QHW Designation: F 2042 — 00 <

Standard Guide for
Silicone Elastomers, Gels, and Foams Used in Medical

Applications Part Il — Crosslinking and Fabrication 1

This standard is issued under the fixed designation F 2042; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

€' Note—Figs. 1-3 and Figs. 5-9 were editorially revised in June 2001.

1. Scope Vulcanized Rubber and Thermoplastic Elastonters

1.1 This guide is intended to educate potential users of D 792 Test Methods for Specific Gravity (Relative Density)
silicone elastomers, gels and foams relative to their fabrication _and Density of Plastics by Displacement
and processing. It does not provide information relative to D 813 Test Method for Rubber Deterioration—Crack

silicone powders, fluids, pressure sensitive adhesives, or other Growt? _
types of silicone products. D 814 Test Method for Rubber Property—Vapor Transmis-
1.2 The information provided is offered to guide usersinthe ~_Sion of Volatile Liquids N
selection of appropriate processing conditions for specific D 926 Test Method for Rubber Property—Plasticity and
medical device applications. Recovery (Parallel Plate Method)
1.3 Formulation and selection of appropriate starting mate- D 955 Test Method of Measuring Shrinkage from Mold
rials is covered in the companion document, F 2038 Part |. This _ Dimensions of Molded Plastigs
monograph addresses only the curing, post-curing, and pro- D 1349 Practice for Rubber—Standard Temperatures for

cessing of elastomers, gels and foams as well as how the Testing _ .

1.4 Silicone biocompatibility issues can be addressed at D 2240 Test Method for Rubber Property—Durometer
several levels, but ultimately the device manufacturer must _Hardnes$ _ _
assess biological suitability relative to intended use. Biocom- F 619 Practice for Extraction of Medical Plasfics
patibility testing may be done on cured elastomers prior to final F 719 Practice for Testing Biomaterials in Rabbits for
fabrication, but the most relevant data are those obtained on the Primary Skin Irritatiort _ _
finished device. Data on selected lots of material are only F 720 Practice for Testing Guinea Pigs for Contact
representative when compounding, and fabrication are per- Allergens—Guinea Pig Maximization Tést
formed under accepted quality systems such as 1SO 9001 andF 748 Practlce_ for Selectlng Generic Biological Test Meth-
current Good Manufacturing Practice Regulations. Extract- _0ds for Materials and Devicés _
ables analyses may also be of interest for investigation of F 813 Practlce for I_Dlrect Cc_)ntact Cell Culture Evaluation of
biocompatibility, and the procedures for obtaining such data _Materials for Medical Devicés - _
depend on the goal of the study (see F 619, the HIMA F 981 Practice for Assessment of Compatlblllty of Bioma-
Memorandum 7/14/93, and USP 23, for examples of extraction terials for Surgical Implantation With Respect to Effect of

methods). Materials on Muscle and Bofie
F 1905 Practice for Selecting Tests for Determining the
2. Referenced Documents Propensity of Materials to Cause Immunotoxicity
2.1 ASTM Standards: F 1906 Practice for Evaluation of Immunological Re-
D 395 Test Methods for Rubber Property—Compression Sponses in Biocompatibility Testing Using ELISA Tests,
Set Lymphocyte Proliferation, and Cell Migratién
D 412 Test Methods for Rubber Properties in Tendion F 1984 Practice for Testing Whole Complement Activation
D 430 Test Methods for Rubber Deterioration—Dynamic _in Scrum by Solid Materiafs
Fatigué F 2038 Guide for Silicone Elastomers, Gels and Foams

