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Objective

ÅDesign a material that is elastic, and has chemical 
barrier properties

ÅManufacturing requirements

ïMade from commercially available materials and processes

ïThermoplastic processing techniques

ïCost effective

ÅApplications

ïProtective gear

ïEquipment for aggressive environment
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Background of Elastomeric 
Materials

ÁThermoplastic elastomers(TPE)
ÁElastomeric Urethane Polymers

Á Ionomers

ÁCertain block co-polymers

ÁPlasticized polymers

ÁDynamically vulcanized
polymer blends
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ÁVulcanized elastomers
ÁDienebased

ÁNatural rubber

ÁButadiene rubber

ÁSilicone

ÁButyl rubber
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Dynamically Vulcanized Polymer Blends
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ÅChlorobutylrubber (CIIR)

Å Soft elastic material

Å High elongation at break

Å Good barrier properties for many 

chemicals

Å Low water absorption

Å Hardness: 30-80 Shore A

Å Specific gravity: 0.9

Å Tg: -40ϊC

Å 1.26% chlorine

Exxon Chlorobutyl rubber 1068

ÅNylon12  (Polyamide)

Å Hard engineering plastic

Å Excellent barrier properties

Å Low water absorption

Å Melt point: 178ºC

Å Hardness:73 Shore D

Å Specific gravity: 1.01

Å Tg: 66ϊC

EMS- Grillimide PA 12 L16

Å Challenges and Opportunities

Å Optimize with respect to barrier properties

Å CIIR and nylon have a +æGmix
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Nylon/CIIR Rubber Blend

Regular

Blending

50:50

Dynamic

Vulcanization

50:50

Strands form due to elongation during high shear

Rubber always dispersed phase
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Batch mixing with high shear 

roller blades using Prep Mixer

Preparation of Dynamically Vulcanized Elastomers

ÅNylon pellets (30-40%)

ÅCIIR (Rubber) (60-70%)

ÅZnO, Stearic Acid, Wax

ÅAdd sulfur to vulcanize system

ÅPull out products when torque

stabilizes (~12 minutes)

ÅGrind products
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Samples Preparation
Injection moulding
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Compression moulding

Extrusion



Specimen Preparation
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ÅInjection moulding

ASTM 638M

(M1 and M3)

ÅDie cutting of injection 

moulded M3 samples

ÅDie cutting from extruded 

and compression moulded 

materials

ÅM2 and M3 



RESULTS
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ÅMechanical Testing

ÅDMA

ÅDSC

ÅSEM

ÅAFM-PFM



Mechanical Testing
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Injection and MD extrusion 

moulding and has superior 

tensile at break properties than 

compression moulding due to 

alignment of nylon during flow.

30/70 and 40/60 samples show 

similar trends but TS at yield 

increases with higher nylon 

content
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M3- Nylon/CIIR 30/70 blend
Injection Moulded

Die Cut from IM 
sample
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sample

Die cut from Extruded 
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Die Cut from Extruded 
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Injection Molded

Die Cut from IM sample

Die Cut from CM 
sample

Die Cut from Extruded 
Saplme in  MD

Die Cut from extruded 
sample in TD



DMA Scans
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Tan d CIIR

Peak:-27± 1ºC

Tan d nylon

Tan d  Nylon/

CIIR blends

Peak:-39± 2ºC

Modus of

TPE Blends

Nylon blend Tg

Peak 70± 6ºC
Pure Nylon Tg=66.4
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DSC Study of Changes 
ƛƴ bȅƭƻƴ ҟHf
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SEM 40/60 Blend
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Å4mm particles reduced to 1-3µm by blending process

ÅNo obvious alignment of rubber particles due to extrusion or 

injection moulding
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AFM-Pulse Force Mode (PFM)
(Source: Witec and Topometrics webpage)

Adhesion Image
(Bodyguard adhesive tape)

https:/.../student/en/media/11707/parkafm.jpg


