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LUCKILY, SILICONE EXISTS 
AS RUBBER, TOO

ELASTOSIL® R solid silicone rubbers
are synthetic rubbers which differ in
structure from conventional elastomers.
ELASTOSIL® R grades are based on the
chemistry of silicone – and share the
same outstanding properties. These
materials offer a wealth of remarkable
features which meet the rubber indus-
try’s strict requirements in every 
respect.

On the following pages, you will find
detailed information about what makes
ELASTOSIL® R solid silicone rubbers1

what they are: we explain their chemical
structure and the resulting properties, as
well as how to test and describe these
properties.

For those who just want a quick over-
view, we have listed the individual 
ELASTOSIL® R grades in a table. 
This will help you to find precisely the 
information you are looking for.

1 The abbreviation  >HTV (for high-temperature vulcanizing)
is misleading, since liquid silicone rubbers are also high-
temperature-vulcanizing systems. At Wacker Chemie AG,
the difference between solid and liquid silicone rubbers 
is reflected in the trademarks ELASTOSIL® R (R = Rubber)
und ELASTOSIL® LR (LR = Liquid Rubber). 
We refer to platinum-catalyzed solid silicone rubbers as
ELASTOSIL® R plus.

WACKER and ELASTOSIL® are registered trademarks of 
Wacker Chemie AG. Wacker Chemie AG is certified to 
ISO 9001 and EN 14001. The Elastomers Business Unit 
within WACKER SILICONES is certified to ISO/TS.
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Both solid and liquid silicone rubbers
are made of three components: poly-
mers, fillers and additives. Nothing
more.

THE RIGHT CHEMISTRY

Polymers
Whether straight or branched – a  
polymer is a chain of small repeating
units with the end group X:

X - A - A - A - A - A - A - A - X =
X - [A] n - X  

With polyethylene (PE), for example, X is
a methyl group (CH3):

X - CH2 - CH2 - CH2 - X = X - [CH2] 
n - X

With silicones, the polymer chains,
>siloxanes are formed with Si-O bonds.
The so-called polysiloxane backbone is
a chain consisting of silicon and oxygen:

- Si - O - Si - O- Si - O-

This differs from the carbon backbone of 
polyethylene (PE):

- C - C - C - C - C - C - C -

Silicone is part inorganic, part organic. 
It shares the same Si-O backbone with
inorganic materials such as quartz or
glass. But, silicones also contain organic
groups which are attached to the silicon.

- SiR2 - O - SiR2 - O - SiR2 - R =
Me, Phenyl, Vinyl

The organic groups on the polysiloxane
backbone may be methyl (Me), vinyl or
phenyl groups. The term  >polydiorgano-
siloxanes is then used.

Polymer chains before and after crosslinking – 
without fillers

Polymer chains before and 
with fillers
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Chemical principles

Named after the side groups
The polymers are named after the or-
ganic side groups attached to the silicon
atom. Each silicon atom has four chemi-
cal bonds, which is why silicone rubbers
are often abbreviated with a Q for qua-
ternary groups. The polymers present in
rubber can vary in structure, e.g. with
different chain lengths, with or without
branching or with a high or low vinyl
content. This, in turn, affects the ultimate
properties of the rubber.

>MQ
In polydimethylsiloxanes, the organic
groups are methyl groups. They have
relatively little importance as they have
no double bonds and do not react easily
with  >crosslinkers (peroxides). They
can, however, be used as additives, 
e.g. as plasticizers. For further details, 
see page 7.

after crosslinking –
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>VMQ
This compound is similar to polydime-
thylsiloxane (MQ), but some of the
methyl groups have been replaced with
vinyl groups. The double bond is a reac-
tive group which is needed for cross-
linking. For further details, see page 8.

>PVMQ
If a small proportion of the methyl groups
in a VMQ is now replaced with phenyl
groups, the polymer chain has less 
tendency to pack closely with adjacent
chains at low temperatures than is the 
case with MQ or VMQ. In the latter cases,
such packing causes >embrittlement 
of the rubber. The chemical structure of
>phenylmethyl silicone rubbers helps
them to retain their flexibility at tempera-
tures as low as -80 °C. 

 anization

Fillers interact with the polymer back-
bone and stabilize crosslinking.

�
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OUR FORMULATORS NEED JUST A FEW
SELECT INGREDIENTS

Fillers
A polymer compound crosslinked
without the addition of  >fillers would not
produce a viable elastomer, and would
be useless. This is because the polymer
chains do not interact at normal temper-
atures, since they are chemically inert.
Fillers are needed to fill the gaps 
between the polymers and support the
network from within. 

