


History and statistics

The earliest documented use of Rubber (natural) is dated
back to the 15:th century

It took however to the mid of the 19:th century until the
curing process was discovered by Charles Goodyear
(1839-1844)

The discovery and development of the vulcanising process
was of such a fundamental importance for the development
of Rubber materials that without this the Rubber industry
should not have existed. Y YV~




(%), History and statistics

During the about 100 years from the end of 1830°s to the
beginning of 1950°s, the Rubber technology developed
very much. A number of synthetic Rubber materials
were developed.

At the end of World War two there were a number of
commercially available synthetic Rubbers besides NR

BR, SBR, OT, CR, NBR

Today we have about 30 to 35 different Rubber materials
depending of the criteria for classification.

New and better additives were devepoled, such as better
and faster curing chemicals, better fillers, better
antioxidants, etc.
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History and statistics
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History and statistics
Rubber types




What is a polymer?
Overview of rubber, plastics and other polymers
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What is a polymer?

Sx  Polysulfidbindning GG kol-kol bindning (valdigt fa)
~5~$ Disulfidbindning -8i= Intra molekyldr monosulfid-
-$~ Monosulfidbindning bindning




Normal Rubber types

With normal Rubber we often mean a Rubber for
use in tyres and in such products were the requirements

are high for good processability and good mechanical
properties, such as wear.

As normal Rubbers we include NR, IR, SBR and BR.




Normal Rubber Types
Natural Rubber (NR)

Natural Rubber is a polymer found as a latex in the
Rubber tree Hevea Brasiliensis.

The tree is growing in tropical climate, about 15 ° nort/south of the
equator. It grows mainly in Thailand, Indonesia, India,
Malaysia, but also in Africa and South America.

Natural Rubber is classified in different grades
based on amount of dirt and colour.

Properties

High tensile strength and elongation at break over a w
hardness range. Good abrasion and dynamic fatigue ..~
properties. Temperature of use is from -55 °C to +90 °C
Poor resistance against oils and fuels.

Natural Rubber is the best choice in many applications such as
tyres, vibration isolators and springs. Other important products are
hoses, transport belts, seals, rubber rollers etc.
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Normal Rubber Types

Natural Rubber (NR)
Isoprene Rubber (IR)

Styrene Butadiene Rubber (SBR)
Butadiene Rubber (BR)




Rubber data sheets 2003-10-21

Elastocon

General information

Market introduction Approx. 1840
Price indication, volume index compound 1,0
Service temperature, min °C -50
Service temperature, max °C +80

General properties

Mechanical properties

Dynamic fatigue

Rebound resilience at RT
Compression set (-30 to +70 C)
Compression set (+70 to +150 C)

Resistance
Abrasion

Heat

Weather and ozone
Water

Oil and gasoline

Positive Very good mechanical properties. High elasticity and
abrasion. Good in low temperature, but can crystallize.

Negative Poor weather and ozone resistance. No oil resistance.
Limited heat resistance.

Applications Car tires, especially for heavy vehicles and winter tires
for personal cars. Abrasion protection (mining industry).
Dampers, bushings and engine mounts.

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

Elastocon AB - Goteborgsvigen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71
E-mail: info@elastocon.se - www.elastocon.se



Rubber data sheets 2003-10-21

Elastocon

General information

Market introduction

Price indication, volume index compound
Service temperature, min °C

Service temperature, max °C

General properties

Mechanical properties

Dynamic fatigue

Rebound resilience at RT
Compression set (-30 to +70 C)
Compression set (+70 to +150 C)

Resistance
Abrasion

Heat

Weather and ozone
Water

Oil and gasoline

Positive Very good mechanical properties. High elasticity and
abrasion. Cleaner and less variation in structure
compared to NR.

Negative Poor weather and ozone resistance. No oil resistance.
Limited heat resistance. Slightly more expensive than
NR.

