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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 proced

e are

described in the ISO/IEC D1rect1ves Part 1.In partlcular the dlfferent approval crlterla needed fpbr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

on the ISO lis

Any trade ng
constitute ar

For an expl3
expressions

the World T

www.iso.or

This docum
Subcommittg

This seventh|
revised.

The main ch

— Normati
1SO 247

Any feedbacl
complete list

inges compared to the previous edition are as follows:

Hrawn 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
endorsement.

ination of the voluntary nature of standards, the meaning of ISO specific termps and
related to conformity assessment, as well as infermation about ISO's adherence to
rade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
iso/foreword.html.

ent was prepared by Technical Committee ISO/TC 45, Rubber and rubber products,
be SC 3, Raw materials (including latex) fopuse in the rubber industry.

edition cancels and replaces the sixth edition (ISO 4659:2014), which has been techrlically

ve references have beenupdated in Clause 2, 5.3, 7.1 and 10 e), in particular replacing
by ISO 247-1 and ISP 247-2.

£ or questions onthis document should be directed to the user’s national standards bpdy. A
ing of these bodies can be found at www.iso.org/members.html.
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Styrene-butadiene rubber (carbon black or carbon black
and oil masterbatches) — Evaluation procedure

WARNING — Users of this document should be familiar with the 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.

1 ope

This document specifies:

— the physical and chemical tests on raw rubbers;

— the standard materials, standard test formulations, equipment, dnd processing [methods for
epaluating the vulcanization characteristics of styrene-butadiede)rubber masterbatches with
carbon black or with carbon black and oil.

2 Normative references

The fpllowing documents are referred to in the text in such a way that some or all of their content

constjtutes requirements of this document. For datedreferences, only the edition cited applies. For

undafed references, the latest edition of the referenced’document (including any amendménts) applies.

ISO 3Y, Rubber, vulcanized or thermoplastic — Deteérmination of tensile stress-strain properties

[SO 2447-1:2018, Rubber — Determination of,dsh — Part 1: Combustion method

[SO 2447-2:2018, Rubber — Determination.of ash — Part 2: Thermogravimetric analysis (TGA)

ISO 248-1, Rubber, raw — Deterimination of volatile-matter content — Part 1: Hot-mill method and

oven method

[SO 248-2, Rubber, raw — Determination of volatile-matter content — Part 2: Thermogravimetric methods

using|an automatic analyserwith an infrared drying unit

ISO 289-1, Rubber{ unvulcanized — Determinations using a shearing-disc viscometen — Part 1:

Determination of Mooney viscosity

ISO 1Y95, Rubber, raw natural and raw synthetic — Sampling and further preparative procedures

ISO 2B93,"Rubber test mixes — Preparation, mixing and vulcanization — Equipment and pro¢edures

ISO 6502-1, Rubber — Measurement of vulcanization characteristics using curemeters — Part 1:

Introduction

ISO 6502-2, Rubber — Measurement of vulcanization characteristics using curemeters — Part 2: Oscillating
disc curemeter

ISO 11235, Rubber compounding ingredients — Sulfenamide accelerators — Test methods

ISO 23529, Rubber — General procedures for preparing and conditioning test pieces for physical test methods

3 Terms and definitions

No terms and definitions are listed in this document.

© IS0 2020 - All rights reserved
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ISO 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 http://www.electropedia.org/

4 Sampling and further preparative procedures

4.1 Select the sample from the lot in accordance with ISO 1795.

4.2 Takea

4.3 Prepar

1 b= 1 L - g | 4.1 1 =l 4=l - | -} o 1CO 17055
dDUIdLULYy SdllIpPpIT ULl dPPIUAIIIIALCTY 1,0 Rg Uy UIT HICUIUUW UCSLITUCU I TOVU 17779,

e test samples in accordance with ISO 1795.

5 Physical and chemical tests on raw rubber

5.1 Moon
Prepare a tes

If massing i
35°C+5°C4

Py viscosity

t sample in accordance with the preferred procedure in ISO<¥795, i.e. without milling

nd record this fact in the test report.

