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Market Weight in Millions | Percent Mesh Range
of Pounds
Molded products 307 31 3/8 inch-40 mesh
Asphalt modification 292 29 4-200 mesh
Sport surfacing 141 14 1/4 inch-40 mesh
Tire and automative products 12 il 10-40 mesh and 80

mesh for tires

Plastic blends 38 4 10-120 mesh
Animal bedding 37 4 1/4-3/8 inch
Surface modifications 36 3 10-40 mesh
Construction 28 3 10-40 mesh

Other 5 1 1/4 inch-200 mesh
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Table 1 — Standard test formulation

Material Parts by mass
Natural rubber TSR 20 100,00
Vulcanized crumb rubber | 60,00
Industry reference black * | 5,00
Stearic ack ® | 2,00
Zinc oxide ® | 3,00
Sulfur ® ' 225
8BS © | 1,00
Total 17325

*  The cument ndustry reference biack shal be used
Powder materials shall be used (Mandard curing ingredests used s e indualry)

€ Netert-butytbenzothvazole-2-sulfenamide. This s suppled in powder form having an
Nt nsclubie-matier content, determined in accondance with IS0 11238, of less Pan 03 %
The material shall be siored ot room lemperature n a Closed container and the insoludle
matter checked every & monihs If this is found 10 exteed 075 % he TSES il te
Gscarded o recrystalized
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* The current industry reference black shall be used.

* Powder materials shall be used (standard curing ingredients
used in the industry).

¢ N-er-butyl-benzothiazole-2-sulfenamide. This s suppled in
powder form hanving an initial insoluble-matier content, determined
in accordance with ISO 11235, of less than 0.3 %. The material
shall be stored a1 room temperatre in a dosed container and the
insokuble matier checked every 6 months, If this is found 10 exceed
0.75 % the TBBS shall be discarded or recrystallized,

17 4 grasspesndifie FunamasauauiAliEsnaTgiu NWIP ISO/TS
16097



=« Result of the NWIP ballot for ISO/TS 16097

Sewee I1ISO CIB

P ISOITS 16097 « Vulcanized crumb rubber - Evaluation procedure »

Swecs ISOITS 16097 has been reglstered In WG S work programme.
The next stage is the enquiry within SC 3 to approve the publication of the TS.

The comments were considered during WG 5 meeting in October 2012 in Riccione
(Italy), in view of preparing the draft for the CD enquiry In SC 3.
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Foreword

ISO (the International Organization for Standardization) is a worldwide
federation of national stands bodies (ISO member bodies). The work of
preparing International Standards is normally carried out through I1SO
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 1SO, also take part
in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical
standardization.

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

The main task of technical committees is to prepare International
Standards. Draft International Standards adopted by the technical
committees are circulated to the member bodies for voting. Publication
as an International Standard requites approval by at least 75% of the
member bodies casting a vote.

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

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



Vulcanized crumbs rubber - Evaluation procedures
1. Scope

For all kinds of crumb rubber (from natural rubber and synthetic
elastomers), this International Standard specifies:

- physical and chemical test on raw vulcanized crumb rubber;

- standard materials, standard test formulations, equipment and
processing methods for evaluating the vulcanization characteristics
and the mechanical properties of vulcanized crumb rubber.

2. Normative references

The following referenced documents are indispensable for the
application of this document. For dated references, only the edition cited
applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 34-1:2004, Rubber, vulcanized or thermoplastic - Determination of
tear strength - Part1: Trouser, angle and crescent test pieces

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

ISO 289-1, Rubber, unvulcanized - Determination using a shearing-disc
viscometer - Part1: Determination of Mooney viscosity

ISO 1407:2001, Rubber - Determination of solvent extract

ISO 2393, Rubber test mixes - Preparation, mixing and vulcanization -
Equipment and procedures

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

ISO 6502, Rubber - Guide to the use of curemeters

ISO 7619-1, Rubber, vulcanized or thermoplastic - Determination of
indentation hardness - Part1: Durometer method (Shore hardness)

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

ASTM D297-93 (2006), Standard Test Methods for Rubber Products -
Chemical Analysis

ASTM D5603-01 (2008), Standard Classification for Rubber
Compounding Materials - Recycled Vulcanizate Particulate Rubber.



