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STERILIZATION WRAP, APPLICATIONS THEREFOR,
' AND METHOD OF STERILIZING

This application is a continuation-in-part of copending Application Serial No.
08/976,108, which was filed on November 21, 1997 and claimed priority from Provisional
Application Serial No. 60/063,878, filed on October 31, 1997, which applications are
incorporated herein by reference.

Background of the Invention _

The present invention relates to a nonwoven web which may be sterilized. More
specifically, the present invention relates 1o a sterilization wrap.

Sterilization wrap ‘is a barrier material which is impermeable to liquids and
microorganisms, while being permeable to gases. Sterilization wrap typically is
manufactured in roll form and subsequently converted to cut sheets of various sizes as
required by such end users as hospitals, clinics, and other health care providers. In order to

minimize or prevent static buildup during the manufacturing and/or converting processes, an

antistatic agent typically is applied to the wrap early in the manufacturing process. In

' ge_neral, the antistatic agent is dissolved or dispersed in water and the resulting aqueous

medium is applied to the web by any suitable procedure. For example, the aqueous medium
may be applled by spraying, brushing, or dipping and nlpplng

The presence of an antistatic agent on the sterilization wrap also is of benefit durmg
the wrapping process. ltems to be sterilized, such as surgical instruments, typically are
placed in a suitable instrument transport tray and the combination of instruments and tray is
wrapped with, for example, two layers of sterilization wrap .and the top layer is taped to
provide a sealing relationship. Thus, the first wrapping is closed before the second wrapping
is applied. This procedure is referred to in the art as sequential wrapping. The presence of a '
sfatic charge on the sheets may resuit in°-more than one sheet being picked up at a time,
leading fo inefficiency and sometimes increased cost in the wrapping process. However,
simultaneous wrapping may bé employed and involves wrapping with two sheets of wrap at
the same time. In either case, the wrap is designed to permit the entrance of sterilants such
as steam or ethylene oxide to sterilize the contents while presenting a barrier to the entrance
of contaminants such as bacteria once the sterilization process is complete.
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Antistatic agents are, of course, well known in the art. One commercially available.
antistatic agent which has been used extensively in the past is a mixture of dipotassium
butyl phosphate and potassium dibutyl phosphate salts. The material is available from
DuPont Chemicals, Wilmington, Delaware, and is described in U.S. Patent No. 3,821,021 to
McMillin as part of a class of antistatic agents. Such class is defined by the formula M,R,.
PO,, where M is selected from the group consisting of lithium, sodium, potassium, and

“ammonium ions, R represents an alkyl group containing 3 to 5 carbon atoms, and n is

selected from the integers 1 and 2. According to the patent, the preferred agents are those
where M represents the potassium ion, and the most highly preferred finish is a mixture of
approximately equimolar quantities of potassium dibutyl phosphate and dipotassium butyl -
phosphate in which the butyl moieties are straight-chain hydrocarbon groups, i.e., n-butyl
groups. : _
When the most highly preferred finish of the above patent is added to a sterilization

- wrap and treated by one of the more recently developed sterilization prooessés which utilize

an oxidizing gas plasma, the wrap may exhibit one or more of several undesirable
characteristics. First, a sharp, acidic odor (referred to hereinafier as a malodor) often is
present in the wrap. The term “malodor” is used herein to mean any odor deemed by those
using the wrap to be unpleasant or objectionable. Second, the barrier property of the wrap,
as measured by hydrohead values, typically is reduced. Third, the antistatic property of the
wrap, as measured by surface resistivity, also is reduced; that is, the surface resistivity of
the wrap after sterilization is higher than the surface resistivity before sterilization.
Accordingly, there is a need for an improved antistatic agent for a sterilization wrap which is

- to be exposed to an oxidizing gas plasma. -

Summary of the Invention

The present invention is grounded in the discovery that replacing a mixture of

" approximately equimolar quantities of potassium dibutyl phosphate and dipotassium butyl

phosphate with an antistatic agent adapted to be free of a malodor after exposure to an
oxidizing gas plasma of a nonwoven web or sterilization wrap coated with the antistatic

" agent successfully reduces or- eliminates malodor. For example, the use of an antistatic

agent which involves one or more salts of mono- and di-C;-alkyl phosphates and/or one or
more salts of B-carbon substituted mono- and dialky! phosphates, both defined hereinafter,



10

15

20

25

30

WO 99/22635 PCT/US98/23071

reduces or eliminates the above-noted undesirable charagteristics when the sterilization -
process involves exposing a sterilization wrap to an oxidizing gas plasma. _
Thus, the present invention addresses some of the difficulties and problems

" discussed above by providing a method of preparing a sterilized nonwoven web. The

method includes providing a nonwoven web; coating the nonwoven web with from about
0.005 to about 3 percent by weight, based on the weight of the web, of an antistatic agent;
and exposing the coated nonwoven web to an oxidizing gas plasma. The antistatic agent is
adapted to be free of malodors after exposure of the coated nonwoven _wéb. The antistaﬁc
agent may be further adapted to provide a sterilized nonwoven web having a hydrohead
value as measured by Method 5514 of Federal Test Method Standard No. 191A which is at
least 50 percent of the hydrohead value of the coated nonwoven web before exposure to
the oxidizing gas plasma. The antistatic agent also may be adapted to provide a sterilized

nonwoven web having a surface resistivity in ohms which is lower than the surface resistivity

in ohms of the coated nonwoven web before exposure of the coated nonwoven web to the
oxidizing gas plasma. - '
By way of example, the antistatic agent may be an alkali metal or ammonium salt of

‘a mono- or di-Cy-alkyl phosphate in which the C;-alkyl moiety is an alky! group containing .

three carbon atoms optionally substituted with hydroxy groups. Desirable members of this

'group are the alkali metal and ammonium salts of propyl phosphate, dipropyl phosphate,
~ isopropyl phosphate, and diisopropyl phosphate, or mixtures of two or more of the foregoing.

For example, such ‘salt may be a potassium salt. , _
As another example, the antistatic agent may be an alkali metal or ammonium sait of

- a p-carbon substituted alkyl phosphate, a di(B-carbon substituted alkyl) phosphate, or a-

mixture of two or more of the foregoing. The p-carbon substituted alkyl group in general-may
contain from four to about seven carbon atoms. Desirable members of this group are the

alkali metal and ammonium salts of isobutyl phosphate, diisobutyl phosphate, and mixtures

of the foregoing. For example, such salt may be a potassium salt.

Also by way of example, the nonwoven web may be a meitblown web. As another
example, the meltblown web may be a component -of a laminate. For example, the
meltblown web may be between and bonded to two spunbond webs.

The present invention further provides a sterilization wrap which includes a gas-
permeable, water-impermeable nonwoven web coated with from abdut 0.005 to about 3
percent by weight, based on the weight of the web, of an antistatic agent. The antistatic

agent is adapted, after exposure of the coated water-impermeable nonwoven web to an
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oxidizing gas plasma, to be free of malodors and fo have a hydrohead value as measured
by Method 5514 of Federal Test Method Standard No. 191A which is at least 50 percent of
the hydrohead value of the coated water-impermeable nonwoven web before exposure fo
the oxidizing gas plasma. The antistatic agent in general may be that described
hereinbefore. " | o

By way of example, the nonwoven web may be a meltblown. web. As another -
éxaniplé, the meltblown web may be a component of a laminate. As still another example,

'the meltblown web may be between and bonded to two spunbond webs. -

. The present invention additionally provides a barrier fabric, a sterilization wrap, and a
surgical garment, each composed of the fibrous sheet-like material described hereinabove.

