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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 ) d e are
described in the ISO/IEC Dlrectlves 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

4. ISO shall not be held responsible for identifying any or all such patentrights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the convéniénce of users and do¢s not
constitute ar} endorsement.

For an explanation on the meaning of ISO specific terms and-expressions related to conformity
assessment, fis well as information about ISO’s adherence to the WO principles in the Technical Bafriers
to Trade (TBJI') see the following URL: Foreword - Supplementary information

The committlee responsible for this document is ISO/TC 45; Rubber and rubber products, Subcomrittee
SC 3, Raw mdterials (including latex) for use in the rubbetindustry.

This sixth edition cancels and replaces the fifth.edition (ISO 2322:2009), which has been techrfically
revised. In particular:

— 5.3.1 stafes that the laboratory internal mixer procedure is the preferred method;

— Note 2 i} 5.3.3 has been updated formore clarity.
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INTERNATIONAL STANDARD IS0 2322:2014(E)

Styrene-butadiene rubber (SBR) — Emulsion- and
solution-polymerized types — Evaluation procedures
WARNING — Persons using this International Standard should be familiar with normal laboratory

practice. This International Standard 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.

1 ope

This International Standard specifies:

— physical and chemical tests on raw rubbers;

— standard materials, standard test formulations, equipment, and prgeessing methods f
the vulcanization characteristics of emulsion- and solution-polymeérized styrene-butad
($BR), including oil-extended rubbers.

It appllies to those rubbers listed in Table 1 which are normallfiSed in vulcanized form.

Table 1 — Types of raw styrene-butadiene rubber

br evaluating
iene rubbers

Rubber Styrene
(oil-extended or Total content Block ¢ontent

hon-oil-extended) Type of copolymer % mass fraction % mass|fraction
Series A
Emulsion SBR Random <50 D
Solutjon SBR Random <50 D
Solution SBR Partial block <50 <B0
Series B
Emulsion SBR Random >50 D
Solution SBR Random >50 D
Solutjon SBR Partial block <50 >B0

2 Normative references

ent and are

The follewding documentsin whole or in part are normatively referenced in this docux

indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 37, Rubber, vulcanized or thermoplastic — Determination of tensile stress-strain properties

ISO 247:2006, Rubber — Determination of ash

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

ISO 248-2, Rubber, raw — Determination of volatile-matter content — Part 2: Thermogravimetric methods
using an automatic analyser with an infrared drying unit

© ISO 2014 - All rights reserved 1
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IS0 289-1, Rubber, unvulcanized — Determinations using a shearing-disc viscometer — Part 1: Determination
of Mooney viscosity

ISO 1795, Rubber, raw natural and raw synthetic — Sampling and further preparative procedures
ISO 2393, Rubber test mixes — Preparation, mixing and vulcanization — Equipment and procedures
ISO 3417, Rubber — Measurement of vulcanization characteristics with the oscillating disc curemeter
[SO 6502, Rubber — Guide to the use of curemeters

IS0 23529, Rubber — General procedures for preparing and conditioning test pieces for physical test methods

3 Sampling and further preparative procedures
31 Takela laboratory sample of approximately 1,5 kg by the method described in ISO [1795.

3.2 Prepagire test samples in accordance with 1SO 1795.

4 Physical and chemical tests on raw rubber

4.1 Moongpy viscosity

Determine the Mooney viscosity in accordance with ISO 289-1 on.a'test sample prepared in accorflance
with the preferred method of ISO 1795 (unmilled test sample). Record the result as ML(1 + 4) at 1p0 °C.

If ML(1 + 4) 3t 100 °C exceeds 100 Mooney units, the smallrotor can be used and the result reporfed as
MS(1 + 4) at [LOO °C.

Alternatively, the Mooney viscosity can be determiinied on a test sample prepared by the mill mgssing
procedure of ISO 1795. However, this method givves poorer reproducibility and the results might be
different.

4.2 Volatile matter

Determine the volatile-matter content by the hot-mill method or by the oven method as speciffed in
SO 248-1 an(d ISO 248-2.

