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Introduction

The free-sulfur content of an unvulcanized rubber cémppund (i.e. the
amount of uncombined sulfur present in the compound) shpuld represent
all the added, elemental, sulfur. As the vulcanization: procegds and sulfur

is gradually combined with the rubber, the freg=sulfur cor
decreases, so its level in any particular product bears some

tent gradually
relation to its

state of vulcanization, provided the formulation is known ahd the correct
proportion of elemental sulfur (and othgringredients) has been incorpor-

ated.

Vulcanizates containing higher proportions of free sulfur th
can dissolve are liable to bloom-sulfur, hence certain product
include a maximum figure for free sulfur.

an the rubber
specifications
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Rubber — Determination of free sulfur

WARNI

1 Scope

1.1 Thig International Standard specifies three
methods | for the determination of free sulfur in
vulcanize@l rubber: two versions of the copper spiral
method, and the sodium sulfite method.

1.2 The copper spiral methods are also applicable,
subject tp the limitations described in clausen4, to
unvulcaniged compounds.

1.3 Annex A gives a table listing the sulfur contri-
bution, ag a percentage by mass, toythese free-sulfur
methods [for various commercidl accelerators.

2 Normative reférences

The following stahdards contain provisions which,
through referefjee in this text, constitute provisions
of this Irfternational Standard. At the time of publi-

at' ﬂ‘ aditione ndicatad vaara oA Al ot Aol
C |On, 1 oTer TTUTITTATOUTOU U VT U vUaTITU L. AT otarTuadaTuo

— Persons using this International Standard should be familiar with normlal Tabdratory
practice.[This standard does not purport to address all of the safety problems, if ahy, assocC:Lated
with its @ise. It is the responsibility of the user to establish appropriate safety and-health pr
and to ensure compliance with any national regulatory conditions.

ctices

3 Principle

3.1 «:Copper spiral methods A and B

3.1.1 Method A

The free sulfur in a test portion is |extracted with
acetone as in the determination of golvent extract,
described in ISO 1407, except that a|spiral of clean
copper gauze is placed in the flask |containing the
acetone. The copper reacts with the extracted sulfur,
forming copper sulfide. When extractipn is complete,
the acetone solution is drawn off throlugh a filter and
discarded. The acetone-insoluble copper and copper
sulfide remaining in the flask are treated with hydro-
chloric acid. The resulting hydrogen stifide is passed
through cadmium acetate solution, anfl the cadmium
sulfide formed is determined iodometrically.

3.1.2 Method B

are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-
cent editions of the standards indicated below.
Members of IEC and ISO maintain registers of cur-
rently valid International Standards.

ISO 383:1976, Laboratory glassware — Interchange-
able conical ground joints.

ISO 1407:1992, Rubber — Determination of solvent
extract.

Rapid copper spiral method B is the same as copper
spiral method A except that the extraction time is re-
duced by using a vapour-jacketed Soxhlet of reduced
capacity (6 cm?) to increase the extraction tempera-
ture.

3.2 Sulfite method

The free sulfur in a test portion is reacted with
aqueous sodium sulfite and the sodium thiosulfate so
formed is determined iodometrically.
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4 Limitations

4.1 The copper spiral methods generally determine
elemental sulfur only, although certain sulfur-donating

curatives,

such as

thiuram  disulfide and

diaminosulfides, can give rise to slightly high results.

In addition, the

copper spiral methods are unsuitable

for unvulcanized compounds if the added elemental
sulfur is of the form insoluble in acetone, i.e. the so-
called “insoluble” or amorphous sulfur. The total
mass of free sulfur in the test portion shall be in the
range 0,2 mg to| 10 mg.

© ISO:

5.1.6 Nitric acid, c(HNO;) = 10 mol/dm®.

Add 10 volumes of concentrated [70 % (m/m)] nitric
acid, ¢(HNO,) = 16 mol/dm® (0,0 = 1,42 Mg/m°), to 6
volumes of water.

5.1.7 lodine solution, c(l,) ~ 0,025 mol/dm®.

5.1.8 Sodium thiosulfate, accurately standardized
solution, ¢(Na,S,0,) = 0,05 moljdm?.

4.2 The sulfit¢ method is excessively sensitive to

the presence
antioxidants, an
compounds.