The present invention still further provides a medical procedure pack which includes

a fiuid permeable container having an exterior and an interior, one or more items to be

sterilized which are present in the interior of the container, and one or more layers of

sterilization wrap surrounding the exterior of the container in a sealing relationship. The

sterilization wrap includes a gas-permeable, water-impermeable nonwoven web coated with

" from about 0.005 to about 3 percent by weight, based on the weight of the web, of an

antistatic agent, wherein the antistatic agent is adapted, after exposure of the coated water-

o impermeable nonwoven web to an oxidizing gas plasma, to be free of a malodor and to

provide a nonwoven web having a hydrohead value as measured by Method 5514 of
Federal Test Method Standard No. 191A after exposure to the oxidizing gas plasma which is
at least 50 percent of the hydrohead value of the coated water-impermeable nonwoven web -
before exposure to thé'oxidizing gas plasma. The antistatic agent may be further adapted to

have a-surface resistiVity in ohms which is lower than the surface resistivity in ohms of the . .

coated. water-impermeable nonwoven web before exposure to the oxidizing gas plasma.
The antistatic agent and the nonwoven web are as described hereinbefore. -

In a variation of the medical procedure pack described above, a container having an
exterior and an interior may have one or more items to be sterilized present in the interior of
the container, in which at least a portion of the container comprises the gas-permeable,
water-impermeable nonwoven web described earlier. _

Finally, the present invention provides a method of manufacturing a nonwoven web -

" ‘adapted to be sterilized by exposure to an oxidizing gas plasma. The method involves |

providing a nonwoven web and coating the nonwoven web with from about 0.005 to about 3
percent by weight, based on the weight of the web, of an antistatic agent. The antistatic

* ‘agent is adapted to be free of a malodor after exposufe of the coated nonwoven web to the

-4-



10

15

20

25

30

WO 99/22635 : PCT/US98/23071

oxidizing gas plasma. The antistatic agent may be further adapted to provide a sterilized'
nonwoven web having a hydrohead value as measured by Method 5514 of Federal Test
Method Standard No. 191A which is at-least 50 percent of the hydrohead value of the

.coated nonwoven web before exposure to the oxidizing gas plasma. The antistatic agent
. and the nonwoven web are as described hereinbefore.

Brief Description of the Drawings

FIG. 1 is a plot of the surface tension of water, in 10° Newtons per meter, which
contains various amounts of each of three antistatic agents, two of which are ahtistaﬁc
agents of the present invention.

FIG. 2 is a plot of the hydrohead values, in Newtons per square meter, of nonwoven
fabrics treated with either of the two antistatic agents employed in FIG. 1 and sterilized with
an oxidizing gas plasma in accordance with the present invention, versus the location of the
fabric in the sterilization chamber. _ _ .

FIG. 3 is a plot of the surface resistivity values, in ohms per square inch (ohms per

- 6.45 square centimeters or-cm?) of nonwoven fabrics treated with either of the two antistatic
“agents employed in FIG. 1 and sterilized with an bxidizin_g gas plasma in accordance with
" the present invention, versus the location of the fabric in the sterilization chamber.

Detailed Description of the invention

As used herein, the term “antistatic agent” refers to a material or a mixture of two or

.. more materials which, when applied to the surfaces of the fibers of which a nonwoven web

is composed, aid in the dissipation of static charges from the surfaces of the fibers. Thus, an
antistatic agent increases the electrical conductivity of the fibers, and, as a consequence,
the electrical conductivity of the nonwoven web. , _ _

As used herein, the term “coating” refers to the coating of the surfaces of fibers or

films with the antistatic agent, and/or locating the antistatic agent at fiber-fiber interstices

-and/or bond points. The coating of ali of the fibers of which a nonwoven web is composed is

not necessarily required for all applications. In order to impart antistatic characteristics to a
nonwoven web, it may be sufficient to coat only those fibers which constitute a surface of
the web.
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The term “alkali metal” as used herein means the metals of Group la of the Periodic .'
Table of the Elements, e.g., lithium, sodium, potassium, rubidium,’ and cesium, with the first
three metals of the ser_les having the mast practical utility. ' o

The term “hydrohead value” is the value obtained in accordance with Method 5514

- of Federal Test Method Standard No. 191A. The hydrohead value is reported hereih as

Newtons per square meter.

As used herein, “surface resistivity” means the surface resistivity as determined in
accordance with AATCC Test Method 76:1972 (see also U.S. Patent No. 4,041,203, infra).
Such resistivity is reported as ochms per square inch or simply ohms per square. The test
utilizes a Model 610C Electrometer (Keithley Instruments Inc., Cleveland, Ohio 44139) and
a Model 240A high DC voltage supply (Keithley Instruments Inc.). Test samples are
equilibrated at 23°C and 50 percent relative humidity for 24 hours.

The terms “phosphate,” “phosphate ester,” “alkyl phosphate," and similar terms, in
both the singular and the plural, refer to alkyl esters of orthophosphoric acid (commonly
called'_ph.osphoric acid), H,P0,. Because phosphoric acid is a tribasic PY acid, mono-, di-,
and triesters are possible. The mono- and diesters may exist in either acid or salt form: In
fact, diesters are strongly acidic and are bompletely in the anionic (ionized) form ét normal

. pH values.

As used herein in relation to one or more layers of sterilization wrap surrounding

items to be sterilized or a container in which such items are located, the term “sealing

relationship” means that each layer is taped or otherwise closed or sealed in order to
preserve the barrier properties of each layer.

The term “nonwoven web” is used herein to mean a web having a structure of = .

individual fibers which are interiaid in a generally random manner, not in an identifiable .
manner as in a knitted fabric, and is intended tfo include any nonwoven web. For example,
the term includes those prepared by the well-known melt-extrusion processes as
meitblowing, coforming, and spunbonding. Such processes are exemplified by the following
references, each of which is incorporated herein by reference: _

(@) meitblowing references include, by way of example, U.S. Patent Nos.
3,016,599 to R. W. Perry; Jr., 3,704,198 to J.'S. Prentice, 3,755,527 to J. P. Keller et al.,
3,849,241 to R. R. Butin et al., 3,978,185 to R. R. Butin et al., and 4,663,220 to T. J.
Wisneski et al. See, also, V. A. Wente, "Superfine Thermoplastic Fibers", Industrial and
Engineering Chemistry, Vol. 48, No. 8, pp. 1342-1346 (1956); V. A. Wente et al., "Manufac-
ture of Superfine Organic Fibers", Navy Research Laboratory, Washington, D.C., NRL
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Report 4364 (111437), dated May 25, 1954, United States Department of Commerce, Ofﬁce'
of Technical Services; and Robert R. Butin and Dwight T. Lohkamp, "Melt Biowing - A One-
Step Web Process for New Nonwoven Products”, Journal of the Technical Association of
the Pulp and Paper Industry, Vol. 56, No.4, pp. 74-77 (1973); |
() coforming references (i.e., references disclosing a meltblowing process in
which fibers or particles are commingled with the meltblown fibers as they are formed)
include U.S. Patent Nos. 4,100,324 to R. A. Anderson et al. and 4,118,531 to E. R. Hauser;
and _
(c) spunbonding references include, among others, U.S. Patent Nos. 3,341,394
to Kinney, 3,655,862 to Dorschner et al., 3,692,618 to Dorschner et al., 3,705,068 to Dobo
et al., 3,802,817 to Matsuki et al., 3,853,651 to Porte, 4,064,605 to Akiyama et al.,