4.3 Ash

Determine the ash in.accordance with method A or method B of ISO 247:2006.

5 Prepanation of the test mixes

5.1 Standard test formulations
The standard test formulations are given in Table 2.
The materials shall be national or international standard reference materials.

If no standard reference material is available, the materials to be used shall be agreed by the parties
concerned.

2 © ISO 2014 - All rights reserved
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Parts
Material mass fraction
Series A Series B
S_tyreng-butgd_ien_e rubber (SBR) 100.00 .
(including oil in oil-extended SBR) ’
Standard SBR 15002 — 65,00
Series B SBR — 35,00
Sulfur 1,75 1,75
Stear]c acid 1,00 1,00
Indusftry reference blackb 50,00 35,0
Zinc gxide 3,00 3,00
TBBSF 1,00 1,00
Total 156,75 141,7p

recryqdtallized.

a  The previously used SBR 1500 EST is no longer available. It is therefore necessary to use another commericially available
SBR 1500. The type shall be agreed between the interested parties.

b Uge the currentindustrial reference black. Dry the material for 1 h at 125°€% 3 °C and store in a tightly clpsed container.

¢ Nttert-butylbenzothiazole-2-sulfenamide. This is supplied in powder*form having an initial insoluble-thatter content,
detertpined 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 matter checked every 6 mo. If this is found'to exceed 0,75 %, the material shall lbe discarded or

5.2
ASTM

Alternative formulations for oil-extended types

D 3185 specifies the test formulationS’given in Table 3 for evaluation of general{purpose, oil-

extended SBR, depending on the oil content of the rubber. These test formulations cap be used as

alternatives to the test formulations given'in Table 2.

Table 3 — Alternative test formulations for oil-extended types

Quantity

mass fraction
Formfulation number 1B 2B 3B 4B 5B 6B
Partq of oil 25 37,5 50 62,5 75 Ya
Oil-extended rubber 125,00 137,50 150,00 162,50 175,00 100+Y
Zinc dxide 3,00 3,00 3,00 3,00 3,00 3,00
Sulfur 1,75 1,75 1,75 1,75 1,75 1,75
Stearte-a€id 166 160 166 160 100 1,00
Industry reference blackb 62,50 68,75 75,00 81,25 87,50 (100 +Y)/2
TBBSc 1,25 1,38 1,50 1,63 1,75 (100 + Y)/100
Total 194,50 213,38 232,25 251,13 270,00

or recrystallized.

a  Y=parts of oil, mass fraction, per 100 parts of base polymer in the oil-extended rubber.

b Usethe currentindustrial reference black. Dry the material for 1 hat 125 °C + 3 °C and store in a tightly closed container.

¢ N-tert-butylbenzothiazole-2-sulfenamide. This is supplied in powder form having 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 matter checked every 6 months. If this is found to exceed 0,75 %, the material shall be discarded

© IS0 2014 - All rights reserved
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5.3 Procedure

5.3.1 Equipment and procedure

The equipment and procedure for the preparation, mixing, and vulcanization shall be in accordance

with ISO 2393.

Three alternative mixing procedures are specified, but in accordance with ISO 2393, the laboratory

internal mixer procedure is preferred.

— Method A: mill mixing.

— Method B: single-stage mixing using a laboratory internal mixer (the preferred procedure)!

— Method (: two-stage mixing using a laboratory internal mixer for initial mixing and amill for

mixing.

5.3.2 Method A — Mill-mixing procedure

The standargl laboratory mill batch mass, in grams, shall be based on four times’the formulation
(i.e. 4 x 156[75 g = 627 g or 4 x 141,75 g = 567 g). Maintain the surface temperature of the r
50 °C =5 °C. Maintain a good rolling bank at the nip of the rolls during mixing. If this is not obtained
the nip settifgs specified hereunder, small adjustments to the mill openings might be necessary.

