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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.

The procedures u ] ] led ) 3
descrfbed in the [SO/IEC Directives, Part 1. In particular, the different approval criterian

Any t
const

rights. ISO shall not be held responsible for identifying any or all such patent righ
htent rights identified during the development of the document will be'in the Intrody
e [SO list of patent declarations received (see www.iso.org/patents).

Fade name used in this document is information given for the convenience of users
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For an explanation of the voluntary nature of standards;'the meaning of ISO specific terms and
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World
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ssions related to conformity assessment, as well as information about ISO's adhg
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT)
so/foreword.html.
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document was prepared by Technical -Committee ISO/TC 45, Rubber and rubl
mmittee SC 3, Raw materials (including {atex) for use in the rubber industry.

ifth edition cancels and replaces the fourth edition (ISO 8332:2011), which has bee
bd. The main changes are the following:

hange in the Scope to indicate that some of the properties can be determined by m
st method.

bedback or questions\on this document should be directed to the user’s national stanc
ete listing of these.bodies can be found at www.iso.org/members.html.
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Introduction

Sulfur appears in three allotropic forms:
a) rhombic;

b) monoclinic;

c¢) amorphous (insoluble in CSj).

In rubber compounding practice, forms a) and c) are used. Both types may be used in their natural form
N

b tad Thao coating oo Lo ol ) sl arcilica o cosan ot o ool d b o o o oo i
Or may e CO HLCUU. T I1IC bU(A\.llls CAdll UC UIL, UL'1IVT \.AUJ, Ul OoIlIvd, Ul OUIIICU ULIIUT TIIdlivl Idl tIiiat divuo \/lAJl.} rSlOn

in the rubber compound. Sulfur is available in varying degrees of fineness.

Amorphous gulfur (insoluble sulfur) is usually produced in industry through the rapid cooling of mpolten
sulfur and cgn also contain rhombic sulfur (soluble sulfur), as insoluble sulfur tends te_revert back to
the rhombic(state on storage. Insoluble sulfur is important in the rubber industry’as a vulcapizing
agent since, yhen it is used, it can prevent rubber compounds from blooming during-storage or during
a productior} process without any adverse impact on the vulcanization process. Grades contgining
various amofints of insoluble sulfur are available to control blooming today (seeAnnex A).
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INTE

RNATIONAL STANDARD ISO 8332:2018(E)

Rubber compounding ingredients — Sulfur — Methods of
test

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
ensure compliance with any national regulatory conditions.
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contained in Annex A, for information only.
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This dlocument specifies methods of test for determining the main physical and,chemical

used for compounding dry rubber.

al of these properties can be determined by more than one test method and the use
ost appropriate method following the description of the test method principles pr
rresponding clauses.

Typical levels for the relevant properties of sulfur for usé€ as a rubber compounding

ormative references

bllowing documents are referred to in the text in such a way that some or all of
tutes requirements of this document. For“dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

b5, Test sieves — Metal wire cloth, perforated metal plate and electroformed sheet — |
nings

04, Sulphur for industrial use\— Determination of acidity — Titrimetric method

705, Sulphur for industrial use — Determination of arsenic content — Silver diethyldit
metric method

/93, Laboratory.sintered (fritted) filters — Porosity grading, classification and designat

b 528, Paints, Varnishes and raw materials for paints and varnishes — Sampling

erms and definitions

properties of

r can choose
vided under

ngredient are

their content
applies. For
ents) applies.

Nominal sizes

viocarbamate

ion

No te
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[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

4 Physical and chemical properties

After sampling with a stainless-steel sampling tool in accordance with ISO 15528, the physical and
chemical properties of sulfur used as a rubber compounding ingredient shall be determined by the
following test methods.

© ISO 2018 - All rights reserved
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Property Test method
Total sulfur [% (by mass)] Clause 5
Fineness (sieve residue) [% (by mass)] Clause 6

0il content [% (by mass)] Clause 7
Insoluble sulfur [% (by mass)] Clause 8
Thermal reversion (%) Clause 9
Loss in mass|at 80 °C [% (by mass)] Clause 10
Ash [% (by npass)] Clause 11
Acidity [as HpSO4, % (by mass)] Clause 12
Arsenic (mg/kg) Clause 13

NOTE De
hydro-desulfy

fermination of the arsenic content is not necessary when a sulfur Sample is produced th
rization from natural sources such as oil or natural gas.

5 Determination of total sulfur content

5.1 Princi

The sulfur in|
is added, the

5.2 Reage

During the a
of equivalent

5.2.1 Sodi
5.2.2 Stan

5.2.3 Stan

standardized.

ple

a test portion is first converted to thiosulfate;to which an excess volume of iodine so
h determined by back titration with a soditim thiosulfate solution.

nts

halysis, use only reagents of recognized analytical grade and only distilled water or
purity.

im sulfite solution, 50 'g/dm3. Dissolve 50 g of anhydrous sodium sulfite in 1 dm3 of
lard volumetriciodine solution, c¢(1) = 0,05 mol/dm3, freshly prepared and standar

lard volumetric sodium thiosulfate solution, 0,1 mol/dm3 solution, freshly preparg

rough

ution

water

water.

dized.

d and

524 Fornraldehyde solution, 37 % (by mass).

5.2.5 Glacial acetic acid.

5.2.6 Wetting-out solution, consisting of a 20 g/dm3 solution of an alkylaryl sulfonate (e.g. sodium
dodecylbenzene sulfonate) in water.

