
SKIN ANTISEPTIC COMPOSITION DISPENSER BACKGROUND
Antiseptic preparation of patient's skin for surgery
conventionally includes a 3- 10 minute scrubbing of
the affected area with an antiseptic soap solution
followed by the application of a water-soluble
antiseptic paint solution. These solutions are
generally applied with saturated sponges that are
attached to a blade or held with forceps. These
sponges are often saturated by soaking them in open
pans of solution. Sometimes, sponges with attached
handles are provided in a plastic or aluminum foil
laminate pouch containing enough liquid to saturate
the sponges. In some products the sponges are supplied
dry in a sterile "kit" with the antiseptic solutions
provided in relatively thin walled 4 oz. polyethylene
bottles. These bottles generally have wall thickness
less than about 500 microns. While inexpensive, these
techniques are messy and offer little control over
inadvertent dripping of the solution into areas where
it is undesired. Since many of the available solutions
contain active ingredients such as alcohol and iodine,
which can be irritating if allowed to pool in areas
and left in contact with the skin, good control over
the application has long been desirable. Over the
years, devices have been developed in an attempt to
prevent solution dripping associated with these
techniques, and to reduce the time required for
application of the antiseptic solution. In particular,
the DURAPREP products commercially available from 3M
Company (St. Paul, MN) have enjoyed commercial success
by providing substantially drip-free, convenient
application of antiseptic solutions. Coassigned U.S.
Patent No. 4,925,327 describes a liquid applicator
that incorporates a rigid, porous metering insert to
regulate the flow rate of liquid between the
applicator handle and a foam sponge covering a major
orifice of the handle. The liquid to be dispensed is
contained in a rupturable reservoir removably affixed
at the other major orifice of the handle. Coassigned
U.S. Patent No. 5,658,084 further discloses a liquid
applicator where the liquid is contained in a
frangible ampoule inside the body of the applicator.
This ampoule is supported and protected by a
deformable element that prevents unintentional
breakage of the ampoule from impact during storage and
handling beforeuse. The applicator is actuated by
pushing at least a portion of the frangible ampoule
through an aperture in the deformable element and into
contact with a means for breaking the ampoule. One
consideration in the design of these delivery devices
is to prevent contact between the clinician and the
skin of the patient to avoid contamination. This may
be accomplished by providing a handle that is
preferably at least four inches long and oriented at
an angle of 30-90 degrees to the head of the sponge.
While this is convenient for application to skin, it
is completely unsuitable for applying an antiseptic
solution into, e.g., the vaginal canal. In contrast,
typical sponge sticks available in kits have the
sponge and handle in the same plane. While this is
suitable for prepping the vaginal canal, it is
difficult to use on skin because of a high potential
for contact between the clinician's hand and the
patient. U.S. Patent No. 4,507,1 11 illustrates still
another surgical scrub dispensing system. In this
invention the antiseptic prep solution is housed in a
separate elongated cartridge adapted to be
longitudinally slidable in an elongated hollow handle
member. The handle member has attached thereto an
absorbent sponge. The handle member further includes
two hollow spikes formed on the inside of said member
which provide flow communication from the interior of
the hollow handle member to the absorbent sponge. When
the spikes puncture the elongated handle one of the
spikes serves to vent the container and one of the
spikes serves to deliver the fluid. Since both spikes
reside 



on one end of the container they must be spaced and
the handle held at a precise angle to ensure a fluid
head difference necessary for proper venting. Many
clinicians have been trained to hold the applicators
in a vertical orientation when activating. This
applicator would not, however, properly vent when held
vertically. Typical antiseptic composition applicators
are provided with sterile exterior surfaces to avoid
contaminating the patient with microorganisms that
could be located on the exterior surfaces of the
applicators. Many of these applicators are sterilized
by exposure to ethylene oxide gas. Surprisingly, we
have found that kits containing iodophor-based
antiseptic compositions in polyethylene bottles having
wall thicknesses of less than about 500 microns
contain significant levels of iodohydrin
(2-iodoethanol). Iodohydrin is considered quite toxic
and is believed to be formed by reaction of ethylene
oxide which has penetrated through the container with
hydrogen iodide found in the antiseptic composition.
Ethylene oxide itself is also quite toxic and its
byproduct levels in medical devices are tightly
controlled by the Food and Drug Administration.
Similar problems may result from sterilization by
others gases such as hydrogen peroxide plasma and the
like. Therefore, even in non-iodophor containing
antiseptic compositions, it is highly desirable to
prevent ethylene oxide and other chemical sterilants
from diffusing into the container during
sterilization. U.S. Patent No. 4,799,815 describes a
liquid dispensing swab applicator system in which a
hermetically sealed fluid filled tube having an
absorbent swab at one end is opened by puncturing the
tube with an external jig. The fluid flows out over
the exterior surface of the tube and into the swab.
This delivery method may not, however, be practical
for larger fluid volumes of low viscosity fluids that
need to be delivered rapidly (such as presurgical
fluids) because the fluid exits at a rate much faster
than the absorbent could absorb the fluid resulting in
excessive dripping and mess. While these products have
provided a considerable advance, they are complex to
manufacture, placing them beyond the means of some
health care consumers. SUMMARY OF THE INVENTION The
present invention provides skin antiseptic composition
dispensers and methods of use that, in various
embodiments, may provide a variety of advantages. In
some embodiments, the skin antiseptic composition
dispenser may include a container with one or more
layers that are substantially impermeable to ethylene
oxide gas during normal ethylene oxide sterilization
processes. Reactive sterilants such as ethylene oxide
may react with the active antimicrobial agent or with
other components in the skin antiseptic composition
altering the potency or producing potentially toxic
compounds. For example, iodine, as well as other
antimicrobial agents, potentially react with ethylene
oxide that passes into the container during
sterilization of the exterior surfaces of the
dispensers. The effectiveness of such skin antiseptic
compositions may be compromised by exposure to
ethylene oxide gas. In some embodiments, it may be
desirable to provide a container that includes
polymeric walls free of metallic foil barrier layers.
A potential advantage of using containers free of
metallic foil barrier layers is that if a metallic
foil layer such as, e.g., aluminum foil, is exposed to
a skin antiseptic composition containing iodine (e.g.,
an iodophor composition), the amount of iodine in the
antiseptic composition may be rapidly reduced.
Exposure of the antiseptic composition to metallic
foil layers may bethrough, e.g., pinholes, or other
defects in a coating that is otherwise meant to
prevent direct contact between the antiseptic
composition and the metallic foil layer. Reduction of
the iodine levels in the antiseptic composition may be
associated with a reduction in the antiseptic efficacy
of the composition. Another potential advantage of
containers made with walls that are free of metallic
foil barrier layers is that the walls may preferably
be translucent or transparent. Walls that are
translucent or transparent may allow for visual
monitoring of the skin antiseptic composition within
the container. In contrast, walls that include
metallic foil 



barrier layers are typically opaque, thus preventing
visual monitoring of the contents of the container. A
further potential advantage of containers made with
walls that are free of metallic foil barrier layers is
that the containers may be, in some instances, easily
and inexpensively extruded. Extruded tubular
containers can be produced free of, e.g., fin seals,
that may be prone to leakage. In certain embodiments,
the majority of the container wall may be free of
metallic foil barrier layers, but one or both ends of
the container may optionally be sealed with a metallic
foil seal. When used, the metallic foil seals would
further comprise one or more layers free of metallic
foil which are in contact with the solution to prevent
potential degradation of the solution. By restricting
use of the metallic foil seals to or both ends of the
container, the container retains its translucent or
transparent characteristics and allows production of
the container, such as a tubular or cylindrical
container, by extrusion or injection molding. The skin
antiseptic composition dispensers may also include one
or more vents in addition to one or more openings used
to dispense the skin antiseptic composition within the
container. The vents may assist in dispensing of the
skin antiseptic composition from the container to the
applicator. The vents are preferably sealed and the
skin antiseptic composition dispenser may include
structures to assist in opening of the seal by
twisting or other simple motions m some instances, the
vent seal may be opened by peeling. In some
embodiments, the skin antiseptic composition dispenser
includes an applicator with a hydrophilic foam that
may be helpful in reducing or preventing dripping of
the skin antiseptic composition from the applicator
during use. Surprisingly, hydrophilic foams have also
been shown to provide superior antimicrobialefficacy
as compared to conventional hydrophobic foam pads
(when used with aqueous skin antiseptic compositions).
The hydrophilic foam may, e.g., have an apparent
surface energy of 35 dynes/centimeter or more. Even
higher apparent surface energy may be desirable in
connection with some skin antiseptic compositions,
e.g., apparent surface energy of 40 dynes/centimeter
or more may be preferred. It may, however, be
preferred that the hydrophilic foams used as
applicators in the present invention have an apparent
surface energy of 45 dynes/centimeter or more,
possibly 50 dynes/centimeter or more. In some
instances, it may be preferred that the hydrophilic
foam be wettable by deionized water (thus having,
e.g., an apparent surface energy of 70
dynes/centimeter or more). In some embodiments, the
applicator may include a canted major surface that
forms an angle with a longitudinal axis of the handle
(e.g., the container) of the dispenser. The canted
major surface may provide for clearance between the
hand of the user and the patient's skin to reduce the
likelihood of or prevent contact between the user's
hand and the patient's skin during application of the
skin antiseptic composition. If the angle formed by
the canted major surface is not too large, the skin
antiseptic dispenser may be used to apply skin
antiseptic composition to the skin as well as within
body orifices, e.g., vagina, rectum, etc. hi one
aspect, the present invention provides a skin
antiseptic composition dispenser including a container
defining an interior volume; skin antiseptic
composition located within the interior volume of the
container; a spout attached to the container, wherein
the spout has at least one opening therein; a
dispensing seal located between the interior volume of
the container and the spout; and a foam pad located
over the spout, wherein the foam pad includes
hydrophilic foam with an apparent surface energy of 35
dynes per centimeter or more. In another aspect, the
present invention comprises a skin antiseptic
composition dispenser including a container defining
an interior volume, wherein the container has a 



tubular shape that comprises one or more polymeric
walls free of metallic foil layers; skin antiseptic
composition located within the interior volume of the
container; and dispensing means for dispensing the
skin antiseptic composition. The container is
impermeable to liquid and vapor phases of the skin
antiseptic composition and the container wall
construction exhibits permeability to gaseous ethylene
oxide of 20mg/hr/cm2 or less. As used herein the term
"substantially impermeable" refers to containers
having at least one wall that satisfies at least one
of the following conditions: 1. The at least one wall
of the container exhibits a permeability to gaseous
ethylene oxide of 20 mg/hr/cm2 or less when tested
according to the Gaseous Ethylene Oxide Permeability
Test; and/or 2. The container in its entirety when
sterilized in a ethylene oxide sterilizer as described
in the Examples has a combined level of ethylene oxide
plus ethylene oxide reaction products such as ethylene
glycol of less than 100 ug/ml. In another aspect, the
present invention provides a skin antiseptic
composition dispenser including a container defining
an interior volume, wherein the container includes a
tubular shape with one or more polymeric walls free of
metallic foil layers; skin antiseptic composition
located within the interior volume of the container;
and dispensing means for dispensing the skin
antiseptic composition. The container is impermeable
to liquid and vapor phases of the skin antiseptic
composition; and the one or more polymeric walls free
of metallic foil layers include an inner layer and an
outer layer, wherein at least one of the inner layer
and the outer layer is substantially impermeable to
ethylene oxide. In another aspect, the present
invention provides a skin antiseptic composition
dispenser including a container defining an interior
volume, wherein the container has a first end distal
from a second end along a longitudinal axis; skin
antiseptic composition located within the interior
volume of the container; at least one dispensing
opening proximate the first end of the container; a
dispensing seal closing the at least one dispensing
opening; at least one vent orifice proximate the
second end of the container; a vent seal closing the
at least one vent orifice; and an applicator attached
to the first end of the container, wherein the at
least one dispensing opening is in fluid communication
with the applicator when the dispensing seal is
opened. The skin antiseptic composition enters the
applicator through the dispensing opening under the
force of gravity when the dispensing seal and the vent
seal are opened and the at least one vent orifice is
located above the at least one dispensing opening. In
another aspect, the present invention provides a
method of preparing a skin antiseptic composition
dispenser for use by: providing a skin antiseptic
composition dispenser as described in the preceding
paragraph; opening the dispensing seal, whereinthe at
least one dispensing opening is in fluid communication
with the applicator; opening the vent seal, wherein
the vent orifice is open; and orienting the container
such that the vent orifice is located above the
dispensing opening, whereby the skin antiseptic
composition flows into the applicator. In another
aspect, the present invention provides a method of
preparing a skin antiseptic composition dispenser for
use by: providing a skin antiseptic composition
dispenser having a container defining an interior
volume, skin antiseptic composition located within the
interior volume of the container, an applicator
attached to the container, and a liquid impermeable
sleeve, wherein the applicator is located within the
liquid impermeable sleeve; moving the skin antiseptic
composition from the container into the applicator,
wherein the skin antiseptic composition not retained
by the applicator is retained within the liquid
impermeable sleeve; and removing the applicator from
the liquid impermeable sleeve after moving the skin
antiseptic composition from the container into the
applicator. In another aspect, the present invention
provides a skin antiseptic composition 



