity of analyte

T T Croro TS o C I oTrrere Y A} TTreT

being determined by external calibration.

5.2.3 Significance and use

5.2.3.1 This test method is designed to determine the purity of industrially producgd and used
benzpthiazole sulfenamides.

5.2.3.2 Since the results of this test method are based on an integrated peak area, it is agpsumed that
all analytes of interest are resolved from interfering peaks.

5.2.4 Interferences

Components co-eluting with the analyte of interest will. cauise erroneous results; thus it is required that
the column used have a theoretical plate number of atleast 10 000.

5.2.§ Reagents and materials

5.2.3.1 Aceticacid (CAS 64-19-7), glacial.
5.2.3.2 Acetonitrile (CAS 75-05-8);HPLC grade.
5.2.3.3 Methanol (CAS 67-56-1), HPLC grade.
5.2.3.4 Water (CAS 7732-18-5), HPLC grade.
5.2.4 Apparatus

5.2.6.1 Liquid chromatograph, consisting of the following:

5.2.6.11 Precision chromatographic pump.

5.2.6.1.2 UV detector, of variable wavelength.

5.2.6.1.3 Column temperature-controller, capable of maintaining the temperature at (35 * 1) °C,
for example a column oven or water jacket.

5.2.6.1.4 Filled-loop injector, with a nominal volume of 10 mm3 (10 pl) or less.

5.2.6.2 HPLC column, consisting of C18 (ODS) reversed-phase material with spherical, totally porous
monomolecular 5 um particles capable of providing 40 000 theoretical plates per metre (a minimum of
10 000 plates is required for this analysis).

©1S0 2023 - All rights reserved 7
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5.2.6.3 Integrator/data system, capable of determining absolute quantities of analyte of intere
means of integration of detector output versus time.

5.2.6.4 Analytical balance, accurate to within 0,1 mg.

5.2.7 Calibration and standardization

A primary standard of known purity is used to determine the response factor for each analyte.

5.2.8 Procedure

st by

5.2.8.1 Chromatographic conditions

5.2.8.1.1 Determine the mobile phase composition and the flow rate by adjusting the chromatogr
parameters|for the particular column chosen. The mobile phase consists of an approximate mij
of HPLC grdde acetonitrile (5.2.5.2) and HPLC grade or equivalent water (5.2.5/4),"both conta
0,001 mol of glacial acetic acid (5.2.5.1) per cubic decimetre or less depending on'the particular co
chosen. (HP[LC grade methanol (5.2.5.3) may be added to the acetonitrile/water eluent to achiev
necessary s¢paration for DIBS and MBTS.)

5.2.8.1.2 [or the analysis of the sulfenamides, adjust the flow rate-and mobile phase compositi

hphic
cture
ning
umn
e the

bn to

provide a cdpacity factor, k', between 4 and 6 for the analyte of interést, and a minimum resolutiop, R,

of 2 between the MBTS impurity and the analyte of interest.

Different liquid chromatography columns can exhibit difféerent elution characteristics. Suggested
chromatogrpphic starting parameters for analysis are indicated in Table 4.
Table 4 — Example of mobile phase compositions and flow rates
Sulfenamide Water? Acetonitrile? Methanol? Flow rate
% % % cm3/min
DCBp 5 95 0 2,5
CBS 20 80 0 2,0
TBBp 30 70 0 1,7
MBS 45 55 0 1,4
DIB$ 15 0 85 1,0
a  Containiflg 0,001 mol glaetal acetic acid (5.2.5.1) per cubic decimetre.
5.2.8.1.3 The capaeity factor, k', is defined as the retention time of the analyte, t,, minus the reteption
time of an upretained solute (solvent peak), t,, divided by t,, according to Formula (3).
ty—t
to

5.2.8.1.4 The resolution, R, is a function of the capacity factor, selectivity, and the theoretical plates

of the column, according to Formula (4).

t, —t4
b, +b,

R.=2x

S

(4)
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where
t;, t, arethe retention times of the analytes;
by, b, arethe peak widths at 10 % of the peak height.

5.2.8.2 Detector

Monitor the absorbance of all components at 275 nm. Set the detector sensitivity to one absorbance
unit full scale (AUFS).