100°C 45 °C.

alternatk sides.

rubber.

each side.

final

mass

lIs at
with

Series A Series B
Duration(> Cumulative Duration Cumulative
(min) time (min) timpe
(min) (min)
a) Homogehize series B rubbers with the mill — — 1,0 1,0
opening[set at 1,1 mm at a temperature of
b) Band the rubber with the mill opening set at 7,0 7,0 — —
1,1 mm and make 3/4 cuts every 30)s from
After bajnding the SBR 1500;add the rubber — — 8,0 9,0
[homog¢nized as in step‘a) above] and make
3/4 cuts|from both sides’every 30 s.
c) Add thelsulfur slowly and evenly across the 2,0 9,0 2,0 11,
d) Add thelstearic acid. Make one 3/4 cut from 2,0 11,0 2,0 13,0
12,0 23,0 12,0 25,0

e) Add the carbon black evenly across the mill at
a uniform rate. When about half the black has
been incorporated, open the mill to 1,4 mm
and make one 3/4 cut from each side. Then
add the remainder of the carbon black. Be
certain to add any black that has dropped
into the mill pan. When all the black has been
incorporated, open the mill to 1,8 mm and
make one 3/4 cut from each side.

© ISO 2014 - All rights reserved
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f)  Add the zinc oxide and the TBBS with the mill 3,0 26,0 3,0 28,0
opening still at 1,8 mm.

g) Make three 3/4 cuts from each side. 2,0 28,0 2,0 30,0

h) Cutthe batch from the mill. Set the mill 2,0 30,0 2,0 32,0
opening to 0,8 mm and pass the rolled batch
endwise through the rolls six times.

i)  Sheet the batch to an approximate thickness of 6 mm by opening the mill and passing the stock
through the mill four times, folding it back on itself each time. Determine the mass of the batch in
gecordancewith 1562393 themassof the batchdiffersfromrthe theoreticatvatae iy more than
40,5 % or -1,5 %, discard the batch and remix. Remove sufficient material for curemefer testing.

i) Yheet the batch to approximately 2,2 mm for preparing test sheets or to the appropridte thickness
fpr preparing ISO ring test pieces in accordance with I1SO 37.

k) (ondition the batch for 2 h to 24 h after mixing and prior to vulcanizing, if possible at[standard
temperature and humidity as defined in ISO 23529.

5.3.3| Method B — Single-stage mixing using a laboratory internal mixer

For labporatory internal mixers having nominal capacities of 65)cm3 to about 2 000 cm3, thie batch mass

shall pe equal to the nominal mixer capacity, in cubic centimetres, multiplied by the density of the

comppund. For each batch mixed, the laboratory internal.mixer conditions shall be the
the preparation of a series of identical mixes. At the heginning of each series of test mixe
condifioning batch shall be mixed using the same formulation as the mixes under test. T
intermal mixer shall be allowed to cool down to 60:°C between the end of one test batch an

the n
batch|

The

The t
adjus

NOTE

Com

mixel
propda

for1

for fiy
3sm

ext. The temperature control conditions shall not be altered during the mixing of a
S.

n[ixing technique shall be such as to.ebtain a good dispersion of all the ingredients.

emperature of the batch discharged on completion of mixing shall not exceed 120 °C,
[ the batch mass or the mixértiead starting temperature so that this condition is met

1  Themixing conditions-given in Table A.6 for various sizes of laboratory internal mixer mi

ounding materials 0ther than rubber, carbon black, and oil can be added to labora

batches more-precisely and with greater ease if they are previously blended tog
rtions required/by the formulation. Such blends can be made using a mortar and pest
min in a biconical blender with the intensifier bar turning, or by mixing in another ty|
e 3 s periods, scraping the inside of the blender to dislodge material stuck to the sid
x. A Waring blender has been found suitable for this method. Caution: if mixed longer

P

a

same during
5, a machine-
e laboratory
d the start of
series of test

If necessary,

ght be helpful.

tory internal
rether in the
le, by mixing
pe of blender
es after each
than 3 s, the

(min)

1,0

2,0

stearjcacid'can melt and prevent good dispersion.
NOTE 2 A general mixing procedure for the laboratory internal mixer is as follows:
Duration Cumulative time
(min)

a) Load the rubber, lower the ram, and allow the rubber to be masti- 1,0

cated.
b) Raise the ram and add the pre-blended zinc oxide and stearic acid 1,0

taking care to avoid any loss. Then add the carbon black, sweep

the orifice, and lower the ram.
c) Allow the batch to mix. 5,0

© IS0 2014 - All rights reserved
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d) Raise the ram and add the pre-blended sulfur and TBBS taking

2,0 9,0

care to avoid any loss. Sweep the orifice and lower the ram.

e) Turn off the motor, raise the ram, remove or open the mixing chamber, and discharge the batch.
Record the maximum batch temperature.

