LI QUID REPELLENT STERI LI ZABLE MATERI AL Field of the I nvention E@f SO0IF00 -0
invention relates to liquid repellent materials that remain re ?1 afot%ﬁ'\{
being Sterilized, and to treatnents that render materials |iquid repel I ent.
Background of the I nventi on Many nedi cal applications require materials

that are both hydrophobic and that provide a sterile barrier. One such
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containers available from Johnson & Johnson Medical, inc. These container
filters are devices for filtering air going into a rigid or flexible container.

Materials which are hydrophobic and that provide a sterile barrier resist
penetration By water and water-based liquids, including blood and urine,
thereby brotecting objects within or on one side of the material from
contamination. Such’ materials are .used in-drapes..and. gowns, and as .
packaging material for medical instruments and supplies, among other uses.

Materials used for these applications are either inherently resistant to
contaminating liquids or are chemically treated to impart resistance to
contaminating liquids. One commonly used treatment to impart resistance is
to apply a fluorocarbon agent to the surface of the material. One such agent
is FC-808, a fluoroaliphatic ester produced by Minnesota Mining and
Manufacturing Company of St. Paul, Minnesota. According to the United
States Patent No. 2,803,615, incotporated herein by reference, the perfluoro
carbon group in the 3M agent is attached to a polymer backbone by a
sulfamide group and an ester linkage.

‘Another currently used agent is ZONYL 8070 agent, a perfiuoroalkyl
acrylic copolymér available from E.l. DuPont de Nemours & Company,
Wilmington, Delaware. According to United States Patent No. 3,282,905, '
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resistant to liquid penetration and cause them to remain repellent after
sterilization by an oxidizing plasma process. ldeally, the treatment should be
simple to perform. Further, the treatment should be inexpensive enough to
permit disposal of the treated material after a single use.
' Summary of the Invention
In one aspect, the present inventiony ‘provides treating a gas-permeable
material with a substance including siliconé: in an‘amount sufficient to render
the material liquid repellent and able to witlistand exposure to an oxidizing
plasma sterilizing process without losing its repellency. The invention also
includes the material treated in that manner. Preferably, the amount of silicone
remaining on the material after treatment is in the range from about 0.4% to
about 5.0% silicone by weight, more preferably from about 0.4% to 3.0% by
weight. _
The invention is further directed to the method of exposing the treated |
material to an oxidizing plasma and directed to the material that has been so
exposed. The silicone-containing substance may be applied by spraying, but
preferably is applied by subjecting the material to an aqueous emulsion
including a silicone. Preferably, the concentration of silicone in the emulsion
is between .25 and 35 percent by weight, more preferably between about .50
and 4.0 percent by weight. An organic solvent based system can also be
~ employed. Preferred silicones are polydimethylsiloxane, polydiphenylsiloxane,
or polymethylphenyisiloxane.



I n one aspect, the present invention provides treating a gas-perneable
material with a substance including silicone in an anmount sufficient to
render the material liquid repellent and able to wi‘thstand exposure to an
oxi di zing plasma sterilizing process wrdhout losing its repellency. The

I nvention also includes the material treated in that manner. Preferably,
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Detailed Description of the Preferred Embodiments
| As noted above, it has been discovered that materials;:such as fabrics,
treated With silicone to impart liquid repellency retair their repeliency after being
subjected to an oxidizing plasma process. There..are a variety. of materials
suitable for the silicone treatment. These materials can comprise either natural
substances or synthetic substances, or can comprise a-combination of both
natural and synthetic substances, and can be either woven or nonwoven.
However, gas-permeable, nonwoven synthetic fabrics are preferable.

Examples of suitable synthetic-substances include - polyolefin-based.~ = - .~

materials, such as polyethylene, sold under the trademark TYVEK, available
from E.). DuPont de Nemours & Company, Wilmington, Delaware, or
polypropylene, sold under the trademark KIMGUARD, available from Kimberly-
‘Clark Corporation, Dallas, Texas. '

A variety ‘of silicone compounds can be used to treat material in
accordance with the present invention. In a preferred embodiment, the silicone
substance used to treat the material domprises a siloxane compound. These
compounds include one or rhore mdhonieric units of siloxane, which is
represented by the formula:
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Figure 1 conpares the hydrophobicity and conposition of untreated

pol yet hyl ene, fluorocarbon-treated polyethylene, and silicone-treated
pol yet:hyl ene, both before and after oxidizing plasm sterilization. Figure
2 conpares the hydrophobicity and conposi-ti on of untreated pol ypropyl ene,