5.2.9
Adju

5.2.9

The

sulfe]
with
grav
the 4
acetq
50 °(
stan
the p
purif

Weig
volumetric flask and dilute to volume withacetonitrile. Adjust the standard concentration
by sd
0,8 4
dilut

5.2.9

Weig
voluinetric flask. Dissolve this test portion in acetonitrile (an ultrasonic bath is red

and

acet
with
solut

5.2.1

.3 Integrator/data system

5t the integrator settings to give a full-scale response to one absorbance unit (AU):

4 Preparation of standards

standard reference materials are purified, if necessary, by multiple recrystalliz3
namides. Dissolve 100 g of the sulfenamide in 200 cm3 of analytical reagent (AR) g1
slight warming (50 °C). Add 2 g of activated carbon and stir fofx30 min. Filter the hof
ty and cool in an ice/acetone bath. Vacuum filter the crystals, Repeat this crystallizat
nalyte crystals from the second toluene crystallization imhot (50 °C) methanol, co
ne bath, and vacuum filter. Repeat the alcohol recrystallization and dry in a vacy

lard by gradient HPLC analysis of the impurities and'differential thermal analysis (DT
urity of the purified standard material by HPLC:analysis of the impurities every 90 da
ied standard material at 5 °C or lower.

h at least 20 mg to the nearest 0,1 mg of the'sulfenamide standard reference material

rial dilution with acetonitrile to givé-a maximum absorbance (peak height) betweer
LU (the linear range of the chromatographic system). Analyse the standard within
ed.

Sample analysis

h at least a 20 mg test portion of the well-blended lot sample, to the nearest 0,1 mg, in

lilute to volume With acetonitrile. Adjust the concentration, if necessary, by serial d
nitrile to give.a’maximum absorbance within 10 % of the standard absorbance. Filter
a chemically resistant filter with a nominal pore size less than or equal to 0,5 pm.
ion within/4 h of being diluted. Obtain a chromatogram of the standard and measure t

ition of the
ade toluene
solution by
on. Dissolve
bl in an ice/
um oven at

[ overnight. Repeat the procedure until the desired, purity is obtained. Estimate the purity of the

A). Evaluate
ys. Store the

na 100 cm3
if necessary

0,4 AU and
t h of being

0a 100 cm3
ommended)
ilution with
the solution
lAnalyse the
he area.

0~ Expression of results

5.2.10.1 Response factor

Calculate the response factor for the standard by dividing the concentration of the standard by the
measured area count and multiplying this by the purity of the standard, according to Formula (5).

Co
—XPy
dg

RF:

© IS0 2023 - All rights reserved
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where
Rr  istheresponse factor, expressed in %;
cy isthe concentration of the standard;
a, isthe measured area count;
po isthe purity.

Throughout the calculation the units of concentration shall be consistent (i.e. mg/cm3).

5.2.10.2 Product purity
To determine the purity of the product, multiply the response factor by the measured area ceunt gf the
analyte and|divide by the sample concentration, according to Formula (6):
p1 =R =t (6)
I
where
P id the purity, expressed in %j;
Rp  iqtheresponse factor;
a,  igthe measured area count;
¢y  i9the sample concentration.

Express the

5.3 Preci

See Annex B.

6 Testm

6.1 Purp

percentage purity of the sulfenamide tglthe nearest 0,1 % (m/m).

ision

ethod for insoluble material

pse

This test mlethod is_suitable for determining the quantity of materials in sulfenamides which are

insoluble in

6.2 Pring

suitable.organic solvents.

iple

A test portion of sulfenamide is dissolved in a prescribed solvent, stirred, and filtered through a
crucible. The insoluble content is calculated from the quantity of residue.

6.3 Significance and use

6.3.1 Sulfenamides can degrade in chemical purity and functional performance, usually characterized
by a drop in assay, a release of free amine, and an increase in insolubles.

6.3.2 Insolubles are a means of determining the benzothiazyl disulfide (MBTS) content
of the sulfenamide; MBTS is a primary degradation product of sulfenamides. Amine salts of
mercaptobenzothiazole (MBT) can also be insoluble. However, certain soluble species can also be

10 © IS0 2023 - All rights reserved
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generated during sulfenamide degradation. Consequently, insolubles are not an absolute measure of
purity and can actually decrease with sulfenamide degradation.