4,091,140 to Harmon, 4,100,319 to Schwartz, 4,340,563 to Appel and Morman, 4,405,297

to Appel and Morman, 4,434,204 to Hért_man et al., 4,627,811 to Greiser and Wagner, and
4,644,045 to Fowells. :

Other methods for preparing nonwoven webs are known and may be employed. For

-example, the term also includes nonwoven webs prepared from relatively short fibers to

form a web or sheet. Methods employed to prepare such webs include air laying, wet layihg,
carding, and the like. In some cases, it may be either desirable or necessary to stabilize the
nonwoven web by known means, such as thermal pattern bonding (i.e., pattern bonding by
the application of heat and pressure), through-air bonding, and hydrpenfangling.

The phrase “pattern bonding by the application of heat and pressure” means any
process by which a nonwoven web is passed through a nip formed by a pair of_ 6pposed

rolls. Either or both rolls may have a regular or irregular surface pattern of continuous lands
-and grooves or isolated (discontinuous) projections. For example, the nonwoven web may

be pattern bonded by the application of heat and pressure in the ranges of from about 80°C
to about 180°C and from about 150 to about 1,000 pounds per linear inch (from about 59
kg/cm to about 178 kglcrh), respectively, employing a pattern with from about 10 to about

- 1,000 bond regions/inch? (from about 1 to about 155 bond regions/cm?) covering from about

5 to about 50 percent of the web surface area. Representative of known pattern bonding
procedures are, by way of example only, U. S. Design Patent No. 239,566 to Vogt, U.S.
Design Patent No. 264,512 to Rogers, U.S. Patent No. 3,855,046 to Hansen et al., and U.S.
Patent No. 4,493,868 to Meitner. . _ _ '.

The term “synthetic polymer fibers” is used herein to mean fibers composed of any
synthetic, usually thermoplastic, polymer which may be used to prepare nonwoven webs.
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' Examples of thermoplastic synthetic polymers include, by way of illustration only, end-.

capped polyacetals, such as poly(oxymethylene) or polyformaldehyde, poly(tri-chloroacet-

aldehyde), poly(n-valeraldehyde), poly(acetaldehyde), and poly(propionaldehyde); acrylic

polymers, such as polyacrylamide, poly(acrylic acid), poly(methacrylic acid), poly(ethyl

~ acrylate), and poly(methyl methacrylate); fluorocarbon polymers, such as poly(tetrafluoro- -

ethylene), perfluorinated 'ethylene.propylene copolymers, ethylene-tetrafluoroethylene
copolymers, poly(chlorotrifluoroethylene), ethylene-chiorotrifiuoro-ethylene  copolymers,
poly(vinylidene fluoride), and poly(vinyl fluoride); polyamides, such as poly(6-aminocaproic
acid) or pdly(e-caprolactam), poly(hexamethylene adipamide), poly(hexamethylene sebaca-
mide), and poly(11-amino-unde@noic acid); polyaramides, such as poly(imino-1,3~
phenylene-iminoisophthaloyl) or poly(m-phenylene isophthalamide); parylenes, such as
poly-p-xylylene and poly-(chloro-p-xylylene); polyaryl ethers, such as poly(oxy-2,6-dimethyl-
1.4-phenylene) or poly(p-phenylene oxide); polyaryl sulfones, such as poly(oxy-1,4-
phenylenesulfonyl-1,4-phenyleneoxy-1,4-phenylene-iso-propylidene-1,4-phenylene) and po-

' ly(sulfonyl-1,4-phenyleneoxy-1,4-phenylenesulfonyl-4 4"-biphenylene), and the like;
' polycarbonates, such as poly(bisphenol A) carbonate or poly(carbonyldioxy-1.4-phenyi-

eneiso-propylidene-1,4-phenylene); poly-esters, such as poly(ethylene terephthalate),
poly(tetramethylene terephthalate) and poly(cyclohexylene-1,4-dimethylene - terephthalate)
or poly(oxymethylene-1,4-cyclohexyl-enemethyleneoxy-terephthaloyl); poly-aryl sulfides,
such as poly(p-phenylene sulfide) or poly(thio-1,4-phenylene); polyimides, such as
poly(pyromellitimido-1,4-phenylene); polyolefins, such as polyethylene, polypropylene,
poly(1-butene). poly(2-butené), poly(1-pentene), po‘ly_(2-pentene), poly(3-methyl-1-pentene),
and poly(4-methyl-1-pentene); vinyl polymers, such as poly(viny! acetate), poly(vinylidene
chloride), and poly{vinyl chloride); diene: polymers, such as 1,2-poly-1,3-butadiene, 1,4-poly-
1,3-butadiene, polyisoprene, and polychloro-prene;- polystyrenes; and copolymers of the -
foregoing, such as acrylonitrile-butadiene-styrene (ABS) copolymers.

Desirably, the nonwoven web will be prepared from a synthetic polyoleﬂn In general, .
the term "thermoplastic polyolefin” is used herein to mean any thermoplastic polyolefin
which . can be used for the preparation of nonwoven webs. Examples of thermoplastic
polyolefins include polyethylene, polypropylene, - poly(1-butene), poly(2-butene), poly(1-
pentene), poly(2-pentene), poly(3-methyi-1-pentene), poly(4-methyl-1-pentene), and the
like. In addition, such term is meant to include blends of two or more polyolefins and random
and block copolymers prepared from two or more different unsaturated monomers. Because
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of their commercial importance, the more desired polyolefins are polyethylene and poly--
propylene. _ o :
As stated earlier, the method of the present invention includes providing a nonwoven

. web; coating the nonwoven web with from about 0.005 to about 3 percent by weight, based

on the weight of the web, of an antistatic agent; and exposing the coated nonwoven web to
an oxidizing. gas plasma. The antistatic agent is adapted to be free of malodors after

- exposure of the coated nonwoven web. The antistatic agent may be further adapted to

provide a sterilized nonwoven web having a hydrohead value as measured by Method 5514

- of Federal Test Method Standard No. 191A which is at least 50 percent of the hydrohead

value of the coated nonwoven web before exposure to the oxidizing gas plasma. The
antistatic agent also may be adapted to provide a sterilized nonwoven web having a surface
resistivity in ohms which is lower than the surface resistivity in ohms of the coated nonwoven
web before exposure of the coated nonwoven web to the oxidizing gas plasmé;

The antistatic agents of the present invention are best exemplified by two types of
compounds. The first type includes alkali metal or ammonium salts of monb— and di-C,-alkyl
phosphates in which the Cs-alkyl moiety is an alkyl group containing three carbon atoms
optionally substituted with hydroxy groups. Stated differently, the first group is ,oompoéed of
mono- and diesters of phosphoric acid with alcohols, diols, and'triols containing three carbon