ApplicationsTechnical rubber goods, with sharp tolerances.

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

Elastocon AB - Goteborgsvagen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71
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Rubber data sheets 2003-10-21

Elastocon

General information

Market introduction Approx. 1930
Price indication, volume index compound 0,9
Service temperature, min °C -40
Service temperature, max °C +90

General properties Rating
Mechanical properties

Dynamic fatigue

Rebound resilience at RT

Compression set (-30 to +70 C)

Compression set (+70 to +150 C)

Resistance Rating
Abrasion 4
Heat 1

Water

-5
-2
Weather and ozone 1-2
4
Oil and gasoline 1

Positive Good mechanical properties. Is compatible with NR.
Low and relatively stable price.

Negative Requires reinforcing fillers. Poor Weather and ozone
resistance. No oil resistance.

ApplicationsTires, technical rubber products, pipe seals etc.

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

Elastocon AB - Goteborgsvigen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71
E-mail: info@elastocon.se - www.elastocon.se



Rubber data sheets 2003-10-21

Elastocon

General information

Market introduction 1955/56
Price indication, volume index compound 0,9
Service temperature, min °C -75
Service temperature, max °C +80

General properties Rating
Mechanical properties

Dynamic fatigue

Rebound resilience at RT

Compression set (-30 to +70 C)

Compression set (+70 to +150 C)

Resistance
Abrasion

Heat

Weather and ozone
Water

Oil and gasoline

Positive Very high elasticity and abrasion resistance. Very good
low temperature performance.

Negative Processing as a single polymer is difficult. Poor weather
and ozone resistance. No oil resistance.

Applications Mixed with NR and SBR in tires.

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

Elastocon AB - Goteborgsvigen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71
E-mail: info@elastocon.se - www.elastocon.se



Special Rubber Types







Rubber data sheets 2003-10-21
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(" )
Ethylene Propylene Rubber (EPM, EPDM)

Chemical structure |~ (‘ CH?_— C Ha—)x (‘ CH2— C|H))’ — diene -
CH

. 3 N

General information

Market introduction EPM 1955, EPDM 1963
Price indication, volume index compound 1,2
Service temperature, min °C -35
Service temperature, max °C +120

General properties Rating
Mechanical properties

Dynamic fatigue

Rebound resilience at RT

Compression set (-30 to +70 C)

Compression set (+70 to +150 C)

Resistance
Abrasion

Heat

Weather and ozone
Water

Oil and gasoline

Positive Weather and ozone resistant. Good chemical resistance.
Very good water resistance

Negative No oil resistance. Limited bonding to metal.

Applications Hoses, bellows, pipe seals, building seals, roof
sheeting etc.

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

Elastocon AB - Goteborgsvigen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71
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Rubber data sheets 2003-10-21

Elastocon

Isoprene Isobutylene Rubber (lIR)
| CH, i

Chemical structure

|
(CIIR, BIIR) (—CHZ—CI: —o éCHa—(l:=CH—CH2)
CH, CH,

.

L

General information

Market introduction 1942
Price indication, volume index compound (CIIR, BIIR 1,8) 1,3
Service temperature, min °C -45
Service temperature, max °C 90

General properties Rating
Mechanical properties

Dynamic fatigue

Rebound resilience at RT

Compression set (-30 to +70 C)

Compression set (+70 to +150 C)

Resistance
Abrasion

Heat

Weather and ozone
Water

Oil and gasoline

Positive Very low gas permeability. Good weather and ozone
resistance.

Negative No oil and gasoline resistance.

Applications Inner liners and tubes in tires, roof sheeting,
curing bladders for tires, and gas masks.

