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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 com

mittees. 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.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tas

k of technical committees is to prepare International Standards. Draft Interpdational Standards

adopted by the technical committees are circulated to the member bodies for voting: Publication s an

International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is d
rights. ISO sh|

ISO 1658 wa
SC 3, Raw m

This third ed
revised.

awn to the possibility that some of the elements of this document may be the subject of patent
all not be held responsible for identifying any or all such patent rights.

5 prepared by Technical Committee ISO/TC 45, Rubber_and rubber products, Subcommittee
hterials (including latex) for use in the rubber industry.

tion cancels and replaces the second edition (1IS@“1658:1994), which has been techpically
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Nat

ural rubber (NR) — Evaluation procedure

WARNING — Persons using this International Standard should be familiar with normal laboratory
practice. This 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

ensurle compliance with any national regulatory conditions.

1 S

This |

|
< O

2 N

The f
refere

cope
nternational Standard specifies
nysical and chemical tests on raw natural rubbers;

andard materials, standard test formulae, equipment and processing methods for &
Lilcanization characteristics of natural rubber (NR).

ormative references

bllowing referenced documents are indispensable for the application of this docume
hces, only the edition cited applies. For undated references, the latest edition of th

document (including any amendments) applies.

ISO 3

ISO 2

ISO 2

V., Rubber, vulcanized or thermoplastic=— Determination of tensile stress-strain properties
18, Rubber, raw — Determination of'volatile-matter content

B9-1, Rubber, unvulcanized~ — Determinations using a shearing-disc viscomete

Determination of Mooney viscosity

ISO 1

ISO 2

ISO 2

ISO 2

V95, Rubber, raw natdral and raw synthetic — Sampling and further preparative procedure
D00:2003, Rubber, raw natural — Guidelines for the specification of technically specified ru
D07, Rubber, unvulcanized — Determination of plasticity — Rapid-plastimeter method

BO3LRubber test mixes — Preparation, mixing and vulcanization — Equipment and proced

valuating the

ht. For dated
e referenced

r — Part 1:

B

bber (TSR)

Lires

ISO 3417, Rubber — Measurement of vulcanization characteristics with the oscillating disc curemeter

ISO 6502, Rubber — Guide to the use of curemeters

ISO 23529, Rubber — General procedures for preparing and conditioning test pieces for physical test
methods
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3 Sampling and further preparative procedures

3.1 A laboratory sample of mass approximately 1,5 kg shall be prepared by the method described in
ISO 1795.

3.2 The rubber shall be homogenized in accordance with ISO 1795.

3.3 Preparation of the test samples shall be in accordance with ISO 1795.

4 Physical and chemical tests on raw rubber

4.1 Moongy viscosity

Determine th¢ Mooney viscosity in accordance with ISO 289-1 on a test sample prepared as ‘indicated |n 3.3.
Record the result as ML(1+4) at 100 °C.

4.2 Volatile-matter content

Determine thg volatile-matter content by the oven method specified in ISO 248 én a test sample prepafed as
indicated in 3)3.

4.3 Other pecifications on requirements

Any specific yalues for physical and chemical properties other thaf’ the above (4.1 and 4.2) shall be pased
upon the grades given in Table 2 of ISO 2000:2003.

5 Preparation of test mix

5.1 General
The following|standard formulae and mixing:procedures are recommended:

a) two gumistock formulae for comparative testing of the vulcanization characteristics of natural rublper for
use in non-black-filled compounds;

b) a black-fijled formula for€€omparative testing of natural rubber for use in black-filled compounds;
c) a mill mi§ing procedure including masterbatches for the two gum-stock formulae;

d) a mill mi§ing pfocedure and a laboratory internal mixer (LIM) mixing procedure for the black-filled fomula.

NOTE Th black-filled formula (fnrmlll:\Q in—Table 1) can—also be used for rnmp:\rnfi\/n fnefing of is prene
rubbers (IRs).