D 624 Test Method for Tear Strength of Conventional Used in Medical applications Part I: Formulations and
Uncured Materiats
2.2 Other Biocompatibility Standards:
1 This specification is under the jurisdiction of ASTM Committee FO4 on
Medical and Surgical Materials and Devices and is the direct responsibility of
Subcommittee F4.11 on Polymeric Materials. -
Current edition approved July 10, 2000. Published October 2000. 2 Annual Book of ASTM Standardépl 08.01.
2 Annual Book of ASTM Standardgol 09.01. 4 Annual Book of ASTM Standardggl 13.01.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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United States Pharmacopeia, current edition (appropriatd. Terminology

monographs may include: <87>, <88>, <151>, <381>) 31 The classification of silicone elastomers is based upon a
FDA Department of Health and Human Services Generahmper of interrelated factors which include the chemical

Program Memorandum #G95-1, May 1, 1995: Use ofgystem used to crosslink the elastomer, the physical character-

International Standard 1SO-10993, Biological Evaluationjgtics of the uncured elastomer, and the methods used to

of Medical Devices Part I: Evaluation and Tesfing _ fabricate the elastomers. Additional pertinent terms are defined
ANSI/AAMI 10993-1 Biological Evaluation of Medical jn standard D 1566.
Devices, Part I: Guidance on Selection of Tésts 3.2 Definitions:

HIMA Memorandum Guidance for Manufacturers of Sili-
cone Devices Affected by Withdrawal of Dow Corning ,
Silastic Materials, 7/14/93

2.3 Sterilization Standards:

ANSI/AAMI ST46 Good Hospital Practice: Steam Steril-
ization and Sterility Assuranée

ANSI/AAMI ST41 Good Hospital Practice: Ethylene Oxide
Sterilization and Sterility Assuranée

ANSI/AAMI ST50 Dry Heat (Heated Air) Sterilizefs

ANSI/AAMI ST29 Recommended Practice for Determin-
ing Ethylene Oxide in Medical Devicés

ANSI/AAMI ST30 Determining Residual Ethylene Chloro-
hydrin and Ethylene Glycol in Medical Devices

AAMI 13409-251 Sterilization of Health Care Products—
Radiation Sterilization—Substantiation of 25kGy as a
Sterilization Dose for Small or Infrequent Production
Batche$

AAMI TIR8-251 Microbiological Methods for Gamma Ir-
radiation Sterilization of Medical Devicgs

2.4 Quality Standards:

ANSI/ASQC Q9001 Quality Systems—Model for Quality ' o o ooy

Assurance in Design, Development, Production, Installa- 3.2.2.2 compression moldirg-a process in which the un-
. Design, P ' ' cured elastomer is placed in an open mold. The mold is closed
tion and Servicing

. . . and pressure applied to the mold to fill the cavity. Heat is
21 CFR 820 Quality System Regulation (current revision) . . .
21 CFR 210 Current Good Manufacturing Practice inapplled to vulcanize the elstomer, the mold is than opened and

Manufacturing, Processing, Packing or Holding of Dru S_the fabricated part is removed.
9. =ssing, 9 9 gs: 3.2.2.3 freshening—because of the interaction that can oc-
General (current revisiot)

. . cur between the fumed silica and silicone polymers, thick
2lFi(riiZEes1F}harCrr:Jar\::iTJtticGa(I)soc(icSf?er;l:f?ec\wsri‘lgr?) Practice foruncured high consistency elastomers can become so stiff over
. time that they are very difficult to process. To overcome this
2.5 Other Standards:

. i . . . problem, a 2-roll mill is used to disrupt this interaction,
D?ivz\a/dcggwgt%ocr:nzﬁgl% (Gel-Like Materials With Modi resulting in a material which is easier to fabricate. This process

Dow Corning CTM 0813 (Gel-Like Materials With One is called freshening and is typically done immediately before

Inch Diameter Head Penetrometer) catalyzation.

PCB Test Methods such as those used for MRI project No. 3'2'2('14 tlransfer moldllng—da_ process in which the mlxded, h
4473, 1/24/9711 uncured elastomer is placed in a compartment connected to the

. X . mold. The compartment is then closed, pressure is applied to
Biological Performance of Materials: J. Black, Marcel De- ' - .
kkegr NY 1992 transfer the uncured elastomer to the mold, filling the cavity.