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

Elastocon AB - Goteborgsvigen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71

E-mail: info@elastocon.se - www.elastocon.se




Rubber data sheets 2003-10-21

Elastocon

Chloroprene Rubber (CR)
Chemical structure E—C H2— lC:CH—-CHQ—:J ,
Cl

\_

General information

Market introduction

Price indication, volume index compound
Service temperature, min °C

Service temperature, max °C

General properties

Mechanical properties

Dynamic fatigue

Rebound resilience at RT
Compression set (-30 to +70 C)
Compression set (+70 to +150 C)

Resistance
Abrasion

Heat

Weather and ozone
Water

Oil and gasoline

Positive Dynamical and Physical properties. Can be flame
resistant.

Negative Expensive. Not water resistant. Are crystallizing. And from
environmental view, not good due to the chlorine content.

Applications Transmission and transport bands. The outer part of
oil and fuel hoses. Contact glues

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

Elastocon AB - Goteborgsvigen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71
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Nitrile Rubber (NBR)

Chemical structure
e [CH , lCM —] 18-50% + Butadieng EGHZ- CH= CH- C Hz_] 82-50°
CN

General information

Market introduction

Price indication, volume index compound
Service temperature, min °C

Service temperature, max °C

General properties

Mechanical properties

Dynamic fatigue

Rebound resilience at RT
Compression set (-30 to +70 C)
Compression set (+70 to +150 C)

Resistance
Abrasion

Heat

Weather and ozone
Water

Oil and gasoline

Positive Resistant to oil, grease and partly fuels.
Good mechanical properties.

Negative Poor resistance to weather and ozone. Increased oll
resistance gives reduced low temperature flexibility

Applications Shaft seals. O-rings. Innerlining in tubes. Gaskets.
Membranes.

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

Elastocon AB - Goteborgsvigen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71
E-mail: info@elastocon.se - www.elastocon.se



Special Rubber Types

Low volume

Carboxylated Nitrile Rubber (XNBR)
Hydrated Nitrile Rubber (HNBR)

Chlorosulfonylpolyethylene Rubber (CSM)

Ethylene Acrylic Rubber (AEM)
Fluoro Rubber (FKM)

Silicone Rubber (VMQ)
Polyurethane Rubber (EU, AU)
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(

>

Carboxylated Nitrile Rubber (XNBR)

-CH, OH-GH-CH-CH-CH-] - CH-CH-
ON COOH

General information

Market introduction

Price indication, volume index compound
Service temperature, min °C

Service temperature, max °C

General properties

Mechanical properties

Dynamic fatigue

Rebound resilience at RT
Compression set (-30 to +70 C)
Compression set (+70 to +150 C)

Resistance
Abrasion

Heat

Weather and ozone
Water

Oil and gasoline

Positive Resistant to oil, grease and partly fuels. High mechanical
properties. Abrasion resistant.

Negative Compression set and heat resistance.

Applications Pump linings. Wear applications. Gaskets

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

Elastocon AB - Goteborgsvigen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71
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Hydrogenated Nitrile Rubber (HNBR)

Chemical structure

il [ OH; cu}ao sl GH CHOH| o-ss

General information

Market introduction

Price indication, volume index compound
Service temperature, min °C

Service temperature, max °C

General properties

Mechanical properties

Dynamic fatigue

Rebound resilience at RT
Compression set (-30 to +70 C)
Compression set (+70 to +150 C)

Resistance
Abrasion

Heat

Weather and ozone
Water

Oil and gasoline

Positive Resistant to oil, grease and partly fuels. High mechanical
properties. Heat, weather- and ozone resistance.

Negative Low temperature elasticity. Price.

ApplicationsTiming belts. Shaft seals. Gaskets. O-rings. Hose. Oil
fielddown hole seals.

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

Elastocon AB - Goteborgsvigen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71
E-mail: info@elastocon.se - www.elastocon.se
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(ChlorosuIfonylpolyethylene Rubber (CSM)\

Chemical structure
~CH,-CHCH-CH}- CH—

|
o | 50,
Y

General information

Market introduction

Price indication, volume index compound
Service temperature, min °C

Service temperature, max °C

General properties

Mechanical properties

Dynamic fatigue

Rebound resilience at RT
Compression set (-30 to +70 C)
Compression set (+70 to +150 C)

Resistance
Abrasion

Heat

Weather and ozone
Water

Oil and gasoline

Positive Good resistance against weather, ozone and oxidiging
acids. Quite good heat resistance.