5.2 Standard test formulae
The standard test formulae are given in Table 1.

The materials shall be national or international standard reference materials.

2 © 1SO 2009 - All rights reserved
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Table 1 — Standard test formulae

b

N

¢ N

conten
ethand
recrys

{Mercaptobenzothiazole.

Number of parts by mass
Material Formula 1 Formula 2 Formula 3
ACS 1 TBBS 1 Black-filled
Natural rubber 100,00 100,00 100,00
Zinc oxide 6,00 6,00 5,00
Sulfur 3,50 3,50 2,25
Stearic acid 0,50 0,50 2,00
Indus{ry reference black @ — — 5,00
MBT § 0,50 — —
TBBS|® — 0,70 0,70
Total 110,50 110,70 144,95
@  The current IRB shall be used.

tert-butyl-2-benzothiazole-sulfenamide. This shall be in powder form having an jnitial ether-insoluble or ethanol
t of less than 0,3 % (by mass). The material shall be stored at room temperature(in a closed container and the &
I-insoluble matter shall be checked every 6 months. If this is found to exceed.0,75 % (by mass), the material shal
allized.

insoluble matter
ther-insoluble or
be discarded or

Procedure

Equipment and procedure

ment and procedure for the preparation, mixing and vulcanizing shall be in accordance with

Mill mixing procedure for formalae 1 and 2 (Qum compounds)
tandard laboratory mill batch-mass, in grams, shall be four times the formulation bat]
g x 4, =442 g, for formula 41)! Maintain the surface temperature of the rolls at 70 °C +5 °

bank at the nip of the rolls-during mixing. If this is not obtained with the nip settings specifi
adjustments to the millopenings might be necessary.

ass the rabber twice between the rolls without banding, with the mill opening set at
2 mm.

ahd) the rubber with the mill opening set at 1,4 mm. When a smooth band has been

ISO 2393.

ch mass (i.e.
C and a good
bd hereunder,

Duration
(min)

ained, adjust the mill opening 1O 1,6 mm.

dd the zinc oxide, the stearic acid, the sulfur and the MBT or TBBS.

Make three 3/4 cuts from each side.

Cut the batch from the mill. Set the mill opening to 0,8 mm and pass the rolled batch

endwise through the rolls six times.

5.3
5.31
Equip
5.3.2
The s
110,5
rolling
small
a) P

0
b) B

o}
c) A
d)
e)
f)

Total time

more than + 0,5 % or — 1,5 %, discard the batch and remix.

© 1SO 2009 — All rights reserved
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)]

Cut sufficient material from the batch for curemeter testing and, if required, for determination of the

Mooney viscosity of the unvulcanized batch in accordance with ISO 289-1. Sheet the batch to
approximately 2,2 mm for preparing test slabs or to the appropriate thickness for preparing ISO ring test

pieces.

h)

re and humidity as defined in ISO 23529.

5.3.3 Mill mixing procedure for formulae 1 and 2 (gum compounds) using masterbatches

Condition the batch for 2h to 24 h after mixing and prior to vulcanizing, if possible at standard
temperatu

Compounding materials such as accelerators, sulfur or fillers can be incorporated into the rubber as

T

hi

masterbatches—Fhis—teehrigue—tmproves—the—accuracy—ofcompeunding-materalincerperatien—and—s also
more convenient.

The procedurg for preparing masterbatches and test mixes for the gum compounds is given in Annex A.

5.3.4 Mixing procedures for formula 3 (black-filled compound)

5.3.4.1  Mill mixing

5.3.4.1.1 Measurement of rapid plasticity number

Load the rubber on to the mill with the mill opening set at 0,5 mm. Masticate until a smooth band and [rolling

bank are obta
After mastica|

number shall
in accordancs

5.3.4.1.2

Mixing

ined.

fion, determine the rapid plasticity number in acedrdance with 1ISO 2007. The rapid pla
not exceed 45, which is approximately equivalentito a viscosity of 70 Mooney units deter
with 1ISO 289-1.

