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COMPOSITE NANOFIBER MATERIALS AND 
METHODS FOR MAKING SAME 

RELATED APPLICATION 

[0001] This application is related to US. patent application 
Ser. No. , commonly assigned, ?led on same date 
herewith and entitled, “Gradient Nano?ber Materials and 
Methods for Making Same,” Which is hereby incorporated 
herein by reference. 

FIELD 

[0002] The present invention relates to nano?ber materials, 
and, in particular, to composite nano?ber materials and meth 
ods for making same. 

BACKGROUND 

[0003] Products made from ?brous materials are useful in a 
Wide variety of applications such as personal care products 
and garments, ?ltration devices, and the like. Such products 
can be absorbent or non-absorbent. These ?brous materials 
have speci?c surface chemistries and other material proper 
ties Which affect their performance. 
[0004] Absorbent products, for example, are used in a vari 
ety of applications from absorbent garments to Wipe cloths. 
With absorbent products, it is important to have a suf?ciently 
large surface area to alloW for adequate absorption. In some 
instances, such as in absorbent garments, Wicking is a very 
important feature. In many of these products it is desirable for 
the material to be either hydrophobic or hydrophilic, depend 
ing on its use. In some instances it is important for a product 
to have discrete areas With distinct properties. 
[0005] Therefore, there is a need in the art to provide ?brous 
materials having improved properties. 

SUMMARY 

[0006] A composite material comprising a plurality of 
nano?bers intertWined With a plurality of coarse ?bers to 
form one or more layers is provided. The nano?bers can be 
partially physically intertWined, i.e., entangled With one 
another in a multi-component material. Such inter‘tWining can 
occur When both siZes of ?bers are deposited substantially 
simultaneously in an overlapping region. The nano?bers can 
be any suitable type of nano?ber, including electrospun 
?bers, protein nano?bers, cellulose nano?bers, holloW 
nano?bers, bacterial nano?bers, inorganic nano?bers, hybrid 
nano?bers, splittable nano?bers and combinations thereof. 
The composite material can have a gradient in a thickness 
direction, a planar direction or both. 
[0007] A composite material comprising a plurality of elec 
trospun ?bers intertWined With a plurality of coarse ?bers to 
form a single layer is also provided. A composite material 
comprising a plurality of electrospun ?bers combined With a 
plurality of coarse ?bers to form a plurality of layers, i.e., a 
multi-layer material, is also provided. The single layer can 
have one or more planar gradient, While the plurality of layers 
can have one or more thickness gradients, one or more planar 

gradients or a combination thereof, i.e., gradients in the plane 
of the layers, and/ or betWeen one or more of the plurality of 
layers to form one or more thickness direction gradients, i.e., 
Z-direction gradient (Z-direction is the direction normal to the 
plane of the layers). In one embodiment, the plurality of 
electrospun ?bers are produced from a single polymer or 
polymer blend and at least tWo types of electro spinning meth 
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ods or from at least tWo different polymers or polymer blends 
and one or more types of electrospinning methods. 

