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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.
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e are

described in the ISO/IEC D1rect1ves Part 1.In partlcular the dlfferent approval crlterla needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the
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rawn to the possibility that some of the elements of this document may.be the subject of
4. ISO shall not be held responsible for identifying any or all such patent-rights. Details of
ights identified during the development of the document will be in the Introduction and/or
t of patent declarations received (see www.iso.org/patents).

me used in this document is information given for the convenience of users and dogs not
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Rubber, raw styrene-butadiene, emulsion-polymerized —
Determination of bound styrene content — Refractive

ind

1 S

ex method

cope

This document specifies a method for determining the bound styrene content of emulsion-
styrehe-butadiene rubbers (SBR) by correlation with the measured refractive index |of
sample according to a table of refractive indices versus percentage mass fractions styrene
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$0 Online browsing platformsavailable at https://www.iso.org/obp

ethod is also applicable to extracted oil-extended emulsion-polymerized SBRas long 3
suitable for refractive index measurements. It is not applicable to solution-polymeriz

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

/95, Rubber, raw natural and raw synthetic — Sampling and further preparative proceg

erms and definitions
'ms and definitions are listed in this document.

1d IEC maintain terminological databases for use in standardization at the following

C Electropedia: availabteat http://www.electropedia.org/

rinciple

ound styreng’tést is a measure of the bound monomeric composition of the rubber

check
boung

The n
dryi
not m

the accuraey of monomer charging and also as a guide to the uniformity of the prod
| styrene'eontent affects the physical properties.

letheds consist in the extraction of a test piece with ethanol-toluene azeotrope (ETA]

polymerized
an extracted

sit produces

ed SBR.

their content
applies. For
ents) applies.

ures

addresses:

It is used to
lict, since the

, followed by

d thickness of

re tan 0,50 mm.

The bound styrene content is calculated from the refractive index obtained at 25 °C on this thinly
sheeted rubber.

5 Reagents

Use only reagents of recognized analytical grade and only distilled water or water of equivalent purity.

© IS0 2020 - All rights reserved
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5.1 Ethanol-toluene azeotrope (ETA), by mixing 7 volumes of absolute ethanol with 3 volumes of
toluene.

Alternatively, mix 7 volumes of commercial grade ethanol with 3 volumes of toluene, and boil the
mixture with anhydrous calcium oxide (quicklime) under reflux for 4 h.

Then distil the azeotrope and collect the fraction with a boiling range not exceeding 1 °C, for use in
the test.

5.2 Acidified ETA, by adding 10 cm3 of concentrated hydrochloric acid (approximately 35 % mass
fraction) to a portion of ETA (5.1) and make the solution up to 1 000 cm3 with ETA.

NOTE Acldified ETA is used for alum-coagulated polymers.

5.3 a-Bromonaphthalene.

6 Apparjtus

Ordinary laboratory equipment and the following.
6.1 Wide-mouthed conical flask, of capacity 400 cm3 to 500 cm3.

6.2 Refluxicondenser.

NOTE Altlernatively, a Soxhlet extractor can be used instead of@reflux condenser and a conical flask.

6.3 Abbe-type refractometer, having fourth decimal-glace accuracy and whose refracting prism can
be placed in|a nearly horizontal position for measuremntent of the refractive index of solids. An Amici-
type comper}sating prism for achromatization is nécessary unless a sodium-vapour lamp is used as a
light source.

The refractometer shall be maintained at-a temperature of 25 °C = 0,1 °C, obtained by the usg of a
constant ten]perature room or by circulating constant temperature water through the instrumeni.

6.4 Vacuum oven, capable of being evacuated to a pressure of 1 300 Pal) and of maintainjing a
temperaturefof 100 °C £ 5 °C.

6.5 Aluminpium foil, between 0,025 mm and 0,08 mm thick, having good tear strength.

6.6 Glass feference/ for checking adjustment of the refractometer. The glass reference shpll be
calibrated fof use at-25 °C.

Q

3= R h] I 3 . - - £4Nnn on 1 e —— 1 c
6.7 Hydl‘a IIC PITSS, UIdU UdIT DT HIdHIILAIIICU dU d LCHIPETdALUIrc ol 1UU U dIIU UdIT ditdIIl d tUldl' 1 rce Of

up to 100 kN on the platens.

