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(57) ABSTRACT 

The present disclosure describes articles, such as medical 
articles, containing a Substrate having disposed thereon a 
hydrophilic gel material (e.g., a shaped hydrophilic gel mate 
rial or a coating of a hydrophilic gel material) and methods for 
making such articles. Methods are provided for making 
hydrophilic gel materials from a precursor composition that 
contains a polar solvent and a polymerizable material that is 
miscible with the polar solvent. 
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HYDROPHILIC GEL MATERALS AND 
METHODS OF MAKING 

0001. The present invention claims priority to U.S. Provi 
sional Application Ser. No. 61/013,300, filed on Dec. 12, 
2007, U.S. Provisional Application Ser. No. 61/016,312, filed 
on Dec. 21, 2007, and U.S. Provisional Application Ser. No. 
61/013,617, filed on Dec. 13, 2007, each of which is incor 
porated herein by reference in its entirety. 

BACKGROUND 

0002 There are numerous commercial uses for hydro 
philic gel materials including industrial, medical, and bio 
logical uses. Applications for hydrophilic gel materials con 
tinue to increase and expandin Scope. For example, numerous 
applications are available for hydrophilic gel materials hav 
ing defined shapes in biological uses, medical uses, and 
industrial uses. Also, there is a continuing need for hydro 
philic gel materials with unique physical properties, chemical 
properties, and versatility, including, for example, those hav 
ing defined shapes. 
0003) Numerous methods for making hydrophilic gel 
materials, including those having defined shapes, are known. 
For example, molds for forming hydrophilic gel materials 
with defined shapes are known. There is always a desire for 
improvements in hydrophilic gel materials and processes for 
making them. In particular, there is a desire for new hydro 
philic gel materials on a substrate suitable for medical and 
biological applications, such as in wound care articles (e.g., 
bandages and wound dressings), which are available in a 
variety of designs to protect wounds from environmental 
conditions during the healing process. For example, coating a 
hydrophilic gel material containing one or more biological 
actives, such as antimicrobials, onto a Substrate may be desir 
able in wound care articles to prevent or treat infections. 
There is also a need for forming hydrophilic gel materials 
having defined shapes on a microscopic level for use in many 
applications. 

SUMMARY 

0004. The present disclosure describes hydrophilic gel 
containing articles and methods for making Such articles. 
0005. In one embodiment, the present invention provides a 
method of making an article comprising a Substrate and a 
hydrophilic gel material disposed thereon (preferably, 
adhered thereto), the method comprising: providing a precur 
Sor composition comprising: (a) at least 10 weight percent 
polar solvent based on a total weight of the precursor com 
position; and (b) polymerizable material capable of free 
radical polymerization and having an average number of eth 
ylenically unsaturated groups per molecule equal to at least 
1.2, wherein the polymerizable material is miscible with the 
polar solvent; providing a mold having at least two separate 
wells; adding the precursor composition to the mold, the 
precursor composition being positioned in at least a portion of 
at least two separate wells; providing a Substrate and posi 
tioning the Substrate to at least partially contact the precursor 
composition; and exposing the precursor composition within 
the wells to radiation to at least partially polymerize the 
polymerizable material and to form a first swollen shaped 
hydrophilic gel material on (preferably, adhered to) the sub 
Strate. 
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0006. In another embodiment, the present invention pro 
vides a method of making an article comprising a substrate 
and a hydrophilic gel material disposed thereon (preferably, 
adhered thereto), the method comprising: providing a precur 
Sor composition comprising: (a) at least 5 weight percent 
polar solvent based on a total weight of the precursor com 
position; and (b) polymerizable material capable of free 
radical polymerization and having an average number of eth 
ylenically unsaturated groups per molecule greater than 1.0, 
wherein the polymerizable material is miscible with the polar 
Solvent; providing a mold having a Substrate in contact there 
with in a manner to form at least two separate wells; adding 
the precursor composition to the mold, the precursor compo 
sition being positioned in at least a portion of at least two 
separate wells; and exposing the precursor composition 
within the wells to radiation to at least partially polymerize 
the polymerizable material and to form a first swollen shaped 
hydrophilic gel material on (preferably, adhered to) the sub 
Strate. 

0007. In another embodiment, the present invention pro 
vides a method of making an article comprising a substrate 
and a hydrophilic gel material disposed thereon (preferably 
adhered thereto), the method comprising: providing a precur 
Sor composition comprising: (a) at least 5 weight percent 
polar solvent based on a total weight of the precursor com 
position; and (b) polymerizable material capable of free 
radical polymerization and having an average number of eth 
ylenically unsaturated groups per molecule greater than 1.0, 
wherein the polymerizable material is miscible with the polar 
Solvent; coating the precursor composition on at least a por 
tion of at least one surface of a Substrate; and exposing the 
precursor composition to radiation to at least partially poly 
merize the polymerizable material to provide a coating of first 
swollen hydrophilic gel material on (preferably, adhered to) 
the substrate. 
0008. The present invention also provides an article com 
prising a Substrate and a shaped hydrophilic gel material 
disposed thereon (preferably, adhered thereto), the article 
made by one of the methods described herein. 
0009. The present invention also provides an article com 
prising a Substrate and a coating of a hydrophilic gel material 
disposed thereon (preferably, adhered thereto), the article 
made by one of the methods described herein. 
0010. In one embodiment, the present invention provides 
an article comprising a Substrate having a shaped hydrophilic 
gel material disposed thereon (preferably, adhered thereto), 
wherein the shaped hydrophilic gel material is prepared from 
a precursor composition that is at least partially polymerized 
and shaped in a mold having at least two separate wells (when 
in contact with the Substrate), wherein the precursor compo 
sition comprises: (a) at least 10 weight percent polar solvent 
based on the total weight of the precursor composition, 
wherein the polar solvent comprises water; and (b) no greater 
than 90 weight percent polymerizable material based on the 
total weight of the precursor composition, the polymerizable 
material being capable of free-radical polymerization and 
having an average number of ethylenically unsaturated 
groups per molecule equal to at least 1.2, wherein the poly 
merizable material forms a single phase with the polar solvent 
and comprises a poly(alkylene oxide (meth)acrylate) having 
at least 2 (meth)acryloyl groups and having at least 5 alkylene 
oxide units. 

0011. In another embodiment, the present invention pro 
vides an article comprising a substrate having a shaped hydro 
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philic gel material disposed thereon (preferably, adhered 
thereto), wherein the shaped hydrophilic gel material is pre 
pared from a precursor composition that is at least partially 
polymerized and shaped in a mold having at least two sepa 
rate wells (when in contact with the substrate), wherein the 
precursor composition comprises: (a) at least 10 weight per 
cent polar solvent based on the total weight of the precursor 
composition; and (b) no greater than 90 weight percent poly 
merizable material based on the total weight of the precursor 
composition, the polymerizable material being capable of 
free-radical polymerization and having an average number of 
ethylenically unsaturated groups per molecule equal to at 
least 1.2, wherein the polymerizable material forms a single 
phase with the polar solvent and comprises a poly(alkylene 
oxide (meth)acrylate) having at least 2 (meth)acryloyl groups 
and having at least 5 alkylene oxide units, the poly(alkylene 
oxide (meth)acrylate) having a weight average molecular 
weight less than 2,000 g/mole. 
0012. In another embodiment, the present invention pro 
vides an article comprising a substrate having a coating of a 
hydrophilic gel material disposed thereon (preferably, 
adhered thereto), wherein the hydrophilic gel material is pre 
pared from a precursor composition that is at least partially 
polymerized (when in contact with the Substrate), and 
wherein the precursor composition comprises: (a) at least 5 
weight percent polar solvent based on a total weight of the 
precursor composition; and (b) polymerizable material 
capable of free-radical polymerization and having an average 
number of ethylenically unsaturated groups per molecule 
greater than 1.0, wherein the polymerizable material is mis 
cible with the polar solvent. 
0013 Articles of the present invention may include an 
active agent (preferably, a bioactive agent) in the hydrophilic 
gel material. This may be added in the precursor composition, 
or it may be added by first removing at least a portion of the 
polar solvent from the (first swollen) hydrophilic gel material 
to form a dried hydrophilic gel material, and then contacting 
the dried hydrophilic gel material with a sorbate for a time 
sufficient for the dried shaped hydrophilic gel material to sorb 
at least a portion of the sorbate, wherein the sorbate comprises 
at least one active agent. 
0014 Articles of the present invention can be medical 
articles comprising the hydrophilic gel material in a layered 
format. If desired, the hydrophilic gel may be in direct contact 
with the wound and/or skin surface. 

0.015. In certain embodiments, such medical articles can 
be wound dressings. Such wound dressings can include a 
fluid permeable facing layer and/or a moisture vapor perme 
able backing layer with the hydrophilic gel layer attached 
thereto. Preferably, the backing layer is both moisture vapor 
permeable and liquid impermeable. If desired, the hydro 
philic gel may be in direct contact with the wound and/or skin 
Surface. 
0016. As used herein “hydrophilic gel' or “hydrogel 
refers to hydrophilic polymeric material that is swollen or 
capable of being swollen with a polar solvent. The polymeric 
material typically swells but does not dissolve when con 
tacted with the polar solvent. That is, the hydrogel is insoluble 
in the polar solvent. 
0017. Herein, “precursor composition” refers to the reac 
tant mixture that is subjected to radiation. That is, the precur 
Sor composition describes the reaction mixture prior to poly 
merization. The precursor composition contains a polar 
solvent and polymerizable material that is miscible with the 
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polar solvent. The precursor composition can also include 
other optional additives such as processing agents, active 
agents, or mixtures thereof. 
0018. As used herein the terms “front surface' and “back 
surface' used with respect to the hydrophilic gel layer and the 
backing layer, refers to the major Surface of the indicated 
layer that, in use, faces toward the wound Surface or away 
from the wound surface, respectively. 
0019. The recitation of numerical ranges by endpoints 
includes all numbers Subsumed within that range (e.g., 1 to 5 
includes 1, 1.5, 2, 2.75, 3, 3.8, 4, and 5). As used herein, “up 
to a value "includes” that value. 
0020. As included in this specification and the appended 
claims, the singular forms “a”, “an', and “the include plural 
referents unless the content clearly dictates otherwise. Thus, 
for example, reference to a composition containing “a com 
pound includes a mixture of two or more compounds. As 
used in this specification and appended claims, the term 'or' 
is generally employed in its sense including “and/or unless 
the content clearly dictates otherwise. 
0021. Unless otherwise indicated, all numbers expressing 
quantities or ingredients, measurement of properties and so 
forth used in the specification and claims are to be understood 
as being modified in all instances by the term “about.” 
Accordingly, unless indicated to the contrary, the numerical 
parameters set forth in the foregoing specification and 
attached claims are approximations that can vary depending 
upon the desired properties sought to be obtained by those 
skilled in the art utilizing the teachings of the present disclo 
Sure. At the very least, each numerical parameter should at 
least be construed in light of the number of reported signifi 
cant digits and by applying ordinary rounding techniques. 
Notwithstanding that the numerical ranges and parameters 
setting forth the broad scope of the disclosure are approxima 
tions, the numerical values set forth in the specific examples 
are reported as precisely as possible. Any numerical value, 
however, inherently contains errors necessarily resulting 
from the standard deviations found in their respective testing 
measurementS. 

0022. Although the present disclosure is herein described 
in terms of specific embodiments, it will be readily apparent 
to those skilled in the art that various modifications, rear 
rangements, and Substitutions can be made without departing 
from the spirit of the invention. The scope of the present 
invention is thus only limited by the claims appended hereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a cross-section of an exemplary article 
according to the present invention. 
0024 FIG. 2 is a cross-section of another exemplary 
article according to the present invention. 
0025 FIG. 3 is an optical micrograph of a mold having at 
least two wells. 
0026 FIG. 4 is a schematic diagram of an exemplary 
embodiment of a process and equipment for making the 
hydrophilic gel material on a substrate. 
0027 FIG. 5 is an optical micrograph of a metal tool used 
to form a shaped hydrophilic gel material. 
0028 FIG. 6 is an optical micrograph of a cross-section of 
a shaped hydrophilic gel material. 
0029 FIG. 7 is a micrograph of a hydrophilic gel material 
coated on a Substrate by inkjet printing. 
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0030 FIG. 8 is a micrograph of a hydrophilic gel material 
coated on a substrate by inkjet printing. 

DETAILED DESCRIPTION IN ILLUSTRATIVE 
EMBODIMENTS 

0031. The present invention provides articles, such as 
medical articles, that include a substrate having a hydrophilic 
gel material disposed thereon, and methods for making such 
articles from a precursor composition. In certain embodi 
ments, the hydrophilic gel material is shaped. In certain other 
embodiments, the hydrophilic gel material forms a coating, 
such as a discontinuous coating, on the substrate. Typically, 
for forming a discontinuous coating, a hydrophilic gel mate 
rial is disposed on a substrate by non-contact deposition. 
0032. The precursor composition useful for making 
hydrophilic gel materials includes a polar solvent and a poly 
merizable material. In most embodiments, the polymerizable 
material forms a single phase with the polar solvent. That is, 
the polymerizable material is miscible in the polar solvent. As 
used herein, the term “miscible” means that the polymeriz 
able material is predominantly soluble in the polar solvent or 
compatible with the polar solvent such that a single phase is 
formed. 
0033. The polymerizable material has ethylenically unsat 
urated groups which can be at least partially polymerized 
when exposed to radiation. The polymerizable material has 
an average number of ethylenically unsaturated groups per 
molecule equal to at least 1.0, greater than 1.0, and more 
preferably at least 1.2, and is capable of free-radical polymer 
ization. Herein, "polymerizable material” does not include 
the polar solvent. 
0034) For preparing articles with shaped hydrophilic gel 
material disposed on a substrate, the precursor composition is 
added to a mold having at least two separate wells, and then 
exposed to radiation to at least partially polymerize the poly 
merizable material to form a swollen shaped polymeric mate 
rial (i.e., a swollen shaped hydrophilic gel material (e.g., a 
crosslinked hydrogel)). In this embodiment, the Swollen 
shaped polymeric material has a shape and dimensions simi 
lar to the wells of the mold. A substrate can be positioned to 
contact the precursor composition after it is added to the 
mold; however, the wells of the mold can be formed using the 
substrate and the precursor composition added after the Sub 
strate is positioned on the mold in a manner to form such 
wells. Such a mold would typically only have sidewalls and 
the bottom of each well would be formed by the substrate. 
0035). For preparing articles with a hydrophilic gel mate 
rial coated on a substrate, the precursor composition can be 
coated on a substrate using a wide variety of techniques. In 
particular, a discontinuous coating of a hydrophilic gel mate 
rial can be coated on a substrate by non-contact deposition of 
the precursor composition onto the substrate. After coating 
the precursor composition onto the substrate, the precursor 
composition may be at least partially solidified by exposing 
the precursor composition to radiation either directly or 
through the substrate or both. The radiation at least partially 
polymerizes the polymerizable material and forms a substrate 
with a coating, e.g., a discontinuous coating, of first swollen 
hydrophilic gel material on the substrate surface. The poly 
merizable material polymerizes by a free-radical polymeriza 
tion process. 
0036. Thus, the present invention provides several meth 
ods. In one exemplary method, a precursor composition is 
provided that includes at least 10 weight percent of a polar 
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solvent based on the total weight of the precursor composition 
and no greater than 90 weight percent of a polymerizable 
material based on the total weight of the precursor composi 
tion. The polar solvent comprises water. The polymerizable 
material forms a single phase with the polar solvent and is 
capable of free-radical polymerization. The polymerizable 
material has an average number of ethylenically unsaturated 
groups per molecule equal to at least 1.0, preferably greater 
than 1.0, and more preferably at least 1.2. The polymerizable 
material comprises a poly(alkylene oxide (meth)acrylate) 
having at least 2 (meth)acryloyl groups and at least 5 alkylene 
oxide units. The method further includes providing a mold 
having at least two separate wells. The precursor composition 
is added to the mold and positioned in at least a portion of the 
at least two separate wells. The method further includes pro 
viding a substrate and positioning it to at least partially con 
tact the precursor composition. Within the wells, the precur 
sor composition is exposed to radiation to at least partially 
polymerize the polymerizable material, and to form a first 
swollen shaped polymeric material. 
0037. In another exemplary method, a precursor compo 
sition is provided that includes: (a) at least 10 weight percent 
polar solvent based on the total weight of the precursor com 
position, wherein the polar solvent comprises water, and (b) 
no greater than 90 weight percent polymerizable material 
based on the total weight of the precursor composition, the 
polymerizable material being capable of free-radical poly 
merization and having an average number of ethylenically 
unsaturated groups per molecule equal to at least 1.0, prefer 
ably greater than 1.0, and more preferably at least 1.2. 
wherein the polymerizable material forms a single phase with 
the polar solvent and comprises a poly(alkylene oxide (meth) 
acrylate) having at least 2 (meth)acryloyl groups and having 
at least 5 alkylene oxide units. The method further includes 
providing a mold having a substrate in contact therewith in a 
manner to form at least two separate wells; adding the pre 
cursor composition to the mold, the precursor composition 
being positioned in at least a portion of at least two separate 
wells; and exposing the precursor composition within the 
wells to radiation to at least partially polymerize the polymer 
izable material and to form a first swollen shaped hydrophilic 
gel material on a substrate. 
0038. In yet another exemplary method, a precursor com 
position is provided that includes at least 10 weight percent. 
and preferably greater than 10 weight percent, of a polar 
solvent based on the total weight of the precursor composi 
tion, and a polymerizable material (preferably no greater than 
90 weight percent based on the total weight of the precursor 
composition). The polymerizable material forms a single 
phase with the polar solvent and is capable of free-radical 
polymerization. The polymerizable material has an average 
number of ethylenically unsaturated groups per molecule 
equal to at least 1.0, preferably greater than 1.0, and more 
preferably at least 1.2. In certain embodiments, the polymer 
izable material comprises a poly(alkylene oxide (meth)acry 
late) having at least 2 (meth)acryloyl groups and at least 5 
alkylene oxide units. The average molecular weight of the 
poly(alkylene oxide (meth)acrylate) is less than 2,000 
g/mole. The method further includes providing a mold having 
at least two separate wells. The precursor composition is 
added to the mold, and positioned in at least a portion of the 
at least two separate wells. The method further includes pro 
viding a substrate and positioning the substrate to contact the 
precursor composition. Within the wells, the precursor com 



US 2010/0266794 A1 

position is exposed to radiation (e.g., through the Substrate 
and/or mold) to at least partially polymerize the polymeriZ 
able material, and to form a first Swollen shaped polymeric 
material. 

0039. In still another exemplary method, a precursor com 
position is provided that includes: (a) at least 5 weight percent 
(for certain embodiments, at least 10 weight percent) polar 
Solvent based on the total weight of the precursor composi 
tion; and (b) a polymerizable material (preferably, no greater 
than 90 weight percent based on the total weight of the pre 
cursor composition), the polymerizable material being 
capable of free-radical polymerization. The polymerizable 
material has an average number of ethylenically unsaturated 
groups per molecule equal to at least 1.0, preferably greater 
than 1.0, and more preferably at least 1.2. In certain embodi 
ments, the polymerizable material forms a single phase (or is 
miscible) with the polar solvent and comprises a poly(alky 
lene oxide (meth)acrylate) having at least 2 (meth)acryloyl 
groups and having at least 5 alkylene oxide units, the poly 
(alkylene oxide (meth)acrylate) having a weight average 
molecular weight less than 2,000 g/mole. The method further 
includes: providing a mold having a Substrate in contact 
therewith in a manner to form at least two separate wells; 
adding the precursor composition to the mold, the precursor 
composition being positioned in at least a portion of at least 
two separate wells; and exposing the precursor composition 
(e.g., through the substrate and/or the mold) within the wells 
to radiation to at least partially polymerize the polymerizable 
material and to form a first swollen shaped hydrophilic gel 
material on a Substrate. 

0040. In another exemplary embodiment, the method for 
making a Substrate with a coating, preferably a discontinuous 
coating, of hydrophilic gel material comprises providing a 
precursor composition having a polymerizable material con 
taining a poly(alkylene oxide (meth)acrylate) having at least 
2 (meth)acryloyl groups and at least 5 alkylene oxide units 
Such that the poly(alkylene oxide (meth)acrylate) has an aver 
age molecular weight less than 2,000 g/mole, and a polar 
Solvent. The polymerizable material has an average number 
of ethylenically unsaturated groups per molecule equal to at 
least 1.0, and more preferably 1.2, and is capable of free 
radical polymerization. 
0041. The polar solvent does not necessarily include 
water. The method for making the substrate with a coating of 
hydrophilic gel material comprises providing a Substrate onto 
which the precursor composition is coated onto the Substrate. 
Typically, for a discontinuous coating this is done by non 
contact deposition. The coating of the precursor composition 
on the Substrate, whether a discontinuous or continuous coat 
ing, is exposed to radiation directly or through the Substrate or 
both to at least partially polymerize the polymerizable mate 
rial, and to form a Substrate containing a coating of first 
Swollen hydrophilic gel material. 
0042 Swollen hydrophilic gel materials are generally 
referred to as hydrogels. Hydrogels are hydrophilic materials, 
and can be swollen or are capable of being swollen with a 
polar solvent (e.g., water). Hydrogels can be swollen with 
polar solvents other than water. Hydrogels typically do not 
dissolve when contacting a polar solvent, but rather Swell. 
Hydrogels can be dried to remove at least some of the polar 
solvent to form dried hydrogels. 
0043 Swollen hydrophilic gel materials are commonly 
referred to as crosslinked hydrogels. Herein, hydrophilic gel 
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materials include both shaped materials and coatings, 
whether discontinuous or continuous. 
0044) A shaped hydrophilic gel material can be described 
as a shaped polymeric material, a hydrogel shaped polymeric 
material, a shaped polymeric material Swollen with solvent, a 
polymeric shaped hydrophilic gel material, a dried shaped 
hydrophilic gel material, or a dried shaped polymeric mate 
rial, for example. All these terms may be used herein, depend 
ing on the condition of being dried or Swollen. 
0045. A coating of hydrophilic gel material can be 
described as a swollen coating of hydrophilic gel material or 
a hydrogel coating of hydrophilic gel material. A discontinu 
ous coating of hydrophilic gel material can be described as a 
Swollen discontinuous coating of hydrophilic gel material or 
a discontinuous hydrogel coating of hydrophilic gel material. 
0046. The polymeric material in the swollen hydrophilic 
gel material may be generally crosslinked, but it may contain 
Some unreacted polymerizable or reactive groups. The unre 
acted polymerizable groups typically include ethylenically 
unsaturated groups capable of further free-radical reactions. 
Other types of polymerizable groups such as hydroxyl groups 
or amino groups can be present that are capable of conden 
sation reactions or nucleophilic Substitution reactions. 
0047 Whatever the nature of the basic polymer compo 
nents of the hydrophilic gel material used herein, Such mate 
rials will preferably be crosslinked. Crosslinking serves to 
render the hydrophilic gel materials used in this invention 
Substantially water-insoluble, and crosslinking thus, in part, 
determines the gel Volume and extractable polymer charac 
teristics of the hydrophilic gel materials formed. The 
crosslinked, hydrogel-forming polymer gelling agents used 
in the present invention may be employed in their partially 
neutralized form. Suitable salt-forming cations include, but 
are not limited to, alkali metal, ammonium, Substituted 
ammonium and amines. This percentage of the total mono 
mers utilized that are neutralized acid group-containing 
monomers is referred to herein as the “degree of neutraliza 
tion. 
0048. Optionally, an active agent may be included in the 
hydrophilic gel materials of the present invention. Some 
exemplary Swollen hydrophilic gel materials may contain no 
greater than 90 weight percent polymeric material, at least 10 
weight percent polar solvent, and 0 to 30 weight percent 
active agent based on a total weight of the hydrophilic gel 
materials. 
0049. The polymeric matrix, which includes the polar sol 
vent and polymeric material, is usually present as a single 
phase in the Swollen hydrophilic gel material, with no dis 
cernible boundary between the solvent and the polymeric 
material. If an active agent is present, however, the active 
agent may or may not be distributed homogeneously through 
out the hydrophilic gel material. Further, the active agent may 
be present in a separate phase from the polymeric matrix. 
0050 Generally, the homogeneity of the hydrophilic gel 
materials (i.e., without an active agent) are characterized by 
having no discernible porosity or voids when viewed under a 
microscope Such as an environmental scanning electron 
microscope with magnification up to 50 times. The hydro 
philic gel materials often have no discernible porosity or 
Voids when viewed under a field emission scanning electron 
microscope with a magnification up to 50,000 times. 
0051 Swollen hydrophilic gel materials that are prepared 
without the use of opaque components that might scatterlight 
can be clear or transparent, with little or no opacity or hazi 
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ness. In some embodiments, Swollen hydrophilic gel materi 
als that are clear are preferred. In other embodiments, clarity 
is not necessary and various components can be added that 
may affect the appearance of the hydrophilic gel materials. 
0052. The term “transparent as used in reference to the 
hydrophilic gel materials, means that the hydrophilic gel 
materials do not show significant scatter of visible light in an 
amount that can be visually detected. In some embodiments, 
air or other gases may be entrained in the hydrophilic gel 
materials, which can create opacity at the phase boundaries; 
however, this is not phase-separation of the polymeric mate 
rial in the polar solvent. Hydrophilic gel materials are con 
sidered transparent if a colorless, virtually void-free cured 
film having a thickness of 250 microns containing Smooth or 
flat parallel faces (i.e., patternless) has a transmission at a 
wavelength of 550 nanometers of at least 85 percent. In some 
embodiments, at least 88 percent, at least 90 percent, at least 
95 percent of light having a wavelength of 550 nanometers is 
transmitted through the hydrophilic gel material. 
0053. The haze or opacity can be characterized using a 
haze meter, such as a BYK-Gardner HaZegard Plus hazeme 
ter, which has a broadband light source. The transmittance 
through hydrophilic gel material can be at least 85 percent, at 
least 88 percent, at least 90 percent, or at least 95 percent with 
haze being less than 10 percent, less than 8 percent, less than 
5 percent, or less than 3 percent. 