4.3
methods are co

NOTE1 In pra

bf sulfur-donating curatives and to
H shall not be used for unvulcanized

In the absence of sulfur-donating curatives, the

nparable in accuracy and precision.

Ctice, in addition to determining free el-

emental sulfur, Jome coordinately bound reactive sulfur
such as that in thjiuram disulfide and polysulfides may also

give positive resp

5 Coppers

bnses.

biral method A

5.1 Reagent$ and materials

During the anal
analytical reage
water of equiva

5.1.1 Acetone|

sis, use only reagents of recognized
nt grade and only distilled avater or
ent purity.

5.1.2 Cadmium acetate, buffered solution.

Dissolve 25¢g
[(CH,CO0),Cd-?
trihydrate (CH4(
of glacial acetic

of cadmjum acetate dihydrate
H,0] «and” 25 g of sodium acetate
OQN@&:3H,0) in water, add 100 cm®
acid ‘'and make up to 1 dm? with wa-

5.1.10 Pure nitrogen gas.

5.1.11 Glycerol, general laboratorygrade.

5.2 Apparatus

Ordinary laboratory apparatus and the items $pecified
in 5.2.1 to 56.2.10 @re required for assembly of the
apparatus shownig/figures 1 and 2. Substitutions may
be made if they perform the same functiop as the
items listeds All ground-glass joints shall comply with
the requitements of ISO 383 and shall be sgaled by
applying.glycerol (5.1.11) before assembling.

5:21 Extraction flask (A), of capacity 150 dm°, with
34/35 conical ground-glass joint.

5.2.2 Soxhlet extractor (Y), with 34/35 sofket and
34/35 cone. Capacity of extractor (P) 20 cm® to
30 cm?®.

5.2.3 Graham condenser (Z), with 34/35 ahgle drip
cone.

5.2.4 Reduction adapter (D), with 14/23 socket,
34/35 cone, and a gas inlet tube to reach {o within
3 mm of the bottom of the extraction flagk (5.2.1)
when assembled.

5.2.5 Conical flask (J), of capacity 250 cfn?,

2410Q o

with

ter.

5.1.3 Copper gauze, 250 um to 420 pm (40 mesh

to 60 mesh).

5.1.4 Filter paper or polyamide cloth, to wrap the
rubber test portion.

5.1.5 Hydrochloric acid, diluted 1 + 1.

Add 1 volume

of concentrated [36 % (m/m)] hydro-

chloric acid, ¢(HCI) = 10 mol/dm?® (g, = 1,18 Mg/m3),
to 1 volume of water.

[EPT RS | l ioindt
L‘T/L\J wUTIivarl yI\JUIIU yIOOO JUIIIL.
5.2.6 Gas-washing bottles (K and L).

5.2.7 Receiver adapter (E), with 10/19 socket,
2429 cone and internal sealed dip-tube.

5.2.8 Condenser, Liebig type (F), effective length
approximately 22 cm, with 14/23 angle drip cone,
14/23 socket and side arm with 10/19 cone.

5.2.9 Dropping funnel (G), of capacity 100 cm?,
with 14/23 cone, modified stem and 14/23 stopper.
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2.10 Micro-immersion filter (Emich pattern) (H),
stem approximately 75 mm long, diameter of disc
10 mm, porosity grade 3.
5.2.11 Laboratory mill.

5.3 Procedure

5.3.1 Preparation of copper spiral

ISO 7269:1995(E)

su ffnce to add a further piece of copper gauze about
1

0 mm square and continue the extraction for 1 h.

5.3.2.5 Disconnect the extraction flask, remove the
reduction adapter (D) (5.2.4) and filter off the acetone
through the micro-immersion filter (H) (5.2. 10) Wash

the spirals with three portions of about 20 cm?® of hot

acetone, removing the washings each time through
the micro-immersion filter.
5.3.3 Determination of extracted free sulfur

5.3.1.1 (ut about 5 g of the copper gauze (5.1.3) to
form a 190 mm wide strip and loosely roll to form a
spiral approximately 20 mm in diameter, the turns
being conveniently held in place by a loop of copper
wire.

5.3.1.2 (lean the spiral, immediately before use, by
dipping in cold dilute nitric acid (5.1.6) for a few sec-
onds, sufficient to cause the copper to become clean
and bright. Remove all traces of acid by thoroughly
and repegtedly washing in water. Wash with acetone
(5.1.1) and dry.