5.2.7 Soluble-starch solution, freshly prepared.

5.3 Procedure

5.3.1 Weigh, to the nearest 0,1 mg, 0,2 g of the sulfur sample (mg) on a tared watch glass. Using a
Pasteur pipette, add approximately 1 cm3 of wetting-out solution (5.2.6). Transfer the mixture to a
200 cm3 flask via a small glass funnel using a stream of the sodium sulfite solution (5.2.1) from a 50 cm3

2
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measuring cylinder. Add a few antibumping granules, fix a reflux condenser in position and place the
whole on an electrically heated oil-bath.

Adjust the oil-bath temperature to 130 °C. Stir the contents of the flask for 1 h under reflux, and
complete the reaction. If undissolved sulfur remains visible in the flask, continue the heating process
as long as necessary. Wash the walls of the condenser with water and collect the washings in the flask.
Cool the contents of the flask to 25 °C. Transfer the contents of the flask to a 100 cm3 volumetric flask.
Make up to the mark with water.

NOTE Reaction of 20 % oil-treated sulfur takes about 3 h to 4 h.

Pl actlher20 oo o F 2o T3 | PP  willo 1o I MR- 2200 a3 oo 1 flocle Freona
5-3-2 I IAdUCCT \/Aabtl)’ JU CIII Ul TUUIIICU DUlutlUll LJ.L-.L-) llltU d UV LIl CVUIIILdAI TIdOIN TT'VUIIT burette’ and

add 1P cm3 of acetic acid (5.2.5) to it using a pipette.

5.3.3| Place 10 cm3 of test solution from the 100 cm3 volumetric flask in 5.3.1,aysing a gipette, into a
100 ¢m3 beaker. Add 2 cm3 of formaldehyde solution (5.2.4) and stir using a maghetic stirfer for 2 min.
After p 5-min rest, add the solution to the conical flask in 5.3.2. Wash the walls'of the beakef and add the
washings to the conical flask. While swirling the conical flask, add 1 cm3 of thg starch solutign (5.2.7) and
titrat¢ with the sodium thiosulfate solution (5.2.3) until the dark-blue celour vanishes. V7 is the volume,
in culjic centimetres, of the sodium thiosulfate solution used for this titration.

5.3.4| Carry out a blank determination omitting the test portion:4/ is the volume, in cubiq centimetres,
of thel sodium thiosulfate solution used for this titration.
5.4 |Expression of results

Calcujate the total sulfur content (TSis), expressedsas a percentage by mass, from Formula|(1):

Vo -V
Stsz(om—l)xc><10x3,2 )
0

=

wher¢

Vp is the volume, in cubicicentimetres, of sodium thiosulfate solution (5.2.3) used to ftitrate the
blank (see 5.3.4);

Vh  is the volume, iti’éubic centimetres, of sodium thiosulfate solution (5.2.3) used to titrate the
test portion~(See 5.3.3);

c| isthe ekxact concentration, in moles of NazS203 per cubic decimetre, of the sodiun thiosulfate
solution (5.2.3);

mo _“is the mass, in grams, of the test portion (see 5.3.1).

5.5 Precision

See B.3.2.

6 Determination of sieve residue

6.1 Principle

A test portion is passed through sieves of specified mesh openings, using water to assist in the sieving
process, and the residue retained is dried and weighed. Two methods are specified:

a) method A, which uses a sieve in a metal funnel and a high-pressure water jet (see Figure 1);

© ISO 2018 - All rights reserved 3
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b) method B, in which water is poured over the sulfur on the sieve while the sieve is shaken manually.

6.2 Method A

6.2.1 Apparatus

Use standard laboratory equipment together with the following.

6.2.1.1 Metal funnel (A), about 200 mm in diameter, terminating at the foot in a short cylin
outlet (see Figure 1) in which is inserted a shallow removable cup (B), on the bottom of which a
cloth sieve (€ 2.1.2} is soldered;this-is 25 in-diamete ater-under pressure-is-supplie
tube (D) fittdd with a nozzle designed to discharge a spreading jet through the sieve; the distan€e
orifice from the sieve can be adjusted. The recommended minimum water pressure is 200 kRa; Th
is provided with a filter (H) to remove any solid particles from the water; this filter shall be,made
wire cloth at[least as fine as the sieve (C), and shall be sufficiently large to prevent undueloss of pre

a gldered- a aalaa slan ALD a A S ala a

A similar arfangement is provided for another tube (E) used to supply a gentle.stream of wat]
wetting the powder and keeping the volume of the liquid in the funnel constantduring the test.

2

drical
wire-
by a
of the
b tube
from
ssure.

er for

Key

1 filters

2 water inlets

AtoEandH AtoE andH are as described in 6.2.1.1.
Fand G F and G are as described in 6.2.2.

Figure 1 — Apparatus for determination of sieve residue (wet procedure: method A)

6.2.1.2 Two sieves, of woven metal-wire cloth, in accordance with ISO 565, having openings of nominal

width 180 pm and 125 pm, respectively.

4 © IS0 2018 - All rights re

served
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6.2.1.3 Flat brush, of camel hair or equivalent, approximately 7 mm wide.
6.2.1.4 Desiccator.

