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1. The Metrological Crisis of Micro-Particulate Contamination

In  the  high-stakes  manufacturing  of  transparent  and  translucent  medical-grade  silicone  components—

ranging from respiratory diagnostic masks to implantable fluid delivery catheters—visual purity is not merely

an aesthetic requirement; it is a strict regulatory mandate. The sudden appearance of foreign micro-black-

specs embedded within the cured siloxane matrix represents a catastrophic contamination event.  Under

stringent ISO 13485 quality audits, any embedded particulate exceeding fifty micrometers (0.05 millimeters)

in diameter triggers an immediate batch rejection, signaling a fundamental breakdown in the cleanroom's

environmental or mechanical isolation protocols.

Sub-optimized factories frequently misdiagnose these black specs as generic atmospheric dust entering the

cleanroom. This superficial assumption leads to misguided investments in increased Air Changes Per Hour

(ACH) while completely ignoring the actual sources of the defect. In reality, the overwhelming majority of

micro-black-specs are not airborne contaminants; they are the physical receipts of deep-seated mechanical

degradation, chemical carbonization, and sub-optimized tooling metallurgy.

Reemane Silicone | Technical Authority Asset Page 1 of 3



2. Carbonized Polymer Degradation: The Internal Threat

The most pervasive and misunderstood source of black specs originates from within the injection machine's

barrel and mixing blocks. Liquid Silicone Rubber (LSR) utilizes a two-part platinum-catalyzed system (Part A

and Part B) that converges in a static mixer prior to injection. If the dynamic fluid flow inside the mixer or the

screw flights features "dead zones"—areas where the polymer stagnates and fails to flush out during the

shot cycle—this residual silicone absorbs continuous thermal energy from the heated barrel.

Over thousands of cycles, this stagnant siloxane polymer degrades, cross-links prematurely, and ultimately

undergoes thermal carbonization, transforming into a brittle, blackened crust. Under the massive hydraulic

pressure of a subsequent injection stroke, these carbonized layers violently flake off  the screw or mixer

walls. They are injected directly into the mold cavities, embedding themselves permanently deep within the

transparent component. Eradicating this internal contamination requires strict volumetric flow calculations to

eliminate  dead  zones  and  mandatory,  high-frequency  ultrasonic  purging  of  all  static  mixers  and  nozzle

assemblies.

3. Metallic Fretting and Tooling Cross-Contamination

Beyond polymer carbonization, the second most lethal source of black specs is microscopic metallic wear.

High-cavitation  silicone  molds  are  subjected  to  immense  mechanical  forces,  frequently  clamping  and

opening under two hundred tons of hydraulic pressure. If the mold's guide pins, leader bushings, or lifter

mechanisms  are  inadequately  lubricated  or  constructed  from  sub-standard  alloys,  they  suffer  from  a

phenomenon known as fretting wear.

Fretting wear generates a microscopic, abrasive metallic dust (typically steel or bronze oxide) along the

kinematic  friction  surfaces  of  the  mold.  Because  Liquid  Silicone  Rubber  possesses  an  extremely  low

rheological viscosity during the injection phase, it easily washes across the parting line, capturing this black

metallic oxide dust and dragging it directly into the product cavity. To mathematically eliminate metallic cross-

contamination, Reemane Silicone engineers utilize ultra-hard, self-lubricating graphite-impregnated bronze

bushings and mandate strict  isolation between the kinematic mechanisms and the A-class optical  cavity

surfaces.

4. The Closed-Loop ISO Class 7 Architecture

To explicitly  guarantee optical  purity  and eliminate ambient  cross-contamination,  manufacturing must  be

executed within a strictly controlled environmental envelope. Standard industrial molding floors are saturated

with aerosolized machine oils, cardboard fibers, and carbon dust from forklift tires. Even a microscopic shift

in atmospheric pressure can drag these contaminants into the mold open phase.
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Reemane Silicone strictly isolates all medical-grade LSR production within an ISO 14644-1 Class 7 (Class

10,000)  cleanroom architecture.  We deploy  closed-loop,  positive-pressure  High-Efficiency  Particulate  Air

(HEPA) filtration systems that mathematically restrict airborne particulates to fewer than 352,000 particles

(≥0.5 µm) per cubic meter. Furthermore, to eliminate the human error of manual visual sorting, we integrate

inline  Automated  Optical  Inspection  (AOI)  arrays  utilizing  high-resolution  machine  vision.  These  optical

sensors scan every translucent component under multi-spectrum lighting, instantly identifying and physically

rejecting any component containing a foreign particulate larger than the mathematically validated 0.05mm

threshold.

Contamination Control

Metric

Sub-Optimized Factory Environment Reemane Medical Cleanroom

Architecture

LSR Static Mixer

Maintenance

Rarely purged (Causes heavy

polymer carbonization).

High-frequency ultrasonic purging;

zero dead zones.

Tooling Kinematic

Wear

Fretting wear generates black

metallic oxide dust.

Self-lubricating graphite bushings

isolated from cavities.

Environmental

Isolation

Open shop floor; high risk of

aerosolized oils/dust.

Strict ISO 14644-1 Class 7 positive-

pressure cleanroom.

Particulate Metrology Manual human inspection (High

false-negative rate).

Automated Optical Inspection (AOI)

with 0.05mm limit.

Guarantee Absolute Optical Purity in Medical Devices

Do not allow internal carbonization and metallic fretting wear to cause catastrophic ISO 13485

batch rejections. Partner with Reemane Silicone to deploy isolated ISO Class 7 cleanrooms,

rigorous static mixer maintenance, and high-resolution AOI metrology.

Submit your medical device specifications for a comprehensive contamination risk audit:

sales@siliconefactories.com

Review our Cleanroom Manufacturing and AOI Quality capabilities:

www.siliconefactories.com/get-a-quote/
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