ASTM D5644-01 (2008), Standard Test Methods for Rubber
Compounding Materials - Determination of Particle Size Distribution of
Recycled Vulcanizate Particulate Rubber.

3. Sampling and sample preparation

Take a laboratory sample of approximately 1.5 kg.

4. Physical and chemical tests on raw vulcanized crumb rubber

4.1. Acetone extract

Determine the acetone extract in accordance with method A or method B
of ISO 1407:2011

4.2. Ash
Determine the ash in accordance with method A of ISO 247:2006
4.3. Carbon black

Determine the carbon black content in accordance with ASTM D297-93,
Part A, Clause 39.

4.4. Rubber content

Determine the rubber content, R (in %), in accordance with ASTM
D297-93, Part A, Clauses 11, 12 and 13.

R =100 - (a+b+c)
where:
a is the carbon black content, in percent (%);
b is the ash content, in percent (%);
c is the acetone extract, in percent (%).

4.5. Classification

Classify raw vulcanized crumb rubber in accordance with ASTM
D5603-01, Clause 5.

4.6. Determination of particle size distribution

Determine the particle size distribution in accordance with ASTM
D5644-01.



5. Preparation of test mixes for evaluation

5.1. Standard test formulation

The standard test formulation is given in Table 1.

The material used shall be national or international standard reference
materials. If no standard reference material is available, the materials to

be used shall be agreed between the interested parties.

Table 1 - Standard test formulation

Material Parts by mass
Natural rubber STR 20 100
Vulcanized crumb rubber 30
Industry reference black 5
Stearic acid 2
Zinc oxide 3
Sulfur 2.25
TBBS 1
Total 143.25

a The current industry reference black shall be used.

b Powder materials shall be used (standard curing ingredients
used in the industry).

¢ N-tert-butyl-benzothiazole-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 TBBS shall be discarded or recrystallized.

5.2. Procedure
5.2.1. Equipment and procedure

Equipment and procedure for the preparation, mixing and vulcanization
shall be in accordance with ISO 2393.

5.2.2. Mixing procedure - Two stage mixing using an internal mixer
for initial mixing and a mill for final mixing

5.2.2.1. Stage 1 - Initial mixing procedure



Duration  Cumulative

time
(min) (min)
a) Adjust the temperature of the internal 0 0
mixer. Start the rotor and raise the ram.
b) Load the rubber, lower the ram and allow 1 1
the rubber to be masticated.
C) Raise the ram and add the zinc oxide and 0.5 1.5
the stearic acid. Lower the ram and allow
the batch to be masticated.
d) Raise the ram and add the carbon black 0.75 2.25
and the crumb rubber. Lower the ram and
allow the batch to be mixed.
e) Raise the ram, sweep the mouth of the 0.5 2.75
mixing chamber and lower the ram. Allow
the batch to be mixed.
Total time (max.) 2.75
f) Turn off the rotor, raise the ram, remove the mixing chamber
and discharge the batch. Record the maximum batch
temperature.
9) Immediately pass the batch four times through a laboratory mill

with its mill opening set at 2.5 mm and at a temperature of 50°C
+ 5°C. Check-weigh the batch (see ISO 2393). If the mass of
the batch differs from the theoretical value by more than + 0.5 %
or - 1.5 %, discard the batch and re-mix.

h) Leave the batch for 30 min to 24 h after mixing.
5.2.2.2. Stage 2 - Final mill mixing procedure

The standard laboratory-mill batch mass, in grams, shall be based on the
recorded batch mass.

Set the mill temperature at 50°C + 5°C and the mill opening to 1.5 mm.
A good rolling bank at the nip of the rolls shall be maintained during mixing. If

this is not obtained with the nip settings specified hereunder, small
adjustments to the mill openings may be necessary.



f)

9)

h)

)

6.

Duration Cumulative

time

(min) (min)
Band the master-batch on the slow roll. 1 1
Add the TBBS. Do no cut the band until 0.5 1.5
the accelerator is completely dispersed.
Make a 3/4 cut from each side, allowing 0.5 2
15 s between each cut.
Add the sulphur. Do not cut the band until 0.5 2.5
the powder is completely dispersed.
Make a 3/4 cut from each side, allowing 0.5 3
15 s between each cut.
Make three alternating 3/4 cuts from each 2 5
sie, allowing 15 s between each cut.
Cut the batch from the mill. Set the mill 2 7

opening at 0.8 mm and pass the rolled
batch endwise through the rolls six times,
introducing it from each end alternately.

