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1. Executive Summary: Bioburden and Particulate Containment in

Medical Elastomers

Medical-grade  silicone  components—such  as  surgical  tubing,  peristaltic  pump  segments,  fluid-

management  valves,  and implantable  long-term devices—must  comply  with  stringent  purity  metrics

before undergoing terminal sterilization. While downstream sterilization modalities (such as Ethylene

Oxide gas, Gamma Irradiation, or Autoclaving) effectively destroy microbial life, they cannot eliminate

inorganic surface particulates, volatile residues, or bacterial endotoxins.

Left unmanaged, microscopic airborne lint, mold-release chemical shadows, and pyrogens trapped on

the elastomer surface can trigger acute systemic inflammation or embolic events in clinical patients.

Therefore,  manufacturing  batches  must  undergo  rigorous  pre-sterilization  preparation.  This  protocol

details the engineering workflows required to achieve zero-particulate surface cleaning and certified

microbial barrier packaging under high-stringency cleanroom parameters.

Clinical  Quality  Mandate: Sterilization  destroys  microbial  reproduction  but  leaves  pyrogens

intact. Pre-packaging bioburden management is the only mechanism available to ensure certified

endotoxin  limits  stay below the strict  threshold of  20 USP Endotoxin  Units  (EU) per  medical

device.

2. Multi-Stage Ultrasonic Cleaning and Pyrogen-Free Washing Protocols

Following high-speed liquid silicone rubber (LSR) injection or extrusion molding, individual batches are

transferred directly to a closed-loop environment for contaminant extraction. Components undergo an

automated multi-stage washing process to strip surface debris without damaging the delicate siloxane

matrix.

Stage 1: Ultrasonic Detergent Degreasing

Batches  are  immersed  in  automated  stainless-steel  tanks  equipped  with  multi-frequency  ultrasonic

transducers  (typically  shifting  between  40  kHz  and  80  kHz).  High-frequency  sound  waves  cause
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microscopic cavitation bubbles to form and implode against the silicone geometry. This process lifts

micro-particulates  out  of  blind  holes,  internal  slits,  and  complex  undercuts.  The  bath  utilizes  a

pharmaceutical-grade,  non-ionic,  biocompatible  detergent  designed to  dissolve cross-linking surface

residues and oil traces without swelling the polymer backbone.

Stage 2: Deionized Water Rinsing

Parts automatically transfer to a continuous-overflow rinse chamber charged with heated, high-purity

Deionized (DI)  Water.  This  step strips away detergent  surfactant  clouds and suspended particulate

matrices, preventing chemical trace encapsulation during secondary cross-linking phases.

Stage 3: Water for Injection (WFI) Final Depyrogenation

The  final  critical  rinse  utilizes  highly  monitored,  pyrogen-free  Water  for  Injection  (WFI)  at  elevated

temperatures (70°C to 85°C). WFI water quality is checked inline to guarantee electrical conductivity

measures below 1.3 μS/cm and total  organic carbon (TOC) levels stay below 500 ppb. This phase

reduces  endotoxin  and  bioburden  counts  to  near-zero  levels,  fulfilling  international  healthcare

procurement criteria.

3. Cleanroom Controlled Packaging and Pouching Standards (ISO

11607)

Once washed, components are processed in a certified ISO 14644-1 Class 7 (Class 10,000) positive-

pressure cleanroom. Technicians follow strict gowning protocols—utilizing particulate-free Tyvek suits,

powder-free nitrile gloves, and face masks—to prevent the reintroduction of human skin cell or textile

fibers to the sterile-ready silicone batches.

Final packaging must function as a reliable Sterile Barrier System (SBS) compliant with ISO 11607-1.

The primary configuration relies on high-tier breathable Tyvek-to-Plastic peel pouches:

Tyvek 1073B Membrane Integration: The breathable  sheet  consists  of  flash-spun high-density

polyethylene strands. This configuration allows rapid gas penetration during Ethylene Oxide (EtO)

charging cycles while serving as a tortuous path barrier that prevents microscopic bacteria or spores

from penetrating the pouch during transit.

Continuous  Impulse  Heat-Sealing: Pouches  are  sealed  using  calibrated  impulse  sealers  that

record  temperature,  pressure,  and  dwell  time.  Sealing  tracks  must  measure  a  continuous,  un-

channeled width of at least 9.5 mm to prevent micro-void channeling and guarantee peel-strength

parameters map perfectly to validation tear audits.

• 

• 
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4. Sterilization Modality Compatibility Matrix

Medical procurement engineering groups must choose packaging types that correspond directly to the

intended  terminal  sterilization  modality,  as  gas  exposure,  high  heat,  and  ionization  energy  interact

uniquely with silicone surfaces:

Modality
Standard Cycle

Parameters

Silicone

Compatibility
Packaging Material Constraints

Ethylene Oxide

(EtO) Gas

55°C, 45-75% RH, gas

exposure 2-5 hours

EXCELLENT

(Zero structural

drift)

Requires porous Tyvek membranes

to allow gas entry and secondary

forced-air aeration outgassing. No

solid foil pouches.

Gamma

Irradiation

25 kGy to 50 kGy

continuous dosage

MODERATE

(Potential

cross-link drift)

Compatible with airtight, solid

plastic or foil laminate pouches.

Avoids gas outgassing delays but

may cause low-durometer silicone

to slightly harden.

Steam Autoclave 121°C to 134°C at 15

psi for 15-30 minutes

EXCELLENT

(High

temperature

limit)

Requires heavy-duty steam-

permeable autoclave paper or

Tyvek. Silicone resists hydrolytic

cleavage, but packaging must

support rapid condensation

moisture escape.

5. DFM and Quality Sourcing Framework for Medical-Grade Batches

To  implement  pre-sterilization  preparation  seamlessly,  medical  device  procurement  and  product

engineering groups should incorporate key cleanroom considerations into initial project schedules:

Apothecary Parting-Line Control: Tool designs should minimize flash parameters to avoid micro-

slivers  breaking  loose  during  ultrasonic  cleaning  cycles,  thereby  eliminating  loose  silicone

particulates inside the pouch.

Mandate ISO 13485 Manufacturing Continuity: Ensure that  the silicone manufacturing factory

maintains an integrated ISO 13485 Quality Management System (QMS), verifying that traceability

logs track back to raw platinum-cure liquid masterbatches.

• 

• 
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Incorporate  Double-Pouching  Protocols: For  components  intended  for  sterile  surgical  fields,

drawings should specify double-pouching configurations. This allows the outer pouch to be stripped

away in the surgical anteroom, preserving the absolute sterility of the inner envelope.

Secure Certified Biocompatible Purity with Reemane Medical

Cleanroom Asset Production

To arrange an inline bioburden audit, request certified WFI extraction resistivity reports, or secure

ISO 11607 pouch validation protocol documentation, contact our compliance group at 

sales@siliconefactories.com or visit our medical operations portal at 

www.siliconefactories.com. 

• 
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