“atoms. Examples of such alcohols, diols, and triols include propyl aIc_ohbl (or n-propyl
_ alcohol), isopropy! _alc_oho! (or 2-hydroxypropane), | propylene glycol (or 1,2-.

dihydroxypropane), trimethylene giycol (or 1,3-dihy_droxypropane). and glycerol (or 1,2,3-

- trihydroxypropane). Accordingly, the ester portions of the first type of antistatic agents are

propyl or isopropyl (i.e., 2-propyl) groups, optionally substituted with one or two hydroxy

- groups. More particularly, the antistatic agents of the present invention include the alkali

metal or ammonium salts of a propyl ester of phosphoric acid, or propyl phosphate; a
dipropy! ester of phosphoric acid, or dipropyl phosphate; an isopropyl ester of phosphoric.
acid, or isopropyl phosphate; a -diisopropyl ester of phosphoric acid, _'or diisopropyl

- phosphate; a 2-hydroxypropyl ester of phosphoric acid, or 2-hydroxypropyl phosphate; a

di(2-hydroxypropyl) ester-of phosphoric acid, or di(2-hydroxypropyl) phosphate; a 1-hydroxy-
2-propyl ester of phosphoric acid, or 1-hydroxy-2-propy! phosphate; a di(1-hydroxy-2-propyl)

- ester of phosphoric acid, or di(1-hydroxy-2-propyl) phosphate; a 3-hydroxypropyl ester of

phosphoric acid, or 3-hydroxypropyl phosphate; a di(3-hydroxypropyl) ester of phosphoric
acid, or di(3-hydroxypropyl) phosphate; a 2,3-dihydroxypropy! ester of phosphoric acid, or
2,3-dihydroxypropyl phosphate; a bis(2,3-dihydroxypropyl) ester of phosphoric acid, or

0-
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bis(2,3-dihydroxypropyl) phosphate; a 1,3-dihydroxy-2-propyl ester of phosphoric acid, of
1,3-dihydroxy-2-propyl phosphate; a bis(1 .3-dihydroxy-2-propyl) ester of phosphoric acid, or
bis(1,3-dihydroxy-2-propyl) phosphate; and mixtures of two or more of the foregoing.

By way of example, the antistatic agent may be a mixture of alkali metal or
ammonium salts of propy! phosphate and dipropyl phosphate. For example, the salts may

' be potassium salts. Also by way of example, the antistatic agent may be a mixture of alkali

metal or ammonium salts of isopropyl phosphate and diisopropyl phosphate. Again by way
of example, the salts may be potassium salts. _

The second type of compounds which exemplify the antistatic agents of the present
invention include alkali metal or ammonium salts of B-carbon substituted alkyl phosphates,
di(B-cafbon substituted alkyl) phosphates, or mixtures of two or more of the foregoing. The
B-carbon substituted alkyl group in general may contain from four to about seven carbon
atoms. The term “B-carbon” refers, in accordance with common practice, to the carbon atom-
immediately adjacent to the carbon atom which is covalently bonded to a phosphate oxygen
atom. The B-carbon may have either one or two substitutents. As used herein, the term

preventing malodor when the antistatic agent is present on a web or sterilization wrap which.

is sterilized in an oxudlzmg gas plasma. Examples of suitable substituents' mclude without

| limitation, such groups as methyl and ethyl; hydroxymethyl; and the like.

Examples of phosphates encompassed by the second type of compounds include,
by way of illustration only, alkali metal or ammonium salts of an isobutyl ester of phosphoric
acid, or isobutyl phosphate; a diisobutyl ester of phasphoric acid, or diisobutyl phosphate;

‘pentaerythritol mono- and diesters of ' phosphoric acid, or 3-hydroxy-2,2-
~ bis(hydroxymethyl)propyl phosphate and  bis[3-hydroxy-2,2-bis(hydroxy-methyl)propyi]
-phosphate; 2-methyl-1-butyl phosphate; di(2-methyl-1-butyi) phosphate; 2,2-dimethyl-1-butyl

phosphate; bis(2,2-dimethyl-1-butyl) phosphate; 2,3-dimethyl-1-butyl phosphate; - bis(2,3-
diméthy|-1-butyl) phosphate; 2-ethyl-1-butyl phosphate; di(2-ethyl-1-butyl) phosphate; 2-

" methyl-1-pentyl' phosphate; di(2-methyl-1-pentyl) phosphate; 2,2-dimethyl-1-pentyl

phosphate; 'bis(2,2-dimethy|-1-pentyl) phosphate; 2,3-dimethyl-1-pentyl phosphate;. bis(2,3-
dirhethyl-1 -pentyl) phosphate; and the like; and mixtures of two or more of the foregoing.
By way of example, the antistatic agent may be a mixture of the alkali metal or

-ammonium salts of isobuty! phosphate and diisobutyl phosphate. By way of example, the
salts may be potassium salts.

-10-
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- In general, the nonwoven web may be any nonwoven web substantially oomposed'
of synthetic polymer fibers. For example, the nonwoven web may be a meltblown web. As
another example, the meltblown web may be a component of a laminate. For example, the
nonwoven web may include a first layer which is a nonwoven: web composed of synthetic
polymer fibers and a second layer, adjacent to the first layer in laminar surface-to-surface
relationship, which is a nonwoven web ¢omposed of synthétic polymer ﬂb_ers. As another
example, the nonwoven web may include a first layer having a ﬂrst side and a second side,
a second layer adjacent to the first side of the__ﬂrs't layer in laminar surface-to-surface
relationship, and a third layer adjacent to the second side of the first layer in laminar surface-
to-surface relationship. Each nonwoven web typically will be. substantially composed of
synthetic -polymer fibers. For example, the synthetic polymer fibers of which the first,
second, and third layers are composed may be polyolefin fibers. For exar_nplé, the polyolefin
fibers may be polyethylene fibers, polypropylene fibers, or a o_ombin_ation thereof. The first
layer may be a meltblown web and each of the second and third layers may be a
spunbonded web. The taminate or any layer of combination of layers may be pattern Ibonded
by the application of heat and pressure. Laminates also include one or more nonwoven web
layers with one or more film layers. _ | |

The two-layered and three-layered laminates described above are known in the art
and. often are referred to as SM and SMS fabrics, respectively. See,_for example, U.S. .
Patent No. 4,041,203 to Brock et al., which patent is incorporated heréin by reference inits .
entirety. ' , ' _ ) |

Coating in general may be accomplished by any means known to those having
ordinary skill in the art. By way of example, such means include, but are not limited to,
dipping and nipping, doctor blading, brushing, spraying, and direct and _offsét gravure
printing or coating. |

The present invention further provides a fibrous sheet-like material which includes a
gas-permeable, water-impermeable nonwoven web coated with from about 0.005 to about 3

percent by weight, based on the weight of the web, of an antistatic agent. The antistatic -

“agent is adapted, after exposure of the coated water-impermeable nonwoven web to an

oxidizing gas plasma, to be free of malodors and to have a hydrohead value as measured
by Method 5514 of Federal Test Method Standard No. 191A which is at least 50 percent of
the hydrohead value of the coated water-impermeable nonwoven wéb .before exposure to
the oxidizing gas plasma. The antistatic agent in general may be that described
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hereinbefore. The sterilization wrap may be a nonwoven web or a laminate, also as-
described hereinbefore. '
The presehf invention additionally provides a barrief fabric, a sterilization wrap, and a
surgical garment, each composed of the fibrous sheet-like material described hereinabove.
The present'inv.enﬁon still further provides a medical procedure paék which includes