The type, quantity and composition of
the filler can vary and this determines to
a large extent the properties exhibited by
the rubber or elastomer. A distinction is
made between two types of fillers:

Reinforcing fillers
These primarily include fumed silicas
with very large BET surface areas (larger
than 100 m2 per gram),  >WACKER HDK®,
for example. Precipitated silicas are also
sometimes added. Even  >carbon blacks
can provide reinforcement.

Nonreinforcing fillers
Nonreinforcing fillers are needed for
bulking up silicone rubbers, e.g. when
compounding. They are also added to
attain specific properties. Examples of
nonreinforcing fillers are:
– >Diatomaceous earth: for reducing the

price of compounds
– >Quartz: for reducing the price and

providing resistance to certain chemi-
cals

– >Carbon blacks

Additives
The composition of an organic rubber
is far more complex than that of a sili-
cone rubber primarily due to the additi-
ves used. An end formulation for a sili-
cone rubber is uncomplicated: it can
consist of just polymers and fillers. 

And the few remaining >additives can
be counted on one hand:

Crosslinking chemicals
>Peroxides as well as platinum catalyst
systems can be used as crosslinking
chemicals1 for solid silicone rubbers. 

1 The common generic term  >crosslinker is misleading
here since it is also used to describe short-chain, highly
reactive polymers, which are vital for curing. This is why
we also refer to  >catalysts, although this solely applies 
to platinum catalysts and not peroxides. The latter are
altered by the curing process.

Silicone rubbers in fact consist of just
a few ingredients. A simple mixture 
of polymers and fillers suffice for a
final product. This final product needs 
just a few additives to obtain endless 
variations.
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Chemical principles

Vulcanization accelerators or retarders,
often found in organic rubbers, are not
used in silicones.

Plasticizers
Only  >plasticizers with a silicone-polymer
base are used. Problems inherent in or-
ganic plasticizers such as phthalates are
thus avoided.

Pigments
Silicone rubbers are inherently trans-
parent and can be made transparent to
opaque in nearly all  >colors. For more
details, see pages 30/31.

Stabilizers
Unlike organic elastomers, silicones do
not require  >stabilizers against UV radi-
ation or the like. They are inherently very
resistant to extremes of weathering and
aging. WACKER offers a range of special
stabilizers for stabilizing against hot air,

improving chemical and solvent resis-
tance and for avoiding depolymerization
processes. For more details, see pages
28/29.

Special additives
Special additives are incorporated into
silicone rubbers to optimize the proper-
ties required. These can include additives
for increasing flame retardancy or for
improving the green strength of extruded
grades.  >Special-purpose grades can

also be regarded as additives, when they
are mixed with standard grades to attain
specific properties. For more details, see
pages 28/29.

Fillers interact with the polymer backbone

and stabilize crosslinking.

Reinforcing

Nonreinforcing

The role of fillers



Peroxide curing
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ENOUGH TO STRENGTHEN 
THE SOFTEST COMPOUNDS

The uncured rubber compound is 
viscous and soft. A solid, elastomeric
material is obtained by curing, i.e.
crosslinking the rubber compound.
For the rubbers to cure, polysiloxane
chains need to bond together with 
the help of crosslinking chemicals.

Crosslinking is initiated by crosslinking
chemicals, which react with the vinyl
groups present in the VMQ and PVMQ
polymer chains. The nature of this reac-
tion depends to a large extent on the
chemicals’ properties: it can be fast or
slow, complete or incomplete, more 
sensitive to temperatures or more resi-
lient to external influences. The filler is
not affected by curing. It serves merely
to stabilize the backbone formed during
curing.

There are two different >curing proces-
ses employed: peroxide curing and plati-
num-catalyzed addition curing. A brief
explanation of both is given below.

Liquid silicone rubbers 1 are always 
platinum catalyzed. For solid silicone
rubbers, however, either curing system
can be employed. WACKER provides
suitable crosslinking chemicals for both
processes.

We have published a separate brochure
containing all the platinum-catalyzed
ELASTOSIL® R plus grades.

1 More on this subject can be found in our brochure 
“The Grades and Properties of ELASTOSIL® LR Liquid 
Silicone Rubber.”

Reactive group on the polymer

H        C      C

Me Me

Si 0 Si 0 Si

Me Me Me
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H

.

The vinyl double bond is reactive.

Reactive group on the polymer

The vinyl double bond is reactive.