Precursor Composition 
0054 The precursor composition for making materials of 
the present invention (e.g., shaped hydrophilic gel materials) 
includes a polar solvent and a polymerizable material. In 
certain embodiments, the precursor composition includes at 
least 5 weight percent (wt-%), greater than 5 weight percent, 
at least 10 weight percent, or greater than 10 weight percent, 
of a polar solvent based on the total weight of the precursor 
composition. In certain embodiments, the precursor compo 
sition includes no greater that 90 weight percent polymeriZ 
able material based on the total weight of the precursor com 
position. The polymerizable material is capable of free 
radical polymerization when exposed to radiation. The 
polymerizable material has an average number of ethyleni 
cally unsaturated groups per molecule equal to at least 1.0, 
preferably greater than 1.0, and more preferably at least 1.2. 
In certain embodiments, the polymerizable material forms a 
single phase with (or is miscible in) the polar solvent. In 
certain embodiments, the polymerizable material comprises a 
poly(alkylene oxide (meth)acrylate) having at least 2 (meth) 
acryloyl groups and at least 5 alkylene oxide units. In some 
embodiments, the polar solvent comprises water. In other 
embodiments, the polar solvent may not comprise water. In 
one aspect, the precursor composition contains polar solvent 
comprising water and a polymerizable material. 
0055. In a second aspect, the precursor composition com 
prises a polar solvent and a polymerizable material contain 
ing a poly(alkylene oxide (meth)acrylate) having at least 2 
(meth)acryloyl groups, at least 5 alkylene oxide units, and an 
average molecular weight less than 2,000 g/mole. The polar 
Solvent does not necessarily comprise water. 
0056. The polar solvent of the precursor composition may 
contain water, a water-miscible organic solvent, or a mixture 
thereof. The polar solvent is generally not reactive in the 
precursor composition, Such that the polar solvent typically 
Swells the resulting hydrophilic gel material. In some 
instances, the polar solvent may be involved in chain transfer 
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reactions. The polymerizable material is at least partially 
polymerized in the presence of the polar solvent resulting in 
a hydrophilic gel material swollen with the polar solvent. 
Swollen hydrophilic gel materials generally contain at least 
Some of the polar solvents of the precursor composition. 
0057 The polar solvent can be tap water, well water, 
deionized water, spring water, distilled water, Sterile water, 
sea water, inorganic aqueous buffer Solutions, organic aque 
ous buffer solutions or any other suitable type of water. A 
water miscible organic Solvent refers to an organic Solvent 
that is typically capable of hydrogen bonding and forms a 
single phase solution when mixed with water at 23° C. Water 
miscible solvents often contain hydroxyl or oxy groups, 
including alcohols, polyols having a weight average molecu 
lar weight no greater than 300 g/mole, ethers, and polyethers 
having a weight average molecular weight no greater than 
300 g/mole. Some examples of water miscible solvents 
include, but are not limited to, methanol, ethanol, isopro 
panol, n-propanol, ethylene glycol, triethylene glycol, glyc 
erol, polyethylene glycol, propylene glycol, dipropylene gly 
col, polypropylene glycol, random and block copolymers of 
ethylene oxide and propylene oxide, dimethyOxytetraglycol, 
butoxytriglycol, trimethylene glycol trimethyl ether, ethylene 
glycol dimethyl ether, ethylene glycol monobutyl ether, eth 
ylene glycol monoethyl ether, ethylene carbonate, dimethyl 
formamide, N-methylpyrrolidinone, urea, and mixtures 
thereof. The solvent can be a liquid, or a melted solid at or 
above 23° C. 
0058. In some precursor compositions, the polar solvent 
present in the precursor composition is at least 5 weight 
percent, or greater than 5 weight percent, based on the total 
weight of the precursor composition. In some precursor com 
positions, the polar solvent present in the precursor compo 
sition is at least 10 weight percent, or greater than 10 weight 
percent, based on the total weight of the precursor composi 
tion. In some precursor compositions, the polar solvent 
present in the precursor composition can be at least 15 weight 
percent, at least 20 weight percent, at least 25 weight percent, 
at least 40 weight percent, or at least 50 weight percent based 
on the total weight of the precursor composition. The polar 
Solvent present in the precursor composition can be in an 
amount up to (which “includes”) 90 weight percent, up to 85 
weight percent, up to 80 weight percent, up to 65 weight 
percent, or up to 60 weight percent based on the total weight 
of the precursor composition. The polar solvent present in the 
precursor composition can be in a range of 10 to 90 weight 
percent, 10 to 85 weight percent, 15 to 80 weight percent, or 
in a range of 20 to 65 percent based on the total weight of the 
precursor composition. 
0059. In addition to the polar solvent, the precursor com 
position includes a polymerizable material that is miscible 
with the polar solvent. Polymerizable material generally 
refers to a monomer, an oligomer, or a mixture of monomers 
and/or oligomers. The terms “monomer and “monomer mol 
ecule' are used interchangeably to refer to a compound that 
contains at least one polymerizable group capable of free 
radical polymerization. The polymerizable group is usually 
an ethylenically unsaturated group. 
0060. The polymerizable material includes a monomer 
and/or oligomer of a single chemical structure, or it may 
include a plurality of different monomers and/or oligomers 
(i.e., a mixture of monomers and/or oligomers having differ 
ent chemical structures). Whether the polymerizable material 
includes one monomer? oligomer or a mixture of monomers/ 
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oligomers, the polymerizable material has an average number 
of polymerizable groups (e.g., ethylenically unsaturated 
groups) per molecule equal to at least 1.0, preferably greater 
than 1.0, and more preferably at least 1.2. The polymerizable 
material can include, for example, a single type of monomer 
that has two or more polymerizable groups. Alternatively, the 
polymerizable material can include a plurality of different 
types of monomers such that the average number of polymer 
izable groups per molecule is equal to at least 1.0, preferably 
greater than 1.0, and more preferably at least 1.2. In some 
embodiments, the average number of polymerizable groups 
per (monomer or oligomer) molecule is equal to at least 1.3, 
at least 1.4, at least 1.5, at least 1.6, at least 1.7, at least 1.8, at 
least 1.9, at least 2.0, at least 2.1, at least 2.2, at least 2.3, at 
least 2.4, at least 2.5, at least 2.6, at least 2.7, at least 2.8, at 
least 2.9, or at least 3.0. 
0061 The average number of polymerizable groups per 
molecule is determined by calculating the relative molar con 
centration of each monomer molecule and its functionality 
(number of polymerizable groups). For example, a polymer 
izable material that contains X mole percent of a first mono 
mer having n polymerizable groups and (100-X) mole per 
cent of a second monomer having m polymerizable groups 
has an average number of polymerizable groups per molecule 
equal to InCX)+m(100-X)/100. In another example, a poly 
merizable material that contains X mole percent of a first 
monomer having n polymerizable groups, Y mole percent of 
a second monomer having m polymerizable groups, and 
(100-X-Y) mole percent of a third monomer having q poly 
merizable groups has an average number of polymerizable 
groups per molecule equal to n(X)+m(Y)+q(100-X-Y)/ 
1OO. 

0062. The polymerizable material of the precursor com 
position comprises monomers with ethylenically unsaturated 
groups capable of free radical polymerization. The polymer 
izable material forms a single phase with the polar solvent and 
does not phase separate from the polar solvent at 23°C. The 
polymerizable material is considered miscible with the polar 
Solvent. Such that polymerizable material is predominantly 
soluble or compatible in the polar solvent. The single phase is 
essentially transparent as determined by visible spectroscopy 
on a cured 250 micron thick film formed from the precursor 
composition having light transmission of at least 85 percent 
or greater at a wavelength of 550 nm. On occasion, there can 
be a small amount of undissolved polymerizable material in 
the polar solvent. For example, the polymerizable material 
may have an impurity that does not dissolve in the polar 
solvent. Preferably, at least 95 weight percent, at least 97 
weight percent, at least 98 weight percent, at least 99 weight 
percent, at least 99.5 weight percent, at least 99.8 weight 
percent, or at least 99.9 weight percent of the polymerizable 
material is soluble in the polar solvent. 
0063. The polymerizable material includes at least one 
monomer having two or more polymerizable groups. Like 
wise, a first monomer having three or more polymerizable 
groups can be mixed with a second monomer having one 
polymerizable group, a second monomer having two poly 
merizable groups, or a mixture thereof provided that the mix 
ture contains an average number of polymerizable groups per 
molecule equal to at least 1.0, preferably greater than 1.0, and 
more preferably at least 1.2. Often, a monomer nominally 
having three or more polymerizable groups contains mono 
meric impurities having two polymerizable groups, one poly 
merizable group, or a mixture thereof. 
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0064. The polymerizable material often includes one or 
more (meth)acrylates. As used herein, the term “(meth)acry 
late” refers to a methacrylate, acrylate, or mixture thereof. 
The (meth)acrylate contains a (meth)acryloyl group. The 
term “(meth)acryloyl refers to a monovalent group of for 
mula HC=CR (CO)— where Rb is hydrogen or methyl, 
and (CO) denotes that the carbon is attached to the oxygen 
with a double bond. The (meth)acryloyl group is the poly 
merizable group (i.e., the ethylenically unsaturated group) of 
the (meth)acrylate that is capable of free-radical polymeriza 
tion. All of the polymerizable materials can be (meth)acry 
lates or the polymerizable materials can include one or more 
(meth)acrylates in combination with other monomers that 
have ethylenically unsaturated groups. 
0065. The polymerizable material of the precursor com 
position includes a poly(alkylene oxide (meth)acrylate). The 
terms poly(alkylene oxide (meth)acrylate), poly(alkylene 
glycol (meth)acrylate), alkoxylated (meth)acrylate, and 
alkoxylated poly(meth)acrylate can be used interchangeably 
to refer to a (meth)acrylate having at least one group that 
contains two or more alkylene oxide residue units (also 
referred to as alkylene oxide units). There are often at least 5 
alkylene oxide residue units. The alkylene oxide unit is a 
divalent group of formula —OR where R is an alkylene 
having up to 10 carbon atoms, up to 8 carbon atoms, up to 6 
carbon atoms, or up to 4 carbon atoms. The alkylene oxide 
units are often selected from ethylene oxide units, propylene 
oxide units, butylene oxide units, or mixtures thereof. 
0066. In some embodiments, the polymerizable material 
includes a poly(alkylene oxide (meth)acrylate) having at least 
2 (meth)acryloyl groups per molecule. The poly(alkylene 
oxide (meth)acrylate) can be used alone or in combination 
with other monomersfoligomers to provide an average of at 
least 1.0, preferably greater than 1.0, and more preferably at 
least 1.2 ethylenically unsaturated groups per molecule. The 
alkoxylated portion (i.e., the poly(alkylene oxide) portion) 
often has at least 5 alkylene oxide units selected from ethyl 
ene oxide units, propylene oxide units, butylene oxide units, 
or a combination thereof. That is, each mole of the poly 
(alkylene oxide (meth)acrylate) contains at least 5 moles of 
alkylene oxide units. The plurality of alkylene oxide units 
facilitates the solubility of the poly(alkylene oxide (meth) 
acrylate) in the polar solvent. Some exemplary poly(alkylene 
oxide (meth)acrylates) contain at least 6 alkylene oxide units, 
at least 8 alkylene oxide units, at least 10 alkylene oxide units, 
at least 12 alkylene oxide units, at least 15 alkylene oxide 
units, at least 20 alkylene oxide units, at least 30 alkylene 
oxide units, or at least 50 alkylene oxide units. The poly 
(alkylene oxide (meth)acrylate) can contain poly(alkylene 
oxide) chains that are homopolymer chains, block copolymer 
chains, random copolymer chains, or mixtures thereof. In 
Some embodiments, the poly(alkylene oxide) chains are poly 
(ethylene oxide) chains. 
0067. Any molecular weight of the poly(alkylene oxide 
(meth)acrylate) having at least 2 (meth)acryloyl groups can 
be used as long as hydrophilic gel materials (e.g., shaped 
hydrophilic gel materials) can be formed from the precursor 
composition. The weight average molecular weight of the 
poly(alkylene oxide (meth)acrylate) is often no greater than 
2,000 g/mole, or is often less than 2,000 g/mole, less than 
1,800 g/mole, less than 1,600 g/mole, less than 1,400 g/mole, 
less than 1,200 g/mole, or less than 1,000 g/mole. 
0068. The preparation of some exemplary poly(alkylene 
oxide (meth)acrylates) having multiple (meth)acryloyl 
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groups are described in U.S. Pat. No. 7,005,143 (Abuelyaman 
et al.), and U.S. Pat. Appl. Pub. Nos. 2005/0215752A1 (Popp 
et al.), 2006/0212011 A1 (Poppet al.), and 2006/0235141A1 
(Riegel et al.). Suitable poly(alkylene oxide (meth)acrylates) 
having an average (meth)acryloyl functionality per molecule 
equal to at least 2 and having at least 5 alkylene oxide units are 
commercially available, for example, from Sartomer (Exton, 
Pa.) under the trade designations “SR9035” (ethoxylated (15) 
trimethylolpropane triacrylate), “SR499 (ethoxylated (6) 
trimethylolpropane triacrylate), “SR502 (ethoxylated (9) 
trimethylolpropane triacrylate), “SR415' (ethoxylated (20) 
trimethylolpropane triacrylate), “CD501 (propoxylated (6) 
trimethylolpropane triacrylate) and “CD9038' (ethoxylated 
(30) bis-phenol A diacrylate). The number in parentheses 
refers to the average number of alkylene oxide units per 
molecule. Other suitable poly(alkylene oxide (meth)acry 
lates) include polyalkoxylated trimethylolpropane triacry 
lates such as those commercially available from BASF (Lud 
wigshafen, Germany) under the trade designation 
“LAROMER” with at least 30 alkylene oxide units. 
0069. In some embodiments, precursor compositions con 
tain a poly(alkylene oxide (meth)acrylate) having at least 2 
(meth)acryloyl groups per molecule, having at least 5 ethyl 
ene oxide units, and a weight average molecular weight less 
than 2,000 g/mole. This polymerizable material can be the 
only polymerizable material in the precursor composition or 
can be combined with other monomers that form a single 
phase with the polar solvent. Whether the poly(alkylene oxide 
(meth)acrylate) is the only monomer in the precursor com 
position or is combined with other monomers, the polymer 
izable material has an average functionality per (monomer or 
oligomer) molecule equal to at least 1.0, preferably greater 
than 1.0, and more preferably at least 1.2. 
0070 More specific precursor compositions contain a 
poly(ethylene oxide) (meth)acrylate having at least 2 (meth) 
acryloyl groups per molecule, having at least 5 alkylene oxide 
units, and preferably having a weight average molecular 
weight no greater than 2,000 g/mole, or less than 2,000 
g/mole. An even more specific exemplary precursor compo 
sition can include an ethoxylated trimethylolpropane triacry 
late having a weight average molecular weight of no greater 
than 2,000 g/mole, or less than 2,000 g/mole. Often the 
ethoxylated trimethylolpropane triacrylate contains impuri 
ties having one (meth)acryloyl group, two (meth)acryloyl 
groups, or mixtures thereof. For example, commercially 
available “SR415' (ethoxylated (20) trimethylolpropane tria 
crylate), often has an average functionality per molecule less 
than 3 (when analyzed, the average functionality per mol 
ecule was 2.5). Although impurities may be present, the aver 
age functionality per molecule in the precursor composition 
is equal to at least 1.0, preferably greater than 1.0, and more 
preferably at least 1.2. 
0071. As long as the average number of ethylenically 
unsaturated groups (e.g., (meth)acryloyl groups) per mol 
ecule is equal to at least 1.0, preferably greater than 1.0, and 
more preferably at least 1.2, the polymerizable material can 
include a single (meth)acrylate (i.e., poly(alkylene oxide 
(meth)acrylate) or a mixture of (meth)acrylates. To provide 
an average number of (meth)acryloyl groups per molecule 
equal to at least 1.0, preferably greater than 1.0, and more 
preferably at least 1.2, at least some of the (meth)acrylate 
present in the polymerizable material has two or more (meth) 
acryloyl groups per molecule. For example, the polymeriZ 
able material can contain a (meth)acrylate having two (meth) 
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acryloyl groups per molecule or can contain a mixture of a 
(meth)acrylate having two (meth)acryloyl groups per mol 
ecule in combination with one or more (meth)acrylates hav 
ing one (meth)acryloyl group per molecule. In another 
example, the polymerizable material can contain a (meth) 
acrylate having two or more (meth)acryloyl groups per mol 
ecule and a (meth)acrylate having three (meth)acryloyl 
groups per molecule, or the polymerizable material can con 
tain a mixture of a (meth)acrylate having two or more (meth) 
acryloyl groups per molecule, a (meth)acrylate having three 
(meth)acryloyl groups per molecule in combination with one 
or more (meth)acrylates having one (meth)acryloyl group per 
molecule, two (meth)acryloyl groups per molecule, or a mix 
ture thereof. 
0072 Specific examples of suitable polymerizable mate 
rials with one ethylenically unsaturated group per molecule 
include, but are not limited to, 2-hydroxyethyl (meth)acry 
late, 2-hydroxypropyl (meth)acrylate, 3-hydroxypropyl 
(meth)acrylate, 4-hydroxybutyl (meth)acrylate, (meth)acry 
lonitrile, (meth)acrylamide, caprolactone (meth)acrylate, 
poly(alkylene oxide (meth)acrylate) (e.g., poly(ethylene 
oxide (meth)acrylate), poly(propylene oxide (meth)acrylate), 
and poly(ethylene oxide-co-propylene oxide (meth)acry 
late)), alkoxy poly(alkylene oxide (meth)acrylate), (meth) 
acrylic acid, B-carboxyethyl (meth)acrylate, tetrahydrofurfu 
ryl (meth)acrylate, N-vinyl pyrrolidone, 
N-Vinylcaprolactam, N-alkyl(meth)acrylamide (e.g., N-me 
thyl(meth)acrylamide), and N,N-dialkyl(meth)acrylamide 
(e.g., N,N-dimethyl(meth)acrylamide). 
0073 Suitable polymerizable materials with two ethyleni 
cally unsaturated groups per molecule include, for example, 
alkoxylated di(meth)acrylates. Examples of alkoxylated 
di (meth)acrylates include, but are not limited to, poly(alky 
lene oxide di(meth)acrylates) Such as poly(ethylene oxide 
di (meth)acrylates) and poly(propylene oxide di(meth)acry 
lates); alkoxylated diol di(meth)acrylates such as ethoxylated 
butanediol di(meth)acrylates, propoxylated butanediol 
di (meth)acrylates, and ethoxylated hexanediol di(meth)acry 
lates; alkoxylated trimethylolpropane di(meth)acrylates Such 
as ethoxylated trimethylolpropane di(meth)acrylate and pro 
poxylated trimethylolpropane di(meth)acrylate; and alkoxy 
lated pentaerythritol di(meth)acrylates such as ethoxylated 
pentaerythritol di(meth)acrylate and propoxylated pen 
taerythritol di(meth)acrylate. 
0074 Examples of suitable polymerizable materials with 
three ethylenically unsaturated groups per molecule include, 
for example, alkoxylated tri(meth)acrylates. Examples of 
alkoxylated tri(meth)acrylates include, but are not limited to, 
alkoxylated trimethylolpropane tri(meth)acrylates Such as 
ethoxylated trimethylolpropane tri(meth)acrylates, propoxy 
lated trimethylolpropane tri(meth)acrylates, and ethylene 
oxide?propylene oxide copolymer trimethylolpropane tri 
(meth)acrylates; and alkoxylated pentaerythritol tri(meth) 
acrylates such as ethoxylated pentaerythritol tri(meth)acry 
lates. 

0075 Suitable polymerizable materials with at least four 
ethylenically unsaturated groups per monomer include, for 
example, alkoxylated tetra(meth)acrylates and alkoxylated 
penta(meth)acrylates. Examples of alkoxylated tetra(meth) 
acrylates include alkoxylated pentaerythritol tetra(meth) 
acrylates Such as ethoxylated pentaerythritol tetra(meth) 
acrylates. 
0076. In addition to the precursor composition containing 
a poly(alkylene oxide (meth)acrylate) having at least 2 (meth) 
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acryloyl groups per molecule, the precursor composition can 
include other monomers that are added to impart certain 
characteristics to the hydrophilic gel material (e.g., a shaped 
polymeric material). In some instances, the precursor com 
position can contain an anionic monomer. As used herein, the 
term "anionic monomer refers to a monomer that contains an 
ethylenically unsaturated group in addition to an acidic group 
selected from a carboxylic acid (i.e., carboxy) group 
(—COOH) or a salt thereof, a sulfonic acid group ( SOH) 
or a salt thereof, a Sulfate group (-SOH) or a salt thereof, a 
phosphonic acid group (-POH) or a salt thereof, a phos 
phate group ( OPOH) or a salt thereof, or a mixture thereof. 
Depending on the pH of the precursor composition, the 
anionic monomer can be in a neutral state (acidic form) or in 
the form of a salt (anionic form). The counterions of the 
anionic form are often selected from alkali metals, alkaline 
earth metals, ammonium ion, or an ammonium ion Substi 
tuted with various alkyl groups such as a tetraalkylammo 
nium ion. 

0077 Suitable anionic monomers having carboxy groups 
include, but are not limited to, acrylic acid, methacrylic acid, 
and various carboxyalkyl(meth)acrylates such as 2-carboxy 
ethylacrylate, 2-carboxyethylmethacrylate, 3-carboxypropy 
lacrylate, and 3-carboxypropylmethacrylate. Other suitable 
anionic monomers with carboxy groups include (meth)acry 
loylamino acids such as those described in U.S. Pat. No. 
4,157,418 (Heilmann et al.). Exemplary (meth)acryloy 
lamino acids include, but are not limited to, N-acryloylgly 
cine, N-acryloylaspartic acid, N-acryloyl-3-alanine, and 
2-acrylamidoglycolic acid. Suitable anionic monomers hav 
ing Sulfonic acid groups include, but are not limited to, Vari 
ous (meth)acrylamidosulfonic acids such as N-acrylami 
domethanesulfonic acid, 2-acrylamidoethanesulfonic acid, 
2-acrylamido-2-methylpropanesulfonic acid, and 2-meth 
acrylamido-2-methylpropanesulfonic acid. Suitable anionic 
monomers having phosphonic acid groups include, but are 
not limited to, (meth)acrylamidoalkylphosphonic acids Such 
as 2-acrylamidoethylphosphonic acid and 3-methacrylami 
dopropylphosphonic acid. Some Suitable anionic monomers 
having phosphate groups include phosphates of alkylene gly 
col (meth)acrylates Such as phosphates of ethylene glycol 
(meth)acrylate and phosphates of propylene glycol (meth) 
acrylate. Salts of any of these acidic monomers can also be 
used. 

0078. The anionic monomer, if present in a precursor com 
position, can affect the degree, the rate or combinations 
thereof, of the Swelling of the hydrophilic gel material (e.g., 
shaped polymeric material). That is, the degree of Swelling 
can often be altered by varying the amount of the anionic 
monomer as well as the amount of other hydrophilic mono 
mer(s) in the precursor composition. The degree of swelling is 
usually proportional to the total amount of polar solvent that 
can be sorbed by the hydrophilic gel material. The amount of 
the anionic monomer is controlled so that the average number 
of ethylenically unsaturated groups per molecule of polymer 
izable material is at least 1.0, preferably greater than 1.0, and 
more preferably at least 1.2. The anionic monomer may be 
present in an amount ranging from 0 to less than 50 weight 
percent based on the total weight of the polymerizable mate 
rial. The polymerizable material may contain at least Oweight 
percent, at least 2 weight percent, at least 3 weight percent, or 
at least 5 weight percent anionic monomer. The polymeriZ 
able material may contain up to 50 weight percent, up to 25 
weight percent, up to 15 weight percent, or up to 10 weight 
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percent anionic monomer. The polymerizable material may 
contain 0 to 50 weight percent, 0 to 25 weight percent, 0 to 15 
weight percent, or 0 to 10 weight percent anionic monomer. 
Some polymerizable materials do not contain an anionic 
monomer. Low levels or the complete absence of anionic 
monomer(s) may be found in precursor compositions con 
taining certain biologically active agents. For example, cer 
tain cationic antimicrobial agents may be too tightly bound 
within the hydrophilic gel material to elute or diffuse from as 
desired in the presence of anionic monomers. 
0079. In some embodiments, the precursor composition 
may include a cationic monomer. As used herein, the term 
"cationic monomer refers to a monomer having an ethyleni 
cally unsaturated group as well as an amino group, a salt of an 
amino group, or a mixture thereof. For example, the cationic 
monomer can be an amino (meth)acrylate oranamino (meth) 
acrylamide. The amino group can be a primary amino group 
or a salt thereof, a secondary amino group or a salt thereof, a 
tertiary amino group or a salt thereof, or a quaternary salt. The 
cationic monomers often include a tertiary amino group or a 
salt thereof or a quaternary amino salt. Depending on the pH 
of the precursor composition, some cationic monomer can be 
in a neutral state (basic form) or in the form of a salt (cationic 
form). The counterions of the cationic form are often selected 
from halides (e.g., bromides or chlorides), Sulfates, alkylsul 
fates (e.g., methosulfate or ethosulfate), as well as various 
carboxylate anions (e.g., acetate). 
0080 Examples of some amino (meth)acrylates include 
N,N-dialkylaminoalkyl(meth)acrylates and N-alkylami 
noalkyl(meth)acrylates such as, for example, N,N-dimethy 
laminoethylmethacrylate, N,N-dimethylaminoethylacrylate, 
N,N-diethylaminoethylmethacylate, N,N-diethylaminoethy 
lacrylate, N,N-dimethylaminopropylmethacrylate, N,N-dim 
ethylaminopropylacrylate, N-tert-butylaminopropyl 
methacrylate, and N-tert-butylaminopropylacrylate. 
Exemplary amino (meth)acrylamides include, for example, 
N-(3-aminopropyl)methacrylamide, N-(3-aminopropyl) 
acrylamide, N-3-(dimethylamino)propyl)methacrylamide, 
N-(3-imidazolylpropyl)methacrylamide, N-(3-imidazolyl 
propyl)acrylamide, N-(2-imidazolylethyl)methacrylamide, 
N-(1,1-dimethyl-3-imidazolylpropyl)methacrylamide, N-(1, 
1-dimethyl-3-imidazolylpropyl)acrylamide, N-(3-benzoimi 
dazolylpropyl)acrylamide, and N-(3-benzoimidazolylpro 
pyl)methacrylamide. 
I0081 Exemplary monomeric quaternary salts include, but 
are not limited to, (meth)acrylamidoalkyltrimethylammo 
nium salts (e.g., 3-methacrylamidopropyltrimethy 
lammonium chloride and 3-acrylamidopropyltrimethylam 
monium chloride) and (meth) 
acryloxyalkyltrimethylammonium salts (e.g., 
2-acryloxyethyltrimethylammonium chloride, 2-methacry 
loxyethyltrimethylammonium chloride, 3-methacryloxy-2- 
hydroxypropyltrimethylammonium chloride, 3-acryloxy-2- 
hydroxypropyltrimethylammonium chloride, and 
2-acryloxyethyltrimethylammonium methyl Sulfate). 
I0082. Other exemplary monomeric quaternary amino salts 
include a dimethylalkylammonium group with the alkyl 
group having 2 to 22 carbon atoms or 2 to 20 carbon atoms. 
That is, the monomer includes a group of formula—N(CH) 
(CH2)" where n is an integer having a value of 2 to 22. 
Exemplary monomers include, but are not limited to mono 
mers of the following formula 
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Br 