6.8 Pressing plates (optional apparatus), measuring 210 mm x 210 mm x 3 mm, with a wooden
handle. One of the plates shall have a 150 mm square area in the centre milled out to a depth not to
exceed 0,65 mm.

6.9 Scissors, small and sharp.

1) 1Pa=1N/m?

2 © IS0 2020 - All rights reserved
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6.10 Light source, which shall be collimated to provide a beam at grazing incidence to the prism.

If an incandescent light source is used, such as a flashlight bulb, it shall be of low intensity. A sodium-
vapour lamp may also be used.

The light source requirement is that a clear, sharp line with good contrast can be observed in the
telescope of the refractometer. Attenuation or diffusion of the light for better viewing may be

accomplished by placing crumpled tissue paper in the light path.

7 Preparation of test pieces

7.1
no laf
porti

Place
of ET
rubbg

Intro
piece

Fit th
the s
rubbg

NOTE
extrag

Remo
maint

Sheet out 2 g to 6 g of rubber, selected and prepared in accordance with ISO 1795(C{
ger than 2 mm x 2 mm or strips no longer than 10 mm and not wider than 5 mm.
n of approximately 2 g to the nearest 0,001 g.

a circular filter paper in the bottom of the wide-mouthed conical flaskx(6.1), and
A extraction solvent (5.1) for all rubbers except alum-coagulated rubbers. For aluf
rs, use acidified ETA (5.2).

uce the rubber pieces separately into the flask, swirling after-each addition, so thz
5 are thoroughly wetted with solvent and sticking is minimized.

e reflux condenser (6.2) to the flask and boil the solventwery gently under reflux foy
lution with another 100 cm3 of ETA or acidified ETA and extract for an additional ha
r pieces with three successive 10 cm3 portions of extraction solvent.

As an alternative, the weighed rubber piecescan be wrapped in filter paper and placs
tor and extracted with ETA or acidified ETA under‘reflux for a minimum of 4 h.

ained at a pressure of about 1 300 Pal) and a temperature of 100 °C + 5 °C.

it into pieces
Weigh a test

ndd 100 cm3
n-coagulated

1t the rubber

1 h. Replace
ur. Rinse the

d in a Soxhlet

ve the rubber pieces from the flask and dry them to constant mass in the vacuuin oven (6.4),

It is ijnportant that the rubber pieces beextracted and dried thoroughly since either residyial solvent or

incon

Avoid

7.2
the te

Ipletely extracted materials will result in erroneous readings of the refractive index.

plasticizing of the samplé. by overheating.

After the test pieceS-have been thoroughly dried, more than one technique is suitablg
st piece. The method of pressing may be modified to suit the type of rubber ang

equipment availablé, The pressure and the time of pressing at 100 °C may be varied. The t¢

be co
press

The ¢
can b

bled to room<émperature under pressure, or removed from the press while hot. Th
ng shallaiever exceed 10 min, and should preferably be 5 min.

bnditions shall be chosen so that the pressed test piece is homogeneous and so that 3
ebserved dividing the light and dark fields of the telescope field when the refrag

for pressing
| the type of
st piece may
e time of hot

distinct line
tive index is

deter

: 1
jessiSiem

The two following techniques are given for the pressing operation.

a)

If pressing plates (6.8) are used, proceed as follows.

Place approximately 0,3 g of the dry extracted polymer between two sheets of aluminium foil about
50 mm square and fold the corners over once. Place this test piece between the pressing plates and
place the plates in the press held at 100 °C. Close the platens without applying pressure and preheat
for 1 min. Several test pieces may be pressed at one time. Apply a force of about 100 kN for 3 min.
Release the pressure, remove the test pieces from the press and allow them to cool.

© IS0 2020 - All rights reserved
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the details of the procedure to suit the sample.

If the pressing is to be done between flat platens without a cavity, proceed as follows, modifying

Prepare an aluminium foil about 25 mm wide and 50 mm long. Place approximately 0,2 g of the
dry extracted polymer on the foil, then fold the foil along midline. Press the test piece between
the foil squares with a force of between 2,2 kN and 6,6 kN at 100 °C for from 3 min to 10 min
(preferably 3 min to 5 min). If several test pieces are pressed at one time, increase the applied force
proportionally so that the pressure on each test piece is between about 3,45 MPal) and 10,35 MPal).
Forces lower than the usual limit may be necessary for some polymers. It may also be necessary,
with some polymers, to allow the pressed test pieces to cool under pressure while cooling the
platens with cold water.