6.3.3 This test method may be used as an indication of degradation, for quality control and research
and development work.

6.4 Reagents

Reagent grade chemicals shall be used in all tests. Other grades may be used, provided it is first
ascertained that the reagent is of sufficiently high purity to permit its use without lessening the

acirafitbhao dotoaio o o
accu aCy O trC O CTCT THTITAa tIOTT,

6.4.1 Methanol (CAS 67-56-1), analytical reagent used for testing samples of:
— N-cyclohexylbenzothiazole-2-sulfenamide (CBS) (CAS 95-33-0),

— N,N'-diisopropylbenzothiazole-2-sulfenamide (DIBS) (CAS 95-29-4),

— N-oxydiethylenebenzothiazole-2-sulfenamide (MBS) (CAS 102-77-2);

— N-tert-butylbenzothiazole-2-sulfenamide (TBBS) (CAS 95-31-8)(

6.4.2 Cyclohexane (CAS 110-82-7), analytical reagent/ used for testing samplgs of N,N'-
dicyg¢lohexylbenzothiazole-2-sulfenamide (DCBS) (CAS 4979232-2).

6.5 | Apparatus
6.5.1 Conical flask, 300 cm3 capacity.

6.5.2 Sintered glass crucible, G4 porosity or equivalent, in accordance with specificatipns given in
ISO 4793.

6.5.3 Graduated measuring cylinder, 250 cm3 capacity, in accordance with specificatipns given in
ISO 4788.

6.5.4 Magnetic stirrer;
6.5.3 Watch glass:

6.5.6 Suction flask, 500 cm3 capacity, in accordance with specifications given in ISO 6556.

6.5.7 CForced-air convection oven, capable of maintaining the temperature at (70 * 2) °C.

6.5.8 Analytical balance, accurate to within +0,1 mg.
6.5.9 Wash bottle.
6.5.10 Sieve, mesh size 0,6 mm (30 mesh US) or equivalent.

6.5.11 Desiccator.

©1S0 2023 - All rights reserved 11


https://standardsiso.com/api/?name=ac065af7bb77f4c6e5ab9def7c41af70

ISO 11235:

2023(E)

6.6 Procedure

6.6.1
through a0,

6 mm (30 mesh) sieve (6.5.10).

If necessary, grind approximately 10 g of the well-mixed lot sample so that the material passes

6.6.2 Transfer a 5 g test portion of the sieved material, weighed to the nearest 0,1 mg, to a 300 cm3
conical flask (6.5.1). Using a graduated measuring cylinder (6.5.3), add 250 cm3 of methanol (6.4.1). In
the case of DCBS, use cyclohexane (6.4.2) instead of methanol. Cover the flask with a watch glass (6.5.5)
and stir on an unheated magnetic stirrer, for 30 min at (25 + 5) °C.

6.6.3 Filtg
that during
8 cm3 portig
washings as

6.6.4 Att]
of methanol
vacuum suc

residue.
6.6.5 Dry
6.6.6 Cool

the nearest
6.6.7 Rep

6.7 EXpr¢

Calculate th

Formula (7)}

M)

r the solution through a clean, dry, preweighed sintered glass crucible (6.5.2). [tis impo
the vacuum filtration, the crucible be only half-filled. Wash the conical flask with1
ns of methanol or, in the case of DCBS, with three 8 cm3 portions of cyclohexame:-Filte
well.

ne end of the filtration, remove the vacuum and wash the crucible two-times with 25
or, in the case of DCBS, with 25 cm3 of cyclohexane. Allow to stand for 2 min, then :
tion immediately. When this has been done, the walls of the crucible should be free

the crucible for 60 min in an oven (6.5.7) maintained at (40.# 2) °C.

to room temperature in a desiccator and obtain the<mass of the crucible plus insolubl]
milligram.

bat the procedure on a second test portion.

pssion of results

e mass fraction of insoluble material, /, expressed in per cent to the nearest 0,1

x100

1

the mass, ingrams, of the test portion;
the massyin grams, of the empty crucible;

the mass, in grams, of the crucible and insoluble material.

rtant
hree
r the

cm3

ipply
from

es to

with

(7)

7 Test methods for melting range

7.1 Melti

ng range by capillary tube

7.1.1 Purpose

This test method is suitable for determining the melting range of various rubber accelerators.