Negative Poor dynamic properties. Difficult to process.

Applications Rubber sheeting for roofs, ponds etc.

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

Elastocon AB - Goteborgsvigen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71
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Ethylene Acrylic Rubber (AEM)

[CH.-CH,|-[CH-CH] [R-],

Chemical structure cO co
|

I
O-CH,  OH

\_

General information

Market introduction

Price indication, volume index compound
Service temperature, min °C

Service temperature, max °C

General properties

Mechanical properties

Dynamic fatigue

Rebound resilience at RT
Compression set (-30 to +70 C)
Compression set (+70 to +150 C)

Resistance
Abrasion

Heat

Weather and ozone
Water

Oil and gasoline

Positive Oil-grease-fuel and chemical resistance. Heat-weather
and ozone resistance. Low permeability. Low set

Negative Low abrasion. Can be sensitive to water.

Applications Gaskets, hoses and torsion dampers for the
automotive industry

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

Elastocon AB - Goteborgsvigen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71
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Fluoro Rubber (FKM)

Chemical structure ‘
-CF,-CH; ||-CF.-CF[-CF-CF;]

3

General information

Market introduction

Price indication, volume index compound
Service temperature, min °C

Service temperature, max °C

General properties

Mechanical properties

Dynamic fatigue

Rebound resilience at RT
Compression set (-30 to +70 C)
Compression set (+70 to +150 C)

Resistance
Abrasion

Heat

Weather and ozone
Water

Oil and gasoline

Positive Oil-grease-fuel and chemical resistance. Heat-weather
and ozone resistance. Low permeability. Low set.

Negative Poor low temperature elasticity. Low hot tear strength.
High density and price.

Applications Shaft seals. O-rings. Gaskets. Valves, pumps, hose,
membranes. For extreme conditions.

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

Elastocon AB - Goteborgsvigen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71
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\_

Chemical structure (CH)3 810 5,'; -0 5'; — 0 5'{; —0—
’ |

Silicone Rubber (VMQ)
CH, CH, CH

3

CH CIH=CH2 m @ a

3

Polydimetylsiloxana) - Polyvinylfenyl-Siloxan (PvMQ) )

General information

Market introduction 1944
Price indication, volume index compound 5,8
Service temperature, min °C -80
Service temperature, max °C +200

General properties Rating
Mechanical properties

Dynamic fatigue

Rebound resilience at RT

Compression set (-30 to +70 C)

Compression set (+70 to +150 C)

Resistance
Abrasion

Heat

Weather and ozone
Water

Oil and gasoline

Elastocon AB - Goteborgsvigen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71

Positive Excellent heat and cold resistance. Resistant to clean
mineral oils and many types of greases. Excellent weather
and ozone resistance.

Negative Poor tensile and tear strength. Poor abrasion and water
resistance. High permeability. Expensive.
Poor resistance to aromatic oils.

Applications Medical applications. Dampers. Gaskets in ship,
air and space industry.

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

E-mail: info@elastocon.se - www.elastocon.se
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Polyurethane Rubber (EU, AU)

Chemical structure

[-R'00CNHR' NHCOOR' OOCNR'NHCOO -]

J

General information

Market introduction

Price indication, volume index compound
Service temperature, min °C

Service temperature, max °C

General properties

Mechanical properties

Dynamic fatigue

Rebound resilience at RT
Compression set (-30 to +70 C)
Compression set (+70 to +150 C)

Resistance

Abrasion

Heat

Weather and ozone

Water

Oil and gasoline 4-5

Elastocon AB - Goteborgsvigen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71

Positive Higher tensile strength and tear resistance then any
other rubber type. Good weather and ozone resistance.
Good oil and fuel resistance.