5.3.2 Extraction of free sulfur

5.3.2.1 Prepare the rubber by finely cutting to pass
through 4 1,70 mm sieve or thinly milling to a thick=
ness not lexceeding 0,5 mm and weigh a test portion
of appro{mately 1 g to the nearest 0,1 mg (mass m).
If there is|evidence of sulfur bloom, weigh a-0;5 g test
portion td the same tolerance.

If the rubber is unvulcanized, weighya test portion
which will contain not more than 10 mg of free sulfur.

5.3.2.2 Place the copper.-spiral, prepared as speci-
fied in §.3.1, in the 150-ém> extraction flask (A)
(5.2.1) and extract the_test portion for not less than
4 h, folloyving the procedure specified in 5.3.2.3.

5.3.2.3 Rollkthe weighed test portion in the filter pa-
per or pelyamide cloth (5.1.4) (previously extracted

5.3.3.1 Assemble the extractioncflas
taining the copper spirals, together v
immersion filter (H) and reduction adap
apparatus of figure 2. Intredtce 100 c

acetate solution (5.1.2) into’the receivar

fill the gas-washing bottles (K and L) (5
of about 10 mm-With the same sd
stream of nitrogén (5.1.10) through th
displace the air and then adjust the flo
bubble perisgcond in flask J.

5.3.3.2)" Introduce 50 cm® of dilute h
(54.5) slowly from the dropping funne
flask A, heat slowly to boiling and ¢
gently for 20 min to 30 min. Towards
period, increase the flow of nitrogen
all traces of hydrogen sulfide. The {
washing bottle K should be clear and ¢
is not so, it is an indication that the gag

k (A) now con-
vith the micro-
ter (D), into the
m® of cadmium
(J) (5.2.5) and
.2.6) to a depth
lution. Pass a
€ apparatus to
W to about one

drochloric acid
(G) (5.2.9) into
ontinue to boil
the end of this
to sweep over
olution in gas-
blourless; if this
flow has been

too rapid and the determination shall he repeated us-

ing a smaller test portion or slower ra
Disconnect the receiver adapter (E) (
condenser side arm and, whilst holdin
add from a pipette a measured volum
solution (5.1.7) (usually 20 cm® is a st
to flask J, so that excess iodine is pre

5.3.3.3 Allow the iodine to react withi
adhering to the entry tube and, when
tate has dissolved, remove and rinse

te of gas flow.
b.2.7) from the
b it at an angle,
e (V) of iodine
itable quantity)
sent.

any precipitate
all the precipi-
the tube. Cool

the solution to approximately 15 °C. Titrate the excess
iodine with sodium thiosulfate solutior:](5.1 .8) (volume

with acetormer—to—formmatooseTott—from—which—the
rubber cannot fall and so that no part of the rubber is
anywhere in contact with any other part of the rubber.
Place the roll in the Soxhlet extractor (Y) (5.2.2) and
pour into the extraction flask (A) 75 cm® of acetone.
Assemble the apparatus and adjust the rate of heating
such that the quantity of acetone distilled will fill the
extractor 10 to 20 times per hour.

5.3.2.4 |f, at the end of the extraction period, the
spiral is heavily biackened, add a second spiral pre-
pared as specified in 5.3.1 and continue the extraction
for a further 2 h. If no blackening is apparent, it will

V1. using starch solufion (6.T.9] as the indicator.

5.3.3.4 Carry out a blank test using all the reagents,
including a volume V (see 5.3.3.2) of iodine solution
(6.1.7) and 100 cm® of cadmium acetate solution
(5.1.2), but omitting the test portion. Record the vol-
ume of standard sodium thiosulfate solution needed

(V2).