7.1.2 Significance and use

This test method may be used for research and development. It may also be used for quality assurance,
provided agreement between producer and user has been obtained for a standard reference material.

12
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7.1.3 Limitations

The melting range, as determined by this test method, is not recommended as a criterion of purity of a
rubber chemical.

7.1.4 Apparatus

7.1.4.1 Melting apparatus. The apparatus shall consist of a device for heating the sample uniformly
at a predetermined rate. A suitable device consists of a glass H-type melting apparatus, usually called
a Hershberg tube One 51de tube contains an agltator blade and an 1nternal heater both controlled by
e-tube. The
be used. A
heating medium such as DC-550 silicone flu1d shall be used as the bath liquid. The liquid'shpll cover the

and pther types of melting-point apparatus, several of which can be found in cliemical sppply house
catalogues, may be used for this test. The repeatability and reproducibility can/vary if other types of
equipment are used.

7.1.4.2 Capillary tube, glass, approximately 150 mm long and 1,2 mm to 1,4 mm internal diameter
with|walls 0,2 mm to 0,3 mm thick and closed at one end to contain the sample.

7.1.4.3 Thermometer, partial immersion type and of suitable'tange.

Its sgale shall be graduated in divisions of 0,5 °C or less/ Corrections for the thermomgdter shall be
determined by calibration against a certified thermométer.

7.1.4.4 Sieve, 150 pm mesh size (No. 100) for.scteening the sample.

7.1.3 Preparation of test sample

If nelcessary, grind approximately 1-g-of the well-blended lot sample to pass completely through a
150 pum (No. 100) sieve (7.1.4.4).

7.1.4 Procedure

7.1.6.1 Select the thefmometer (7.1.4.3) for the proper range and support it so that it is immersed to
the ilmmersion mark imthe liquid of the bath (see 7.1.4.1).

NOTH Sulfenamide accelerators cited in this document have melting points ranging from 50 °C|to 110 °C.

7.1.6.2 Place sufficient sieved material (7.1.5) into the capillary glass tube (7.1.4.2) to form a column
in the béttom of the tube approximately 3 mm to 6 mm high when packed down as closely as possible
by mjoderate tapping on a solid surface.

7.1.6.3 Heat the bath to a temperature approximately 25 °C below the expected melting range. Adjust
the heat regulator to a rate increase of approximately 3 °C/min for the remainder of the determination
except within the actual melting range. In this range, adjust the temperature rate to (1 + 0,2) °C/min.
When the bath attains the temperature approximately 10 °C below the expected melting range, insert
the capillary into the bath. Adjust the height of the tube so that the material in the capillary is beside
the centre of the thermometer bulb. The capillary tube is not placed in the bath earlier, since many
materials undergo decomposition from prolonged heating. Avoid making any major adjustments to the
heat regulator within the actual melting range.

7.1.6.4 Record the melting range as the temperature range between which liquefaction first becomes
evident and the temperature at which no further visual change is observed in the mass.

©1S0 2023 - All rights reserved 13
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NOTE1 Theinitial melting temperature is the temperature at which the first actual formation of liquid occurs,
either as a minute drop or as a film. It is not a preliminary contraction, sintering, or darkening. It occurs well
before the formation of a meniscus.

The liquefaction can occur at the top, bottom, or sides of the sample in the capillary, as well as the rear.
When the latter occurs, the point can be missed, unless care is taken to watch the rear of the tube; a
mirror is a convenient aid for this purpose.

NOTE 2  The final melting temperature is the temperature at which no further liquefaction is observed.

7.2 Melting range by differential scanning calorimetry (DSC)

7.2.1 Purpose

This method is suitable for determining the melting range of various rubber accelerators
7.2.2 Significance and use

7.2.2.1 THis test method may be used for research and development. It may-also be used for qyality
assurance, grovided agreement between producer and user has been obtained for a standard refeence
material.

