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Silicone Polymers: History & Chemistry
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as methyl, phenyl or vinyl. The num-tionally, dimethyl groups offer low sur-
ber of repeating units can range fronfiace energy and hence low surface ten-
one to several thousand. sion and high speadability. This givesached, through an addition reaction
silicones a combination of uniqueto SiH group on the siloxane back
The word siloxane is derived fromproperties, making possible their usé&one, using platinum as catalyst. By
the words Silicone, Oxygen and Al-as fluids, resins, elastomers, emulsiong|ending the chemistry of silicone with
kane. This is the basis for the naméiomaterials in numerous applicationghemistry of carbon, it is possible to
silicones, which was assighed byand diverse fields. create polymers with unique proper-
Kipping based on their similarity with ties and superior performance charac-
ketones, because in most cases there Silicones are common in aerospaceeristics.
is on average one silicone atom for onandustry because of their low and high
oxygen and two methyl groupstemperature performance. Inthe elec- In 1824, Berzelius discovers sili-
(Kipping, 1904). The basic repeatingronics field, silicones are used as eleczone by the reduction of potassium
unit became known as siloxane and thigical insulation, potting compoundsfluorosilicate with potassium:
most common available silicone isand other applications specific to semi4K + K SiF,—> Si + 6KF.
polydimethylsiloxane (PDMS). conductor manufacture. Their long
term durability has made silicone seal- Reacting silicone with chlorine
Polysiloxanes are among the mosants, adhesives and water proof coatjives a volatile compound later identi-
versatile specialty molecule known taings commonplace in the constructiorfied as tetrachlorosilane:
man. As of now over 7,000 specialtyengineering. Their excellent biocom-SiC|, : Si + 2C|—> SiCl,.
products are based on polysiloxanepatibility makes many silicones well
Some 85% of silicone applications areuited for use in various personal care, In 1863, Friedel and Craft synthe-
surface related, specifically for surfacgpharmaceutical and medical devicgize the first silicone organic com-
modifications. They would include lu- applications. pound, tetraethylsilane:
brication and release applications. 2Zn(CH,),+ SiICl—> Si(CH,), +22nCl.
They could be found in products such Normally silicones are not compat-
as cosmetics, food additives, deodorible with organic polymers, but if a  In 1871, Ladenburg observes that
ant and soap. They are inert and stablarger organic group is attached to aiethyldiethoxysilane in the presence
under wide pH range. They are increassilicone, its properties are altered andf a diluted acid gives an oil that de-
ingly been seen as alternate to perchldt can be blended with organic poly-composes only at a very high tempera-
roethylene, which is widely consideredners. This approach offers a uniqueure.
environmentally undesirable for drymethod to combine unique properties
cleaning. of silicone with traditional organic  From 1901 to 1930, Kipping laid the
molecules. Incorporation of organicfoundation of organosilicone chemis-
Polymerized siloxanes with organicgroups into silicone backbone is actry with the preparation of various si-
side chains are commonly known asomplished through a reaction stepanes by means of Grignard reactions
Polysiloxane. Representative examplelsnown as hydrosilation. Needless tand the hydrolysis of chlorosilanes to
are dimethyl siloxane [SIO(C}{] and say, hydrosilation is the most fundayield large molecules.
diphenyl siloxane [SIO(,),] .. These mental reaction that has expanded ap-
compounds can be viewed as a hybridlication of silicones to wider field of  In the 1940s , silicones becomes
of both organic and inorganic com-applications. Hydrosilation is a chemi-commercial materials after Dow Corn-
pounds. The organic side chains corcal step, where an allyl group is ating demonstrated the thermal stability
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and high electrical resistance of silifor the silicone product to stick to an-other radiation means that they

cone resins and General Electric foundther material. Whether the silicone isveather well - paints based on silicone

a direct method (Racow process) tased as a coating, sealant or adhesivesins have extremely long life.

prepare silicones from silicon and mea low surface energy polymer is being

thyl chloride using copper catalyst. stuck to another material and it is Their electrical properties are ex-
achieved by carefully designing anccellent and they are frequently used

Special characteristics formulating silicone products thatfor wire enamels, encapsulants and
Silicones are the only organic/in-bond directly with the substrate. potting compounds for electrical
organic hybrid polymers that have components and electric motor insu-

been extensively commercialized. This  Silicone polymers are widely usedation.
is true for several important reasonsin water based processes and applica-
The organic portion in polydimethyl- tions. Most silicone polymers are noDegradation of silicone polymers in
siloxane is the methyl group. The surwater soluble. For aqueous deliveryature
face energy of any substance is a dithey are usually formulated as an emul- Many consumer products contain-
rect manifestation of the intermolecu-sion - a dispersion of small droplets ofng silicone polymer (PDMS) are used
lar forces between molecules and in thsilicone oil with in an aqueous surfac4in various applications which allows
case of methyl group, these forces ar@nt solution. Silicone polymers formu-them to enter municipal wastewater
almost the weakest possible amontated in this way are often used in costreatment plants. Because PDMS is so
hydrocarbon molecules; only aliphaticmetics, industrial release or fabric carénsoluble in water, it partitions onto
fluorocarbon groups are lower. applications. The silicone usuallythe sludge, causing no adverse effect
brings functionality such as hair con-on the treatment plant. The sludge is