Such that n is an integer in the range of 2 to 22. The synthesis 
of these monomers is described in U.S. Pat. No. 5,437,932 
(Ali et al.). 
0083. Some cationic monomers, such as those having a 
quaternary amino group, can impartantimicrobial properties 
to the hydrophilic gel material. The cationic monomer is often 
present in an amount ranging from 0 to 50 weight percent 
based on the total weight of the polymerizable material. The 
polymerizable material may contain at least Oweight percent, 
at least 1 weight percent, at least 2 weight percent, or at least 
5 weight percent cationic monomer. The polymerizable mate 
rial may contain up to 50 weight percent, up to 30 weight 
percent, up to 20 weight percent, up to 15 weight percent, or 
up to 10 weight percent cationic monomer. The polymeriZ 
able material may contain 0 to 50 weight percent, 1 to 30 
weight percent, 2 to 20 weight percent, or 5 to 10 weight 
percent cationic monomer. Some polymerizable materials do 
not contain a cationic monomer. 
0084. Some exemplary polymerizable materials contain 
only nonionic monomers. That is, the polymerizable material 
is substantially free of both anionic monomers and cationic 
monomers. As used herein with reference to the anionic or 
cationic monomers, “substantially free” means that the poly 
merizable material contains less than 1 weight percent, less 
than 0.5 weight percent, less than 0.2 weight percent, or less 
than 0.1 weight percent anionic monomer or cationic mono 
mer based on the total weight of the polymerizable material. 
0085. The precursor composition generally contains no 
greater than 90 weight percent polymerizable material based 
on the total weight of the precursor composition. For 
example, the precursor composition contains at least 10 
weight percent, at least 20 weight percent, at least 25 weight 
percent, at least 30 weight percent, at least 40 weight percent, 
or at least 50 weight percent polymerizable material. The 
precursor composition contains no greater than 90 weight 
percent, no greater than 80 weight percent, no greater than 75 
weight percent, no greater than 70 weight percent, or no 
greater than 60 weight percent polymerizable material. In 
Some precursor compositions, the amount of polymerizable 
material is in the range of 10 to no greater than 90 weight 
percent, 20 to no greater than 90 weight percent, 30 to no 
greater than 90 weight percent, or 50 to no greater than 80 
weight percent based on the total weight of the precursor 
composition. 
I0086. In addition to the polar solvent and the polymeriz 
able material, the precursor composition may include one or 
more optional additives such as processing agents, active 
agents, or mixtures thereof. Any of these optional additives 
can be dissolved or dispersed in the precursor composition. 
0087. The term “processing agent” refers to a compound 
or mixture of compounds that is added primarily to alter the 
physical or chemical characteristics of either the precursor 
composition or the hydrophilic gel material (e.g., shaped 
polymeric material). That is, the processing agent is added for 
the purpose of altering the precursor composition or facilitat 
ing the formation of the hydrophilic gel material. If added, the 
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processing agent is typically added to the precursor compo 
sition. These processing agents are typically not considered to 
be active agents. 
I0088 Suitable processing agents include, but are not lim 
ited to, rheology modifiers such as polymeric thickeners 
(such as gum, cellulose, pectin, and the like) or inorganic 
thickeners (such as clays, silica gels, and the like), Surfactants 
that modify the surface tension, emulsifiers that stabilize the 
precursor composition, Solubilizers that enhance the Solubil 
ity of the polymerizable material in the polar solvent, initia 
tors to facilitate polymerization of the polymerizable mate 
rial, chain transfer or retarding agents, binders, dispersants, 
fixatives, foaming agents, flow aids, foam stabilizers, foam 
boosters, gellants, glossers, propellants, waxes, compounds 
to depress the freezing point and/or increase the boiling point 
of the precursor composition, and plasticizers. 
The optional processing agent can be present in an amount no 
greater than 20 weight percent, no greater than 15 weight 
percent, no greater than 10 weight percent, no greater than 8 
weight percent, no greater than 6 weight percent, no greater 
than 4 weight percent, no greater than 2 weight percent, no 
greater than 1 weight percent, or no greater than 0.5 weight 
percent based on the total weight of the precursor composi 
tion. 
I0089. An initiator is a processing agent found in most 
precursor compositions for the free-radical polymerization 
reaction. The initiator can be a photoinitiator, a thermal ini 
tiator, or a redox couple. The initiator can be either soluble in 
the precursor composition or dispersed in the precursor com 
position. 
An example of a suitable soluble photoinitiator is 2-hydroxy 
1-4-(2-hydroxyethoxy)phenyl-2-methyl-1-propanone, 
which is commercially available under the trade designation 
IRGACURE 2959 from Ciba Specialty Chemicals (Tarry 
town, N.Y.). An example of a suitable dispersed photoinitiator 
is alpha, alpha-dimethoxy-alpha-phenylacetophenone, 
which is commercially available under the trade designation 
IRGACURE 651 from Ciba Specialty Chemicals. Other suit 
able photoinitiators are the acrylamidoacetyl photoinitiators, 
described in U.S. Pat. No. 5,506.279 (Babu et al.) that contain 
a polymerizable group as well as a group that can function as 
an initiator. The initiator is usually not a redox initiator as 
used in some polymerizable compositions known in the art. 
Such initiators could react with bioactive agents, if present. 
0090 Suitable thermal initiators include, for example, azo 
compounds, peroxides or hydroperoxides, persulfates, or the 
like. Exemplary azo compounds include 2,2'-azobis 2-(2- 
imidazolin-2-yl)propanedihydrochloride, 2,2'-azobis(2- 
amidinopropane)dihydrochloride, and 4,4'-aZobis-(4-cyano 
pentanoic acid). Examples of commercially available thermal 
aZo compound initiators include materials available from 
DuPont Specialty Chemical (Wilmington, Del.) under the 
“VAZO' trade designation such as “VAZO 44”, “VAZO 56”, 
and “VAZO 68. Suitable peroxides and hydroperoxides 
include acetyl peroxide, t-butyl hydroperoxide, cumene 
hydroperoxide, and peroxyacetic acid. Suitable persulfates 
include, for example, Sodium persulfate and ammonium per 
sulfate. 
0091. In other examples, the free radical initiator is a redox 
couple such as ammonium or Sodium persulfate and N.N.N'. 
N'-tetramethyl-1,2-diaminoethane; ammonium or sodium 
persulfate and ferrous ammonium sulfate; hydrogen peroxide 
and ferrous ammonium sulfate; cumene hydroperoxide and 
N,N-dimethylaniline; or the like. In some embodiments, the 
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precursor composition includes only the polymerizable mate 
rial, the polar solvent, and an initiator Such as a photoinitiator. 
In most embodiments, the initiator is present in an amount no 
greater than 4 weight percent, no greater than 3 weight per 
cent, no greater than 2 weight percent, no greater than 1 
weight percent, or no greater than 0.5 weight percent based on 
the total weight of the polymerizable material in the precursor 
composition. 

Optional Active Agents 

0092. The precursor compositions and/or hydrophilic gel 
materials of the present invention can include one or more 
optional active agents. The active agent provides some added 
functionality to the hydrophilic gel material (e.g., shaped 
polymeric material). The hydrophilic gel material functions 
as a carrier for the active agent. If present, the active agents are 
usually present in an amount no greater than 30 weight per 
cent, no greater than 25 weight percent, no greater than 20 
weight percent, no greater than 15 weight percent, no greater 
than 10 weight percent, or no greater than 5 weight percent 
based on the total weight of the precursor composition. 
0093. In some embodiments, the active agent can migrate 
into and out of the hydrophilic gel material (e.g., shaped 
polymeric material). In other embodiments, the active agent 
tends to be stationary and remain within the hydrophilic gel 
material. For example, the molecular size of the active agent 
may prevent elution or diffusion of the active agent out of the 
hydrophilic gel material. In another embodiment, the active 
agent may be attached to the hydrophilic gel material with a 
covalent or ionic bond. Active agents optionally can have one 
or more ethylenically unsaturated groups that can react with 
other ethylenically unsaturated groups to become part of the 
polymerizable material or to become attached to the poly 
meric material of the hydrophilic gel material. 
0094. Some active agents are biologically active agents. 
As used herein, the terms “biologically active agent.” “bio 
logical active.” and “bioactive agent” are used interchange 
ably and refer to a compound or mixture of compounds that 
has some known effect on living systems such as, for 
example, a bacteria or other microorganisms, plant, fish, 
insect, or mammal. The bioactive agent is added for the pur 
pose of affecting the living system Such as affecting the 
metabolism of the living system. 
0095 Examples of bioactive agents include, but are not 
limited to, medicaments, herbicides, insecticides, antimicro 
bial agents, disinfectants and antiseptic agents, local anes 
thetics, astringents, antifungal agents, antibacterial agents, 
growth factors, vitamins, herbal extracts, antioxidants, Ste 
roids or other anti-inflammatory agents, compounds that pro 
mote wound healing, vasodilators, exfoliants such as alpha 
hydroxy acids or beta-hydroxy acids, enzymes, nutrients, 
proteins, and carbohydrates. Still other bioactive agents 
include artificial tanning agents, tanning accelerants, skin 
Soothing agents, skin tightening agents, anti-Wrinkle agents, 
skin repair agents, sebum inhibiting agents, sebum stimula 
tors, protease inhibitors, anti-itch ingredients, agents for 
inhibiting hair growth, agents for accelerating hair growth, 
skin sensates, anti-acne treatments, depilating agents, hair 
removers, corn removers, callus removers, wart removers, 
Sunscreen agents, insect repellants, deodorants and antiper 
spirants, hair colorants, bleaching agents, and anti-dandruff 
agents. Any other suitable bioactive agent known in the art 
can be used. 
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0096. Examples of suitable bioactive agents include 
metal-containing compounds (e.g., silver-containing com 
pounds, Zinc-containing compounds, copper-containing 
compounds, gold-containing compounds, and platinum-con 
taining compounds), fatty acid monoesters, polyhexamethyl 
enebiguanide, chlorhexidine, triclosan, peroxides, iodines 
and complexes thereof (e.g., iodophores), derivatives thereof, 
and combinations thereof. Additional biological actives that 
are suitable for use with the present invention include medici 
nal ingredients disclosed in Cantor et al., U.S. Pat. Appl. Pub. 
No. US2OO3FOO54025A1. 

0097. The silver-containing compounds suitable for the 
bioactive agent include compounds that are soluble in aque 
ous solvents (e.g., silver nitrate) and sparingly soluble silver 
containing (SSSC) compounds, as described in U.S. Pat. 
Appl. Pub. Nos. 2006/0035039 and 2006/034899. The silver 
containing compounds Suitable for the bioactive agent pro 
vide antimicrobial activity by a sustained release of silver 
ions from the hydrophilic gel materials when in contact with 
moist environments, such as a wound bed. Examples of Suit 
able silver-containing compounds include silver oxide, silver 
sulfate, silver acetate, silver chloride, silver lactate, silver 
phosphate, silver Stearate, silver thiocyanate, silver protein 
ate, silver carbonate, silver nitrate, silver sulfadiazine, silver 
alginate, and combinations thereof. Examples of particularly 
Suitable silver-containing compounds include silver oxides, 
silver carbonates, and silver acetates. Examples of Suitable 
concentrations of the silver-containing compound range from 
0.1 wt-% to 15.0 wt-%, based on the total weight of the 
precursor composition. 
0.098 Fatty acid monoesters suitable for the biological 
active are desirably considered food grade and recognized as 
safe (GRAS) by the U.S. Food and Drug Administration 
(FDA). Such fatty acid monoesters may be derived from Cs to 
C fatty acids such as glycerol monoesters of caprylic acid, 
capric acid, and lauric acid; propylene glycol monoesters of 
caprylic acid, capric acid, and lauric acid; fatty acids; and 
combinations thereof. Examples of suitable fatty acid 
monoesters include glycerol monolaurate commercially 
available under the trade designation “LAURICIDIN from 
Med-Chem Laboratories, East Lansing, Mich.: glycerol 
monocaprylate commercially available under the trade des 
ignation “POEM M-100 from Riken Vitamin Ltd., Tokyo, 
Japan; glycerol monocaprate commercially available under 
the trade designation “POEM M-200 from Riken Vitamin 
Ltd., propylene glycol monolaurate, propylene glycol mono 
caprylate, and propylene glycol monocaprate, all commer 
cially available from Uniquema International, Chicago, Ill., 
and combinations thereof. Examples of Suitable concentra 
tions of the fatty acid monoester in the precursor composition 
range from 1.0 wt-% to 30.0 wt-%, based on the total weight 
of the precursor composition. 
0099 Examples of suitable chlorhexidine materials for the 
bioactive agent include chlorhexidine, chlorhexidine salt 
derivatives such as chlorhexidine digluconate (typically 
referred to as chlorhexidine gluconate or CHG) and chlo 
rhexidine acetate, and combinations thereof. Examples of 
suitable concentrations of the chlorhexidine materials in the 
precursor composition range from 1.0 wt-% to 40.0 wt-%, 
based on the total weight of the precursor composition. 
Examples of particularly suitable concentrations of the chlo 
rhexidine materials in the precursor composition range from 
5.0 wt-% to 20.0 wt-%, based on the total weight of the 
precursor composition. 
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0100 Enhancers may be used to increase the biological 
activity of certain biological active agents (e.g., fatty acid 
monoesters, fatty acids, and halogenated phenolic com 
pounds Such as triclosan). Examples of Suitable enhancers 
include chelating agents such as ethylenediaminetetraacetic 
acid (EDTA) and salts thereof organic acids such as lactic 
acid, tartaric acid, adipic acid, Succinic acid, citric acid, ascor 
bic acid, malic acid, mandelic acid, acetic acid, Sorbic acid, 
benzoic acid, and salicylic acid; alcohols such as ethanol, 
isopropanol, and long chain alcohols, such as octyl alcohol 
and decyl alcohol; and combinations thereof. Examples of 
suitable concentrations of the enhancers in the fluid solution 
range from 1.0 wt-% to 20.0 wt-%, based on the total weight 
of the precursor composition. 
0101 The concentration of the bioactive agent in the pre 
cursor composition desirably is such that the concentration of 
the bioactive agent is therapeutically effective. As such, the 
concentration of the bioactive agent in the precursor compo 
sition will vary depending on a variety of factors, such as the 
type of biological active used, the design of the article, the 
condition to be treated, and the length of time the article will 
be used. Generally the concentration of the bioactive agent in 
the precursor composition ranges from 0.01 wt-% to 50.0 
wt-%, based on the total weight of the precursor composition 
Other active agents suitable for use in the present invention 
are not biologically active. These active agents are added to 
provide some non-biological functionality to the hydrophilic 
gel material. That is, these active agents are not added for the 
purpose of affecting a living system Such as affecting the 
metabolism of the living system. Suitable active agents, for 
example, can be selected to alter the odor, charge, color, 
density, pH, osmolarity, water activity, ionic strength, or 
refractive index of the hydrophilic gel material. The active 
agent can also be selected to provide a reactive group or 
compound. Examples of non-biologically active agents 
include emulsifiers or Surfactants (including anionic Surfac 
tants, cationic Surfactants, Zwitterionic Surfactants, non-ionic 
Surfactants, and combinations thereof), pigments, inorganic 
oxides (such as silicon dioxide, titania, alumina, and Zirco 
nia), fragrances Such as aromatherapy agents and perfumes, 
odor absorbing agents, humectants, lubricants, dyes, bleach 
ing or coloring agents, flavorings, decorative agents such as 
glitter, emollients, acids, bases, buffers, indicators, soluble 
salts, chelating agents, and the like. Some humectants that are 
liquids at room temperature that are miscible with water (e.g., 
glycols and other polyols) in the amounts used are considered 
to be part of the polar solvent when the precursor composition 
of the swollen hydrophilic gel material or dried hydrophilic 
gel material is calculated. 
0102. In some embodiments, the active agent is an indica 

tor. Any suitable chemistry can be used for the indicator. The 
indicator can detect, for example, a specific pH range or the 
presence of a specific class of compounds. The presence of 
Some specific classes of compounds can result in a color 
change. Ninhydrin, for example, can be used to detect the 
presence of a protein or amino group. The indicator can also 
be a typical pH indicator such as methyl blue or phenolphtha 
lein. 

0103 Inorganic oxide nanoparticles can be added to the 
hydrophilic gel material to increase the refractive index of the 
hydrophilic gel material. For example, the hydrophilic gel 
material can be loaded with Zirconia nanoparticles or titania 
nanoparticles. Zirconia nanoparticles can be prepared using 
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the methods described, for example, in U.S. Pat. No. 6,376, 
590 (Kolb et al.) and U.S. Pat. Appl. Pub. No. 2006/ 
014.8950A1 (Davidson et al.). 
0104 Any of the active agents may have a polymerizable 
group. The use of a polymerizable group on the active agent 
can be used to prevent the migration of the active agent out of 
the hydrophilic gel material. Cationic monomers having an 
ethylenically unsaturated group as well as a quaternary amino 
group may function as an antimicrobial agent and can be 
included in the polymerizable material of the precursor com 
position. The cationic monomer is often a (meth)acrylate 
having a quaternary amino group. 
0105 Because the hydrophilic gel material (e.g., shaped 
polymeric material) typically has unreacted polymerizable 
groups, the hydrophilic gel material can be reacted post 
formation with active agents having polymerizable groups. 
For example, a cationic monomer having an ethylenically 
unsaturated group and a quaternary amino group can be 
reacted with the hydrophilic gel material having unreacted 
ethylenically unsaturated groups. A mixture containing the 
polymerizable material, the cationic monomer, and a photo 
initiator can be exposed to actinic radiation to react the eth 
ylenically unsaturated group of the cationic monomer with an 
unreacted ethylenically unsaturated group of the polymeriZ 
able material. The reaction product is a hydrophilic gel mate 
rial with attached quaternary amino groups. 
0106 Active agents can be present in the precursor com 
position used to prepare the Swollen hydrophilic gel material. 
Alternatively, the swollen hydrophilic gel materials can be 
dried and Swollen a second time with a sorbate. That is, the 
dried hydrophilic gel material can sorb the sorbate to form a 
second Swollen hydrophilic gel material (e.g., a second Swol 
len shaped polymeric material). The Sorbate often includes an 
active agent. The active agent can be a biologically active 
agent, a non-biologically active agent, or a mixture thereof. 
Suitable active agents are described herein. 
0107. When included in the precursor composition, the 
active agents are preferably stable and/or resistant to the 
radiation used to polymerize the material. The amount of 
radiation and length of exposure may also be adjusted to 
prevent the degradation of the active agent when added to the 
precursor composition prior to curing. Alternatively, active 
agents that are not stable or resistant to radiation may fare 
better if added after formation of the hydrophilic gel material 
(e.g., the shaped polymeric material can be dried and then 
exposed to a Sorbate that includes the active agent). Unlike the 
active agents that often can be added to either to the precursor 
composition or after formation of the hydrophilic gel material 
(e.g., shaped polymeric material), the processing agents are 
typically included in the precursor composition prior to cure. 
0108. The amount of the active agent can be in the range of 
0 to no greater than 70 weight percent based on the weight of 
the Swollen hydrophilic gel material. In some exemplary 
Swollen hydrophilic gel materials, the amount of the active 
agent is no greater than 50 weight percent, no greater than 40 
weight percent, no greater than 30 weight percent, no greater 
than 20 weight percent, no greater than 10 weight percent, no 
greater than 5 weight percent, no greater than 2.5 weight 
percent, or no greater than 1 weight percent of the Swollen 
hydrophilic gel materials. 

Shaped Materials 
0109 FIG. 1 and FIG. 2 illustrate a swollen shaped hydro 
philic gel material formed according to the present invention. 
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The Swollen shaped polymeric material contains the inverse 
topography of a mold having at least two separate wells (such 
as that represented in FIG. 3). 
0110 FIG. 1 shows a cross-section of one embodiment of 
a hydrophilic gel layer of the invention. Article 10 comprises 
a hydrophilic gel material 12 and a backing layer 14. The 
hydrophilic gel material 12 is cured in an overfilled mold to 
form an integral continuous layer of shapes 16. The continu 
ous layer of hydrophilic gel material 12 is attached to backing 
layer 14 by any Suitable means, such as by laminating the 
layers together or be means of an adhesive layer (not shown). 
0111 FIG. 2 shows an alternative embodiment of a hydro 
philic article of the invention. Article 20 comprises a hydro 
philic gel material 22 that forms shapes 26 attached to back 
ing layer 24 in a discontinuous coating on backing layer 24. 
The shapes 26 may be laminated to backing layer 24 as part of 
the mold and cure process, or the shapes 26 may beformed as 
discrete shapes 26 and attached to backing layer 24 by any 
Suitable attachment, such as an adhesive. This embodiment 
results when the wells of the mold are not overfilled with 
precursor composition. 
0112 The shaped hydrophilic gel materials may be rigid 
or elastomeric and may or may not be easily crushed (e.g., 
friable). A higher content of polymeric material tends to 
increase the modulus and crush strength of the shaped poly 
meric material. A greater amount of crosslinking achieved by 
using a precursor composition with a higher average func 
tionality also tends to increase the modulus and crush strength 
of the shaped hydrophilic gel materials. The average func 
tionality refers to the average number of polymerizable 
groups (ethylenically unsaturated groups) per molecule. 
0113. The shaped hydrophilic gel materials can have a 
wide variety of sizes. The dimensions of the shaped hydro 
philic gel materials depends on the at lease two separate wells 
(including the features on the surfaces of the wells) within the 
mold used to generate the shapes of the precursor composi 
tion prior to radiation curing, and can range from less than one 
micrometer to several thousand micrometers. Particularly 
Suitable dimensions, such as the height or depth of the shaped 
hydrophilic gel materials are in the range of 0.5 to 5000 
micrometers, in the range of 1 to 1000 micrometers, in the 
range of 10 to 1000 micrometers, or in the range of 100 to 
1000 micrometers. The length or widths of the shaped hydro 
philic gel materials are in the range of 0.5 to 5000 microme 
ters, in the range of 1 to 1000 micrometers, or in the range of 
100 to 1000 micrometers. 

0114. After exposing the precursor composition to radia 
tion, the polymerizable material is at least partially polymer 
ized to form a first swollen shaped hydrophilic gel material. 
The first swollen shaped hydrophilic gel material (disposed 
on a substrate) can be removed form the mold. The swollen 
shaped polymeric material generally has the dimensions of 
the well of the mold. Conventionally, the shaped hydrophilic 
gel material (disposed on a Substrate) can be removed from 
the mold by gravity, vibratory techniques, or by simply pull 
ing the substrate with the shaped hydrogel material adhered 
thereto out of the mold. 

0115 The swollen shaped hydrophilic gel materials are 
generally homogeneous and do not contain discernible fea 
tures other than those made discernible by the mold. Devel 
opment of channels or features on the Swollen shaped hydro 
philic gel materials may result from Surface structures within 
a well. 
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0116. In certain embodiments, the precursor composition 
may fill less than 100% of the volume of the wells or may fill 
an excess of 100 percent of the wells. The precursor compo 
sition may then be at least partially solidified by exposing the 
precursor composition to radiation as described herein. The 
exposure to radiation may occur, at least in part, through the 
Substrate. Following Such exposure, the resulting article may 
be removed from the mold and exposed to additional radia 
tion. Optionally, partially solidified shaped hydrophilic gel 
materials may be attached to a Substrate following their expo 
Sure to radiation through a variety of means including for 
example through the use of an adhesive. 

Molds and Methods of Making Shaped Materials 
0117 The shaped polymeric material can be formed in a 
mold having at least two wells. A mold is provided to define 
the size and shape of the shaped polymeric material. A pre 
cursor composition is added and retained within the wells of 
the mold. The precursor composition is then exposed to radia 
tion to at least partially polymerize the polymerizable mate 
rial. The partially polymerized material within the wells 
forms a first Swollen shaped hydrophilic gel material. 
0118. A mold may be a film, a sheet, a web, a belt, a roller, 
a drum, a ribbon, discrete particles or other three dimensional 
shapes or structures, or combinations thereof for which a 
flowable or partially flowable material, such as a precursor 
composition, can be applied. The mold can be formed from a 
polymeric material, a metallic material, a ceramic material, or 
a combination thereof. The material selected for the mold 
generally has properties Suitable for a particular application. 
Some properties to consider informing a mold include physi 
cal, chemical, optical, electrical, release, and thermal proper 
ties. 
0119) A mold may be transparent to the radiation used to 
polymerize the precursor composition Such that the precursor 
composition can be at least partially polymerized through the 
mold. In another embodiment, the mold can be opaque to the 
radiation used to polymerize the precursor composition. In 
Such embodiment, exposing the precursor composition to 
radiation can occur through the Substrate. In certain embodi 
ments, for “transparent molds and Substrates, exposing the 
precursor composition to radiation can occur through either 
or both the mold and substrate. 
0.120. A mold can be made of a material that allows easy 
release of the polymerized hydrophilic gel material. For 
example, by being made of thermoplastic resin, the mold can 
have a low-energy Surface that affords good release from a 
polymeric gel. Good release is assured when there is a sig 
nificant difference in surface energy between the surfaces of 
the mold and the polymeric gel, the latter typically being 
40-41 dynes/cm. Because the surface energy of each of 
polypropylene and polyethylene is 30-31 dynes/cm, these 
afford easy separation of the polymeric gel. Certain mold 
materials, such as poly(vinylchloride) and cellulose acetate 
butyrate, may require the use a release agent. Polyolefins are 
more transparent to and stable towards ultraviolet radiation 
than are poly(vinylchloride) and cellulose acetate butyrate. 
I0121. A mold can be formed having features on its sur 
faces. These features can be transferred from the mold to a 
flowable or partially flowable material applied or coated onto 
the mold. The surfaces of the mold may be smooth, partially 
Smooth, textured, or a combination thereof. Examples of tex 
tured or structured surfaces comprising nano-, micro-, and 
macro-replicated features and patterns are described in U.S. 
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Pat. No. 6,649.249 (Engle et al.) and U.S. Pat. No. 7,105,809 
(Wood et al.). The mold may further include structured sur 
faces having regular or random features spatially located 
throughout the Surface. 
0122) Molds further include features commonly known as 
wells. Wells may be referred to as cavities, regions, pockets, 
ridges, channels, and the like. The well provides a location on 
a surface for retaining a flowable or partially flowable mate 
rial. Wells generally have volumes with dimensions such as 
diameter, radius, height, width, and length. The material in 
the wells can be retained by walls and/or other features 
located on or within the mold. In one embodiment, the wells 
can be located within a structured surface of a mold. The wells 
of the mold can be located separately from each other with a 
land (e.g., region) separating the wells. 
0123 Wells may have different shapes. Examples of 
shapes of the wells may include conical, cubic, triangular, 
rectangular, pyramidal, and other shapes Suitable for retain 
ing a volume of a material. The base of the well refers to a 
location within the well generally spaced a distance from the 
top of the well. The top of the well may refer to a land or a 
Surface to distinguish individual wells from one another. In a 
mold having at least two wells, a first well may have the same 
shape as a second well. In another mold, the first well may 
have a different shape than the second well. 
0.124 Similarly, the wells can have random or precisely 
spaced features positioned on the walls of the well, on the land 
areas, and within the wells. Some of these features may 
include protrusions and depressions. These features are com 
monly referred to as topographical features. 
0.125. Some examples of topographical features of wells 
range from the extreme of cubic wells with parallel vertical, 
planar walls to the extreme of hemispherical wells, with any 
possible solid geometrical configuration of walls between 
those extremes. Other example topographies or topographical 
features include conical wells with angular, planar walls, 
truncated pyramid wells with angular, planar walls, and cube 
corner shaped wells. 
0126 Some of the topographical features in the wells, or 
defining the shapes of the wells themselves may beformed on 
a nano-, micro-, or macro-scale. Similarly, some of the topo 
graphical features may be found on the mold or at least on the 
land areas between the wells. The dimensions of these fea 
tures may be limited to the tooling or equipment for manu 
facturing the features. Generally, a mold having a microstruc 
tured Surface, for example, may have a desired topography on 
at least one Surface. These microstructures include a configu 
ration of features such that at least two dimensions of the 
features are microscopic. Microscopic features are Suffi 
ciently Small so as to require an optic aid to the naked eye to 
determine their shape. The dimensions of the topographical 
features range from two hundred microns or less in at least 
two or the three possible dimensions (in/out of the plane of the 
mold, and in each direction along the plane of the mold). The 
topographical features have a desired characteristic size (such 
as length measured along any dimension) and feature density 
(features per unit area of mold Surface). A feature, as 
described earlier can be anything that represents a departure 
or deviation from a flat planar surface. Some of the features 
can include those that protrude (nodules, posts, lumps, 
ridges), or those which are recessed (hoes, pits, fissures, crev 
ices). Microstructured surfaces may also possess a combina 
tion of protruding and recessed features (e.g., furrows and 
ridges, protruding and recessed pyramids). In the case of 
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ridges, furrows, or intersecting planes, a feature may be a 
corner or linear intersection of Such ridges, furrows, or 
planes. 
I0127. A feature may be such that its characteristic length is 
in all three dimensions (i.e., into and out of the plane of the 
film, and in each orthogonal direction along the plane of the 
film is similar). Conversely, a feature may be such that the 
characteristic length in one or more directions is somewhat 
longer, or even much longer, than in the other directions (i.e., 
in the case of features such as ridges or furrows). 
0128. In some embodiments, the microstructured features 
include those possessing a maximum characteristic length in 
one or more directions of two hundred microns. In some 
embodiments, the maximum characteristic length is fifty 
microns, and in another embodiment, the characteristic 
length is less than 10 microns. In some embodiments, the 
minimum characteristic length in one or more directions is 
one nanometer. In other, the minimum characteristic length is 
ten nanometers, and in another embodiment the minimum 
characteristic length is one hundred nanometers. Also, in 
Some embodiments, microstructured feature densities in a 
mold can be in a range of 100 features or greater per square 
millimeter (mm). In some embodiments, the mold may have 
a density of greater than 1,000 features or greater per square 
millimeter (mm), and in other embodiments, a density of 
greater of than 10,000 features or greater per square mm. FIG. 
3 illustrates a mold having at least two separate wells, and 
features located within the wells. 