dispenser comprising: a container defining an interior
volume, wherein the container comprises one or more
polymeric walls free of metallic foil layers; a skin
antiseptic composition located within the interior
volume of the container; and dispensing means for
dispensing the skin antiseptic composition; wherein
the container is impermeable to liquid and vapor
phases of the skin antiseptic composition; and wherein
the container further comprises at least one layer
that is substantially impermeable to ethylene oxide.
In a further aspect, the present invention provides a
skin antiseptic composition dispenser comprising: a
container defining an interior volume, wherein the
container comprises one or more polymeric walls and a
barrier layer adhered to at least a portion of the
exterior of the wall, a skin antiseptic composition
located within the interior volume of the container;
and dispensing means for dispensing the skin
antiseptic composition; wherein the container is
impermeable to liquid and vapor phases of the skin
antiseptic composition; and wherein the container is
substantially impermeable to ethylene oxide. These and
other features and advantages of the invention may be
described more completely below in connection with
various illustrative embodiments of the skin
antiseptic dispensers and methods of using them.BRIEF
DESCRIPTION OF THE DRAWING FIG. 1 is a cross-sectional
view of one illustrative skin antiseptic composition
dispenser according to the present invention. FIG. 2a
is a cross-sectional view of a portion of another skin
antiseptic composition dispenser according to the
present invention. FIG. 2b is a cross-sectional view
of a portion of another skin antiseptic composition
dispenser according to the present invention. FIG. 3
is a cross-sectional view of one vent assembly for a
skin antiseptic composition dispenser according to the
present invention. FIG. 4 is a cross-sectional view of
another vent assembly for a skin antiseptic
composition dispenser according to the present
invention. FIG. 5 is a view of another alternative pad
shape for use in connection with a skin antiseptic
composition dispenser according to the present
invention. FIG. 6 is a view of another alternative pad
shape for use in connection with a skin antiseptic
composition dispenser according to the present
invention. FIG. 7 is a view of another skin antiseptic
composition dispenser according to the present
invention. FIG. 8 is a side view of the skin
antiseptic dispenser of FIG. 7. FIG. 9 is a view of
another skin antiseptic composition dispenser
according to the present invention. FIG. 10 is a
partial cross-sectional view of an applicator of a
skin antiseptic dispenser in a sleeve according to the
principles of the present invention. DETAILED
DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS OF THE
INVENTION FIG. 1 is an illustrative embodiment of a
skin antiseptic composition dispenser that includes
many aspects of the skin antiseptic composition
dispensers of the present invention. It should,
however, be understood that all of the features
depicted in the skin antiseptic composition dispenser
of FIG. 1 need not necessarily be present in all skin
antiseptic composition dispensers according to the
present invention. In other words, the features of the
skin antiseptic composition dispenser depicted in FIG.
1 may be used in concert or various combinations of
the features may be employed to achieve some of the
advantages possible in light of the present
invention.The skin antiseptic composition dispenser 10
of FIG. 1 includes a container 20 that in the
illustrative embodiment is in the form a tubular shape
with a wall 23 extending between ends 2 1 and 22. The
container 20 may be in the form of a tube having a
circular cross-section, although tubular containers
with other cross-sectional 



shapes may be used (e.g., oval, elliptical, hexagonal,
rectangular, etc.). Tubes in the shape of right
cylinders may, however, be desired for their
stiffness, ease of manufacture, etc. Manufacturing the
containers by extrusion may be useful to produce
relatively thin (e.g., wall thickness of less than
1000 micrometers, possibly less than 750 micrometers,
and possibly less than 500 micrometers) structures
that may also function as barriers to sterilizing
gases such as ethylene oxide. The containers used in
applicators of the present invention may be used as
handles. When used as a handle, the container may
typically have an aspect ratio (i.e., length:diameter)
of at least 2, in some instances at least 4, and in
other instances at least 6 and perhaps as high as 8 or
more. For use in preparation for a small surgical
procedure, the amount of skin antiseptic composition
in the containers used in connection with the present
invention should generally be able to cover an area
of, e.g., 10 square centimeters or more, and thus
typically have volume of, e.g., 5-15 milliliters (ml).
For larger surgical procedures, the applicator should
be able to cover at least the torso of a large person,
e.g., at least about 500-600 square centimeters. To
cover that larger area, the container may typically
have a volume of skin antiseptic composition of at
least 20 ml, preferably at least 25ml, and more
preferably at least 30ml. The containers used in
connection with the present invention may be filled
with a skin antiseptic composition that includes (as
the antimicrobial agent) iodine, an iodine complex,
chlorhexidine, chlorhexidine salts, or combinations
thereof. Preferred iodine complexes may include
iodophors, e.g., povidone-iodine USP. Preferred
chlorhexidine salts may include, e.g., chlorhexidine
digluconate and chlorhexidine diacetate. Other
suitable antimicrobial agents may include C2-C5 lower
alkyl alcohols (including, e.g., ethyl alcohol,
1-propanol, and 2-propanol), parachlorometaxylenol
(PCMX), triclosan, hexachlorophene, fatty acid
monoesters of glycerin and propylene glycol such as
glycerol monolaurate, glycerol monocaprylate, glycerol
monocaprate, propylene glycol monolaurate, propylene
glycol monocaprylate, propylene glycol moncaprate,
phenols, surfactants, and polymers that include a
(C12-C22) hydrophobe and a quaternaryammonium group,
polyquaternary amines such as polyhexamethylene
biguanide as well as those described in US patents
6440405, 5408022 and 5084096 as well as PCT patent
application WO 02102244, quaternary ammonium silanes,
silver, silver salts (such as silver chloride), silver
oxide and silver sulfadiazine, methyl, ethyl, propyl
and butyl parabens, octenidene, peroxides (e.g.,
hydrogen peroxide and benzoyl peroxide), and the like,
as well as combinations thereof. Among the challenges
associated with using such skin antiseptic
compositions is the need to sterilize the exterior of
the applicator while minimizing potential byproducts
that may be produced when the composition is exposed
to sterilization compounds such as ethylene oxide gas.
Reactive sterilants such as ethylene oxide may react
with the active antimicrobial agent or with other
components in the skin antiseptic composition altering
the potency or producing potentially toxic compounds.
For example, typical high density polyethylene bottles
having wall thicknesses of less than about 500
micrometers allow ethylene oxide through quite readily
and result in iodophor preps having iodohydrin levels
of 100 parts per million (ppm) or more, in some
instances 200 ppm or more, and in some instances even
as high as 600 ppm. Another challenge is that the
effectiveness of the skin antiseptic compositions may
be compromised by exposure to ethylene oxide gas. For
example, iodine as well as other antimicrobial agents
may potentially react with ethylene oxide -which could
alter the efficacy of the skin antiseptic composition.
To address these challenges, it may be advantageous to
construct or cover at least partially or in its
entirety the container wall(s) of material(s) that are
functionally impermeable to ethylene oxide gas. The
material or materials selected are also 



preferably capable of effectively storing a skin
antiseptic composition that includes iodine, an iodine
complex, chlorhexidine, chlorhexidine salts or
combinations thereof, as well as other antimicrobial
agents, for suitable time periods under typical
storage conditions. In addition to the above concerns,
it may be desirable to provide a container that
includes walls, such as flexible walls, which are free
of metallic foil barrier layers. As used in connection
with the invention, "walls" mean the major portion or
sides of the container, and may or may not include
minor portions or ends of the container. For example,
in the case of a cylindrical container, the wall
refers to the annular wall aboutthe major axis. One or
both ends may be integral with the wall or may be
sealed to the wall. As used in connection with the
invention, "flexible walls" means walls that can be
compressed or otherwise deformed by hand to dispense
the skin antiseptic composition located within the
container without fracturing or leakage. As used in
connection with the invention, "metallic foil barrier
layers" means layers of metals or metallic compounds
that typically function as barriers to the passage of
constituents in the skin antiseptic composition, e.g.,
gases, liquids, vapors, etc. The phrase "free of
metallic foil barrier layers" should not be construed
to include layers that may include metallic particles
located within, e.g., a polymeric binder, provided
that the metallic particles do not form a continuous
metallic foil layer that acts as a barrier layer.
Another potential advantage of using containers free
of metallic foil barrier layers is that if a metallic
foil layer such as, e.g., aluminum foil, is exposed to
a skin antiseptic composition containing iodine (e.g.,
an iodophor composition), the amount of iodine in the
antiseptic composition may be rapidly reduced.
Exposure of the antiseptic composition to metallic
foil layers may be through, e.g., pinholes, or other
defects in a coating that is otherwise meant to
prevent direct contact between the antiseptic
composition and the metallic foil layer. Reduction of
the iodine levels in the antiseptic composition may be
associated with a reduction in the antiseptic efficacy
of the composition. Another potential advantage of
containers made with walls that are free of metallic
foil barrier layers is that the walls may preferably
be translucent or transparent. Walls that are
translucent or transparent may allow for visual
monitoring of the skin antiseptic composition within
the container. In contrast, walls that include
metallic foil barrier layers are typically opaque,
thus preventing visual monitoring of the contents of
the container. In some embodiments, it may be
desirable to include ceramic barrier layers to enhance
the barrier properties of the polymeric walls free of
metallic foil barrier layers. The polymeric walls may,
for example, include a ceramic layer with a thickness
of, e.g., 200 micrometers or less, possibly 100
micrometers or less, and in some cases 50 micrometers
or less. Thinner ceramic barrier layers may enhance
flexibility of the walls. An example of such a ceramic
barrier is marketed as CERAMIS (available from Alcan,
Inc., Montreal, Canada). One potential advantage of
containers with polymericwalls is that the containers
may be manufactured by polymer extrusion and
lamination techniques. In embodiments of the invention
that include containers with walls free of metallic
foil barrier layers, the walls of the containers are
preferably impermeable to liquid and vapor phases of
the skin antiseptic composition located within the
containers. It will be understood that the
impermeability is not complete, i.e., some small
portion of one or more components within the skin
antiseptic composition may pass through the walls of
the containers, but the portions that pass under
typical conditions will be functionally insignificant.
For example, typical containers packaged as to be
shipped (i.e., properly filled and sealed) placed in a
convection oven at 60 degrees Celsius for 14 days will
typically lose 2% or less by weight of the contents,
and 