[0008] Any suitable materials can be used for the electro 
spun ?bers. In one embodiment, polymers and/or polymer 
blends are used as the electrospun ?bers, With no other mate 
rials present and/or only trace amounts of other ?bers present, 
such as ceramics and/or titania. In one embodiment, the poly 
mers and/ or polymer blends are selected from the group con 
sisting of polylactides, polylactic acids, polyole?ns, poly 
acrylonitrile, polyurethane, polycarbonate, 
polycaprolactone, polyvinyl alcohol (PVA), cellulose, chito 
san nylon (e.g., Nylon 6, Nylon 406, Nylon 6-6, etc.), poly 
styrene, proteins, and the like, or combinations thereof, fur 
ther including combinations of polymers and polymer blends 
as described herein. Suitable solvents for each polymer, poly 
mer combination or polymer blend can be selected from 
solvents knoWn to those skilled in the art. In other embodi 
ments, the electrospun ?bers are made from materials other 
than polymers, such as ceramics. 
[0009] Any suitable materials can be used for the coarse 
?bers. In one embodiment, the coarse ?bers are selected from 
the group consisting of meltbloWn (MB) ?bers, spun-bonded 
?bers, paper-making ?bers, pulp ?bers, ?uff, cellulose ?bers, 
nylon staple ?bers, and any combinations thereof. 
[0010] Embodiments of the invention further comprise a 
product having one or more components made from a com 
posite electrospun material. The invention further comprises 
an absorbent article or other disposable article, health care 
product or consumer article made from a composite electro 
spun material having at least tWo types of electrospun ?bers 
distributed non-uniformly to form one or more gradients. In 
one embodiment, at least one of the one or more gradients is 
a surface chemistry gradient, such as a contact angle gradient. 
[0011] Embodiments of the invention further include a pro 
cess comprising producing coarse ?bers; producing nano? 
bers; and combining the coarse ?bers and the nano?bers to 
produce a composite nano?ber material having one or more 
layers. In one embodiment, the nano?bers and coarse ?bers 
are applied sequentially to the moving substrate. In one 
embodiment, the nano?bers and the coarse ?bers are applied 
substantially simultaneously to the moving substrate, and, in 
one embodiment, are substantially inter‘tWined in at least a 
portion of the resulting composite material. In one embodi 
ment, the nano?bers and coarse ?bers are joined in a coform 
ing-like process in Which the nano?bers are intermingled 
With the coarse ?bers to form an intertWined composite Web. 
In other embodiments one or more gradients are formed in the 
thickness and/or planar directions. In one embodiment, the 
nano?bers are electrospun ?bers formed by any suitable 
method, including With the use of a needle and/or slot, or a 
plurality of needles and/or slots or ori?ces of any suitable 
shape and siZe. 
[0012] Embodiments of the present invention are useful for 
any type of disposable garment, including, but not limited to 
absorbent articles such as diapers, training pants, adult incon 
tinence, feminine care garments, and the like, as Well as 
disposable articles such as hospital garments (de?ned herein 
to include surgical goWns, hair or head coverings (e. g., 
shoWer caps, hairnets, surgical caps, etc.), shoe covers, face 
masks, disposable patient goWns, laboratory coats, surgical 
gloves, and the like), other medical and surgical good includ 
ing, but not limited to, sterile Wrap, Wound covers, hemo static 
articles, further including any type of glove, glove liner, and 
so forth. Embodiments of the present invention are also useful 
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for many other types of consumer products, including, but not 
limited to, Wipes, air ?lters, Water ?lters, absorbent pads, 
electrostatic Webs, dust ?lters for computer media such as 
?oppy disks and hard disks, and so forth. 
[0013] Materials described herein can provide strong and 
varying surface effects, such as Wicking. In one embodiment, 
hydrophobic ?bers have a suf?ciently small diameter to cre 
ate a lotus effect. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1A is a schematic illustration of a process for 
forming a composite electro spun material in accordance With 
one embodiment of the present invention. 
[0015] FIG. 1B is a schematic illustration ofa process for 
forming a composite electro spun material in accordance With 
an alternative embodiment of the present invention. 
[0016] FIG. 2A is a simpli?ed schematic illustration of a 
cross-section of a portion of a non-gradient composite elec 
trospun material in accordance With one embodiment of the 
present invention. 
[0017] FIGS. 2B, 2C, 2D 2E and 2E are simpli?ed sche 
matic illustrations of cross-sections of portions of composite 
electrospun materials having one or more gradients (“gradi 
ent composite electrospun materials”) in accordance With 
embodiments of the present invention. 
[0018] FIG. 3 is a schematic illustration of an alternative 
process for forming a composite electrospun material in 
accordance With one embodiment of the present invention. 
[0019] FIG. 4 is a schematic illustration of another alterna 
tive process for forming a composite electrospun material in 
accordance With one embodiment of the present invention. 
[0020] FIG. 5 is a block diagram shoWing a process for 
forming a composite electro spun material in accordance With 
one embodiment of the present invention. 
[0021] FIG. 6 is a schematic illustration of an exemplary 
product containing a composite electrospun material in 
accordance With one embodiment of the present invention. 
[0022] FIG. 7 is a SEM micrograph of a meltbloWn (MB) 
adhesive polymer ?ber With smooth surface morphology at a 
magni?cation of 605x. 
[0023] FIG. 8 is a SEM micrograph of an intertWined poly 
ethylene oxide (PEO) nano?ber/ MB composite morphology 
at a magni?cation of l500>< in accordance With one embodi 
ment of the present invention. 
[0024] FIG. 9 is a SEM micrograph of the intertWined PEO 
nano?ber/ MB composite morphology of FIG. 8 in a different 
sample area at a magni?cation of 2000>< in accordance With 
one embodiment of the present invention. 
[0025] FIG. 10 is a scanning electron microscope (SEM) 
micrograph of cellulose ?bers With rough surface morphol 
ogy at a magni?cation of 2000><. 
[0026] FIGS. 11 and 12 are SEM micrographs of inter 
tWined PEO nano?ber/cellulose ?uff composite morpholo 
gies at a magni?cation of l000>< and 2000><, respectively, in 
accordance With embodiments of the present invention. 
[0027] FIGS. 13 and 14 are SEM micrographs of inter 
tWined PEO nano?ber/cellulose ?uff composite morpholo 
gies at a magni?cation of 2000>< and 4000><, respectively, in 
accordance With embodiments of the present invention. 

DETAILED DESCRIPTION 

[0028] In the folloWing detailed description of the preferred 
embodiments, reference is made to the accompanying draW 
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ings, Which form a part hereof, and in Which is shoWn by Way 
of illustration speci?c preferred aspects in Which the inven 
tion may be practiced. These embodiments are described in 
suf?cient detail to enable those skilled in the art to practice the 
invention, and it is to be understood that other embodiments 
may be utiliZed and that electrical, chemical, mechanical, 
procedural and other changes may be made Without departing 
from the spirit and scope of the present invention. The fol 
loWing detailed description is, therefore, not to be taken in a 
limiting sense, and the scope of the present invention is 
de?ned only by the appended claims, along With the full 
scope of equivalents to Which such claims are entitled. 