" one or more items to be sterilized and one or more layers of sterilization wrap surrounding

the one or more items to be sterilized in a sealing relationship. The medical procedure pack

may further include a fluid permeable container having an exterior and an interior, with the

one or more items to be sterilized being present in the interior of the container. The
sterilization wrap includes a gas-permeable, water-impermeable nonwoven web coated with
from about 0.005 to about 3 percent by weight, based on the weight of the web, of an
antistatic agent, wherein the antistatic agent is adapted, after exposure of the coated water-
impermeable nonwoven web to an oxidizing gas plasma, to be free of a malodor and to
provide a nonwoven web having a hydrohead value as measured by Method 5514 of
Federal Test Method Standard No. 191A after exposure to the oxidizing gas plasma which is .
at least 50 percent of the hydrohead value of the coated water-impermeable nonwoven web
before exposure to the oxidizing gas plasma. The antistatic agent may be further adapted to
have a surface resistivity in ohms which is lower than the surface resistivity in ohms of the
coated water-impermeable nonwoven web before exposure to the oxidizing gas plasma.

~ The antistatic agent and the nonwoven web are as described hereinbefore.

In a variation of the medical procedure pack described above, a container having an
exterior and an interior may have one or more items to be sterilized present in the interior of
the container, in which at least a portion of the container comprises the gas-permeable,
water-impermeable nonwoven web described eariier. Such container often is referred to in
the art as a peel pouch, one side of which is the foregoing nonwoven web. The container

" typically contains a single item to be sterilized.

Finally, the present invention provides a method of manufacturing a nonwoven web
adapted to be sterilized by exposure to an oxidizing gas plasma. The method involves

‘providing a nonwoven web and coating the nonwoven web with from about 0.005 to about 3

percent by weight, based on the weight of the web, of an antistatic agent. The antistatic
agent is adapted to be free of a malodor after exposure of the coated nonwoven web to the
oxidizing gas plasma. The antistatic agent may be further adapted to provide a sterilized
nonwoven web having a hydrohead value as measured by Method 5514 of Federal Test
Method Standard No. 191A which is at least 50 percent of the hydrohead value of the
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coated nonwoven web before- exposure to the oxidizing gas plasma. The antistatic agent
and the nonwoven web are as described hereinbefore. _
The present invention is further described by the examples which follow. Such

examples, however, are not to be construed as limiting in any way either the spirit or the

- scope of the present invention.

Example 1

A thermally bonded laminate of a spunbond-meltblown-spunbond (SMS) fabric
was prepared essentially as descn'bed_. in U.S. Patent No. 4,041,203, infra. The SMS
fabric had a basis weight of 48 grams per square meter or gsm. The SMS fabric was
treated with antistatic agents by the dip and squeeze method described in U.S. Patent No.
4,041,203. Three different antistatic agents were used: (1) Antistatic Agent A, which was
supplied as an approximately 50 percent by weight solution of dipotassium butyl
phosphate and potassium dibutyl phosphate in approximately equimolar amounts (Zelec
KC, Du Pont Chemicals, Wilmington, Delaware 19898); (2) Antistatic Agent B, which was
supplied as an approximately 50 percent by weight solution of dipotassium propyl
phosphate and potassium dipropyl phosphate in épproximately equimolar amounts (Du
Pont Chemicals); and (3) Antistatic Agent C, which was supplied as an approximately 50
percent by weight solution of dipotassium isopropyl phosphate and potassium diisopropyl

~ phosphate in approximately equimolar amounts (Du Pont Chemicals)

Two levels of each of Antistatic Agents A and B were applied to the fabric: (1) 0.1
percent by weight, and (2) 0.3 percent by weight. For a target level of 0.1 percent by
weight of antistatic agent on the fabric; the treatment solution was obtained by diluting the
solution as supplied with hexano! and deionized water to give a concentration of antistatic
agent and hexanol in the treatment solution of 0.22 percent by weight and 0.55 percent by
weight, respectively. The second target level of 0.3 percent by weight was obtained in a
similar manner, except that the final concentrations of antistatic agent and hexanol were
0.67 percent by weight and 0.55 péré:ehi by weight, respectively. Antistatic Agent C was
applied at a target level of 0.2 percent by weight, with the concentrations of antistafic
agent and hexanol in the treatment solution being 0.20 percent by weight and 0.55
percent by weight, respectively. in each case, the working volume was 8 liters.

Each antistatic agent was topically applied to the fabric by passing the fabric at a
speed of 40 feet per minute (about 20 centimeters per second) into the treatment solution

13-
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and through a nib set at a pressure of 60 bsi. The wet fabric then was dried by passing it |
sequentially over a series of six steam cans set at a temperature of about 113°C. A
sample of fabric was removed immediately after the nip in order to measure wet pickup on
the fabric and calculate the percent add-on level of the antistatic agent on a dry weight
basis.

The antistatic properties of the treated fabrics were determined by the surface
resistivity test. Five replicates were measured and an average value caiculated. The

‘effectiveness of the fabrics as a barrier to liquids was determined by the hydrohead test

already described. Five replicates of this test also were taken and averaged. The treated
fabrics are summarized in Table 1 and the resuits are summarized in Table 2; in Table 1,
the three antistatic agents are represented by the letters A, B, and C.

Table 1
Summary of Treated Fabrics

25 e j\égfwﬁ

11 | None _ | Noné
2 | o1 A
13 035 A
14 | o B
15 | 034 | - B
1-6 0.20 c

*Add-on as percent by weight, based
fabric weight. '
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~ _Table2
Surface Resistivity and Hydrohead Data

Sample Aée‘_ | Ratio® Value® .Hydroliead"
1-1 7 | o5 | 510 —
14 o5 | >10M —
12 | 7 o/ > 10 pres
14 5/5 10° —
3 | 7 | ws | 100 1930
14 5/5 108 : =
1-4 7 | s o —
2 | o5 | >10v | —
-5 7 4/5 10 3950
14 | 85 10% _
1-6 7 | s 1o o

2Age of the sample at the time of testing, in days.

®Pass ratio, the number of samples passing/number of
samples tested. Samples were considered to have
passed when the surface resistivity was less than 10"
ohms. Values of less than 10 ohms represent the
average surface resistivity of samples which passed.

in ohms per square inch (to convert to ochms per cm?,
divide by 6.45).

%n Newtons per square meter.

Upon comparing the data in Table 2 for samples 1-2 through 1-6 to the data for

5 sample 1-1, it is seen that both Antistatic Agents B and C provide acceptable surface

resistivity properties with significantly less reduction of the hydrohead values, unlike
Antistatic Agent A. |

-15-



10

15

20

25

30

WO 99/22635 PCT/US98/23071

Example 2

Several of the various. fabrics produced in Example 1 were sterilized by an
oxidizing gas plasma substantially in accbrdance with U.S. Patent No. 4,643,876 to
Jacobs et al., which pat_ent _is incorporated herein by reference in its entirety. Such
sterilization employed a hydrogen peroxide piasma and a SI'I‘E-.I'RRADTM 100 Sterilization
System (Advanced Sterilization Products, Irvine, California 92718), ihe manufacturer’s
recommended procedures were followed.