' Heat and pressure are applied to the mold to vulcanize the
elastomer, the mold is then opened, and the fabricated part is
removed.
vi||eA1\\;|e|13"ath)lg5fr20m United States Pharmacopeia 12601 Twinbrook Parkway Rock- 3.2.2. 5 extrusion—a continuous process in which the

° Available from Food and Drug Administration HFI-40, Rockville, MD 20857. mixed, u_ncured elaStomer IS force.d through an orifice .havmg

7 Available from American National Standards Institute, 11 West 42nd Streetthe desired cross-sectional profile. The elastomer is then
13th Floor, New York, NY 10036. o vulcanized by passing it through either a hot air or radiant heat
Suit:‘ggs\'lzsf[ﬁ:"géﬂ"agCcedzg"oeodéfggicr‘”"'ogy Association, 1200 G St N-W. oyen The most common application of extrusion processing is

9 Available from Association for the Advancement of Medical Devices, 1110 the fabrication of tubing but it can be used to produce other
North Glebe Rd., Suite 220, Arlington, VA 22201-4795. items as well.

19 Available from Standardization Documents Order Desk, Bldg. 4 Section D, _ i : i
700 Robins Ave., Philadelphia PA 19111-5094, Attn: NPODS |3'2'2'6 post (I:ure—the process of subjeﬁtmg a r\: ulcgnlzed

1 Available from Midwest Research Institute, 425 Volker Blvd., Kansas City, € asto_mer_ t_O. e evate_d t_empera_ture, usually in a ! ot-air oven,
MO 64110-2299 after its initial fabrication. This process step is done to

3.2.1 manufacture-the process which occurs in the suppli-

’s facility in which the various components of the elastomer
are brought together, allowed to interact, and are packaged to
provide the uncured elastomer for sale.

3.2.2 fabrication—the process by which the uncured elas-
tomer is converted into a fully vulcanized elastomer of the
desired size and shape. This process may occur in the same
facility as the manufacture of the uncured elastomer but is
more typically performed at the facility of a customer of the
silicone manufacturer.

3.2.2.1injection molding—fabrication of elastomers into
forms defined by molds constructed so that the uncured
elastomer can be transferred by pumping into the closed mold.
This method requires venting of the mold in some manner. The
elastomer may be vulcanized by heating the mold after it is
filled but more typically the molding conditions (temperature
and filling rate) are adjusted so that uncured elastomer can be
added to a pre-heated mold in which it will then cure. The mold
is than opened and the part removed and post-cured, if
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complete cross-linking of the object, remove peroxide by-basis, they are highly crosslinked relative to gels. Most cure

products, and eliminate changes in its physical propertiesonditions will result in a closed cell foam.

Post-cure is often necessary when the component is only

partially cross-liked by molding; it is performed in an attempt4. Significance and Use

to accelerate molding process, and increase its output. 4.1 This standard is intended to provide guidance for the
3.2.2.7 calendaring—the process of forming an uncured, specification and selection of fabrication methods for silicones

mixed elastomer into a thin sheet or film by passing it betweemised in medical devices. It also provides guidance relative to

two rolls. testing that might be done to qualify lots of acceptable
3.2.2.8 dispersion—the process of placing an uncured elas-material, based on desired performance properties.

tomer in a solvent. This lowers the viscosity of the material and 4.2 Silicone manufacturers supplying material to the medi-

is usually done to allow the fabrication of thinner films that cancal device industry should readily provide information regard-

be obtained by calendaring or to form coatings. Followinging non-proprietary product formulation to their customers

dispersion use, the solvent must be removed either before @ither directly or through the US FDA Master File program.