fl uorocarbon-treated pol ypropyl ene and silicone-treated pol ypropyl ene, both

before and aft X il 2] ol S 1l i 4 | 1. CLL Bl

the Preferred '@Eﬁ)r%d |§ine%'#@qis eﬁg{@g %%%‘I\?e,& ?{"h%gbsntb[)gﬁéﬂélg g%@@ér é‘é%*ﬁﬁg&;
mat elr : al's ,su ?'few{éh‘ﬁibmm Tclrmpdswws}m'tr@pdyd_!immguaxﬁma{m whiclubdg_ R and
repel l ency retain their repe cy after being subjected to an oxjdi zi ng
pl asma procesR' TAEG e MmethYly va n'lgry available:, s 9%3'145 t Hﬁ‘édq oPhenylsipxane;ne

t reat nment. Thg‘?@%‘%@'ﬁ&%& W“@%ﬂég@igﬁﬁé..nat ural substances or

synt hetic sub or can conpri'se I'nation of both natural and

synt heti ¢ subst ancéFhe silodanercancalso coataiméurwtional groupsveapablé of erasslinking
gas- per neabl e, , ven, synt heti c Eabri S are ef erall e. apples o

on f .
su: tablheI synt Wth otaer, st malegulRs. o‘PrySF@I“%ﬁﬁ'bﬁ scHssed; Iy more detajls
pol yet hyl ene, (b, Wﬁrggpg rc\:hh%ﬂiﬁkbh Q%si‘é‘h@ gﬁﬁa 8 (Ef-ﬂz.‘o:é er gir?é%ede

Nermours & Comnpany, , Del awnar e, ol ypropyl ene,

t rademar k Kl Margg¥linkimgafunetionalf groups<ans wellykno@rmu by thiose having cordinday Iskill, in
Texas. -A vari%hzﬁﬁL silicone conmpounds can be used to treat material in
accordance wt present invention. In a preferred enbodi ment, the
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npound. These conpounds 1| ncl ude one or nore nononeric units of siloxane,
which is represday “addition: euret:of fingar: pre-polmer components. = As will:be appreciated
| sy those having:ordinary skill.in.the-art,.condensation:cure of silicone is usually
" initiated by moistite- and is-often -catalyzed:'byrancworgano-tin compound. In
~ condensation cure; the pre-polymer typically terminates on either end with an
’" -O-R group; such. as<hydroxy;- methoxy, -ethexy or acetate. The addition of
water to these compounds in the presence of catalyst results in the linkage of
these molecules with' loss of ROH. - Thus,:for-the -given examples of -O-R,
water, methanol, ethanol or acetic-acid, respectively, -are by-products of the- - - -
reaction. |
As will also be appreciated by those having ordinary skill in the art,
addition-cured silicone usually involves the linkage of two silicone components
and is catalyzed by a platinum compound, such as chioroplatinic acid. In an
exemplary addition-cured system, one of the siloxane components is a diviny!
terminated polysiloxane, and the other component is a polyhydrosiloxane in
which several of the R’ or R" groups are hydrogen. The hydrosilanes serve as
cross-linking sites for the vinyl groups on the other component. The amount
of hydrosilane can be varied in order to vary the amount of cross-linking, and
is preferably between about 15% to about 75% of the siloxane monomers.
A variety of commercially available silicone products are available that
have been obtained by either addition cure or by condensation cure. However,
for medical applications, addition-cured silicone is generally preferred, in order



[err] -4- where R and R' are the sane or different organic group or
hydrogen. Preferred sil oxane conpounds are pol ydi met-hyl si |l oxanes, in which
both R and R' are nethyl. O her avail abl e siloxanes include

phenyl si | oxane, di phenyl siloxane and net+t¥l phenyl si |l oxane. The sil oxane can
al so contain functional groups cagabl e of crosslinking with other sil oxane
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respectively, are ‘by-pro e react
from General Electric Company (GE), Waterford, New York, designated SM
2112, SM 2059, and SM 2138. Other suitable formulations are discussed
below and still others will-be understood by those with- skill in the art with
reference to the disclosure herein.

Application of the silicone can be accomplished by spraying one or both
of the opposing sides of a sheet of material utilizing known sprayihg systems.
Silicone can also be applied to the material :by exposing-the material to-an
aqueous silicone emulsion comprising silicone=or an*brga‘rii@f@élverit-based
system including silicone.

Exposure to an aqueous emulsion or.an organic solvent-based system
can be accomplished by a simple _dip-and-squeeze process in which (1) the
material to be treated is immersed in the aqueous emulsion or the organic
solvent-based system; (2) the material being treated is then passed between
two rolls that force the silicone treatment into the material and remove any
excess silicone treatment; and (3) the treated material is then heated,
preferably in a forced air oven, to remove water or organic solvent from the
material and to accelerate the cure of the silicone finish, if curing is required.
These processes can be accomplished using a Werner Mathis, A.G. padder
and a Werner Mathis, A.G. forced air oven (address: CH 8155 Neiderhasli,
Zurich, Switzerland), or can be conducted in a continuous line process using
equipment manufactured by Fleissuer Incorporated, 1230 Moores Chapel Road,
Charlotte, North Carolina.