Gas chromatography/mass spectrometry (GC/MS) was used to analyze fabrics for
odoriferous chemicals. Samples 1-1, 1-3, and 1-5 from Example 1 (Table 1) were
analyzed before and after exposure to the STERRAD™ gas plasma. During the GC/MS
analysis, about 5 grams of fabric was placed in.a 100 mi sparging tubé and purged with a
stream of helium at room temperature for 15 minutes. The purged volatile chemicals were
identified by the GC/MS technique in accordance with known and accepted procedures.
Table 3 shows a summary of the resulits.

-16-
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Table3
- Summary of GC/MS Data
Sample* Description - - L Sunimary of GCiMS Daﬁ.
1-1 No antistatic agent | No volatile chemicals were detected.
treatment and not
sterilized.
1-1 No antistatic agent | No volatile chemicals were detected.
and STERRAD™ :
sterilized.
1-3 0.35 Percent by 1n afirst trial, small amounts of acetone, hexane,

weight Antistatic methyl! vinyl ketone, and 1-butanol were
AgentA and not | detected. In a second trial, small amounts of
sterilized. acetaldehyde, acetone, dichloromethane, 1-
butanol, and silicone were detected. Chloroform
was represented by the largest peak. The
presence of methyl vinyl ketone was

questionable.
1-3 0.35 Percent by In a first trial, small amounts of acetone, hexane,
weight Antistatic and 1-butanol were detected. There was very
Agent A and large methy! vinyl ketone peak. In a second trial,
STERRAD™ small amounts of acetaldehyde, acetone,
sterilized. ~ | dichloromethane, 1-butanol, and silicone were

detected. Chioroform was represented by a
moderate peak. The largest peak represented
methy! vinyl ketone.

1-5 0.34 Percent by Small amounts of acetaldehyde, 2-propanol,
weight Antistatic acetone, dichloromethane, chloroform, silicone,
Agent B and not and toluene were detected. No methy! vinyl
sterilized. ketone was found.

1-5 0.34 Percent by Small amounts of acetaldehyde, 2-propanol,
weight Antistatic acetone, dichloromethane, and chioroform were

Agent B and found. Silicone was represented by a moderate
STERRAD™ and most intense peak. No methy! vinyl ketone
sterilized. was detected.

: aSample number designations are from Table 1.

The data in Table 3 strongly suggest that methyl vinyl ketone, a chemical with a
5 strong pungent odor (Merck Index), is responsible for the unpleasant odor that was
observed when fabric treated with Antistatic Agent A was exposed to an oxidizing gas

plasma (e.g., the STERRAD™ sterilization procedure).
' -17-
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it may be noted that the observation of an odor associated with the oxidizing gas

plasma sterilization of fabric to which. Antistatic Agent A had been applied may be
concentration dependent. For example, when a commercially available sterilization wrap
to which Antistatic Agent A had been applied at a level of 0.025 percent by weight

(KIMGUARD® ULTRA™, Kimbe_rly-CIark Corporation, Roswell, Georgia 30076) was

sterilized by the STERRAD™ procedure, no volatile 'chemicals_were_ detected.
Example 3

Surféce tension data were collected in an éff_grt_ to explain the unexpected
hydrohead results obtained with the use of Antistatic Agents B and C. The surface tension
of water with various amounts of added Antistatic Agéht A, B, or C was measured with a
Fisher Surface Tensiometer 20 using a platinum-iridium du Nouy ring (Fisher Scientific
Company, Pittsburgh, Penrjlsylvania); For these measurements, about 80 ml of distilled,

deionized water was placed in a 100 ml Pyrex beaker. After an initial surface tension -

measurement was taken, a drop of the antistatic agent .solution-Was added to the water
and the resulting solution was stirred for about 5 minutes. The surface tension of the new
solution then was measured, and the pr_oi:_édure was repeated until completed. Table 4
summarizes the surface tension data for Antistatic Agents A , B, and C.
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* Table4
Summary of Surface Tension Data
| A_ntiéta_tic Agent | Amount in 'Waflt'er‘ Surface Tension®

A 1 ' o 74.8

0.015 ' 67.9

0067 61.4

0.109 - 59.5

1.007 47.6

B o 74
0.024 72..8.

0.078 71.4
0.112 709

1.112 ' | 63.2

c 0o 722

0.028 : 65.8

0.075 718
0.104 . . 724

0990 65.6

’Percént by weight_. _
%in 10° Newtons per meter.

In order to better illustrate the effects of the antistatic agents _oh the surface
tension of water, the data in Table 4 were plotted as fine graphs, shown in FIG. 1. It can
be seen from the surface tension data of Table 4 and FIG. 1 that Antistatic Agents B and
C unexpectedly depress the water surface tension much less than does Antistatic Agent
A. Thus, Antistatic Agents B.and C are less surface active antistatic freatments compared
to Antistatic Agent A.
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Example 4

The fabrics treated with a target level of 0.1 percent by weight Antistatic Agents A
and B (Samples 1-2 and 1-4, respectively), described in Example 1 (Table 1), were
evaluated by the hydrohead and surface resistivity tests after exposure to the
STERRAD™ oxidizing gas plasma treatment. Each fabric was cut into four pieces about
12 inches (about 30 cm) in the cross direction and about 15 inches (about 38 cm) in the
machine direction. Each piece was placed in the STERRAD™ chamber in a different
location, i.e., top front (TF), top back (TB), lower front (LF), and lower back (LB). The
pieces were removed after the STERRAD™ treatment and tested for hydrohead (two
samples of each fabric) and surface resistivity (five samples of each fabrié) as described
in Example 1. The data are summarized in Tables 5 and 6.

Table 5
Hydrohead Data

tic.| " Hydrohead*/Location in Chamber ;.

4-1 A 5180 { 950 | 1200 | 780 680
4-2 B 5800 | 4350 | 3850 | 1080 2980

‘| *In Newtons per square meter.

Table 6
. Surface Resistivity Data

Sistivity"/Location in Chamber

| el a8
41 A | 1o | 100 | 10° | 10° | 10"
42 | B | >10% | 10m | 107 | 100 | 10®

%in ohms per square inch (to convert to ohms per cm?, divide by 6.45).
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In order to better illustrate the effect of Iowtion within the sterilization chamber and
differences between the two antlstatlc agents studled the data in Tables 5 and 6 were
plotted as line graphs, shown in FIGS 2 and 3, respectrvely Tables 5 and 6 and FIGS. 2
and 3 suggest the following t_:onclus_lons
o Fabric treated with Antistatic Agent A had a surface resletivity which was well below
the fail limit of 10* ohms per squareinch. |

« Fabric treated with Antistatic Agent B had a surface resrsttvrty whlch was sllghtly
above the fail limit.