during the vulcanization process. Care must be taken to assure o ]

that the solvent is compatible with the elastomer, to preven®- Crosslinking Chemistry

preferential settling of the components of the formulation by 5.1 Silicone elastomers used in medical applications are

excessive dilution of the elastomer. typically crosslinked by one of three commonly used cure
3.2.3 one-part elastomeran elastomer supplied in the systems. These involve the platinum catalyzed addition of a

uncured form in one package containing all of the formulationsilylhydride to an unsaturated site, the generation of free

components. It does not require mixing before fabrication. radicals by a peroxide or the reaction of an easily hydrolyzable
3.2.4 two-part elastomeran elastomer supplied in two group of silicon.

packages which must be mixed in specified proportions before 5.1.1 addition cure—this cure system utilizes the addition

fabrication. of a silylhydride to a site of unsaturation, usually a vinyl group.
3.2.5liquid silicone rubber or low consistency silicone AS shown in Fig. 1, this reaction is catalyzed by a platinum

rubber (LSR)-an elastomer having a viscosity such that it cancomplex. The catalyst will be present at a level such that the

be moved or transferred by readily available pumping equipconcentration of platinum is in the range of 5 to 20 ppm but is

ment. LSRs are typically used in injection molding operationsmore typically present at a level of about 7.5 ppm. When
3.2.6 high consistency rubber (HCR)an elastomer having multiple s!lylhydrldeg are present in the same molequle,_for

a viscosity such that it cannot be moved or transferred byX@mple, in a crosslinker molecule, and they react with vinyl

readily available pumping equipment. These elastomers ar@OuPs attached to a silicon in a silicone polymer, a crosslinked

fabricated using high shear equipment such as a two-roll milf€twork results. ,
and cannot be injection molded. They are typically used in Elastomers using this cure system are two-part elastomers

compression or transfer molding and extrusion processes. and are utilized in both LSRs and HCRs. In practice, the
3.2.7 RTV (room temperature vulcanizatierl one-part platinum catalyst, an inhibitor, and vinyl functionality on the

elastomer which cures in the presence of atmospheric moisturg'.IICOne backbone are present in one part of the formulation

Little, if any, acceleration of cure rate is realized by increasinga.T.d . %roslfgnker_m the prets_entche oft\;]myl _li_uhncuo?allty or; the
temperature. Because cure is dependent upon diffusion Icone backbone IS present in the other. These two parts are

water into the elastomer, cure in depths of greater than 0.64 ¢ ttlmatel); mixed tshortly be{oire they af[e |fntendk§ad t? be l:.s’ed'
is not recommended. room temperature a certain amount of working time (time

3.2.8 gel—a lightly crosslinked material having no or rela- before the crosslink network builds to unacceptable levels) is

tively low levels of reinforcement beyond that provided by theprowded _to allow t.|me 0 fabrlc_ate the S|I|conel pqrt. Heat.|s
crosslinked polymer. Gels are usually two-part formulationsthen applied to activate the plgtlnum, thg crosslinking reaction
utilizing a platinum. catalyzed addition cure system The CCU's: gnd the elastomer is vulcam;ed. The amount of

) working time and rate of cure are determined by the amount of

hardness of the gel can be adjusted within wide limits. Thecrosslinker, catalyst, and inhibitors used in the formulation.

lo conform to an iregular surface providing inimate contact. Mg of LSRS of this type is usualy accompished by
As a result, loads are distributed over a wider area Theé umping the material in th.e prescnbeq ratios throu_gh a ste_1t|c
materials m’ay also be used to provide protection frorﬁ envi- ixer. HCRs are usually mixed by placmg the prescrlped rat|_os

) of the two parts on a two-roll mill and crossblending until
ronmental contaminants.