I0129. Some features may be present on a regular repeating 
basis, or they may be random. The features may be present 
over the entire area of the mold, or they may be present only 
in areas such as the wells or optionally on the land areas, in 
which the flowable or partially flowable material is to be 
deposited. 
0.130. In some embodiments, the wells are formed with the 
Substrate positioned against the mold. Any Suitable materials 
can be used for the Substrate so long as the material is suffi 
ciently porous, or otherwise retains a structural shape that 
allows the Substrate to form a well when positioned against 
the mold when the mold does not consist of defined wells 
(e.g., as with a scrim). 
I0131. In one embodiment, a porous substrate (or mem 
brane) can be used as the substrate positioned on the mold to 
form a well for receiving the precursor composition. Suitable 
porous Substrate may be selected from any which is coatable, 
and comprises openings or pores. Suitable porous Substrates 
include, but are not limited to, porous membranes, porous 
nonwoven webs, and porous fibers. The porous Substrate may 
be formed from a variety of materials, such as a polymeric 
membrane, a plastic mesh, a fiberglass matte or a metal 
screen, for example, as described below in the section entitled 
SUBSTRATES. 

0.132. In one embodiment, the porous substrate has an 
average pore size less than 10 micrometers. In some embodi 
ments, the average pore size of the porous Substrate is greater 
than 10 nanometers. Suitable porous substrates include, but 
are not limited to, nanoporous membranes, microporous 
membranes, microporous nonwoven webs, and microporous 
fibers. In some embodiments, the porous Substrate may have 
a combination of different pore sizes (e.g., micropores and 
nanopores). 
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0133. In some embodiments, the porous substrate is 
hydrophobic and comprises one or more of the polymeric 
materials described below in the section entitled SUB 
STRATES. 

0134. In some embodiments, the porous substrate is a 
hydrophilic porous membrane Such as a thermally-induced 
phase separation (TIPS) membrane. TIPS membranes are 
often prepared by forming a solution of athermoplastic mate 
rial and a second material above the melting point of the 
thermoplastic material. Upon cooling, the thermoplastic 
material crystallizes and phase separates from the second 
material. The crystallized material is often stretched. The 
second material is optionally removed either before or after 
stretching. TIPS membranes are disclosed in U.S. Pat. Nos. 
1,529,256 (Kelley); 4,726,989 (Mrozinski); 4,867,881 (Kin 
zer); 5,120,594 (Mrozinski); 5,260,360 (Mrozinski); and 
5.962.544 (Waller, Jr.). In some embodiments, TIPS mem 
branes comprise polymeric materials such as poly(vinylidene 
fluoride) (i.e., PVDF), polyolefins such as poly(ethylene) or 
poly(propylene), vinyl-containing polymers or copolymers 
Such as ethylene-vinyl alcohol copolymers and butadiene 
containing polymers or copolymers, and acrylate-containing 
polymers or copolymers. TIPS membranes comprising 
PVDF are further described in U.S. Pat. App. Pub. No. 2005/ 
0058821 (Smith et al.). 
0135) In some embodiments, the porous substrate is a 
non-woven web. The average pore size is typically greater 
than 25 micrometers. Melt-blown microfiber nonwoven webs 
are described using methods and equipments similar to those 
in Wente, V.A., “Superfine Thermoplastic Fibers’; Industrial 
Engineering Chemistry, 48, 1342-1346 (1956), and Wente, V. 
A., “Manufacture of Super Fine Organic Fibers': Naval 
Research Laboratories (Report No. 4364), May 25, 1954. For 
example, the non-woven web can be prepared from ethylene 
vinyl alcohol copolymers as described in U.S. Pat. No. 5,962, 
544 (Waller, Jr.). In one embodiment, the non-woven web can 
be prepared from nylon. 
0.136 Suitable porous substrates include commercially 
available materials such as hydrophilic and hydrophobic 
microporous membranes known under the trade designations 
DURAPORE and MILLIPORE EXPRESS MEMBRANE, 
available from Millipore Corporation of Billerica, Mass. 
Other Suitable commercial microporous membranes known 
under the trade designations NYLAFLO and SUPOR are 
available from Pall Corporation of East Hills, N.Y. 
0137 In one embodiment, a non-woven scrim can be used 
as the Substrate. The nonwoven scrim may be positioned 
against a surface. Such as a film, and the nonwoven scrim may 
be impregnated with the precursor composition. The precur 
Sor composition may then be at least partially cured as 
described herein. 
0138 For preferred medical articles, the shapes of the 
shaped hydrophilic gel may be any shape imparted by the 
mold that aids in the desired properties of the medical article 
Such as delivery of the actives, increased surface for absorp 
tion, and/or enhanced gel layer integrity upon hydration. For 
Such embodiments, the shapes include, but are not limited to, 
ridges, channels, mounds, peaks, hemispheres, pyramids, 
cylinders, cones, blocks, and truncated variations and com 
binations thereof. 
0.139. At least two separate wells of the mold can be used 

to retain a flowable or partially flowable material such as a 
precursor composition. The precursor composition is gener 
ally a liquid composition consisting of curable, polymeriZ 
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able or crosslinkable molecules, which are cured while in 
contact with the mold. The precursor composition generally 
has a viscosity Sufficient for flowing and adding the compo 
sition into the at least two separate wells of the mold. 
0140 Preferably, a precursor composition has a viscosity 
generally less than 5,000 centipoise (cps). Above that range, 
air bubbles may be entrapped and the precursor may not 
completely fill the pattern of the mold. However, inexact 
replication of the mold pattern is normally acceptable, and 
minor blemishes, entrapped air bubbles or fractures in the 
hydrophilic gel layer will still be useful. 
0.141. The precursor composition can be positioned in at 
least a portion of at least two separate wells of the mold by 
different methods. Some of the positioning or addition meth 
ods include, but are not limited to, gravity filling, pressure 
filling, or vacuum filling. In one example, the precursor com 
position may be positioned in at least a portion of the wells by 
capillary action. The precursor composition may be posi 
tioned in at least a portion of the wells, such that the precursor 
composition is positioned in at least 5 percent of the Volume 
of the at least two separate wells. In some embodiments, the 
precursor composition may be positioned in at least 15 per 
cent, in at least 25 percent, or at least 35 percent of the volume 
of the at least two separate wells. The precursor composition 
may be positioned up to 100 percent, up to 90 percent, up to 
80 percent, or up to 70 percent of the volume of the at least two 
separate wells. The precursor composition may be positioned 
in at least a portion of the at least two separate wells in a range 
of 5 to 100 percent, 15 to 90 percent, 25 to 80 percent, or 35 
to 70 percent of the volume of the at least two separate wells. 
0142. In some embodiments, the precursor composition 
may be positioned to fill in excess of 100 percent of the 
volume of the at least two separate wells. At this volume, the 
precursor composition may occupy the land areas between 
the wells providing for connection between the two separate 
wells. The shaped polymeric material may be in the form of a 
film or sheet having the polymerizable material of the wells 
attached to the film or sheet, and further disposed on a sub 
Strate. 

0143. In particularly preferred embodiments, particularly 
medical articles, it is preferred that the shaped hydrophilic gel 
layer, in both single layer and multilayer formats, have avoid 
volume of 10-90%, and preferably avoid volume of 15-80%. 
Knowing the calipered thickness of a particular gel absorbent 
layer, the percentage of the apparent Volume, which consti 
tutes voids, can readily be calculated. The caliper of the gel 
may be measured with a conventional thickness gauge in 
which a pair of opposed feet respectively contacts the Smooth 
surface of the hydrophilic gel layer and several of the highest 
points of the shaped hydrogel projecting from the Surface in a 
plane tangential to the highest points of the shapes projecting 
from the Surface. The apparent Volume of a unit area of gel 
layer is calculated as the product of area and calipered thick 
ness. The calipered thickness of the gel layer is, of course, 
greater than the thickness of a gel layer having the same 
volume of polymer but with two smooth parallel faces. 
0144. After positioning the precursor composition in the 
wells of the mold, it may be at least partially solidified by 
exposing the precursor composition to radiation within the 
two separate wells. The radiation at least partially polymer 
izes the polymerizable material, which has an average num 
ber of ethylenically unsaturated groups per molecule equal to 
at least 1.0, preferably greater than 1.0, and more preferably 
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at least 1.2. The polymerizable material polymerizes by a 
free-radical polymerization process. 
0145 The polymerized material assumes the shape and 
features within the two separate wells of the mold. Most of the 
features within the wells or on the microstructured surface of 
the mold will be the negative image of the features designed 
or displayed on a shaped polymeric material. For example, 
ridges having wells on the surface of the mold will manifestas 
channels on a surface of the shaped polymeric material. 
0146 In an exemplary embodiment, a precursor composi 
tion can be poured onto a metal tool having a raised 90 degree 
prismatic pattern at 60 micrometer spacing as shown in FIG. 
5. A substrate can be placed over and in contact with the 
precursor composition and the metal tool Surface. After at 
least partial polymerization of the polymerizable material, 
the composite structure of the hydrogel can be removed from 
the metal tool forming a hydrogel having an inverse shape of 
the wells replicated on the surface opposite the substrate. The 
shaped hydrophilic gel materials can be adjoined by a land if 
the wells are overfilled. FIG. 6 illustrates formation of the 
shaped hydrophilic gel materials adjacent to one another con 
nected by land areas, which is disposed on a Substrate (al 
though substrate not shown in FIG. 6). 

Non-Contact Deposition and Other Coating Methods 
0147 The precursor composition can be applied as a coat 
ing on a Substrate using a variety of methods. Such methods 
include, both contact methods, for example, roll coating, 
knife coating, gravure coating, pattern coating, offset gravure 
coating, wire-wound rod coating, kiss coating, and non-con 
tact deposition methods such as inkjet printing, spray atomi 
Zation deposition, electrostatic deposition, microdispensing, 
condensation deposition, evaporative deposition, curtain 
coating, and mesoscale deposition and other coating methods 
known to those skilled in the art. The coating can be continu 
ous or discontinuous, regardless of whether contact or non 
contact coating methods are used. In certain embodiments, 
non-contact deposition methods are used to form discontinu 
ous coatings. 
0148. The precursor composition can be applied in a dis 
continuous coating on a substrate by non-contact deposition. 
FIG. 4 is a schematic representation of one exemplary non 
contact deposition process for making a Substrate with a 
discontinuous coating of hydrophilic gel materials. Process 
420 includes a feed system 430 and a curing system 440. 
Precursor composition 450 passes through feed system 430, 
optionally through a pump 436, and is deposited by a non 
contact deposition device 438. Such as an ultrasonic atomizer. 
The output 410 of the non-contact deposition device 438 is 
deposited on a substrate 405. The curing system 40 provides 
radiation such that the output 410 on a substrate 405 is 
exposed to radiation and undergoes a polymerization reaction 
to form cured material. 
0149 Each offeed system 430 and curing system 440 of 
process 420 can include various elements. Feed system 430 
includes a reservoir 432 having an outlet 434. Reservoir 432 
may be a pot, vessel, hopper, hose, funnel, or other element 
into which a volume of the precursor composition 450 can be 
poured or otherwise added. Reservoir 432 may be metal, 
plastic, glass, or any other Suitable material; preferably, pre 
cursor composition 450 does not interact with reservoir 432. 
Outlet 434 may be as simple as an aperture or hole in reservoir 
432, or may be a separate element. In the embodiment shown 
in FIG. 4, outlet 434 is merely an aperture in receiver 432. 
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0150. Curing system 440 may include a radiation source 
and a shielding device. The shielding device is often present 
to direct the radiation from the source to the desired location 
and to protect persons or equipment that may be in close 
proximity. The shielding device may also provide environ 
mental control around the curing process. 
0151. As depicted in FIG.4, a method of the present inven 
tion involves providing a precursor composition 450 that may 
optionally contain one or more bioactive agents. The precur 
sor composition 450 is applied to the substrate 405 by non 
contact deposition, and is exposed to radiation to at least 
partially polymerize the polymerizable material. When the 
precursor composition contains a bioactive agent, the method 
of application and curing will be such that the biological 
active remains active on or near the Surface of the Substrate 
405. Optionally the biological active may be added after 
curing by resorbing the biological active into the dried hydro 
philic gel material. 
0152 The precursor composition 450 of the present inven 
tion may include a variety of different biological actives. Such 
as antimicrobials, antibiotics, antifungals, antivirals, and 
antiseptics (discussed in further detail below). The hydro 
philic gel material may incorporate low concentrations of the 
biological active, while still exhibiting effective levels of 
antimicrobial activity, as measured by the Zone of Inhibition 
Test described below. 
0153. Non-contact deposition techniques suitable for the 
present invention are generally independent of the Surface 
being coated. As such, a non-contact deposition mechanism 
may be moved in a transverse direction to the surface 405 
being coated, while imparting Substantially no transverse 
force to the Surface 405. In contrast to contact coating tech 
niques, non-contact deposition allows the same processing 
equipment to be used for coating a variety of different Sur 
faces without requiring changes in formulations or process 
parameters. Examples of Suitable non-contact deposition 
techniques include inkjet printing, spray atomization deposi 
tion, electrostatic deposition, microdispensing, condensation 
deposition, evaporative deposition, curtain coating, and 
mesoscale deposition. Particularly suitable non-contact 
deposition techniques include inkjet printing and spray 
atomization deposition. 
0154 Inkjet printing operates by ejecting the precursor 
composition onto the substrate 405 (FIG. 4) in controlled 
patterns offluid droplets. Examples of suitable inkjet printing 
methods include thermal inkjet, continuous inkjet, piezo ink 
jet, bubble inkjet, drop-on-demand inkjet, and acoustic inkjet. 
Printheads for Such printing methods are commercially avail 
able from Hewlett-Packard Corporation, Palo Alto, Calif. and 
Lexmark International, Lexington, Ky. (thermal inkjet); 
Domino Printing Sciences, Cambridge, UK (continuous ink 
jet); and Trident International, Brookfield, Conn., Epson, Tor 
rance, Calif., Hitachi Data Systems Corporation, Santa Clara, 
Calif., Xaar PLC, Cambridge, UK, Spectra, Lebanon, N.H., 
and Idanit Technologies, Ltd., Rishon LeZion, Israel (piezo 
inkjet). 
0155 Examples of a suitable inkjet printhead models 
include the NOVA series such as the NOVA-Q printhead 
commercially available from Spectra Inc., and the XJ128 
series such as the XJ 128-200 printhead commercially avail 
able from Xaar PLC. When using the XJ 128-200 printhead, 
the precursor composition 450 may be coated on the substrate 
405 by piezoelectrically driving the printhead at 1.25 kilo 
hertz (kHz) and 35 volts (V), with a printing resolution of 
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300x300 dots-per-inch (dpi). This generates drops with 
nominal volumes of 70 picoliters (pL). 
0156 Based on the printing resolution, the percent of the 
Surface covered (i.e., the pixel coverage), and whether the 
biological active is present in the precursor composition, the 
concentration of the biological active (Concentration) in 
the precursor composition prior to cure as applied on the 
substrate may be determined as follows: 

ConcentrationB.A. = 

(t E. % Coverage (Volume Densi Wt %B.A. (Inch)? ( 100 Drop } ensity's ( 100 

The (Hof Drops/Inch) is the number of print pixels in a square 
inch of the Substrate and is based on the selected printing 
resolution, and the (% Coverage/100) is the fraction of the 
Surface that is printed on. For example, with a printing reso 
lution of 300x300 dpi and a 100% surface coverage of the 
surface, a total of 90,000 drops of the precursor composition 
is deposited per square inch of the substrate. By this defini 
tion, the percent coverage may be greater than 100%, where a 
fraction of the pixels are double printed as the printhead 
executes multiple passes over the article. For example, with a 
printing resolution of 300x300 dpi and a 200% surface cov 
erage of the surface, a total of 180,000 drops of the precursor 
composition are deposited per square inch of the Surface, 
where 90,000 drops are deposited in the first pass of the 
printhead, and another 90,000 drops are deposited over the 
first set of drops in a second pass. 
(O157. The (Volume/Drop) is the nominal volume of the 
drops generated by the selected printhead (e.g., 70 p is the 
drop volume typically generated by the XJ 128-200 print 
head). The (Densitys) is the average density of the precur 
sor composition and the (Wt%/100) is the weight percent 
concentration of the biological active in the precursor com 
position prior to inkjet printing. 
0158. The percentage surface coverage of the precursor 
composition inkjet printed onto the Surface may vary as indi 
vidual needs may require. The percentage required generally 
depends upon the composition of the precursor composition, 
including the biological active, the activity level of the 
selected biological active, and the level of biological activity 
desired. Examples of suitable percentage surface coverage of 
the precursor composition inkjet printed onto the Surface 
range from 1% to 500%. 
0159. Inkjet printing also allows for the creation of indicia 
and graphics on the Surface of the Substrate. As such, the 
pattern that the precursor composition is inkjet printed onto 
the Surface may also convey textual and graphical messages. 
In one embodiment, the messages may be visually observable 
through the use of pigments or dyes contained in the precursor 
composition. Preferably, however, the biological active itself 
provides coloration for the messages on the Substrate. For 
example, silver-containing compounds, Such as silver oxide, 
are clear when in the fluid solution, but turn a dark brown 
color when dried. This precludes the need for additional colo 
rants to render the inkjet printed patterns visually observable. 
Examples of Suitable messages include company logos, 
instructions for use of the article, brand names, and designs 
for aesthetic appearance. 
0160 Spray atomization deposition operates by emitting 
the precursor composition 450 (FIG. 4) through an air 
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impingement nozzle or air stripping nozzle to atomize the 
precursor composition to some degree. The atomized precur 
sor composition 410 is then directed onto the substrate 405. 
While droplets of the precursor composition may be disposed 
in a generally uniform pattern on the Substrate (which is 
typical of inkjet printing), spray atomization deposition gen 
erally provides a more random pattern of droplets. 
0.161. An example of suitable spray atomization deposi 
tion systems includes commercially available spray heads 
and bodies, such as those from Spraying Systems Co., 
Wheaton, Ill. The spray heads may also include fan spray 
adaptations to fan out the primary atomization sources for 
creating elliptical patterns. Suitable operating conditions 
include spraying the precursor composition on the Surface of 
the substrate 405 with a volumetric flow rate of 5 milliliters/ 
minute (mL/min), a web speed of 15 feet/minute (4.6 meters/ 
minute), an atomizer nozzle setting of 23 pounds/inch (psi) 
(159 kilopascals (kpa)), and a fan nozzle setting of 20 psi (138 
kpa). 
0162 The spray heads generate droplets with diameters 
ranging from 2 micrometers to 20 micrometers. After the 
precursor composition 450 dries, the remaining dried drop 
lets on the substrate 405 (FIG. 4) exhibit diameters ranging up 
to 30 micrometers due to agglomerated droplets. When 
present in the precursor composition prior to cure, the con 
centration of the biological active (Concentration) in the 
precursor composition sprayed on the substrate 405 may be 
determined as follows: 

ConcentrationB.A. = 

Volume Wt %B.A. (% SurfaceArea. ( Area Density's ( 100 

0163 The percent surface area of the precursor composi 
tion (% SurfaceAreas) is the ratio of the total surface area of 
the precursor composition droplets to the Surface area of the 
surface of substrate 405 (FIG. 4), as physically viewed with 
digital microscopy. The precursor composition droplets are 
digitally shown as dark drops on a clear background. As such, 
the total area of the dark regions and the total area of the clear 
regions may be compared to provide the ratio. 
0164. The (Volume/Area) is a conversion of the surface 
area of the precursor composition droplets to the Volume of 
the precursor composition droplets. The (Densitys) is the 
average density of the precursor composition and the (Wt 
% (100) is the weight percent concentration of the biologi 
cal active in the precursor composition prior to spraying. 
0.165. The precursor composition 450 (FIG. 4) may also be 
deposited on the substrate 405 through separate non-contact 
deposition systems. Such as a plurality of inkjet printing sys 
tems. For example, a first inkjet printing system may print a 
first precursor composition containing a first biological 
active, and simultaneously or Subsequently, a second inkjet 
printing system may print a second precursor composition 
containing a second biological active. This is particularly 
useful for coating multiple biological actives on the same 
Surface, where the biological actives are incompatible in a 
single precursor composition. The Small drop sizes of the 
precursor composition obtainable by non-contact deposition, 
reduces the risk of adverse interactions between the first and 
second biological actives. 
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0166 The precursor composition may also be deposited 
by non-contact deposition in a concentration gradient with 
multiple passes of the non-contact deposition system. For 
example, a first pass could contain a high concentration of the 
biological active, and a Subsequent pass could contain a low 
concentration of the same or a different biological active. This 
is beneficial for controlling the delivery of the biological 
active. Moreover, the precursor composition may be depos 
ited in a manner Such that the biological active is concentrated 
in certain areas of the Surface. For example, the concentration 
of the biological active may be greater at the central regions of 
the substrate 405, and less at the periphery. This allows lower 
concentrations of expensive biological actives to be used. 
(0167. The precursor composition 450 (FIG. 4) desirably 
exhibits a sufficiently low viscosity to be coated by non 
contact deposition. The desired viscosity will generally 
depend on the non-contact deposition technique used. For 
example, for inkjet printing, the precursor composition desir 
ably exhibits a viscosity below 30 centipoise (i.e., 30 milli 
Pascal-seconds), preferably below 25 centipoise, and more 
preferably below 20 centipoise at the desired inkjetting tem 
perature (typically from 25° C. to 65° C.). However, the 
optimum viscosity characteristics for the precursor composi 
tion will depend primarily upon the inkjetting temperature 
and the type of inkjet system used. For piezo inkjet applica 
tions, suitable viscosities range from 3 to 30 centipoise, pref 
erably from 10 to 16 centipoise, attemperatures ranging from 
25o C. to 65° C. 

Substrates 

0168 A precursor composition can be coated, for 
example, by non-contact deposition, onto a substrate. Alter 
natively, a precursor composition can be placed in a mold in 
contact with a Substrate. The precursor composition is then 
exposed to radiation to at least partially polymerize the poly 
merizable material of the precursor composition when in 
contact with the Substrate. Thus, a coating of, or shaped, 
hydrophilic gel material described herein is disposed on (or 
placed in contact with) a Substrate and then cured as a com 
posite structure resulting in the hydrophilic gel material being 
adhered to the substrate. 

0169. The amount of adhesion between the hydrophilic 
gel material and the substrate can be modified by surface 
treatment of at least a portion of a Substrate's Surface prior to 
contacting the precursor composition with the treated Surface. 
Surface treatments can be by chemical means, such as use of 
chemical tie-layers or primers (e.g., as disclosed in U.S. Pat. 
Pub. No. 2003/002 1961, or it can be physical methods such as 
corona treating (e.g., oxygen or nitrogen), plasma treating, or 
flame treating. Such methods are commonly used to enhance 
the adhesion of coatings to Substrates and are well known to 
those skilled in the art. Adhesive coatings can also be used, 
Such as, for example, acrylate-based adhesives, 
0170 A hydrophilic gel material “adheres to a substrate 
if the hydrophilic gel material remains adherent to the sub 
strate under normal handling conditions. In some cases, more 
aggressive adhesion is desirable and Suitable chemical or 
physical means to increase the level of adhesion may be 
required, as described above. For example, a film that does 
not adhere to the hydrophilic gel materials of the present 
invention, and is not considered a suitable Substrate, is a 
fluorinated film such as THV 200 fluorinated copolymer film 
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obtained from 3M Dyneon of St. Paul, Minn. Such a film is 
typically used as a release liner for hydrogels of the present 
invention. 

0171 In the present invention, a hydrophilic gel material is 
disposed on the Surface of a substrate, or on a Surface of a 
coating applied to at least a portion of at least one surface of 
a Substrate (e.g., an adhesive coating), rather than buried 
within either the Substrate itself or within a coating (e.g., 
binderlayer) applied to at least a portion of at least one Surface 
of a substrate. Thus, for example, preferably, methods 
described herein and articles resulting therefrom do not typi 
cally use hydrophilic gel materials that have been fully poly 
merized prior to contact with a substrate. For example, the 
present invention does not include individual shaped hydro 
philic gel materials that have been combined with a distinct 
binder and then coated on a Substrate (although it is envi 
sioned that such materials could be mixed with the precursor 
composition and then used in accordance with the present 
invention). Surface coatings are advantageous in that the 
greater effective surface area of the hydrophilic gel material 
disposed on a Surface allows for enhanced accessibility and 
efficacy, for example, of an active delivered from the hydro 
philic gel material to a second Surface (e.g., skin) in contact 
with the hydrophilic gel material, as well as a lower amount of 
an active. 

0172 Suitable substrate materials include, for example, 
fabric, nonwoven fibrous webs, woven fibrous webs, knits, 
polymer films, foams, and the like. Such substrates can be 
porous or nonporous. Examples of nonporous substrates are 
described above. Suitable substrates can be made of natural or 
synthetic fibers, including, for example, cotton, rayon, wool, 
hemp, jute, alginates, fiberglass, ceramic fibers, natural rub 
ber, elastomeric polymers, thermoplastic polymers, other 
familiar backing materials, and combinations thereof. Such 
materials are typically used as backing Substrates in a variety 
of conventional medical products. 
0173 Suitable polymeric materials include, but are not 
limited to, polyolefins, poly(isoprenes), poly(isobutylenes), 
poly(butadienes), fluorinated polymers, chlorinated poly 
mers, polyesters, polyamides (e.g., nylon), polyimides, poly 
ethers, poly(ether Sulfones), poly(sulfones), polystyrenes, 
polyphenylene oxides, polyphenylene Sulfides, vinyls (in 
cluding poly(vinylchloride), ethylene-vinyl acetate, poly(vi 
nyl acetates), copolymers of vinyl acetate, poly(vinyl esters), 
poly(vinyl ethers), poly(vinyl alcohols)), poly(phosp 
haZenes), poly(carbonates), polyurethanes (including poly 
urethane foams), polyacetates, polyacrylics, and ethylene 
propylene-diene rubbers. Suitable polyolefins include, but 
are not limited to, poly(ethylene), poly(propylene), poly(1- 
butene), copolymers of ethylene and propylene, copolymers 
of ethylene and butylene, alpha-olefin copolymers (such as 
copolymers of 1-butene, 1-hexene, 1-octene, and 1-decene), 
poly(ethylene-co-1-butene) and poly(ethylene-co-1-butene 
co-1-hexene). Suitable fluorinated polymers include, but are 
not limited to, poly(vinyl fluoride), poly(vinylidene fluoride), 
copolymers of vinylidene fluoride (such as poly(vinylidene 
fluoride-co-hexafluoropropylene)), and copolymers of chlo 
rotrifluoroethylene (such as poly(ethylene-co-chlorotrifluo 
roethylene)). Suitable polyamides include, but are not limited 
to, poly(imino(1-oxohexamethylene)), poly(iminoadi 
poyliminohexamethylene), poly(iminoadipoyliminodecam 
ethylene), and polycaprolactam. Suitable polyimides include, 
but are not limited to, poly(pyromellitimide). Suitable poly 
(ether sulfone)s include, but are not limited to, poly(diphe 



US 2010/0266794 A1 

nylether Sulfone), and poly(diphenylsulfone-co-diphenylene 
oxide sulfone). Suitable copolymers of vinyl acetate include, 
but are not limited to, poly(ethylene-co-vinyl acetate) and 
Such copolymers in which at least Some of the acetate groups 
have been hydrolyzed to afford various poly(vinyl alcohols). 
0.174 Suitable substrates (which can form backing or fac 
ing layers of a medical article, as described below) can be 
translucent or transparent polymeric elastic films. The Sub 
strate may be made from a radiation-transparent material 
(e.g., a thermoplastic material). If so, the hydrophilic gel 
precursor can be at least partially polymerized by being irra 
diated through the substrate. 
0175 Suitable substrates (which can form backing or fac 
ing layers of a medical article, as described below) can be a 
high moisture vapor permeable film. 
0176 The substrate may also include a pressure sensitive 
adhesive (PSA). Examples of suitable PSA's include those 
based on acrylates, polyurethanes, silicones, rubber based 
adhesives (including natural rubber, polyisoprene, polyisobu 
tylene, and butyl rubber), and combinations thereof. 
Examples of suitable acrylates include polymers of alkyl 
acrylate monomers such as methyl methacrylate, ethyl meth 
acrylate, n-butyl methacrylate, methyl acrylate, ethyl acry 
late, n-butyl acrylate, iso-octyl acrylate, iso-nonyl acrylate, 
2-ethyl-hexyl acrylate, decyl acrylate, dodecyl acrylate, n-bu 
tyl acrylate, hexyl acrylate, and combinations thereof. An 
example of particularly suitable PSA's include silicone-based 
adhesives, which exhibit several beneficial properties over 
traditional PSA's used in wound care applications. For 
example, silicone-based adhesives may beformulated to offer 
good skin adhesion characteristics, offer excellent conform 
ability, and provide a gentle release from the skin and wound 
site. Typically, silicone-based adhesives are formed from the 
reaction of a polysiloxane gum and a resin as a two part 
system, one part hindered system to prevent premature reac 
tion, or even as a hot melt system. Examples of Suitable 
silicone-based adhesives include polydiorganosiloxane 
based adhesives; adhesives commercially available under the 
trade designation “SILASTIC 7-6860” Biomedical Grade 
Adhesive from Dow Corning Corp., Midland, Mich.: adhe 
sives disclosed in Sherman et al., U.S. Pat. No. 6,407,195, and 
combinations thereof. 