[0029] A composite material comprising a plurality of 
nano?bers, such as a plurality of electrospun ?bers, and a 
plurality of coarse ?bers is provided. In one embodiment, one 
or more gradients are present. A process for forming a com 
posite material by combining nano?bers, such as electrospun 
?bers, With coarse ?bers is also provided. 
[0030] De?nitions of certain terms used throughout the 
speci?cation are provided ?rst, folloWed by a description of 
various embodiments of the present invention, examples and 
a brief conclusion. 

DEFINITIONS 

[0031] As used herein, the term “disposable absorbent gar 
ment” refers to a garment that typically includes a bodyside 
liner and an absorbent element adapted for receiving and 
retaining body ?uids or Waste. The absorbent element typi 
cally includes an absorbent material such as cellulosic ?bers, 
tissue layers, ?brous nonWoven Webs and/or superabsorbent 
material. Often, such garments include a body chassis for 
supporting the absorbent element, Which itself can include 
multiple components, such as an absorbent core, surge layer 
and so forth. Such garments include, for example, inconti 
nence undergarments, Which are typically con?gured With a 
self-supporting Waist band, or diapers, and the like, Which can 
be secured on the user With tabs, belts and the like. The body 
chassis can include a liquid permeable top sheet or ?lm 
secured to an outer cover or backsheet, i.e., liner, Which can be 
liquid permeable or impermeable, depending on Whether an 
additional backsheet, i.e., barrier, is provided. Typically, the 
absorbent element is disposed betWeen the body chassis and 
the user. The body chassis can take many forms, including for 
example, a pant-like or underWear type undergarment 
described herein, Which includes a self-supporting Waistband 
extending circumferentially around the Waist of the user. 
Alternatively, the body chassis can be a diaper or like gar 
ment, Which is secured around the user With various fastening 
means or devices knoWn by those of skill in the are, including 
for example and Without limitation tabs, belts and the like. 
The chassis can include elastic regions formed along the 
edges of the crotch region and around the leg openings, so as 
to form a gasket With the user’s crotch and legs. 

[0032] As used herein, the term “nonWoven We ” refers to 
a structure or a Web of material that has been formed Without 
use of traditional fabric forming processes, such as Weaving 
or knitting, to produce a structure of individual ?bers or 
threads that are intermeshed, but not in an identi?able, repeat 
ing manner as is found in typical Woven Webs. Non-Woven 
Webs can be formed by a variety of conventional processes 
such as, for example, meltbloWing processes, spunbonding 
processes, ?lm aperturing processes, hydroentangling, 
coform production, airlaying, and staple ?ber carding pro 
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cesses. MeltbloWn (MB) Web and spunbond (SB) Webs are 
both examples of “meltspun” Webs. 
[0033] As used herein, the term “coform” refers to a non 
Woven material of air-formed matrix material comprising 
thermoplastic polymeric MB ?bers and a multiplicity of indi 
vidualiZed absorbent ?bers, typically of at least micro?ber 
siZe or larger, such as, for example, Wood pulp ?bers disposed 
throughout the matrix of MB ?bers and engaging at least 
some of the MB ?bers to space the MB ?bers apart from each 
other. The absorbent ?bers are interconnected by, and held 
captive Within, the matrix of MB ?bers by mechanical 
entanglement of the MB ?bers With the absorbent ?bers. The 
mechanical entanglement and interconnection of the MB 
?bers and absorbent ?bers alone form a coherent integrated 
?brous structure. The coherent integrated ?brous structure 
can be formed by the MB ?bers and the absorbent ?bers 
Without any adhesive, molecular or hydrogen bonds betWeen 
the tWo different types of ?bers. The absorbent ?bers can be 
distributed uniformly throughout the matrix of MB ?bers to 
provide a homogeneous material. These materials can be 
prepared according to the descriptions in US. Pat. No. 4,100, 
324 to Anderson et al., US. Pat. No. 5,508,102 to Georger et 
al. and US. Pat. No. 5,385,775 to Wright, all commonly 
assigned, and hereby incorporated herein by reference. 
[0034] As used herein the term “polymer” refers to and 
generally includes, but is not limited to, homopolymers, 
copolymers, such as, for example, block, graft, random and 
alternating copolymers, terpolymers, etc. and blends and 
modi?cations thereof. Polymers can include, but are not lim 
ited to, polylactides, polylactic acids, polyole?ns, polyacry 
lonitrile, polyurethane, polycarbonate, polycaprolactone, 
polyvinyl alcohol (PVA), cellulose, chitosan nylon (e.g., 
nylon 6, nylon 406, nylon 6-6, etc.), polystyrene, proteins, 
and the like, or combinations thereof. Unless otherWise spe 
ci?cally limited, the term “polymer” is intended to include all 
possible geometrical con?gurations of the material. These 
con?gurations include, but are not limited to, isotactic, syn 
diotactic and random symmetries. Suitable solvents for each 
polymer can be selected from solvents knoWn to those skilled 
in the art, including, but not limited to, sulfuric acid, formic 
acid, chloroform, tetrahydrofuran, dimethyl formamide, 
Water, acetone, and combinations thereof. As used herein the 
term “polymer blends” refers to combinations of various 
types and amounts of polymers as Well as blends of polymers 
With other materials, such as those described beloW. 