After discharging the mixed batch, pass it through a mill setat 50 °C + 5 °C once at a 0,5 mm mill opening
and then twice at a 3,0 mm mill opening.

Determine the mass of the batch and record it. If it differs from the theoretical value by more than

+0,5 % or -1,

5 %, discard the batch and remix.

Prepare a te
ISO 6502, if 1
humidity as

If required, §
thickness foi
pass the fold
50°C+5-°C.

Condition th
temperature

5.3.4 Meth
mill for fina

5.3.4.1 Stage 1 — Initial mixing procedure

The mixing t

The temperafture of the batch discharged on completion of mixing shall be between 150 °C and 1

If necessary,

NOTE1 Th
nominal capa

5t piece for determining the vulcanization characteristics in accordance with 1SO 34
equired. Condition the test piece for 2 h to 24 h, if possible at a standard temperatur
lefined in [SO 23529, before testing.

heet the batch to approximately 2,2 mm for preparing test sheets or to.the appro
preparing ring test pieces in accordance with ISO 37. To obtain the effects of mill dire
bd batch four times between mill rolls set at the appropriate opening and a temperat
Allow the sheet to cool on a flat, dry surface.

e batch for 2 h to 24 h after mixing and prior to vulcanizing, if possible at sta
and humidity as defined in [SO 23529.

| mixing

echnique shall be such as to obtain a goed dispersion of all the ingredients.

adjust the batch mass or the mixenhead starting temperature so that this condition i

e following mixing conditions<have been found to be suitable for a laboratory internal mixer
ity of 1 170 cm3 + 40 cm3,

117 or
e and

briate
ction,
ure of

hdard

od C — Two-stage mixing using a laboratory internal mixer for initial mixing and a

70 °C.
5 met.

with a

s, 9,5

time

— batch mass: 8,5 times the formulation mass (8,5 x 156,75 g = 1 332,37 g) for series A rubber
times the formulation mass-{9,5 x 141,75 g =1 346,62 g) for series B rubbers;

— rotor spg¢ed: 77 r/min-* 10 r/min.

NOTE 2 A deneral mixinig procedure for the initial mixing using a laboratory internal mixer is as followg:

Duration Cumulative
(min) (min)

a) Adjust the temperature of the laboratory internal mixer to a start- — —
ing temperature of 50 °C * 3 °C. Close the discharge door, set the
rotor speed, and raise the ram.

b) Load the rubber, lower the ram, and allow the rubber to be masti- 0,5 0,5
cated.

c¢) Raise the ram and load the zinc oxide, stearic acid, and carbon 0,5 1,0
black. Lower the ram.

d) Allow the batch to mix. 2,0 3,0

6 © ISO 2014 - All rights reserved
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Duration Cumulative time

(min)
e) Raise the ram and clean the mixer throat and the top of the ram. 0,5
Lower the ram.
f)  Allow the batch to mix. 1,5

g) Discharge the batch.

(min)

3,5

50

After discharging the batch,immediately check the temperature of the batch with a suitable temperature-
measuring device. If the temperature as measured falls outside the range 150 °C to 170 °C, discard the

batch
of 50
batch
andr

Leavd
defin

The s
batch
be us
thatt

5.3.4

Durin
nip se

Pass the batch three times through a mill with a mill opening of 2,5 mm and a roll
°C = 5 °C. Sheet the batch to a thickness of approximately 10 mm and determineth
If the mass differs from the theoretical value by more than +0,5 % or -1,5 %) disc:
Pmix.

the batch for at least 30 min and up to 24 h, if possible at standard temperature and
pd in ISO 235209.

maller laboratory internal mixers do not provide enough compound for the final mil

temperature
b mass of the
ird the batch

humidity as

mixing, as a

mass of three times the formula mass is required. In such cases;the laboratory interpal mixer can

ed for the final mixing. It might be necessary to adjust thediead temperature or the b
he final temperature of the discharged batch does not exeeed 120 °C.