adequately mixed. Mixing of the two components of the

3.2.9 foz_am—q crosslinked matenal_whlch has a CoMpONeNts, mjation at other than the ratio prescribed by the vendor is
added to it which generates a volatile gas as the material is

being vulcanized. This vulcanization process results in a

material with a relatively low density. Foams are usually ) 1 ' t
two-part formulations utilizing a platinum catalyzed additon = SiH + HC=CH-8i- ——— -SiCH,CH,Si-
cure system. They conform as they expand to irregular surfaces ! ! L
just as gels do to provide intimate contact and protection from Ngre—si=Silicon

the environment but are more rigid and provide more strengthpt=platinum

than gels. Since foams are expanded elastomers, on a weight FIG. 1
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likely to result in changes in the cure characteristics, cured CH, CH,
physical properties, or both, and may result in changes in the |
extractables profile. Ao B + £Si-0) — AH or BH + £Si-0)

5.1.2 peroxide cure—this cure system utilizes the decom- C|H I

oy - - . . 3 ’CHI
position of an organic peroxide, as shown in Fig. 2.

Radicals A and B then form organic radicals on the alkyl FIG. 3
groups attached to silicon atoms along the polymer chain by
abstracting hydrogen atoms as shown in Fig. 3. CH, CH,

These elastomers may be provided as two-part materials but I I
are more commonly supplied as one-part materials where the 2 ‘( Si- 0) R (Sl - 0)‘
peroxide is already present in the elastomer. Alternatively, only |
a base material may be supplied to which the fabricator can add -CH, CH,
the peroxide of his choice. The elastomers will usually be |
HCRs but some LSRs also employ this cure system. CH,

The peroxide used will determine the shelf-life and cure rate I
of the elastomer at a particular temperature. Because peroxides '( Si-O )'
are used at levels of 0.5-2 wt % and decomposition products |
form as the organic peroxide breaks down, these elastomers CH,
must be post-cured to remove those materials from the elas- FIG. 4
tomer before use in medical applications.

Peroxides are classified as either non-vinyl specific, depend- CH,
ing upon the type of radical reaction they promote. } | |

5.1.2.1 non-vinyl specific peroxidesthese peroxides pro- -(Si-O)- + (Si -0)— —_— (Si -O)-
mote the combination of two radicals on adjacent chains as | | |

CH, CH,

shown in Fig. 4, resulting in an ethylene linkage between the *CH, CH=CH, -CH

polymer chains. |
5.1.2.2 vinyl-specific peroxidesthese peroxides promote CH,

the addition of the radical to a vinyl group attached to silicon |

on a polymer chain as shown in Fig. 5, resulting in a propylene CH,

linkage between the polymer chains. As these reactions are |

repeated, the crosslink network results. £si- O)v
5.1.3 condensation cure-elastomers of those type may be |

either one-part or two-part RTVs and contain hydroyzable CH,

groups on the crosslinker and on the polymer ends. FIG. 5

5.1.3.1 one-part RTV—elastomers of this type must be
packaged in containers that are impermeable to moistureR_Si(OR)3 + H,0 —» R-Si-OH + ROH
When extruded from the container, they react with moisture
from the atmosphere which diffuses through the elastomer. (OR),
This results in the hydrolysis of the reactive groups on a
crosslinker molecule as shown in Fig. 6.

The silanol species formed can then react with a hydrolyz-
able group attached to the end of a polymer chain as shown in C'HJ ";Hi
Fig. 7. As this reaction is repeated on the same crosslinker - 8i-OH + no(Si.o) —_— R-Si-o(Si-o) + ROH
molecule, the crosslink network results. | | 1

RTV formulations normally contain an organometallic com-  (OR), CH, (OR), CH,
pound to facilitate the reaction. Because they rely on the FIG. 7
permeation of moisture through the elastomer to cure, use in

FIG. 6

applications where thicknesses of greater than 0.64 cm are 5.1.3.2two-part RTVs (deep section condensation c+e)

desired are not normally recommended because of the longhother cure system which has found some utility in medical
cure times necessary. RTVs are normally used in adhesi\@pplications involves the reaction of an aIkoxy crosslinker with
applications where two silicones, or other substrates, are beirgysilanol ended polymer in the presence of an organometallic

bonded together.

oo 1
R-C-0-0-C-R —» 2R-C-0- —» 2R + 2C0,
A B
Note—R=any organic group
FIG. 2

compound as shown in Fig. 8. The system results in rapid cures
in deep-section because it does not rely upon the diffusion of
water through the silicone. The organometalic compound is
usually a tin compound.