6.2.2 Procedure

Mount a sieve cup (B) with a sieve (C) with the required openings (i.e. one of the two sieves specified
in 6.2.1.2), or with openings as agreed between the interested parties, in the apparatus. Allow water to
flow through it for 3 min from tubes D and E. Examine the sieve for particles; if none are observed, the
apparatus is ready for use. Dry the sieve cup at 80 °C * 2 °C for 30 min. Allow it to cool in a desiccator
(6.2.1.4) and then weigh it to the nearest 0,1 mg. Repeat this operation until the change in mass is

redud

it in place by the union nut (G). Weigh out, to the nearest 0,1 g, about 25 g (m1) of the samp

a slun
quant

Abou

the pgsition of the nozzle under the liquid, in relation to the sieve, until there is little or nd

on th
level

NOTE
compl
impro

Take
suspe
the si
the cy
wash
wash
by br
Then

ed to not more than 1 mg, record the mass of the sieve cup and mount it in the appar

ry with 300 cm3 of a 20 g/dm3 solution of alkylaryl sulfonate in water in a beaker,
itatively to the funnel (A).

half-fill the funnel with water from tube E. Slowly turn the high-pressure jet (D) o

e surface and the level is, if anything, sinking. Now use the supply/from tube E to
fonstant and wash down any solid matter adhering to the sides

When the best operating conditions have been so attained, the discharge pipe (F) beld
ptely filled with water; increasing the length of this column of liquid by adding a length of
ves the efficiency of the apparatus.

a sample of the issuing water from time to timé&’during the test and, when this
nded matter, reduce the rate of flow from the jet. Wash down any residual materia
es of the funnel into the lower portion of theapparatus, and then adjust the jettoarg
flindrical portion full of violently agitated\water. When the residual matter has bee
bd in this way until the effluent runs cléar (usually within 3 min to 4 min), turn o
the grit down into the cup. Inspect.the remaining sulfur and break up any loose :
ishing lightly with the camel hairbrush (6.2.1.3), subsequently washing them throy
wash the remaining grit into the.cup.

Unscy
the la
inad

ass is reduced to notaiore than 1 mg and record the mass of the sieve cup and content

ew the milled union nut (G);remove the discharge pipe and sieve cup, and wash th

atus, holding
le. Make into
and transfer

i full. Adjust

disturbance
maintain the

w the sieve is
rubber tubing

is free from
| adhering to
te that keeps
h thoroughly
f the jet and
1gglomerates
gh the sieve.

e contents of

ter with distilled water-Dry the sieve cup and contents at 80 °C + 2 °C for 30 min. Allow it to cool

siccator (6.2.1.4) and~then weigh it to the nearest 0,1 mg. Repeat this operation unt

il the change
s. This mass,

openings as

Wy =—=x100 (2)
m
where
m1 is the mass, in grams, of the test portion;
my 1is the mass, in grams, of the residue on the sieve.
© IS0 2018 - All rights reserved 5
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6.3 Method B

6.3.1 Apparatus

Use standard laboratory equipment together with the following.

6.3.1.1 Two sieves, of woven metal-wire cloth, in accordance with ISO 565, having openings of nominal
width 180 pym and 125 pm, respectively.

6.3.1.2 Flat brush, of camel hair or equivalent, 10 mm to 25 mm wide.

6.3.1.3 De

6.3.2 Prod

Dry one of t
parties, at 8
nearest 0,1 1
record the 1
0,1 g, about

using a sieve

From the tes
of the test pg
rod to collap
Shake the si
through it. T
15 mm abovsg

Take the siey
in the dish. R
Wash any sd
contents at §
nearest 0,1 1
record the m
mass of the

siccator.

edure

he sieves specified in 6.3.1.1, or a sieve with openings as agreed betwggen the inter
) °C + 2 °C for 30 min. Allow it to cool in a desiccator (6.3.1.3) and then weigh it

ass of the sieve. From the previously de-agglomerated sample;weigh out, to the n¢
[0 g (m3) when using a sieve with openings of less than 10@,um or about 30 g (m3)
with openings of greater than 100 um, and transfer to a beaker.

L portion, make, in a beaker, a suspension using 100 cm3'or 300 cm3 (depending on th
rtion) of a 20 g/dm3 solution of alkylaryl sulfonate inwater, pressing it lightly with a
se the lumps. After stirring it sufficiently, pour thesuspension onto the screen of the
eve gently while pouring in water little by little to allow most of the test portion t¢
hen put the sieve into an evaporating dish, fill the dish with water up to a level 10 1
e the screen, and sweep the surface of the sereen with a brush (6.3.1.2).

e out of the dish, drain out the watexfrom the openings in the sieve, and renew the
epeat this operation until no moreof the test portion can be seen in the water in thg
lid particles adhering to the brush onto the screen with water, then dry the siev
0 °C £ 2 °C for 30 min. Allow it to cool in a desiccator (6.3.1.3) and then weigh it

ass of the sieve and contents. The final mass minus the initial mass of the sieve equg
ieve residue (ma4).

ested
o the

ng. Repeat this operation until the change in mass is reduced to«1ot more than 1 mg and

rarest
when

e size
glass
sieve.

pass
nm to

water
dish.
e and
o the

hg. Repeat this operation(until the change in mass is reduced to not more than 1 mg and

Is the

Repeat the procedure with the) other sieve specified in 6.3.1.1, or with another sieve with openings as

agreed betw

ben the interested parties.

6.3.3 Expression of results
Calculate thq sieéve'residue (Wyg), expressed as a percentage by mass, using the Formula (3):
my
W.g =—x100
m3
where

m3 is the mass, in grams, of the test portion;

my is the mass, in grams, of the residue on the sieve.

6.3.4 Precision

See B.3.3.

(3)

© ISO 2018 - All rights reserved
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7 Determination of oil content of oil-treated sulfur

7.1

Principle

0Oil is extracted from the sample by using a solvent, and the solvent is then evaporated off and the mass
of residual oil determined. The residual sulfur is weighed and the amount of oil is calculated.