2 Final mill-mixing procedure

atch mass so

g final mixing, maintain a good rolling bank af,the nip of the rolls. If this is not attained with the

ttings specified, small adjustments to the mill openings might be necessary.

Duration Cumulative time

(min)
a) he standard laboratory mill batch'mass, in grams, shall be based —
three times the formula mass.
b) t the mill temperature(@g 50 °C £ 5 °C and the mill opening to —
5 mm.
) and the masterbatch on the slow roll. 1,0
d) Add the sulfuriand the accelerator. Do not cut the band until the 1,5
sulfur andaccelerator are completely dispersed.
e) ake three 3/4 cuts from each side, allowing 15 s between each 2,5

clut.

(min)

1,0
2,5

50

f)  Cut the batch from the mill. Set the mill opening at 0,8 mm and pass 2,0
the rolled batch endwise through the rolls six times, introducing it
from each end alternately.

7,0

g) Sheetthe batch to approximately 2,2 mm for preparing test sheets or to the appropriate thickness
for preparing ISO ring test pieces in accordance with ISO 37. Determine the mass of the batch and
record it. If it differs from the theoretical value by more than +0,5 % or -1,5 %, discard the batch

a

nd remix.

h) Condition the batch for 2 h to 24 h after mixing and prior to vulcanizing, if possible at standard
temperature and humidity as defined in ISO 23529.

© IS0 2014 - All rights reserved
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6 Evaluation of vulcanization characteristics by a curemeter test

6.1 Using

Measure the

an oscillating-disc curemeter

following standard test parameters:

My, My at defined time, ts1, t'c(50), and t'¢(90)

in accordanc

e with ISO 3417, using the following test conditions:

— oscillation frequency: 1,7 Hz (100 cycles per minute);

— amplitud

— selectivi
rubbers,

— die temp

— pre-heat

6.2 Using

Measure the

le of oscillation: 1° of arc;

Ly: to be chosen to give at least 75 % of full-scale deflection at My (note thaty'with
75 % might not be attainable);

erature: 160 °C £ 0,3 °C;

time: none.

arotorless curemeter

following standard test parameters:

My, My at defined time, ts1, t'.(50), and t'.(90)

in accordanc

e with [SO 6502, using the following test conditions:

— oscillatign frequency: 1,7 Hz (100 cycles per minute);

— amplitugd

— selectivi
rubbers,

— die temp

— pre-heat

7 Evalua

Preferably, v
35 min, 50 m

Alternatively

le of oscillation: 0,5° of arc;

Ly: to be chosen to give at least,75.% of full-scale deflection at My (note that, with
75 % might not be attainable);

erature: 160 °C £ 0,3 °C;

time: none.

tion of tensile-stress-strain properties of vulcanized test mixes

ulcanize sheets at 145 °C for three periods selected from a cure series of 15 min, 21
in, and_75.min.

, vilcanize sheets at 150 °C for three periods selected from a cure series of 10 min, 1

20 min, 25 m

some

some

min,

b min,

in,-30 min, 35 min, and 50 min. Note, however, that these conditions give results whi

th are

different from those obtained by the preferred vulcanization conditions.

The three periods of cure selected shall cover the undercure, optimum cure, and overcure of the rubber

under test.

Condition the vulcanized sheets for 16 h to 96 h at a standard temperature and, if possible, a standard
humidity as defined in ISO 23529.