7.3 The th
thinner. The
reading are t

7.4 Cutthe
a strip about
is freshly cut
with one foil

8 Proced
8.1 Check

8.2 Check
against the
(6.10) shall

ckness of the final test piece to be measured shall not exceed 0,5 mm and may-be
ability to handle the pressed test piece and the ability to obtain a good refractive
he only requirements with respect to test piece thickness.

prepared test piece in half with sharp scissors (6.9) and peel off one piece of the foil. (
6 mm wide by 12 mm long with the scissors, in such a way that onée.of the narrowet
The second piece of foil may be removed but it is frequently easiéx. 0 handle the test]
piece left on the rubber.

ure
that the temperature of the refractometer has stabilized at 25 °C.

the adjustment of the refractometer by means of the glass reference (6.6) pressed
rism, using a drop of a-bromonaphthalene*(5.3) as contact liquid. The small light s

diffused throjugh crumpled tissue paper.

Move the ha
light into the

Make at leastf

After this ad

8.3 Place
the glass ref¢
firmly on the
close the upy
piece. Howey

hd control until the boundary line just reaches the cross-hairs (always moving fro
dark field).

three readings. Adjustthe-instrument to give the reading of the glass reference.

ustment, clean theprism well with ethanol and a lens paper.

he test piece.dn the prism with the cut edge toward the light source approximately Y
rence wasgpositioned. Remove the tissue paper from the light source. Press the test

er prisinon the test piece lightly if adequate light can still be focused on the end of th
er,Anless the test piece is very thin, this operation can damage the prism or its mountj

much
index

fut off
ends
piece

Firmly
ource

be collimated and the best readings are’obtained with the glass reference if the light is

m the

where
piece

prism with a finger and wait 1 min for temperature equilibrium. It is also permissiple to

e test
ing.

Adjust the c

ompensating prism until a sharp dividing line bpetween the light and dark rields,

with

minimum colour, is obtained. Test the contact between rubber and prism by pressing the test piece

against the p

rism. There shall be no change in the position of the boundary line during the test.

8.4 Make at least three readings. If the readings differ by more than 0,000 1, further readings are

necessary.

8.5 Repeat the process of obtaining readings with another portion of the test piece having a freshly cut
edge. Average the mean values of the two sets of readings thus obtained.

If the two mean values do not differ by more than 0,000 2, use this average for the calculation in
accordance with Clause 7.

If the difference is more than 0,000 2, the procedure shall be repeated.

4
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If necessary, correct the refractive index measurement to 25 °C using Formula (1):

nys =n, +0,000 37 (§-25)

where

n,s isthe refractive index at 25 °C;

ng isthe refractive index at temperature of measurement 6;