Total time (max.) 7

Sheet the batch to an approximate thickness of 6 mm and
check-weigh the batch (see 1SO 2393). If the mass of the batch
differs from the theoretical value by more than + 0.5 % or - 1.5
%, discard the batch and re-mix. Remove sufficient material for
curemeter testing.

Sheet the batch to approximately 2.2 mm in order to prepare
test sheets or to the appropriate thickness in order to prepare
ISO rings or dumbbell test pieces in accordance with ISO 37.

After mixing and prior to vulcanization, condition the batch for
at least 2 h but not more than 24 h.

Evaluation of vulcanization characteristics by a curemeter test

6.1 Using an oscillating-disc curemeter

Measure the following standard test parameters:

M., My at defined time, ts1, t:(50), t(90), t:(95) and t(99)

in accordance with ISO 3417, using the following test conditions:



- oscillation frequency:

- amplitude of
oscillation:

- selectivity:

- die temperature:

- pre-heat time:

1.7 Hz (100 cycles per minute)

1° of arc

An amplitude of oscillation of 3° of arc is
permitted as an alternative. If such an
amplitude is chosen, measure

ls1

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

150°C +£0.3°C

none

6.2. Using a rotorless curemeter

Measure the following standard test parameters:

FL, Fmax at defined time, ts1, t(50), t:(90), tc(95) and t:(99)

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

- oscillation
frequency:

- amplitude of
oscillation:

- selectivity:

- die temperture:

- pre-heat time:

1.7 Hz (100 cycles per minute)

0.5° of arc

An amplitude of oscillation of 1° of arc is
permitted as an alternative. If such an
amplitude is chosen, measure

ts1.

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

150°C £0.3°C

none

The two types of curemeter may not give identical results.

7. Evaluation of Mooney viscosity of test mixes

Determine the Mooney viscosity in accordance with ISO 289-1.

Record the result as ML(1+4) at 100°C.



8. Evaluation of tensile stress-strain properties of vulcanized test
mixes

Vulcanize sheets at 150°C for a period chosen from t%(95).
Condition the vulcanized sheets for 16 h to 96 h.

Measure the stress-strain properties in accordance with ISO 37.
9. Evaluation of Shore hardness of vulcanized test mixes

Use vulcanized sheets for the evaluation of tensile stress-strain
properties.

Measure the Shore hardness using durometers with the A scale for
rubbers in the normal hardness range in accordance with ISO 7619-1.

10. Evaluation of tear strength of vulcanized test mixes
Use vulcanized sheets for the evaluation of tear strength.

Measure the tear strength using an angle test piece without a nick in
accordance with method B of ISO 34-1:2004.

11. Precision

See Annex A.

12. Test report

The test report shall include the following:

a reference to this International Standard;

all details necessary for the identification of the sample;

the reference materials used to prepare the test mix;

the ambient conditions in the laboratory during preparation of the

test mix;

e) the type of curemeter used, the defined time at which was My was
measured and the amplitude of oscillation used for the curemeter
test, as defined in Clause 6;

f)  any unusual features noted during the determination;

g) details of any operations not included in this International Standard
or in the International Standards to which reference is made, as
well as of any operation regarded as optional;

h)  the results and the units which they have been expressed;

i) the date of the test.

eeoe
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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 I1SO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

The main task of technical committees is to prepare International Standards. Draft
International Standards adopted by the technical committees are circulated to the member
bodies for voting. Publication as an International Standard requires approval by at least 75 %
of the member bodies casting a vote.

In other circumstances, particularly when there is an urgent market requirement for such
documents, a technical committee may decide to publish other types of normative document:

— an ISO Publicly Available Specification (ISO/PAS) represents an agreement between
technical experts in an ISO working group and is accepted for publication if it is approved
by more than 50 % of the members of the parent committee casting a vote;

— an ISO Technical Specification (ISO/TS) represents an agreement between the members
of a technical committee and is accepted for publication if it is approved by 2/3 of the
members of the committee casting a vote.