Two procedures are specified:

a) a

procedure using hexane for rhombic sulfur;

b) a
7.2

7.2.1

User
7.2.1

7.2.2

Weigl, to the nearest 1 mg, about 10 g of the sample (mg)xinto a wide-mouthed 250 cm3

and a
temp
into 3
soluti
beake
to rod

prnrﬂdnrn ncing sulfur-saturated hexane forinsoluble sulfur

Hexane procedure

Reagents

bagents of recognized analytical quality.
1 Hexane, reagent grade.

Procedure

dd, by pipette, exactly 100 cm3 of hexane (7.2.1.1).8topper the flask and allow it to s

conical flask
tand at room
hus obtained

brature for 30 min, swirling the flask every 5 min. Decant 75 cm3 of the solution t
100 cm3 beaker, ensuring that no particlesof sulfur are present. Then pipette 5

cm3 of this

on into another 100 cm3 beaker. Evaporate the solvent from this 50 cm3 of solution Hy placing the
r in a water bath in a fume cupboard. Remove the beaker from the water bath and allow it to cool
m temperature. Extract the residue.with 2 cm3 of hexane, measuring the solvent frpm a burette

and adding it in such a way that the sides’ of the beaker are washed down. Swirl the beaker gently to

dispe
1 mg

Repe:
watel
desic

7.2.3

Calcu

rse the residue with the solventi\Decant the solution into a 50 cm3 beaker, previousl
(m10).

bath and then in aneven at 80 °C for about 1 h in a fume cupboard until constant m|
Fator and then weigh-immediately to 1 mg (m11).

Expression‘of results

late the @il'content (hexane procedure) (OH), expressed as a percentage by mass, using

A2(myy —myo) L0000

y weighed to

it the extraction twice, golecting all the washings in the 50 cm3 beaker. Evaporate the solventin a

hss. Coolin a

Formula (4):

“4)

Mg

where

mg is the mass, in grams, of the test portion;

m1o is the mass, in grams, of the beaker;

mq1 is the mass, in grams, of the beaker plus oil;

0

,20 is a correction factor to allow for the solubility of sulfur in hexane.

© ISO 2018 - All rights reserved
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7.3 Sulfur-saturated hexane procedure

7.3.1 Reagents

Use reagents

of recognized analytical quality.

7.3.1.1 Sulfur-saturated hexane: Add 60 g of reagent-grade rhombic sulfur to 4 dm3 of hexane
(7.2.1.1). Mix well and allow to stand for 24 h before use to allow excess sulfur to fall to the bottom of the
vessel. Use only the clear supernatant liquid.

Weigh, to thg
of sulfur-sat
procedure.

Shake for 10
to ISO 4793,
100 cm3 of {
ethanol.

Dry the filtel
mass. Then @

nearest 1 mg, 5 g + 0,01 g of the sample (m12) into a 250 cm3 conical flask and add 2
irated hexane (7.3.1.1). Maintain the temperature constant throughout this' stage

min and then filter through a sintered-glass filter crucible of porosity P 40, accd
or equivalent, previously weighed to the nearest 1 mg (m13), and-wash the residue
ulfur-saturated hexane (7.3.1.1). Wash the residue twice with 25/cm3 of reagent-

crucible plus residue for about 1 h at 80 °C in an oven in‘a fume cupboard until co
ool in a desiccator and weigh to the nearest 1 mg (m14)-

5 cm3
bf the

rding
with
orade

Istant

6)

7.3.3 Expryession of results
Calculate th¢ oil content (sulfur-saturated hexane procedure) (OSH), expressed as a percentage by
mass, using Formula (5):
My + my3 —m
OSH = ( 12 13 14) %100
my;

where

m1z isfhe mass, in grams, of tlie tést portion;

m13 isfthe mass, in gramsgofthe filter crucible;

m14 is fhe mass, in grams, of the filter crucible plus residue.

8 Determination-of insoluble-sulfur content

8.1 Princi

ple

A test portion is stirred with solvent to dissolve the rhombic sulfur and any oil. The insoluble sulfur is
filtered off, dried and weighed.

Two procedures are specified:

a)

areference procedure using toluene as solvent;

b) an alternative procedure using carbon disulfide.

There is a po

ssibility that the two procedures give different results.
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Reference procedure using toluene

Reagents

Use reagents of recognized analytical quality.

8.2.1.

8.2.2

a sint
to the

1 Toluene, reagent grade.

Procedure

ered-glass filter crucible of porosity P 40, according to ISO 4793, or equivalent, previo
nearest 1 mg (m1¢). Remove the toluene by very light suction. Wash three times w

toluene.

IMPQO

RTANT — The sample shall never be sucked completely dry before the last wash

revelsion can occur due to icing of the insoluble sulfur.

After
oven

8.2.3

8.2.3
samp

wher

n
n

n

8.2.3
portic

1§

$

the last washing, completely remove the toluene by suction, andidry the filter crucib
n a fume cupboard for 1 h at 80 °C. Cool in a desiccator and weigh to the nearest 1 m

Expression of results

1 Calculate the insoluble-sulfur content (ISts1)~&%pressed as a percentage by mas

e, using Formula (6):
my7 —m
51 = (m7 Zme) 149
mis

15 is the mass, in grams, efithe test portion;
16 isthe mass, in grams, of the filter crucible;

17 is the mass, in-grams, of the filter crucible plus the residue of insoluble sulfur.