As will also-be appreciated by those having ordinary skill in the art,

addi tion-cured silicone .usually involves the |inkage of two silicone
conponents and is catalyzed by a plati num conpound, such as chloroplatinic
acid. In an exenplary addition-cured sysfi'em one of the siloxane conponents
is a divinyl term nated polysiloxane, and the other conponent is a
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Commer ci al |y ggidndba haskingdrotet Bithet ongdside dritdth sidesoof thee thaterial éav be
mat eri al according to one aspect of the present invention include

fornul ations ffeatedsimehis maneas: ri ¢ Conpany (GE), Waterford, New York,
desi gnated SM In one preferred embodiment, the concentration of the silicone in the

aqueous emuision is between about 0.25 and 35.0 percent by weight, more
preferably between about 0.50 and 5.0 percent by weight. In a pariicularly
preferred embodiment, the concentration of the silicone in the aqueous
emulsion is 0.50 percent by weight. ' Thesamount of silicone present on the
material af{er treatment with the agueous- emulsion-is:in the: range of 0.4
percent to 5.0 percent by weight.

After exposing -at-least one side -of the material:to: thé “substance
comprising silicone, the coated material can be dried to better fix the substance
onto the material. Drying can be accomplished, for example, by placing the
silicone-treated material in a forced air Werner Mathis, A.G. oven, available
from a company by that name located in Zurich, Switzeriand, or by other
methods that will be understood by those with skill in the art.

After the exposing and drying steps, the treated material is ready to be
sterilized by an oxidizing plasma process. In a preferred embodiment, the
treated material is first used to wrap or enclose medical supplies or
instruments. The package can then be sterilized .utilizing. an oxidizing plasma
process as described hereinbelow, yielding sterilized supplies: or instruments
that are packaged in liquid répellent, sterile material:<Thespackaged supplies
or instruments can be used immediately or stored:under appropriate conditions



2112, SM 2059, and SM 2138. Ot her suitable fornulations are discussed bel ow
and still others will-be understood by those with skill in the art with
reference to the disclosure herein. Application of the silicone can be
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sterilized, the pressure Is reduced to about 500 -milliTorr, and RF energy is
" applied to create an.oxidizing gas-plasma; which 'sterilizes the items in the
- chamber. Additional ?deta'ils-"f'of-:*-the"-r'fplésma sterilizing ‘process “are set forth in
U.S. Patent No. 4,643,876, issued February 17, 1987, to Jacobs et al, the
disclosure of which is hereby incorporated by reference.
Effectiveness of the Treatment
The hydrophobicity of matérials - treated according to-the present
invention were compared against: the:-hydrophobicity- of the same materials

uncoated and coated with a conventional fluorocarbon-containing substance, - -+ -

~ both before and after sterilization by an oxidizing plasma process. Two groups
of materials were compared. The first group, as shown in Figure 1, comprised
untreated polyethylene (TYVEK), polyethylene treated with DuPont ZONYL
8070 agent, polyethylene treated with 3M FC-808 agent, and polyethylene
(TYVEK) treated with GE SM 2112 Silicone. The second group, as shown in
Figure 2, comprised untreated polypropylene, polypropylene treated with
Dupont ZONYL 8070 agent, polypropylene treated with 3M FC-808 agent, and
polypropylene treated with GE SM 2112 Silicone.

Both the silicone-containing substances and the fluorocarbon-containing
substances were applied to the materials by a standard dip-and-squeeze
process, described herein, and were dried in a forced air Werner Mathis, A.G.
oven.



-6- Application of an aqueous emul sion or an organic sol vent-based silicone
to one side of a materii-al can al so be acconplished by the use of a gravure
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based silicone is first. transferred fre8sa bul k silicone

enul si on/ sol vent - based systemto an engraved roll by a transfer rol

running in.the enulﬁd’tenrdrynguthe)samﬁles wereeexpased to a hydrageni mrox&‘letplasma

d f h d h h
o vene ol SteriEalha miontss uied RS THRRAD sBhliz4th RERHT Wésaibe b
treated when ifergs gﬁa thahwaluétes féFWYétShdbﬁ&l!y a8 doffowsis 'Wé%r 'dtbps v@rbher

one side or both sides of the material ‘can be treated in this nmanner.