Negative Sensitive for hydrolyis. Ether types (EU) better against
hydrolysis, but ester types (AU) has better mechanical
properties. Poor at low and high temperatures.

Applications Where good wear properties are needed such as

solid small wheels, shoe soles, gaskets for high
pressures.

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

E-mail: info@elastocon.se - www.elastocon.se




Thermoplastic Elastomers

Abbreviation TPE based on

TPE General designation
TPA Polyamide

TEEE Polyester

TPO Olefin

TPS Styrene

TPU Urethane

TPV Cured Rubber (alloy)
TPZ Other TPE

>

/Example of designations for some common TPE:s
TPO-(EPDM+PP) Uncured EPDM mixed with PP

TPS-SBS Styrene-Butadiene-Styrene block polymer
TPS-SEBS Styrene-Ethylene-Buthylene-Styrene block polyme
TPV-(EPDM+PP) Cured EPDM mixed with PP
TPV-(IIR+PP) Cured IIR mixed with PP
TPZ-(NBR+PVC) Uncured NBR mixed with PVC

A




Thermoplastic Elastomers
Styrene TPE

Polystyren
omrade

——- Polystyren
—— Elastomer




Thermoplastic Elastomers
TPE alloy
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Styrene-Butadiene-Styrene + PE(SBS)

Chemical structure

Copolymer: Styrene-Butadiene-Styrene

J

General information

Market introduction

Price indication, volume index compound
Service temperature, min °C

Service temperature, max °C

General properties

Mechanical properties

Dynamic fatigue

Rebound resilience at RT
Compression set (-30 to +70 C)
Compression set (+70 to +150 C)

Resistance
Abrasion

Heat

Weather and ozone
Water

Oil and gasoline

Elastocon AB - Goteborgsvigen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71

Positive Wide hardness range
Negative Poor against oils. ozon, light and heat

Applications Toys, dustcovers, mats

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

E-mail: info@elastocon.se - www.elastocon.se
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Styrene-Ethylene-Butylene-Styrene-TPE
(SEBS)

Chemical structure

Copolymer: Styrene-Ethylene-Butylene-
Styrene

General information

Market introduction 1975 (USA) 1983 (Europa)
Price indication, volume index compound 2
Service temperature, min °C -60
Service temperature, max °C +120

General properties

Mechanical properties

Dynamic fatigue

Rebound resilience at RT
Compression set (-30 to +70 C)
Compression set (+70 to +150 C)

Resistance
Abrasion

Heat

Weather and ozone
Water

Oil and gasoline

Positive Wide hardness range. Good weather and heat resistence.

Negative Not so good tension set and compression set at higher
temperatures.

Applications Seals, parts in cars, tool grips.

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

Elastocon AB - Goteborgsvigen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71
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Cross linked EPDM/PP TPE (TPE-V)
Chemical structure
“GH,- CH,- | -CH-CH - ||- siero~ |+ -CH-CH-
OH- OH- ]| CHS][ J+| cnj

General information

Market introduction 1980-83
Price indication, volume index compound 2,5
Service temperature, min °C -60
Service temperature, max °C +120

General properties Rating
Mechanical properties

Dynamic fatigue

Rebound resilience at RT

Compression set (-30 to +70 C)

Compression set (+70 to +150 C)

Resistance
Abrasion

Heat

Weather and ozone
Water

Oil and gasoline

Positive Very good weather and ozone resistance. Good chemical
and water resistance

Negative Limited oil resistance.

Applications Automotive applications, hoses and window seals.
Pipe seals.

Rating 5=Excellent 4=Very good 3=Good 2=Fair 1=Bad

Elastocon AB - Goteborgsvigen 99 - SE-504 60 BORAS - Sweden - Phone +4633-22 56 30 - Fax +4633-13 88 71
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