Determine the Mooney viscosity in accordance with ISO 289-1~Réecord the result as ML(1 + 4) at 1

5.2 Volati

Determine tl
ISO 248-1 or

5.3 Ash

le matter

e volatile-matter content by the hot-mill method or by the oven method as specif
by the method specified in ISO 248-2;

Determine the ash in accordance with'\either method A, or method B, or method C of ISO 247-1:20

method A of

6 Prepar

6.1 Stand

[SO 247-2:2018.

ation of testinixes for evaluation

ard testformulation

The standard test'formulation is given in Table 1.

S

b

5 deemed necessary, use a mill with its roll surfaces“tnaintained at a temperatyre of

00 °C.

led in

18, or

The materia

s Hvsed shall be national or international standard reference materials If no sta

hdard

reference material is available, the materials to be used shall be agreed between the interested parties.

6.2 Procedure

6.2.1 Equipment and procedure

Equipment and procedure for the preparation, mixing, and vulcanization shall be in accordance with

ISO 2393.
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6.2.2 Mixing procedure

6.2.2.1 General

Two alternative mixing procedures are specified, but in accordance with ISO 2393, the laboratory
internal mixer procedure is preferred:

— Method A: Mixing with a laboratory mill;

— Method B: Single-stage mixing using a laboratory internal mixer — the preferred method.

Tabple+—=—"Standard-testformulationforevalurationof masterbatchesof styrene-hutadiene

6.2.2

Thes
mass
50 °C

2

rubbers
Material Parts by mass
Masterbatch 100 +x2 + yb
Zinc oxide 3,00
Sulfur 175
Stearic acid 1,50
TBBS¢ 1,25
Total 107,50 +x +y

a  xisthe number of parts of carbon black to 100 parts of riibber in the masterbatch.
b yisthe number of parts of oil to 100 parts of rubber in\the masterbatch.

¢ N-tert-butyl-benzothiazole-2-sulfenamide. Thisshall be supplied in powder form hat
an initial insoluble-matter content, determined in\accordance with ISO 11235, of less than 0,3
The material shall be stored at room temperature in a closed container and the insoluble ma
shall be checked every 6 months. If this is found to exceed 0,75 %, the TBBS shall be discarde
recrystallized.

ing
%.
fter
l or

Method A — Mixing with a laberatory mill

fandard laboratory mill batch.mass factor shall be selected to the nearest 0,5 to give a
s possible that does not exceed 525 g. The surface temperature of the rolls shall be 11
+ 5 °C throughout the niixing.

5 large a total
haintained at

A good rolling bank at the-hip of the rolls shall be maintained during mixing. If this is not optained with
the nip settings specified hereunder, small adjustments to the mill openings may be necessary.
Duration (Cumulative
(min) time
(min)
a) Blafid the masterbatch with the mill opening set at 1,4 mm. 2,0 2,0
b) Add the sulfur slowly and evenly across the masterbatch. 2,0 4,0
c) Add the stearic acid. Make one 3/4 cut from each side. 2,0 6,0
d) Add the zinc oxide and the TBBS. 3,0 9,0
e) Make three 3/4 cuts from each side. 2,0 11,0
f) Cut the batch from the mill. Set the mill opening to 0,8 mm and 2,0 13,0
pass the rolled batch endwise between the rolls six times.
Total time 13,0 13,0

© IS0 2020 - All rights reserved
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g) Sheet the batch to approximately 6 mm and determine the mass of the batch (see ISO 2393). If
the mass of the batch differs from the theoretical value by more than J_r(l)g %, discard the batch
and re-mix.

h) Remove sufficient material for curemeter testing.

i) Sheet the batch to approximately 2,2 mm for preparing test sheets or to the appropriate thickness
for preparing ISO ring specimens in accordance with ISO 37.

j)  Leave the batch for 2 h to 24 h after mixing, if possible at standard temperature and humidity as
defined p1S0-23529-

6.2.2.3 Madthod B — Single stage mixing using a laboratory internal mixer

For laborato
shall be equ
compound. H
the preparat
conditioning
internal mix
the next. Thq
batches.