preferably 1% or less (with a sample size of at least
five containers). In addition to impermeability of the
container to the skin antiseptic composition, it is
also preferred that, for those embodiments of
containers used in connection with skin antiseptic
compositions that are sensitive to ethylene oxide
exposure (such as, e.g., iodine and other
antimicrobial agents) or other gaseous sterilants, the
container exhibits a permeability to gaseous ethylene
oxide of 20 mg/hr/cm2 or less hi some embodiments, the
permeability to gaseous ethylene oxide may be 10
mg/hr/cm2 or less, possibly as low as 1 mg/hr/cm2 or
less. The permeability to gaseous ethylene oxide of
polymeric walls in containers of the present invention
can be determined in accordance with the "Gaseous
Ethylene Oxide Permeability" test described below.
Alternatively, the permeability of the entire
container can be determined by the combined level of
ethylene oxide and its residuals present in the
container after sterilization in a Sterivac 5XL
ethylene oxide sterilizer as described in Example 7.
As used herein ethylene oxide residuals refers to
reaction products of ethylene oxide with compounds
within the container and may include but is not
limited to ethylene glycol, 2-iodo ethanol, 2
chloroethanol, and the like. The combined level of
ethylene oxide and ethylene residuals, such as
ethylene glycol, is less than 100 ug/ml. In some
embodiments, the combined level of ethylene oxide and
ethylene oxide residuals may be 80 ug/ml or less,
possibly as low as 60 ug/ml or less. It is believed
that containers that meet this permeability criteria
will also be substantially impermeable to other
gaseous sterilants such as peracetic acid, hydrogen
peroxide, and the like.One example of a polymer
construction that may be suitable for containers used
with iodine-containing skin antiseptic compositions is
depicted in an enlarged crosssectional view in FIG.
2a. The depicted polymeric wall of the container is a
multilayer construction including an inner layer 25,
an optional intermediate layer 26, and outer layer 27.
Although the inner layer 25, intermediate layer 26,
and outer layer 27 are each depicted as a single
homogenous layer, it will be understood that each of
those layers may include one or more sub-layers,
particles, filaments, etc. The inner layer 25 faces
the interior volume of the container 20 and may
preferably provide an impermeable barrier to liquid
and vapor phases of one or more components of the skin
antiseptic composition located within the container
20. In some embodiments, it may be preferred that the
inner layer 25 also be capable of forming heat seal
bonds either with itself (where, for example, the tube
is compressed at one end to form a flat seal) or with
other components inserted into, for example, an end of
a cylindrical container. For example, the inner layer
25 may be a polyolefin (e.g., polyethylene such as
high density polyethylene, etc.) that is a good
barrier to water vapor and may also serve as a
thermally sealable layer. The outer layer 27 is
located outside of the inner layer 25 relative to the
interior volume of the container 20. The outer layer
27 may preferably provide the limited permeability to
gaseous ethylene oxide as discussed above. Although
the term outer layer is used herein, it should be
understood that the outer layer 27 may or may not form
the actual exterior surface of the container. In other
words, additional layers, such as the barrier label
described below, may be provided as the exterior of
the containers according to the present invention.
Gaseous ethylene oxide barrier layers may be the inner
layer, outer layer, and/or the intermediate layer. In
FIG. 2a, the outer layer 27 is the barrier layer and
may also be impermeable to one or more components of
the skin antiseptic composition within the container
20. For example, a polyethylene terephthalate (PET)
layer could be used to prevent alcohol (e.g., ethanol
or 2-propanol) in a skin antiseptic composition from
evaporating out of the container 20. When the
antiseptic composition contains alcohol, it may be
preferred that at least one layer of the container
walls be manufactured of a material that is
impermeable to alcohol in the antiseptic compositions
(as the term 



"impermeable" is described above).The intermediate
layer 26 may be provided to function as a tie layer
between the inner layer 25 and the outer layer 27
where the materials of the inner layer 25 and the
outer layer 27 will not exhibit sufficient attachment
to each other. The intermediate layer 26 may be an
adhesive, extruded polymeric layer, etc. hi one
example of a suitable multilayer polymeric wall
construction for use in connection with the present
invention, one of the inner layer 25 and the outer
layer 27 may be formed of polyolefn, e.g.,
polyethylene (including, but not limited to, low
density polyethylene, linear low density polyethylene,
medium density polyethylene, high density
polyethylene, metallocene polyethylenes, and mixtures
thereof), polyethylene naphthalate (PEN),
polypropylene, ethylene/propylene copolymers,
ethylene/butylenes copolymers, etc. A second layer
selected from the inner layer 25 and the outer layer
27 may be formed of, e.g., polyesters (e.g.,
polyethylene terephthalate, polyethylene naphthalate
and polybutylene terephalate and the like),
fluorinated layers such as polytetrafluoroethylene
(PTFE, e.g., TEFLON), polyamides (e.g., nylon),
chlorotriflouroethylene (ACLAR), polyvinylidene
fluoride, as well as copolymers of perflourinated
monomers with partially fluorinated monomers such as
copolymers of
tetraflouroethylene/hexafluoropropylene/vinylidene
fluoride (THV Fluorothermoplastic from Dyneon
Company), polyvinylchloride, polyvinylidene chloride
(PVDC, e.g., SARAN HB), ethylene vinyl alcohol (EVOH),
polyolefins (e.g., polyethylene, high density
polyethylene, polypropylene, and combinations
thereof). Oriented and biaxially oriented polymers may
be particularly preferred. Particularly preferred
barrier constructions include HDPE, PET, PETG, PEN
laminates of polyester and polyolefin (in particular
PET/HDPE or HDPE/PET/HDPE), laminates of PET and EVOH,
biaxially oriented nylon, PVDC, Nylon/EVOH/Nylon
(OXYSHIELD OUB-R), chlorotrifluoroethylene and
laminates thereof, ceramic layer including silicon
oxide (SiOx where x = 0.5-2 and preferably 1-2) coated
thermoplastics, and ceramic coated PET (CERAMIS
available from CCL Container/Tube Division, Oak Ridge,
NJ). Another example of a polymer construction that
may be suitable for containers used with
iodine-containing skin antiseptic compositions is
depicted in an enlarged cross-sectional view in FIG.
2b. The depicted polymeric wall of the container is
constructed of a single layer 51. Although single
layer 51 is depicted as a singlehomogenous layer, it
will be understood that the multilayer assembly of
Fig. 2a may also be used. The single layer 5 1 faces
the interior volume of the container 20 and may
preferably provide an impermeable barrier to liquid
and vapor phases of one or more components of the skin
antiseptic composition located within the container
20. In some embodiments, it may be preferred that the
single layer 5 1 also be capable of forming heat seal
bonds either with itself (where, for example, the tube
is compressed at one end to form a flat seal) or with
other components inserted into, for example, an end of
a cylindrical container. For example, the single layer
5 1 may be a polyolefin (e.g., polyethylene such as
high density polyethylene, etc.) that is a good
barrier to water vapor and may also serve as a
thermally sealable layer. The single layer 51 may also
provide the limited permeability to gaseous ethylene
oxide as discussed above. In Fig. 2b, the container
further comprises a barrier layer 52 that may only
cover a portion of the single layer 5 1 of container
20. In most embodiments the barrier layer 52 covers as
much of the container as possible. For example, the
barrier layer 52 typically covers at least 60%,
preferably at least 70%, and more preferably at least
75%, and most preferably at least 80% of the external
surface area of the container. The barrier layer 52
may be applied in the form of a label or thin film. In
most embodiments, the barrier construction is a thin
film which is flexible and comprises a 



barrier layer from materials discussed above for
layers 25 and 27 in FIG. 2a. The barrier layer 52 is
located on the exterior surface of the container and
will not be exposed to the skin antiseptic
composition. In those circumstances, a metallic foil
film laminate barrier layer, such as aluminum foil or
metalized polyester, may also be used. Suitable
aluminum foil barrier films comprise aluminum foil in
thicknesses of at least lOum, and more preferably at
least 20um. Preferably, the barrier layer 52 forms a
barrier to gaseous ethylene oxide sufficient to reduce
ethylene oxide residuals at least 40%, more preferably
by at least 60%, and most preferably by at least 80%
of residuals of a comparable container without a
barrier layer. In most embodiments, the barrier layer
52 covers at least 75% of the single layer 51. The
barrier layer 52 may comprise a single layer or it may
be a laminate of multiple layers. In FIG. 2b, barrier
layer 52 is a laminate of adhesive layer 54 and
sterilant barrier layer 53. Adhesives suitable for use
in adhesive layer 54 includepressure-sensitive
adhesives (PSA), heat-activated adhesives, hot melt
adhesives, and the like. Pressure-sensitive adhesives
are preferred, including acrylic based adhesives and
elastomers such as natural rubber or synthetic rubbers
containing polymers or copolymers of styrene,
butadiene, acrylonitrile, isoprene and isobutylene. In
one embodiment, the pressure-sensitive adhesives are
based on copolymers of acrylic acid esters, such as,
for example, 2-ethyl hexyl acrylate, with polar
comonomers such as acrylic acid, methacrylic acid,
N-vinyl lactams, acylamide, methacrylamide,
polyethoxylated monomers, and combinations thereof.
Adhesive layer 54 may be a continuous, blown
microfiber, or patterned coated layer. The adhesive
layer 54 may be directly coated on the exterior
surface of the single layer 51, or the adhesive layer
54 may be transferred from a liner with which a
barrier layer 52 is combined. Typically, the adhesive
layer has a thickness in the range of from about 0.1
to about 2 mils (2.5 to 50 microns). In another
embodiment, the barrier layer 52 is a laminate
comprising a thermoplastic layer that is thermally
adhered to the exterior of the container 20. Thermal
transfer adhesive labels may also be suitable and
include polyolefin, oxidize polyolefin, polyolefin
copolymers such as ethylene vinyl acetate (EVA) and
other suitable hot melt adhesives. Additional
thermoplastic film forming polymers which can be
utilized as a thermal transfer adhesive for the
barrier layer 52, either alone or in combination,
include polyolefins (linear or branched), polyamides,
polystyrenes, nylon, polyesters, polyester copolymers,
polyurethanes, polysulfones, polyvinylidine chloride,
styrene-maleic anhydride copolymers,
styrene-acrylonitrile copolymers, ionomers based on
sodium or zinc salts of ethylene methacrylic acid,
polymethyl methacrylates, cellulosics, fluoroplastics,
acrylic polymers and copolymers, polycarbonates,
polyacrylonitriles, and ethylene-vinyl acetate
copolymers. Specific examples of thermoplastics useful
as a thermoplastic thermal transfer adhesive include
acrylates such as ethylene methacrylic acid, ethylene
methyl acrylate, ethylene acrylic acid and ethylene
ethyl acrylate. In one preferred embodiment, the
thermal transfer layer comprises a mixture of a
polyethylene and a propylene homopolymer or copolymer.
In some embodiments, the adhesive layer itself may be
a significant barrier to preventing ingress of the
sterilant or may be primary barrier means. Additives
that enhance the barrier function in adhesive
compositions include fluorochemicals,neucleating
agents to enhance crystallinity, metallic particles,
and inorganic fillers and the like. The use of a
barrier layer 52 that is adhered to most or all of the
container wall exterior allows a nearly complete
barrier to ethylene oxide achieved with a translucent,
transparent, or opaque construction by application of
a simple laminate, such as a pressure sensitive
adhesive label, made of materials that provide an
effective barrier layer. Containers of thin high
density polyethylene bottles or tubes can have reduced



levels of gaseous sterilant such as ethylene oxide or
ethylene oxide reaction products by applying a barrier
layer, such as a label, to most or all of the major
surface(s) of the container. The thickness of the
barrier layer in each of these constructions is
material dependent. For polymer constructions formed
of a single layer the layer is preferably 750
micrometers or more, more preferably 1000 micrometers
or more. Suitable single layer constructions include
polyolefins such as HDPE and polypropylene,
polyacrylates such as PMMA, polycarbonate, polyamides,
polystyrenes, nylon, polyesters, polyester copolymers,
polyurethanes, polysulfones, and the like. These
constructions are rigid, which may be suitable for
certain applications, such as insertion into a body
orifice. Other constructions may be as thin as 25
micrometers or less. For example, one construction
found to work well was ACLAR 1IA with a thickness of
25 micrometers. A laminate of PET (37 micrometers)
coated with HDPE (25 micrometers on each side) also
worked well. Other potential constructions are shown
in the examples. As depicted in FIG. 1, each end of
the container 20 is preferably sealed to prevent
fluids within the container 20 from escaping. At end
21, the container 20 is optionally sealed by a vent
assembly 30 that includes a vent plug 32 secured in
the end 2 1 of the container 20. The vent plug 32 may
be secured in the end 2 1 of the container 20 by any
suitable technique, e.g., adhesively, by welding
(chemical, spin, thermal, ultrasonic, etc.), a
threaded seal with a gasket, etc. The vent plug 32
includes a seal 34 over opening 35 in the vent plug
32. In the depicted embodiment, the opening 35 is
located in the web 33 that otherwise closes the
passageway through vent plug 32. In some embodiments,
the opening 35 may be the same size as the web 33, but
it may be preferred that the opening 35 be
significantly smaller such that excessive amounts of
fluids from within the container 20 cannoteasily pass
through the opening 35 after the seal 34 has been
pierced or otherwise opened. The vent assembly 30 also
includes a cover 36 and associated piercing element
37. The cover 36 may serve to at least partially
protect the seal 34 from unwanted opening hi addition,
the cover 36 may also preferably restrain the piercing
element from opening the seal 34 until opening of the
seal 34 is desired. The piercing element 37 is
designed to open the seal 34 by piercing, tearing,
cutting, perforating, etc. For example, the piercing
element may be in the form of a hollow circular die
that punctures or cuts open the seal 34. In one
embodiment, cover 36 may be threadably engaged with
vent plug 32 such that when cover 36 is screwed
downward piercing element 37 opens seal 34. In another
embodiment, cover 36 is slidably engaged with vent
plug 32 such that when cover 36 is pushed downward
piercing element 37 opens seal 34. Other variations
will be known to those of skill in the art of, e.g.,
packaging. A variety of mechanisms may be used to
maintain the attached, but spaced-apart relationship
between the seal 34 and the piercing element 37. For
example, the cover 36 may be threadably engaged with
the vent plug 32 or the container 20 itself. It may be
preferred that detents or other structures be provided
to prevent the cover 36 from disengaging with the vent
plug 32 after the cover 36 has been partially threaded
thereon hi another alternative, the threads used to
assemble the cover 36 onto the vent plug 32 may be
non-reversing. Any detents or other structures may
also preferably restrain the cover 36 on the vent plug
32 when partially threaded thereon to prevent unwanted
or accidental advancement of the cover 36 on the vent
plug 32 such that the piercing element 37 does not
unwantedly pierce the seal 34. The vent assembly 30 as
depicted in FIG. 1 is in a closed state in which it
preferably performs the function of sealing the end 2
1 of the container 20 such that significant amounts of
fluids within the container 20 cannot escape therefrom
and, 