2 Calculaté the insoluble-sulfur content (ISts1), expressed as a percentage by mass
n of the saniple, using Formula (7):

IS
51 %100

tsf =
ts

d 200 cm3 of
ilter through
usly weighed
th 20 cm3 of

ing because

einadrying
B (m17).

s of the total

(6)

of the sulfur

(7)

where

ISts1  is the insoluble-sulfur content in the total sample (see 8.2.3.1);

TSts isthe total sulfur content in the total sample (see 5.4).

8.3

8.3.1

Alternative procedure using carbon disulfide

Reagents

Use reagents of recognized analytical quality.

8.3.1.

1 Carbon disulfide, reagent grade.
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WARNING — Carbon disulfide is a very noxious, toxic and inflammable solvent (boiling point:
46,3 °C, flash point: —-30 °C). Special safety precautions shall therefore be taken, including the

use of a fum

e hood and an explosion-proof drying oven.

8.3.2 Procedure

Weigh, to the nearest 1 mg, approximately 5 g of sample (m1g) in a 250 cm3 beaker. Add 100 cm3 of
carbon disulfide (8.3.1.1) and a magnetic-stirrer bar. Cover with a watch glass and stir for 30 min. Filter
through a sintered-glass filter crucible of porosity P 40, according to ISO 4793, or equivalent, previously
weighed to the nearest 1 mg (m19). Remove the carbon disulfide by very light suction. Wash three times

with 20 cm3

of carbon disulfide.

IMPORTAN
reversion ca

After the las
a drying ove

8.3.3 Expi

8.3.3.1 Cal
sample, usin

(

IS5y =

where
mig is

mi9 is

mpo is

8.3.3.2 Cal
portion of th

A}

IS .o =—
ts2 T
where

ISts2 1s

' — The sample shall never be sucked completely dry before the last washing be
n occur due to icing of the insoluble sulfur.

washing, completely remove the carbon disulfide by suction, and dry thefilter cruc
h for 1 h at 80 °C. Cool in a desiccator and weigh to the nearest 1 mg (mpg)-

ession of results

culate the insoluble-sulfur content (ISts2), expressed as a pércentage by mass of thg

b Formula (8):

70 — m19)

x 100
mqg

the mass, in grams, of the test portion;
the mass, in grams, of the filter crudible;

the mass, in grams, of the filter crucible plus the residue of insoluble sulfur.

culate the insoluble-sulfir-Content (ISts2), expressed as a percentage by mass of the

e sample, using Formuta.(9):

552+ 100
sm

the“insoluble-sulfur content in the total sample (see 8.3.3.1);

fause

ble in

total

(8)

sulfur

(9)

TSts

is the total sulfur content in the total sample (see 5.4).

9 Determination of thermal reversion of insoluble sulfur

9.1 General

Two methods are specified:

a) method A, in which solubilization of the insoluble sulfur is carried out in mineral oil for 15 min
at 105 °C;

b) method B, in which a test portion of insoluble sulfur is kept in a differential scanning calorimeter
for 10 min at 105 °C and the soluble sulfur measured by high-performance liquid chromatography.

10

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=bfbb6e51d66099bcf47af315f00c0778

ISO 8332:2018(E)

Note that the two methods give the same results.
9.2 Method A

9.2.1 Principle

A test portion is heated in white mineral oil at 105 °C for 15 min, followed by rapid cooling. The
amount of insoluble sulfur remaining after this treatment is measured. Two procedures are available
for this method:

a) areference procedure using toluene as solvent when measuring the amount of insoluble sulfur;

b) ap alternative procedure using carbon disulfide.

9.2.2| Apparatus

Use standard laboratory equipment together with the following.

9.2.2]1 Thermostatic bath, filled with silicone oil, with a magnetic stirrer, capable of being maintained
at10%°C+ 0,2 °C.

9.2.2]2 Stopwatch.
9.2.2{3 Glass test tube, 20 cm long and 42 mm in diameter, with screw cap or glass stopper.
9.2.2}4 Sintered-glass filter crucible, porosity P16, according to ISO 4793, or equivalent.
9.2.2)5 Thermometer, accurate to 0,2 °C between 100 °C and 110 °C.
9.2.2J6 Drying oven (explosion-preoftype), maintained at 80 °C.
9.2.2)7 Magnetic stirrer.

9.2.2/8 Water bath, containing crushed ice.

9.2.2]9 Suction flaskl

9.2.2]10 Desiecator.

9.2.3| Reference procedure

9.2.3.1 Reagents

Use reagents of recognized analytical quality.

9.2.3.1.1 Toluene, reagent grade.

WARNING — Toluene is inflammable and toxic.
9.2.3.1.2 White mineral oil, reagent grade.
9.2.3.2 Procedure

Homogenize a representative portion (minimum 10 g) of the sample.
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Pour 30 cm3 of white mineral oil (9.2.3.1.2) into a glass test tube (9.2.2.3) and add a magnetic-stirrer bar.

Put the test tube into the thermostatic bath (9.2.2.1) at 105 °C # 0,2 °C so that it is immersed to a depth of
atleast 10 cm and centred over the magnetic stirrer (see Figure 2). 15 min after the tube has been placed
in the bath, add quickly 1 000 mg * 50 mg of sulfur, weighed to the nearest 1 mg (mz1). Immediately
start the stopwatch (9.2.2.2). After 15 min * 5 s, remove the test tube from the thermostatic bath and
immediately place it in a bath filled with water and ice (9.2.2.8) and stir for 1 min.

Add 50 cm3 of toluene (9.2.3.1.1) and place the test tube on a magnetic stirrer (9.2.2.7) for 3 min.