sticity
mined

The standard laboratory mill batch mass, in grams, shall be four times the formulation batch mass (i.e.
144,95 g x 4,|= 579,8 g, for formula 3). Maintain the surface temperature of the rolls at 70 °C +5 °C jand a
good rolling bank at the nip of the rolls during mixing. If this is not obtained with the nip settings spegcified
hereunder, small adjustments to the mill-epenings may be necessary.
Duration
(min)

a) Band the|rubber with themill opening set at 1,4 mm. 1
b) Add the stearic acid.)Make one 3/4 cut from each side. 1
c) Add the zinc/oxide and the sulfur. Make one 3/4 cut from each side. 2
d) Add the carbon black evenly across the mill at a uniform rate. When about half the 10

black has been incorporated, open the mill to 1,9 mm and make one 3/4 cut from each

side. Then add the remainder of the carbon black. When all the black has been

incorporated, make one 3/4 cut from each side. Be certain to add the black that has

dropped into the mill pan.
e) Add the TBBS. Make three 3/4 cuts from each side. 3
f)  Cut the batch from the mill. Set the mill opening to 0,8 mm and pass the rolled batch 3

lengthways through the mill six times.

Total time 20

4 © 1SO 2009 - All rights reserved
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0,5 % or — 1,5 %, discard the batch and remix.

Check the mass of the batch. If the mass of the batch differs from the theoretical value by more than

Cut sufficient material from the batch for curemeter testing and, if required, for determination of the

Mooney viscosity of the unvulcanized batch in accordance with 1SO 289-1. Sheet the batch to
approximately 2,2 mm for preparing test slabs or to the appropriate thickness for preparing ISO ring test

pi

eces.

temperature and humidity as defined in ISO 23529.

5.3.4.

5.3.4.

For la
be eq

A

General

oratory internal mixers having nominal capacities of 65 cm3 to about 2 000,cmy; the bat
al to the nominal mixer capacity, in cubic centimetres, multiplied by the density of the

Condition the batch for 2 h to 24 h after mixing and prior to vulcanizing, if possible at standard

ch mass shall
compound, in

gramg per cubic centimetre. This means that, if the laboratory internal mixer has a nominal capacity of

750 c

For e

conditions shall be the same. At the beginning of each series of testimixes, a machine-conditioni

be mi
cool d
not beg

5.3.4.

The m

The fi

3, the batch mass for formula 3 is 750 x 1,103 g (= 827,25 g).
ach batch mixed during the preparation of a series of identical mixes, the laboratory
ed using the same formulation as the mixes under test. Thedlaboratory internal mixer shall

own to 60 °C between the end of one test batch and the start of the next. The temperatur
altered during the mixing of a series of test batches.

.2  Single-stage mixing

ixing technique shall be such as to obtain a good dispersion of all the ingredients.

hal temperature of the batch discharged-after mixing shall not exceed 120 °C. If necessa3

nternal mixer
ng batch shall
be allowed to
b setting shall

ry, adjust the

batch [mass or the head temperature so that.this condition is met.
NOTE|1 The mixing conditions given in Table B.5 for each size of laboratory internal mixer may be helpful.
NOTE|2 Compounding materials other than rubber, carbon black and oil can be added to laboratory internal mixer
batchgs more precisely and with\greater ease if they are previously blended together in the proportions fequired by the
formulgtion. Such blends can-bée made using a mortar and pestle, by mixing for 10 min in a biconicgal blender with
intensi[ier bar turning, or by\mixing in a blender for five 3 s periods and scraping the inside of the blenfder to dislodge
materigls stuck to the sides after each 3 s mix. A Waring blender has been found suitable for this metiod. Caution: if
mixed for longer than(3.sythe stearic acid can melt and prevent good dispersion.
An exgimple of.a mixing procedure for a laboratory internal mixer is given in a) to h) hereafter.
Duration Cumulative time
(rmin) (min)

a) Load the rubber, lower the ram and allow the rubber to be masticated. 1,0 1,0
b) Raise the ram and add the pre-blended zinc oxide, sulfur, stearic acid 1,0 20