[0035] Polymer blends or systems for forming ?bers from 
single polymers can be selected from any suitable polymers, 
as can the corresponding solvents used in electrospinning. By 
Way of example only, several representative polymer systems 
suitable for electrospinning include the folloWing: Silk 
?broin, optionally With added polymers such as poly(ethyl 
ene oxide) to improve processability or other properties, as 
disclosed by H. J. Jin et al., “Electrospinning Bombyx Mori 
Silk With Poly(ethylene oxide),” Biomacromolecules, Vol. 3, 
No. 6, November-December 2002, pp. 1233-1239; polya 
niline in sulfuric acid or other solvents, optionally doped With 
a blend of polyaniline and polystyrene (PS) and/or polyeth 
ylene oxide (PEO) dissolved in a solvent such as chloroform, 
as disclosed by M. J. DiaZ-de Leo'n, “Electrospinning Nano? 
bers of Polyaniline and Polyaniline/(Polystyrene and Poly 
ethylene Oxide) Blends,” Proceeding of The National Con 
ference on Undergraduate Research (N CUR) 2001 , 
University of Kentucky, Mar. 15-17, 2001, Lexington, Ky.; 
polyacrylonitrile-acrylamide (PAN-AA) copolymers dis 
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solved in organic solvents, such as N,N-dimethylformamide 
(DMF), described by A. V. Mironov, “Nano?bers based on 
associating polyacrylonitrile-acrylamide copolymers pro 
duced by electrospinning,” 2nd International Conference on 
Self-Assembled Fibrillar Networks (in Chemistry, Physics 
and Biology), Poster Session, Autrans, France, Nov. 24-28, 
2001. (Reported polymer concentrations ranged from 6.4 to 
14.9 Wt. % in DMF; Nylon 6 in formic acid, e.g., about 
10-20% nylon in the solvent); polyurethane in a 1:1 mixture 
of tetrahydrofuran (THF) and dimethyl formamide (DMF), or 
other ratios of THF and DMF, ranging from 0 to 100% of 
either solvent. Polyurethane concentration may be, for 
example, from about 5% to 25% on a mass basis in the 
solvent; polyvinyl alcohol and/ or PEO in Water; and polylac 
tic acid and biotin or other proteinaceous materials in a mix 
ture of acetone and chloroform. Suitable solvents for each 
polymer blend or system can be selected from solvents knoWn 
to those skilled in the art. 

[0036] As used herein, the term “longitudinal,” refers to or 
relates to length or the lengthWise direction, and in particular, 
the direction running betWeen the front and back of the user. 
The term “laterally,” as used herein means situated on, 
directed toWard or running from side to side, and in particular, 
a direction running from the left to the right of a user. The 
terms “upper,” “loWer,” “inner,” and “outer” as used herein 
are intended to indicate the direction relative to the user 
Wearing an absorbent garment over the crotch region. For 
example, the terms “inner” and “upper” refer to a “bodyside,” 
Which means the side closest to the body of the user, While the 
terms “outer” and “loWer” refer to a “garment side.” 

[0037] As used herein, the term “machine direction” or 
“MD” refers to the direction of travel of the forming surface 
or moving substrate onto Which ?bers are deposited during 
formation of a nonWoven ?brous material, such as the com 
posite electrospun material of the present invention. 
[0038] As used herein, the term “cross-machine direction” 
or “CD” refers to a direction Which is essentially perpendicu 
lar to the machine direction de?ned above. 
[0039] As used herein, the terms “meltbloWn ?bers” or 
“MB ?bers” or the letter “M” refers to ?bers formed by 
extruding a molten thermoplastic material through a plurality 
of ?ne, usually circular, die capillaries as molten threads or 
?laments into a high velocity gas (e.g., air) stream Which 
attenuates the ?laments of molten thermoplastic material to 
reduce their diameter, Which can be to micro?ber diameter. 
Thereafter, the MB ?bers are carried by the high velocity gas 
stream and are deposited on a collecting surface to form a Web 
of randomly disbursed MB ?bers. MeltbloWn ?bers are con 
sidered herein to be a type of “coarse” ?ber. 