The inorganic siloxane backboneditioning or mold release. then destroyed by incineration, en-
(- Si— O — Si - ) is the most flexible tombed in a landfill or spread out on
polymer backbone, due to high degree Silicones are uniquely man madegricultural fields as a fertilizer. This
of electrovalent bonding character omaterials; no cause of naturally occurlatter disposal technique allows PDMS
- Si — O- bond, available and this al+ing organosilicone compounds haso enter the soil environment.
lows the methyl groups to be arrangeéver been convincingly demonstrated,
and presented to their best effectalthough inorganic silicon is an essen- In soil, the PDMS can hydrolyze
These effects are further enhanced byal element for bone development. Theéo small, water soluble siloxanes with
creation of helix structure of PDMS properties of silicones are also uniquéhe ultimate product being the mono-
molecule with methyl groups facingand it is these unusual properties thaheric dimethylsilanediol (DMSD). This
outwards and oxygen facing inwardsaccount for the place of these materihydrolysis is probably abiotic because
This unique structure resembles nanals in today’s technology. it can take months to years in wet oil,
springs, having inert methyl groups but only days as the soil dries. If the
exposed to environment. Hence PDMS Compared with conventional or-sludge is first composted, PDMS will
provides one of the lowest energy surganic polymers, many silicones showemain intact with no effect on the
face known that can be bettered onlguperior thermal properties. Some silicomposting process and will then de-
by more expensive fluorocarbon polycone elastomers remain flexible agrade after the compost is mixed in
mers. -100°C and retain their properties forwith soil.

long periods at 20C. Most of the com-

They also exhibit significantly mon silicone polymers are not wetted The hydrolysis product DMSD can
higher solubility for oxygen as com-by liquid water, but are quite perme-microbially degrade to CQand inor-
pared to water or many of the organi@ble to water vapor and to other gaseganic silicate already present in the
liguids. It is this unique surface be-Their resistances to ultraviolet andsoil. The overall reaction is:
havior, coupled with molecular flexibil-
ity, imparted by Si — O — bond that ac{ Me, SiO(SiMgO)nSiMe, (PDMS) ————  MgSi(OH),(DMSD)
counts for many silicone applications
such as adhesives, emulsions, antifollowed by:
foams and surfactants. MeSi(OH),  Light/ Microbes CO+ Inorganic Silicate

_—

In many applications it is critical
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An apparent contradiction to the
degradation of silicones in nature is
that polymers are used for many out#
door applications because of their sta-
bility to high temperatures and theire
resistance to UV and @xposure. This
stability during the polymers intended
use is a bulk phenomenon. However
when PDMS is disposed down the
drain and is eventually applied to the
soil as a component of sludge, it be+
comes dispersed at low concentrations
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in which the Siloxanes are blended
with other polymers like polyure-
thanes, acrylics and isobutylene
exist.

dling equipments, urological appli-
cations etc.
Breast implants

Baby care nipples for baby bottles

and comforters, breast pumps. Typical one component RTV sili-

cone sealants consist of the following
- 0
Control of releases of gastrointes-c.omponents gKrogh 19.99? 60-80 %
tinal gases siloxane, 5-7% cross linking agent,
' 20-30% CaCdifiller, 1-6% silica filler,
5-20 % drying agents, and 0.05-0.10 %

Prostetics — linear & sockets

organotin catalyst.

on soil minerals. This allows the PDMSCosmetics & Toiletries

to contact the catalyst needed to bes
gin its polymerization, which eventu-
ally results in its complete conversion
to natural components.

Effects of Silicones on human health
& the environment

Only few siloxanes are described
in the literature with regards to health
effects, and it is therefore not possible
to make broad conclusions and com-
parisons of the toxicity related to short
chained linear and cyclic siloxanes
based on the present evaluation. ¢

Data are primarily found on thee
cyclic siloxanes D4 (octamethyl-
cyclotetrasiloxane), D5 (decamethyl-
cyclopentasiloxane) and the short lin-
ear HMDS (hexamethyldisiloxane).
These three siloxanes have a relatively
low order of acute toxicity by oral,
dermal and inhalatory routes and do
not require classification for this ef-

Hair care products mainly condi-
tioning and hair styling products,
but siloxanes may also be used in
shampoos and colors.

*

. *
Skin care products such as body
care, facial care and sun screen
products.

Shaving products such as pre-,
shave and after-shave lotion and
shaving foam.

Ligquid soap and shower gels.

Decorative and color cosmetic’
products, i.e. eye makeup, founda-
tions, lipsticks and powders. R
Antiperspirants and deodorants
mainly in stick deodorants but
siloxanes may also be used in aero-
sols, creams, gels etc.

fect. They are not found to be irritat-Sealants used for construction

ing to skin or eyes and are also not
found sensitizing by skin contact.

Applications of silicone polymers

Health care applications

¢+ Moulded parts - drainage accesso-
ries, external feeding, laboratory,
tubing, respiratory masks, drug de-
livery devices etc.

+ Dental impression materials
*

¢ Extrusion and tubing - blood han-

One component RTV silicones:*
mainly used in the construction in-
dustry for sealants around win-

Other applications

Domestic applications like
gasketing, electronics, sealing and
potting.

Consumer goods such as protec-
tive masks, baking tins, consumer
products packing and soft touch
products.

Food/ packaging like fruit labels,

bakery papers, wrappers for candy,
chewing gum, meat and frozen
fruits.

Business machines like small com-
puter key boards.

Automotive applications like hard

coat coatings for protecting of poly-

carbonate windows, mirrors and
headlamps lenses, protecting of
plastic trim, electronics, seat belt
adhesive.

Electrical fitting like cable acces-
sories and insulators.

dows and doors, in bathrooms, eXREFERENCES
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