Measure the

8 Precisi

See Annex A.

stress-strain properties in accordance with I1SO 37.

on

© ISO 2014 - All rights reserved
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Test report

The test report shall include the following:

a)
b)
c)
d)
e)
f)
g)
h)
i)
)
k)
)

areference to this International Standard (i.e. ISO 2322:2014);
all details necessary for the identification of the sample;
the method used for the volatile-matter content determination (ISO 248-1, mill or oven, or ISO 248-2);

the method used for the ash determination (method A or method B of ISO 247:2006);

the raforanca yaataryiale o d.
etererente-tatetriarsHstar;

the standard test formulation used;

the mixing procedure used;

the conditioning environment used in 5.3.2 k) or 5.3.3 or 5.3.4.2 h) and in|Clause 7;
the curemeter test used in Clause 6 (ISO 3417 or ISO 6502);
the time at which My was determined in the curemeter test;

the vulcanization temperature and times used in Clause 7;

o8]

hy unusual features noted during the determinations;

o8]

hy operation not included in this International Stahdard or in the International Standgrds to which
eference is made, as well as any operation regardeéd as optional;

—

(=

Ie results and the units in which they have'been expressed;

e date of the test.

(=

© ISO 2014 - All rights reserved 9
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Annex A
(informative)

Precision

A.1 General

Two interl
conducted
mixing.

The precision results as determined by these ITPs cannot be applied to acceptance orrejection test

any group of
actually appl

A.2 Preci

A.2.1 Det3

A.2.1.1 Two

A-1, cont
— A-2, cont
In addition, ¢

A-3, with

Mixes of the

each of two ¢lays approximately onelweek apart. The mixes were prepared from special samples

the necessar
were drawn
from each of]

A.2.1.2 The
determined ¢

a
\Ab/I?ch mill mixing. The other was conducted with mill mixing and laboratory intérnal

ratory test programmes (ITPs) were organized in 1986 and in 2003. The 1986 _['F

materials or products without documentation that the results of the precision determir
y to the products or materials tested.

sion obtained for mill mixing in the 1986 ITP

ils of the ITP

ceries A formulations were tested:

aining an oil-extended SBR, type 1712;
aining a non-oil-extended SBR, type 1500.
ne series B formulation was tested:

1 a high-styrene SBR.

be formulations were prepared in each of the 13 laboratories participating in the I
v materials sent to each’'laboratory prior to actual testing. For each material, the sa

from a homogeneous batch. Stress-strain tests were conducted on cured sheets pre
the mixes or coiipounds as specified by the test programme.

modulus {stress at 300 % strain), tensile strength, and percent elongation at break

of five indivi
for repeatab

ility.and reproducibility is on a scale of days.

iF

n dumb=bell test pieces in accordance with ISO 37, taking as the test result the median
ual.determinations. The precision thus calculated is a type 2 precision, and the time

P was
mixer

ing of
1ation

P on
of all
mples
pared

were
value
eriod

See Annex B

for comments on the precision results.

A.2.2 Precision results

The precision calculations to express repeatability and reproducibility were performed in accordance
with the previous edition ISO/TR 9272:1986.

The precision results are given in Table A.1. The symbols used in Table A.1 are defined as follows:

r = repeatability, in measurement units. This is the value below which the absolute difference

between two within-laboratory test results can be expected to lie with a specified probability.
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— (r) =repeatability, in percent (relative).

The two within-laboratory test results are obtained using 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 otherwise, the specified probability is 95 %.

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

The two between-laboratory test results are obtained using the same method on nominally identical
t4 abotatories) and

=

Table A.1 — Type 2 precision for stress-strain testing after mixing with a mill
Fomulation Average value Within-laboratory Between laborgtories
R | ) R | (R)
Modylus (at 300 % strain), MPa
$BR A-2 12,3 1,62 13,1 3,83 31,1
bBR A-1 14,6 1,80 12,3 3,86 26,5
$BR A-3 16,0 2,36 14,8 6,12 38,2
Tenslle strength, MPa
$BR A-2 20,3 2,05 10,1 3,09 15,2
$BR A-3 23,4 4,70 20,1 4,70 20,1
bBR A-1 25,5 2,50 9,79 3,60 14,1
Elongation at break, %
$BR A-3 434 52,0 11,9 200 46,2
$BR A-2 481 56,6 11,8 103 21,5
bBR A-1 481 51,6 10,7 66,2 13,8
A.3 |Precision obtained for both mill and internal mixer in the 2003 ITP|
A.3.1 Details ofthie ITP
The I[TP to determine the precision using a laboratory mill and various sizes of internal mixer was
condyctedipn series A test formulations containing SBR 1500 (Europrene 1500 EST8). [The ITP was
conducted-as part of the revision of ISO 2393:1994.