likewise, significant amounts of fluids outside of the
container 20, e.g., air or other gases, cannot enter
the container 20. By significant amounts, it is meant
that the passage if small, infinitesimal amounts of
gases and/or fluids may pass, but no functionally
significant amounts which can alter the efficacy of
the antiseptic prep will pass through the vent
assembly 30 in its closed state. For example, typical
containers packaged as to be shipped (i.e., properly
filled and sealed) placed in a convection ovenat 60
degrees Celsius for 14 days will typically lose 2% or
less by weight of the contents, and preferably 1% or
less (with a sample size of at least five containers).
FIG. 3 depicts the cover 36 after advancement onto the
vent plug 32 by a sufficient distance to cause the
piercing element 37 to open the seal 34. Furthermore,
it may be preferred that after advancement of the
cover 36 onto the vent plug 32, detents or other
structures be provided to restrict or prevent reversal
of the advancement of the cover 36 onto the vent plug
32. If the cover 36 is threadably engaged with the
vent plug 32, rotation of the cover 36 about the axis
12 will cause the piercing element 37 to move in an
arc about the axis 12 which may contribute to opening
of the seal 34 as the cover 36 is rotated. Cover 36
may be designed such that piercing element 37
comprises a vent passage or a vent passage may be
provided elsewhere in cover 36. Preferably a
deliberate vent passage such as a vent hole is
provided to restrict the entry of air into the
container so that the antiseptic composition does not
flow out of the container 20 too rapidly. If the flow
out of the container 20 is too rapid, it may cause
unwanted dripping from the applicator. While it may be
desired to limit the rate of flow out of the container
20, it is may also be desirable to provide vent holes
have a sufficiently large diameter such that the
antiseptic composition flows out of the container at a
rate that is not too slow for use during, e.g.,
surgical procedures. When balancing the desire for
flow out of the container that is not too rapid or too
slow, it may be preferred that the skin antiseptic
composition be capable of flowing out of the container
within 60 seconds or less, preferably 45 seconds or
less, and possibly more preferably 30 seconds or less.
Vent holes suitable for use with applicators
containing antiseptic compositions with viscosities
of, e.g., 5-10 centipoise or less (e.g., aqueous
compositions) that are dispensed to the interior of an
open cell hydrophilic foam, may, for example, have a
diameter of 2500 micrometers or less, more preferably
2000 micrometers or less, and most preferably 1800
micrometers or less. At the lower end, suitable vent
holes diameters may be, e.g., 500 micrometers or more,
preferably 750 micrometers or more, or possibly 1000
micrometers or more. Until pierced or otherwise
opened, the seal 34 prevents fluids from within the
container 20 escaping through the opening 35.
Likewise, the seal 34 preferably prevents fluids,
e.g., air, sterilants (such as ethylene oxide), etc.,
from entering thecontainer 20 until the seal 34 is
pierced or otherwise opened. The seal 34 itself may be
constructed of a variety of materials. The seal 34 may
include barrier materials similar to those chosen for
the container walls, although the seal 34 may also
include metallic foil laminates, e.g., aluminum foil
laminates. It may be preferred that the foil laminates
include a thermally sealable polyolefin layer, a
polyester layer, a aluminum foil layer and one or more
intermediate tie layers TRISEAL TS-PE/1 or TS-U/1,
available from Tekni-plex, Flemington, NJ. As an
alternative to a metallic foil laminate, the seal 34
may be constructed as a laminate of two or more
polymeric layers, it may be only a metallic layer, or
any other suitable construction capable of providing
the barrier properties described herein. In another
alternative, the seal 34 may be manufactured with the
same construction as the container walls as described
above. The seal 34 may be attached to the container 20
by any suitable technique, such as, adhesively,
thermally (by, e.g., heat sealing, thermal welding,
ultrasonically, etc.), chemical welding (using, e.g.,
solvents), etc. 



In the depicted embodiment, the size of the opening 35
is used to restrict the passage of fluids through the
vent assembly after opening of seal 34. Alternatively,
the interior of the vent plug 32 could be open, i.e.,
not include a restricted opening 35, and the cover 36
and vent plug 32 could be designed to offer one or
more restricted passageways to the passage of fluids
after opening of the seal 34 (through, e.g., loose
thread structures, etc.). In another alternative for a
vent assembly 30 used in connection with a skin
antiseptic composition dispenser according to the
present invention, it may be possible to replace a
threaded vent plug 32 and cover 36 with, e.g., a
bayonet-mount cover that provides for the desired
function of restraining the piercing element 37 from
opening the seal 34 until desired. The bayonet-mount
may also provide for retention of the cover 36 on the
vent plug 32 after opening of the seal 34. Other
mechanisms capable of protecting the seal 34,
restraining the piercing element 37, and retaining the
cover 36 on the vent plug after opening of the seal 34
may be envisioned in place of the illustrative
embodiments specifically described herein. It may also
be desirable to avoid "pinch points" on the dispensers
of the present invention. A pinch point is a location
where components in the dispenser come together in a
manner that could pinch or otherwise capture a user's
skin, surgical glove, clothing, etc. With respect to
dispenser 10, pinch points may be avoided by providing
askirt 39 as a part of the cover 36 as seen in, e.g.,
FIGS. 1 and 3. The skirt 39 extends over any threads
or pinch points that would otherwise be exposed before
the cover 36 is advanced to open the seal 34. Although
not depicted, a skirt could be provided on the
dispensing assembly 40 to cover any exposed threads or
pinch points. One example of another vent assembly 130
that does not include a piercing element is depicted
in FIG. 4, where the end 121 of a container 120 is
depicted along with a removable seal 134 on vent plug
132. The seal 134 covers opening 135 in the vent plug
132. The depicted seal 134 includes an optional tab
139. The tab 139 can be grasped and pulled to remove
the seal 134 from vent plug 132. With the seal 134
removed, opening 135 provides a passageway into
container 120 for air or other fluids. Although not
depicted, vent plug 132 may include a one-way valve
such that fluids can enter container 120 through
opening 135 but the exit of fluids from container 120
through opening 135 is restricted. Turning to the
opposite end 22 of the container 20, one example of a
dispensing assembly 40 that can be used in connection
with the skin antiseptic composition dispensers of the
present invention is depicted. The dispensing assembly
40 includes a barrier plug 42 located in the end 22 of
the container 20. The barrier plug 42 may be secured
in the end 22 of the container 20 by any suitable
technique, e.g., adhesively, by welding (chemical,
spin, thermal, ultrasonic, etc.), by a threaded seal
with a gasket, etc. The barrier plug 42 includes a
seal 44 over an opening 45 in the barrier plug 42.
Until pierced or otherwise opened, the seal 44
prevents fluids from within the container 20 escaping
through the opening 45. Likewise, the seal 44
preferably prevents fluids, e.g., air, from entering
the container 20 until the seal 44 is pierced or
otherwise opened. The seal 44 itself may be
constructed of a variety of materials. For example,
the seal 44 may be formed of a laminate including a
metallic foil (e.g., aluminum/polymer laminates, one
of the container wall constructions, or any other
suitable construction as discussed in connection with
seal 34 above. The seal 44 may be attached by any
suitable technique, e.g., adhesively, thermally (by,
e.g., heat sealing, thermal welding, ultrasonically,
etc.), chemical welding (using, e.g., solvents), etc.
The dispensing assembly 40 also includes a dispensing
tip 46 and associated piercing element 47. The
dispensing tip 46 may serve to at least partially
protect the seal 44 from unwanted opening. In
addition, the dispensing tip 46 may also preferably
restrain the piercing element 47 from opening the seal
44 until opening of the seal 44 isdesired. The
piercing element 47 may include a barb used to open
the seal 44 by 



piercing, tearing, cutting, perforating, etc. For
example, the piercing element may be in the form of a
hollow circular die that punctures or cuts open the
seal 44. The dispensing tip 46 also includes openings
48 formed therein that allow the skin antiseptic
composition located within container 20 to pass
therethrough after the seal 44 has been opened. A
variety of mechanisms may be used to maintain the
attached, but spaced-apart relationship between the
seal 44 and the piercing element 47. For example, the
dispensing tip 46 may be threadably engaged with the
barrier plug 42 or the container 20 itself. It may be
preferred that detents or other structures be provided
to prevent the dispensing tip 46 from disengaging with
the barrier plug 42 after the dispensing tip 46 has
been partially threaded thereon. In another
alternative, the threads used to assemble the
dispensing tip 46 onto the barrier plug 42 may be
non-reversing. Any detents or other structures may
also preferably restrain the dispensing tip 46 on the
barrier plug 42 when partially threaded thereon to
prevent unwanted or accidental advancement of the
dispensing tip 46 on the barrier plug 42 such that the
piercing element 47 does not unwantedly pierce the
seal 44. The dispensing assembly 40 as depicted in
FIG. 1 is in a closed state in which it preferably
performs the function of sealing the end 22 of the
container 20 such that significant amounts of fluids
within the container 20 cannot escape therefrom and,
likewise, significant amounts of fluids outside of the
container 20, e.g., air or other gases, cannot enter
the container 20. By significant amounts, it is meant
that small amounts of gases and/or fluids may pass,
but no functionally significant amounts will pass
through the dispensing assembly 40 in its closed
state. After advancement of the dispensing tip 46 onto
the barrier plug 42 towards end 2 1 of the container
20 by a sufficient distance, the piercing element 47
pierces or otherwise opens the seal 44. It may be
preferred that after advancement of the dispensing tip
46 onto the barrier plug 42, detents or other
structures be provided to restrict or prevent reversal
of the advancement of the dispensing tip 46 onto the
barrier plug 42. Because the depicted dispensing tip
46 is threadably engaged with the barrier plug 42,
rotation of the dispensing tip 46 about the axis 12
causes the piercing element 47 to move in an arc about
the axis 12 which may contribute to opening of the
seal 44 as the dispensing tip 46 is rotated relative
to the seal 44.If both the cover 36 of the venting
assembly 30 and the dispensing tip 46 of dispensing
assembly 40 are threadably engaged with the skin
antiseptic composition dispenser 10 at opposing ends
of container 20, it may be desirable if the threads
are provided such that a user can rotate the cover 36
and tip 46 in opposite directions about axis 12 to
simultaneously open the seals 34 and 44 at opposing
ends of the container 20. hi the depicted skin
antiseptic composition dispenser 10, an applicator 50
is located over the openings 48 on dispensing tip 46.
As a result, the skin antiseptic composition passes
through the openings 48 and into the interior of the
applicator 50 when the seal 44 is opened. The
applicator 50 may be made of a variety of materials,
e.g., foam, non-woven fibrous masses, woven or knitted
structures, stitchbonded structures, etc. It may be
preferred that the applicator 50 be made of a material
or materials that retain fluids, e.g., by absorption,
adsorption, etc. One example of a potentially
preferred material is an open-cell polyurethane foam.
It may, however, be preferred that the applicator 50
be constructed of a foam pad capable of passing fluids
therethrough. In some instances, it may be preferred
that the applicator 50 be constructed of a relatively
hydrophilic foam. The hydrophilic foam may, e.g., have
an apparent surface energy of 35 dynes/centimeter or
more. Even higher apparent surface energy may be
desirable in connection with some skin 