An ISO/PAS or ISO/TS is reviewed after three years in order to decide whether it will be
confirmed for a further three years, revised to become an International Standard, or
withdrawn. If the ISO/PAS or ISO/TS is confirmed, it is reviewed again after a further three
years, at which time it must either be transformed into an International Standard or be
withdrawn.

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

ISO/TS 16097 was prepared by Technical Committee ISO/TC 45, Rubber and rubber
products, Subcommittee SC 3, Raw materials (including latex) for use in the rubber industry.

This second/third/... edition cancels and replaces the first/second/... edition (), [clause(s) /
subclause(s) / table(s) / figure(s) / annex(es)] of which [has / have] been technically revised.



Vulcanized crumbs rubber — Evaluation procedures

1. Scope

This Technical Specification specifies physical and chemical test, standard
test formulations, equipment and processing methods for the vulcanization
characteristics evaluation and the mechanical properties of vulcanized crumbs
rubber.

2. Normative references

The following referenced documents are indispensable for the application of
this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including
any amendments) applies.

ISO 34-1:2004, Rubber, vulcanized or thermoplastic - Determination of tear
strength - Part1: Trouser, angle and crescent test pieces

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

ISO 247:2006, Rubber - Determination of ash

ISO 289-1, Rubber, unvulcanized - Determination using a shearing-disc
viscometer - Part1: Determination of Mooney viscosity

ISO 1407:2001, Rubber - Determination of solvent extract

ISO 1408:1995, Rubber - Determination of carbon black content - Pyrolytic
and chemical degradation methods

ISO 2393, Rubber test mixes - Preparation, mixing and vulcanization -
Equipment and procedures

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

ISO 6502, Rubber - Guide to the use of curemeters

ISO 7619-1, Rubber, vulcanized or thermoplastic - Determination of
indentation hardness - Part1: Durometer method (Shore hardness)

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

CEN/TS 14243:2010, Materials produced from end of life tyres - Specification
of categories based on their dimension(s) and impurities and methods for
determining their dimension(s) and impurities



3. Sampling and sample preparation
Take a laboratory sample of approximately 1.5 kg.

4. Physical and chemical tests on vulcanized crumbs rubber

1. Classification

Classify raw vulcanized crumb rubber, based mainly on their dimensions, in
accordance with CEN/TS 14243, Clause 4.

2. Determination of particle size distribution

Determine the particle size distribution in accordance with CEN/TS 14243,
Clause 5 and Clause 6.

3. Determination of free steel content
Determine the free steel content in accordance with CEN/TS 14243, Annex B.
4. Determination of free textile content

Determine the free textile content in accordance with CEN/TS 14243, Annex
C.

5. Acetone extract

Determine the acetone extract in accordance with ISO 1407 method A or
method B

6. Ash

Determine the ash in accordance with ISO 247 method A

7. Carbon black

Determine the carbon black content in accordance with ISO 1408
8. Rubber content

Determine the rubber content, R (in %),

R =100 - (a+b+c)

where:
a is the acetone extract, in percent (%);
b is the ash content, in percent (%);

c is the carbon black content, in percent (%).



5. Preparation of test mixes for evaluation
5.1. Standard test formulation
The standard test formulation is given in Table 1.

The material used shall be national or international standard reference
materials. If no standard reference material is available, the materials to be
used shall be agreed between the interested parties.

Table 1 - Standard test formulation

Material phr
STR 20 100.00
Vulcanized crumb rubber 30.00
Industry reference black 5.00
Stearic acid 2.00
Zinc oxide 3.00
Sulfur 2.25
TBBS 1.00
Total 143.25
@ The current industry reference black shall be used.
b Powder materials shall be used (standard curing ingredients used in the
industry).
¢ N-tert-butyl-benzothiazole-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 TBBS shall be discarded or recrystallized.

5.2. Procedure

5.2.1 Equipment and procedure

Equipment and procedure for the preparation, mixing and vulcanization shall
be in accordance with ISO 2393.