[0040] As used herein, the term “spun-bonded ?bers” or the 
letter “S” refers to ?bers Which are at least micro-siZed ?bers 
or larger and Which are formed by extruding a molten ther 
moplastic material as ?laments from a plurality of ?ne, usu 
ally circular, capillaries of a spinnerette With the diameter of 
the extruded ?laments then being rapidly reduced as by, for 
example, by reductive draWing or other Well-knoWn spun 
bonding mechanisms. The production of spun-bonded non 
Woven Webs is illustrated in patents such as, for example, in 
US. Pat. No. 4,340,563 to Appel et al., commonly assigned, 
and hereby incorporated herein by reference. Spun-bonded 
?bers are considered herein to be a type of “coarse” ?ber. 

[0041] As used herein, the term “coarse ?bers” refers to 
?bers larger in siZe than nano?bers, to include micro?bers as 
Well as ?bers larger than micro-siZed ?bers having diameters 
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greater than about 100 microns, such as about 200 to about 
500 microns or greater, With exemplary ranges of about 100 to 
about 2000 microns or about 200 to about 900 microns. 
Examples of coarse ?bers include, but are not limited to, 
meltbloWn (MB) ?bers, spun-bonded ?bers, paper-making 
?bers, pulp ?bers, ?uff, cellulose ?bers, nylon staple ?bers, 
and the like. 

[0042] As used herein, the term “micro?bers” refers to 
small diameter ?bers having an average diameter not greater 
than about 100 microns and not less than about 0.5 microns, 
With an exemplary range of about four (4) to about 50 
microns. Examples of micro?bers include, but are not limited 
to, meltbloWn (MB) ?bers, spun-bonded ?bers, paper-mak 
ing ?bers, pulp ?bers, ?uff, cellulose ?bers, nylon staple 
?bers and the like, although such materials can also be made 
larger in siZe than micro?ber-siZed. Micro?bers can further 
include ultra micro?bers, i.e., synthetic ?bers having a denier 
per ?lament (dpf) of betWeen about 0.5 and about 1.5, pro 
vided that the ?ber diameter is at least about 0.5 microns. 

[0043] As used herein, the term “nano-siZed ?bers” or 
“nano?bers” or the letter “N” refers to very small diameter 
?bers having an average diameter not greater than about 1500 
nanometers (nm). Nano?bers are generally understood to 
have a ?ber diameter range of about 10 to about 1500 nm, 
more speci?cally from about 10 to about 1000 nm, more 
speci?cally still from about 20 to about 500 nm, and most 
speci?cally from about 20 to about 400 nm. Other exemplary 
ranges include from about 50 to about 500 nm, from about 
100 to 500 nm, or about 40 to about 200 nm. In instances 
Where particulates are present and heterogeneously distrib 
uted on nano?bers, the average diameter of a nano?ber can be 
measured using knoWn techniques (e. g., image analysis tools 
coupled With electro microscopy), but excluding the portions 
of a ?ber that are substantially enlarged by the presence of 
added particles relative to the particle free portions of the 
?ber. 

[0044] As used herein, the term “electrospinning” refers to 
a technology Which produces nano-siZed ?bers referred to as 
electrospun ?bers from a solution using interactions betWeen 
?uid dynamics and charged surfaces. In general, formation of 
the electrospun ?ber involves providing a solution to an ori 
?ce in a body in electric communication With a voltage 
source, Wherein electric forces assist in forming ?ne ?bers 
that are deposited on a surface that may be grounded or 
otherWise at a loWer voltage than the body. In electro spinning, 
a polymer solution or melt provided from one or more 
needles, slots or other ori?ces is charged to a high voltage 
relative to a collection grid. Electrical forces overcome sur 
face tension and cause a ?ne jet of the polymer solution or 
melt to move toWards the grounded or oppositely charged 
collection grid. The jet can splay into even ?ner ?ber streams 
before reaching the target and is collected as an intercon 
nected Web of small ?bers. The dried or solidi?ed ?bers can 
have diameters of about 40 nm, or from about 10 to about 100 
nm, although 100 to 500 nm ?bers are commonly observed. 
Various forms of electrospun nano?bers include branched 
nano?bers, tubes, ribbons and split nano?bers, nano?ber 
yarns, surface-coated nano?bers (e.g., With carbon, metals, 
etc.), nano?bers produced in a vacuum, and so forth. The 
production of electrospun ?bers is illustrated in many publi 
cation and patents, including, for example, P. W. Gibson et al, 
“Electrospun Fiber Mats: Transport Properties,”AlChE Jour 
nal, 45(1): 190-195 (January 1999), Which is hereby incor 
porated herein by reference. 
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[0045] As used herein, the term “type” such as When refer 
ring to “different types of ?bers” refers to ?bers having “a 
substantially different overall material composition” With 
measurably different properties, outside of “average diam 
eter” or other “siZe” differences. That is, tWo ?bers can be of 
the same “type” as de?ned herein, yet have different “average 
diameters” or “average diameter ranges.” (In the present 
invention, it is intended that ?bers of different “average diam 
eters” or “average diameter ranges,” namely nano-siZed ?bers 
and coarse-siZed ?bers are used. Such ?bers may or may not 
be of the same “type”). Although ?bers are of different 
“types” When they have a substantially different overall mate 
rial composition, they can still have one or more components 
in common. The “substantially different overall material 
composition” may be characterized in that at least one com 
ponent comprising a ?rst Weight percent of at least 1 Weight 
percent in a ?rst ?ber type (based on measurement of a rep 
resentative sample siZe, such as a sample of at least 10 grams 
of collected ?bers) has a substantially different second Weight 
percent in a second ?ber type, Wherein the absolute value of 
the difference betWeen the second Weight percent and the ?rst 
Weight percent is at least the smaller of 5% and one-half of the 
?rst Weight percent. Alternatively, the absolute value of the 
difference betWeen the second Weight percent and the ?rst 
Weight percent is at least the smaller of 10% and one-half of 
the ?rst Weight percent. The contact angle of the material in 
the ?rst ?ber type may differ from the contact angle of the 
material in the second ?ber type by at least 10 degrees, more 
speci?cally by at least 20 degrees. For example, pure poly 
ethylene oxide ?bers and polyethylene oxide ?bers coated 
With particles, such as silica colloidal particles or containing 
?llers, Wherein the ?llers are present at a level of 2 Wt % or 
greater, may be considered tWo different “types” of ?bers 
herein. Likewise, electrospun ?bers made from a polymer 
blend With a ?rst polymeric component present at a level of at 
least 10 Wt % Would be considered a different ?ber type 
relative to electrospun ?bers made from a polymer blend that 
Was substantially free of the ?rst polymeric component. 
Fibers of different “types” can also have a completely differ 
ent content, each made of a different polymer for example, or 
one made from a polymer ?ber and the other from a titania 
?ber, or a ceramic ?ber and a titania ?ber, and so on. 