5.3.3.5 The difference between the volume of
sodium thiosulfate used in the blank test and that
used in the determination is equivalent to the iodine
which has reacted with the cadmium sulfide.
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5.4 Expression of results

Calculate the free-sulfur content, expressed as a per-
centage by mass, from the formula

1,6(V, - Vy)e
m
where
Vi is the volume, in cubic centimetres, of

~ thiAaoilfad o \ raaAtine~

1 Q \
DUdlUlll miosuiate \d 1.0] Teacliinly VVILH Ll e

© ISO

6.2.4 Reduction adapter (X), with 34/35 cone and
14/19 socket.

6.2 Procedure

This is identical to 5.3 except that 5.3.2.2 shall read

“Place the copper spnral prepared as specified in
5.3.1, in the 150 cm® extraction flask (A) (6.2.1)
and extract the test portion for not less than 1 h,
following the procedure specified in 532 3.”

exce$s iodine In the determination (see
5.3.3|3);

v, is thp voiume, in cubic centimetres, of
sodiym thiosulfate (5.1.8) equivalent to
Vem[ of the iodine solution (5.1.7) used
for tHe blank test (see 5.3.3.4);

c is th¢ actual concentration, expressed in
mole per cubic centimetre, of the sodium
thiosylfate solution (5.1.8) used;

m is thg mass, in grams, of the test portion
(see p.3.2.1).

6 Copper spiral method B

6.1 Reagentg§ and materials

See 5.1.

6.2 Apparatys

Ordinary laboratpry apparatus and the(items specified
in 6.2.1 to 6.2.4|are required for assembly of the ap-
paratus shown in figure 3. Substitutions may be made
if they perform the same fungtion as the items listed.
All ground-glass|joints shalligomply with the require-
ments of ISO 383 and-shall be sealed by applying
glycerol (5.1.11) [before, assembling.

LA £ Pl =d A

6.2.1 Extl'acti \YanVrEava| uupuully LIEAYAR 1 B & Bum vvth

5.3.2.4 shall read

“If, at the end of the extraction_period, the spiral
is heavily blackened, add a secénd spiral prepared
as specified in 5.3.1 and ¢ontinue the ektraction
for a further 10 min. If _no blackening is apparent,
it will suffice to add\a’further piece of copper
gauze about 10 mmy'square and continug the ex-
traction for 10 min.”

and 5.3.2.5 shall¢ead

“Disconnect the extraction flask, removg the re-
duction’adapter (X) (6.2.4) and filter off the|acetone
through the micro-immersion filter (H) |(5.2.10).
Wash the spirals with three portions ¢f about
20 cm® of hot acetone, removing the Washings
each time through the micro-immersion filter.”

6.4 Expression of results

See 5.4.

7 Sulfite method

7.1 Reagents and materials

During the analysis, use only reagents of re¢ognized
analytical reagent grade, and only distilled {vater or
water of equivalent purity.

34/35 conical ground-glass joint.

6.2.2 Soxhlet extractor (B), with 19/23 socket and
14/193 cone. Capacity of extraction cup approximately
6 cm”.

As an alternative to a jacketed Soxhlet, the type of
Soxhlet depicted in figure 2 of ISO 1407:1992 may be
used.

6.2.3 Graham condenser (C), with 19/26 angle drip
cone.

7.1.1 Sodium sulfite, solution.

Dissolve 50 g of anhydrous sodium sulfite (Na,SO,)
or 100g of sodium sulfite heptahydrate
(Na,SO4-7H,0) in 1 dm?® of water.

This solution shall be made up freshly once a week.
7.1.2 Liquid paraffin.

7.1.3 Charcoal, granular, activated for gas adsorp-
tion by heating at 250 °C to 300 °C for 45 min.
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7.1.4 Formaldehyde, 300 g/dm® to 400 g/dm? sol-
ution.

7.1.5 Acetic acid, glacial.
7.1.6 lodine, solution, c(l,) ~ 0,025 mol/dm?®,

7.1.7 Sodium thiosulfate, accurately standardized
solution, ¢(Na,S,0;) = 0,05 mol/dm?.

7.1.8 Starch, 1 g/100 cm?® solution.

ISO 7269:1995(E)

the filtered washings in the Bichner flask (7.2.3).
Wash the filter residue with a further 25 cm?® of hot
water.