Heat the sintered-glass filter crucible (9.2.2.4) for 1 h at 80 °C and cool it to ambient temperature in a
desiccator (9.2.2.10). Weigh the crucible to the nearest 1 mg (mp2). Mount the crucible on a suction flask
(9.2.2.9) and|decant the oil-solvent-sulfur mixture through it while applying very tight suction.|Wash
the sulfur fiye times with 20 cm3 portions of toluene.

IMPORTANT — The sample shall never be sucked completely dry before the last washing begcause
reversion c3n occur due to icing of the insoluble sulfur.

After the last washing, suck the crucible as dry as possible. Dry the crucible for 1/nin the oven (9.2.2.6)
at 80 °C, coolin the desiccator and weigh to 1 mg (m323).

—

I
|

— |

IR
/

\ /

\ /
1 2
Key
1 laboratory jack
2 magnetic stirrer
3 white mineral oil
4 bath containing silicone oil at 105 °C

Figure 2 — Thermostatic bath with magnetic stirrer
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9.2.4
Homd
Pour

Put t}
depth
been
Immsd
imme

Add 50 cm3 of carbon disulfide (9.2.4.1.1) and place the testtube on a magnetic stirrer (9.2.2

Heat
desic
(9.2.2
the sy

IMPG
reveirsion can occur due to icing of the insoluble sulfur.

After
at 80

9.2.5

Calcu

wher

ISO 8332:2018(E)

9.2.4 Alternative procedure using carbon disulfide

9.2.4.1 Reagents

Use reagents of recognized analytical quality.

9.2.4.1.1 Carbon disulfide, reagent grade.

WARNING — Carbon disulfide is a very noxious, toxic and inflammable solvent (boiling point:
46,3 °C, flash point: =30 °C). Special safety precautions shall therefore be taken, including the
use of a fume hood and an explosion-proof drying oven.

2 Procedure
genize a representative portion (minimum 10 g) of the sample.
B0 cm3 of white mineral oil (9.2.3.1.2) into a glass test tube (9.2.2.3) and@dd a magnet

e test tube into the thermostatic bath (9.2.2.1) at 105 °C + 0,2¢€ So that it is in
of at least 10 cm and centred over the magnetic stirrer (see Figure 2). 15 min after
placed in the bath, add quickly 1 000 mg + 50 mg of sulfur;y weighed to the neares
diately start the stopwatch (9.2.2.2). After 15 min # 5 s, remove the test tube from th
diately place it in a bath filled with water and ice (9.2.2.8) and stir for 1 min.

the sintered-glass filter crucible (9.2.2.4) for 1 hiat 80 °C and cool it to ambient tem
fator (9.2.2.10). Weigh the crucible to the neargst 1 mg (mp32). Mount the crucible on a
.9) and decant the oil-solvent-sulfur mixture’ through it while applying very tight s
Ifur five times with 20 cm3 portions of garbon disulfide.

RTANT — The sample shall neverbe sucked completely dry before the last wash

the last washing, suck the criicible as dry as possible. Dry the crucible for 1 h in the ¢
’C, cool in the desiccator.and weigh to 1 mg (mz3).

Expression of results

late the percentage thermal reversion (Rp) of the insoluble sulfur using Formula (10)

(myz —my, ) %100 y 100

c-stirrer bar.

ymersed to a
the tube has

1 mg (mz1).
b oil bath and

.7) for 3 min.
perature in a

suction flask
liction. Wash

ing because

ven (9.2.2.6)

Rlp =| IS 517 (10)
My ISty

mp1 is the mass, in grams, of the test portion;

mpp is the mass, in grams, of the filter crucible;

mp3 is the mass, in grams, of the filter crucible plus the residue of insoluble sulfur;

ISts1 is the initial insoluble-sulfur content, expressed as a percentage by mass of the total sample,

calculated as in 8.2.3.1.

© ISO 2018 - All rights reserved
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9.3 Method B

9.3.1 Principle

A test portion is heated at 105 °C in a differential scanning calorimeter for 10 min. Then the
amount of soluble sulfur converted from insoluble sulfur is measured by high-performance liquid
chromatography (HPLC).

9.3.2 Apparatus

Use standard laboratory equipment together with the following.

9.3.2.1 DiII[erential scanning calorimeter (DSC), calibrated in accordance with the manufactyrer's
specification|and using indium as the temperature standard (onset).

9.3.2.2 High-performance liquid chromatograph, equipped with two pumps. for programmed
elution, varigble-wavelength UV detector, and recorder with integrator.

9.3.2.3 HPLC column, reverse-phase type.

9.3.2.4 Volumetric flasks, 1 x 100 cm3 and 7 x 20 cm3 capacity.

9.3.3 Reagents

Use reagentd of recognized analytical quality.
9.3.3.1 Methylene chloride, reagent grade.
9.3.3.2 Soluble (rhombic) sulfur, reagent grade.
9.3.3.3 Methanol, HPLC grade.

9.3.3.4 Water, HPLC grade.

9.3.4 Chrdmatographic conditionsl)

Pump A: 100 % methanol.

Pump B: 60 % methanol + 40 % water.

Flow: 80 % pump A, 20 % pump B.

Total flow: 2 cm3/min.

Wavelength: 275 nm.

Column oven: 40 °C.

Injection volume: preferably 50 mm3 (20 mm3 might be acceptable).

Note, however, that it is essential to use the same injection volume both in the preparation of the
calibration curve (see 9.3.5) and in the actual determination (see 9.3.7 and 9.3.8).

1) Other conditions may be used as long as the soluble sulfur peak is well resolved.
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9.3.5 Preparation of calibration curve (soluble sulfur)
Weigh 30 mg of soluble sulfur (9.3.3.2) into a 100 cm3 volumetric flask (see 9.3.2.4).