« _ Fabric treated with Anttstatlc Agent B had a hrgher hydrohead value than fabric treated

~ with Antistatic Agent A

After Sterilizati

« Fabric treated with Antistatic Agent B had lower surface resistivities than fabric treated
with Antistatic Agent A, regardless of the location of the fabric in the sterilization
chamber. | -

e Fabric treated with Antistatic Agent B had higher hydrohead 'values than fabric treated

- with Antistatic Agent A, regardless of the location of the fa_br"i'c in the sterilization

chamber.

e The hydrohead values for fabnc treated with Anttstatlc Agent A were only about 15-20

percent of the hydrohead value for fabnc which had not been sterilized.
* . The hydrohead values for fabric treated with Antistatic Agent B typxcally were greater
than about 50 percent of the h'ydrol\ead value for fabric which had not been sterilized.
« Apparently anomalous results were associated with the lower front of the sterilization
chamber, for reasons as yet unknown. ' |

Example 5

~ The procedure of Example 1 was repeated with additional antistatic agents and
levels of antistatic agents on the fabric The 'antistatic agents. employed were as follows
(1) Antistatic Agent A of Example 1 (2) Antrstatlc Agent D, whlch was supplied as an
approximately 50 percent by weight solution of dupotassmm isobutyl phosphate and
potassium diisobutyl phosphate in approximately equimotar amounts (Polyfix™ N, Schill +
Seilacher GmbH & Co.,_Boblingen. Germany); (3) Antistatic AlgentE, which was supplied
as an approximately 50 percent by weight solution of the d"i'potas_'sium salt of a propylene
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glyool ester of phosphonc acid and the potassnum salt of a propylene glycol diester of
phosphonc acid in approxlmately equnmolar ‘amounts (Quadrastat1rM PPG-50,
Manufacturers Chemical, Cleveland, Tennessee), and (4) Antistatic Agent F, which was
supplied as an approximately 50 percent by weight solution of the dipotassium salt of a
pentaerythntol ester of phosphoric acid and the potass:um salt of a pentaerythritol diester -
of phosphoric acid in a molar ratio of approxtmately 1:3 (QuadrastatTM P4K, Manufacturers
Chemical, Cleveland, Tennessee). Most, if not all, of the antlstatlc agents are known to
also include minor amounts (e.g., up to about 20 mole percent) of the pyrophosphate, as
well as small amounts of the triester and phosphoric acid. It may be noted that the
pyrophosphate, an example of a chain or polyohosohate; contains two phosphorus atoms . -
linked by an oxygen bridge. The pyrophosphate typically also contains two ester groups; .
thus, while not as effective: an antistatic agent as a phosphoric acid diester, the -

_ pyrophosphate is a diester coming within the scope of the present ‘invention. For a

discussion of phosphates and pyrophosphates, see F. Albert Cotton, and Geoffrey -
Wlkinson "Advanced Inorganic Chemistry' A Comprehensive Text,” Fourth Edition, John
Wﬂey&Sons New York, 1980, pp. 472-6. o ' _' _
' Two levels of each antistatic agent were applied to the fabric: (1) 0.01 percent by
Weight, and (2) 0.08 percent by weight. For a target level of 0.01 percent by weight of .
antistatic agent on'the fabric, the treatment soIUtioh.'Was obtained by diluting the solution

‘as supplied with hexanol and deionized water to g_iv_e a concentration of antistatic agent ..

and hexanol in the treatment solution of 0.017 oeroe'ht by weight and 0.55 percent by
weight, respectively. The second target level of 0.08 percent by weight was obtained in a
similar manner, except that the _ﬁrial concentrations of antistatic agent and hexanol were -
0:.133 percent by weight and 0.55 percent by weight, respectively. In each case, the -

- working volume was 8 liters. Each antistatic agent was topically applied to the fabric as .-

described in Example 1. _
The antastatlc properties of the treated fabrics were determined by a static decay

o or charge dlssmatlon test. Five replicates of treated fabric were measured and an average

value calculated. The test conforms to the specifications of INDA Standard Test 40.2-92.
It differs. from Method 4046, Federal Test Methods Standard No. 101C, in the following
ways: (a) the specimen size is 3.5 x 6 inches (about 9 x 15 centimeters), rather than 3 x 5,

“inches (about 8 x 13 centlmeters) (b) samples were tested as received, without aging; (¢)
' samples were conditioned to, and tested in, an atmosphere maintained at a temperature - .

of 23°C and a relative humidity of 50 percent but are not placed in a desiccating chamber
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for 24 hours prior to testing; and (d) ﬁve'sp_ecimens, rather than three, were tested for
each sample. See also the National Fire Prevention Association (NFPA) Standard 99-
1986. It may be noted that the NFPA probedure is idehtical to the Federal Method, except
that NFPA specifies that, prior to testing, specimens should be conditioned for 25 hours or
until equilibrium is reached. The test utilized a calibrated static decay meter, such as
Model SDM 406C or 4060'_' (Electro-Tech Systems Inc., Glenside, Pennsylvania). As in
Example 1, the effectiveness of thé-treated fabrics as a barrier to liquids was determined
by the hydrohead test described earlier. The treated fabrics are summarized in Table 7.
The hydrohead and antistatic data are summarized in Tables 8 and 9, respectively.

Table 7
Summary of Treated Fabrics
. Treatment -
Sam'_ﬁig Add-on"_- Antistatic Agent
5-1 ~ 0.01 A
5-2 0.08 A
53 0.01 D .
54 | 008 D
55 | 0.01 E
56 0.08 E
57 0.01 F
58 0.08 F
*Add-on as percent by weight, based .
on fabric weight. -




WO 99/22635

Table 8
Hydrohead Data
1] Sample -'__Hyilrohead"
5 4700
5-2 4620
5-3 5330
5-4 4800
5-5 5130
5-6 5350
5-7 5830
. 5-8 .6070
%In Newtons per |
square meter.

Table

Antistatic Data

PCT/US98/23071

5-5 -916 916 2,666 0 0.007
5-6 -750 1,083 2,500 0.007 0.013
5-7 2,385 2,000 1,750 0.15 0.25
5-8 1,000 1,833 1,916 0.10 0.02
*n volts
®In seconds
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From Table 2, it is noted that fabric which had not been treated with an antistatic
agent had a hydrohead of 5070 Newtons per squai’e meter (Nm2). Even with the low add-
ons utilized in this example, it is seen from Table 8 that Antistatic Agent A causes a
lowering of the hydrohead, compared to the hydrohead for the untreated fabric. At an add-
on of 0.01 percent, Antistatic Agent D appears to have caused an increase in the
hydrohéad, compared with untreated fabric. At an add-on of 0.08 percent, the lowering of
the hydrohead was iess than the lowering observed with Antistatic Agent A at both add-on
levels studied. The hydrohead results for Antistatic Agents E and F were interesting in that
the materials not only appeare_d to increase hydrohead, but also the increase was directly
proportional to the add-on level. The amount of hydrohead increase was significantly
higher with Antistatic Agent F than with Antistatic Agent E. _ _

Based on the data in Table 9, the antistatic properties of Antistatic Agents A and D
were both similar and acceptable. Overall, the properties of Antistatic Agents E and F
were marginally acceptable at the add-on .levels studied. If the trends observed upon
going to the higher add-on level were maintained at even higher add-on levels, Antistatic
Agents E and F may give good results at the higher iev_els. )

Finally, none of the antistatic agents studied produced a malodor upon sterilizing
the treated fabrics in an oxidiz:ing gas plasma as described in Example 2. . '