The mixing t

'y internal mixers having nominal capacities of 65 cm3 to about 2 000 cm3,the batch
hl to the nominal mixer capacity, in cubic centimetres, multiplied bywthe density
or each batch mixed, the laboratory internal mixer conditions shallbe the same d
jon of a series of identical mixes. At the beginning of each series gftest mixes, a ma
batch shall be mixed using the same formulation as the mixes under test. The laboq
er shall be allowed to cool down to 60 °C between the end of one‘test batch and the st
b temperature control conditions shall not be altered during‘the mixing of a series

echnique shall be such as to obtain a good dispersionief all the ingredients.

mass
bf the
uring
thine-
atory
art of
f test

The temperalture of the batch discharged on completion of mixing shall not exceed 120 °C. If necefssary,

adjust the batch mass or the mixer starting temperature sé:that this condition is met

In the following procedure, compounding materials other than masterbatch, may be added o the

batch more precisely and with greater ease if they are previously blended together in the propoftions

required by the formulation. Such blends may beade using one of the following:

— amortai and pestle;

— adoublefcone mixer (mix for 10 minywith the intensifier bar turning);

— a blendefr (mix for five periods\of 3 s each, scraping the inside of the blender to dislodge m4gterial
stuck to[the sides after each-37s period) (a “Waring”-type blender has been found suitable fdr this
method)|

CAUTION —If the mixing periods are longer than 3 s, the stearic acid may melt, thus preventing

good disperfsion.

NOTE The following is a general mixing procedure for the laboratory internal mixer.

Duratien—Cumulative
min time
min

a) Load the mixing chamber with the masterbatch, lower the ram and start
the timer.

b) Masticate the masterbatch. 0,5 0,5

¢) Raise the ram and add the pre-blended zinc oxide, sulfur, stearic acid 0,5 1,0
and TBBS. Sweep in any powder round the mouth of the mixing chamber,
taking care to avoid any losses. Lower the ram.

d) Allow the batch to mix. 5,0 6,0

Total time 6,0 6,0

e) Turn off the rotors, raise the ram, open the mixing chamber and discharge the batch. Record the maximum
batch temperature indicated, if desired.

4 © IS0 2020 - All rights reserved
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f)  Pass the batch through a laboratory mill set at 50 °C # 5 °C, once with the mill opening set at 0,5 mm then
twice with the mill opening set at 3 mm.

+05

g) Check-weigh the batch and record the mass. If it differs from the theoretical value by more than _,;’- %,

discard the batch.
h) Leave the batch for 2 h to 24 h after mixing and prior to vulcanizing, if possible at standard temperature

a

nd humidity as defined in ISO 235209.

For alaboratory internal mixer having a nominal mixing capacity of 65 cm3, a batch mass corresponding
to 0,47 times the formulation mass (i.e. 0,47 x 156,75 = 73,67 g) has been found to be suitable.

Prepg
at 50
apprd

Mix W
6,6 ra

For a

correpponding to (8,5 x 156,75 g =1 332 g) has been found to be suitable:

The speed of the fast rotor shall be set at 7 rad/s to 8 rad/s (67 r/min to 87 r/min).

7 HEvaluation of vulcanization characteristics by'a curemeter test

WARNING — Formation of nitrosamines is possible-during the cure.

7.1
Meas
M

in acd

|
QO

|
%]

NOTE

— djie temperature: 160 °C £ 0,3 °C;

IT tllC llldbtcl antL}l ]U_y Pabbills it t}ll uush d 1abu1 atu1_y lll;}} UIILT VVit‘ll t}lC lU}} tCll
°C = 5 °C and with an opening that will give an approximately 5 mm thick sheet.\C
ximately 25 mm wide.

d/s (60 r/min to 63 r/min).

laboratory internal mixer having a nominal capacity of 1 170,cm? + 40 cm3, 3

Using an oscillating-disc curemeter

ire the following standard test paraméters:

[, My; at defined time, t 4, t'.(50),andt’.(90)

ordance with ISO 6502-2, using the following test conditions:
scillation frequency: 1,7 Hz (100 cycles per minute);
mplitude of oscillation: 1° of arc;

blectivity: to be chosen to give at least 75 % of full-scale deflection

Withrsome rubbers, 75 % might not be attainable.

perature set
it into strips

ith the head temperature of the MIM maintained at 60 °C £ 3 °C and the roterspeed at 6,3 rad/s to

batch mass

at My;