7.3.4 Add 10 cm® of formaldehyde solution (7.1.4)
to the filtrate in the Blichner flask, allow to stand for
5 min and add 5 cm® of glacial acetic acid (7.1.5).
Swirl to mix, cool to approximately 15 °C and add an
accurately measured volume of iodine solution
(7.1.6), so that excess iodine is present. Mix thor-
oughly, add a few drops of starch soiution {7.1.8) and

7.1.9 Dijatomaceous earth", for use as filter ma-

7.2 Apparatus
Ordinary [aboratory apparatus, plus the following:

7.21 Conical flask, borosilicate, of capacity
500 cm®.

7.2.2 Blichner funnel, 60 mm.
7.2.3 Blichner flask.
7.2.4 Hotplate.

7.2.5 Laboratory mill.

7.3 Procedure

7.3.1 Prepare the rubber, by finelyScutting to pass
through & 1,70 mm sieve or thinly milling to a thick-
ness notlexceeding 0,5 mm, and weigh a test portion
of approXimately 2 g to the nearest 0,1 mg. Transfer
to the borosilicate conicalNflask (7.2.1) and add
100 cm®|of sodium sulfité” solution (7.1.1) and, to
prevent frothing, 3cm>to 5cem® of liquid paraffin
(7.1.2). Qover the/mouth of the flask with a watch
glass and boil gently on the hotplate (7.2.4) for 4 h.

7.3.2 Cpélnadd 5 g of activated charcoal (7.1.3) and

titrate the excess iodine with sodium|thiosulfate sol-
ution (7.1.7) (volume V).

7.3.5 Carry out a blank testion the rgagents. Record
the volume of standard (sodium thiopulfate solution
needed (V,).

7.4 Expression-of results

Calculate thé/Aree-sulfur content, expressed as a per-
centage by.mass, from the formula

32(V3 = Vy)c
m
Where
V3 is the volume, in cubic ¢entimetres, of

sodium thiosulfate (7.1.7) Used for titration
of the test portion (see 7.3|4);

V4 is the volume, in cubic ¢entimetres, of
sodium thiosulfate (7.1.7) used in the blank
test (see 7.3.5);

c is the actual concentratior), expressed in
moles per cubic decimetre} of the sodium
thiosulfate solution (7.1.7) yised;

m is the mass, in grams, of the test portion.

8 Test report

The test report shall include the followfing information:

allow to stand for 30 min, during which time acceler-
ator residues are adsorbed on the charcoal.

7.3.3 Remove any insoluble matter by filtering, un-
der vacuum, through the Blchner funnel (7.2.2) con-
taining a filter bed, approximately 5 mm thick, of the
diatomaceous earth (7.1.9) supported on qualitative
grade filter paper. Wash the conical flask with three
successive 25 cm® volumes of hot water, collecting

a) a reference to this International Standard;

b) all details necessary for the complete identifi-
cation of the sample;

¢) the method used — copper spiral method A or
B, or the sulfite method;

d) the result of the determination;

1) Celite 545, available commercially, is suitable. This information is given for the convenience of users of this International
Standard 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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e) any unusual features noted during the determi-

rnatiort,

f) any operation not included in this International
Standards to

CLGHIuGI yuS

Standard or in the

International
international

M

which reference is

,,,,, ~ ac A~ -

~A -~
reyaiucu as VpPLOTic

g) the date of the test.

=

Extraction cup (P)

(capacity 20 cm3 to 30 cm3)

Soxhlet extractor (Y)

Figure 1 — Typical apparatus for extraction of free sulfur by copper spiral method A

150 cm3 flask I‘A)

© ISO

made, as well as any operation
al.
di,
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Dropping funnel (G)

ISO

14/23 joint

10/19 joint (or spherical

/  joint if required)

7269:1995(E)

AAIDD S osnd
TR ZoJomt

Liebig condenser (F)

Receiver adapter (E)

—

Gas-w

24/29)joint

Conical flask (J)
(250 cm3 capacity)

2 mm bore

14/23 joint

Nitrogen — e

Gas-wdgshing bottie (L)

Reduction adapter (D)

34/35 joint

150 cm3 flask (A)

— Micro-immersion filter (H)

rashing bottle (K)

3 mm bore

Figure 2 — Typical apparatus for determination of free sulfur by copper spiral method A
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)__/_:

6

jm®——————— Graham condenser (C)

ORRRHTITRARRRIIRTS

19/23 joint
Soxhlet extractor (B)
( ~=s———— (capacity-of extraction cup
= 6 cm3)
|
D)
14/19 joint

Reduction adapter (X)

I

34/35 joint — gul

L}‘ 150 cm3 flask (A)

Figure 3 — Typical apparatus for determination of free sulfur by copper spiral method B
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