one preferred plageddionerthe tsusfacenofnthextmaterial with a |medicine rdlloppeaqhddus

| si i s bet t 0,25 and..35. . I ght I
bet ween about APPEONTRIFY. epesanalel i fn BRRE indh HGiie, sfece. i P8,
enbodi ment, t @oﬁé)Wé?éthaWbartoQ‘Esi A tﬁelsmaee fop abb@xaﬂaw%emﬂme@ rbdtﬁ
0.50 percent b ht. The anmount of silicone present on the nateri al

after treatme cehof amjematenabrmm tba dr9p| andriber gppesing surfaqe: werat

Lo the Subst 2%38’“@%91*@?“‘6“ R Rl e Qi B ol o 2.8 5. oAb 1)

better fix thenhefdlowingscale:o the material. Drying can be acconplished, for

exanmpl e, by placing the silicone-treated material in a forced air Werner

Mathis, A G oven, ialm abl eDeserplion:onpany by that name located in Zurich,

Switzerland, or by other nethods that will be understood by those with

skill inthe art. 0 Complete saturation of the material and spreading of drop
away from the original site

- _ 1 Near saturation of material under the drop-of fluid, with
minor spreading away: from the drop

2 Conslderable darkening.- of.the. surface (wetting of the
' - surface on more than half of the area of the'drop or strike-
through to the opposite surface-of the material)

3 . Moderate darkening of the surface (wetting. of the surface
on half or less of the area of the drop or several scattered
spots)

4 Slight darkening of the surface (wetting of the surface on
one-quarter to one-third of area of the drop or a few small
spots)

S No darkening of the surface under the drop

Electron spectroscopy for chemical analysis (ESCA) was also conducted
on the materials, both before and after exposure to the oxidizing plasma, to
evaluate the effects of the oxidizing plasma _process on the chemical
composition of the material surface.

Test Re

Referring now to Figure 1, there is shown the results of tests comparing

the hydrophobicity of polyethylene, both before and after sterilization by an



After the exposing and drying steps, the treated material is ready to be
sterilized by an oxidizing plasma process. In a preferred enbodinent, the
treated material is first used to wap or enclose nedical supplies or
instrunments. The package can then be sf%rlllzed utilizing an oxidi zing
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. Polyethylene that had been<treated with.FC-808 agent-was no more
hydrophobic after exposure “to oXidizing plasma than' ‘was untreated
polyethylene exposed to oxidizing plasma.

Referring still to Figure 1, it can be seen that treatment of polyethylene
with GE SM 2112 silicone agent at a*concentration -of 0:5/percent solid in the
emulsion resulted in a materiaf that'was corripletely:hydropitiobic; on the scale
.set forth above, after exposure toioxidizing plasma. The:results:were the same

when a concentration of 2.0 peércent solid of GE SM:2112 silicone in the - -

emulsion was used.

Referring now to Figure 2, there is shown the results of tests comparing
the hydrophobicity of polypropylene, both before and after treatment by
oxidizing plasma, in the untreated state and treated with either a substance

. comprising silicone according to one aspect of the present invention, or one of
two conventional fluorocarbon-containing substances. As can be seen,
untreated polypropylene was highly hydrophobic before exposure to oxidiiing
plasma, but completely lost its hydrophobicity after exposure to the oxidizing
plasma. Treatment of polypropylene with ZONYL #8070 agent at a
concentration of 4.0 percent solid did not increase the hydrophobicity after
exposure to oxidizing plasma. Treatment with FC-808-'agent having a
concentration of 4.0 percent of the solid in the emulsion also'did not increase
the hydrophobicity after exposure to oxidizing plasma.



di scl osure of which is hereby incorporated by reference. Effectiveness of
the Treatnent The hydrophobicity of matials treated according to the
present invention were conpared agai nst the hydrophobicity of the same
material s uncoated and coated with a ethventi onal fluorocarbon-containing -
substance, both before and after sterilization by an oxidizing plasnma

process. Two grouiBy ééntrastehowevet)\it'cantsesuirciiat freatrhentsef polypiBpyiefhe With\n
in Figure 1, conpri'sed untreated poal yethyl ene (TYVE(%_)GKOI yethyl ene treated

wi th DuPont Ms@1d2agjlicane &t githefya Sorcenptsation pefcent ssndidaiethe

oroup. e shapiphist &lo, BB St il i eilicion relyitekCica nlainsP ikt Was
pol ypr opyl enecdnigléfetdl ydrophbbie)tor’ theLsdily Getoforth aboveprafturl exposureafocd

with 3M FC- 808 agent, and pol ypropylene treated with GE SM 2112 Sili cone.
Both the sil iQUH&NgRBSM& ng subst ances and the fl uorocarbon-cont ai ni ng

subst ances were a | t hal : ” ' -

process, descri bew eggél@naﬁge%sgbg?iférdélﬁﬁﬁ‘é@ W%?FE@ &8 ré%? ﬁﬁ%t
AG. oven. d$ma oXidation, had significantly lessr effect pnthe pevcentofsilicpne present de
pl asma sterilpiﬁiation rocess utilized in the STERRAE?? erilization system

descri bed herafl the. e, of the material on be Wtcﬁ) e a_msms.o er
drops were plgt@fe Ut thd natehibRCThede HsuItETHrE CoRbistirit With R'bbédIved 106

el ¢ hydrophobicity. The 3M FC-808 agent appeared to be more sensitive to the
oxidizing plasma process than.the DuPont Zonyl-8070 agent.