7.2.2.2 Differential scanning calorimeters are used to determiine transition temperaturgs of
materials. Hor absolute information, temperature calibration of.the apparatus or comparison df the
resulting dafta with that of standard reference materials is required.

7.2.3 Limiitations

The melting range, as determined by this test method, is not recommended as a criterion of purity of a
rubber chemical.

7.2.4 Apparatus

7.2.4.1 Differential scanning calorimeter, capable of heating a test specimen and a refefence
material atja controlled rate and of’automatically recording the differential heat flow between the
sample and the reference materialto the required sensitivity and precision.

7.2.4.2 Sﬂgcimen pansiwith covers composed of clean aluminium or of other material with aJhigh
thermal conlductivity.

7.2.4.3 Puyrge gas, dry and inert (helium or nitrogen).

7.2.4.4 Arn alyﬁr‘al balance, accurate towithin £01 mg

7.2.5 Preparation of test sample

If necessary, grind a sufficient quantity of the well-blended lot sample to pass completely through a
150 pum sieve. Use this sieved material for the DSC test.

7.2.6 Procedure

7.2.6.1 Weigh approximately 10 mg to 20 mg of the sieved sample (see 7.2.5) into a DSC specimen pan
(7.2.4.2). Cover and seal the specimen pan and place it into the DSC chamber (see 7.2.4.1).

7.2.6.2 Place a covered empty specimen pan in the DSC reference chamber.
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7.2.6.3 Close the DSC sample chamber and set the purge-gas (7.2.4.3) flow through the sample
chamber at 10 cm3/min to 20 cm3/min.

7.2.6.4 Turn on the recording and heating units and programme the temperature for a heating rate of
5 °C/min. Record the DSC curve (see Figure 1) from ambient temperature to 25 °C above the expected
melting point.

7.2.6.5 From the resultant DSC curve, measure the temperatures for the desired points on the curve,
T, and T}, (Figure 1), to the required precision, where:

T

Py

-G
&

N

Key
emperature

gxtrapolated onset temperature for fusion
nelting peak temperature

S NN

dé¢ndothermic

Figure 1 — T'vansition temperatures (T, and T;) on a DSC curve

8 Test method for volatile material

8.1 | Purpose

This|test method is suitable for determining the loss of volatile materials in various rubber pccelerators
basef oftithe mass loss upon heating at 70 °C.

8.2 Principle

A test portion is weighed before and after heating at 70 °C.

8.3 Apparatus

8.3.1 Weighing bottle, low form.

8.3.2 Forced-air convection oven, capable of maintaining the temperature at (70 * 2) °C.

8.3.3 Analytical balance, accurate to within +0,1 mg.
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8.3.4 Desiccator.
8.4 Procedure

8.4.1 Dry aclean weighing bottle (8.3.1) and stopper (stopper removed) for 30 min in an oven (8.3.2)
maintained at (70 * 2) °C. Place the bottle and stopper in the desiccator (8.3.4) and allow them to cool to
room temperature. Weigh the bottle with the stopper to the nearest 0,1 mg (m,).

8.4.2 Weigh approximately a 20 g test portion into the weighing bottle, stopper and weigh to the
nearest 0,1 mg (m,).

8.4.3 Placp the weighing bottle, containing the test portion, and the stopper (with the istqpper
removed) irj the oven, which has been equilibrated at 70 °C, for 3 h.

8.4.4 After heating, stopper the weighing bottle and transfer it to the desiccator. Allow sufficient{time
for the assembly to reach equilibrium at room temperature. Reweigh the bottle to‘the nearest 0l mg

(ms3).
8.4.5 Repeat the procedure on a second test portion.

8.5 Expression of results

Calculate the mass fraction of volatile material, V, expressed\in per cent to the nearest 0,1 with

Formula (8)

v={m2Ems) g0 (8)
(mgy-my

where

m;  igthe mass, in grams, of weighing bottle and stopper;
m,  iqthe mass, in grams, of weighing bottle, stopper, and test portion before heating;

m3  iqthe mass, in grams, 6fweighing bottle, stopper, and test portion after heating.