5.2.2 Mixing procedure - Two stage mixing using an internal mixer for
initial mixing and a mill for final mixing



5.2.2.1 Stage 1 - Initial mixing procedure

Duration Cumulative time

(min) (min)
a) Adjust the temperature of the internal mixer. Start the 0 0
rotor and raise the ram.
b) Load the rubber, lower the ram and allow the rubber to 1.0 1.0
be masticated.
c) Raise the ram and add the zinc oxide and the stearic 0.5 1.5
acid. Lower the ram and allow the batch to be
masticated.
d) Raise the ram and add the carbon black and the  0.75 2.25
crumb rubber. Lower the ram and allow the batch to
be mixed.
e) Raise the ram, sweep the mouth of the mixing 0.5 2.75
chamber and lower the ram. Allow the batch to be
mixed.
Total time (max.) 2.75
f) Turn off the rotor, raise the ram, remove the mixing chamber and discharge the
batch. Record the maximum batch temperature.
9) Immediately pass the batch four times through a laboratory mill with its mill opening

set at 2.5 mm and at a temperature of 50°C + 5°C. Check-weigh the batch (see ISO
2393). If the mass of the batch differs from the theoretical value by more than + 0.5
% or - 1.5 %, discard the batch and re-mix.

h) Leave the batch for 30 min to 24 h after mixing.



5.2.2.2 Stage 2 - Final mill mixing procedure

The standard laboratory-mill batch mass, in grams, shall be based on the
recorded batch mass.

Set the mill temperature at 50°C + 5°C and the mill opening to 1.5 mm.

A good rolling bank at the nip of the rolls shall be maintained during mixing. If
this is not obtained with the nip settings specified hereunder, small
adjustments to the mill openings may be necessary.

Duration Cumulative

time
(min)
(min)
a) Band the master-batch on the slow roll. 1.0 1.0
b) Add the TBBS. Do no cut the band until the accelerator 0.5 1.5
is completely dispersed.
c) Make a 3/4 cut from each side, allowing 15 s between 0.5 2.0
each cut.
d) Add the sulphur. Do not cut the band until the powder is 0.5 2.5
completely dispersed.
e) Make a 3/4 cut from each side, allowing 15 s between 0.5 3.0
each cut.
f) Make three alternating 3/4 cuts from each sie, allowing 20 5.0
15 s between each cut.
g) Cut the batch from the mill. Set the mill opening at 0.8 2.0 7.0
mm and pass the rolled batch endwise through the rolls
six times, introducing it from each end alternately.
Total time (max.) 7.0
h) Sheet the batch to an approximate thickness of 6 mm and check-weigh the batch

(see ISO 2393). If the mass of the batch differs from the theoretical value by more
than + 0.5 % or - 1.5 %, discard the batch and re-mix. Remove sufficient material
for curemeter testing.

i) Sheet the batch to approximately 2.2 mm in order to prepare test sheets or to the
appropriate thickness in order to prepare ISO rings or dumbbell test pieces in
accordance with ISO 37.

i) After mixing and prior to vulcanization, condition the batch for at least 2 h but not
more than 24 h.



6. Evaluation of vulcanization characteristics by a curemeter test
6.1. Using an oscillating-disc curemeter
Measure the following standard test parameters:

M, My at defined time, ts1, t'¢(50), t'¢(90), t'c(95) and t'¢(99)

in accordance with ISO 3417, using the following test conditions:
- oscillation frequency: 1.7 Hz (100 cycles per minute)
- amplitude of oscillation: 1° of arc

An amplitude of oscillation of 3° of arc is permitted as an
alternative. If such an amplitude is chosen, measure t

instead of t

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

- die temperature: 150°C £ 0.3°C

- pre-heat time: none

6.2. Using a rotorless curemeter
Measure the following standard test parameters:
FL, Fmax at defined time, ts1, t'¢(50), t'<(90), t'c(95) and t'¢(99)
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

An amplitude of oscillation of 1° of arc is permitted as an
alternative. If such an amplitude is chosen, measure t

instead of t

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

- die temperture: 150°C £ 0.3°C

- pre-heat time: None

The two types of curemeter may not give identical results.



7. Evaluation of Mooney viscosity of test mixes
Determine the Mooney viscosity in accordance with ISO 289-1.

Record the result as ML(1'+4") at 100°C.

8. Evaluation of tensile stress-strain properties of vulcanized test
mixes

Vulcanize sheets at 150°C for a period chosen from t'c(95).
Condition the vulcanized sheets for 16 h to 96 h.

Measure the stress-strain properties in accordance with 1ISO 37.