Thus, as shown by these results, fréatment-with-a substance comhrising
silicone renders the materials hydrophobic before and after sterilization by an
oxidizing process, while untreated materials and fluorocarbon treated materials
lose either some or all of their hydrophobicity~after ‘éxposure to-the oxidizing
plasma. While DuPont Zonyl8070 tredted polyethylene exhibited some
hydrophobicity after plasma treatment when tréated-at 4.0%, this fluorocarbon
treatment exhibited zero hydroptiobicity wheri treated at lower concentrations
or when used on polypropylene. In contrast, silicone treatment retains
substantially all of its hydrophobicity at concentrations at least as low as 0.5%
and dn a variety of different materials. Thus, considering the availabiiity and
cost of the substances comprising silicone, silicone treatment is especially
economical, particularly when compared fo substances comprising

- fluorocarbon. Also, the method disclosed herein can be performed using
techniques and equipment readily available and adaptable to the present
invention.

The present invention can be embodied in other specific forms without
departing from its spirit or essential characteristics. @ The described
embodiments are to be considered in all respects only as illustrative and not
restrictive. The scope of the invention was, therefore, indicated by the
appended claims rather than the foregoing description. All changes which



approxi mately one-quarter inch to one-half inch fromthe surface. After the
drops were allowed to rest on the surface for approximately 15 m nutes,
both the' surface of. the material with the drop:.and the opposing surface

wer e eval uated visually. Each material was given a rating of zero to 5,
according to the follow ng scal e: Ragfdng Description O '
Compl ete saturation of the material and spreadi ng of drop %Mﬁzéfro t.he
original si e within the rheaningand aange offequivalency of the clams @rejojse
fluid, with m nor sprpadiﬂ _amag fromthe drop 2 _ Consi der abl e
‘darkeni ng @mbnaged withia & 3*5@99 ®g of the surface on nore than half of the
area of the drop or strike- through to the opposite surface of the

material) 3 : Moder at e darkening of the surface (wetting of the
surface on half or less of the area of the drop or several scattered spots)
4 Slight darkening of the surface (wetting of the surface on

one-quarter to one-third of area of the drop or a few snmall spots) 5

No darkening of the surface under the drop El ectron spectroscopy for

chem cal analysis (ESCA) was al so conducted on the materials, both before
and after exposure to the oxidizing plasma, to evaluate the effects of the
oxi di zing plasma process on the chem cal conposition of the materi al

surf ace. '



Test Results Referri ng now to Figure 1, there is shown the results of 1ests

conparing.the hydrophobicity of polyethylene, both before and H!muﬂl”r"'””"
sterilization by an -9- oxidizing plasma, in the untreated 'SPes A ””"’
treated with either a substance conpri& ng silicone according to one asflect *
of the present invention, or one of two conventional fluorocarbon coatings.

As can be seeWE CuAIMat ed pol yethyl ene was highly hydrophobic before
exposure to oxidizing plasng, but conpletely lost its hydrophobicity after

exposure to the oxldi ziAdnglesiahadapied donywrap cmedical dems far stetilization,o to
250 1 ost i t SRyt e sifinicrobief bAFHECEE 10 BE' gssl tShelical olis, Bifed A
concentr at i orthefliké, Gomprisingt a gasipénneable ohdterial treatednwith iassuffi¢ieahiioud® 70
aftor exposur® 4 JaURHRPEIBE Bicalte, Tridh I3 regderthe, materiaidyid rebelintcand, ¢ n
{han vas-unt 108 48 WilRSd U GRNZRG° psh sRITAG Jrinets WhhlP I e

still to Figuepellenéyt can be seen that treatnment of polyethylene with GE SM
2112 silicone age at concentratign . of 0. ercent solid in the

eful sion resulted 4n a (—ﬂ’?"gr'a{ &&’%@ cbn’ﬁﬂi@F%’r‘y dnateriah; corpprises: a
scal e set fordgdlygiefiye. after exposure to oxidizing plasm. The results

were the sane
3. The material of Claim 1, wherein the material is a nonwoven

fabric.

4. The material of Claim 1; wherein the material has:been treated by
being exbosed to an aqueous emulsion comprising a silicone in a concentration
between about .25 and 35 percent by weight.