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

sweep the orifice and lower the ram.
c) Allow the batch to mix. 7.0 9,0
d) Turn off the motor, raise the ram, remove the mixing chamber and discharge the batch. Record the

maximum batch temperature.
e) After discharging the mixed batch, pass it through a mill set at 70 °C + 5 °C once at a 0,5 mm mill opening

© 1SO 2009 — All rights reserved
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and then

twice at a 3,0 mm mill opening.

f) Determine the batch mass and record. If it differs from the theoretical value by more than + 0,5 % or
- 1,5 %, discard the batch and remix.

g) Cut a test piece for determining the vulcanization characteristics in accordance with 1SO 6502 or
ISO 3417, if required. Condition the test piece for 2 h to 24 h, if possible at standard temperature and
humidity as defined in ISO 23529, before testing.

If required, sheet the batch to approximately 2,2 mm for preparing test sheets or to the appropriate
thickness for preparing 1SO rmg test pleces in accordance with ISO 37. To obtain the effects of mill

direction, iate mill
opening.|Cool on a flat dry surface
h) Conditior) the batch for 2h to 24 h after mixing and prior to vulcanizing, if possible |at stgndard
temperatpre and humidity as defined in ISO 23529.
5.3.4.2.3 Two-stage mixing including mill for final mixing
5.3.4.2.31 General
The laboratorly internal mixer shall be allowed to cool down to 60 °C betwéeen*the end of one test batgh and
the start of thé next.
5.3.4.2.3.2 Stage 1 — Initial mixing stage
The mixing tephnique shall be such as to obtain a good dispersion of all the ingredients.
The final temperature of the batch discharged after mixing-shall be between 150 °C and 170 °C. If necessary,
adjust the batch mass or head temperature so that this*cendition is met.
An example df a mixing procedure for the initial mixing is given in a) to k) hereafter.
Duration Cumulative time
(min) (min)
a) Adjust the temperature of the daboratory internal mixer to a starting _ _
temperatpre of 50 °C + 3 °C(Close the discharge door, set the rotor
and raisg the ram.
b) Load the|rubber, lowgrthe ram and allow the rubber to be masticated. 0,5 0,5
c) Raise thg ram and.foad the zinc oxide, stearic acid and carbon black. 0,5 1,0
Lower th¢ ram.
d) Allow the'batehtomix 2.0 3,0
e) Raise the ram and clean the mixer throat and the top of the ram. 0,5 3,5
Lower the ram.
f)  Allow the batch to mix. 15 5,0

g) Discharge the batch.

h) After discharging the batch, immediately check the temperature of the batch with a suitable measuring

device. If

the temperature as measured falls outside the range 150 °C to 170 °C, discard the batch.

© 1SO 2009 - All rights reserved
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Pass the batch three times through a mill with a mill opening of 2,5 mm and at a roll temperature of

70°C+5°C.

Sheet the batch to an approximate thickness of 10 mm and determine the mass of the batc

h. If the mass

differs from the theoretical value by more than + 0,5 % or — 1,5 %, discard the batch and remix.

Leave the batch for at least 30 min and up to 24 h, if possible at standard temperature an
defined in ISO 23529.

d humidity as

The smaller laboratory internal mixers do not provide enough compound for the final mill mixing as a batch
mass of three times the formula mass is required. In these cases, the laboratory internal mixer may be used

emperature of

for the-final miving The head temperature or the batch mass may. be ndj||cfnd so-that the final t
the digcharged batch does not exceed 120 °C.

534233 Stage 2 — Final mixing stage

The mixing technique shall be such as to obtain a good dispersion of all the ingredi€nts. The fing
of the|batch discharged after mixing shall not exceed 120 °C.

When|a laboratory internal mixer (LIM) is used, adjust, if necessary, the batch mass or the hea

so that this condition is met.