»oow

NOTE The internal mixers used covered those types often described as “miniature”, “internal”, and
“laboratory”.

The ITP was carried out using the precision procedures and guidelines described in the newly revised
ISO/TR 9272:2005. This revised precision Technical Report, which replaces the previous edition
ISO/TR 9272:1986, was under ballot review at the time of the ITP. Reference should be made to
[SO/TR 9272:2005 for other details and terminology on precision evaluation.

Two types of measurement were used to evaluate each type of mixing procedure: stress-strain testing
and curemeter testing. Stress-strain property precision was determined for stress (modulus) at 100 %,
200 %, and 300 % elongation, elongation at break, and tensile strength. Curemeter precision was
determined for My (maximum torque), My, (minimum torque), ts1 (scorch time or time to a 1 dN-m rise),
t’c(50) (time to 50 % of full torque), and t':(90) (time to 90 % of full torque). A type 2 precision was
determined. The compounds were prepared and tested on a day 1/day 2 basis one week apart.
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On each day, homogeneous materials were used to prepare a separate mix for each type of compound,
and the appropriate testing (stress-strain and curemeter) was conducted on each of these mixes for
each of the two test days. The test result was taken as the average of two replicate test values obtained
on each of the two separate test days and the precision was calculated from these test results.

For the internal-mixer testing, nine laboratories participated in the test programme. However, each
laboratory did not have the same type or size of mixer. The sizes of the mixers used in the ITP were
80 cm3, 270 cm3, 379 cm3, 588 cm3, 1 580 cm3, and 1 600 cm3.

In addition to determining the precision, data analysis was carried out to determine if, or how, the
type of mixer (size and other operating conditions) influenced the test results (see further discussion
of this issue_in Annex C of 1SO 2393:2008). Some laboratories submitted data from more than one
size of mixer, and the data from these separate mixers were incorporated into the ITP as datal from
individual laporatories. This gave a database equivalent to 12 laboratories. Each of the mixerslabortatory
combinationf was designated as a pseudo-laboratory.

A.3.2 Predision results

The precisioh results for both types of mixing, for both stress-strain and curemeter'testing, are giyen in
Tables A.2 to| A.5. These results were obtained using the option 1 outlier deletion’procedures desdribed
in ISO/TR 9272:2005. General statements for the use of the precision results_are given below. Thefe are
given in terms of both the absolute precision, r and R, and also for relative precision, (r) and (R) (see
additional discussion below).

— Repeatability — the repeatability, or local domain precisiongfor each of the test methods hag been
establisijed as the values given in Tables A.2 to A.5 for each measurement parameter listed in
the tablgs. Two individual test results obtained in the samie laboratory (by the proper use gf this
Internatjonal Standard) that differ by more than the tabulated values for r, in measurement junits,
or (r), inpercent, should be considered as suspect, i.efo have come from different populations} Such
a situatipn should suggest that some appropriate-investigative action be taken.

— Reproducibility — the reproducibility, or glebal domain precision, for each of the test methods has
been esthblished as the values found in Tables A.2 to A.5 for each measurement parameter lisfed in
the tablgs. Two individual test results obtained in different laboratories (by the proper use ¢f this
Internatjonal Standard) that differ byxmore than the tabulated values for R, in measurement junits,
or (R), im percent, should be considered as suspect, i.e. to have come from different populations.
Such a siuation should suggest that some appropriate investigative action be taken.

A.3.3 Comparison of relative reproducibility

The grand avyerage or ovérall relative reproducibility, (R), values in Tables A.2 to A.5 give an indi¢ation
of the differdnce in relative reproducibility between mill and internal-mixer mixing.