9 Test method for wet sieve analysis

9.1 Purppse

This test mlethod' is suitable for evaluating the particle size distribution of the coarse fractipn of
sulfenamidd aceelerator powders. It is limited to the measurement of particles greater than 45 pm

9.2 Significance and use

This test method is used to evaluate sulfenamide accelerators for their suitability as rubber vulcanizing
agents.

Accelerator particles shall be sufficiently small to be readily dissolved or dispersed in rubber during
curing and to produce a uniform crosslinked network. This test method is used for quality control
to ensure that no excessively large particles are present and to determine whether the product has a
typical size distribution pattern.
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Materials

9.3.1 Liquid detergent, neutral.

9.4

Apparatus

9.4.1 Standard sieves, stainless steel, 76 mm diameter, containing stainless steel wire cloth selected

from the range of 45 pm to 250 um mesh size.

9.4.2__ Bristle brush

9.4.3 Balance, with a minimum capacity of 150 g and accurate to within 1 mg.

9.4.4 Forced-air convection oven, capable of maintaining the temperature at (70 + 2) °(.

9.5 | Procedure

9.5.1 Weigh a 10,0 g test portion of the well-blended lot sampleinto a 250 cm3 bealter. Wet the
acce:Ierator with 25 cm3 of water. Mix thoroughly with a glass stiering rod to guarantee wégtting all the
accelerator.

A 1 % solution of a liquid detergent (9.3.1) may be used if:the accelerator does not wet propgrly.

9.5.1 Weigh each cleaned and dried sieve (9.4.1) to\the nearest 1 mg. Assemble preweighed stainless
steel|sieves in order of decreasing fineness with the'coarsest screen on top. Carefully transfer the wetted
accelerator to the top screen using additional water to wash all of the accelerator out off the beaker.
Waslh the accelerator through the top sieve with a gentle stream of water from a nozzle, using detergent

as ne
the
wasH

sideq.

9.5.3
Reps¢

eded. Tap or vibrate the screen while washing. Finally, break up all agglomerated pa
rush (9.4.2). Clean powder from-the bristles of the brush using wash water. Be carg
water does not back up on thé.finer sieves causing the accelerator slurry to overfl

Remove the top sieve.)Wash off any residual accelerator slurry on the underside
at the washing prodedure described in 9.5.2 for each sieve, ensuring total transpor

particles through each-stc¢cessive sieve.

9.5.4

drying oven (9:44) maintained at (70 * 2) °C for 1 h or until the accelerator is dry. Remoy

and (
test 4

ool atleast half an hour in a desiccator. If the sieved material shows evidence of meltin
ind dey-it at 40 °C for 2 h or until constant mass has been reached.

rticles using
bful that the
w the sieve

of the sieve.
t of the fine

Carefully‘dry the sides of the sieves with a lint-free towel and place each sieve separately in a

e the sieves
b, repeat the

9.5.

9.6

Weigh each sieve to the nearest T mg. When the quantity of accelerator on the coarser sieves
is very small (a few particles), it can be appropriate to brush the particles onto a preweighed glassine
weighing paper and weigh the accelerator directly.

Expression of results

Calculate the percentage by mass retained on each sieve, P, with Formula (9).

my
P=—=x100
my
© IS0 2023 - All rights reserved
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is the mass, in grams, of residue;

he mass, in grams, of the test portion.

In order to determine how much would be retained on a fine sieve, it is necessary to sum the mass of
material retained on all the coarser sieves and add it to the mass of material from the selected sieve.

The quantity of material passing through each sieve is determined by subtracting the percentage of the

material ret

ained on the sieve from 100.

10 Test m

10.1 Purp

This test mq

10.2 Prindg

ethod for the determination of ash

pse

thod is suitable for determining the non-combustible content of rubber chemicals as a

iple

The ash content is determined by heating a known quantity of rubber.chemical on a hot plate or

a gas burne
process.

10.3 Signi]

This test m
may be used
this docume

r to volatilize the sample and then heating it in a muffle’furnace to complete the aj

ficance and use

pthod is suitable for the determination of ashifrom rubber accelerators. This test md
for quality control, product acceptance, or'research and development. For the purpos
nt, mass fraction of ash is considered as@an important characteristic of rubber accelerd

10.4 Apparatus

10.4.1 Muf
10.4.2 Hot
10.4.3 Lab

10.4.4 Por¢
in ISO 1772,

10.4.5 Clay

fle furnace, capable of maintaining the temperature at +25 °C between 500 °C and 80
plate, or laboratory gas-burner.
pratory fume hood.

relain cpucible, high form, size 0,15 cm3 capacity, in accordance with specifications

triangle.

sh.

over
hing

thod
es of
tors.

