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1. Executive Summary: The Mechanics of Elastomeric Degradation

When selecting custom sealing components for chemical processing infrastructure, microfluidic diagnostics,

or harsh industrial fluid pathways, mechanical design engineers face a core constraint: chemical degradation.

Standard commercial-grade rubbers  often undergo severe physical  failure—including plasticizer  leaching,

extensive volumetric swelling, or sudden backbone cleavage—when exposed to aggressive chemical media.

Silicone rubber features an inherently robust molecular architecture. However, raw polysiloxane performance

varies significantly depending on custom compounding strategies. This engineering guide breaks down the

chemical  resistance  of  custom-formulated  siloxanes  against  acids,  bases,  and  heavy  industrial  solvents,

establishing a technical framework for de-risking high-exposure B2B supply setups.

Engineering  Axiom:  Volumetric  swelling  below  10%  indicates  excellent  polymer  network

compatibility;  values  exceeding  30% signal  polymer  dissolution,  structural  degradation,  and

imminent seal failure.

2. Molecular Defense: The Siloxane Linkage vs. Hydrocarbon Systems

The superior chemical resilience of silicone rubber compared to organic elastomers (such as NBR, EPDM, or

Neoprene) stems from its structural chemistry. Organic rubbers utilize a vulnerable Carbon-Carbon backbone.

Silicone features an inorganic polymer chain composed of alternating Silicon and Oxygen atoms (Si-O-Si).

This configuration exhibits an exceptional bond energy of 460 kJ/mol, making it highly resistant to oxidative

shearing and chemical cleavage under standard operating parameters.

To defend against  non-polar  industrial  fluids,  custom compounds are modified with specialized functional

groups along the siloxane chain.  While standard Dimethyl  Silicone provides excellent  resistance to polar

solvents, acids, and bases, it swells rapidly when exposed to non-polar petroleum fuels. To block non-polar

solvent  ingress,  Reemane  replaces  basic  methyl  units  with  polar  trifluoropropyl  side  groups,  creating

Fluorosilicone (FVMQ). This fluorinated shield delivers chemical resistance against aggressive hydrocarbons

while maintaining the flexibility of the silicone matrix.

Reemane Silicone Technical Library | www.siliconefactories.com Page 1



3. Acid and Alkaline Resistance Boundaries

Custom silicone formulations display distinct degradation profiles depending on whether they face mineral or

organic chemical solutions:

Mineral Acid Exposure: Dilute mineral acids (such as 10% Hydrochloric Acid or 30% Sulfuric Acid) cause

minimal damage to high-density, platinum-cured silicone networks at ambient temperatures. However,

highly concentrated oxidizing mineral acids (such as 70% Nitric Acid) attack the siloxane linkage directly,

initiating acid-catalyzed depolymerization that degrades the cured rubber into a tacky, non-elastic gel.

Alkaline Solution Stability: High-purity silicone exhibits exceptional long-term stability when exposed to

common bases like Sodium Hydroxide (NaOH) and Potassium Hydroxide (KOH) up to 50% concentration

parameters. To optimize resistance under alkaline conditions, formulations must utilize high-purity fumed

silica fillers instead of basic precipitated aggregates, which contain trace metal salts that can catalyze

matrix degradation under continuous exposure.

4. Technical Compatibility Matrix: ASTM D471 Immersion Analytics

Chemical Reagent Profile Testing Protocol
Dimethyl Silicone

(VMQ)

Fluorosilicone

(FVMQ)

Hydrochloric Acid (37%

Conc.)

ASTM D471 (70h @

23°C)
< 5% Swell (Excellent)

< 2% Swell

(Excellent)

Sodium Hydroxide (50%

Conc.)

ASTM D471 (70h @

70°C)
< 8% Swell (Excellent)

< 4% Swell

(Excellent)

Isopropyl Alcohol (IPA)
ASTM D471 (70h @

23°C)
< 6% Swell (Excellent)

< 3% Swell

(Excellent)

Acetone / Methyl Ethyl

Ketone

ASTM D471 (70h @

23°C)
> 25% Swell (Severe)

< 7% Swell

(Excellent)

Toluene / Xylene Aromatics
ASTM D471 (70h @

23°C)
> 45% Swell (Degraded)

< 8% Swell

(Excellent)

5. Industrial Solvents & Hydrocarbon Ingress Kinetics

Solvent-induced failure follows a predictable chemical diffusion path. Polar solvents like methanol, ethanol,

and isopropyl  alcohol  (IPA)  exhibit  low structural  affinity  for  methyl-saturated siloxane networks,  ensuring

clean compatibility across medical fluid transfer lines and commercial food lines.

Conversely,  non-polar  industrial  solvents  like  toluene,  xylene,  and  standard  ASTM reference  oils  readily

diffuse into  the  un-fluorinated silicone matrix.  This  solvent  absorption  expands the  free  volume between

polymer chains,  leading to high volumetric swelling,  a drastic drop in durometer hardness, and a severe

• 

• 
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reduction in ultimate tear resistance. Designing components for contact with industrial fuels requires migrating

the drawing callout  to  an addition-cured,  high-density  fluorosilicone base to prevent  solvent-induced seal

failure.

De-Risk Your Fluid Control Components with Reemane

Secure precise compound chemical validation, download complete ASTM liquid immersion datasets,

and configure custom fluorinated elastomers for  aggressive industrial  processing environments.  To

coordinate a technical consultation or request certified material  test samples, contact our chemical

compatibility  laboratory  at  sales@siliconefactories.com or  explore  our  global  materials  matrix  at

www.siliconefactories.com.
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