Platinum-catalyzed addition curing
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A reactive free radical is formed on the vinyl.
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Radical position

1st stage of the reaction
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Curing

Reactive group

The peroxide group produces an 

oxygen free radical.

R R

R C 0 0 C R

R R

R R

R C 0 0 C R

R R
Radical position

.
.

The free radical attaches itself to another
polymer chain and forms a bridge. The free
radical chain reaction then continues.

Recombination of free 
radicals

H H H H

C C H H C C C C

R H H R H H

Two polymer chains bond 
together  >”cured“.

Reactive group

The platinum center has one
free coordination site.

1st stage of the reaction

Interaction with the platinum center 
activates the double bond.

Crosslinking

The vinyl group crosslinks by transforming the double bond,
creating a single bond to a polymer chain; in this case, to a
crosslinker molecule containing Si-H groups. The catalyst
becomes free and is again available for further crosslinking.

Pt

RR

RR

H       C            C

O      Si       O

Me

Pt

RR

RR

H

H
H       C            C

O      Si      O

Me

Pt

RR

RR

H

H

Me

O Si     O

H
H H O

C C Si Me +

H H O

R

RR

R

Pt

= Radical position

= Low charge density = High charge density

Crosslinking

�

�
�
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THE ALL-ROUNDERS FROM THE 
400 RANGE

Crosslinker

Appearance

Density

Hardness, Shore A  

Tensile strength

Elongation at break

Tear strength

Rebound resilience

Compression set (22 h/175 °C)

DIN 53 479 A

DIN 53 505

DIN 53 504-S1

DIN 53 504-S1

ASTM D 624 B

DIN 53 512

DIN 53 517

[g/cm3]

[N/mm2]

[%]

[N/mm]

[%]

[%]         

E, C1, C6

Transparent

1.10–1.19

10–90

6.5–11.8

300–1.100

14–26

40– 60

12–60

Peroxide-curing grades and their properties

– Multipurpose grades
– Transparent
– Shore 20 and 30: opaque
– For extrusion and molded articles

Basic characteristics

ELASTOSIL® R  401/10 

ELASTOSIL® R  401/20 

ELASTOSIL® R  401/30 

ELASTOSIL® R  401/40 

ELASTOSIL® R  401/50 

ELASTOSIL® R  401/60 

ELASTOSIL® R  401/70 

ELASTOSIL® R  401/80 

ELASTOSIL® R  401/90 

– R 401/20 with 0.8 % Crosslinker E
is only recommended for extrusion

– Postcured rubbers are suitable for
application in pharmaceutical and
food-contact sectors

Special features

These are the advantages of the 400 range:
– They are all-round products.
– They are well known and respected.
– They have been continually developed and are fully optimized.
– Postcured rubbers are suitable for application in the pharmaceutical

and medical sectors.
– They can be easily mixed to produce intermediate Shore hardnesses.
– Individual grades are also available in our standard product range1: 

ELASTOSIL® R 401/30–80 S, ELASTOSIL® R 402/60 S, 
ELASTOSIL® R 402/75 S and ELASTOSIL® R 420/40–70 S.

– See the special-purpose grades on page 20.

1 Standard grades can be recognized by the suffix “S”
e.g. ELASTOSIL® R 401/30 S.
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Service

Even though you can find out about our
product range by reading our brochures, 
visiting our website or calling us at any
time, in some situations, nothing can beat
a personal meeting. 
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YOU NOW KNOW OUR TEST RESULTS
HERE ARE OUR QUALITY STANDARDS

General DIN ASTM BS ISO

Silicone rubber (uncured) DIN ASTM BS ISO

Silicone rubber (cured) DIN ASTM BS ISO

Units 1 301 E 380 1000–1382

Definitions 53 501 D 1566 4632/1 

TR 8461

Classification of elastomers 78 078 D 2000 1629 

Rubber, nomenclature, categories 1 629 D 1418

Grouping of high-polymeric materials 

according to temperature dependency 7 724

Classification for automotive applications D 2000 4632/1

Storage, cleaning 7 716 2230

Tolerances 7 715 3302

Factory certificate 50 049

Quality control 9000

9004

Statistical evaluation 53 598 D 3488

Mooney viscosity 53 523 D 1646 289

Vulcanization characteristics 53 529 D 2084 667

Extrudability D 2230

Preparation of test specimens 53 502 D 3182 903-A36 DP 2214

D 3183 4661

Density 53 479 D 792 903-A1 1183, 2781

Hardness Shore A, IRHD 53 505 D 2240 903-A26 868

53 519 D 1415

Tensile strength, elongation at break 53 504 D 412 903-A2 37

Tension set 53 518 D 412 903-A5 2285

Tear strength ISO 34-1  D 624 903-A3 34

Rebound resilience 53 512 D 1054 903-A8 4662

Compression set 53 517 D 395 903-A6 1653–815

Dynamic torsion test 53 445 903-A31 4663
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Quality standards