antiseptic compositions, e.g., apparent surface energy
of 40 dynes/centimeter or more may be preferred. It
may, however, be preferred that the hydrophilic foams
used as applicators in the present invention have an
apparent surface energy of 45 dynes/centimeter or
more, possibly 50 dynes/centimeter or more. In some
instances, it may be preferred that the hydrophilic
foam be wettable by deionized water (thus having,
e.g., an apparent surface energy of 70
dynes/centimeter or more). Unless otherwise indicated,
apparent surface energy is determined according to the
"Apparent Surface Energy Test" procedure described
herein. Surprisingly, hydrophilic foams used with
aqueous skin antiseptic compositions provide superior
antimicrobial efficacy as compared to traditional
hydrophobic foams. Similar efficacy enhancement may be
possible for aqueous enhancement may be possible for
aqueous antiseptics applied using foam scrub brushes
for use in, e.g., disinfecting the hands of a
clinician (e.g., doctor, nurse, etc.).It may be
preferred that the minimum distances between the
openings 48 in the dispensing tip 46 and the outer
surface of the applicator 50 be generally consistent.
Uniformity in the minimum distances between the
openings 48 and the outer surface of the applicator 50
may reduce the tendency of the skin antiseptic
composition to drip from the applicator 50 during
dispensing of the skin antiseptic composition. It may
also be useful to control the size and distribution of
the openings 48 in the dispensing tip 46 to preferably
uniformly fill the applicator 50. Suitable dimensions
for the openings 48 may be, e.g., 5 millimeters (mm)
to 6.5 mm. The size and distribution of the openings
48 may vary based on a variety of factors, e.g., the
porosity and apparent surface energy of the applicator
50 surrounding the dispensing tip 46, the viscosity
and surface tension of the skin antiseptic composition
within the container 20, the number of openings 48 in
the tip 46, etc. The applicator 50 may take a variety
of different shapes depending on the intended use of
the skin antiseptic composition dispenser 10. One
suitable shape for an applicator 50 may be, e.g., a
circular cylindrical shape as depicted in FIG. 5. It
may be preferred that cylinder be a right cylinder as
depicted, although oblique cylinders may also be
provided. Another variation on the shape of the
applicators used in connection with the skin
antiseptic composition dispensers of the present
invention is depicted in FIG. 6. The applicator 150
depicted as a part of skin antiseptic composition
dispenser 110 is in the form of a truncated cone with
circular bases at each end. Still another variation in
the shape of an applicator used in connection with a
skin antiseptic composition dispenser according to the
present invention is depicted in FIGS. 7 & 8. The
applicator 250 of skin antiseptic composition
dispenser 210 includes two opposing major surfaces 252
separated by an edge surface 254. The edge surface 254
may be flat as shown, although other edge profiles may
also be used in place of the flat profile shown. FIG.
8 illustrates another potential feature of the
applicators used in connection with skin antiseptic
composition dispensers of the invention. The container
220 is elongated such that it defines a longitudinal
axis 212 along its length. Although the major surfaces
252 may be located in planes that are generally
parallel to the axis 212, it may be preferred that the
major surfaces 252 be located in planes that are not
parallel with the longitudinal axis 212 of the
container 220. The major surfaces 252 of
theillustrated applicator 250 are canted to form angle
b (beta) with the longitudinal axis 212 in FIG. 7. The
angle b (beta) may be, e.g., 2.5 degrees or more,
preferably 5 degrees or more (although this is
somewhat dependent on the length of the applicator 250
and the morphology of the container 220 connected
thereto). When the major surfaces of applicators are
described herein as being located in a plane or
defining a plane, it should be understood that the
major surface need not necessarily be planar itself.
Rather, the major surface may deviate somewhat from
true 



planar surface, e.g., it may be slightly curved,
undulating, or include various other deviations from a
true planar surface. A potential advantage of
providing an applicator 250 with a canted major
surface 252 is that during use on, e.g., the skin of a
patient, the container 220 (which serves as the
handle) is spaced from the patient's skin when the
surface 252 is resting flat on the skin. As a result,
clearance may be provided between the user's hand and
the patient's skin. That clearance can reduce the
likelihood of contact between the user's hand and the
patient's skin, thereby improving aseptic technique in
use of the skin antiseptic composition dispenser 210.
If the applicator 250 is soft and/or conformable (such
as a foam), the canted major surfaces 252 will not
typically prevent the dispenser 210 from being used to
dispense skin antiseptic composition within body
orifices, e.g., vagina, rectum, etc. Among the
variations in applicators that may be described with
respect to FIGS. 7 & 8, one variation in applicator
design may include major surfaces that are canted at
different angles from the longitudinal axis 212. In
another variation, one of the major surfaces may be
located in a plane that is parallel to the
longitudinal axis 212, while the other major surface
is canted relative to the longitudinal axis 212. When
the container 220 is in the form of an elongated
tubular shape, it may be preferred that the major
surfaces 252 be positioned such that the longitudinal
axis 212 defined by the container 220 does not
intersect one or both of the major surfaces 252. FIG.
9 depicts another variation in applicators used in
connection with the skin antiseptic composition
dispensers. The applicator 350 of skin antiseptic
composition dispenser 310 includes two major surfaces
352 that, in the depicted embodiment, are generally
parallel with each other. The lower surface 352 is
located in a plane that forms an angle a (alpha) with
the longitudinal axis 312 defined by the container
320. The canted applicator 350 may be useful in
providing clearance between a user's handon the
container 320 and a patient's skin during dispensing
of the skin antiseptic composition within the
container 320. The angle a (alpha) may preferably be
15 degrees or less, in some instances 10 degrees or
less. At the opposite end of the range, it may be
preferred that angle a (alpha) be 5 degrees or more.
FIG. 10 depicts another optional feature of some
embodiments of skin antiseptic composition dispensers
of the present invention. The skin antiseptic
composition dispenser 410 includes an applicator 450
at one end. The applicator 450 is, however, located in
a sleeve 460. The sleeve 460 is preferably made of
materials (e.g., films, etc.) that are impermeable to
the skin antiseptic composition located within the
container 420. As a result, when the skin antiseptic
composition is delivered to the applicator 450 while
the applicator 450 is located within sleeve 460, any
of the skin antiseptic composition that escapes from
the applicator 450 is retained within sleeve 460.
Furthermore, the sleeve 460 may be grasped by the user
to pierce the seal(s) and dispense the antiseptic
composition into the applicator. The sleeve 460 can
then be removed to reveal the applicator. In this
manner, the applicator is easily filled with the
antiseptic composition without contamination of the
applicator by the hands of the user. The sleeve 460 is
preferably retained around the applicator 450 until
its removal is desired. Retention of the sleeve may be
effected by a sleeve 460 that is sized to fit tightly
on the applicator 450. Alternatively, the sleeve 460
may include spot welds, adhesives, or other
materials/structures that assist in retaining the
sleeve 460 on the applicator 450 until its removal is
desired. In one method of using a sleeve 460 in
connection with a skin antiseptic composition
dispenser 410, the skin antiseptic composition within
container 420 is dispensed into the applicator 450 by
any suitable technique (e.g., squeezing the container
420, allowing the skin antiseptic composition to drain
into applicator 450 



under the force of gravity, etc.). Any of the skin
antiseptic composition that would otherwise drip from
the applicator 450 is captured within the sleeve 460.
After the skin antiseptic composition is dispensed
from the container 420, the sleeve 460 and applicator
450 located therein may be compressed and released.
Typically, that compression and release sequence will
result in substantially all of the skin antiseptic
composition returning into the applicator 450
(particularly where the applicator 450 is constructed
of a hydrophilic foam). Afterwards, the sleeve 460 can
be removed fromthe applicator 450, which is then ready
for use in dispensing the skin antiseptic composition
to a patient. Sleeves intended for use in the manner
just described are preferably flexible to allow
compression of the applicator 450 as just described.
In certain circumstances, such as prepping smaller
areas, it may be desirable to use the sleeve to
squeeze some of the antiseptic composition out of the
applicator to be retained in the sleeve. The volume of
the sleeve 460 is preferably at least as great as the
volume of the skin antiseptic composition in the
container 420. Typically, although not necessarily,
the volume of the sleeve 460 will be at least 200% of
the volume of the skin antiseptic composition in the
container 420. It may be preferred that volume of the
sleeve 460 be 300% or more of the volume of the skin
antiseptic composition within the container 420. The
volume of the sleeve is measured with an empty
applicator pad fully inserted into an upright sleeve
having no dispensing tip attached. The mass of water
that can just fill the sleeve is recorded and
converted to volume assuming a density of 1 g/cm3. The
volume of the sleeve should not be so great that the
sleeve interferes with activating the dispenser. For
example, in some embodiments the dispensing tip 46 is
rotated relative to the container to open the
dispensing seal 44. A sleeve that extends too far up
the container would make it inconvenient to grasp the
sleeve covered applicator pad in one hand and the
container in the other without inadvertently grasping
the sleeve. Furthermore, it should be noted that the
sleeve 460 is preferably open on the end facing the
container 420 so that the sleeve 460 can retain any
excess antiseptic composition and yet be easily
removed. Furthermore, the opening in sleeve 460 allows
a sterilant gas (e.g., ethylene oxide) to enter and
sterilize the foam and be easily removed by aeration
after the sterilization is complete. The applicator
450 covered with sleeve 460 on the dispenser 410 may
be further packaged in an outer package such as a bag,
pouch, box, etc., that is permeable to sterilants such
as ethylene oxide. In this manner, the entire exterior
of the dispenser 410 can be sterilized. In use, the
clinician removes the outer package and aseptically
delivers the sleeve-covered applicator 450 to the
sterile field. The antiseptic composition in the
container 420 is released into the applicator 450 and
distributed by massaging the sleeve-covered applicator
450 (if necessary). Finally, the sleeve 460 isremoved
and the antiseptic is applied to the patient using the
applicator 450, with the container 420 acting as the
handle. In embodiments where the applicator and
dispensing tip are threadably or slidably engaged with
the container, the sleeve 460 is preferably
sufficiently stiff to prevent getting caught in the
mechanism during activation. For sleeves made of low
density polyethylene, the sleeve thickness may be,
e.g., greater than 50 micrometers, more preferably
greater than 75 micrometers, and most preferably
greater than 85 micrometers. TEST PROTOCOLS The
following test protocols may be used to determine the
physical properties discussed above with respect to
the invention. GASEOUS ETHYLENE OXIDE PERMEABILITY
TEST The permeation of ethylene oxide (ETO) across
various polymer films over a given unit area for a
specified amount of time was measured using the
following 