D °C.

riven

10.4.6 Steel crucible tongs.

10.4.7 Heat-resistant gloves.

10.4.8 Desiccator.

10.49 Ana

lytical balance, accurate to within 0,1 mg.

10.4.10Forced-air convection oven, capable of maintaining the temperature at (70 + 2) °C.

18
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Procedure

10.5.1 Heat the 15 cm3 crucible (10.4.4) in the muffle furnace (10.4.1) maintained at (750 + 25) °C for

30m

in.

10.5.2 Transfer the crucible to the desiccator (10.4.8), cool to room temperature, and weigh to the
nearest 0,1 mg (m,).

10.5.3 Weigh approximately a 5 g test portion into the previously prepared (heated) crucible and
weigh to the nearest 0,01 g. Place the crucible in the clay triangle (10.4.5), and carefully heat the crucible

and ¢ontents with the gas burner (10.4.2) until all volatile material and pyrolysis product
remqved (gases can flame) and the residue has been carbonized.
10.5}4 Transfer the crucible to the muffle furnace at (750 + 25) °C and heat for 2,H.
10.5}5 Carefully transfer the crucible containing the ash to the desiccator, tool to room t
and feweigh to the nearest 0,1 mg (m5).
10.5{6 Repeat the procedure on a second test portion.
10.4 Expression of results
Calcyilate the mass fraction of ash, A, expressed in per centto the nearest 0,01 with Formul
h={ms=m) 00
(my —my)
whertte

11 71
The {

a) 4
b) 4

i, is the mass, in grams, of theerucible;
n, isthe mass, in grams, of the crucible and test portion;

n; is the mass, in granis,of the crucible and ash.

[est report
est report shall include the following information:
| reference’to this document, i.e. ISO 11235:2023;

11l details necessary for complete identification of the material or product tested;

s have been

Pmperature,

h (10).

c) forthe determination of purity:

— the test method used [5.1 (A or B) or 5.2];

(10)

the percentage of sulfenamide obtained in accordance with 5.1.6.2 or 5.2.10.2 (both

determinations and their mean), and/or free amine content in accordance with 5.1.6.1 (both

determinations and their mean);

— any modification of the procedure specified;

d) the insoluble material content (both determinations and their mean) obtained in accordance with
6.7,

©ISO
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e) for the melting range:
— the test method used (7.1 or 7.2);

— the temperatures observed in 7.1.6.4 or 7.2.6.5 (range);

f) the volatile material content (both determinations and their mean) obtained in accordance with
8.5;

g) for the sieve residue: identification of each sieve size and the percentage material retained on the
respective sieve obtained in accordance with 9.6;

h) the ash fontent (both determinations and their mean) obtained in accordance with 10.6;

i) any unysual observations or incidents likely to have affected the results;

j)  the datd(s) of testing.

20 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=ac065af7bb77f4c6e5ab9def7c41af70

ISO 11235:2023(E)

Annex A
(informative)

Classification and key properties of sulfenamide (class 1)

vulcanization accelerators

A1l

A.1.1
used
scor(
The
Once
vulca

A.1.7
char

Az
degr
a fuy
exan
storg
degr

A.2

A.2.

Com
arou
ring
A.2.]

A.2.2

Significance and use

As a group, the benzothiazole-2-sulfenamides are the principal sulfur vulcanization
in the rubber industry today. The role of these materials in vulcanizatipn’is” dual. T
h time (delay period) in the crosslinking or vulcanization operation at processing te
Helay avoids premature crosslinking during the processing, for example, mixing, ex
the mixed rubber is at the vulcanization temperature, these materials promote a 1
inization (crosslinking).

The presence of certain impurities in this class of nraterials can affect their
hcteristics.