Radiation 

0177. The radiation used to at least partially polymerize 
the polymerizable material can be referred to as actinic radia 
tion (e.g., radiation having a wavelength in the ultraviolet or 
visible region of the spectrum), accelerated particles (e.g., 
electronbeam radiation), thermal (e.g., heat or infrared radia 
tion), or the like. The radiation is often actinic radiation or 
accelerated particles, because these energy sources tend to 
provide good control over the initiation and rate of polymer 
ization. Additionally, actinic radiation and accelerated par 
ticles can be used for curing at relatively low temperatures. 
This avoids degrading components that might be sensitive to 
the relatively high temperatures that might be required to 
initiate the polymerization reaction with thermal radiation. 
Alternatively, the radiation can be controlled to avoid degrad 
ing components sensitive to heat and/or light, such as active 
agents, by minimizing radiation levels, and/or longer expo 
Sure times. 
0.178 For the coated article embodiments, exposing the 
polymerizable material to radiation can be done directly and/ 
or through the substrate, for example. For the shaped hydro 
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gels on a Substrate, exposing the polymerizable material to 
radiation can be done through the substrate and/or wells of the 
mold, for example. 
0179 Any suitable actinic radiation sources that can pro 
duce energy in the desired region of the electromagnetic 
spectrum can be used. Exemplary sources of actinic radiation 
include mercury lamps, including high, medium and low 
pressure, Xenon lamps, Xenon/mercury lamps, carbon arc 
lamps, tungsten filament lamps, excimer lamps, lasers, Sun 
light, light emitting devices (LED) and the like. A plurality of 
a single type of source or a combination of more than one type 
of source may be used. Suitable sources may be continuous 
Sources or pulsed sources of actinic radiation. Additionally, 
filters can be used to screen out detrimental wavelengths from 
one or more sources that might cause degradation of a com 
ponent, such as an active, present in the precursor composi 
tion. 
0180. The radiation source may be a single radiation 
Source or a plurality of radiation sources that are the same or 
different. The radiation source provides energy Such as infra 
red radiation, visible radiation, ultraviolet radiation, electron 
beam radiation, microwave radiation, or radio frequency 
radiation. The particular energy source used will depend upon 
the particular precursor composition. Suitable non-ionizing 
radiation sources include continuous and pulsed sources and 
may be broadband or narrowband sources such as monochro 
matic sources. Exemplary non-ionizing radiation sources 
include, but are not limited to, mercury lamps (such as low, 
medium, and high-pressure versions as well as their additive 
or doped versions), fluorescent lamps, germicidal lamps, 
metal halide lamps, halogen lamps, light emitting diodes, 
lasers, excimer lamps, pulsed Xenon lamps, tungsten lamps, 
and incandescent lamps. Infrared radiation sources and 
microwave radiation sources may be used, as well as ionizing 
radiation Sources such as electron beams. A combination of 
radiation sources may also be used. 
0181. In some exemplary methods, electromagnetic radia 
tion having a wavelength in the range of 100 to 1000 nanom 
eters, 100 to 800 nanometers, or 100 to 700 nanometers can be 
used. In some methods, ultraviolet radiation having a wave 
length in the range of 100 to 400 nanometers or 200 to 400 
nanometers can be used. Ultraviolet radiation at wavelengths 
below 200 nm from excimer sources, for example, can be 
used. In some embodiments, the radiation Source is a high 
radiance ultraviolet source. Such as a medium-pressure mer 
cury lamp of at least 100 W/inch (40 W/cm). Low-radiance 
lamps, including low-pressure mercury lamps such as germi 
cidal lamps, can also be used. 
0182. The precursor composition may be exposed to 
radiation for a time generally no more than 30 seconds, no 
more than 15 seconds, no more than 10 seconds, no more than 
5 seconds, no more than 3 seconds, no more than 2 seconds, 
no more than 1 second or no more than 0.5 seconds. Upon 
exposure to radiation, the polymerizable material can at least 
partially polymerize to form a Swollen hydrophilic gel mate 
rial (e.g., shaped polymeric material). The polymerizable 
material may crosslink or the polymer chains may propagate 
during exposure to radiation. 
0183 The hydrophilic gel materials are formed by sub 
jecting the precursor composition to radiation resulting in the 
free-radical polymerization of the polymerizable material. 
For example, the shaped hydrophilic gel materials are formed 
by Subjecting the precursor composition to radiation within 
the wells resulting in the free-radical polymerization of the 
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polymerizable material. In this embodiment, the polymerized 
polymeric material assumes the shape of the wells of the 
mold. Because the precursor composition includes polar sol 
vent in addition to the polymerizable material, hydrophilic 
gel materials can be swollen with the polar solvent. 

Dried Materials and Uses of Swollen and Dried Materials 

0184. In some embodiments of the hydrophilic gel mate 
rial and the methods of making the hydrophilic gel material, 
at least a portion of the polar solvent can be removed from the 
first swollen hydrophilic gel material to form a dried hydro 
philic gel material. The dried hydrophilic gel material can 
then be contacted with a sorbate for a time sufficient for the 
dried hydrophilic gel material to sorb at least a portion of the 
sorbate. That is, a first swollenhydrophilic gel material can be 
dried to form a dried polymeric hydrophilic gel material that 
can then be contacted with a sorbate to forma second swollen 
shaped hydrophilic gel material. The Sorbate can contain at 
least one active agent. In addition to the active agent, the 
Sorbate can include a fluid Such as a liquid or a Supercritical 
fluid. Some exemplary Sorbates include an active agent plus a 
polar solvent. 
0185. As used herein, the term “sorb refers to adsorb, 
absorb, or a combination thereof. Likewise, the term “sorp 
tion” refers to adsorption, absorption, or a combination 
thereof. The Sorption can be a chemical process (i.e., a chemi 
cal reaction occurs), a physical process (i.e., no chemical 
reaction occurs), or both. The term "sorbate” refers to a com 
position that can be sorbed by hydrophilic gel materials such 
as dried hydrophilic gel materials. 
0186 More specifically, a method of making a hydrophilic 
gel material that includes an active agent is provided. The 
method includes forming a precursor composition containing 
(a) a polar solvent and (b) polymerizable material that forms 
a single phase with the polar solvent. The polymerizable 
material is capable of free-radical polymerization and has an 
average number of ethylenically unsaturated groups per mol 
ecule of at least 1.0, preferably greater than 1.0, and more at 
least 1.2. 
0187. In some embodiments, the method further includes 
adding a portion of the precursor composition to a mold 
having at least two wells, wherein the precursor composition 
is retained within the wells. The wells of the mold may be 
formed by contacting a substrate with the mold (e.g., a screen 
type mold with only side walls) prior to adding the precursor 
composition to the wells, or a Substrate may be positioned to 
contact the precursor composition after it is added to the wells 
of the mold. The precursor composition is positioned in at 
least a portion of the two separate wells. The precursor com 
position within the wells is exposed to radiation for a time 
sufficient to at least partially polymerize the polymerizable 
material and to form a first Swollen shaped polymeric mate 
rial. The method further includes removing at least a portion 
of the polar solvent from the first swollen shaped polymeric 
material to form a dried shaped polymeric material. The dried 
shaped polymeric material is then contacted with a Sorbate for 
a time sufficient for the dried shaped polymeric material to 
sorb at least a portion of the sorbate and to form a second 
swollen shaped polymeric material. The sorbate typically 
contains an active agent. The active agent can be a biologi 
cally active agent, a non-biologically active agent, or a mix 
ture thereof. 
0188 In other embodiments, the method further includes 
coating a Substrate by non-contact deposition a coating of 
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precursor composition. The precursor composition coated on 
the substrate is exposed to radiation for a time sufficient to at 
least partially polymerize the polymerizable material and to 
form a first swollen coating of hydrophilic gel material. The 
method further includes removing at least a portion of the 
polar solvent from the first swollen coating of hydrophilic gel 
material to form a dried coating of hydrophilic gel material 
coated on the substrate. The dried coating of hydrophilic gel 
material is then contacted with a sorbate for a time sufficient 
for the dried coating of hydrophilic gel material to sorb at 
least a portion of the sorbate and to form a second swollen 
coating of hydrophilic gel material coated on the Substrate. 
The Sorbate can contain an active agent. The active agent can 
be a biologically active agent, a non-biologically active agent, 
or a mixture thereof. 

0189 The amount of polar solvent removed from the first 
swollen hydrophilic gel material to form a dried polymeric 
material can be any amount desired up to the amount present 
in the original precursor composition. The dried polymeric 
material often contains at least a small amount of polar sol 
vent remaining in the polymeric material. Additionally, if the 
polymeric material will be contacted with a sorbate to sorb an 
active agent into or onto the polymeric hydrophilic gel mate 
rials, the amount of polar solvent present in the dried poly 
meric material is generally no more than 25 weight percent 
based on the weight of the dried hydrophilic gel material. The 
amount of polar solvent in the dried hydrophilic gel material 
can be less than 20 weight percent, less than 15 weight per 
cent, less than 10 weight percent, less than 5 weight percent, 
less than 2 weight percent, or less than 1 weight percent of the 
weight of the dried polymeric hydrophilic gel material. Gen 
erally, the more solvent removed from the first swollenhydro 
philic gel material, the greater is the amount of the Sorbate that 
can be sorbed by the dried hydrophilic gel material. 
0190. In certain embodiments, the first swollen coating of 
hydrophilic gel material shrinks when the polar solvent is 
removed. In other embodiments, the first swollen shaped 
polymeric material shrinks when the polar solvent is removed 
and may resemble collapsed, deformed or deflated shapes 
based on the wells of the mold; some of the dried polymeric 
shaped hydrophilic gel materials may have different shapes 
when viewed in the cross-section. The cross-sectional shape 
of the dried shaped polymeric material will depend on the 
cross-sectional shape of the first Swollen shaped polymeric 
material. 

0191 The amount of shrinkage depends on the volume of 
polar solvent initially present in the first swollen hydrophilic 
gel material (e.g., first Swollen shaped polymeric material) 
and the extent to which it is removed by drying. The hydro 
philic gel materials may experience shrinking in all three 
dimensions separately or uniformly. 
0.192 The dried hydrophilic gel material (particularly in 
the absence of an active agent or other insoluble additives) 
generally remains homogeneous and does not contain mac 
roscopic (i.e., greater than 100 nm) internal pores or channels. 
Generally, the dried hydrophilic gel materials have no dis 
cernible porosity or Voids when viewed under a microscope. 
Generally, there are no discernible pores when the dried 
hydrophilic gel materials are viewed using environmental 
scanning electron microscopy with magnification up to 50 
times. Some dried hydrophilic gel materials have no discern 
ible pores when viewed using field emission Scanning elec 
tron microscopy with magnification up to 50,000 times. The 
dried hydrophilic gel materials may have high modulus, high 
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crush strength, or a combination thereof. These properties can 
be similar to or greater than those of the swollen hydrophilic 
gel material. 
0193 A swollenhydrophilic gel material can be dried (i.e., 
the Swollen polymeric material can have at least a portion of 
the polar solvent removed) by any of a variety of methods 
including heating in a conventional oven Such as a convection 
oven, heating in a microwave oven, air-drying, freeze-drying, 
or vacuum-drying. The optimal method for drying a given 
hydrophilic gel material composition is dependent on the 
identity and amount of the polar solvent present in the swollen 
hydrophilic gel material as well as the heat stability of com 
ponents in the hydrophilic gel material Such as bioactive 
agents. When water is present, preferred drying methods 
include conventional ovens Such as convection ovens, micro 
wave ovens, vacuum ovens, and freeze-drying. For water, 
Suitable temperatures for drying at atmospheric pressure are 
often close to or exceeding 100° C. Alternatively, a longer 
dwell time at a lower temperature is also acceptable for pro 
ducing dried hydrophilic gel. In some cases it may be desir 
able to heat the dried hydrophilic gel material to higher tem 
peratures. This may improve the hydrophilic gel material 
strength through condensation or other chemical reactions. 
For example, the hydrophilic gel materials can be heated to 
greater than 140°C., greater than 160° C., or even greater than 
180° C. For example, the shaped hydrophilic gel material 
does not coalesce when dried to form, for example, a film or 
sheet. Rather, the dried shaped hydrophilic gel materials tend 
to remain as separate shaped hydrophilic gel materials. 
0194 The dried hydrophilic gel material can be readily 
Swollen again, for example, by impregnating with a Sorbate, 
back to its Swollen State that can approximate the original 
size. Typically, the volume of sorbate that can be sorbed by 
the dried hydrophilic gel material to form a second swollen 
hydrophilic gel material is nearly equal to the Volume of polar 
Solvent and other non-polymerized components removed 
from the first swollen hydrophilic gel material during the 
drying process. In cases where the polar solvent present in the 
precursor composition and in the resulting first Swollen 
hydrophilic gel material is different than the solvent in the 
sorbate used to swell the hydrophilic gel material a second 
time (e.g., Swell a dried hydrophilic gel material), the dried 
hydrophilic gel material may swell very little or may swell 
beyond its original, as polymerized, dimensions. For 
example, a Sorbate comprising a non-polar solvent may take 
a day or a period of time longer than a day to reswell the dried 
hydrophilic gel material to its final size. 
0.195 Dried hydrophilic gel materials can be loaded with 
an active agent, especially those that are sensitive to the heat 
or radiation encountered during the formation of the swollen 
hydrophilic gel materials such as medicaments, pharmaceu 
ticals, insecticides, herbicides, dyes, fragrances, or mixtures 
thereof. To provide a hydrophilic gel material with an active 
agent, the dried hydrophilic gel material can be contacted 
with a Sorbate that contains the active agent. If the active agent 
is not a liquid, the Sorbate typically also contains a fluid Such 
as a polar solvent or Supercritical fluid (e.g., carbon dioxide). 
The Sorbate can be a solution, Suspension, emulsion (e.g., 
macro emulsion, microemulsion, or a nanoemulsion) or dis 
persion. In many embodiments, the Sorbate is a solution. The 
dried hydrophilic gel material typically Sorbs at least a por 
tion of the sorbate. Exposure of the dried hydrophilic gel 
material to the Sorbate results in the impregnation of the 
hydrophilic gel material with an active agent. 
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0196. The sorbate often includes the active agent and a 
liquid Such as a polar solvent. Sorption of the liquid often 
causes the hydrophilic gel material to Swell. The liquid typi 
cally facilitates the transport of the active agent into the 
hydrophilic gel material. The liquid will often carry the active 
agent throughout the hydrophilic gel material to form a 
homogeneous hydrophilic gel material. In some embodi 
ments, however, the active agent may remain on the Surface of 
the hydrophilic gel material or there may be a gradient of the 
active agent throughout the hydrophilic gel material with a 
higher concentration on the Surface. For example, the size of 
the active agent (e.g., molecular size), its charge relative to the 
hydrophilic gel material, as well as the polar solvent compo 
sition may affect the migration (e.g., diffusion) of the active 
agent into the dried hydrophilic gel material 
0197) The dried hydrophilic gel material can often sorb an 
amount of Sorbate that is equal to at least 10 weight percent, 
at least 20 weight percent, at least 40 weight percent, at least 
50 weight percent, at least 60 weight percent, at least 80 
weight percent, at least 100 weight percent, at least 120 
weight percent, at least 140 weight percent, at least 160 
weight percent, at least 180 weight percent, or at least 200 
weight percent based on the weight of the dried hydrophilic 
gel materials. The weight increase is typically less than 300 
weight percent, less than 275 weight percent, or less than 250 
weight percent based on the weight of the dried hydrophilic 
gel materials. 
0198 The hydrophilic gel materials can be a carrier for an 
active agent, which can be present in at least a portion of the 
interior of the hydrophilic gel material or on at least a portion 
of the surface of the hydrophilic gel material. The active agent 
can be included in the precursor composition used to form the 
hydrophilic gel material. Alternatively, the active agent can be 
sorbed by a hydrophilic gel material that has been at least 
partially dried. The hydrophilic gel material can provide dif 
fusion-controlled transport both into and from the bulk. That 
is, in many embodiments, the active agent can diffuse into the 
hydrophilic gel material, diffuse out of the hydrophilic gel 
material, or both. The rate of diffusion should be controllable 
by, for example, varying the polymeric material and the 
crosslink density, by varying the polar solvent, by varying the 
solubility of the active agent in the polar solvent, and by 
varying the molecular weight of the active agent. The diffu 
sion can take place over a period of several hours, several 
days, several weeks, or several months. 
0199. In some applications, it may be desirable that the 
hydrophilic gel material containing the active agent is in a dry 
state. After the addition of the active agent by exposing the 
dried hydrophilic gel material to the sorbate to form a second 
Swollen hydrophilic gel material that contains the active 
agent, the second Swollen hydrophilic gel material can be 
dried again. When this dried hydrophilic gel material is 
exposed to moisture, the active agent can diffuse from the 
hydrophilic gel material. The active agent can remain dor 
mant in the hydrophilic gel material until exposed to mois 
ture. That is, the active agent can be stored within the dry 
hydrophilic gel material until the hydrophilic gel material is 
exposed to moisture. This can prevent the waste or loss of the 
active agent when not needed and can improve the stability of 
many moisture sensitive active agents that may degrade by 
hydrolysis, oxidation, or other mechanisms. Potential appli 
cations taking advantage of the diffusion controlled uptake or 
delivery of the active agent include, for example, drug deliv 
ery, wound management, and Sustained-released antibacterial 
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and antifungal protection, air freshening agents, time-re 
leased insecticides, and time-released attractants for higher 
animals such as fish or mammals. 
0200. The hydrophilic gel materials may be regenerated 
multiple times by the steps of Sorbing and drying. The hydro 
philic gel materials may be regenerated multiple times with 
the sorbate. In another embodiment, hydrophilic gel materials 
containing a first active agent may be exposed to a concen 
trated Solution of a second active agent or other material. The 
second active agent may sorb into hydrophilic gel materials to 
form hydrophilic gel materials having more than active agent. 
The second active agent may sorb into the hydrophilic gel 
material to the exclusion of the first agent from the hydro 
philic gel material. A combination of active agents may be 
sorbed by the hydrophilic gel materials, and optionally dried. 
0201 As wound dressings, the hydrophilic gel materials 
can be loaded with various active agents that provide a thera 
peutic function. Wound dressings containing these active 
agents may reduce or eliminate infection of the wound. In 
addition, these wound dressings can speed the rate of wound 
healing when therapeutic active agents such as anti-inflam 
matory drugs, growth factors, alpha-hydroxyacids, enzyme 
inhibitors such as matrix metalloproteinase (MMP) inhibi 
tors, enzyme activators, vasodilaters, chemotactic agents, 
hemostatic agents (e.g., thrombin), antimicrobial agents, 
antihistamines, antitoxins, anesthetics, analgesics, Vitamins, 
nutrients, or combinations are added to the hydrophilic gel 
materials. When used in wound dressings, the hydrophilic gel 
materials are typically dry prior to use in highly exuding 
wounds but may be used swollen to add moisture to dry 
wounds. 

0202 Medical articles, such as wound dressings, may also 
include a liner to protect the Substrate and the coating of 
hydrophilic gel material prior to use. Liners which are Suit 
able for use may be made of materials such as kraft papers, 
polyethylene, polypropylene, polyester, and combinations 
thereof. The liners are preferably coated with compositions 
containing release agents, such as polymerized fluorochemi 
cals or silicones. The low surface energy of the liner provides 
for an easy removal from the Substrate, hydrophilic gel mate 
rial, and/or any PSA present. 
0203. In some embodiments, the swollen hydrophilic gel 
material can be used to deliver antimicrobial agents to either 
mammalian tissue or another environment outside of the 
hydrophilic gel materials. Some exemplary antimicrobial 
agents that can be added to the hydrophilic gel material 
include iodine and its various complexed forms, which are 
commonly referred to as iodophors. Iodophors are complexes 
of elemental iodine or other iodine species (e.g., triiodide) 
with certain carriers. Iodophors can be formed between 
elemental iodine or other iodine species, and the polymer 
matrix itself. These iodophors function by not only increasing 
the iodine solubility but by reducing the level of free molecu 
lar iodine in Solution and by providing a type of Sustained 
release reservoir of iodine. Iodophors can be formed using 
polymeric carriers such as polyvinylpyrrolidone (PVP); 
copolymers of N-vinyl lactams with other unsaturated mono 
merS Such as, but not limited to, acrylates and acrylamides; 
various polyether glycols (PEGs) including polyether-con 
taining Surfactants such as nonylphenolethoxylates and the 
like; polyvinyl alcohols; polycarboxylic acids such as poly 
acrylic acid; polyacrylamides; and polysaccharides such as 
dextrose. Other suitable iodophors include the protonated 
amine oxide surfactant-triiodide complexes described in U.S. 
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Pat. No. 4,597,975 (Woodward et al.). In some applications, 
the iodophor is povidone-iodine. This can be obtained com 
mercially as povidone-iodine USP, which is a complex of 
K30 polyvinylpyrrolidone and iodide wherein the available 
iodine is present at 9 weight percent to 12 weight percent. 
0204. In some embodiments, various combinations of 
antimicrobial agents can be used in the precursor composition 
or Sorbate. Any other known antimicrobial agents that are 
compatible with the precursor compositions or the resulting 
hydrophilic gel materials can be used. These include, but are 
not limited to, chlorhexidine salts such as chlorhexidine glu 
conate (CHG), parachlorometaxylenol (PCMX), triclosan, 
hexachlorophene, fatty acid monoesters and monoethers of 
glycerin and propylene glycol Such as glycerol monolaurate, 
glycerol monocaprylate, glycerol monocaprate, propylene 
glycol monolaurate, propylene glycol monocaprylate, propy 
lene glycol moncaprate, phenols, Surfactants and polymers 
that include a (C-C) hydrophobe and a quaternary ammo 
nium group or a protonated tertiary amino group, quaternary 
amino-containing compounds Such as quaternary silanes and 
polyduaternary amines such as polyhexamethylene bigu 
anide, silver containing compounds such as silver metal, sil 
versalts such as silver chloride, silver oxide and silver sulfa 
diazine, methyl parabens, ethyl parabens, propyl parabens, 
butyl parabens, octenidene, 2-bromo-2-nitropropane-1,3 
diol, or mixtures thereof. Other antimicrobial agents are 
described in U.S. Pat. Appl. Pub. Nos. 2006/0052452 (Scholz 
et al.), 2006/0051385 (Scholz et al.), and 2006/0051384 
(Scholz et al.). Note that certain active agents such as antimi 
crobial agents that have a low solubility in water can be 
dissolved in volatile solvents that can be sorbed by the hydro 
philic gel materials and Subsequently removed by evapora 
tion. 
0205 Active agents also can be sorbed into the hydro 
philic gel materials of this invention and used to deliver any of 
the aforementioned active agents to the skin for transdermal 
delivery. This can be accomplished in a patch format which is 
similar to a wound dressing. The hydrophilic gel materials 
may or may not be in direct contact with the skin but will serve 
as a reservoir for the active agent. 
0206. Additionally, hydrophilic gel materials can be used 
to concentrate various materials such as contaminants or tox 
ins. For example, the hydrophilic gel materials can be used to 
remove contaminants from water systems or ecosystems. By 
incorporation of various functionalities into the hydrophilic 
gel material Such as chelating agents, it may be possible to 
remove heavy metals, radioactive contaminants, and the like. 
0207 Hydrophilic gel materials often contain unreacted 
ethylenically unsaturated groups. These ethylenically unsat 
urated groups can be reacted with other monomers, such as 
monomers in a coating composition. The hydrophilic gel 
materials can be polymerized into the final coating. Further, 
Some hydrophilic gel materials have other functional groups 
that can be further reacted. For example, some of the poly 
(alkylene oxide (meth)acrylates) included in the precursor 
composition have hydroxy groups that can undergo various 
nucleophilic Substitution reactions or condensation reactions. 
0208 Exemplary cosmetic and personal care applications, 
for which the hydrophilic gel materials may be used include, 
but are not limited to, wound care products Such as absorbent 
wound dressings and wound packing to absorb excess exu 
dates; first aid dressings, hot/cold packs, baby products. Such 
as baby shampoos, lotions, powders and creams; bath prepa 
rations, such as bath oils, tablets and salts, bubble baths, bath 
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fragrances and bath capsules; eye makeup preparations. Such 
as eyebrow pencils, eyeliners, eye shadows, eye lotions, eye 
makeup removers and mascaras; fragrance preparations, such 
as colognes and toilet waters, powders and Sachets; noncol 
oring hair preparations, such as hair conditioners, hairspray, 
hair straighteners, permanent waves, rinses, shampoos, ton 
ics, dressings and other grooming aids; color cosmetics; hair 
coloring preparations such as hair dyes, hair tints, hair sham 
poos, hair color sprays, hair lighteners and hair bleaches; 
makeup preparations such as face powders, foundations, leg 
and body paints, lipsticks, makeup bases, rouges and makeup 
fixatives; manicuring preparations such as basecoats and 
undercoats, cuticle softeners, nail creams and lotions, nail 
extenders, nail polishes and enamels, and nail polish and 
enamel removers; oral hygiene products Such as dentifrices, 
mouthwashes, and Sustained release periodontal products and 
buccal cavity products each for the prevention and treatment 
of gingivitis; personal cleanliness products, such as bath 
Soaps and detergents, deodorants, douches and feminine 
hygiene products; shaving preparations such as aftershave 
lotions, beard softeners, men's talcum powders, shaving 
creams, shaving soap and pre-shave lotions; skin care prepa 
rations such as cleansing preparations, skin antiseptics, 
depilatories, face and neck cleansers, body and hand cleans 
ers, foot powders and sprays, moisturizers, night prepara 
tions, paste masks, and skin fresheners; and Suntan prepara 
tions such as Suntan creams, gels and lotions, and indoor 
tanning preparations. 
0209. In some applications, the hydrophilic gel material 
contains an indicator that can detect the presence or absence 
of another compound of interest. The indicator can be added 
either to the precursor composition or to the dried hydrophilic 
gel material using a Sorbate that contains the indicator and an 
optional fluid such as a polar solvent (e.g., water, dimethyl 
formamide, or the like). The hydrophilic gel materials can be 
contacted with samples that potentially contain the com 
pound to be detected. The indicator can then change color if 
the sample contains the compound to be detected. If the 
indicator does not migrate out of the hydrophilic gel material 
when exposed to the sample, the hydrophilic gel material may 
change color. If the indicator migrates out of the material 
when exposed to the sample, the sample itself may change 
color. 

