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 Regulations are common drivers for innovation

 Examples related to silicone technology presented today 
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Elemental Silicon:
Abundant on earth, 
predominately as mineral 
oxides; silica, sand, quartz, 
or gemstones.

Catalysts:
from the Earth

1) Methanol: A biochemical very common in 
nature. Generally made from Natural Gas.
2) HCl: a mineral acid

A variety of chlorosilanes: 
man-made, highly reactive 
intermediates. 

Silicone: (a.k.a. PDMS, simethicone or dimethicone) A 
polymer used in a wide range of applications.  It is among 
the most toxicologically studied polymers known to 
humanity and exhibits extremely low toxicity.

Water
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CH3

Ethylene and 

Propylene oxide
Acrylate, Epoxy, etc.

Si-O

• Levelling

• Wetting

• Hydrophilic

• Compatibility

• Thermal Stability

• Chemical Resistance

• Weather Resistance

• Breathability

• Hydrophobic

• Release

• Lubrication

• Gloss

• CoF

• Reactive

• Flexibility

• Hybrid properties



 Today instant, fragmented communication and desire to 
lessen negative impact on the environment and society drive 
regulatory and market changes.  

 Perception is the new reality.

◦ Chemicals are often guilty until proven innocent

◦ Market perception often more important than regulations.  And it 
nearly always precedes regulatory mandate. 

 Manufacturers often scramble to stay ahead of the current hot 
topics with innovation and new product development.



1. Solvents and Volatiles

2. Fluorine

3. Emulsifiers

4. The “Green” Trend

7



 Reduce organic

 Reduce Organic Volatiles and Solvents

 Reduce Volatile Siloxanes and Silicone Solvents

8



9

0

20

40

60

80

100

120

140

1600

10

20

30

40

50

60

70

80

90

100

315 g/l 259 g/l Add A Add B Add C Add D Add E Add F Add G

Fl
o

w
 (

m
m

)

m
N

/m
 o

r 
°

ST (mN/m) Gloss (°) Flow (mm)



 Silicones are non-HAPs

 Extensive toxicological and 
environmental testing has been 
completed

 Some early results led to concern 
over volatile silicones D4/D5

◦ Personal Care Industry

◦ Canada and Norway
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WFE

Silicone surfactants

Silicone di-acrylates
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What are the concerns related to PFOA? 
PFOA is very persistent in the environment and has been found at very low levels both in the environment and in the blood 
of the general U.S. population. Studies indicate that PFOA can cause developmental and other adverse effects in laboratory 
animals. PFOA also appears to remain in the human body for a long time. All of these factors….

What are fluoropolymers and telomers and how are they used?
Fluoropolymers impart valuable properties, including fire resistance and oil, stain, grease, and water repellency. They are 
used to provide non-stick surfaces on cookware and waterproof, breathable membranes for clothing. They are employed in 
hundreds of other uses in almost all industry segments, including the aerospace, automotive, building/construction, 
chemical processing, electrical and electronics, semiconductor, and textile industries. 

(Source: http://epa.gov/oppt/pfoa/pubs/faq.html#concerns)

http://epa.gov/oppt/pfoa/pubs/glossary.html#fluoro
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Strategies for managing concerns and 
regulatory change
• Reduce length of fluorine chain
• Substitute fluorocarbons with fluorosilicones





Silicone Fluoropolymer
 Low surface energy  Very low surface energy

 Very good thermal flexibility  Marginal thermal flexibility

 Good chemical resistance  Very good chemical resistance

 Marginal oil resistance-swelling  Very good oil resistance

 Very good water resistance  Good water resistance

 Marginal abrasion resistance  Low abrasion resistance

 High cost  Very high cost 

 Effective at low use levels  Effective at low use levels
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Silicone

Fluoroalkyl

Organic

By varying the number, length and type of 
fluoroalkyl and/or organic substituents covalently 
bound to the silicone we can control properties.

• Silicone provides slip, 
surface tension reduction, 
mar resistance, 
hydrophobicity.

• Fluoroalkyl provides 
oleophobicity, stain and 
chemical resistance

• Organic provides miscibility
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 Most pressure is on Nonyl

 Lipophilic and Hydrophilic Balance

 Good emulsifying and dispersing properties

 Low toxicity but degradation products are cited

 Greenpeace DETOX

 Can we have APEO- and EO-free too?
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Silicone Quaternary examples



Silicone quat examples



 “Green” has come to mean non-petroleum, 
preferably naturally derived materials.

 Silicone is synthetic, but is derived from silica –
the main component of the earth’s crust.  

 There is a market need for more natural 
products.  

 A variety of products based on castor oils, 
peanut, sunflower and essential oils can be 
made.
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1.74% additive in SB/PU Gloss
Static 
COF

Kinetic 
COF

Marker 
Resist.

Mar 
Resist.

Coating 
Appearance

Silmer ACR Di 50 92.2 0.405 0.384 7.500 7.5 Mild waves

Silmer OH Di 50 97.2 0.680 0.745 7.000 7.6 Mild waves

Silube CO Di 45 96.3 1.019 0.945 9.000 8.2 Smooth

Natural oils and coatings can be “siliconized”

Silicone Acrylate

Silicone Carbonate

Silicone Castor Oil

Silicone Copolymer type



 Sound science should drive regulatory 
change, but….

 Regulations can foster innovation and result 
in better and safer chemicals

 Collaboration, creativity and agility are vital
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