procedure. A known thickness of film was clamped
between two glass test chambers (1.6 inches (4.06 cm)
in diameter at the base), which were sealed to the
film with an oring on either side. A cylinder of 100
percent ETO was placed upstream of the film under a
pressure of 60 psi (0.41 MPa) and a slow, 10 ml/hr,
flow of ETO was allowed to pass through the upstream
chamber while the downstream chamber was swept with
nitrogen gas at 40 ml/hr through a charcoal adsorption
tube for 2 hours. The 8 mm x100 mm charcoal tube
contained 20228 ORBO Coconut shell charcoal in two
sections, front (400 mg) and back (200 mg) and is
commercially available from Supelco, Bellefonte, Pa.
Ideally the ETO is trapped on the front portion. The
back is analyzed to show that most if not all of the
ETO is found on the front. If significant ETO (>10%)
is found on the back portion it suggests that the tube
was overloaded and that some ETO has passed through.
The individual sections were removed from the sampling
tube and extracted for more than 2 hr with 2.0 mL
acetone to desorb the ETO. The extract solutions were
analyzed by gas chromatography (GC) using the
following equipment and conditions:Instrument: Agilent
Technologies 6890 GC or 5890 GC or equivalent Column:
Agilent HP-INNOWAX 30m x 0.25mm 0.5m film Carrier:
Helium at 1.6 rtiL/min Injection: l mL split 1/20
(2000C) Oven program: 30C (4 min hold) then at 20C/min
to 240C (hold 10 min) Detection: Flame ionization
(240C) Under these conditions the ethylene oxide
eluted as a peak at 2.0 +/- 0.1 minutes. A reference
solution of ETO was prepared by collecting known
volumes of ethylene oxide gas at room temperature and
pressure. This was injected into a sealed vial
containing a known volume of acetone, in which it was
extremely soluble. A series of standard solutions of
known concentrations was made by serial dilution of
this standard with acetone. The standards were
injected under the same conditions as the sample
extracts so a calibration curve of peak area vs. ETO
concentration was set up. The sample concentrations
were estimated by interpolation of the peak area
values on this curve. Thus ETO permeation (mL/hr/in 2)
= (ETO extract concentration x (mL gas/mL solution)) x
(extract solution volume (mL))/(Film area (in2)) x
(Test time (hr)) Where: extract solution volume = 2 mL
Film area = 1.227 in2 (7.916 cm2) Test time = 2 hrs
The ETO permeation was converted from mL ETO/hr/in 2
to mL ETO/hr/cm2. Then using ETO density equal to
0.882g/cc, ETO permeation was converted to mg
ETO/hr/cm2 and divided by the film thickness in
micrometers to give mg of ETO/hr/cm2/mm. GASEOUS
ETHYLENE OXIDE RESIDUALS TEST Small (3 in (7.62 cm) by
5 in (12.70 cm)) dual heat sealed pouches were
constructed with a seal line width of 0.48 cm from the
first 12 films listed in Table Ia. The pouches were
filled with 25 ml of tap water and exposed to a
standard ETO sterilization cycle in 3M STERTVAC4XL ETO
Sterilizer, 3M, St. Paul, MN. The sterilization cycle
was for 4.5 hours of exposure to ETO at 37C with a
2.25-hour aeration time.The contents of the pouches
were removed and analyzed for ETO residual and
conversion products, ethylene chlorohydrins (ECH) and
ethylene glycol (EG) using ANSI/AAMI/ISO 10993-7
Biological Evaluation of Medical Devices- Part 7:
Ethylene oxide sterilization and ANSI/AAMI St30:
Determining Residual Ethylene Chlorohydrins and
Ethylene Glycol in Medical Devices by Biotest
Laboratories, Inc. 



Minneapolis, MN. The results were reported in parts
per million (ppm) APPARENT SURFACE ENERGY TEST The
method for measuring the surface energy was AATCC Test
Method 118- 1983, with the modifications described
below. Surface energies measured according to this
modified test method are referred to herein as
"apparent" surface energies. The modified AATCC test
method 118-1983 determines the surface energy of a
fabric or foam by evaluating the applicator's
resistance to wetting by a series of selected
methanol/water compositions. By employing various
mixtures of methanol and water in the applicator
resistance test, the measurement of a range of surface
energies may be accomplished. Surface tension values
were extrapolated from data given in Handbook of
Chemistry and Physics 56th ed. page F-42, CRC Press,
by plotting the data and generating a regression curve
using the following formula: surface tension = -
0.0000777x3 + 0.0163756X2 - 1.3499137x + 71.1475488
where x = percent volume of methanol. The compositions
and their representative surface tensions are as
follows:The test procedure was as follows. A specimen
of the applicator foam material was placed such that
the major surface used for testing was horizontal. For
convenience the tests were conducted at 23-250C (room
temperature) at approximately 50% relative humidity.
Using the method of AATCC 118-1 983 except that
beginning with the lowest surface tension test liquid
shown above, five drops of the test liquid were gently
placed on the surface of the applicator. Note that the
drop was placed on the surface, i.e. not allowed to
fall onto or impact the surface. If the applicator was
not homogeneous, (e.g., was a laminate or other
non-homogeneous construction), the test liquid was
placed in various locations on the surface that faced
the impregnating antiseptic composition. If three of
the five drops wicked into the applicator within 60
seconds, the test liquid of the next higher surface
energy was used. When at least 3 drops remained on the
applicator surface, the apparent surface energy was
recorded as the value of the highest numbered liquid
which had at least 3 drops absorb. (For a liquid to
wet a surface the surface tension of the liquid must
be less than the surface energy of the solid. More
precise determination of the apparent surface energy
could be accomplished by preparing fluids with surface
tensions intermediate those numbered fluids shown in
the table above.) HUMAN SKIN ANTIMICROBIAL ACTIVITY
Two formulations were checked for antimicrobial
activity in a method similar to ASTM Test Method E-1
173-93 Standard Test for Evaluation of a Pre-operative
Skin Preparation, except that the compositions were
applied to the backs (considered a "dry" site) of
healthy volunteers and the baseline bacterial flora
counts as put forth in section 7.1 of the ASTM method
were not as high. Preps were always compared to the
2-step application of BETADINE Surgical Scrub (7.5%
povidone-iondine, Purdue Frederick Company, Norwalk,
CT) and BETADINE Surgical Solution (10%
povidone-iodine "paint", Purdue Frederick Company,
Norwalk, CT) per the manufacturer's instructions. All
studies were randomized block designs.On the Study
Day, two samples for baseline microbial counts were
taken, one from the upper back and one from the lower
back, on opposite sides of the spine. The test
formulations and the control were randomized on the
back-usually four across the upper back and four
across the lower back. The residual bacteria were
sampled from all sites 2.0 minutes after completion of
application. Formulations were applied using each of
two sponges, Sponge No. 3 on the applicator tip and
Sponge No. 4 on its sponge stick, as described in
Example 5. The prep was applied by simply painting a 2
x 5 inch (5.08 x 12.7 cm) stripe with moderate
pressure in a back and forth motion for 30 seconds
(approximately 30 times). BETADINE Surgical Scrub and
BETADINE Surgical Solution were applied following
manufacturer's directions. Briefly, BETADINE Surgical
Scrub was applied with saturated gauze and scrubbed
for 5 



minutes, wiped off; and the BETADINE Surgical Solution
applied in an outward spiral from center. Minimums of
8 subjects were used in accordance with sections
8.2-8.3 of ASTM testing method El 173. All subjects
refrained from using antimicrobial products for a
minimum of 2 weeks. The average log reduction from
baseline was determined for each composition. If
multiple sites were run, the log reduction for each
site was determined. Results were reported in average
log reductions (numerical average of the log reduction
values). Note that an appropriate neutralizer was
first determined for each formulation tested in
accordance with ASTM testing method E l 173-93 section
6.7. For most polymer systems the following
neutralizing sampling solution was used: 0.4 g
potassium dihydrogen phosphate, 10.1 g sodium hydrogen
phosphate, 1.0 g TRITON XlOO surfactant available from
Union Carbide Corp., Houston TX, 4.5 g lecithin (CAS #
8002-43-5, available from Fisher Scientific, Fairlawn,
NJ as Cat No. 03376-250), 45.0 g TWEEN 80 (ICI), 1.0 g
sodium thiosulfate, and deionized water to bring the
total volume to 1 liter. The sampling solution was
prepared by adding all components together and heating
with stirring to approximately 60C until dissolved. It
was then placed in containers and steam sterilized.
GLOSSARYEXAMPLES EXAMPLE 1 Commercially available
thermoplastic films of varying thickness were
evaluated for ETO permeability using the Gaseous
Ethylene Oxide Permeability Test described above. The
descriptions of twenty-nine of the more useful films
evaluated are shown in Table Ia and the thickness of
the films and results of the ETO permeability test are
shown in Table Ib. A sample circle was cut from each
of two bottles. One bottle was made from HDPE
(commercially available as FORTIFLEX B53-35H-01 1
natural from Solvay Polyethylene North America,
Houston, TX) and the other bottle was PP/EVOH/PP/PP
and was used for bottling ketchup (commercially
available from H. J. Heinz, Pittsburgh, PA). The
samples were evaluated using the Gaseous Ethylene
Oxide Permeability Test. The thickness of the sample
and results of the ETO permeability test are shown in
Table Ib.SOLID ACID CATALYST AND METHOD OF USING SAME
BACKGROUND 1. Field of the Invention The present
invention relates to a catalyst for use in hydrocarbon
conversion processes, and more particularly to the
preparation of anion modified solid acid catalysts. 2
. Background of the Art Solid acid catalysts are used
in a wide variety of chemical conversion processes in
the oil refining and petrochemical industries.
Particularly, anion modified oxides such as WO3/ZrO2 /
SCVVZrO 2, Mo03/Zr02, S04 2/Ti02, and SO4 2/SnO2, are
strong solid acids and have shown promising
performance in hydrocarbon conversion processes such
as, for example, isomerization, catalytic cracking,
alkylation and transalkylation. See for example, U.S.
Patent Nos , 6,107,235 and 6,080,904. U.S. Patent
application Publication No. 2003/0069131 discloses a
solid acid catalyst comprising a compound of 



anion-modif ied metal oxide doped with metal ions and
a method of isomerizing an alkane using the
catalyst.Catalysts prepared in accordance with prior
art methods are in powder form and are not suitable
for loading into most of the commercial reactors,
which require catalysts formed into granules, spheres
or extrudates with good mechanical strength while
retaining high activity. The solid acid catalysts
mentioned above can be admixed with binders such as
alumina, clay, or silica to provide shaped catalyst
particles with good mechanical strength. However, the
activity of the shaped bound catalysts for alkane
isomerization -- particularly n-heptane isomerization
is reduced significantly as compared with the unbound
powder form. Accordingly, what is needed is a
catalyst/binder composition which has high mechanical
strength and good catalytic performance. SUMMARY A
catalyst composition is provided herein which
comprises an oxygen compound of an element selected
from Group IVB or Group IVA of the Periodic Table of
the Elements ; an oxygen compound of an element
selected from Group VIB or Group VIA of the Periodic
Table of the Elements; and at least about 1% by weight
based upon total catalyst weight of fumed silica
particles.The catalyst composition is advantageously
employed in hydrocarbon conversion processes such as
isomerization, catalytic cracking, alkylation and
transalkylation. DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT (S) The present invention employs fumed
silica as a binder component for the shaping of powder
mixed oxide catalysts to achieve a shaped catalyst
with excellent physical strength and enhanced catalyst
performance for alkane isomerization. The final shape
of the catalyst can be, for example, an extrudate,
sphere, or tablet. More particularly, the catalyst of
the present invention comprises an oxygen compound of
one or more elements of Group IVA or IVB (CAS
notation) of the Periodic Table of the Elements. Group
IVB elements include titanium (Ti) , zirconium (Zr)
and hafnium (Hf) . Group IVA elements include carbon
(C) , silicon (Si) , germanium (Ge) , tin (Sn) and
lead (Pb) . The catalyst further includes an oxygen
compound of a Group VIB or Group VIA element of the
Period Table. Group VIB elements include chromium (Cr)
, molybdenum (Mo) andtungsten (W) . Group VIA elements
include sulfur (S), selenium (Se) and tellurium (Te) .
.The mass ratio of the Group IVB or IVA compound to
the Group VIB or VIA compound can typically range from
about 0.001 to 1000, preferably 0 .1 to about 100, and
more preferably from about 1 to about 10. Preferred
catalyst combinations include, for example, WO3/ZrO 2,
SO4 2/ZrO 2, Mo0 3/Zr0 2, SO4-2/TiO 2, and SCVVSnO 2 .
The catalyst can b e modified by the inclusion of a 



dopant selected from compounds of aluminum, gallium,
cerium, antimony, scandium, magnesium, cobalt, iron,
chromium, yttrium and/or indium. In a preferred
embodiment the catalyst includes an aluminum doped
zirconia combined with tungsten oxide, designated as
WO3/Al-ZrO 2 . The catalyst can also include a Group
VIII noble metal component such as platinum, palladium
or iridium. The binder of the present invention
contains fu m e d - silica. Fumed silica is prepared
by the vapor phase decomposition of halosilane (e.g.,
silicon tetrachloride) in a hydrogen- oxygen flame.
The combustion process produces silicon dioxide
molecules 'which condense to form particles. The
particles collide and sinter together. The
primaryparticles have a diameter ranging from about 9
nm to about 30 nm. However, the primary particles fuse
together to form aggregates (the smallest dispersable
units) of from about 0.2 to about 0.3 microns in
particle size. The aggregates, in turn, tend to
entangle together to form agglomerates of from about
30 to about 44 microns in particle size. Fumed silica
is amorphous. The individual particles are nonporous.
However, the agglomerates have a very high void volume
(>98%) . The BET surface area of fumed silica
typically ranges from about 160 m2/g to about 200
m2/g. Fumed silica suitable for use in the invention
can be obtained under the designation AEROSIL (r) from
Degussa Co., or under the designation CAB-O-SIL (r)
from the Cabot Corporation. As shown below, fumed
silica provides surprisingly better results for alkane
isomerization as compared with other silica or alumina
binders. At least about 1% by weight of fumed silica
is incorporated into the final mixed oxide/binder
catalyst composition, preferably at least about 5%,
and more preferably at least about 10%. A s
demonstrated below, the fumed silica is surprisingly
superior to colloidal silica as a binder.Colloidal
silica includes amorphous silica particles having a
size usually of less than about 100 microns. The
aggregate particle size can be as small as the size of
theprimary particles. The surface of the colloidal
silica particles typically consists of silanols having
hydroxyl groups attached to the silicon atoms, e.g.,
Si-(OH) x, or siloxanes, e.g., Si-O-Si-O-. Colloidal
silica is typically produced by adjusting the pH of a
sodium silicate solution, for example by cation
exchange, to form a silica sol. The sol is then
stabilized with cations such as sodium or ammonium.
.Colloidal silica is provided in aqueous liquid form
rather than in powder form. The feedstock for the
present process may be one which contains significant
amounts of C5+ normal and/or slightly branched
paraffins. In addition, the feedstock may contain
monocyclic aromatic compounds and/or cyclic paraffins,
such as cyclohexane . The present catalyst may be.
used to isomerize C4-C8 paraffin hydrocarbons, either
as pure compounds or mixtures. 