The benzothiazole-2-sulfenamides are subject to degradation on extended storage
hdation can affect their performance characteriStics. In particular, the quality of thg
Iction of storage time, temperature, relative humidity, and impurity profile of the 1
iple, free amines, salts of mercaptobenzothiazole (MBT), etc. Since sulfenamide de§
ge is an autocatalytic process (degradation products accelerate further degradation]
hdation can only occur after a long indtction period.

Description of sulfenamide accelerators

| General

bounds designated,das_benzothiazole-2-sulfenamides vary in chemical nature of the
hd the sulfenamide-nitrogen. The sulfenamide nitrogen is the nitrogen atom which ig
n the structures given below. There are three fundamental types in common use.

A

Classification

.1 < Sulfenamides of primary amines (type I)
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tompounds tave one hydrogem o the sulferrammide itrogen, T addition to the generic R group.

In general, this type, as a group, exhibits a somewhat shorter scorch time and higher cure rate than the
other sulfenamides (see Figure A.1).

A.2.2.2 Sulfenamides of unhindered secondary amines (type II)

These compounds have two primary carbon attachments, each with at least two hydrogens on the
carbon bonded to the sulfenamide nitrogen. In this case, x can be one or two. This type, as a group,
exhibits an intermediate scorch time and cure rate (see Figure A.2).

A.2.2.3 Sulfenamides of hindered secondary amines (type III)

These compounds have two secondary carbon attachments to the sulfenamide nitrogen. This type, as a
group, exhibits a longer scorch time and lower cure rate than the other sulfenamides (see Figure A.3).

©ISO

2023 - All rights reserved

21


https://standardsiso.com/api/?name=ac065af7bb77f4c6e5ab9def7c41af70

	Foreword 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Determination of physical and chemical properties 
	4.1 Sampling 
	4.2 Test methods 
	4.3 Limit of acceptance 

	5 Test methods for purity 
	5.1 Method to determine purity by reduction with MBT and titration 
	5.1.1 Purpose 
	5.1.2 Principle 
	5.1.3 Reagents 
	5.1.4 Apparatus 
	5.1.5 Procedure 
	5.1.6 Expression of results (methods A and B) 

	5.2 Method to determine purity by high performance liquid chromatography (HPLC) 
	5.2.1 Purpose 
	5.2.2 Principle 
	5.2.3 Significance and use 
	5.2.4 Interferences 
	5.2.5 Reagents and materials 
	5.2.6 Apparatus 
	5.2.7 Calibration and standardization 
	5.2.8 Procedure 
	5.2.9 Sample analysis 
	5.2.10 Expression of results 

	5.3 Precision 

	6 Test method for insoluble material 
	6.1 Purpose 
	6.2 Principle 
	6.3 Significance and use 
	6.4 Reagents 
	6.5 Apparatus 
	6.6 Procedure 
	6.7 Expression of results 

	7 Test methods for melting range 
	7.1 Melting range by capillary tube 
	7.1.1 Purpose 
	7.1.2 Significance and use 
	7.1.3 Limitations 
	7.1.4 Apparatus 
	7.1.5 Preparation of test sample 
	7.1.6 Procedure 

	7.2 Melting range by differential scanning calorimetry (DSC) 
	7.2.1 Purpose 
	7.2.2 Significance and use 
	7.2.3 Limitations 
	7.2.4 Apparatus 
	7.2.5 Preparation of test sample 
	7.2.6 Procedure 


	8 Test method for volatile material 
	8.1 Purpose 
	8.2 Principle 
	8.3 Apparatus 
	8.4 Procedure 
	8.5 Expression of results 

	9 Test method for wet sieve analysis 
	9.1 Purpose 
	9.2 Significance and use 
	9.3 Materials 
	9.3.1 Liquid detergent, neutral. 

	9.4 Apparatus 
	9.5 Procedure 
	9.6 Expression of results 

	10 Test method for the determination of ash 
	10.1 Purpose 
	10.2 Principle 
	10.3 Significance and use 
	10.4 Apparatus 
	10.5 Procedure 
	10.6 Expression of results 

	11 Test report 
	Annex A (informative)  Classification and key properties of sulfenamide (class 1) vulcanization accelerators 
	Annex B (informative)  Precision 
	Bibliography 