Example 6
The procedure of Example 3 was repeated with Antistatic Agents A, D, E, and F. A

fifth antistatic agent, labeled G, also was included. Antistatic Agent G (TLF-8285, DuPont
Chemicals, Wilmington, Delaware) was supplied as an approximafely 50 péroent by weight

solution of dipotassium octyl phosphate and potassium dioctyl phosphate in approximately:
- equimolar amounts. The results are sumamrized in Table 10.
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Table 10
Summary of Surface Tension Data
Antistatic Agent | Amount in Water’ |’ Surface Tension®
A | 0.10 51.4
0.23 44.3
0.44 34.8
0.88 37.3
D : 0,10 46.3
0.23 41
0.44 32
| 0.88 384
E 0.10 69.3
0.23 67
0.44 66.8
0.88 69.7
F ' 0.10 54.5
0.23 54.9
0.4 50.3
0.88 60.3
G - 0.10 28.4
0.23 23.1
0.44 -
0.88 22.8
3Percent by weight.
®In 10° Newtons per meter.
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The data in Table 10 indicate that all of the antistatic agents appear to lower the

surface tension of water below the approximately 72-4 x 10 Newtons per meter for water
alone (see Table 4). Antistatic Agent G was exceptional in this respect; because of the
effectiveness of the material in lowering surface tension, even at low concentrations, the
material was not included in the antistatic studies reported in the preceding example.
Such effectiveness suggested the desirability in having no more than about seven carbon
atoms in the ester portions of the B-carbon substituted mono- and dialkyl phosphates useful
in the present invention. Antistatic Agent D was roughly comparable to Antistatic Agent A
with respect to the lowering of the surface tension values, yet did not lower hydrohead as
much as did Antistatic Agent A (see Table 8). While Antistatic Agents E and F appeared
to have a lowering effect on surface tension, such effect seemed to be independent of the
concentration of the agent in solution; this was particularly true for Antistatic Agent E.
While the specification has been described in detail with respect to specific
embodiments thereof, it will be appreciated by those skilled in the art, upon attaining an

understanding of the foregoing, may readily conceive of alterations to, variations of, and

equivalents to these embodiments. Accordingly, the scope of the present invention should
be assessed as that of the appended claims and any equivalents thereto.
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worrcneos. VLGN |
1. A method of preparing a sterilized nonwoven web, the method comprising:

providing a nonwoven web;

coating the nonwoven web with:from ‘about 0.005 to about 3 percent by weight,
based on the weight of the web, of an antistatic agent; and

éxposing the coated nonwoven web to an oxidizing gas plasma;
wherein the antistatic agent is adapted to be free of a malodor after exposure of the coated
nonwoven web to the oxidizing gas plasma.

2, The method of Claim 1, in which the antistatic agent is further adapted to
provide a sterilized nonwoven web having a hydrohead valuie as measured by Method 5514
of Federal Test Method Standard No. 191A which is at least 50 percent of the hydrohead
value of the coated nonwoven web before exposure to the oxidizing gas plasma.

3. The method of Claim 1, in which the antistatic agent is further adapted to
provide a sterilized nonwoven web having a surface resistivity in ohms which is fower than
the surface resistivity in ohms of the coated nonwoven web before exposure of the coated
nonwoven web to the oxidizing gas plasma.

4, The method of Claim 1, in which the antistatic agent is an alkali metal or
ammonium salt of a mono- and di-Cs-alkyl phosphate in which the C;-alkyl moiety is an alky!
group containing three carbon atoms optionally substituted with hydroxy groups, or a
mixture of two or more of such salts.

5. The method of Claim 4, in which the antistatic agent is an alkali metal or
ammonium salt of propyl phosphate, dipropyl phosphate, isopropyl phosphate, diisopropy!
phosphate, or a mixture of two or more of the foregoing.

6. The method of Claim 5, in which the salt is a potassium salt.

7. The method of Claim 1, in which the antistatic agent is an alkali metal or
ammonium salt of a B-carbon substituted alkyl phosphate, a di{B-carbon substituted alkyl)
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phbsphate, or a mixture of two or more of the foregoing, wherein the B-carbon substituted

alkyt group contains from four to about seven carbon atoms.

8. The method of Claim 7, in which the antistatic agent is an alkali metal or
ammonium salt of isobutyl phosphate, diisobutyt phosphate, or a mixture thereof.

0, The method of Claim 8, in which the salt is a potassium salt.

- 10. " The method of Claim 1, in which the oxidizing gas plasma comprises a
hydrogen peroxide gas plasma. '

1. The method of Claim 1, in which the nonwoven web is a meltbiown web.

12.  The method of Claim 11, in which the meltblown web is a component of a
laminate. '

13. The method of Claim 12, in which the meltblown web is between and bonded
to two spunbond webs.

14. A fibrous sheet-like material comprising:

a gas-permeable. water-impermeable nonwoven web coated with from about 0.005
to about 3 percent by weight, based on the weight of the web, of an antistatic agent;
wherein the antistatic agent is adapted, after exposure of the coated water-impermeable

" nonwoven web to an oxidizing gas plasma:

to be free of a malodor; and

to provide a nonwoven web having a hydrohead value as measured by Method 5514

. of Federal Test Method Standard No. 191A after exposure to the oxidizing gas plasma

which is at least 50 percent of the hydrohead value of the coated water-impermeable
nonwoven web before exposure to the oxidizing gas plasma.

45. A barrier fabric comprising the fibrous sheet-like material of Claim 14.

16. A sterilization wrap comprising the fibrous sheet-like material of Claim 14.

-29-



10

15

20

25

30

TR !llLI -

17. A surgical garment comprising the fibrous sheet-like material of Claim 14.

wo 99/22635 PCT/US98/23071

18. A medical prooedure pack comprising:

a fluid permeable container having an exterior and an interior;

one or more items to be sterilized which are present in the interior of the container;
and o

one or more layers of sterilization wrap surrounding:the exterior of the container in a
sealing relationship;
in which the sterilization wrap comprises a gas-permeable, water-impermeable nonwoven
web coated with from about 0.005 to about 3-percent by weight, based on the weight of the
web, of an antistatic agent, wherein the antistatic agent is adapted, after exposure of the

.coated water-impermeable nonwoven web fo an oxidizing gas plasma:

to be free of a malodor; and

to provide a nonwoven web having a hydrohead value as measured by Method 5514
of Federal Test Method Standard No. 191A after exposure to the oxidizing gas plasma
which is at least 50 percent of the hydrohead value of the coated water-impermeable
nonwoven web before exposure to the oxidizing gas plasma.

19. The medical procedure pack of Claim 18, in which the pack has been
exposed to an oxidizing gas plasma.

20. A medical procedure pack comprising: _

a liquid-impermeable container having an exterior and an interior, in which at least a
portion of the container comprises a gas-permeable, water-impermeable nonwoven web;
and ' .

one or more items to be sterilized which are present in the interior of the container;

in which the nonwoven web is coated with from about 0.005 to about 3 percent by weight,

based on the weight of the web, of an antistatic agent, wherein the antistatic agent is
adapted, after exposure of the coated water-impermeable nonwoven web to an oxidizing
gas plasma: ' ' '

to be free of a malodor; and

to provide a nonwoven web having a hydrohead value as measured by Method 5514
of Federal Test Method Standard No. 191A after exposure to the oxidizing gas plasma
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which is at least 50 percent of the hydrohead value of the coated water<impermeable

nonwoven web before exposure to the oxidizing gas plasma.

24. The. medical procedure pack of Claim 20, in which the pack has been

exposed to an oxidizing gas plasma.

22. The invention as described and claimed herein.
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