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Objective

A Design a material that is elastic, and has chemical
barrier properties

A Manufacturing requirements
I Made from commercially available materials and processe:
I Thermoplastic processing techniques
I Cost effective

A Applications

I Protective gear
I Equipment for aggressive environment
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Background of Elastomeric
Materials

Processing )/\

A Vulcanizecelastomers A ThermoplastielastomergTPE)

A Dienebased A Elastomeric Urethane Polymers
A Natural rubber A lonomers
A Butadiene rubber A Certain block cgolymers

A Silicone A Plasticized polymers

A Butyl rubber A Dynamically vulcanized

polymer blends




Dynamicallyulcanized Polymdslends

A Chlorobutylrubber (CIIR) A Nylon12 (Polyamide)
A Soft elastic material A Hard engineering plastic
A High elongation at break A Excellent barrier properties
A Good barrier properties for many A Low water absorption
chemicals A Melt point: 178°C
A Low water absorption A Hardness:73 Shore D
A Hardness: 30-80 Shore A A Specific gravity: 1.01
A Specific gravity: 0.9 A T, 66(C
A T, -40iC
A 1.26% chlorine

Exxon Chlorobutyl rubber 1068 EMS- Grillimide PA 12 L16
A Challenges and Opportunities
A Optimize with respect to barrier properties
ACIITR and nylGgn have a| +e




Nylon/CIIR Rubber Blend

Regular
Blending
50:50

Dynamic
Vulcanization
50:50

Rubber always dispersed phase



Preparation of Dynamically Vulcanized Elastomers

Process finished

|
10000
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S U —

r added

4000
CIIR, Zfé‘ earic Acid, Wax Added

Torque (g-meters)

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Mixing Time (Min)

Batch mixing with high shear
roller blades using Prep Mixer

ANylon pellets (30-40%)

ACIIR (Rubber) (60-70%)

AZnO, Stearic Acid, Wax

AAdd sulfur to vulcanize system

APull out products when torque
stabilizes (~12 minutes)

AGrind products




Samples Preparation

Injection moulding
. l

Extrusion

RBREY

Compression moulding




Specimen Preparation

Alnjection moulding
ASTM 638M
(M1 and M3)
Mie cutting of injection
moulded M3 samples

ADie cutting from extruded

and compression moulded
materials

AM?2 and M3




RESULTS

AMechanical Testing
ADMA

ADSC

ASEM

AAFM-PFM



Mechanical Testing

M3- Nylon/CIIR30/70 blend

® Injection Moulded

= 250.0

ol

= 200.0 | m Die Cut from IM

5{ 150.0 sample

) Die Cut from CM

-8 100.0 sample

=

@ 50.0 m Die cut from Extrudec
T 0.0 Sample in MD

c

& m Die Cut from Extrude!

sample in TD

Injection and MD extrusion
moulding and has superior
tensile at break properties than
compression moulding due to
alignment of nylon during flow.

M3- Nylon/ CIIR 30/70 blend

12 ® Injection Molded
10

m Die Cut from IM sample

Die Cut from CM
sample

m Die Cut from Extruded
Saplme in MD

m Die Cut from extruded
sample in TD

30/70 and 40/60 samples show
similar trends but TS at yield

increases with higher nylon ,
content 10

Tensile Strain at Yield
(MPa)
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E'/MPa
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DMA Scans

Modus of

TPE Blends

Tan d CIIR
Peak:-27+ 1°C

Peak -27.8°C, 1427

Tan d lon/
CIIR blends
-39+ R°C

Tand nylon ~
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Temperature xC

-10
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-35
-40
45

Tg Shift of ClIRPhase as
Measured by DMA

CIIR blended at

200C comp. Dynamically
moulded (10 CIIR comp. CIIR comp. vulcanized TPE
minutes) moulded S curedmoulded not cured blend
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DSC Study of Chang
AY Dbeéelt 2y
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10

compression
moulded

injection moulded

compression
moulded and
stretched

TPE blend

compensated for

nylon content
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SEM 40/60 Blend

s T T
Signal A = RBSD
Photo No. = 535

A4mm particles reduced to 1-3um by blending process
ANo obvious alignment of rubber particles due to extrusion or
injection moulding
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AFMPulse Force Mode (PFM)

(Source: Witec and Topometrics webpage)
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Adhesion Image

(Bodyguard adhesive tape)
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