When
during
mass

mill mixing is used, set the surface temperature of the rolls@t 70 °C + 5 °C and maintain
mixing. The standard laboratory mill batch mass, in grams, shall be based on three time
unless otherwise specified in the appropriate rubber evaltiation procedure.

An exgimple of an LIM mixing procedure for the final mixing is given in a) to h) hereafter.

Duration Cum
(min)
Jlose the discharge door, set the rotor and raise the ram. —
Lpad the rubber, the sulfur and the-accelerator. Lower the ram and 0,5
allow the rubber to be masticated.
Allow the batch to mix. 15

aise the ram, openJthe mixing chamber and discharge the batch. Record the m3g
tgmperature.

ter discharging the mixed batch, pass it four times through the mill at a roll temperature o
ahd with a‘mill opening of 0,8 mm.

etefmine the batch mass and record. If it differs from the theoretical value by more th

| temperature

] temperature

t at this value
s the formula

Llative time
(min)

0,5

2,0

Ximum batch

f70°C+t5°C

an + 0,5 % or

—{1;5’%, discard the batch and remix.

Sheet the batch to approximately 2,2 mm for preparing test slabs or to the appropriate
preparing ISO ring test pieces in accordance with ISO 37.

thickness for

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.

© 1SO 2009 — All rights reserved
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An example of a mill mixing procedure for the final mixing is given in a) to g) as follows.

Duration Cumulative time

(min) (min)
a) Set the mill opening to 1,5 mm. _ _
b) Band the rubber. 1,0 1,0
¢c) Add the sulfur and the accelerator. Do not cut the band until the sulfur 15 25
and accelerator are completely dispersed.
d) Make thrge 374 cuts from each side, allowing 15 s between each Cut. 25 5.0
e) Cut the hatch from the mill. Set the mill opening at 0,8 mm and pass 20 7.0

the rolled batch endwise through the rolls six times, introducing it from
each end alternately.

f)  Sheet thg batch to approximately 2,2 mm for preparing test slabs or to the appropriate thickngss for
preparing ISO ring test pieces in accordance with ISO 37. Determine the batch mass and record. If it
differs frgm the theoretical value by more than + 0,5 % or — 1,5 %, discard thebatch and remix.

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

6 Evaluation of vulcanization characteristics by accuremeter test

6.1 Usingfan oscillating-disc curemeter
Measure the following standard test parameters:
My, My, at defined time, 14, £',(50), ¢',(90)

in accordancg with 1ISO 3417, using the following test conditions:

— oscillatiol frequency: 1,7 Hz (100 cycles per minute);
— amplitude of oscillation: N of arc (3° of arc optional);
— selectivity: to be chosen to give at least 75 % of full-scale deflection at M} (note thgt, with

some rubbers, 75 % may not be attainable);

— die température! 160 °C £ 0,3 °C;

— pre-heat fime: none.

6.2 Using a rotorless curemeter
Measure the following standard test parameters:
F|, Fy at defined time, 144, #';(50), #';(90)
in accordance with ISO 6502, using the following test conditions:

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

— amplitude of oscillation: 0,5° of arc (1° of arc optional);

8 © 1SO 2009 - All rights reserved
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— selectivity: to be chosen to give at least 75 % of full-scale deflection at F|, (note that, with
some rubbers, 75 % may not be attainable);

— die temperature: 160 °C £ 0,3 °C;

— pre-heat time: none.

7 Evaluation of tensile stress-strain properties of vulcanized test mixes

Vulcanize sheets at 140 °C for periods of 20 min, 30 min, 40 min and 60 min. Condition the vulcanized sheets
for 16.h to 96 h_if possible at standard temperature and humidity as defined in ISO 23529 Measure the

stresststrain properties in accordance with ISO 37.