5.2 Silicone gels are supplied as two-part formulations
which are intimately mixed shortly before use and are cured
using the chemistry shown in Fig. 1. However the relative ratio
of SiH to SiVi is adjusted so that only a fraction of the total
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C‘H3 CH, (NH)HCO; —m NH; + CO, + H,0
(
Si(OR,) + HO-(SIi-O). M > (RO),-Si-O(S'i-O) FIG. 10

CH, CH, 6.2 Vulcanization and post-curing guidelines are usually

recommended by the manufacturer but may vary depending

upon the detail, configuration and size of the object being

fabricated. Peroxide cured elastomers must be post-cured.

Platinum catalyzed elastomers may or may not require post-

curing, depending on the particular application and/or object
eing made.

Note—M=Metal
FIG. 8

vinyl groups present react.

5.3 Silicone foams are supplied as two-part formulation
which are intimately mixed shortly before use and are typicall
vulcanized by one of two commonly used cure systems; ppusical Properties
depending on whether the blowing agent is generated by the 4 P

curing reaction or by the decomposition of a separate compo- 7.1 Ph_y5|cal properties of elastomers are used by manufac-
nent of the formulation. turers to insure that the elastomer has been properly formulated

5.3.1 blowing agent generated by the curing reactieto and processed and by the fabricator to determine that the
crosslink the foam the reaction of a silylhydride with a S”anmglastomer will perform as intended in the application. Proper-

catalyzed by an organometallic compound is utilized. Typicallyi€S ©f both uhr_llcured and VUIC"’.‘Pized _elastom%rs may Ee
the catalyst will be an organotin compound. This reaction isde"terr_nlned. While cuhst(ém%r spe_gl Ic tes“”ﬁ may efdone, t Ie
shown in Fig. 9 and results in the formation of a siloxane bond®!loWing ASTM methods describe tests that are of genera

and the generation of a molecule of hydrogen. When two oPt'l't3(’j anga1r§4gon(1jr(Tj10nly used in the |ndustr3r/1.. 'rr]‘ addr:tlon,.
more silylhydrides are present in the same molecule, i.e. gtandar addresses temperatures at which such testing
crosslinker molecule, as they react with successive silandi®Curs:
groups attached to silicone polymers, a crosslinked networR 395 Test Methods for Rubber Property—Compression Set
. . . . D 412 Test Methods for Rubber Properties in Tension

results. As the crosslinked network is formed, with _the SIMUI-p 430 Test Methods for Rubber Deterioration—Dynamic Fatigue
taneous release of hydrogen, the volume of material expands 624 Test Methods for Tear Strength of Conventional Vulcanized Rubber and

inlei Thermoplastic Elastomers
Eventl'!a”.y enoth CrOSSImkmg oceurs to. allovy the eIastomeE 792 Test Methods for Specific Gravity (Relative Density) and Density of
to retain its shape and the hydrogen rapidly diffuses from the pjasiics by Displacement

silicone resulting in a low density material which has filled the 813 Test Methods for Rubber Deterioration—Crack Growth
void in which it was placed D 926 Test Method for Rubber Property—Plasticity and Recovery (Parallel Plate
. ’ . Method)
5.3.2 blowmg agent not generated by the CUrINg p 955 Test Method of Measuring Shrinkage from Mold Dimensions of Molded