In refinery operations, the paraffins will normally be
present in mixtures and, in addition to the C4-C8
materials, may contain hydrocarbons boiling outside
this range.Cycloparaf fins and aromatics may also be
present. Thus, the feed can comprise C4-C8 paraffins
such as butane, pentane, hexane 'and these may be
present in refinery streams such as raffinate cuts
from solvent extraction units and reformer feedstock.
The feeds may also contain cyclic hydrocarbons, e.g.,
in the form of C6+ naphthas. The cyclic materials in
such feeds may undergo ring opening and isomerization
reactions in the presence of the catalyst with its
associated metal component, to form paraffins which
then undergo isomerization to iso-paraf fins which can
be separated from the cyclics by fractionation, with
the cyclics being recycled to extinction. For example,
cyclohexane can be converted to methyl cyclopentane .
In addition to pure paraffin feeds (C4-C8), mixed
paraff inolefin feeds containing significant levels of
olefin may be utilized . The isomerization is carried
out in the presence of the catalyst, preferably in the
presence of- hydrogen. Reaction temperatures are
suitably in the range of about 770F to 800 0F (about
25C to 425 0C ) . Temperatures outside this range may
be utilized although they are normally less preferred.
Typical temperatures range from about 200F to600 F
(about 43C to 316C) . Pressures can typically range
from about 1 psig up to about 1,500 psig (about 7,000
kPa) , although higher pressures can also be used.
Lower pressures, in the range of about 50 to 500 psig
(about 350 kPa to 3,50OkPa) may readily be employed;
and the use of relatively low pressures within this
range will generally be preferred in order to permit
the use of low pressure equipment . The isomerization
is usually carried out in the presence of hydrogen,
typically at a molar ratio relative to the feed from
0.01 to 10:1 and usually from 0.5:1 to 2:1. Space
velocities are typically from 0.1 to .10 LHSV and
usually from 0.5 to 5.0 LHSV. When an additional
acidic material (Lewis acid or Bronsted acid) is
included in the catalyst, lower operational
temperatures may be used, favoring the isomerization
over the less desired cracking reactions . Examples
and comparative examples are provided below to
illustrate the invention and its advantages. The
Examples illustrate the invention. The Comparative
Examples do not illustrate the invention, but are
provided to illustrate by way of comparison the
unexpected advantages achieved by the invention as
opposed to non- inventive catalysts. Analuminum-doped
mixed oxide catalyst containing a platinum component
was prepared in accordance with the following
procedure . Mixed zirconium- aluminum hydroxides were
prepared by the co-precipitation of 13 parts by weight
of ZrOCl 2"8H2O and 0.75 parts of Al (NO3)3 9H20 with
80 parts of 14% aqueous ammonium hydroxide solution.
The mixed hydroxides 



precipitate was washed four times with distilled water
followed by filtration. After drying the precipitate
at 100-120 0C , the filter cake was pulverized into a
fine powder. The mixed hydroxide powder was then
impregnated with 8.4 parts of ammonium metatungstate
solution, (NH4 6H2W12O40 , after which the mixture was
then dried at 100 - 120 0C and then calcined at 800 0C
for 3 hours. The product was a yellowish powder of
tungstated aluminum doped zirconia designated as
WO3/Al-ZrO2, which was used in all examples. The
shaped catalyst was formed by combining the tungstated
aluminum doped zirconia with 'the binder, shaping and
then calcining, as indicated. To incorporate the noble
metal into this material the tungstated aluminum doped
zirconia was impregnated with aqueous solution of
(NH3)4Pt (NO3)2. This mixture was driedand then
calcined at 35O 0C for 3 hours, whereupon the platinum
salt decomposed to platinum oxide PtO2. This catalyst
was designated as Pt/WO3/Al-ZrO2. In some tests the
platinum was added prior to shaping with binder. In
other tests the platinum was added after shaping with
binder. The catalyst performance was evaluated in an
n-heptane isomerization reaction conducted in a fixed
bed reactor. The shaped catalyst was pulverized to
adapt to the laboratory reactor. The amount of
catalyst/binder sample varied according to the amount
of binder, but in all cases the total amount of active
WO3/Al-ZrO2 was maintained at about 500 mg. The
catalyst was loaded into a A inch o.d. quartz tube
reactor with a thermocouple located below the catalyst
bed. The catalyst was heated in flowing helium with a
10C/min ramp rate to 350C and held for 60 minutes.
Then the helium flow was replaced with hydrogen, and
the catalyst was reduced in hydrogen at 3500C for 2
hours. At the end of the reduction the reactor
temperature was lowered to 200 0C . Then a feed gas
containing 3 mole percent of n - heptane in hydrogen
was introduced into the reactor. The reaction products
were analyzed by an on-line gaschromatograph with an
FID detector and a 50 mm, 0.53 micron alumina
capillary column. The first product sample was taken
15 minutes after the feed was introduced. Subsequent .
samples were analyzed at 45 minute intervals. The
catalyst activity and selectivity were calculated from
summing the peak areas of products and the reactants
according to the following equations 1 and 2 ,
respectively: Conversion % = 100 PA/ (PA+PB) [1] and
Selectivity % 100 PC/PA [2] wherein: . PA is the peak
areas of all products; PB is the unconverted n-C7 peak
area; and, Pc is the peak areas of branched heptanes .
' COMPARATIVE EXAMPLE 1 This comparative example
illustrates the preparation 



and performance - testing of tungstated aluminum-doped
zirconia with platinum added. No binder was employed.
18 Parts of the material obtained from example 1 was
impregnated with 6.21 parts of 1.74wt% of (NH3)4Pt
(NO3)2 aqueous solution. After calcination at 350 C
for 3 hours, the platinum salt decomposed into
platinum oxide. Thesample was designated as 0.6%
Pt/WO3/Al -ZrO2 and used for the performance test
described above. The results are shown in Table 1 .
COMPARATIVE EXAMPLE 2 This comparative example
illustrates the preparation and performance
characteristics of colloidal alumina -bound mixed
oxide catalyst. The Pt/WO3/Al -ZrO2 catalyst was
prepared in accordance with Comparative Example 1
except that the platinum content was adjusted to 1.0
wt% . A shaped catalyst with 80% mixed-oxide/2 0%
alumina was prepared by mixing 8.0 parts of Pt/WO3/Al
-ZrO2 prepared according to Comparative Example 1 and
10.0 parts of Nyacol colloidal alumina (2 0% alumina
in aqueous medium) . The mixture was pressed in a
"dough-like" form and subsequently calcined. The
calcination condition was: static air, 120 C for 1
hour, raised to 400 C with a ramp rate of 5C/min and
held for 3 hours. The resulting material was
pulverized to fine powder and used for evaluation of
n-heptane isomerization in the manner indicated above.
The results are shown in Table 1 .COMPARATIVE EXAMPLE
3 This comparative example illustrates the preparation
. and isomerization performance characteristics of
colloidal silica-bound mixed oxide catalyst. The Pt/WO
3/Al-ZrO 2 catalyst was prepared in accordance with
Comparative Example 1 to provide 0.6% Pt. A colloidal
silica source containing 40 wt% SiO2 in an aqueous
medium (Nalco-2327) was obtained from ONDEO Nalco
Company, Chicago, IL. Two parts of 0.6% Pt/WO3/Al
-ZrO2 .prepared in Comparative Example 1 was mixed
with 1.2 parts of Nalco-2327. The mixture was pressed
in a "dough-like" form and subsequently calcined. The
calcination conditions were: static air, 120 0C for 12
hours, raised to 400 C with ramp rate of 5C/min and
held for 3 hours, and cooled to room temperature. The
catalyst was pulverized to fine powder and used for
isomerization performance evaluation in accordance
with the procedures described above. The results are
shown in table. 1 . COMPARATIVE EXAMPLE 4 This
comparative example illustrates the preparation and
isomerization performance characteristics of Boehmite
alumina-bound mixed oxide catalyst. The platinum was
added after shaping. Catapal (r) "D" alumina
(Boehmite) was obtainedfrom SASOL North American Inc.
Two hundred seventy two (272) parts of WO3/Al-ZrO 2
prepared according to the procedure set forth above,
was mixed with 117 parts of Catapal (r) "D" alumina,
135 parts of deionized water, and 3.13 parts of 70%
nitric acid. The mixture was mixed in a mixing devise
thoroughly, and then transferred into the cylinder ofa
hydraulics extruder (Loomis Ram Extruder, Mpdel
232-16) 



followed with extrusion into 1/16" diameter extrudates
. The extrudates were calcined under the following
conditions : static air, 90 0C for 1 hour; 120 0C for
1 hour, raised to 500 C with a ramp rate of 5C/min and
held for 5 hours, and cooled to room temperature. The
extrudates were found to have a crush strength of 2.9
lb/mm as tested in accordance with ASTM D4179 (Test
Method for Single Pellet Crush Strength of Formed
Catalyst Shapes) . Then, 0.6 wt% o f platinum was
loaded on this extrudate following the procedure in
Comparative Example 1 . The extrudates .were
pulverized into a powder prior to being loaded in the
reactor. The isomerization test results are shown in
Table 1 .COMPARATIVE EXAMPLE 5 This comparative
example illustrates the preparation and isomerization
performance characteristics- of precipitated
silica-bound mixed oxide catalyst. The Pt/WO3/Al -ZrO2
catalyst was prepared in accordance with Comparative
Example 1 to provide 0.6% Pt. Precipitated silica
(Hi-SiI 233) was obtained from PPG Industries Inc.,
Pittsburg, PA. This Hi-SiI 233 silica contains 0.55
wt% Na. Since Na could significantly deteriorate the
catalyst acidity, the "as is" Hi-SiI 233 was washed
thoroughly to lower the Na level below 3OO ppm prior
to mixing with the WO3/Al-ZrO 2 powder. 2.4 Parts of
WO3/Al-ZrO 2 were mixed with 0.6 parts of washed
Hi-SiI 233. The mixture was pressed in a "dough-like"
form and subsequently calcined. The calcination
conditions were: static air, 12O 0C for 6 hours,
raised to 450 C with ramp rate of 5C/min and held for
5 hours, and cooled to room temperature. The
mechanical strength of the calcined particles was
estimated to be less than 1.9 lb/mm based on the ease
of manual breakage. Then the calcined material was
pulverized into powder and loaded with 0.6 wt% Pt
following procedure in Comparative Example 1 . The
results are shown in table 1 .TABLE 1 * Pt dispersion
was determined by CO chemisorption; Surface area i s
BET surface area calculated from N2
adsorption-desorption data; Pore volume comes from
single point total pore volume at P/P 0=0 .9829;
Average pore diameter comes from BJH desorption
average pore diameter.EXAMPLE 1 This example
illustrates the preparation and isomerization
performance characteristics of the fumed silica-bound
mixed oxide catalyst of the present invention. The
platinum was incorporated into the catalyst prior to
shaping. AEROSIL (r) brand fumed SiO2 (AEROSIL 200)
was obtained from Degussa Corporation. 2.4 Parts of
0.6% 'Pt/WO 3/Al-ZrO 2 prepared in Comparative Example
1 was mixed with 0.11 parts of AEROSIL 200 and 0.28
parts of deionized water. The mixture was pressed in a
"dough-like" form and subsequently calcined. The
calcination conditions were: static air, 90 0C for 1
hour, 120C for 1 hour, raised to 450 0C with a ramp
rate of 5C/min and held for 5 hours, cooled to room
temperature. The material was pulverized to 