8 Tlest report

The tgst report shall include the following:

L
o

reference to this International Standard;

S
o)

| details necessary for the identification of the sample;

(9]
~
—

He standard test formula and the mixing procedure used;

o
-
—

He reference materials used;

e) the curemeter test used in Clause 6 (ISO 3417 or:ISO 6502);

=
L

Ny unusual features noted during the determination;

Ny operation not included in this Inferhational Standard or in the International Standards to which
r¢ference is made, as well as any operation regarded as optional, e.g. whether masterbatches were used;

(o]
-
Q

0
~
—

Re results and the units in which:ithey have been expressed;

_.
—

He date of the test.

© 1SO 2009 — All rights reserved 9
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Annex A
(normative)

Procedure for preparing gum compounds through use of masterbatches

A.1 Masterbatch formulation

The rubber f@r preparing masterbatches shall be of similar quality to that being tested. The proportigns by
mass of the cpmpounding materials used are given in Table A.1.
Table A.1 — Masterbatch formulation
Number of parts by mass
Material
MBT Sulfur TBBS
Naturagl rubber 100 100 100
Zinc oxide 120 120 120
Stearig¢ acid 10 10 10
MBT 20 — —
TBBS — — 28
Sulfur — 140 —
Total 250 370 258
A.2 Test mix formulation
The test mixep are made up as given in Table A.2.
Table A.2 — Test mix formulation
Number of parts by mass
Material
ACS 1 TBBS
Test rybber 95,00 95,00
MBT npasterbatches 6,25 —
TBBS masterbatches — 6,45
Sulfur masterbatches 9,25 9,25
Total 110,50 110,70

10
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A.3 Masterbatch preparation by mill mixing procedure

The mill rolls are kept cool with running water throughout the mixing.

Duration
(min)
a) Band the rubber with the mill opening set at 0,6 mm. y
b) Add the zinc oxide, stearic acid and MBT or TBBS or sulfur. Gradually widen the mill
opening so as to maintain a rolling bank. When about 80 % of the material has been 5
incorporated (mill opening approximately 1,0 mm), make one 3/4 cut from each side.
c) Incorporate the rest of the material and, when no free powder is evident, make 3/4
cuits from each side until dispersion appears fully uniform. 5
Total time 8
d) Qut the masterbatch from the mill and check the mass. If the mass differs from the theorstical value by
more than + 0,5 % or — 1,5 %, discard the batch and remix.
e) (ool the rolls to 27 °C = 5 °C using running water at ambient temperature.
f)  Qlose the rolls of the mill to a tight nip and grind the masterbatch three times through the rqlls, rolling the
rdbber into a ball between each pass.
g) Sheet the masterbatch through a mill opening of 1,4:mm.
h) Store the masterbatches in airtight containers:at an ambient temperature of 23 °C + 2 °C| The storage
pgriod should preferably not exceed three months.
A.4 Test mix preparation
The surface temperature of the mithrolls shall be maintained at 70 °C £ 5 °C throughout the mixir{g.
Duration
(min)
a) Band the rubberwith the mill opening set at 0,8 mm. Make two 3/4 cuts from each 0,75
side.
b) Add the MBT or TBBS and sulfur masterbatches. Make six 3/4 cuts from each side. 2.00
c) Qut.the'batch from the mill and pass the rolled batch endwise through the rolls two 0,25
times.
Total time 3,00
d) Check the mass of the batch. If the mass differs from the theoretical value by more than + 0,5 % or
- 1,5 %, discard the batch and remix.
e) Sheet the batch through a mill opening of 1,4 mm.
f) 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.
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B.1 Backg

Annex B
(informative)

Precision statement for both mill and internal mixer
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This precisior|1 statement was obtained by an interlaboratory test programme (ITP) conducted in 20
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Ir (STR 20 CV 60) compounds mixed in the laboratory mill and in various sizes of\abg
(LIM). The carbon black used was IRB7.
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e LIMs used covered those types often described as “miniature”, “intermediate” and “laboratory”.