5. The material of Claim:1, wherein the silicone cbmprises' a
siloxane.

6. The material of Claim 1, wherein the silicone comprises a
polydimethyisiloxane. ST '

7. The material of Claim 1, wherein the silicone comprises at least
one of a polydiphenylisiloxane, a polymethyiphenylsiloxane, and a combination
of any of the foregoing. .

8. The material of Claim 1, wherein the treated material has been
exposed to an O)-ddizing plasma;

8. The material of Claim 8, wherein the oxidizing ;;Iasma comprises
. a hydrogen peroxide plasma.

10. A material according to Claim 1 that has been treated with
oxidizing plasma. ' -

11. The material of Claim 10, wherein the amount of silicone
remaining on the material is in the range from about 0.4% to about 5.0%
silicone by weight. .

12. A combination, comprising:



——

when a concentration of 2.0 percent solid of GE SM 2112 silic

emul sion was used. Referring nowto Figure 2, there i's shown ﬂm ',m!mmﬂ"mm",
tests. conparing the hydrophobicity of polypropyl ene; both before and aiders
treatment by oxidizing plasma, in thejsntreated state and treated with

ei ther a substance conprising silicone according to one aspect of the

Blbst ances. As can be <80R or ife. RRICER e to, b SRARRBRE)' Fydr ophobi ¢
before exposure to oxi dagasperineablid covdri p@bﬁlarouﬁdthékémbydk%vehh%i ty

after exposure to the oxidizi né pl asma. reat ment of pol ypropyl ene wt
ZONYL 8070 agent ahavingheesireated withoa suffigient amount of @ liquid-repelient silicene e

L gy o o Yk 35 (BHRRF Y56 e gt olighEanc 56, PRl on
enul sion al so did oxidizing phesnea sterilizatibrm prodessi withadt losing<ite sepelleney.
¥ eat rent. o ooyt oyi S SRARISTAF S 5, Whsyeeihe peaaad Hems have
ot o oy DO P 16 it oo BockBl =00, o1 2.0, Per o 80111
the scal e set forti4aboVhe combinationpof Glaim $2,o0whéerein rthe silicome. finiste applied r on
spectroscopy \Ivgé igh aeqnﬂe%%ls éﬂ'l%lléfgril SangE&%A)silfégﬁ/ee arle%'adailtnlr]i%t on the covering were
solids representing between about .25 and 5.0 percent of the emulsion by
weight, | |
16. A method of making a liquid repellent sterilizable material,
comprising the steps of: '
providing a gas-permeable material adapted to wrap medical
items to be sterilized or to be used for medical gowns, drapes, or the like
to be sterilized; and
~ treating the material with a substance comprising a sufficient
amount of liquid silicone repellent finish to render the material liquid -
repellent and able to withstand an oxidizing plasma sterilization process
without losing its repeliency. '
16. The method of Claim 15, wherein the providing step comprises
providing a polyolefin material. |
- 17. The method of Claim 16, wherein the providing step comprises
providing a polyethylene or a polypropylene material.
18. The method of Claim 15, wherein the treating step comprises
exposing the material to an aqueous emulsion comprising a silicone.
19. The method of Claim 15, wherein the tfreating step comprises
exposing the material to an aqueous emulsion comprising a silicone in a

concentration between about 0.25 and 35 percent by weight.



pl asma oxidation had significantly |less effect on the percent ¢ b1l
present on the surface of the material than on the percent of ﬂ!"ﬁ“mmmﬂlm"m’
present on the surface of the material. These results are cons i\ s
t he observed | oss of hydrophobicity. Thel®M FC-808 agent appeared to be

nore sensitive to the oxi.di zing plasma process than the DuPont Zonyl 8070
agent. Thus, as sh@h byThen@sethodsol Claim réatwhareinithen treating sstepceomprises

CTer |1 zati on poRias it oamyal 1ceE Sdugul SliaR, Smateins, &) Sidhns n a

f1 uorocarbon tgoppbfffatitii Detwesn |dbivtit ©.50 AndS.05peértert by Weiél‘il‘?i r
hydr ophobi city after exposure to the oxidizing plasnma.” WiiTe DuPont Zonyt

8070 treated pol y@tyl dihe methodtefiClairme 18y wheseibbthe treating cstepl comprises
treat nent whe 0% g T | arbon treatnment exhibited zero
hydr ophobi ci t}%ﬁéﬁﬂgﬁ‘%’gta&\&l é&éﬁe{ﬁ%@@a'rat i ons or when used on

pol ypropyl ene. In ggntr ate ntathod asfeCldimatiBEwhersihaihes treting atbp ddnipadds Of
its hydrophobicity at concentrationg at | east as |ow as 0.5% and on a

variety of di fexpeging thermaterial tomsilicore ia apcoraapic: sRIVeRti | abil ity and cost
ccononi cal . parti & ar e fhethod o haind 19, Nerel] &Y RRIding Sig8 Eirferices

f1 uorocarbon. phovidingt 8momwoven Materialsed herein can be performed using

| venton. The proant TG AthA o YL 460 dNEUNG. S1e, SteR icsterilzing fhe
R s e

il lustrative and n@b.r eJihe method of Blaim24, evhereinitheioxidizihg plasma .comprises
therefore, | nOaI\i ﬁf&rgger?ypérgﬁde plasma.