9. Evaluation of Shore hardness of vulcanized test mixes
Use vulcanized sheets for the evaluation of tensile stress-strain properties.

Measure the Shore hardness using durometers with the A scale for rubbers in
the normal hardness range in accordance with ISO 7619-1.

10. Evaluation of tear strength of vulcanized test mixes
Use vulcanized sheets for the evaluation of tear strength.

Measure the tear strength using an angle test piece without a nick in
accordance with method B of ISO 34-1:2004.

11. Precision

See Annex A.

12. Test report

The test report shall include the following:

a) areference to this International Standard;

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

c) the reference materials used to prepare the test mix;

d) the ambient conditions in the laboratory during preparation of the test
mix;

e) the type of curemeter used, the defined time at which was My was
measured and the amplitude of oscillation used for the curemeter test,
as defined in Clause 6;

f) any unusual features noted during the determination;

g) details of any operations not included in this International Standard or in
the International Standards to which reference is made, as well as of any
operation regarded as optional,

h)  the results and the units which they have been expressed;

i) the date of the test.



P
ATANKINT 3

Evaluation of vulcanization characteristics by a curemeter test

DAY 1
Type My (ANm) | M (dNm) tgy(min) tes0 (MIn) tego (Min) t.gs (Min) t.gg (Min)
Lab 1 14.75 3.88 2.43 3.48 6.22
Sample 1 Lab 2 7.40 133 151 2.49 5.29 6.25 80.50
(elongated) | | 4 3 28.43 5.04 3.10 4.34 7.08 8.07 9.55
Lab 1 15.37 7.39 3.00 3.45 5.51
Sample 2 Lab 2 7.53 14 1.49 2.50 5.37 6.37 8.12
(elongated) | |4 3 28.81 5.02 3.10 4.29 6.58 7.55 9.43
Lab 1 12.60 4.57 3.36 4.5 6.23
Sample 3 Lab 2 8.00 1.32 157 2,57 5.41 6.40 8.23
(20 Mesh) Lab 3 2776 5.07 3.26 4.49 722 8.20 10.02
Lab 1 12.77 4.5 3.36 4.28 6.31
Sample 4 Lab 2 7.85 0.99 153 2.50 5.27 6.25 8.04
(20 Mesh) Lab 3 27.88 5.2 3.8 5.17 7.3 8.23 10.12
Lab 1 13.45 4.43 3.19 412 6.17
Sample 5 Lab 2 7.50 1.23 2.00 3.02 5.55 6.52 8.34
(50 Mesh) | |gb 3 28.29 5.09 3.05 4.23 6.46 7.57 9.15
Lab 1 13.1 4.51 316 4.90 6.11
Sample 6
ampie Lab 2 7.63 115 1.54 2.54 5.43 6.43 8.26
(30 Mesh)
Lab 3 28.45 5.01 3.2 4.31 6.51 7.4 9.19




DAY 2

Type M, (dNm) M, (dNm) ti,(min) ts0 (MIn) tego (Min) t.g5 (Min) t.gg (Min)
Lab 1 13.97 3.93 3.19 413 6.01
Sample 1 Lab 2 7.8 1.21 143 2.40 5.18 6.14 7.44
(elongated) Ldb 3 28.20 5.51 3.07 432 7.09 8.07 9.63
Lab 1 14.39 4.80 3.2 413 6.0
Sample 2 Lab 2 7.63 1.29 145 2.47 5.33 6.24 7.87
(elongated) Ldb 3 28.70 5.35 3.03 4.31 7.14 8.15 9.95
Lab 1 13.28 4.42 4.02 459 6.52
Sample 3 Lab 2 7.72 1.05 2.01 3.00 5.39 6.35 8.15
(20 Mesh) Lab 3 28.01 5.26 3.04 4.48 7.25 8.22 9.96
Lab 1 13.26 4.37 4.05 5.02 6.54
Sample 4 Lab 2 7.81 112 167 2.75 5.34 6.33 8.09
(20 Mesh) Lab 3 27.86 4.93 3.30 475 7.38 8.38 10.25
Lab 1 13.34 4.12 3.46 4.42 6.36
Sample 5 Lab 2 8.62 110|227 3.3 5.46 6.40 8.21
(30 Mesh) Lab 3 27.70 472 3.35 5.03 7.40 8.38 10.26
Lab 1 13.10 4.12 3.49 4.46 6.35
Sample 6
Lab 2 8.02 117 2.13 312 5.47 6.38 8.27
(30 Mesh) a
Ldb 3 27.35 469 3.37 492 736 8.34 10.18