carried out using the precision procedures and guidelines described in ISO/TR 9272. Refg
fe to this International Standard for other details and for terminology on“precision determin

ment methods were evaluated for each type of mixing procedure: stress-strain testin
ting. Stress-strain property precision was evaluated for stress (modulus) at 100 %, 200
tion, elongation at break and tensile strength. Curemeter, precision was evaluated f
), M| (minimum torque), ¢54 (scorch time or time to a \dN-m rise), ¢',(50) (time to 50 %
(90) (time to 90 % of full torque).

ision was evaluated. Each compound was mixed and prepared twice on each of the tw
bd separately for test day 1 and test day 2 at anvinterval of one week apart.

t for each property was taken as the averfage of the two replicated test values obtained
bpared on a test day and the precision-is expressed in the units of measurement of th

e type or size of mixer. The sizes of the mixers used in the ITP were 80 cm3, 85 cm3, 24
cm3, 1200 cm3, 1 500 cm?3,1 530 cm3, 1 600 cm3 and 3 000 cm3.

b of the laboratoriesCused FEF black instead of IRB7 and one laboratory used the oscillati
ad of the moving-die-theometer. The results from these laboratories were not included in the analysi

being used todetermine the precision, the data from the ITP was analysed to determine if,

so how, the t
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from-mere than one size of mixer, and the data from these separate mixers were incorp
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pe of mixer{(size and other operating conditions) influenced the test results. Some laboratories
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The precision results as determined from this ITP may not be applied to acceptance or rejection testing for
any group of materials or products without documentation that the results of this precision determination
actually apply to the materials or products tested.
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B.2 Precision results

B.2.1 General

The precision results for both types of mixer and for both stress-strain and curemeter testing are given in
Tables B.1, B.2, B.3 and B.4. These results were obtained using the outlier deletion procedures described in
ISO/TR 9272:2005. General statements for the use of the precision results are cited below. These are given in
terms of the absolute precision, r and R, and also for relative precision, (r) and (R).

B.2.2 Repeatability

The répeatability, or local-domain precision, for each of the test methods has been established |by the values
found|in Tables B.1, B.2, B.3 and B.4 for each measurement parameter listed in the tables -Two [individual test
result$ obtained in the same laboratory (by the proper use of this International Standard) that differ by more
than the tabulated values for r, in measurement units or (r) in percent, shall be considered spspect, i.e. to
have ¢ome from different populations. Such a decision suggests that some appropriate investigdtive action be
taken

B.2.3( Reproducibility

The reproducibility, or global-domain precision, for each of the testimethods has been estabjlished by the
values found in Tables B.1, B.2, B.3 and B.4 for each measurement parameter listed in thg tables. Two
indiviqual test results obtained in different laboratories (by the proper use of this International %tandard) that
differ py more than the tabulated values for R, in measurement-units, or (R), in percent, shall be considered
suspect, i.e. to have come from different populations. Such a decision suggests that somg appropriate
investjgative action be taken.

B.3 Mixing conditions

Table|B.5 gives mixing conditions for each‘mixer used in the ITP, i.e. head temperature, rotof speed, rotor
type, ¢tc.

B.4 Comparison of relative precision

As a |general point, comiparisons of () and (R) are the only valid type of comparison bgcause of the
differgnces in absoluteCproperty values. The precision results from mill and laboratory internal mixer (LIM)
mixing can be summarized as follows.

For stress-straif testing (see Table B.1 and Table B.3), the overall average values of the repeTtabiIity (r) for
mill apd LIM 'mixing are 6,98 % and 4,76 %, respectively. The values of the overall average repfoducibility (R)
are 20,7 % and 20,9 %, respectively.

For curemeter testing (See Table B.2 and Table B.4), the overall average values of (7) jor miit and LIM mixing
are 8,82 % and 5,92 %, respectively. For reproducibility (R), the average values are 38,1 % and 29,5 %,
respectively.

The small numerical differences in () and in (R) are typical (and not really significant) of comparisons of this
type, given the inherent variations in the results of ITP testing.

As a result, it can be stated that this ITP shows that there is no significant difference between the mill and the
LIM mixing procedure.
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