. 26.© The method of Claim 15, wherein the freating step includes
treating’ the material with ~a silicone: comprising::<a siloxane or a
polydimiethylsiloxane.

27. The method of Claim 15, wherein the silicone eomprises at least
one of a polydiphenyisiloxane, a polymethylphenylsiloxane:and-a-combination
of any of the foregoing. '

28. The' method of Claim 15, further comprising the additional step of
drying the treated material between t_he freating step and the sterilizing step.

29. The method of Claim 15, wherein the treating step comprises:

transferring an aqueous emulsion of silicone or a solution of
silicone in a solvent to an engraved roll;

removing excess emulsion or solution from the engraved roli; and

transferring the emulsion or solution from the engraved roll to the
material. '

30. Amethod of sterilizing medical supplies or instruments comprising
the steps of:

providing a gas-permeable material having a substance

comprising a liquid repellent silicone thereon;.and



appended claims rather than the foregoing description. changes whi ch

- 11- cone within the meaning and range of equival ency of t m“m“‘mg ﬁL m‘
be embraced within their scope. -12- W\E CLAIM 1. A mat

to wap nedical itens for steri |I2atIOI]I to provide an anti ni'crdébi &

barrier or to be used for nedi cal gowns, drapes and the |ike, conpr|5|ng a
gas- per meabl e materi al qoweangdhwmedlaalssﬂpphesmt mhumantsmm the material.

and abi e Lo wi t hstdnd® Sheiehd o Gralil 80, pefePRAR Bmerisiitl SterfiRha. e
| osing the r@pokt ?dedléal suﬁﬁliés”ﬁi ﬁiétﬁlméﬁtscbc?'éﬂpobmgw@érﬁ' fo hhoxidizig! 2!

conprises a pol yol efi The materi al aiml, wherein the nmateri al
i's a nonwovepldsmai c. 4. The material of Claim| wherein the material has

been treat ed by being. 9a05EGhAR o G R kR WY pFSERG 488 chriprides "

In a concentrati o
providing a material made of a polyolefin.

33. The method of Claim 32, wherem said polyolefin is a polyethylene
or a polypropylene.

34. The method of Claim 30, wherein the providing step oomprises
providing a material having a substance comprisiﬁg a polydimethylsiloxane
thereon.

. 35. The mefho_d of Claim 30, wherein the providing-'step comprises
providing a substance including at least one of a polydiphenylsiloxane, a
polymethylphenylisiloxane, and a combination of any of the foregoing.



bet ween about .25 and 35 percent by weight. 5. The.material of Claima1l,
wherein the silicone conprises- a siloxane. 6. The material of Claimil,
wherei.n the silicone conprises a pol ydi net hyl sil oxane. 7. The material of
Claim 1, wherein the silicone conprises at |east one of a

pol ydi phenyl si | oxane, a pol ynet hyl phenyl st oxane, and a conbi nati on of any
of the foregoing. 8. The material of Caiml, wherein the treated

mat eri al has been exposed to an oxidizing plasma. 9. The material of
Claim8, wherein the oxidiziag gl asma corps ses a hwdrogen ¢ger gxgde pl asna.
10. A material according taeE:l;Q'i m 1 tha\ﬁ]ﬁas been t¥eatedasl t@8 @xi di zi ng

