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1. Executive Summary & The Reinforcement Dilemma

Raw uncompounded polysiloxane gum possesses nearly zero functional engineering strength, exhibiting a

fragile tensile threshold under 0.5 MPa. To function as an industrial-tier elastomer, the silicone matrix requires

the inclusion of amorphous synthetic silica ($SiO_2$) particles to build mechanical reinforcement. Sourcing

and product design teams frequently confront a significant cost-to-performance variance dictated by the filler

production method: Fumed Silica (气相法白炭黑) vs. Precipitated Silica (沉淀法白炭黑).

Selecting the incorrect silica morphology to save upfront material costs frequently results in field components

failing due to premature dynamic tearing, high compression set flattening, or poor optical transparency. This

whitepaper  analyzes  the  deep  molecular  differences  between  these  two  synthetic  fillers,  mapping  their

performance profiles across precision engineering applications.

Formulation Core Rule: Fumed silica yields a highly branched, ultra-pure aggregate structure for

extreme tear strength; precipitated silica supplies isolated cluster configurations optimized for

general economic compression molding.

2. Synthesis Routes and Molecular Morphology

The  operational  variances  between  these  two  reinforcement  agents  are  established  by  their  underlying

manufacturing chemistry:

Fumed Silica: Produced via continuous flame hydrolysis of silicon tetrachloride ($SiCl_4$) in an oxygen-

hydrogen flame chamber exceeding 1000°C. Hydrolyzed primary silica spheres (7–40 nm) collide and fuse

instantly into complex, three-dimensional branched chain aggregates. These aggregates form a dense

physical network with a massive surface area ($150 ext{--}400 ext{ m}^2/ ext{g}$), delivering powerful

structural integration with siloxane chains.

Precipitated Silica: Manufactured via an aqueous wet chemical route, precipitating silica from an alkali

metal silicate solution through controlled neutralization with sulfuric acid. This process yields larger primary

particles (10–100 nm) that form compact cluster configurations with lower surface areas ($100 ext{--}200

ext{ m}^2/ ext{g}$). These clusters do not mesh as tightly with the base rubber chains.

• 

• 
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3. Optical Clarity and Refractive Index Matching

For  precision  optical  profiles,  LED  secondary  lenses,  and  ultra-clear  medical  tubing,  fumed  silica  is

mandatory.  Because  the  primary  particle  dimensions  of  fumed  silica  reside  far  below  the  wavelength

threshold of visible light ($< 40 ext{ nm}$), light passes through without experiencing destructive scattering

anomalies.

When combined with pure liquid silicone rubber (LSR) bases, fumed silica perfectly aligns with the native

refractive index of the siloxane polymer ($n_{ ext{D}} pprox 1.41$), creating optical clarity with luminous

transmittance tracking past 93%. Precipitated silica contains a high density of internal hydroxyl groups ($

ext{Si-OH}$)  and  trace  mineral  salts  that  alter  its  localized  refractive  boundary.  This  chemical  structure

scatters light heavily, rendering finished parts milky, translucent, or completely opaque.

4. Technical Performance Matrix: Fumed vs. Precipitated Fillers

MDS Property Parameter Testing Protocol
Fumed Silica

Compound

Precipitated Silica

Compound

Specific Surface Area (BET) ISO 9277 150 - 400 m²/g 100 - 200 m²/g

Tensile Strength (Molded) ASTM D412 9.5 - 11.0 MPa 5.0 - 6.5 MPa

Tear Strength (Die C) ASTM D624 35 - 42 kN/m 16 - 22 kN/m

Optical Transmittance (2mm) ASTM D1003 ≥ 93% (Clear) ≤ 65% (Milky)

Moisture Absorption Rate Internal Gravimetric ≤ 0.5% 2.0% - 3.5%

Compression Set (22h @ 175°C) ASTM D395 Method B 10% - 15% 25% - 35%

5. Silanol Density and Moisture-Induced Dielectric Shifts

Precipitated silica carries a heavy structural moisture load ($2.0\% ext{--}3.5\%$) trapped within its porous

cluster matrix due to the wet precipitation chemistry. This high concentration of unbonded silanol groups acts

as a polar tracking channel under high-voltage applications, degrading the material's dielectric strength and

causing premature electrical tracking failure in heavy-duty insulators.

Reemane’s fumed silica series utilizes hydrophobic surface modification treatments, sealing reactive silanols

with hexamethyldisilazane (HMDS) agents.  This  molecular  shield lowers water  absorption beneath 0.5%,

preserving optimal insulation values and extending the shelf-life stability of unvulcanized base compounds.
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Secure True Material Performance Integrity

Eliminate  premature  tear  failure,  secure  crystal-clear  optical  pathways,  and  audit  your  elastomer

compounding  parameters  with  absolute  precision.  To  request  custom  fumed  silica  compounding

validation sheets or sample material  prototypes for explicit  project reviews, contact our specialized

materials engineering laboratory at  sales@siliconefactories.com or  explore our technical  network

database at www.siliconefactories.com.
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