Add 50 cm3 of methylene chloride (9.3.3.1). Shake until the soluble sulfur dissolves. Fill to the mark
with methylene chloride.

Transfer 1 cm3, 2 cm3, 3 cm3, 5 cm3, 7 cm3, 10 cm3 and 15 cm3 aliquots of this solution into 20 ¢m3
volumetric flasks (see 9.3.2.4). Fill each to the mark with methylene chloride.

Inject 50 mm3 (or 20 mm3) of each solution into the chromatograph (9.3.2.2).

C l A el Ll 1 A | 1L 1
dlCupateTtire arcas or tire Sortoe St peaKks.

Plot the total amount of soluble sulfur in each flask versus the corresponding areas. €alcu]ate the best-
fit ling either by computer or graphically.

NOTE A calibration curve is not always necessary. Within a narrow range, twd standard solutions can be
assunjed to define a straight-line relationship.

9.3.6] DSC programme

Starting temperature: 40 °C.

Final femperature: 105 °C.
Heatipg rate: 50 °C/min.
Timejat 105 °C: 10 min.
Coolinpg rate: 50 °C/min.

If the|calorimeter does not have a cooling-system capable of cooling the test portion at 50 fC/min, open
the sgmple compartment of the calorinmeter immediately at the end of the heating period|and transfer
the cntents of the pan as rapidly as possible into the 20 cm3 volumetric flask containipg 10 cm3 of
solvent.

9.3.7| Procedure for initial'soluble sulfur
Weiglhh 10 mg of the sample (m24) into a 20 cm3 volumetric flask.

Add tp the flask 1Qcin3 of methylene chloride. Shake the flask for 5 min. Fill to the mark with methylene
chloride. Allow.te'stand for 2 h.

Injec 50 mm3"(or 20 mm3) of the solution into the HPLC apparatus. Use the same injectipn volume as
was Usediin the preparation of the calibration curve.

Calculate thearea of the soluble-sulfur peak.
From the calibration curve, determine the initial amount of soluble sulfur in the flask (m3s).
Calculate the initial soluble-sulfur content (SSp) of the sample, expressed as a percentage by mass, using

Formula (11):

SSy=—22 %100 11
0
M3y

where
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mpy4 is the mass, in grams, of the test portion;

mys  is the initial mass, in grams, of soluble sulfur found.

9.3.8 Procedure for soluble sulfur after 10-min exposure time
Weigh 10 mg of the sample (m2¢) into a DSC pan.
Without covering it, introduce it into the sample compartment of the calorimeter.

Start the DSC programme (see 9.3.6).

At the end, fransfer the contents of the pan into a 20 cm3 volumetric flask containing 10)¢m3 of
methylene chloride. Shake the flask for 5 min. Fill to the mark with methylene chloride.

Allow to stand for 2 h.

Inject 50 mnp3 (or 20 mm3) of the solution into the HPLC apparatus. Use the same fhjection volume as
was used in the preparation of the calibration curve.

Calculate thq area of the soluble-sulfur peak.

From the calibration curve, determine the amount of soluble sulfup~ifi the flask after the 1D-min
exposure tinpe (mz7).

Calculate thq soluble-sulfur content of the sample after the 10-mimexposure time (551¢), expressed as a
percentage by mass, using Formula (12):

5810 =—2L%100 12
10
M6

where
mye is fhe mass, in grams, of the test portion;

my7 is fhe mass, in grams, of soluble‘sulfur after 10 min.

9.3.9 Expression of results
Calculate thg percentage thermal reversion of the insoluble sulfur (Rg) using Formula (13):

5510 =SS
Rp = (FS10 =550 x 100 (13)
(10p—SS, ~0SH)

where

SSo  is the initial soluble-sulfur content;
S§S10 is the soluble-sulfur content after 10-min exposure time;

OSH is the oil content of the sample, expressed as a percentage by mass (see Clause 7).

9.4 Precision

See B.3.1.
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10 Determination of loss in mass at 80 °C

10.1 Principle
A test portion is heated in an oven at 80 °C and the resulting loss in mass is determined by weighing.
Two methods are specified:

a) method A: a test portion is dried in an oven for a fixed drying period (10.3.1);

a) method B: a test portion is dried in an oven to constant mass (10.3.2).

10.2 |Apparatus

Use standard laboratory equipment together with the following.

E_]-

10.2.1 Weighing bottle, about 60 mm diameter and about 75 mm high, equipped with a li
10.2.2 Electric oven, capable of being maintained at 80 °C + 2 °C.

10.2.3 Desiccator.

10.3 [Procedure

10.3.1 Method A

Dry the weighing bottle (10.2.1) and its lid in théven (10.2.2), set at 80 °C * 2 °C, for 2 h. Cool it in a
desicg¢ator (10.2.3) and weigh to the nearest 1.mg. Weigh, to the nearest 1 mg, a 50 g (mzg) test portion
into the weighing bottle.

Place|the weighing bottle (10.2.1) with-the test portion, the weighing-bottle lid and a watch glass in the
oven [10.2.2), setat 80 °C + 2 °C, for 3 h

The diiameter of the watch glass shall be slightly larger than that of the weighing bottle.

After|drying, place the watch glass on the weighing bottle and put all in a desiccator. Afffer cooling to
room(temperature, closg-the weighing bottle with its lid and reweigh to the nearest 1 mg.