The overall (|R) values in Tables A.2 and A.3 for mill-mixing stress-strain and curemeter propertig¢s are
19,0 % and 20,3'%, respectively, and those in Tables A.4 and A.5 for internal-mixer stress-strain and
curemeter prapéerties are 179 % and 287 % rpcpprﬁvplv

For the stress-strain properties, the overall relative reproducibility is essentially the same for mill
mixing and internal-mixer mixing: 19,0 % and 17,9 %, respectively. For curemeter testing, however, the
relative reproducibility for mill mixing is different from that for internal-mixer mixing: 20,3 % versus
28,7 %, respectively. This higher between-laboratory variation is no doubt primarily attributable to the
differences between the internal mixers used in the various laboratories.

A.3.4 Bias

Bias is the difference between a measured average test result and a reference or true value for the
measurement in question. Reference values do not exist for this test method and therefore bias cannot
be evaluated.
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Table A.6 gives the mixing conditions utilized with each laboratory internal mixer used in the 2003 ITP.

Table A.2 — Precision (type 2) for mill mixing — Stress-strain properties

Between laboratories

Parameter Within-laboratory Number of
measured Mean Sy r ) SR R (R) laboratories2
S100, MPa 3,02 0,068 | 0,19 6,35 | 0,178 | 0,50 16,5 4
S$200, MPa 9,03 0,22 0,63 6,94 0,64 1,79 19,8 4
$300, MPa 16,7 0,493 | 1,38 8,29 1,20 3,36 20,2 6
Elongation at break, % 492 16,7 46,7 9,49 20,8 58,3 11,9 7
Tensile strength, MPa 27,5 0,600 | 1,68 6,11 2,62 7,35 26,7 8
Grand average 74 19,0

e

Sr

[
%]

")

SR

—
wn

r  is|the repeatability (in measurement units).

s{the within-laboratory standard deviation (in measurement units).

the repeatability (in percent of mean level).

R  is|the reproducibility (in measurement units).

(R) is|the reproducibility (in percent of mean level).

a  Final number of laboratories remaining in the ITP after deletion of outliers (using option‘1).

the between-laboratory standard deviation (for total between-labo¥ratory variation in measurement ynits).

Table A.3 — Precision (type 2) forrmill mixing — Curemeter properties

Parameter Mean Within-laboratory | Between laboratories Number-of
measured Sy r (r) SR R (R) Igboratoriesa
My, dN-m 19,1 0,328 | 0,92 4,79 | 2,65 741 38,7 9
My, dN-m 2,6% 0,060 | 0,16 | 6,08 | 0,160 | 0,44 | 16,8 7
ts1, mfin 2,44 0,091 | 0,26 | 10,5 | 0,193 | 0,54 | 221 8
t'<(50), min 7,02 0,067 | 0,19 | 2,66 | 0,328 | 092 13,1 7
t'<(90]), min 13,4 0,110 | 0,31 | 2,34 | 0,520 | 1,47 10,9 6
Grand average 53 20,3

a  Final number of]aboratories remaining in the ITP after deletion of outliers (using option 1).

NOTE| For definitions of the precision symbols, see Table A.2.

Table A.4 — Precision (type 2) for internal mixer — Stress-strain propertiles
Parameter Within-laboratory | Between laboratories | Number of
measured Mean Sy r ") SR R (R) | laboratoriesa

S$100, MPa 3,06 0,076 | 0,220 | 715 | 0,144 | 0,402 | 13,1 7
S$200, MPa 9,12 0,222 | 0,622 | 6,81 | 0,441 | 1,24 13,5 7
S300, MPa 16,7 0,444 | 1,24 7,32 | 0,841 | 2,36 13,9 10
Elongation at break, % 456 19,25 53,9 11,8 | 46,90 | 131,5 | 28,8 11
Tensile strength, MPa 27,5 1,036 | 2,90 10,6 | 1,993 | 5,58 20,3 11
Grand average 8,7 179
a  Final number of laboratories remaining in the ITP after deletion of outliers (using option 1).
NOTE  For definitions of the precision symbols, see Table A.2.
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