ey

0 is the temperature of measurement, in °C.
9 Expression of results
The hound styrene content, w,, of the styrene-butadiene rubber, expressed(as’a pergentage mass
fractipn, is determined from the refractive index, corrected to 25 °C, by using,Table 1 or Farmula (2):
2
w.=23,50+1164 (n25 —1,53456)-3 497 (n25 -1,53456) (2)
TaTle 1 — Values of refractive index at 25 °C and percentage'mass fraction of bourld styrene
Refractive | 1 2 3 4 5 6 7 8 9
index n,
1/515 0,04 0,17 0,30 0,43 0,56
1/516 0,69 0,82 0,95 1,08 1,21 1,34 1,47 1,60 1,72 1,85
1517 1,98 2,11 2,24 2,37 2,50 2,62 2,75 2,88 3,01 3,14
1/518 3,27 3,39 3,52 3,65 3,78 3,90 4,03 4,16 4,29 4,41
1/519 4,54 4,67 4,80 4,92 5,05 5,18 5,30 5,43 5,36 5,68
1/520 5,81 5,94 6,06 6,19 6,32 6,44 6,57 6,70 6,42 6,95
1]521 7,07 7,20 7,32 7,45 7,58 7,70 7,83 795 8,08 8,20
1/522 8,33 8,45 8,58 8,70 8,83 8,95 9,08 9,20 9,33 9,45
1/523 9,58 9,70 9,83 9,95 10,07 10,20 10,32 10,45 10,57 10,69
1/524 10,82 10,94 11,07 11,19 11,31 11,44 11,56 11,68 11,81 11,93
1]525 12,05 12,18 12,30 12,42 12,54 12,67 12,79 1291 13,04 13,16
1/526 13,28 13,40 13,52 13,65 13,77 13,89 14,01 14,13 14,26 14,38
1/527 14,50 14,62 14,74 14,87 14,99 15,11 15,23 15,35 15,47 15,59
1/528 15,71 15,83 15,96 16,08 16,20 16,32 16,44 16,56 16,68 16,80
1,529 16,92 17,04 17,16 17,28 17,40 17,52 17,64 17,76 17,88 18,00
1,530 18,12 18,24 18,36 18,48 18,60 18,72 18,84 18,95 19,07 19,19
1,531 19,31 19,43 19,55 19,67 19,79 19,91 20,02 20,14 20,26 20,38
1,532 20,50 20,62 20,73 20,85 20,97 21,09 21,21 21,32 21,44 21,56
1,533 21,68 21,79 2191 22,03 22,15 22,26 22,38 22,50 22,61 22,73
1,534 22,85 22,96 23,08 23,20 23,31 23,43 23,55 23,66 23,78 23,90
1,535 24,01 24,13 24,24 24,36 24,48 24,59 24,71 24,82 2494 25,05
1,536 25,17 25,28 25,40 25,51 25,63 25,74 25,86 25,97 26,09 26,20
© IS0 2020 - All rights reserved 5
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Table 1 (continued)

l}flfir:;tn';’: 0 1 2 3 4 5 6 7 8 9
1,537 | 2632 | 2643 | 2655 | 26,66 | 26,78 | 2689 | 27,01 | 2712 | 27,23 | 2735
1,538 | 2746 | 27,58 | 27,69 | 27,80 | 2792 | 2803 | 2815 | 2826 | 2837 | 2849
1,539 | 2860 | 2871 | 2883 | 2894 | 29,05 | 29,16 | 29,28 | 29,39 | 29,50 | 29,62
1,540 | 2973 | 2984 | 2995 | 30,07 | 3018 | 30,29 | 3040 | 30,52 | 30,63 | 30,74
1,541 | 30,85 | 3096 | 31,07 | 31,19 | 31,30 | 3141 | 31,52 | 31,63 | 3174 | 3186
1,542 || 3197 | 32,08 | 32,19 | 32,30 | 3241 | 3252 | 32,63 | 3274 | 32,85 | 3p96
1,543 || 33,08 | 33,19 | 33,30 | 3341 | 33,52 | 33,63 | 3374 | 33,85 | 3396|3107
1,544 || 3418 | 3429 | 3440 | 3451 | 3462 | 3472 | 3483 | 3494 | 350% | 3p16
1,545 || 3527 | 3538 | 3549 | 3560 | 3571 | 3582 | 3592 | 3603 | 3614 | 325
1,546 || 36,36 | 3647 | 3658 | 3668 | 3679 | 3690 | 3701 | 3712 | 37,22 | 3},33
1,547 || 3744 | 3755 | 37,65 | 3776 | 3787 | 3798 | 38,08 <3819 | 3830 | 3Bl
1,548 || 3851 | 3862 | 3873 | 3883 | 3894 | 3905 | 3915 | 39,26 | 3937 | 3p47
1,549 || 3958 | 39,69 | 3979 | 3990 | 40,00 | 40,11 | 4022 | 40,32 | 4043 | 4,53
1,550 || 40,64 | 4074 | 40,85 | 4095 | 41,06 | 4L17~]| 41,27 | 41,38 | 4148 | 41,59
1,551 || 41,69 | 41,80 | 41,90 | 42,01 | 4211 | 45,21 | 42,32 | 4242 | 42,53 | 4p63
1,552 || 4274 | 42,84 | 4294 | 43,05 | 43,15.\43,26 | 43,36 | 4346 | 43,57 | 467
1,553 || 4378 | 4388 | 4398 | 4409 | 4419 | 4429 | 4439 | 4450 | 4460 | 4470
1,554 || 4481 | 4491 | 4501 | 4511 | 4522 | 4532 | 4542 | 4552 | 4563 | 4573
1,555 || 4583 | 4593 | 46,04 | 4614 | 46,24 | 4634 | 4644 | 4654 | 46,65 | 4575
1,556 || 46,85 | 4695 | 47,05 |\4715 | 47,25 | 4735 | 4746 | 4756 | 47,66 | 4,76
1,557 || 47,86 | 4796 | 48,06_] 4816 | 48,26 | 4836 | 4846 | 4856 | 48,66 | 4B,76
1,558 || 4886 | 4896 | 49,06 | 49,16 | 49,26 | 49,36 | 4946 | 49,56 | 49,66 | 4P,76
1,559 || 49,86 | 4996 [-50,06 | 50,16 | 50,26 | 50,36 | 50,45 | 50,55 | 50,65 | 5p,75
1,560 || 50,85 | 5095 | 51,05 | 51,14 | 51,24 | 51,34 | 51,44 | 5154 | 51,64 | 51,73
1,561 || 51,83<y51,93 | 52,03 | 5212 | 5222 | 5232 | 5242 | 5252 | 5261 | 5p71
1,562 || 528% | 5290 | 53,00 | 53,10 | 53,20 | 53,29 | 5339 | 5349 | 53,58 | 5,68
1,563 || 5378 | 5387 | 5397 | 5406 | 5416 | 5426 | 5435 | 5445 | 54,55 | 5k64
1,564 54741 548354935502 5512552215531 554t—5556——55,60