reaction—to crosslink the foam the addition of a silylhydride Plastics

to a site Of unsatura@ion, usually a Vinyl group as shownin Figgozvi“coo-rrsi?gMCe'}'rl:/?%{(!)SrSF\EéZkI)—eLrikzrol\/il)aetggg\%?thm?\/Itzzii:::(rjd;(eeisetrometer)
1, is utilized. During the vulcanization process, as theépow coring CTM 0813 (Gel-Like Materials With One Inch Diameter Head
crosslinked network is being built up, a component of the Penetrometer)

formulation which Qecomposes to form a gaseous by—prqduch_ Packaging, Labeling and Storage

generates the blowing agent. Typically this component will be - .
ammonium bicarbonate which decomposes to form ammonia, 8-1 Cured silicone elastomers or components for use in
carbon dioxide, and water as shown in Fig. 10. The ammoni&edical applications shall be supplied in proper packaging to
and carbon dioxide that forms as the curing reaction proceeddevent their contamination during typical conditions of ship-
expands the foam and then diffuses from the silicone resulting’e€nt and storage, as well as their adulteration from the
in a low density material which has filled the void in which it Package shelf.

was placed. 8.2 All packages shall be labeled so as to identify the
o manufacturer, specific product name, and lot or batch number.
6. Post-Cure and Fabrication Methods 8.3 The material supplier shall provide information regard-

6.1 Fabrication methods will be determined by the type ofing recommended storage conditions and product warranties.
elastomer being used for the application. High consistencg _ .
elastomers are generally fabricated using two-roll mills ino- Biocompatibility
conjunction with compression and transfer molding or extru- 9.1 The biocompatibility of silicone elastomers as a class of
sion techniques. Liquid silicone rubber elastomers are genematerials cannot be categorically established; it depends on

ally fabricated by using injection molding processes. formulation, processing conditions and ultimate use. Device

manufacturers are ultimately responsible for ensuring the

Me CH3 Me CH; biocompatibility of a device using appropriate state-of-the-art
| | M | I methodology.

-SiH + HO-(S|1-0) . -Sl-O-('Sl-O) + H 9.2 PCBs are generated by the decomposition of 2,4 dichlo-

robenzoyl peroxide, which is used in some peroxide-cured

CH Me CH . .
Me 3 ! elastomers. Information on PCB formation and removal from
NoTte—Me=Methyl elastomers catalyzed with this peroxide should be available
FIG. 9 from the manufacturer, or may be obtained by direct testing
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(MRI Project No. 4473, Jan 24, 1997; Midwest Research 10.3 Autoclave sterilization is permissible for most silicone

Institute, 425 Volker Boulevard, Kansas City, Missouri elastomers because material characteristics are not significantly

64110-2299; Ph. (816) 753—7600. This method is useful for thaltered during autoclave sterilization.

determination of PCB levels in cured elastomers only). The 10.4 Radiation sterilization of silicone elastomers results in

user is ultimately responsible for determining acceptable levela dose-related increase in crosslink density that may increase

of PCBs for their application. durometer and modulus of elasticity and reduce elongation and
9.3 Biocompatibility testing may be conducted on the sili- flexural durability. When silicone elastomer devices are steril-

cone materials that are used to manufacture a medical deviceitted by radiation, qualifying performance testing on finished

guide in the selection of material or manufacturer. medical devices or reasonable near-finished components sub-
9.4 Biological Test Methods for obtaining information on jected to the maximum radiation dosage shall be conducted to

the biocompatibility of silicone elastomers as part of medicalensure that radiation sterilization has not adversely affected

devices can be found in Practices such as F 748, F 813, F 718xpected performance.