a fine powder and used for isomerization performance
evaluation according to the procedure indicated above.
The results are shown in Table 2 . EXAMPLE 2 This
example illustrates the preparation and isomerization
performance characteristics of the fumed silica-bound
mixed oxide catalyst of the present invention.The
platinum was added to the catalyst after shaping.
AEROSIL (r) SiO2 (AEROSIL 200) was obtained from
Degussa Corporation. 7.2 Parts .of WO3/Al-ZrO 2 was
mixed with 0.33 parts of AEROSIL 200 and 2 : 75 parts
of deionized water. The mixture was pressed in a
"dough-like" form and subsequently - calcined. The
calcination conditions were: static air, 12O 0C for 1
hour, raised to 450C with ramp rate of 5C/min and held
for 5 hours. Then, the calcined material was
pulverized into powder and then loaded with 0.6 wt% Pt
following procedure in Comparative Example 1 . The
results of isomerization performance evaluation are
shown in Table 2 . EXAMPLE 3 This example illustrates
the preparations and isomerization performance
characteristics of the fumed silica-bound mixed oxide
catalyst of the present invention. The platinum was
added after shaping. AEROSIL (r) SiO2 (AEROSIL 200)
was obtained from Degussa Corporation. 8.0 Parts of
WO3/Al-ZrO 2 was mixed with 2.0 parts of AEROSIL 200
and 5.25 parts of deionized water. The mixture was
pressed into a "dough-like" form and subsequently
calcined. The calcination conditions were: static air,
12O 0C for 1 hour,raised to 450 C with a ramp rate of
5C/min and held for 5 hours. Then the calcined
material was pulverized into powder and loaded with 0
.6 wt% Pt following procedure in Comparative Example 1
. The performance test results are shown in Table 2 .
Example 4 This example illustrates the preparation and
isomerization performance characteristics of the fumed
silica bound mixed oxide catalyst of the present
invention. The platinum was added after shaping.
AEROSIL (r) SiO2 (AEROSIL 200) was obtained from
Degussa Corporation.. 8.0 Parts of WO3/Al-ZrO 2 was
mixed with 2.0 parts of AEROSIL200 and 5.25 parts of
deionized water. The mixture was pressed in a
"dough-like" form and subsequently calcined. The
calcination conditions were: static air, 120 C for 1
hour, raised to 550 C with a ramp rate 5  C/min and
held for 5 hours . Then the calcined material was
pulverized into powder and 'loaded with 0.6 wt% Pt
following procedure in Comparative Example 1 . The
isomerization performance test. results are shown in
Table 2 .EXAMPLE 5 This example illustrates the
preparations and isomerization performance
characteristics of the -fumed silica-bound mixed oxide
extrudate catalyst of the present invention. The
platinum was added after shaping. AEROSIL 



SiO 2 (AEROSIL 200) was obtained from Degussa
Corporation. 320.0 Parts of WO3/Al-Zr0 2 was mixed
with 80.0 parts of AEROSIL 200 and -180 parts of
deionized water. The mixture was mixed in a mixing
devise thoroughly, and then transferred into the
cylinder of a hydraulics extruder (Loomis Ram
Extruder, Model 232-16) followed with extrusion into
l/l6" diameter extrudates . The calcination conditions
for the extrudates were: static air, 120C, raised to
450 0C with a ramp rate of 10C/min and held for 5
hours. This calcined extrudates has crush strength of
1 .9 lb/mm (following ASTM D4179 Test Method for
Single Pellet Crush Strength of Formed Catalyst
Shapes) . Then, 0.6 wt% of platinum was loaded on this
extrudate following the procedure in Comparative
Example 1 . The extrudates was pulverized into powder
prior to being loaded in the reactor. The performance
test results are shown in Table 2 .TABLE 2 * Pt
dispersion was determined by CO chemisorption; Surface
area i s BET surface area calculated from N2
adsorption-desorption data; Pore volume comes from
single point total pore volume at P/Po = 0. 9829;
Average pore diameter comes from BJH desorption
average pore diameter. EXAMPLE 6 This example
illustrates the preparation and isomerization
performance characteristics of the mixed binder --
fumed silica/colloidal silica-bound mixed
oxidecatalyst of the present invention. The platinum
was added after shaping. AEROSIL (r) SiO2 (AEROSIL
200) was obtained from Degussa Corporation. A
colloidal silica source containing 40 wt% SiO2 in an
aqueous medium (Nalco-2327) was obtained from ONDEO
Nalco Company, Chicago, IL. 2.40 Parts of WO3/Al-ZrO 2
was mixed with 0.48 .parts of AEROSIL 200, 0.30 parts
of Nalco-2327, and proper amount of deionized water.
The mixture was pressed into a "dough-like" form and
subsequently calcined. The calcination conditions
were: static air, 12O 0C for 6 hour, raised to 450 0C
with a ramp rate of 5C/min and held for 5 hours. Then
the calcined material was pulverized into powder and
loaded with 0 .6 wt% Pt following procedure in
Comparative Example 1 . The performance test results
are shown in Table 3 . EXAMPLE 7 This example
illustrates the preparations and isomerization
performance characteristics of another mixed binder -
- fumed silica/Catapal (r) "D" alumina bound mixed
oxide catalyst of the present invention. The platinum
was added after shaping. AEROSIL (r) SiO2 (AEROSIL
200) was obtained from Degussa Corporation. Catapal
(r) "D" alumina (Boehmite) was obtained from SASOL
North American Inc. 2.40Parts of WO3/Al-ZrO2 was mixed
with 0.48 parts of AEROSIL 200, 0.12 parts of Catapal
(r) "D" alumina, and proper amount of deionized water.
The mixture was pressed into a "doughlike" form and
subsequently calcined. The calcination conditions
were: static air, 120 0C for 6 hour, raised to 450 C
with a ramp rate of '5C/min and held for 5 hours. Then
the calcined material was pulverized into powder and 



loaded with 0.6 wt% Pt following procedure in
Comparative Example 1 . The performance test results
are shown in Table 3 . TABLE 3 * Pt dispersion was
determined by CO chemisorption; Surface area is BET
surface area calculated from N2 adsorption-desorption
data; Pore volume comes from single point total pore
volume at P/Po = 0.9829; Average pore diameter comes
from BJH desorption average pore diameter.The above
results show that the fumed silica bound mixed oxide
catalyst of the present invention (Examples 1-5) had
better n-C conversion than the unbound catalyst of
Comparative Example 1 , whereas the colloidal silica
and alumina- bound catalysts of Comparative Examples
2-4 performed worse (i.e., lower n-C7 conversion and
selectivity than the unbound catalyst of Comparative
Example 1 . The shaped catalyst using precipitated
silica as binder has low mechanical strength but
exhibits fair isomerization activity (Comparative
Example 5 ) . Moreover, it would be preferable to
incorporate the platinum after shaping to prevent
sintering of the precious metal during calcining. For
example, the catalyst of Comparative Example 4 , with
platinum loaded after shaping, performed better in
terms of n-C7 conversion than the catalysts of
Comparative Examples 2 and 3 , with platinum loaded
prior to shaping. However, it was surprisingly found
that when fumed silica was employed as the binder,-
incorporation of the platinum prior to shaping
(Example 1 ) provided a catalyst having n-C7
conversion superior to that of even Examples 2 , 3 and
4 . These results indicate thatfumed silica is indeed
an excellent binder for the mixed oxide isomerization
catalysts of the invention. . We have also explored
binding W03/Al-Zr0 2 powder using the mixture of fumed
silica and other low cost binders, such 5 as colloidal
silica or Catapal (r) "D" alumina. The test results
are listed in Table 3 . The overall catalyst activity
are comparable or even higher than the unbound
catalyst in term of activity per total catalyst
weight. The extrudate using pure fumed silica (Example
5 of Table 2 ) has 10 a crush strength of 1.9 lb/mm.
When higher crush strength of catalyst is needed, a'
mixed binder would be a good alternative in place of
pure fumed silica. . The Pt dispersion, surface area,
pore volume, and pore size* of the catalyst varies
with different binder and 15 calcination conditions.
However, there is no consistent correlation between
catalyst activity /selectivity and the factors
mentioned above. From side by side comparison , it is
clear that the superior catalyst performance in fumed
silica bound samples is owing to the binder material
itself. 20 While we do not wish to be bound to any
particular theory, one possible explanation for these
phenomena might be related to the interaction of the
binder with the activecenter of Pt/WO 3/Al-ZrO 2 .
Fumed silica has lower surface density of hydroxyl
groups than precipitated silica and colloidal silica,
therefore the interaction between fumed 



silica and Pt/WO 3/Al -ZrO 2 will be relatively
weaker. Strong interaction may reduce the acidity of
the catalyst. While the above description contains
many specifics, these specifics should not be
construed as limitations of the invention, but merely
as exemplifications of preferred embodiments thereof .
Those skilled in the art will envision many other
embodiments within the scope and spirit of the
invention as defined by t h e claims appended
hereto.WHAT IS CLAIMED IS : 1 . A catalyst composition
comprising: a ) an oxygen compound of an element
selected from Group IVB or Group IVA of the Periodic
Table of the Elements; b ) an oxygen compound of an
element selected from Group VIB or Group VIA of the
Periodic Table of the Elements; and c ) at least about
1% by weight based upon total catalyst weight of fumed
silica particles. 2 . The catalyst composition of
claim 1 wherein the fumed silica comprises at least
about .5% by weight of the total catalyst weight. 3 .
The catalyst composition of claim 1 further including
an aluminum compound. 4 . The catalyst composition of
claim 3 wherein the aluminum compound is aluminum
oxide. 5 . The catalyst composition of claim 1 further
including a Group VIII metal.6. The catalyst
composition of claim 5 wherein the Group VIII metal is
selected from platinum and palladium. 7 . The catalyst
composition of claim 1 wherein the Group IVB element
is tin. 8 . The catalyst composition of claim 1
wherein the Group IVA element is selected from the
group consisting of titanium and zirconium. 9. The
catalyst composition of claim 1 wherein the VIB
element is molybdenum or tungsten. 10. The catalyst
composition of claim 1 comprising tungsten oxide and
zirconium oxide. 11. The catalyst composition of claim
1 comprising molybdenum oxide and zirconium oxide. 12
. The catalyst composition of claim 1 comprising a
sulfate and zirconium oxide.13 . The catalyst
composition of claim 1 comprising a sulfate and
titanium oxide. 14 . The catalyst composition of claim
1 comprising a sulfate and tin oxide. 15 . The
catalyst composition of claim 1 wherein the fumed
silica is admixed with colloidal silica. 16 . The
catalyst composition of claim 1 wherein the fumed
silica is admixed with alumina. 17. The catalyst of
claim 1 wherein the fumed silica is admixed with
precipitated silica. 18 . A process for the chemical
conversion of a hydrocarbon comprising contacting the
hydrocarbon under chemical conversion reaction
conditions with a catalyst composition which includes,



i ) an oxygen compound of an element selected from
Group IVB or Group IVA of the Periodic Table of. the
Elements ;i i ) an oxygen compound of an element
selected from Group VIB or Group VIA of the Periodic
Table of the Elements; and iii) at least about 1% by
weight based upon total catalyst weight of fumed
silica particles . 19. The process of claim 18 wherein
the chemical conversion process is selected from the
group consisting of isomerization, catalytic cracking,
alkylation and transalkylation. 20. The process of
claim 19 wherein the chemical conversion process is
isomerization and the chemical conversion conditions
comprise a temperature of from about 93 0C to about
425C, a pressure of from about 1 psig to about 1,000
psig, and a LHSV of from about 0 .1 to about 10. 21.
The process of claim 20 wherein the hydrocarbon is
selected from the group consisting of n-butane,
n-pentane, n-hexane, cyclohexane, n-heptane, n-octane,
n-nonane and n-decane .22 . The process of claim 21
wherein the catalyst composition comprises tungsten
oxide, zirconium oxide, aluminum .oxide and platinum. 