10.3.2 Method B

Dry the weighiing bottle (10.2.1) and its lid in the oven (10.2.2), set at 80 °C * 2 °C, for 2 h. Cool it in a
desic¢ator (10.2.3) and weigh to the nearest 1 mg. Weigh, to the nearest 1 mg, a 50 g (mzg]) test portion
into the weighing bottle.

DI'y a test portion to constant mass within a total drying period not exceeding 15 h, as Tollows:

Place the weighing bottle (10.2.1) with the test portion, the weighing-bottle lid and a watch glass in the
oven (10.2.2), setat 80 °C = 2 °C, for 3 h.

After drying, place the watch glass on the weighing bottle and put all in a desiccator. After cooling to
room temperature, close the weighing bottle with its lid and reweigh to the nearest 1 mg.

Repeat the above procedure until the mass becomes constant, i.e. until two consecutive weighings do
not differ by more than 5 mg.

If constant mass is not achieved after a total period of 15 h drying by this second procedure, record the
result of the final weighing.
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10.4 Expre

ssion of results

The loss in mass (L), expressed as a percentage by mass, is given by Formula (14):

L=""29 00100

Mg

where

mazg

is the mass, in grams, of the test portion before heating;

mpg is

10.5 Precis
See B.3.4.

11 Determination of ash at 850 °C to 900 °C

11.1 Princi

A test portion of dry sulfur is treated by slow combustion in air. It istheated in a furnace at 850

900 °C, then

11.2 Appai

Use standard
11.2.1 Porc
11.2.2 Hotp
11.2.3 Elect
11.2.4 Fum
11.3 Proce

11.3.1 Heat
a desiccator

kel 3 3 £1 L 43
IIC TUSOS 111 T1Id 59, 11T sl dallls, dittl llCaLllls-

ion

ple

weighed.

atus

laboratory equipment together with the following.

plain dish, tall-form.

late, or Bunsen burner and refraetory triangle.

ric furnace, capable of béing maintained at 850 °C to 900 °C.
e hood.

dure

the dishyun’'the furnace maintained at 850 °C to 900 °C for more than 10 min. Allow to d
hind weigh to the nearest 1 mg (m3p).

11.3.2 Weig

,T0 the nearest I mg, about 10 g (/71131) Of the sample into the disn (11.2.1).

(14)

°C to

ool in

11.3.3 Place the dish (11.2.1) containing the test portion on the hotplate (11.2.2) at approximately
200 °C (or on a refractory triangle over a Bunsen burner) and gently melt the sulfur. When melting is
complete, set fire to the sulfur with a small gas flame (e.g. from a Bunsen burner). Adjust the heating
rate so that the sulfur burns slowly (temperature just sufficient to maintain combustion) and completely

(combustion

period: about 1 h).

11.3.4 Heatthe dish and the residue from the combustion of the sulfur in the furnace (11.2.3) maintained
at 850 °C to 900 °C.

11.3.5 Allow to cool in a desiccator and weigh to the nearest 1 mg (m3z).

18
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11.3.6 Repeat the previous operations of 11.3.4 and 11.3.5 until two successive weighings do not differ
by more than 5 mg. Record the last weighing (m33).

11.4 Expression of results

The ash (4), expressed as a percentage by mass of the dry product, is given by Formula (15):

A4="32""30 , 100 (15)
mz1 =Mz

where

m3o is the mass, in grams, of the dish;
m31 is the mass, in grams of the sample and the dish before heating;

m32 is the mass, in grams, of the residue and the dish after heating.

11.5|Precision

See B|3.5.

12 Determination of acidity

Condiict the test in accordance with ISO 3704.

13 Determination of arsenic content

Condiict the test in accordance with ISO 3705

14 Test report

The t¢st report shall include the following particulars:

a) a|reference to this dodument, i.e. ISO 8332:2018, and the procedure used;
b) all details necessary for the identification of the sample;

c) the results of the tests, including;

1) totalsmifur content,

2) ~sieve residue,

3) oil content of oil-treated sulfur,

4) insoluble-sulfur content,

5) thermal reversion of insoluble sulfur,
6) lossin mass at 80 °C,

7) ashat850°Cto900 °C,

8) acidity (as H2S04),

9) arsenic (if necessary);

d) the date of testing;
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e) details of any deviation from the standard test procedure.
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Annex A
(informative)

Typical values of the properties of sulfur used as a rubber

compounding ingredient

Soluble (rhombic) sulfur

| A.1 shows typical values for soluble (rhombic) sulfur used as a compounding i
ibber.

ause 4 for the test methods used.

Table A.1 — Typical values for soluble (rhombic) sulfur

gredient for

Property Grade W Grade X Grade Y Grade Z
Nominal oil content [% (by mass)] Nil 1 2,5 5
Acidity [as H2S04, % (by mass)], max. 0,05 0,05 0,05 0,05
Loss {n mass [% (by mass)], max. 0,30 0,45 0,50 0,55
Ash [Po(by mass)], max.a 0,40 0,40 0,40 0,40
Finerless (sieve residue) [% (by mass)]

125 um, max. 0,2 0,2 0,2 0,2
189 um, max. 0,02 0,02 0,02 0,02
0il cantent [% (by mass)] Nil 1+0,25 2,5+0,5 5+0,75

Arsenic (mg/kg), max. 5 5 5 5
a  Stlfur coated with inorganic pigmerits, such as magnesium carbonate or silica, might give different valules upon ashing
than those indicated.

A.2
Table

dry ryibber.

See C|

Insoluble (amorphous) sulfur

[A.2 shows typical values for insoluble (amorphous) sulfur used as a compounding i

ause 4 forthe test methods used.
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