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- Chlorination reaction

Metal silicon (Si) + 4HCI — SiCl, + 2H,
- Silica synthesis

2H, + O, — 2H,0

SiCly + 2H,0 — SiO, + 4HCI
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Figure 1. Chemical structure of silica.
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Preparation of fumed silica in the flame

Figure 2, Preparation of fumed silica in the flame,
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- functionality: OH or modification-dependent

- density: 2 - 2.2 g/em®

- loss on ignition: < 1 - 2.5% (hydrophilic),
< 0.6 - 7 (hydrophobic)

- thermal conductivity: 1.5 W/mK

- maximum temp. of use: 850°C

- chemical resistance: non-reactive with acids except
HF, unstable in alkali

- moisture content: 0.5 -2.5% (hydrophilic), 0.5%
(hydrophobic)

- pH of water suspension: 3.6 - 4.5 (hydrophilic),
3.1 - 11 (hydrophobic)

- refractive index: 1.46

- volume resistivity: 10" Q-cm

- crystal structure: amorphous

- primary particle size: 5 - 40 nm

- aggregate size: 0.2 - 15 mm
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- oil absorption: 100 - 330 g/100 g

- density of silanol group: 1.5 - 4.5 /am?
- specific surface area: 50 - 400 m?/g
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- Synthesis of sodium silicate (water glass)
35102 (sand) + N32CO3 i 3SlOzNazo + C02

- Precipitation of sodium silicate

(Si0N2,0) + H* (from H,SO,) —
SIOZ + Nast4 + HzO
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- functionality: OH or from silane
- density: 1.9-2.1 g/em?

- loss on ignition: < 3 - 18%

- Mohs hardness: 1

- moisture content: 3 - 7 %

- pH of water suspension: 3.5 - 9
- refractive index: 1.46

- dielectric constant: 1.9 - 2.8



- volume resistivity: 5.7 x 10'" — 4.5 x 10'* Q-cm
- predominant pore size: 30 nm

- primary particle size: 5 - 100 nm

- agglomerate size: 1 - 41 mm

- oil absorption: 60 - 320 g/100 g (linseed oil)

- density of silanol group: 5 - 12 /am>

- specific surface area: 12 — 100 m%/g
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Figure 1. Chemical structure of silica,
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Table 1. Improvement of mechanical properties of r .
various rubbers using filler'” HsC HsC CHj CHg
Tensile strength (F)slic) e : H3C\ S? S:.:/ CHjy
gum remrorce actor | |
Natural rubber 2900 4600 1.6 / \ / ™~ O/ \
SBR 290 2900 10 H3C CHj
NBR 290 2900 10 - -n
Polybutadiene 210 2100 10 Figure 3. Chemical structure of silicone rubber,
Polyisoprene 210 2100 10 P ET
Butyl Rubber 3600 5000 1.7 oo
Neoprene 2100 3600 1.7
Silicons rubber 0 2000 20 1. G Wypych, “Handbook of Fillers”, ChemTech Pub-
lishing, Toronto, Canada, 2010.

*Ratio of reinforced value to gum value 2. H. Zweifel, R. D. Maier, and M. Schiller, “Plastics
Additives Handbook”, Hanser, Munich, Germany,
2009.
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Figure 4. Hydrogen bonding between silica and PDMS.,
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