F 720, F 981, F 1905, F 1906, and F 1984 and I1SO 10993-1

and USP documents (<87>, <88>, <151>, <381>). Consideri1l. Quality Control Provisions

ations for sample preparation and presentation that may impact 11 1 silicone elastomers should be processed and tested

biological test results are provided in references such agyjizing quality control programs such as that discussed in
Biological Performance of Materials by J. Black (1992). ANSI/ASQC C1 (Specification of General Requirements for a

9.5 Toxicological test data on cured silicone materialsgajity program), preferably in consistency/acceptability can
applies only when all formulating and processing utilizes

o . : : . >also be monitored by matching product performance to lot
specified ingredients, and is accomplished in accordance W'tgcceptance requirements, providing these are specific and

accepted quality systems such as ISO 9001 and current Qualify
System Regulations/Good Manufacturing Practices (GMPs
promulgated by the FDA.

9.6 Extraction is a part of most biological screening tests o
cured elastomers and on finished medical devices. Typic
extraction methods designed for this purpose are described
USP 23 (<88.>.) and F 619. Other methods may be directed 11.3 Sterilization will be performed using quality standards
towards specific goals, and should be chosen based on the )

. - o such as:
question addressed, and the selectivity and sensitivity of thENSI/AAMI 746 Good Hosoital Practice: Steam Steriization and Steriit
H H 00 ospital Practice: eam Sterilization an erility
methods available for extract ana_lly5|s. The HIMA Memoran-"",2¢ ance
dum of 7/14/93 addresses extraction study methods intended isiaami ST 41 Good Hospital Practice: Ethylene Oxide Sterilization and
establish equivalency between silicone materials. Extract re- Sterility Assurance

R . . . ANSI/AAMI ST50 Dry Heat (Heated Air) Sterilizers
sults will be influenced by Sample’ extraction, and anaIyS| NSI/AAMI ST29 Recommended Practice for Determining Ethylene Oxide in

asonably narrow.

11.2 Fabricators of silicone elastomer components will
inform customers of changes in formulation, test methods,
pecifications or packaging. Details of the changes with a
eans to identify when each change occurred shall be pro-

parameters. Medical Devices
ANSI/AAMI ST30 Determining Residual Ethylene Chlorohydrin and Ethylene
10. Sterilization Glycol in Medical Devices

. . AAMI 13049-251 Sterilization of Health Care Products—Radiation
10.1 Manufacturers of fabricated silicones elastomers may sterilization—Substantiation of 25kGy as a Sterilization Dose for Small or

supply such materials sterile or may want to advise end users!/nfrequent Production Batches o o

(hospitals, clinics and physicians, for example) on Ster"iZati0&A&\QJ;Z%E\E;;QQcroblologlcal Methods for Gamma Irradiation Sterilization of

methods. These methods should be validated before use. ] ] ) o ]
10.2 Ethylene oxide is highly soluble in silicone. Those 11.4 Material s_upphers shall provide certification to speci-

users sterilizing with ethylene oxide must do testing to ensur&®d product requirements.

acceptable levels of harmful residues if sterilized material is

used as is (See References). Cell culture tests, such as Practie Keywords

D 813, may be used to show absence of sterilant residues.12.1 foam; gel; high consistency rubber; liquid silicone

Material characteristics may also change as a result of ethylerre@bber; medical device material; moisture cure; peroxide cure;

oxide sterilization. platinum cure; RTV
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APPENDIX

(Nonmandatory Information)

X1. RATIONALE

X1.1 Medical devices made from silicone elastomer arefabrication. The codes previously used in this standard were
widely used in the care of public health and have a history ohot widely accepted by manufacturers, and therefore the
biocompatibility in many applications. This standard educatesnonograph had minimal utility. The information provided here
the user as to the fabrication of such elastomers, and tes least provides a starting point from which the user can seek
which can be used to characterize and compare performance gfiidance on the biological impact of various processing
processed materials. Formulation, the first level at whichonditions on silicone devices. Manufacturers’ responsibilities
biocompatibilty of the ultimate device is affected, is covered ingg defined here are now or are expected to be practiced in the

Part | of this monograph. industry; manufacturers can be differentiated on the basis of the
X1.2 The previous version of this standard has now beeffiformation they provide on the topics discussed herein.
split into two parts, one addressing formulation, and one,

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).