0210 More specifically, the hydrophilic gel material can 
be loaded with an indicator such as ninhydrin that is capable 
of detecting the presence of amino-containing materials. The 
dried hydrophilic gel materials, which often are clear and 
colorless, can be loaded with ninhydrin to form a hydrophilic 
gel material that has a yellow color. A Sorbate that contains the 
ninhydrin as well as a polar solvent can be used to add the 
active agent to the hydrophilic gel material. Upon contact of 
the ninhydrin-containing hydrophilic gel material with an 
amino-containing material, the ninhydrin changes from a yel 
low to vivid purple color. Depending on the relative rates of 
diffusion of the ninhydrin and the amino-containing materi 
als, the hydrophilic gel material can change color from yellow 
to purple or the ninhydrin can migrate out of the hydrophilic 
gel material and alter the color of an amino-containing 
sample. For example, Small amino-containing materials can 
diffuse into the ninhydrin-containing hydrophilic gel material 
and change the color of the hydrophilic gel materials from 
yellow to purple. However, relatively large proteins cannot 
diffuse into the hydrophilic gel materials as easily as the 
ninhydrin can migrate out of the materials. The color of the 
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sample containing the protein can change to a purple color 
while the hydrophilic gel material may not change to a purple 
color. In some other examples that contain a mixture of 
amino-containing materials, both the hydrophilic gel material 
and the amino-containing sample may change to a purple 
color. 
0211 Hydrophilic gel materials loaded with dyes can be 
used as Saturation indicators. The dye-containing hydrophilic 
gel materials can be dried. When the hydrophilic gel material 
is contacted with water, the dye can diffuse out of the hydro 
philic gel material and alter the color of the water. Alterna 
tively, dyes can be incorporated that are colorless in the 
absence of water but turn colored when water is sorbed into 
the hydrophilic gel material. For example, certain pH indica 
tors such as phenolphthalein are colorless when dry but will 
turn color when wet. 

0212. An article, such as a medical article, as described 
herein, may also include a porous or non-porous facing layer 
to provide a fluid permeable barrier between the wound site 
and the absorbent hydrophilic gel layer. The facing layer 
allows transport of moisture (i.e., fluid and vapor) from the 
wound to the gel layer and may isolate the wound from other 
components of the dressing. The facing layer is preferably 
soft, flexible, conformable, non-irritating and non-sensitiz 
ing. Any of a variety of polymers may be used including 
polyurethane, polyethylene, polypropylene, polyamide or 
polyester materials. Further, the facing layer may be in the 
form of moisture vapor permeable films, perforated films, 
woven-, non-woven or knit webs or scrims. A preferred facing 
layer comprises a polyurethane film. 
0213. In one embodiment, the facing layer is conformable 
to animal (including human) anatomical Surfaces, has a mois 
ture vapor transmission rate of at least 300 grams per square 
meter per 24 hours at 80% relative humidity differential at 40° 
C. (per method of Chen, U.S. Pat. No. 5,733,570), is imper 
meable to liquid water throughout substantially its entire 
imperforate area and contains perforations as a means for 
passing wound exudate through the facing layer. This means 
that the facing layer does not pass liquid water under normal 
wound treatment conditions except at the places in the facing 
layer which are positively perforated to allow the exudate to 
pass into the reservoir. 
0214. The preferred moisture vapor transmission rate of 
the facing layer is at least 600 grams per square meter per 24 
hours at an 80% relative humidity differential at 40°C. The 
facing layer may further comprise a pressure sensitive adhe 
sive layer. The adhesive coated facing layer must have the 
aforesaid MVTR. Therefore, if the facing layer is imperme 
able to liquid water except for the perforation means, the 
adhesive can be permeable to liquid water and vice versa. 
Porous or non-porous facing layers such as perforated poly 
urethane, polyamide, polyester, polypropylene, polyethyl 
ene, polyether-amide, polyurethanes, chlorinated polyethyl 
ene, styrene/butadiene block copolymers (“KRATON’ brand 
thermoplastic rubber. Shell Chemical Company, Houston, 
Tex.) and polyvinyl chloride and those described in U.S. Pat. 
No. 3,121,021 that are covered with a pressure sensitive adhe 
sive that is not permeable to liquid water can be used for the 
facing layer. Optionally these films can be perforated. Addi 
tional porous materials include woven and non-woven Sub 
Strates. 

0215. It is preferred that the facing layer have the above 
mentioned moisture vapor or liquid permeability (1) so that 
maceration of the skin under the wound dressing does not 
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occur, (2) So that moisture build-up under the facing layer 
does not cause the facing layer and, therefore, wound dressing 
to be lifted off the skin, and (3) to enhance proximation of the 
wound edges. Preferred facing layers are thin polymeric films 
optionally coated with pressure sensitive adhesive which, in 
combination, have the above characteristics. 
0216. The perforation means in the facing layer are holes 
or slits or other perforations that conduct the passage of liquid 
water or wound exudate from the wound into the absorbent 
layer of the wound dressing. The perforations may addition 
ally extend through an adhesive layer, if the front surface of 
the facing film (that surface facing toward the wound) is 
coated with a pressure sensitive adhesive layer. 
0217. Abacking layer may be present in all of the embodi 
ments of the present invention. The backing can be a high 
moisture vapor permeable film backing Preferably the back 
ing layer is impermeable to liquid water and has a moisture 
vaportransmission rate of at least 600 grams per square meter 
per 24 hours at an 80% relative humidity differential at 40°C. 
(per Chen, U.S. Pat. No. 5,733,570). 
0218 U.S. Pat. No. 3,645,835 describes methods of mak 
ing Such films and methods for testing their permeability. 
When used as a wound dressing, the backing layer is gener 
ally conformable to anatomical Surfaces. As such, when the 
backing layer is applied to an anatomical Surface, it conforms 
to the surface even when the surface is moved. The backing 
layer is also conformable to animal anatomical joints. When 
the joint is flexed and then returned to its unflexed position, 
the backing layer can be made such that it stretches to accom 
modate the flexion of the joint, but is resilient enough to 
continue to conform to the joint when the joint is returned to 
its unflexed position. A description of preferred backing lay 
ers for use with wound dressings can be found in U.S. Pat. 
Nos. 5,088,483 and 5,160,315. Specific suitable backing 
materials are elastomeric polyurethane, co-polyester, or poly 
ether block amide films. These films combine the desirable 
properties of resiliency, high moisture vapor permeability and 
transparency found in backings. 
0219. The preferred embodiments for the facing and back 
ing layers are thin conformable polymeric films. Generally 
the films are from 12 to 50 microns in thickness, preferably 
from 12 to 25 microns. Conformability is somewhat depen 
dent on thickness, thus the thinner the film the more conform 
able the film. When the films of the present invention are 
applied to an animal anatomical Surface, they conform to the 
surface even when the surface is moved. The preferred films 
are conformable to animal anatomical joints. When the joint 
is flexed and then returned to its unflexed position, the film 
stretches to accommodate the flexation of the joint but is 
resilient enough to continue to conform to the joint when the 
joint is returned to its unflexed condition. 
0220 Examples of films which are useful in applicant's 
invention as facing or backing layers include polyurethanes, 
such as ESTANE polyurethanes (available from B.F. Goo 
drich, Cleveland, Ohio), elastomeric polyester such as 
HYTREL polyester elastomer (E.I. duPont deNemours & 
Co., Wilmington, Del.), blends of polyurethane and polyester, 
polyvinyl chloride, and polyether-amide block copolymer, 
such as PEBAX available from Elf-Atochem. Particularly 
preferred films for use in the present invention are polyure 
thane and elastomeric polyester films. The polyurethane and 
elastomeric polyester films exhibit a resilient property that 
allows the films to have good conformability. 
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0221 Many different constructions of an absorbent dress 
ing are possible with hydrophilic gel absorbent layer and the 
optional facing layer and/or backing layer. In one embodi 
ment, the areas of the facing layer and the backing layer are 
greater than that of the absorbent layer and the facing layer is 
bonded to the backing layer, thereby forming a pouch, with 
the absorbent disposed between the two. In another embodi 
ment the one of the facing or backing layers may be substan 
tially the same area as the gel layer, and the other of greater 
area. The greater area of the facing or backing layer forms a 
periphery to which an adhesive layer and a release liner may 
be attached. It will further be understood that the facing 
and/or backing layer may be attached or bonded to the adja 
cent Surface of the gel layer to form a contiguous layer con 
struction, in which the backing and facing layers may be the 
same or of greater area that the gel layer. Alternatively, the 
backing and facing layers may be bonded to each other, and 
may or may not be bonded to the gel layer. In these last 
constructions, the absorbent layer is constrained within a 
pouch created by the attachment of the facing and backing 
layers to each other. The layers may be bonded to each other 
by any conventional means such as adhesives, heat sealing, or 
other bonding means. 
0222. In certain preferred embodiments, the facing and 
backing films are generally adhered to each other at the 
periphery of the hydrophilic gel layer to produce a composite 
article comprising a backing layer, a facing layer, and a 
hydrophilic gel layer disposed between the two. In such a 
construction the facing and backing layers, sealed at their 
periphery, form a reservoir with the absorbent hydrophilic gel 
layer disposed between the two. 
0223. It is preferred that the facing, gel, and backing layers 
of the present invention be at least translucent and more 
preferably sufficiently transparent so that the wound site to 
which they are applied can be viewed through the dressing. It 
is advantageous to view and evaluate the wound and healing 
thereof without removal of the wound dressing to avoid 
unnecessary handling of the wound site and exposure of the 
wound to the environment, which reduces the likelihood of 
contamination, and avoids the need to cleanse the wound as 
would be the case were the dressing to be removed. It is 
preferred that the dressing be both transparent and colorless 
so that the color of the wound, exudate, and periwound skin 
may also be evaluated. Preferred transparent films for use as 
facing and backing layers that allow visual inspection of the 
wound site include polyurethane films, such as ESTANE 
polyurethanes (B.F. Goodrich, Cleveland, Ohio); elastomeric 
polyesters, such as HYTREL polyester elastomers (E.I. 
duPont deNemours & Co., Wilmington, Del.: and, polyether 
block amides (PEBAX, Elf Altochem North America, Phila 
delphia, Pa.). Other useful films are those describes in U.S. 
Pat. Nos. 4,499,896; 4,598,004; and 5,849,325 (Heinecke et 
al.). 
0224. While the facing layer can be attached to the wound 
by means other than a pressure sensitive adhesive on its 
Surface, it is preferred to use Such an adhesive. The presence 
of the adhesive of the facing layer normally reduces the mois 
ture vapor permeability of the facing layer. Therefore it is 
preferred that the facing layer is adhesive coated prior to 
adding a plurality of perforations to the layer. The wound 
exudate therefore can readily pass through a perforated adhe 
sive coated facing layer. Preferably, both the facing and back 
ing layers are precoated with an adhesive layer to both facili 
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tate bonding of the backing layer to the facing layer (forming 
a pouch), and bonding of the facing film to the wound site. 
0225. The facing layer is normally attached to the wound 
site by means of adhesive which can be continuous or pattern 
coated. The preferred adhesive which can be used with the 
wound dressings of present invention are the normal adhe 
sives which are applied to the skin such as those described in 
U.S. Pat. No. Re.24.906 (Ulrich), particularly a copolymer of 
96% iso-octyl acrylate units and 4% acrylamide units and a 
copolymer of 94% iso-octyl acrylate units and 6% acrylic 
acid units. Other useful adhesives are those described in U.S. 
Pat. No. 3,389,827 that comprise block copolymers having 
three or more polymer block structures having a general 
configuration—A-B-A wherein each A is a thermoplas 
tic polymer block with a glass transition temperature above 
room temperature (i.e., above 20° C.) having an average 
molecular weight between 5000 and 125,000 and B is a 
polymer block of a conjugated diene having an average 
molecular weight between 15,000 and 250,000. Additional 
examples of useful adhesives are acrylic adhesives such as 
iso-octyl acrylate/n-vinyl pyrrolidone copolymer adhesives 
and crosslinked acrylate adhesives such as for example those 
described in U.S. Pat. No. 4,112,213. Inclusion in the adhe 
sive of medicaments is useful for enhancing wound healing 
and the inclusion of antimicrobial agents such as iodine is 
useful for preventing infection. 
0226. The adhesive may be chosen to be permeable to 
water or wound exudate, or the adhesive may be pattern 
coated on the front surface of the wound dressing (i.e., the 
surface in contact with the wound site, whether it is the front 
Surface of the facing or backing layers) so as to not impede the 
flow of exudate to the absorbent layer, i.e., the adhesive may 
be coated at the periphery of the wound dressing. Alterna 
tively the adhesive layer may be perforated as described for 
the facing film to provide a fluid path for the exudate. 
0227. A release liner may be attached to the adhesive layer 
for ease of handling. Examples of release liners are liners 
made of or coated with polyethylene, polypropylene and fluo 
rocarbons and silicone coated release papers or polyester 
films. Examples of the silicone coated release papers are 
Polyslik S-8004, 83 pound (135.4 g/m) bleached silicone 
release paper supplied by H.P. Smith Co., Chicago, Ill., and 
80 pound (130.5 g/m) bleached two-sided silicone coated 
paper (2-80-BKG-157) supplied by Daubert Chemical Co., 
Dixon, Ill. 
0228. A wound dressing may also comprise a frame that 
allows the dressing to be more easily applied to the wound. 
The frames are made of a relatively rigid material that main 
tains the shape of the dressing during handling and applica 
tion to the wound site. The frame is generally releasably 
adhered to the back surface of the backing film and is removed 
after application of the wound dressing. Suitable frames are 
described in U.S. Pat. Nos. 5,531,855 and 5,738,642 (Hei 
necke et al.). 
0229. In the medical articles of the claimed invention that 
are used as wound dressings, the dressings preferably can 
remove excess exudate from the wound, maintain a moist 
wound environment, allow for delivery and active ingredient 
if desired, allow for gas exchange so that oxygen, water vapor, 
and carbon dioxide can pass through the dressing, are ther 
mally insulating to maintain the wound at body temperature, 
may be impermeable to liquids and microorganisms to mini 
mize contamination and infection, may be non-adherent to 
the wound so that no damage is done to the granulating tissue, 
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and may minimize the need to cleanse the wound of dressing 
material. Further, the medical articles can be essentially trans 
parent to allow visual inspection in healthcare applications 
without removal of the medical article. 
0230. Other useful aspects of the hydrophilic gel materials 
described herein include those identified for patterned hydro 
philic gel layers in U.S. Pat. No. 6,566,575. 

General Exemplary Embodiments 
0231 1. A method of making an article comprising a Sub 
strate and a hydrophilic gel material disposed thereon (pref 
erably, adhered thereto), the method comprising: 
0232 providing a precursor composition comprising: 

0233 (a) at least 10 weight percent polar solvent based 
on a total weight of the precursor composition; and 

0234 (b) polymerizable material capable of free-radi 
cal polymerization and having an average number of 
ethylenically unsaturated groups per molecule equal to 
at least 1.2, wherein the polymerizable material is mis 
cible with the polar solvent; 

0235 providing a mold having at least two separate wells; 
0236 adding the precursor composition to the mold, the 
precursor composition being positioned in at least a portion of 
at least two separate wells; 
0237 providing a substrate and positioning the substrate 
to at least partially contact the precursor composition; and 
0238 exposing the precursor composition within the wells 
to radiation to at least partially polymerize the polymerizable 
material and to form a first swollen shaped hydrophilic gel 
material on (preferably, adhered to) the substrate. 
2. The method of embodiment 1, wherein the polar solvent 
comprises water, and the precursor composition comprises 
no greater than 90 weight percent polymerizable material 
based on the total weight of the precursor composition, 
wherein the polymerizable material comprises a poly(alky 
lene oxide (meth)acrylate) having at least 2 (meth)acryloyl 
groups and having at least 5 alkylene oxide units. 
3. The method of embodiment 1, wherein the polar solvent is 
present in an amount of greater than 10 weight percent. 
4. A method of making an article comprising a substrate and 
a hydrophilic gel material disposed thereon (preferably, 
adhered thereto), the method comprising: 
0239 providing a precursor composition comprising: 

0240 (a) at least 5 weight percent polar solvent based 
on a total weight of the precursor composition; and 

0241 (b) polymerizable material capable of free-radi 
cal polymerization and having an average number of 
ethylenically unsaturated groups per molecule greater 
than 1.0, wherein the polymerizable material is miscible 
with the polar solvent; 

0242 providing a mold having a Substrate in contact there 
with in a manner to form at least two separate wells; 
0243 adding the precursor composition to the mold, the 
precursor composition being positioned in at least a portion of 
at least two separate wells; and 
0244 exposing the precursor composition within the wells 
to radiation to at least partially polymerize the polymerizable 
material and to form a first swollen shaped hydrophilic gel 
material on (preferably, adhered to) the substrate. 
5. The method of embodiment 4, wherein the precursor com 
position comprises: 
0245 (a) at least 10 weight percent polar solvent based on 
the total weight of the precursor composition, wherein the 
polar solvent comprises water, and 
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0246 (b) no greater than 90 weight percent polymerizable 
material based on the total weight of the precursor composi 
tion, the polymerizable material being capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per molecule equal to at least 1.2, 
wherein the polymerizable material comprises a poly(alky 
lene oxide (meth)acrylate) having at least 2 (meth)acryloyl 
groups and having at least 5 alkylene oxide units. 
6. The method of any one of embodiments 1 through 5, 
wherein exposing the precursor composition within the wells 
to radiation comprises exposing the precursor composition 
through the wells. 
7. The method of any one of the previous embodiments, 
further comprising removing the first Swollen shaped hydro 
philic gel material and substrate from the mold. 
8. The method of any one of the previous embodiments, 
further comprising removing at least a portion of the polar 
solvent from the first swollen shaped hydrophilic gel material 
to form a dried shaped hydrophilic gel material. 
9. The method of embodiment 8, further comprising contact 
ing the dried shaped hydrophilic gel material with a Sorbate 
for a time sufficient for the dried shaped hydrophilic gel 
material to sorb at least a portion of the sorbate to form a 
second Swollen shaped hydrophilic gel material. 
10. The method of embodiment 9, wherein the sorbate com 
prises at least one active agent. 
11. The method of embodiment 10, wherein the at least one 
active agent in the Sorbate comprises a bioactive agent. 
12. The method of embodiment 10, further comprising drying 
the second Swollen shaped hydrophilic gel material. 
13. The method of any one of the previous embodiments 
wherein adding the precursor composition to the mold com 
prises overfilling the at least two separate wells, wherein the 
precursor composition resides on a first Surface of the mold 
between the wells. 
14. A method of making an article comprising a substrate and 
a hydrophilic gel material disposed thereon (preferably, 
adhered thereto), the method comprising: 
0247 providing a precursor composition comprising: 
0248 (a) at least 5 weight percent polar solvent based 
on a total weight of the precursor composition; and 

0249 (b) polymerizable material capable of free-radi 
cal polymerization and having an average number of 
ethylenically unsaturated groups per molecule greater 
than 1.0, wherein the polymerizable material is miscible 
with the polar solvent; 

0250 coating the precursor composition on at least a por 
tion of at least one Surface of a Substrate; and 
0251 exposing the precursor composition to radiation to 
at least partially polymerize the polymerizable material to 
provide a coating of first Swollen hydrophilic gel material on 
(preferably, adhered to) the substrate. 
15. The method of embodiment 14, wherein the precursor 
composition comprises: 
0252 (a) greater than 10 weight percent polar solvent 
based on a total weight of the precursor composition; and 
0253) (b) polymerizable material capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per molecule equal to at least 1.2. 
16. The method of embodiment 14, wherein the precursor 
composition comprises: 
0254 (a) at least 10 weight percent polar solvent based on 
the total weight of the precursor composition, wherein the 
polar solvent comprises water, and 
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0255 (b) no greater than 90 weight percent polymerizable 
material based on the total weight of the precursor composi 
tion, the polymerizable material being capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per molecule equal to at least 1.2, 
wherein the polymerizable material comprises a poly(alky 
lene oxide (meth)acrylate) having at least 2 (meth)acryloyl 
groups and having at least 5 alkylene oxide units. 
17. The method of embodiment 14, wherein the precursor 
composition comprises: 
0256 (a) at least 10 weight percent polar solvent based on 
the total weight of the precursor composition; and 
0257 (b) no greater than 90 weight percent polymerizable 
material based on the total weight of the precursor composi 
tion, the polymerizable material being capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per molecule equal to at least 1.2, 
wherein the polymerizable material forms a single phase with 
the polar solvent and comprises a poly(alkylene oxide (meth) 
acrylate) having at least 2 (meth)acryloyl groups and having 
at least 5 alkylene oxide units and the poly(alkylene oxide 
(meth)acrylate) having a weight average molecular weight 
less than 2,000 g/mole. 
18. The method of embodiment 14, wherein the precursor 
composition comprises: 
0258 (a) greater than 10 weight percent polar solvent 
based on a total weight of the precursor composition; and 
0259 (b) less than 90 weight percent polymerizable mate 
rial based on the total weight of the precursor composition, 
the polymerizable material being capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per molecule equal to at least 1.2, the 
polymerizable material being miscible in the polar solvent 
and comprising 

0260 i) a poly(alkylene oxide (meth)acrylate) having at 
least 2 (meth)acryloyl functional groups and having at 
least 5 alkylene oxide units; and 

0261 ii) 0 to less than 20 weight percent anionic mono 
merbased on a total weight of polymerizable material in 
the precursor composition, wherein the anionic mono 
mer comprises an ethylenically unsaturated group in 
addition to an acidic group, a salt of the acidic group, or 
a mixture thereof 

19. The method of any one of embodiments 14 through 18, 
wherein: 
0262 coating the precursor composition comprises using 
a non-contact deposition technique; and 
0263 exposing the precursor composition to radiation to 
at least partially polymerize the polymerizable material to 
provide a coating of first Swollen hydrophilic gel material on 
a substrate comprises forming a discontinuous coating of first 
Swollen hydrophilic gel material on at least a portion of at 
least one surface of a Substrate. 
20. The method of embodiment 19, wherein the non-contact 
deposition comprises inkjet printing. 
21. The method of embodiment 19, wherein the non-contact 
deposition comprises spray atomization deposition. 
22. The method of any one of embodiments 14 through 21, 
further comprising removing at least a portion of the polar 
solvent from the first swollenhydrophilic gel material to form 
a coating of dried hydrophilic gel material. 
23. The method of embodiment 22, further comprising con 
tacting dried hydrophilic gel material with a Sorbate for a time 
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sufficient for the dried hydrophilic gel material to sorb at least 
a portion of the Sorbate to form a coating of second Swollen 
hydrophilic gel material 
24. The method of embodiment 23, wherein the sorbate com 
prises at least one active agent. 
25. The method of any one of the previous embodiments, 
wherein the polymerizable material comprises a poly(alky 
lene oxide (meth)acrylate) having an average number of 
(meth)acryloyl groups per molecule equal to at least two. 
26. The method of any one of the previous embodiments, 
wherein the poly(alkylene oxide (meth)acrylate) has a weight 
average molecular weight no greater than 2000 g/mole. 
27. The method of any one of the previous embodiments, 
wherein the polymerizable material comprises a poly(alky 
lene oxide (meth)acrylate) having at least 3 (meth)acryloyl 
groups. 
28. The method of any one of the previous embodiments, 
wherein the precursor composition further comprises a pho 
toinitiator. 
29. The method of embodiment 28 wherein the photoinitiator 
is 2-hydroxy-1-4-(2-hydroxyethoxy)phenyl-2-methyl-1- 
propanone. 
30. The method of any one of the previous embodiments, 
wherein the precursor composition further comprises an 
active agent. 
31. The method of embodiment 30, wherein the active agent 
is a bioactive agent. 
32. The method of any one of the previous embodiments, 
wherein the precursor composition is exposed to radiation 
through the substrate. 
33. An article comprising a Substrate and a shaped hydro 
philic gel material disposed thereon (preferably, adhered 
thereto), the article made by the methodofany one of embodi 
ments 1 through 13 and embodiments 25 through 32 as they 
depend on embodiments 1 through 13. 
34. An article comprising a Substrate and a coating of a 
hydrophilic gel material disposed thereon (preferably, 
adhered thereto), the article made by the method of any one of 
embodiments 14 through 24 and embodiments 25 through 32 
as they depend on embodiments 14 through 24. 
35. An article comprising a Substrate having a shaped hydro 
philic gel material disposed thereon (preferably, adhered 
thereto), wherein the shaped hydrophilic gel material is pre 
pared from a precursor composition that is at least partially 
polymerized and shaped in a mold having at least two sepa 
rate wells when in contact with the substrate, wherein the 
precursor composition comprises: 
0264 (a) at least 10 weight percent polar solvent based on 
the total weight of the precursor composition, wherein the 
polar solvent comprises water, and 
0265 (b) no greater than 90 weight percent polymerizable 
material based on the total weight of the precursor composi 
tion, the polymerizable material being capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per molecule equal to at least 1.2, 
wherein the polymerizable material forms a single phase with 
the polar solvent and comprises a poly(alkylene oxide (meth) 
acrylate) having at least 2 (meth)acryloyl groups and having 
at least 5 alkylene oxide units. 
36. An article comprising a Substrate having a shaped hydro 
philic gel material disposed thereon (preferably, adhered 
thereto), wherein the shaped hydrophilic gel material is pre 
pared from a precursor composition that is at least partially 
polymerized and shaped in a mold having at least two sepa 

26 
Oct. 21, 2010 

rate wells when in contact with the substrate, wherein the 
precursor composition comprises: 
0266 (a) at least 10 weight percent polar solvent based on 
the total weight of the precursor composition; and 
0267 (b) no greater than 90 weight percent polymerizable 
material based on the total weight of the precursor composi 
tion, the polymerizable material being capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per molecule equal to at least 1.2, 
wherein the polymerizable material forms a single phase with 
the polar solvent and comprises a poly(alkylene oxide (meth) 
acrylate) having at least 2 (meth)acryloyl groups and having 
at least 5 alkylene oxide units, the poly(alkylene oxide (meth) 
acrylate) having a weight average molecular weightless than 
2,000 g/mole. 
37. The article of embodiment 35 or embodiment 36, wherein 
the precursor composition further comprises an active agent. 
38. The article of embodiment 35 or embodiment 36, wherein 
the shaped hydrophilic gel material comprises an active 
agent. 
39. The article of embodiment 37 or embodiment 38, wherein 
the active agent comprises a bioactive agent. 
40. The article of any one of embodiments 35 through 39. 
wherein the shaped hydrophilic gel material is swollen with a 
polar solvent. 
41. The article of embodiment 40 wherein the polar solvent 
comprises water. 
42. The article of any one of embodiments 35 through 39. 
wherein the shaped hydrophilic gel material is in a dried form. 
43. An article comprising a substrate having a coating of a 
hydrophilic gel material disposed thereon (preferably, 
adhered thereto), wherein the hydrophilic gel material is pre 
pared from a precursor composition that is at least partially 
polymerized when in contact with the substrate, and wherein 
the precursor composition comprises: 
0268 (a) at least 5 weight percent polar solvent based on a 
total weight of the precursor composition; and 
0269 (b) polymerizable material capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per molecule greater than 1.0, 
wherein the polymerizable material is miscible with the polar 
solvent. 