Type

Mooney

Mechanical properties

100%moduls 300%moduls 500 %modulus | Tensilestrengh(Mp | Elongation at Tearstrength
(Mpa) (MPa) (MPa) a) break % (N/mm) Hordness

Lab 1 45 10.25 29.5 234.8 707 33.02 45
Sample 1 Lab 2 50.87 0.82 2.41 8.13 19.46 814.23 31.23 43.89
(elongated) Lab 3 43 0.7 2.91 10.12 11.24 520.33 33.02 41

Lab 1 46.5 10.9 32.87 229.5 673 34.5 46.5
Sample 2 Lab 2 55.5 0.84 3.1 0.86 18.44 773.83 33.48 43.67
(elongated) Lab 3 40 0.74 2.66 9.65 11.88 536.67 33.22 40.8

Lab 1 45 9.8 26.52 147.75 669.5 26.6 45
Sample 3 Lab 2 52.2 0.85 3.33 9.57 12.24 655.5 31.7 45.33
(20 Mesh) Ldb 3 44 0.96 3.77 12.43 14.46 533.67 39.61




Lab 1 44 9.7 26.6 150.5 673 35.93 44
Sample 4 Lab 2 51.37 0.91 3.03 9.82 12.79 664 34.32 46.33
(20 Mesh) Lab 3 44 1.04 4.62 13.09 14.51 506 39.61
Sample 5
Lab 1 44 9.9 26.97 188.25 700.67 08.87 45
(30 Mesh)
Lab 2 44 0.84 3.14 10.87 15.21 686.9 33 44.22
Lab 3 43 11 4.67 16.41 18.41 519.67 42.87
Sample 6 Lab 1 45 9.7 25.9 17157 699 32 45
(30 Mesh) Lab 2 55.19 0.83 2.99 9.68 14.16 691.9 31.05 44.78
Lab 3 42 1.01 4.45 16.31 16.05 531 42.77




Type

Mooney

Mechanical properties

100%moduls 300%moduls 500 %modulus | Tensilestrengh(Mp | Elongation at break | Tearstrength g
Hardness
(Mpa) (MPa) (MPa) q) % (N/mm)
Lab 1 23.64 11.30 41.05 207.37 578.25 31.27 45.25
Sample 1 Lab 2 48.78 0.87 0.26 10.95 17.89 741.23 32.18 44.11
(elongated) Lab 3 43.00 0.90 3.59 12.46 13.47 514.3% 33.33 39.17
Lab 1 28.44 11.42 41.07 207.90 590.00 32.72 4550
Sample 2 Lab 2 51.15 0.82 3.00 0.83 18.84 761.87 30.32 44.22
(elongated) Lab 3 43.0 0.72 2.92 9.89 12.04 523.67 33.73 39.00
Lab 1 28.02 11.47 40.07 146.50 524.25 33.20 45.0
Sample 3 Lab 2 48.09 0.76 2.88 8.99 13.00 676.30 34.32 45.89
(20 Mesh) Lab 3 44.0 0.94 3.96 14.12 15.39 513.33 35.95 32.17




Lab 1 28.15 11.35 40.07 156.0 536.75 33.92 45.00
Sample 4 Lab 2 50.04 0.88 3.02 9.25 12.39 640.87 33.05 45.22
(20 Mesh) Lab 3 44.0 0.99 3.91 12.21 15.38 550.33 36.91 32.33
Sample 5

Lab 1 26.55 11.02 37.87 170.0 545.25 31.90 44.00
(30 Mesh)

Lab 2 52.85 0.86 3.50 11.64 15.70 667.13 32.06 46.56

Lab 3 39.0 0.98 3.87 13.21 15.59 5%5.00 37.60 39.00
Sample 6 Lab 1 26.97 11.30 39.62 179.45 552.05 30.02 44.00
(30 Mesh) Lab 2 53.29 0.85 3.08 10.87 14.71 666.60 32.34 45.11

Lab 3 40.00 0.93 3.35 12.98 14.96 524.67 34.80 39.00