— P

7.2

1 dedos
C~1ITdl LUIIIIC, ITUIIC,

Using a rotorless curemeter

Measure the following standard test parameters:

F,

L» Fnax at defined time, t4, £'.(50) and t'.(90)

in accordance with ISO 6502-1, using the following test conditions:

© IS0 2020 - All rights reserved
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— amplitude of oscillation:

— selectivity:

NOTE Wi

pre-heat

oscillation frequency:

die temperature:

020(E)

1,7 Hz (100 cycles per minute);
0,5° of arc;

% of full-scale deflection at F,

to be chosen to give at least 75 n

th some rubbers, 75 % may not be attainable.
160 °C + 0,3 °C;

time: none.

ax’

8 Evalua
WARNING —

Vulcanize sh
20 min, 30 m
cure, and ovg

Condition th
defined in IS

Measure the

9 Precision

See Annex A

tion of tensile stress-strain properties of vulcanized test mixes
- Formation of nitrosamines is possible during the cure.

pets at 145 °C for 25 min, 35 min, and 50 min. Alternatively, vulcanize sheets at 150
in, and 50 min. The three periods of cure shall be chosen to cover the undercure, opt
rcure of the material under test.

e vulcanized sheets for 16 h to 96 h, if possible at standardtemperature and humid
D 23529.

stress-strain properties in accordance with 1SO 37.

°C for
imum

ity as

10 Testreport

The test repgrt shall include the following information:

a) arefererce to this document, i.e. 180,4659:2020;

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

c) the timeg and temperature used for the Mooney viscosity determination, and whether a mgssing
procedufe was used (atid,if so, the parameters);

d) the method used-for the volatile-matter content determination (ISO 248-1, mill or ové¢n, or
ISO 2482);

e) the methodtised for the ash determination (method A, or method B or method C of ISO 247-112018,
or methad A of [SQ 247-2:2018);

f) the reference materials used;

g) the mixing procedure used;

h) the size (nominal mixer capacity) of the mixer used for Method B;

i) the conditioning times used in 6.2.2.2 or 6.2.2.3;

j) for Clause 7:
— the type of curemeter used, and
— the time for My or F,,;

6 © IS0 2020 - All rights reserved
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k) any operation not included in this document or in the International Standards to which reference is
made, as well as any operation regarded as optional;

1) the results and the units in which they have been expressed;

m) the dates of the tests.

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

Precision

A.1 General

|n results for the internal mixer procedure are based on data from ASTM D 3184.

The precisio The

repeatabilityf and reproducibility have been calculated in accordance with ISO/TR 9272.

A.2 Precision details

A.2.1 Millmixing

The type 2 (jnterlaboratory) precision was determined. Two different typés of SBR were used. [These

were tested [in four laboratories during two different weeks. For eaeh<type of SBR, the number of

replicates was five.

A.2.2 Labgratory internal mixer mixing

A laboratorylinternal mixer of nominal capacity 65 cm3 was tsed.

The type 2 (jnterlaboratory) precision was determined.“Two different types of SBR were used. [These

were tested jn six laboratories on two different days;

A.3 Precikion results

The calculat¢d repeatability and reprodugibility values are given in Tables A.1 and A.2.

The symbolsfused in Tables A.1 and A.Z are defined as follows:

— r  isthprepeatability, in.nfeasurement units. This is the value below which the absolute diffgrence
between two “within-laboratory” test results can be expected to lie with a specified probapility;

— () isthe repeatability, in percent (relative).

The two test|resultSare obtained with the same method on nominally identical test materials under the

same conditions{(same operator, apparatus, and laboratory) and within a specified time period. Unless

stated othert/ise, the probability is 95 %

— R isthereproducibility, in measurement units. This is the value below which the absolute difference
between two “between-laboratory” test results can be expected to lie with a specified probability.

— (R) isthe reproducibility, in percent (relative).

The two test results are obtained with the same method on nominally identical test materials under
different conditions (different operators, apparatus, and laboratories) and within a specified time
period. Unless stated otherwise, the probability is 95 %.

— 5, isth

— sp isth

e repeatability standard deviation, in measurement units.

e reproducibility standard deviation, in measurement units.
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