[0046] As used herein, the term “composite” or “composite 
nano?ber material” refers to a multi-component material con 
taining ?bers of at least tWo different “average diameters” or 
“average diameter ranges,” namely coarse-siZed ?bers and 
nano-siZed ?bers. (Similarly, a “composite electrospun mate 
rial” refers to a multi-component material containing ?bers of 
at least tWo different “average diameters” or “average diam 
eter ranges,” namely coarse-siZed ?bers and electrospun 
?bers). The composite can be a non-gradient (uniform) com 
posite having substantially equal distribution of ?ber siZes 
and types throughout or it can be a gradient composite having 
varying amounts and/or placement of ?ber siZes and types, as 
de?ned herein. The ratio of the average diameter siZe of the 
coarse ?ber to the average diameter siZe of the nano-siZed 
?ber can vary from about 5 times greater average diameter 
siZe to 10 times greater, to 20 times greater, to 50 times 
greater, to 100 times greater or more. The ratio of the surface 
area per unit mass of the nano-siZed ?bers to the surface area 
per unit mass of the coarse ?bers can also be about 5 or 
greater, about 20 or greater, to about 100 or greater, such as 
from about 5 to about 1000 m or from about 10 to about 200. 
The term, “composite” as used herein, therefore, is not 
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intended to refer to a material having only ?bers of different 
types With the same average diameter or average diameter 
range, i.e., either nano-siZed ?bers or coarse-siZed ?bers, but 
to a material having ?bers With different average diameters or 
average diameter ranges, Which may or may not be of the 
same type. As such, a material containing tWo “types” of 
nano-siZed ?bers, such as is described in US. patent applica 
tion Ser. No. , commonly assigned, ?led on same date 
hereWith and entitled, “Gradient Nano?ber Materials and 
Methods for Making Same (hereinafter “Gradient Applica 
tion”), is not considered herein to be a “composite” material, 
although some skilled in the art may refer to this as a type of 
“composite.” Similarly, although some skilled in the art may 
also refer to tWo different “phases” in the same ?ber as a 
composite (e.g., islands of a ?rst polymer in a matrix of a 
second on a scale smaller than a ?ber diameter or surface 
regions on a ?ber relatively enhanced in concentration of one 
component relative to its concentration in the interior regions 
of the ?bers), such ?bers are not encompassed in the term 
“composite” as de?ned herein, but are otherWise considered 
to be tWo different “types” of ?bers as de?ned herein. 