44. The article of embodiment 43, wherein the precursor 
composition comprises: 
0270 (a) greater than 10 weight percent polar solvent 
based on a total weight of the precursor composition; and 
0271 (b) polymerizable material capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per molecule equal to at least 1.2. 
45. The article of embodiment 43, wherein the precursor 
composition comprises: 
0272 (a) at least 10 weight percent polar solvent based on 
the total weight of the precursor composition, wherein the 
polar solvent comprises water, and 
0273 (b) no greater than 90 weight percent polymerizable 
material based on the total weight of the precursor composi 
tion, the polymerizable material being capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per molecule equal to at least 1.2, 
wherein the polymerizable material comprises a poly(alky 
lene oxide (meth)acrylate) having at least 2 (meth)acryloyl 
groups and having at least 5 alkylene oxide units. 
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46. The article of embodiment 43, wherein the precursor 
composition comprises: 
0274 (a) at least 10 weight percent polar solvent based on 
the total weight of the precursor composition; and 
0275 (b) no greater than 90 weight percent polymerizable 
material based on the total weight of the precursor composi 
tion, the polymerizable material being capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per molecule equal to at least 1.2, 
wherein the polymerizable material forms a single phase with 
the polar solvent and comprises a poly(alkylene oxide (meth) 
acrylate) having at least 2 (meth)acryloyl groups and having 
at least 5 alkylene oxide units and the poly(alkylene oxide 
(meth)acrylate) having a weight average molecular weight 
less than 2,000 g/mole. 
47. The article of embodiment 43, wherein the precursor 
composition comprises: 
0276 (a) greater than 10 weight percent polar solvent 
based on a total weight of the precursor composition; and 
0277 (b) less than 90 weight percent polymerizable mate 

rial based on the total weight of the precursor composition, 
the polymerizable material being capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per molecule equal to at least 1.2, the 
polymerizable material being miscible in the polar solvent 
and comprising 

0278 i) a poly(alkylene oxide (meth)acrylate) having at 
least 2 (meth)acryloyl functional groups and having at 
least 5 alkylene oxide units; and 

0279 ii) 0 to less than 20 weight percent anionic mono 
merbased on a total weight of polymerizable material in 
the precursor composition, wherein the anionic mono 
mer comprises an ethylenically unsaturated group in 
addition to an acidic group, a salt of the acidic group, or 
a mixture thereof 

48. The article of any one of embodiments 43 through 47. 
wherein the coating is applied by a non-contact deposition 
technique. 
49. The article of embodiment 48, wherein the coating formed 
is a discontinuous coating. 
50. The article of any one of embodiments 43 through 49. 
wherein the precursor composition further comprises an 
active agent. 
51. The article of any one of embodiments 43 through 50. 
wherein the coating of hydrophilic gel material comprises an 
active agent. 
52. The article of embodiment 50 or embodiment 51, wherein 
the active agent comprises a bioactive agent. 
53. The article of any one of embodiments 43 through 52. 
wherein the coating of hydrophilic gel material is Swollen 
with a polar solvent. 
54. The article of embodiment 53 wherein the polar solvent 
comprises water. 
55. The article of any one of embodiments 43 through 52. 
wherein the coating of hydrophilic gel material is in a dried 
form. 
56. The article of any one of embodiments 35 through 55, 
wherein the polymerizable material comprises a poly(alky 
lene oxide (meth)acrylate) having at least 3 (meth)acryloyl 
groups. 
57. The article of any one of embodiments 35 through 56, 
wherein the precursor composition further comprises a pho 
toinitiator. 
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58. The article of embodiment 57, wherein the photoinitiator 
is 2-hydroxy-1-4-(2-hydroxyethoxy)phenyl-2-methyl-1- 
propanone. 
59. The article of any one of embodiments 33 through 58, 
which is a medical article comprising the hydrophilic gel 
material in a layered format. 
60. The article of embodiment 59, which is a wound dressing. 
61. The article of embodiment 60, wherein the wound dress 
ing comprises a fluid permeable facing layer and/or a mois 
ture vapor permeable backing layer with the hydrophilic gel 
layer attached thereto. 
62. The article of embodiment 61, wherein the backing layer 
is both moisture vapor permeable and liquid impermeable. 
63. The article of any one of embodiments 60 through 62. 
wherein the wound dressing further comprises a layer of 
pressure sensitive adhesive to secure the dressing to the skin. 
64. The article of any one of embodiments 60 through 63, 
wherein the wound dressing comprises an active agent 
selected from the group consisting of a metal-containing 
compound, a fatty-acid monoester, a chlorhexidine, triclosan, 
a peroxide, iodine, complexes thereof, derivatives thereof, 
and combinations thereof 
65. The article of any one of embodiments 60 through 64. 
wherein the wound dressing comprises chlorhexidine glucon 
ate. 

Exemplary Shaped Hydrophilic Gel Materials 
Embodiments 

0280 I-1. A method of making an article comprising a 
Substrate and a shaped hydrophilic gel material disposed 
thereon, the method comprising: 
0281 providing a precursor composition comprising: 

0282 (a) at least 10 weight percent polar solvent based 
on the total weight of the precursor composition, 
wherein the polar solvent comprises water; and 

0283 (b) no greater than 90 weight percent polymeriz 
able material based on the total weight of the precursor 
composition, the polymerizable material being capable 
of free-radical polymerization and having an average 
number of ethylenically unsaturated groups per mono 
mer molecule equal to at least 1.2, wherein the polymer 
izable material forms a single phase with the polar Sol 
vent and comprises a poly(alkylene oxide (meth) 
acrylate) having at least 2 (meth)acryloyl groups and 
having at least 5 alkylene oxide units; 

0284 providing a mold having at least two separate wells; 
0285 adding the precursor composition to the mold, the 
precursor composition being positioned in at least a portion of 
at least two separate wells; 
0286 providing a substrate and positioning the substrate 
to at least partially contact the precursor composition; and 
0287 exposing the precursor composition within the wells 
to radiation to at least partially polymerize the polymerizable 
material and to form a first swollen shaped hydrophilic gel 
material on a Substrate. 
I-2. A method of making an article comprising a Substrate and 
a shaped hydrophilic gel material disposed thereon, the 
method comprising: 
0288 providing a precursor composition comprising: 

0289 (a) at least 10 weight percent polar solvent based 
on the total weight of the precursor composition, 
wherein the polar solvent comprises water; and 

0290 (b) no greater than 90 weight percent polymeriz 
able material based on the total weight of the precursor 
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composition, the polymerizable material being capable 
of free-radical polymerization and having an average 
number of ethylenically unsaturated groups per mono 
mer molecule equal to at least 1.2, wherein the polymer 
izable material forms a single phase with the polar Sol 
vent and comprises a poly(alkylene oxide (meth) 
acrylate) having at least 2 (meth)acryloyl groups and 
having at least 5 alkylene oxide units: 

0291 providing a mold having a substrate in contact there 
with in a manner to form at least two separate wells; 
0292 adding the precursor composition to the mold, the 
precursor composition being positioned in at least a portion of 
at least two separate wells; and 
0293 exposing the precursor composition within the wells 

to radiation to at least partially polymerize the polymerizable 
material and to form a first swollen shaped hydrophilic gel 
material on a Substrate. 
I-3. A method of making an article comprising a Substrate and 
a hydrophilic gel material disposed thereon, the method com 
prising 
0294 providing a precursor composition comprising: 
0295 (a) greater than (or at least) 10 weight percent 
polar solvent based on a total weight of the precursor 
composition; and 

0296 (b) polymerizable material (preferably no great 
than 90 wt-%, based on the total weight of the precursor 
composition) capable of free-radical polymerization 
and having an average number of ethylenically unsatur 
ated groups per monomer molecule equal to at least 1.2. 
wherein the polymerizable material is miscible with (or 
forms a single phase with) the polar solvent (and pref 
erably comprises a poly(alkylene oxide (meth)acrylate) 
having at least 2 (meth)acryloyl groups and having at 
least 5 alkylene oxide units, the poly(alkylene oxide 
(meth)acrylate) having a weight average molecular 
weight less than 2,000 g/mole); 

0297 providing a mold having at least two separate wells; 
0298 adding the precursor composition to the mold, the 
precursor composition being positioned in at least a portion of 
at least two separate wells; 
0299 providing a substrate and positioning the substrate 
to contact the precursor composition; and 
0300 exposing the precursor composition within the wells 

to radiation to at least partially polymerize the polymerizable 
material and to form a first swollen shaped hydrophilic gel 
material on a Substrate. 
I-4. A method of making an article comprising a Substrate and 
a hydrophilic gel material disposed thereon, the method com 
prising 
0301 providing a precursor composition comprising: 

0302) (a) at least 5 (or at least 10) weight percent polar 
Solvent based on a total weight of the precursor compo 
sition; and 

0303 (b) polymerizable material (preferably no great 
than 90 wt-%, based on the total weight of the precursor 
composition) capable of free-radical polymerization 
and having an average number of ethylenically unsatur 
ated groups per monomer molecule greater than 1.0 
(preferably equal to at least 1.2), wherein the polymer 
izable material is miscible with (or forms a single phase 
with) the polar solvent (and preferably comprises a poly 
(alkylene oxide (meth)acrylate) having at least 2 (meth) 
acryloyl groups and having at least 5 alkylene oxide 
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units, the poly(alkylene oxide (meth)acrylate) having a 
weight average molecular weight less than 2,000 
g/mole); 

0304 providing a mold having a substrate in contact there 
with in a manner to form at least two separate wells; 
0305 adding the precursor composition to the mold, the 
precursor composition being positioned in at least a portion of 
at least two separate wells; and 
0306 exposing the precursor composition within the wells 
to radiation to at least partially polymerize the polymerizable 
material and to form a first swollen shaped hydrophilic gel 
material on a Substrate. 
I-5. The method of embodiment I-3 or I-4 wherein the poly 
merizable material comprises a poly(alkylene oxide (meth) 
acrylate) having an average number of (meth)acryloyl groups 
per monomer molecule equal to at least two. 
I-6. The method of any one of embodiments I-1 through I-5 
wherein the poly(alkylene oxide (meth)acrylate) has a weight 
average molecular weight no greater than 2000 g/mole. 
I-7. The method of any one of embodiments I-1 through I-6, 
wherein the polymerizable material comprises a poly(alky 
lene oxide (meth)acrylate) having at least 3 (meth)acryloyl 
groups. 
I-8. The method of any one of embodiments I-1 through I-7, 
wherein the precursor composition further comprises a pho 
toinitiator and the radiation comprises actinic radiation. 
I-9. The method of any one of embodiments I-1 through I-8, 
further comprising removing the first Swollen shaped hydro 
philic gel material and substrate from the mold. 
I-10. The method of embodiment I-9, wherein removing the 
first Swollen shaped hydrophilic gel material comprises 
applying a polar solvent to the first Swollen shaped hydro 
philic gel material. 
I-11. The method of any one of embodiments I-1 through 
I-10, further comprising removing at least a portion of the 
polar solvent from the first swollen shaped hydrophilic gel 
material to form a dried shaped hydrophilic gel material. 
I-12. The method of embodiment I-11, further comprising 
contacting the dried shaped hydrophilic gel material with a 
sorbate for a time sufficient for the dried shaped hydrophilic 
gel material to sorb at least a portion of the sorbate to form a 
second Swollen shaped hydrophilic gel material, wherein the 
Sorbate comprises at least one active agent. 
I-13. The method of embodiment I-12, wherein the at least 
one active agent in the Sorbate comprises a bioactive agent. 
I-14. The method of embodiment I-12, further comprising 
drying the second Swollen shaped hydrophilic gel material. 
I-15. The method of any one of embodiments I-1 through 
I-14, wherein adding the precursor composition to the mold 
comprises overfilling the at least two separate wells, wherein 
the precursor composition resides on a first Surface of the 
mold between the wells. 
I-16. The method of any one of embodiments I-1 through 
I-15, wherein the precursor composition further comprises an 
active agent. 
I-17. The method of embodiment I-16, wherein the active 
agent in the precursor composition comprises a bioactive 
agent. 
I-18. The method of any one of embodiments I-17, wherein 
the precursor composition is at least partially exposed to 
radiation through the Substrate. 
I-19. An article comprising a Substrate and a shaped hydro 
philic gel material disposed thereon, the article made by the 
method of any one of embodiments I-1 through I-18. 
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I-20. An article comprising a substrate having a shaped 
hydrophilic gel material disposed thereon, wherein the 
shaped hydrophilic gel material is prepared from a precursor 
composition that is at least partially polymerized and shaped 
in a mold having at least two separate wells, wherein the 
precursor composition comprises: 
0307 (a) at least 10 weight percent polar solvent based on 
the total weight of the precursor composition, wherein the 
polar solvent comprises water, and 
0308 (b) no greater than 90 weight percent polymerizable 
material based on the total weight of the precursor composi 
tion, the polymerizable material being capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per monomer molecule equal to at 
least 1.2, wherein the polymerizable material forms a single 
phase with the polar solvent and comprises a poly(alkylene 
oxide (meth)acrylate) having at least 2 (meth)acryloyl groups 
and having at least 5 alkylene oxide units. 
I-21. An article comprising a substrate having a shaped 
hydrophilic gel material disposed thereon, wherein the 
shaped hydrophilic gel material is prepared from a precursor 
composition that is at least partially polymerized and shaped 
in a mold having at least two separate wells, wherein the 
precursor composition comprises: 
0309 (a) at least 10 weight percent polar solvent based on 
the total weight of the precursor composition; and 
0310 (b) no greater than 90 weight percent polymerizable 
material based on the total weight of the precursor composi 
tion, the polymerizable material being capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per monomer molecule equal to at 
least 1.2, wherein the polymerizable material forms a single 
phase with the polar solvent and comprises a poly(alkylene 
oxide (meth)acrylate) having at least 2 (meth)acryloyl groups 
and having at least 5 alkylene oxide units, the poly(alkylene 
oxide (meth)acrylate) having a weight average molecular 
weight less than 2,000 g/mole. 
I-22. The article of embodiment I-20 or I-21, wherein the 
precursor composition further comprises an active agent. 
I-23. The article of embodiment I-22, wherein the active agent 
in the precursor composition comprises a bioactive agent. 
I-24. The article of embodiment I-20 or I-21, wherein the 
shaped hydrophilic gel material comprises an active agent. 
I-25. The article of embodiment I-24, wherein the active agent 
in the shaped hydrophilic gel material comprises a bioactive 
agent. 
I-26. The article of any one of embodiments I-20 through 
I-25, wherein the polymerizable material comprises a poly 
(alkylene oxide (meth)acrylate) having at least 3 (meth)acry 
loyl groups. 
I-27. The article of any one of embodiments I-20 through 
I-26, wherein the precursor composition further comprises a 
photoinitiator. 
I-28. The article of any one of embodiments I-20 through 
I-27, wherein the shaped hydrophilic gel material is swollen 
with a polar solvent. 
I-29. The article of embodiment I-28, wherein the polar sol 
vent comprises water. 
I-30. The article of any one of embodiments I-20 through 
I-29, wherein the shaped hydrophilic gel material is in a dried 
form. 
I-31. The article of any one of embodiments I-20 through 
I-30, which is a medical article comprising the shaped hydro 
philic gel material in a layered format. 
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I-32. The article of embodiment I-31 which is a wound dress 
1ng. 
I-33. The article of embodiment I-32, wherein the wound 
dressing comprises a fluid permeable facing layer and/or a 
moisture vapor permeable backing layer with the shaped 
hydrophilic gel layer attached thereto. 
I-34. The article of embodiment I-33, wherein the backing 
layer is both moisture vapor permeable and liquid imperme 
able. 
I-35. The article of any one of embodiments I-32 through 
I-34, wherein the wound dressing further comprises a layer of 
pressure sensitive adhesive to secure the dressing to the skin. 

Exemplary Non-contact Deposition and 
Discontinuous Coating Embodiments 

0311 II-1. A method of making an article comprising a 
Substrate and a hydrophilic gel material disposed thereon, the 
method comprising 
0312 providing a precursor composition comprising: 

0313 (a) at least 10 weight percent polar solvent based 
on the total weight of the precursor composition, 
wherein the polar solvent comprises water; and 

0314 (b) no greater than 90 weight percent polymeriz 
able material based on the total weight of the precursor 
composition, the polymerizable material being capable 
of free-radical polymerization and having an average 
number of ethylenically unsaturated groups per mono 
mer molecule equal to at least 1.2, wherein the polymer 
izable material forms a single phase with the polar sol 
vent and comprises a poly(alkylene oxide (meth) 
acrylate) having at least 2 (meth)acryloyl groups and 
having at least 5 alkylene oxide units; 

0315 coating the precursor composition on at least a por 
tion of at least one surface of a Substrate by non-contact 
deposition; and 
0316 exposing the precursor composition to radiation to 
at least partially polymerize the polymerizable material to 
form a discontinuous coating of first Swollen hydrophilic gel 
material on a Substrate. 
II-2. A method of making an article comprising a substrate 
and a hydrophilic gel material disposed thereon, the method 
comprising 
0317 providing a precursor composition comprising: 

0318 (a) at least 10 weight percent polar solvent based 
on the total weight of the precursor composition; and 

0319 (b) no greater than 90 weight percent polymeriz 
able material based on the total weight of the precursor 
composition, the polymerizable material being capable 
of free-radical polymerization and having an average 
number of ethylenically unsaturated groups per mono 
mer molecule equal to at least 1.2, wherein the polymer 
izable material forms a single phase with the polar Sol 
vent and comprises a poly(alkylene oxide (meth) 
acrylate) having at least 2 (meth)acryloyl groups and 
having at least 5 alkylene oxide units and the poly(alky 
lene oxide (meth)acrylate) having a weight average 
molecular weight less than 2,000 g/mole; 

0320 coating the precursor composition on at least a por 
tion of at least one surface of a Substrate by non-contact 
deposition; and 
0321 exposing the precursor composition to radiation to 
at least partially polymerize the polymerizable material to 
provide a discontinuous coating of first Swollen hydrophilic 
gel material on a Substrate. 



US 2010/0266794 A1 

II-3. A method of making an article comprising a substrate 
and a hydrophilic gel material disposed thereon, the method 
comprising 
0322 providing a precursor composition comprising: 
0323 (a) greater than 10 weight percent polar solvent 
based on a total weight of the precursor composition; 
and 

0324 (b) less than 90 weight percent polymerizable 
material based on the total weight of the precursor com 
position, the polymerizable material being capable of 
free-radical polymerization and having an average num 
ber of ethylenically unsaturated groups per monomer 
molecule equal to at least 1.2, the polymerizable mate 
rial being miscible in the polar solvent and comprising 
0325 i) a poly(alkylene oxide (meth)acrylate) hav 
ing at least 2 (meth)acryloyl functionality groups and 
having at least 5 alkylene oxide units; and 

0326 ii) 0 to less than 20 weight percent anionic 
monomer based on a total weight of polymerizable 
material in the precursor composition, wherein the 
anionic monomer comprises an ethylenically unsat 
urated group in addition to an acidic group, a salt of 
the acidic group, or a mixture thereof; 

0327 coating the precursor composition on at least a por 
tion of at least one surface of a Substrate by non-contact 
deposition; and 
0328 exposing the precursor composition to radiation to 
at least partially polymerize the polymerizable material to 
provide a discontinuous coating of first swollen hydrophilic 
gel material on a Substrate. 
II-4. A method of making an article comprising a substrate 
and a hydrophilic gel material disposed thereon, the method 
comprising 
0329 providing a precursor composition comprising: 
0330 (a) greater than 10 weight percent polar solvent 
based on a total weight of the precursor composition; 
and 

0331 (b) polymerizable material capable of free-radi 
cal polymerization and having an average number of 
ethylenically unsaturated groups per monomer mol 
ecule equal to at least 1.2, wherein the poloymerizable 
material is miscible with the polar solvent; 

0332 coating the precursor composition on at least a por 
tion of at least one surface of a Substrate by non-contact 
deposition; and 
0333 exposing the precursor composition to radiation to 
at least partially polymerize the polymerizable material to 
provide a discontinuous coating of first Swollen hydrophilic 
gel material on a Substrate. 
II-5. A method of making an article comprising a substrate 
and a hydrophilic gel material disposed thereon, the method 
comprising 
0334 providing a precursor composition comprising: 
0335 (a) at least 5 weight percent polar solvent based 
on a total weight of the precursor composition; and 

0336 (b) polymerizable material capable of free-radi 
cal polymerization and having an average number of 
ethylenically unsaturated groups per monomer mol 
ecule greater than 1.0, wherein the polymerizable mate 
rial is miscible with the polar solvent; 

0337 coating the precursor composition on at least a por 
tion of at least one surface of a Substrate by non-contact 
deposition; and 
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0338 exposing the precursor composition to radiation to 
at least partially polymerize the polymerizable material to 
provide a discontinuous coating of first Swollen hydrophilic 
gel material on a Substrate. 
II-6. The method of embodiment II-4 or II-5 wherein the 
polymerizable material comprises a poly(alkylene oxide 
(meth)acrylate) having an average number of (meth)acryloyl 
groups per monomer molecule equal to at least two. 
II-7. The method of embodiment II-6 wherein the poly(alky 
lene oxide (meth)acrylate) has a weight average molecular 
weight no greater than 2000 g/mole. 
II-8. The method of any one of embodiments II-1 through 
II-7, wherein the precursor composition further comprises an 
active agent. 
II-9. The method of any one of embodiments II-1 through 
II-8, wherein the polymerizable material comprises a poly 
(alkylene oxide (meth)acrylate) having at least 3 (meth)acry 
loyl groups. 
II-10. The method of any one of embodiments II-1 through 
II-9, wherein the precursor composition further comprises a 
photoinitiator and the radiation comprises actinic radiation. 
II-11. The method of any one of embodiments II-1 through 
II-10, further comprising removing at least a portion of the 
polar solvent from the first swollenhydrophilic gel material to 
form a coating of dried hydrophilic gel material. 
II-12. The method of any one of embodiments II-1 through 
II-11, further comprising contacting dried hydrophilic gel 
material with a sorbate for a time sufficient for the dried 
hydrophilic gel material to sorb at least a portion of the 
Sorbate to form a discontinuous coating of second Swollen 
hydrophilic gel material 
II-13. The method of embodiment II-12, wherein the sorbate 
comprises at least one active agent. 
II-14. The method of embodiment II-8 or II-13, wherein theat 
least one active agent comprises a bioactive agent. 
II-15. The method of embodiment II-8 or II-13, wherein the 
active is selected from a group consisting of a metal-ion 
forming compound, a fatty-acid monoester, chlorhexidine, 
triclosan, a peroxide, iodine, complexes thereof, derivatives 
thereof, and combinations thereof. 
II-16. The method of any one of embodiments II-1 through 
II-15, wherein the non-contact deposition comprises inkjet 
printing. 
II-17. The method of any one of embodiments II-1 through 
II-16, wherein the non-contact deposition comprises spray 
atomization deposition. 
II-18. An article comprising a substrate and a hydrophilic gel 
material disposed thereon by non-contact deposition, the 
article made by the method of any one of embodiments II-1 
through II-17. 
II-19. An article comprising a substrate having a hydrophilic 
gel material disposed thereon by non-contact deposition, 
wherein the hydrophilic gel material is prepared from a pre 
cursor composition that is at least partially polymerized and 
wherein the precursor composition comprises: 

0339 (a) at least 10 weight percent polar solvent based 
on the total weight of the precursor composition, 
wherein the polar solvent comprises water; and 

0340 (b) no greater than 90 weight percent polymeriz 
able material based on the total weight of the precursor 
composition, the polymerizable material being capable 
of free-radical polymerization and having an average 
number of ethylenically unsaturated groups per mono 
mer molecule equal to at least 1.2, wherein the polymer 
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izable material forms a single phase with the polar Sol 
vent and comprises a poly(alkylene oxide (meth) 
acrylate) having at least 2 (meth)acryloyl groups and 
having at least 5 alkylene oxide units. 

II-20. An article comprising a substrate having a hydrophilic 
gel material disposed thereon by non-contact deposition, 
wherein the hydrophilic gel material is prepared from a pre 
cursor composition that is at least partially polymerized and 
wherein the precursor composition comprises: 
0341 (a) at least 10 weight percent polar solvent based on 
the total weight of the precursor composition; and 
0342 (b) no greater than 90 weight percent polymerizable 
material based on the total weight of the precursor composi 
tion, the polymerizable material being capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per monomer molecule equal to at 
least 1.2, wherein the polymerizable material forms a single 
phase with the polar solvent and comprises a poly(alkylene 
oxide (meth)acrylate) having at least 2 (meth)acryloyl groups 
and having at least 5 alkylene oxide units, the poly(alkylene 
oxide (meth)acrylate) having a weight average molecular 
weight less than 2,000 g/mole. 
II-21. An article comprising a substrate having a hydrophilic 
gel material disposed thereon by non-contact deposition, 
wherein the hydrophilic gel material is prepared from a pre 
cursor composition that is at least partially polymerized and 
wherein the precursor composition comprises: 
0343 (a) greater than 10 weight percent polar solvent 
based on a total weight of the precursor composition; and 
0344 (b) less than 90 weight percent polymerizable mate 

rial based on the total weight of the precursor composition, 
the polymerizable material being capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per monomer molecule equal to at 
least 1.2, the polymerizable material being miscible in the 
polar solvent and comprising 

0345 i) a poly(alkylene oxide (meth)acrylate) having at 
least 2 (meth)acryloyl functionality groups and having 
at least 5 alkylene oxide units; and 

0346) ii) 0 to less than 20 weight percent anionic mono 
merbased on a total weight of polymerizable material in 
the precursor composition, wherein the anionic mono 
mer comprises an ethylenically unsaturated group in 
addition to an acidic group, a salt of the acidic group, or 
a mixture thereof 

II-22. An article comprising a substrate having a hydrophilic 
gel material disposed thereon by non-contact deposition, 
wherein the hydrophilic gel material is prepared from a pre 
cursor composition that is at least partially polymerized and 
wherein the precursor composition comprises: 
0347 (a) greater than 10 weight percent polar solvent 
based on a total weight of the precursor composition; and 
0348 (b) polymerizable material capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per monomer molecule equal to at 
least 1.2, wherein the poloymerizable material is miscible 
with the polar solvent. 
II-23. An article comprising a substrate having a hydrophilic 
gel material disposed thereon by non-contact deposition, 
wherein the hydrophilic gel material is prepared from a pre 
cursor composition that is at least partially polymerized and 
wherein the precursor composition comprises: 
0349 (a) at least 5 weight percent polar solvent based on a 

total weight of the precursor composition; and 
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0350 (b) polymerizable material capable of free-radical 
polymerization and having an average number of ethyleni 
cally unsaturated groups per monomer molecule greater than 
1.0, wherein the polymerizable material is miscible with the 
polar solvent. 
II-24. The article of any one of embodiments II-19 through 
II-23, wherein the precursor composition further comprises 
an active agent. 
II-25. The article of embodiment II-24, wherein the active 
agent in the precursor composition comprises a bioactive 
agent. 
II-26. The article of any one of embodiments II-19 through 
II-23, wherein the hydrophilic gel material comprises an 
active agent. 
II-27. The article of embodiment II-26, wherein the active 
agent in the hydrophilic gel material comprises a bioactive 
agent. 
II-28. The article of any one of embodiments II-19 through 
II-23, wherein the polymerizable material comprises a poly 
(alkylene oxide (meth)acrylate) having at least 3 (meth)acry 
loyl groups. 
II-29. The article of any one of embodiments II-19 through 
II-23, wherein the precursor composition further comprises a 
photoinitiator. 
II-30. The article of any one of embodiments II-19 through 
II-23, wherein the hydrophilic gel material is swollen with a 
polar solvent. 
II-31. The article of embodiment II-30 wherein the polar 
Solvent comprises water. 
II-32. The article of any one of embodiments II-19 through 
II-23, wherein the hydrophilic gel material is in a dried form. 
II-33. The article of embodiments II-18 through II-32 which 
is a wound dressing. 
II-34. The article of embodiments II-25 through II-33, 
wherein the at least one bioactive agent comprises chloro 
hexidine gluconate. 

EXAMPLES 

0351. The present disclosure is more particularly 
described in the following examples that are intended as 
illustrations only, since numerous modifications and varia 
tions within the scope of the present disclosure will be appar 
ent to those skilled in the art. Unless otherwise noted, all 
parts, percentages, and ratios reported in the following 
examples are on a weight basis, and all reagents used in the 
examples were obtained, or are available, from the chemical 
suppliers described below, or may be synthesized by conven 
tional techniques. 