10 Precision

See Annex A.

11 Test report
The test report shall include the following information:
a) areference to this document, i.e. ISO 2453;

b) all details necessary for the complete identification of the sample;

6 © IS0 2020 - All rights reserved
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c) theresults and the method of expression used;
d) any unusual features noted during the determination;

e) any operation not included in this document, or any operation regarded as optional.

© IS0 2020 - All rights reserved 7
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Annex A
(informative)

Precision data

A.1 General

Two precisio

the first

the seco
itisaty

A.2 Preci

There was n

The second
basis of styr
Japan. A tota
a non oil-ext
Each laborat

A.3 Preci

A.3.1 Prec
The precisio
a) Repeata
when th
b) Reprodyf
polymer
is thoug
(mass fr

A.3.2 Prec

|n data are available for this method:

precision data from the second edition (dated 1991) of this document;

b

sion details

I

d precision data from an evaluation carried outin 2019 in accordance with IS0 19983
e 1 precision.

t much information about the first precision data.

recision data was evaluated as follows. An interlabotatory test programme (ITP) ¢
ene-butadiene rubber polymerized at 5 °C was conducted in August 2019 in Chin

ended rubber (SBR 1502) and an oil-extended rubber (SBR 1739) were used in th
bry repeated the tests twice for each sample-on two different days in two weeks.

5ion results

ision from the second edition’' (dated 1991) of this document
1 results are given as follows.

bility: 95 % of the resultsShould not differ from the mean by more than 0,5 % mass fr:
e bound styrene content is in the range of 20 % to 30 % (mass fraction).

cibility: the reproducibility is of the same order of magnitude as the repeatability fo
ized at 50 °C¢/The reproducibility for SBR polymerized at 5 °C is not known exactly,
1t to be within the above repeatability limits, when testing polymers in the 20 % to
hction)styTene region.

ision from 2019

2017;

n the
a and

of 6 laboratories participated in this programme;two different types of rubbers including

e ITP.

iction

r SBR
but it
30 %

The precision results in Table A.1 were calculated by method B of ISO 19983:2017.

a)

Repeatability: the day-to-day repeatability, rp, of the test method has been established as the

appropriate value tabulated in Table A.1 for each material. Two single test results that differ by
more than this value should be considered suspect and suggest that some appropriate investigative
action be taken.

b)

Reproducibility: the reproducibility, R, of the test method has been established as the appropriate

value tabulated in Table A.1 for each material. Two single test results that differ by more than this
value should be considered suspect and suggest that some appropriate investigative action be taken.
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