[0047] As used herein, the term “gradient composite mate 
rial” refers to a composite material containing one or more 
gradients (heterogeneity) in one or more directions, i.e., dis 
crete areas having measurable differences resulting from the 
presence of ?bers having different average diameters or aver 
age diameter ranges and/or from the presence of ?bers of 
different types. For example, When ?bers of at least tWo 
different average diameters or average diameter ranges and/ or 
at least tWo different types are present, one or more may be 
present in varying amounts to create a gradient and/or one or 
more may or may not be present in varying amounts, but 
arranged to create a gradient. The gradient can be in the 
thickness or Z-direction such that the material is a multi 
layered material and/or in the planar or x/y-direction (CD or 
MD). The measurable differences found in a gradient can 
include, but are not limited to, differences in surface chemis 
try (e.g., Wicking, contact angle, etc.) or other material prop 
erties, including, but not limited to density, pore siZe, surface 
charge, Zeta potential, ?ber diameter, and so forth. Materials 
having minor variations in ?ber distribution, Which do not 
cause differences in surface chemistry or other material prop 
erties, are not considered gradient composite materials. For 
example, for “gradient composite materials” containing elec 
trospun ?bers and coarse ?bers, inherent non-uniform distri 
bution of ?bers due to the effects of the equipment used to 
create the electrospun ?bers and/ or the coarse ?bers does not 
create a gradient as de?ned herein. LikeWise, differences in 
density or basis Weight of a given material from a single ?ber 
type, possibly due to edge effects in producing the ?bers 
(loWer mass at the edges of the formation region) are not 
considered gradients. LikeWise, differences Within a single 
?ber due to multiple components in the ?ber (e. g., bicompo 
nent electro spun ?bers, e. g., polymer/titania ?ber) Which may 
be called a “gradient” by persons skilled in the art, are gen 
erally not considered to alone produce a gradient composite 
material as de?ned herein, but may nevertheless be used as a 
single component thereof. Differences Within a single elec 
trospun ?ber are produced, for example, by using tWo con 
centric needles to release a coaxial jet of tWo different ?uids 
into an electrospinning environment. See, for example, “Hol 
loW Nano?bers in a Single Step,” Chemical and Engineering 
News, Vol. 82, No. 17, Apr. 26, 2004, p. 6 (non-holloW bicom 
ponent ?bers can be produced by similar means). A “com 

Jul. 3, 2008 

posite electrospun material” Which may or may not contain a 
gradient is to be distinguished from a “gradient electrospun 
material” (Which contains a gradient but is not a composite 
material as de?ned herein) Which is described in the Gradient 
Application, supra. 
[0048] As used herein, the term “single layer of material” or 
“single-layered material” refers to a material composed of a 
single thickness Which can be variable in siZe. 
[0049] As used herein, the term “plurality of layers” or 
“multi-layered material” refers to a “stack” of single-layered 
materials, Which in some instances, can have small areas of 
intertWining orblending betWeen the layers (such as shoWn in 
FIG. 2C) that are not considered “gradients” as de?ned 
herein. 

DESCRIPTION OF THE EMBODIMENTS 

[0050] FIG. 1A provides a simpli?ed schematic vieW of 
one embodiment of the present invention comprising a pro 
cess for making a composite electrospun material 116. In the 
embodiment shoWn in FIG. 1A, the process utiliZes a com 
posite electrospinning system 100A Which employs three 
polymer solutions, A, B, and C, provided in solution form 
from three different polymer sources or types, 102A, 102B, 
and 102C, respectively, Which can be pressurized to be above 
atmospheric pressure. In this embodiment, each polymer 
source 102A, 102B and 102C is in ?uid communication With 
a needle 104A, 104B, 104C, respectively, through Which its 
respective polymer solution can be injected, although the 
invention is not so limited. In other embodiments some or all 
of the needles can be replaced With other dispensing means, 
such as slots (See FIG. 4). A voltage source 106 is joined to 
the needles 104A, 104B, 104C, such that the needles are at a 
substantially higher electrical potential than a collection sub 
strate 108 as is understood by those skilled in the art. The 
voltage source applies a positive or negative charge to the 
needles. Alternatively, tWo or more voltage sources (not 
shoWn) can be used to independently control the voltage or 
tWo or more respective groups of needles or other ori?ces. 
[0051] In another alternative embodiment, any or all of the 
needles 104A, 104B and 104C may be replaced With a slot or 
other ori?ce of any suitable shape or siZe. In another embodi 
ment (not shoWn), the needles can comprise a metal body 
shielded With an outer insulating material (e.g., a dielectric 
coating), With the tip exposed to alloW ?uid to pass there 
through. 
[0052] Although in this embodiment, three types of elec 
trospun ?bers 114A, 114B and 114C from three different 
polymer sources 102A, 102B and 102C, respectively, are 
being added in sequence onto a moving collection substrate 
108, the invention is not so limited. Any number of different 
types of electrospun ?bers can be combined With any number 
of coarse ?ber types present, i.e., entrained, on the moving 
collection substrate 108 to produce a gradient or non-gradient 
composite material as described herein. In one embodiment 
one type of electrospun ?ber is used in combination With one 
type of coarse ?ber. In one embodiment, only one type of 
electrospun ?ber is used With at least tWo types of coarse 
?bers. In another embodiment at least tWo types of electro 
spun ?bers are used in combination With one or more types of 
coarse ?bers. In yet other embodiments, more than three 
types of electrospun ?bers are used With one or more types of 
coarse ?bers. 