Test Methods 

Zone of Inhibition Inoculated Agar Assay Method (I) 
0352 An inoculum Suspension of Staphyloccoccus epi 
dermidis (ATCC 12228) (American Type Culture Collection, 
Manassas, Va.) of approximately 1x10 colony forming unit 
(CFU) per milliliter was prepared in Phosphate Buffered 
Water (PBW) using a 0.5 McFarland Equivalence Turbidity 
Standard. A uniform bacterial concentration in agar was cre 
ated by mixing twenty milliliters of the suspension with the 
agar of a Meuller Hinton plate. Disks (24-mm in diameter) of 
the substrate to be tested were placed on the agar plate, with 
the test composition facing the agar, and firmly pressed 
against the agar to insure sample to agar contact across the 
entire sample surface. Two disks were placed on each plate 
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for Zone analysis. The plates were incubated at 36° C.1° C. 
for 24 hours. The average diameter of the inhibited Zone was 
recorded for each disk. 

Zone of Inhibition Test Method (II) 
0353. An inoculum suspension of either gram positive 
(Staphylococcus aureus, ATCC 6538, AmericanType Culture 
Collection, Manassas, Va.), or gram negative (Pseudomonas 
aeruginosa (ATCC 9027) was prepared that contained a con 
centration of approximately 1x10 colony forming units 
(CFU) per milliliter (mL) in Phosphate Buffered Saline 
(PBS) obtained from EMD Biosciences of Darmstadt, Ger 
many, using a 0.5 McFarland Equivalence Turbidity Stan 
dard. A bacterial lawn was prepared by dipping a sterile 
cotton applicator into the Suspension and Swabbing the dry 
surface of a trypticase soy agar (TSA) plate in three different 
directions. Three 7-mm paper disks were prepared for each 
sample, placed onto the inoculated plate of each media type, 
and pressed firmly against the agar with sterile forceps to 
ensure complete contact with the agar. The plates were incu 
bated at 4°C. for 3 hours and the incubated at 36° C.1° C. for 
24 hours. The area under and Surrounding the samples was 
examined for bacterial growth. The reported results were the 
average values of the diameter of the circles Surrounding each 
sample where no growth was observed. For example, a Zone 
of 7 indicates that no growth was observed underneath the 
7-mm disk, and a Zone of 9 indicates that no growth was 
observed underneath the 7-mm disk, as well as in an area 
surrounding the disk, where the total diameter of the no 
growth area (i.e., including the area under the disk) was 9 mm. 

I. Shaped Material Examples 
Example I-1 

Shaped Polymeric Material Film 
0354) A precursor composition was prepared by mixing 
3.96 g of 20-mole ethoxylated trimethylolpropane triacrylate 
(TMPTA, SR-415), 6 grams of deionized water, and 0.4 
grams photoinitiator (IRGACURE 2959) in a container. The 
precursor composition was heated for 2 minutes at 70° C. to 
dissolve the photoinitiator. 
0355 The precursor composition was poured onto a pla 
nar silicone rubber mold (GI-1000 silicone base, Sterling 
Supply Co., Minneapolis, Minn.) having a regular hexagonal 
pattern embedded in it. Each hexagon defined a well with 
opposite sides spaced 3 millimeters (mm) apart and a well 
depth of 1 mm. Wells were spaced 2.5 mm apart. A backing 
film of corona-treated polyethylene (112 microns) was lami 
nated to the mold forcing the precursor composition to fill the 
individual wells. The multilayer structure was then passed 
under a 240W/cm Fusion H bulb at 8 meters/minute, expos 
ing the precursor composition through the backing film. The 
cured composition of shaped polymeric material adhered to 
the cover film was peel lifted out the mold. The composition 
comprising the cover film and partially solidified shaped 
hydrophilic gel materials was then passed through the UV 
processor with the polymeric material side facing the UV 
processor at 8 meters/minute under a nitrogen purge to com 
plete the cure. 

Example I-2 

0356. Example I-1 was repeated except the polyethylene 
cover film was replaced by a primed polyethylene terephtha 
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late (PET) film (50 microns) (available under the trade des 
ignation SCOTCHPAR brand Type PH Polyester Film from 
Minnesota Mining and Manufacturing Co., St. Paul, Minn.). 
The final product was a PET film with individual raised 
hexagonal hydrogel features. 

Example I-3 
0357 Example I-1 was repeated using a mold having the 
negative of a regular hexagonal pattern with opposite sides 15 
mm apart, a depth of 1 mm, and a nearest neighbor spacing of 
5 mm. The final product was a polyethylene film with a raised 
pattern of hydrogel replicating the channels between hexa 
gons in the original mold. 

Example I-4 
0358 Example I-1 was repeated using a mold having a 
regular cylindrical pattern with individual cylinders 1 mm in 
diameter and 1 mm deep with a 0.5 mm pattern width. The 
final product was a polyethylene film with raised individual 
cylinders. 

Example I-5 
0359 The procedure of Example I-4 was repeated but the 
precursor composition consisted of a blend of 39.6 wt-% 
20-mole ethoxylated TMPTA, 0.4 wt-% IRGACURE 2959, 
4.0 wt-% chlorhexidine gluconate (CHG) and 56 wt-% water. 
The Zone of Inhibition Inoculated Agar Assay Method (I) was 
used with Staphylococcus epidermidis as the test organism to 
determine antimicrobial effectiveness. The 3-mm width 
hexagon structures on PET film produced Zones of inhibition 
approximately 32-mm in diameter indicating excellent cidal 
activity. 

Example I-6 
0360 Example I-5 was repeated using a silicone mold 
having a linear grooved pattern with channels 0.5 mm in 
height and width with a pattern spacing of 0.5 mm. Upon 
removal from the mold, the surface of the PET film contacting 
the mold showed a linear bar pattern of raised hydrogel con 
taining CHG. 

II. Non-Contact Deposition Examples 
Example II-1 

0361. A hydrogel precursor composition consisting of 
39.6% SR415 (ethoxylated (20) trimethylolpropane triacry 
late), 0.4% IRGACURE 2959 (2-hydroxy-1-4-(2-hydroxy 
ethoxy)phenyl-2-methyl-1-propanone), 4% chlorhexidine 
gluconate and 56% deionized water was poured into the res 
ervoir of a Model 9306 Six-Jet Atomizer from TSI, Inc. 
(Shoreview, Minn.). A piece of tubing was used to extend the 
exit port of the atomizer and invert it to a downward position. 
The exit from the tube was positioned about 2 centimeters 
above a conveyor belt. An air-pressure of 30 pounds per 
square inch (psi) was used to atomize the antimicrobial-con 
taining hydrogel precursor Solution through all six nozzles. A 
non-woven rayon backing (as described by U.S. Pat. No. 
3,121,021) to be non-contact printed with antimicrobial-con 
taining hydrogel droplets was placed on the conveyor belt and 
passed under the exit tube at a speed of 0.7 meter/minute such 
that the Substrate came in contact with a fog consisting of the 
atomized droplets. An exhaust trunk removed the excess 
droplets. The coated substrate was then exposed under a bank 



US 2010/0266794 A1 

of fluorescent 365 nm bulbs having a peak UVA irradiance of 
38 mW/cm for approximately 60 seconds in a nitrogen atmo 
sphere. 

Example II-2 

0362. A sample prepared in the same fashion of Example 
II-1, except that the substrate in Example II-2 was a polyure 
thane available from Noveon, Inc., Cleveland, Ohio extrusion 
coated on a carrier as further described by U.S. Pat. No. 
4.598,004 and commercially available from Wausau 
Mosinee Paper Corp. (Paper No. 78, silicone C15 SC RLFE 
B13E/SH11). 

Example II-3 

0363 A sample prepared in the same fashion of Example 
II-1, except that the substrate in Example II-3 comprised an 
IOA/acrylamide (97/3) adhesive coated on one surface of the 
substrate of Example II-2. The hydrogel was coated onto the 
adhesive side. The adhesive IOA/Acrylamide (9773) was 
made in accordance with U.S. Pat. No. 4,693,776 and coated 
at 25 grams/square meter coating weight. This sample was 
tested using the Zone of Inhibition Inoculated Agar Assay 
Method (I). The primary Zone was 32 mm in diameter indi 
cating good antimicrobial activity. A hydrogel antimicrobial 
discontinuously coated on an adhesive dressing would have 
the ability to adhere to the skin, the ability to absorb perspi 
ration or wound exudate, and have antimicrobial characteris 
tics to minimize the potential for infection. 

Example II-4 

Preparation of Printed Substrates 

0364 The hydrogel precursor composition selected for 
this example was a 40 wt-% solution of 20-mole ethoxylated 
trimethylolpropane triacrylate (EOTMPTA) containing 1 
wt-% IRGACURE 2959 in deionized water. The Solution had 
a Brookfield viscosity of 10 cps. 
0365. The print head was a Spectra SE-128 AA head (S/N 
120086), available from Dimatix Technology Integration, 
Lebanon, N.H. This head has 128 nozzles and a droplet vol 
ume of 30 pl. when fired understandard test conditions at the 
calibrated fire pulse amplitude. The jet Velocity can range 
from 8 to 12 meters/second depending on firing frequency. 
The fire pulse amplitude was 100 V, the rise time was 1.8 
microseconds (LLS), the pulse width was 5.8 us, and a fall time 
was 0.5 us. The nozzle face was positioned 8 mm above the 
print media during printing. Two print media were coated. 
One was coated on 3M CONTROLTAC PLUS GRAPHIC 
FILM IJ180C-10 (commercially available from Minnesota 
Mining and Manufacturing Co., St. Paul, Minn.) and the other 
On paper. 
0366. The hydrogel precursor composition was non-con 

tact deposited (jetted) at room temperature. Multiple samples 
were created at 1, 5, 10, 15 and 20 kHz frequencies on the 
print head. The resulting samples were cured in air on a UV 
processor with two 80 W/cmmercury lamps at a belt speed at 
20 meters/minute. FIG. 7 and FIG. 8 show micrographs of a 
hydrophilic gel material coated on a Substrate by ink jet 
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printing at 1 kHz, stained with methylene blue solution and 20 
kHz, wetted with methylene blue solution, respectively. 

Example II-5 
Preparation of Active-Containing Hydrogel Coatings 

0367 Samples were jetted and cured in the same fashion 
as Example II-4 onto a 100-micron biaxially oriented poly 
ester film (PET) (available under the trade designation 
SCOTCHPAR brand Polyester Film from Minnesota Mining 
and Manufacturing Co., St. Paul, Minn.). These samples were 
dried in a vacuum oven at 90° C. for 2 hours to remove water. 
The following aqueous test Solutions were prepared: 
0368 1.8% cetylpyridinium chloride (CPC) 
0369 2.8% benzalkonium chloride (BAC) 
Upon removal from the oven, each sample was cut into a 
series of approximately 1-cm wide strips. Individual dried 
strips were placed into 50 milliliter plastic centrifuge tubes 
containing approximately 45 milliliters of a range of active 
solutions and the tubes were capped. The actives were 
allowed to diffuse into the dried hydrogel strips. The sealed 
tubes containing the Strips and test solutions were gently 
agitated for 2.5 minutes to allow sorption of the test solution 
into the jetted and dried hydrogel droplets. The individual 
strips were then removed and washed in tap water for approxi 
mately 60 seconds followed by a 15-second rinse in distilled 
water. Strips were packaged separately by test solution to 
eliminate any sample cross contamination. 
0370. The strips were die cut into 15 millimeter (mL) 
disks. The disks were placed in wells containing 500 micro 
liter (LL) phosphate-buffered water (PBW) and incubated at 
35° C. for 30 minutes. Then 500 uL TSB (trypticase soy 
broth) containing approximately 44 CFU/mL S. epidermidis 
(ATCC #12228) was added to each well and incubated over 
night at 35° C. Growth of bacteria was scored, and the broths 
were transferred to new wells for another overnight incuba 
tion to confirm growth/no growth. The results are shown in 
Table I below. 

TABLE I 

Broth 24 hrs 48 hrs 

Broth sterility control -- -- 
Growth control ++ ++ 
PBS sterility control -- -- 
Backing control if ++ +++ 
(no hydrogel, no antimicrobial) 
Hydrogel control +++ +++ 
(backing + hydrogel, no antimicrobial) 
BAC soaked control f ++ 
BAC 20 kHz -- -- 
BAC 10 kHZ -- -- 
BAC 8 kHz -- ++ 
BAC SkHz f ++ 
BAC 1 kHz f ++ 
CPC soaked control f ++ 
CPC 20 kHz -- -- 
CPC 10 kHz -- -- 
CPC 8 kHz -- -- 
CPC SkHz -- -- 
CPC 1 kHz -- -- 

+ means turbidity indicating growth 
- means no turbidity clear indicating no growth 
+ means some turbidity indicating some growth 

0371. The growth control samples, which consisted of the 
polyester backing (PET substrate) and hydrogel coated back 
ing showed no antimicrobial activity. Samples containing the 
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cetylpyridinium chloride (CPC) all had excellent antimicro 
bial activity. For the benzalkonium chloride samples, the 
higher frequencies showed antimicrobial activity due to the 
increased amount of hydrogel deposited and antimicrobial 
absorbed. 

Example II-6 
In-Line Curing of Inkjet Printed Antimicrobial 

Hydrogels 
0372 Antimicrobial solution was prepared by mixing 10 
parts Bronopol (Trade designation MYACIDE AS PLUS), 
commercially available from BASF (Germany) with 30 parts 
isopropyl alcohol. A precursor composition (Sample A) was 
prepared by mixing 40 parts SR415, 20 parts water, 40 parts 
of the antimicrobial Solution, and 2 parts photoinitiator 
IRGACURE 2959. A control precursor composition (Sample 
B) was prepared by mixing 40 parts SR415, 30 parts isopro 
pyl alcohol, 30 parts water, and 2 parts photoinitiator IRGA 
CURE 2959. 
0373 The two compositions were applied by inkjet print 
ing at 10% surface coverage onto the Spunlace SX-156 sub 
strate (23-cmx23-cm available from VWR International, 
West Chester, Pa.) with a “XAARXJ128-200 printhead.” The 
printhead was peizoelectrically driven at 1.25 kHz and 35 V. 
with a printing resolution of 300x300 dpi. This generated 
drops of the fluid solution with nominal volumes of about 70 
pI. The inkjetted solution was UV cured in-line using the 
EFOS ULTRACURE 100SS PLUS UV Light Curing System 
(Wavelength range: 320-500 nm) attached to the printhead. 
EFOS is a spot Cure UV-Vis system available from EXFO 
Electro-Optical Engineering Inc. (Quebec City, Canada). 
0374 Examination with light microscope showed that the 
hydrogel drops were about 100-120 micron in diameter, and 
they were deposited as discrete drops upon the Spunlace 
Substrate. Zone of inhibition testing was performed on Spun 
lace that was inkjet coated with Sample A and Sample B. 
Seven millimeter (7-mm) disks were applied onto agar plates 
that were innoculated with either Staphylococcus aureus or 
Pseudomonas aeruginosa as described in the Zone of Inhibi 
tion Test Method (II). The control sample, Sample B (no 
Myacide AS) did not show any Zone with heavy growth of 
bacteria under the sample disks. Sample A, which contained 
Myacide AS, showed a 13-mm zone with Staphylococcus 
aureus and an 11-mm Zone with Pseudomonas aeruginosa. 

III. Contact Deposition Examples 
Example III-1 

Preparation of a Continuous Hydrogel Coating on a 
Film 

0375. A solution comprising 39.6 wt-% SR415 and 0.4 
wt-% IRGACURE 2959 in water was coated using a No. 6 
Mayer rod onto a corona-treated PET film (SCOTCHPAR 
brand polyester film from Minnesota Mining and Manufac 
turing Co., St. Paul, Minn., corona treated at 15 meters/ 
minute at a 0.8 kW power level in air). The coating was cured 
at 15 meters/minute in a nitrogen atmosphere using a Fusion 
240W/cm H bulb. The cured coating was dry to the touch and 
had moderate adhesion to the substrate. 
0376 Various modifications and alterations of this disclo 
sure will be apparent to those skilled in the art without depart 
ing from the scope and spirit of this disclosure, and it should 
be understood that this disclosure is not limited to the illus 
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trative elements set forth herein. All patents and publications 
cited herein are incorporated by reference in their entirety as 
if individually incorporated. 

1. A method of making an article comprising a substrate 
and a hydrophilic gel material adhered thereto, the method 
comprising: 

providing a precursor composition comprising: 
(a) at least 10 weight percent polar solvent based on a 

total weight of the precursor composition; and 
(b) polymerizable material capable of free-radical poly 

merization and having an average number of ethyl 
enically unsaturated groups per molecule equal to at 
least 1.2, wherein the polymerizable material is mis 
cible with the polar solvent; 

providing a mold having at least two separate wells; 
adding the precursor composition to the mold, the precur 

Sor composition being positioned in at least a portion of 
at least two separate wells; 

providing a substrate and positioning the Substrate to at 
least partially contact the precursor composition; and 

exposing the precursor composition within the wells to 
radiation to at least partially polymerize the polymeriz 
able material and to form a first swollen shaped hydro 
philic gel material adhered to the substrate. 

2. The method of claim 1, wherein the polar solvent com 
prises water; and the precursor composition comprises no 
greater than 90 weight percent polymerizable material based 
on the total weight of the precursor composition, wherein the 
polymerizable material comprises a poly(alkylene oxide 
(meth)acrylate) having at least 2 (meth)acryloyl groups and 
having at least 5 alkylene oxide units. 

3. A method of making an article comprising a substrate 
and a hydrophilic gel material adhered thereto, the method 
comprising: 

providing a precursor composition comprising: 
(a) at least 5 weight percent polar solvent based on a total 

weight of the precursor composition; and 
(b) polymerizable material capable of free-radical poly 

merization and having an average number of ethyl 
enically unsaturated groups per molecule greater than 
1.0, wherein the polymerizable material is miscible 
with the polar solvent; 

providing a mold having a Substrate in contact therewith in 
a manner to form at least two separate wells; 

adding the precursor composition to the mold, the precur 
Sor composition being positioned in at least a portion of 
at least two separate wells; and 

exposing the precursor composition within the wells to 
radiation to at least partially polymerize the polymeriz 
able material and to form a first swollen shaped hydro 
philic gel material adhered to the substrate. 

4. The method of claim3, wherein the precursor composi 
tion comprises: 

(a) at least 10 weight percent polar solvent based on the 
total weight of the precursor composition, wherein the 
polar solvent comprises water, and 

(b) no greater than 90 weight percent polymerizable mate 
rial based on the total weight of the precursor composi 
tion, the polymerizable material being capable of free 
radical polymerization and having an average number of 
ethylenically unsaturated groups per molecule equal to 
at least 1.2, wherein the polymerizable material com 
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prises a poly(alkylene oxide (meth)acrylate) having at 
least 2 (meth)acryloyl groups and having at least 5 alky 
lene oxide units. 

5. A method of making an article comprising a substrate 
and a hydrophilic gel material adhered thereto, the method 
comprising: 

providing a precursor composition comprising: 
(a) at least 5 weight percent polar solvent based on a total 

weight of the precursor composition; and 
(b) polymerizable material capable of free-radical poly 

merization and having an average number of ethyl 
enically unsaturated groups per molecule greater than 
1.0, wherein the polymerizable material is miscible 
with the polar solvent; 

coating the precursor composition on at least a portion of at 
least one surface of a Substrate; and 

exposing the precursor composition to radiation to at least 
partially polymerize the polymerizable material to pro 
vide a coating of first Swollen hydrophilic gel material 
adhered to the substrate. 

6. The method of claim 5, wherein the precursor composi 
tion comprises: 

(a) greater than 10 weight percent polar solvent based on a 
total weight of the precursor composition; and 

(b) polymerizable material capable of free-radical poly 
merization and having an average number of ethyleni 
cally unsaturated groups per molecule equal to at least 
1.2. 

7. The method of claim 5, wherein the precursor composi 
tion comprises: 

(a) at least 10 weight percent polar solvent based on the 
total weight of the precursor composition, wherein the 
polar solvent comprises water, and 

(b) no greater than 90 weight percent polymerizable mate 
rial based on the total weight of the precursor composi 
tion, the polymerizable material being capable of free 
radical polymerization and having an average number of 
ethylenically unsaturated groups per molecule equal to 
at least 1.2, wherein the polymerizable material com 
prises a poly(alkylene oxide (meth)acrylate) having at 
least 2 (meth)acryloyl groups and having at least 5 alky 
lene oxide units. 

8. The method of claim 5, wherein the precursor composi 
tion comprises: 

(a) at least 10 weight percent polar solvent based on the 
total weight of the precursor composition; and 

(b) no greater than 90 weight percent polymerizable mate 
rial based on the total weight of the precursor composi 
tion, the polymerizable material being capable of free 
radical polymerization and having an average number of 
ethylenically unsaturated groups per molecule equal to 
at least 1.2, wherein the polymerizable material forms a 
single phase with the polar solvent and comprises a 
poly(alkylene oxide (meth)acrylate) having at least 2 
(meth)acryloyl groups and having at least 5 alkylene 
oxide units and the poly(alkylene oxide (meth)acrylate) 
having a weight average molecular weight less than 
2,000 g/mole. 

9. The method of claim 5, wherein the precursor composi 
tion comprises: 

(a) greater than 10 weight percent polar solvent based on a 
total weight of the precursor composition; and 

(b) less than 90 weight percent polymerizable material 
based on the total weight of the precursor composition, 
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the polymerizable material being capable of free-radical 
polymerization and having an average number of ethyl 
enically unsaturated groups per molecule equal to at 
least 1.2, the polymerizable material being miscible in 
the polar solvent and comprising: 
i) a poly(alkylene oxide (meth)acrylate) having at least 2 

(meth)acryloyl functional groups and having at least 5 
alkylene oxide units; and 

ii) 0 to less than 20 weight percent anionic monomer 
based on a total weight of polymerizable material in 
the precursor composition, wherein the anionic 
monomer comprises an ethylenically unsaturated 
group in addition to an acidic group, a salt of the 
acidic group, or a mixture thereof. 

10. The method of claim 5, wherein: 
coating the precursor composition comprises using a non 

contact deposition technique; and 
exposing the precursor composition to radiation to at least 

partially polymerize the polymerizable material to pro 
vide a coating of first Swollen hydrophilic gel material 
on a Substrate comprises forming a discontinuous coat 
ing of first Swollen hydrophilic gel material on at least a 
portion of at least one surface of a Substrate. 

11. The method of claim 10, wherein the non-contact depo 
sition comprises inkjet printing. 

12. The method of claim 10, wherein the non-contact depo 
sition comprises spray atomization deposition. 

13. The method of claim 5, wherein the precursor compo 
sition further comprises an active agent. 

14-15. (canceled) 
16. An article comprising a substrate having a shaped 

hydrophilic gel material adhered thereto, wherein the shaped 
hydrophilic gel material is prepared from a precursor compo 
sition that is at least partially polymerized and shaped in a 
mold having at least two separate wells when in contact with 
the Substrate, wherein the precursor composition comprises: 

(a) at least 10 weight percent polar solvent based on the 
total weight of the precursor composition, wherein the 
polar solvent comprises water, and 

(b) no greater than 90 weight percent polymerizable mate 
rial based on the total weight of the precursor composi 
tion, the polymerizable material being capable of free 
radical polymerization and having an average number of 
ethylenically unsaturated groups per molecule equal to 
at least 1.2, wherein the polymerizable material forms a 
single phase with the polar solvent and comprises a 
poly(alkylene oxide (meth)acrylate) having at least 2 
(meth)acryloyl groups and having at least 5 alkylene 
oxide units. 

17. An article comprising a substrate having a shaped 
hydrophilic gel material adhered thereto, wherein the shaped 
hydrophilic gel material is prepared from a precursor compo 
sition that is at least partially polymerized and shaped in a 
mold having at least two separate wells when in contact with 
the Substrate, wherein the precursor composition comprises: 

(a) at least 10 weight percent polar solvent based on the 
total weight of the precursor composition; and 

(b) no greater than 90 weight percent polymerizable mate 
rial based on the total weight of the precursor composi 
tion, the polymerizable material being capable of free 
radical polymerization and having an average number of 
ethylenically unsaturated groups per molecule equal to 
at least 1.2, wherein the polymerizable material forms a 
single phase with the polar solvent and comprises a 
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poly(alkylene oxide (meth)acrylate) having at least 2 
(meth)acryloyl groups and having at least 5 alkylene 
oxide units, the poly(alkylene oxide (meth)acrylate) 
having a weight average molecular weight less than 
2,000 g/mole. 

18. An article comprising a substrate having a coating of a 
hydrophilic gel material adhered thereto, wherein the hydro 
philic gel material is prepared from a precursor composition 
that is at least partially polymerized when in contact with the 
Substrate, and wherein the precursor composition comprises: 

(a) at least 5 weight percent polar solvent based on a total 
weight of the precursor composition; and 

(b) polymerizable material capable of free-radical poly 
merization and having an average number of ethyleni 
cally unsaturated groups per molecule greater than 1.0, 
wherein the polymerizable material is miscible with the 
polar solvent. 

19. The article of claim 18, wherein the precursor compo 
sition comprises: 

(a) greater than 10 weight percent polar solvent based on a 
total weight of the precursor composition; and 

(b) polymerizable material capable of free-radical poly 
merization and having an average number of ethyleni 
cally unsaturated groups per molecule equal to at least 
1.2. 

20. The article of claim 19, wherein the precursor compo 
sition comprises: 

(a) at least 10 weight percent polar solvent based on the 
total weight of the precursor composition, wherein the 
polar solvent comprises water, and 

(b) no greater than 90 weight percent polymerizable mate 
rial based on the total weight of the precursor composi 
tion, the polymerizable material being capable of free 
radical polymerization and having an average number of 
ethylenically unsaturated groups per molecule equal to 
at least 1.2, wherein the polymerizable material com 
prises a poly(alkylene oxide (meth)acrylate) having at 
least 2 (meth)acryloyl groups and having at least 5 alky 
lene oxide units. 

21. The article of claim 19, wherein the precursor compo 
sition comprises: 
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(a) at least 10 weight percent polar solvent based on the 
total weight of the precursor composition; and 

(b) no greater than 90 weight percent polymerizable mate 
rial based on the total weight of the precursor composi 
tion, the polymerizable material being capable of free 
radical polymerization and having an average number of 
ethylenically unsaturated groups per molecule equal to 
at least 1.2, wherein the polymerizable material forms a 
single phase with the polar solvent and comprises a 
poly(alkylene oxide (meth)acrylate) having at least 2 
(meth)acryloyl groups and having at least 5 alkylene 
oxide units and the poly(alkylene oxide (meth)acrylate) 
having a weight average molecular weight less than 
2,000 g/mole. 

22. The article of claim 19, wherein the precursor compo 
sition comprises: 

(a) greater than 10 weight percent polar solvent based on a 
total weight of the precursor composition; and 

(b) less than 90 weight percent polymerizable material 
based on the total weight of the precursor composition, 
the polymerizable material being capable of free-radical 
polymerization and having an average number of ethyl 
enically unsaturated groups per molecule equal to at 
least 1.2, the polymerizable material being miscible in 
the polar solvent and comprising 
i) a poly(alkylene oxide (meth)acrylate) having at least 2 

(meth)acryloyl functional groups and having at least 5 
alkylene oxide units; and 

ii) 0 to less than 20 weight percent anionic monomer 
based on a total weight of polymerizable material in 
the precursor composition, wherein the anionic 
monomer comprises an ethylenically unsaturated 
group in addition to an acidic group, a salt of the 
acidic group, or a mixture thereof. 

23. The article of claim 18, wherein the coating is a dis 
continuous coating. 

24. The article of claim 18, which is a medical article 
comprising the hydrophilic gel material in a layered format. 

25. The article of claim 24, which is a wound dressing 
c c c c c 