pl asma. 11. The material of Caim 10, % T’i cone

erein the '?im)unt of si

remai ni ng on the materi‘a“dgi Sof Ryt he rangey & om abouta 0. 4% aQoyt 5. 0%
silicone by weight. 12.;;A§ i&ation, cgh&'rising: N -13- ;gnego¥ nore
nmedi cal itens to be =teMdli zed; "and a gas- per neabl e Yoveri ng wa ped ar ound
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havi ng'been treated with a sufficient anount of a liquid-repellent silicone
finish-to render the covering liquid repellent and able to withstand an
oxi dizirig plasma sterilization process without losing its repellency. 13.
The ‘conbi nation of Claim 12, wherein the wapped itens have been exposed to
said sterilization process. 14. The comrb+nation of Caim 12, wherein the
silicone finish applied was in aqueous emnul sion and the silicone renaining
on the covering were solids representing between about .25 and 5.0 percent
of the emulsion by weight. 15. A nethod of making a |iquid repellent
sterilizable material, conprising the steps of: providing a gas-perneable
materi al adapted to wap me‘ch | itens t® be steri L%zed or",t o%sgused f or
nmedi cal gowns, drapes, or t¥e Nike to beWsterilize and t'flea t he
material with a substancg, conprising a sufficient amount of liquid silicone
repellent finish to rerﬁ% ;Ee"!rrateri al I%i qui d repe@l ent a?'d &e to
w t hst and an oxi di zi ng S g‘ct erilizatNon process\wi t hodt! | &swmng its
repel l ency. 16. The methbd of Caim 15, wherein the providing step
conpri ses pri¥¥idi ngZy pol yo-I-Ef §h materiah. 17. Theynet hocmof aOhai m 16,
wherein the Hovi di step Bonwri ses proXiding a pobyet hylsdnedold a
pol ypropylengmater¥l . 18. The nethod of Claim 15, wherein the treating
step conprisg expog ng the material to an aqueous enul sion conprising a
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19m.s§hamﬂdamkle fedCl ai m 15, wherein the treati ng step conp TH@SHEPP?IMQBEEN

t he aqueous enul sion conprising a silicone ip a EPJ,ACED
con en about 0.25 and 35 percent by weight.

, wher @REPELGLENU STERIGAZABLE GMAQ’ER]NL”Q the
mat erial to an aqueous SI on conprising a silicone in a concentration
bet ween about 0.50 and 4.0 percent by V\EAEMJ The net hod of C ai m 15,

wherein the treati te o ,S8s. S ying the staneonthe rial.
e e e e 80,5 3, SR Wding PR TP S B

the material. tébvﬁ1§'drb§é§eahd' tive like Wﬁeﬁte‘dohitﬁ'ﬁllcoﬁé to rhBRe EiqAd répellenti M
15, wherein the prOV|d|ng step conprises providing a nonwoven material. 24.
The nethod of Thexmaterial, after beingsterilized: y,an pxidizing Iplasmy process; still tefains
material by expo rég #‘ﬁto an oxidizing plasma. 25. The method of Caim
24, wherein tﬂgéﬂ £9 g plasma conprises a hydrogen peroxide plasma. 26.
The nmet hod of Caim 15, wherein the treating step includes treating the
‘material with -a silicone conprising a siloxane or a

pol ydi et hyl si | oxane. 27. The nethod of C aim 15, wherein the silicone
conprises at |east




one ﬂﬁs Hh 5| | oxane, ‘a poI ymet hyjlkphenyl si | oxane and a conbi nation
of an ing. 28. The nethod et~ Claim15, further conprising -
t he a of drying the treated material between the treating -
step e st erilizing I 3QeND ﬂEPELIENﬁ%‘I‘ENILQZA'LfE MAYERMAE' €i n the

treati ng step conprises: transferring an aqueous’ emul sion of silicone or a
solution of silicone in a solvent to an Md roll; renpving excess

enul si on or solutlo fro r ng the .emul sion
or solution fromt h am% ﬁoﬁ %¥0u§4f£ Jﬁnﬂ’%"g %%é'caA'tﬁ&FnBH igsmaking
sterilizing negdogs, aw&s efhdthe Kk isUredted vﬁmmbenégotrhskéitelnﬁnd)?epeuent
prOV|d|ng a gas- perneable mat eri al havin substance conprising a- id

repel | end sili dbsanatesiahafterheing steriized eanwg izing plagmaprosess sﬁl;r ms
instrunents w i‘? r&gg eri;al. 31.. The nmethod of Claim30, additionally
conprising ste he covered nedi cal supplies or i.nstruments by
exposing themto an oxidizing plasma. 32. The nethod of (

the providing step conprises provigding a nateri al made of AﬁEWNTlSHEET
Figure 1 | THI_S SHEET HAS BEEN : -
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33. The nmethod of Caim32, wherein said polyolefin is a polyethylene or a
pol-ypropyl ene. 34. The method of C aim 30, wherein the_praviding step
conprises providing a material having a substance conprlgE €EMENT
pol ydi net hyl si | oxane thereon. 35. The net hig of Claim -t h
providing step conprises providing a subst&bce includipgfa t e of a
%S«%ﬁ%

";5,47?‘;

pol ydi phenyl si | oxane, a pol ynet hyl phenyl si |l oxane, and ajcp f dany
of the foregoing. . F
ABSTRACT

LIQUID REPELLENT STERILIZABLE MATERIAL

Material that is to be used in wrapping medical items or in making
gowns, drapes, and the like is treated with silicone to make it liquid repellent.
The material, after being sterilized by an oxidizing plasma process, still

retains its repellency.

Figure 1