Behavior at low temperatures 53 545 D 3847 903-A13 1432

53 548 D 797 903-A25 812

53 546 D 1053

D 746

D 2137

Electrical properties         DIN-VDE 0303  D 149, 150 903-C1 TO C5

D 257

Tracking resistance             DIN-VDE 0441 D 2303

Arc resistance           DIN-VDE 0441 D 495

Flame resistance: 4589

oxygen index D 2863 2782

construction materials and components 4 102 476

Abrasion 53 516 D 1630 903-A9 4649

Gas permeability 53 536 903-A17 1399, 2782

Flexometer test 53 533 903-A50

Flexing endurance test 53 522 D 813  903-A10, -A11 132, 133

D 430

Determination of adhesion to metal 52 531 D 429 903-A21 813, 814

Siloxane content of HTV silicone elastomers 53 621/10

Pyrolysis residue of silicone rubber

products 53 587

Accelerated aging 53 508 D 573 903-A19 188, 1826

Temperature-time limits 53 446

Water vapor permeability 53 122

Effects of liquids, vapor and gases 53 521 D 471 903-A16 1817

Testing in a saturated atmosphere 50 018

(Kesternich test)

Weathering resistance outdoors 53 386 D 518 4892

or in equipment 53 387

Resistance to ozone cracking 53 509 D 3395 903-A23 1431

D 518, 1171

Resistance to ionizing radiation D 1672

Flexible cellular materials D 1056

Heat-shrinkable tubing D 2671

Silicone rubber (cured) DIN ASTM BS ISO
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WHERE TO FIND YOUR KEYWORD IN
THE TEXT

>Abrasion resistance (35)
>Acids and alkalis  (44)
>Additives  (6)
>Adhesives (32)
>Arc resistance (39)
>Blowing agent batch (29)
>Cables (12)
>Carbon blacks (6)
>Catalysts (6)
>Chemical resistance (44)
>Chemical and solvent resistance (44)
>Coatings (32)
>Coefficient of linear thermal 

expansion (36)
>Colors (7, 31)
>Compression set (28, 34)
>Crosslinkers (5, 6, 28)
>Cured (9)
>Curing (8)
>Density (34)
>Depolymerization (43)
>Diatomaceous earth (6)
>Dielectric constant (39)
>Dielectric strength (39)
>Dissipation factor (39)
>Elongation at break (34)
>Embrittlement (5)
>Fillers (6, 28)
>Flame retardant grades (36)
>Gas permeability (35)
>Hardness (34)
>HTV (3)
>Hydrolytic degradation (43)
>IRHD units (34)

>Mastication aids  (28)
>Micro-wave active (29)
>Microwaves (45)
>Mold release agents (28)
>MQ (5)
>Nonpolar liquids (44)
>Oil batches (28)
>Oil resistance (28, 44)
>Oxidative degradation (43)
>Peroxides (6, 28)
>Phenylmethyl silicone rubbers (5, 20)
>Pigments (7, 31)
>Plasticizers (7)
>Polar liquids (44)
>Polydiorganosiloxanes (4)
>Polymers (4)
>Primers (32)
>PVMQ (5)
>Quartz (6)
>Radiation (45)
>Rebound resilience (35)
>Rebound (35)
>Reversion stability (28)
>Shore A (34)
>Shrinkage (36)
>Siloxanes (4)
>Special-purpose grades (7, 20)
>Specific heat (36)
>Stabilizers (7, 28)
>Steam (43)
>Sterilization (42, 45)
>Surface resistance (39)
>Swelling (44)
>Tear strength (34)

>Tensile strength (34)
>Thermal conductivity (36)
>Tracking resistance (39)
>VMQ (5)
>Volume resistivity (39)
>WACKER HDK® (6, 28)
>Water (42)
>Weathering (44)

We extend thanks to Starlim for their
kind assistance with the photographs
in this brochure. 
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Wacker Chemie AG
Hanns-Seidel-Platz 4
81737 München, Germany
info.silicones@wacker.com

www.wacker.com