[0053] The collection substrate 108 can be a fabric contain 
ing coarse ?bers 208 (shoWn in FIG. 2), the surface of a roll or 
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drum, an endless belt, and so forth, and can alternately com 
prise metal, such as a Woven metal Wire fabric or metallic 
coating, and can be electrically conductive (e.g., a Woven or 
nonWoven Web comprising electrically conductive poly 
mers), although the invention is not so limited. Electrospin 
ning can also be used to apply a loW-basis Weight functional 
coating applied uniformly or heterogeneously (e.g., in a pat 
tern or With in-plane or Z-directional gradients in chemistry) 
to one or both surfaces of a substrate such as a paper toWel, a 

Wound dressing, a disposable garment, a surgical goWn, a 
glove, a shoe liner, a medical implant, an injection-molded 
device such as a catheter, ?lter materials (e. g., for air or Water 
?ltration) and so forth. In one embodiment, the collection 
substrate 108 is a three-dimensional textured fabric made 
from coarse ?bers 208 (shoWn in FIGS. 2A-2E), such as a 
coform material. In the embodiment shoWn in FIG. 1A, the 
collection substrate 108 is moving in a machine direction 
(MD) 110, Which is from left to right, While the cross-direc 
tion (CD) 112, Which is normal to the MD, goes into the plane 
of the paper. 

[0054] As the polymer solutions from polymer sources 
102A, 102B and 102C are injected through the needles 104A, 
104B and 104C at high electrical potential, nano-siZed elec 
trospun ?bers 114A, 114B and 114C are formed by electro 
spinning as is understood by those skilled in the art. The 
electrospun ?bers 114A, 114B and 114C are successively 
deposited onto the collection substrate 108 to form a compos 
ite electrospun material 116. Depending on the type and 
manner of this deposit, the resulting composite electrospun 
material 116 can be a non-gradient composite material, i.e., a 
substantially uniform single layered mat, or it can be a gra 
dient composite material having heterogeneity in one or more 
directions, i.e., one or more gradients in one or more direc 
tions. Speci?cally, a gradient composite material made 
according to the process of FIG. 1A can have one or more 

gradients in the thickness direction (i.e., Z-direction) and/or in 
the planar direction (i.e., X and/or y-directions), i.e., CD and/ 
or MD. 

[0055] In one embodiment the electrospun ?bers 114A, 
114B and 114C are entrained in an air ?oW provided by any 
suitable air ?oW source (not shoWn) during or after formation. 
The air ?oW carries the forming or formed electrospun ?bers 
114A, 114B and 114C into coarse ?bers located on the mov 
ing substrate 108 that, in one embodiment, have not yet 
cooled. The solvent used to form the electrospun ?bers 114A, 
114B and 114C Which is in solution With the respective poly 
mers, can be, in one embodiment, partially vaporiZed by 
contact With the hot coarse ?bers, such as any type of melt 
spun ?bers. In one embodiment the solvent is recovered for 
use again in the system With any suitable type of vapor recov 
ery system. 
[0056] FIG. 1B shoWs an alternative composite electro 
spinning system 100B in Which the MD 110 goes into the 
plane of the paper and the CD 112 goes from left to right. 
Speci?cally, the collection substrate 108 is moving into the 
paper. Nano-siZed electrospun ?bers 114A, 114B and 114C 
are being deposited on the collection substrate 108 to form a 
composite electrospun material 116. In one embodiment, the 
?bers 114A, 114B and 114C are being deposited substantially 
simultaneously. Again, depending on the type and manner of 
the deposit, the resulting composite electrospun material 116 
can be a non-gradient or a gradient composite material. In one 
embodiment, the composite electrospun material is a non 
gradient composite electrospun material as shoWn in FIG. 2A 
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With no distinct discrete areas. The presence of distinct dis 
crete areas is dependent on many factors including the tem 
perature of the polymers, the location and angle of the various 
polymers being deposited as nano-siZed ?bers, and so forth. 
[0057] In the embodiment shoWn in FIG. 1B, the resulting 
composite electrospun material 116 is a gradient composite 
material having heterogeneity in at least the X or y-direction, 
i.e., a gradient Which varies in the plane of the material 116, 
such that there are three laterally adjacent regions, i.e., dis 
crete areas 115A, 115B and 115C, as shoWn, each having a 
relatively higher concentration of one of the three ?ber types, 
114A, 114B and 114C, respectively (See also FIG. 2B). In 
one embodiment, the electrospun gradient composite mate 
rial also has heterogeneity in the Z-direction (See FIG. 2C). In 
one embodiment, there are less than three discrete areas. In 
another embodiment there are more than three discrete areas. 

[0058] Although the composite electrospun material 116 
shoWn in FIG. 1B is a gradient composite material having 
identi?able discrete areas (115A, 115B and 115C), in prac 
tice, there can be at least some to signi?cant overlap of the 
various ?ber types in one or more regions Which can blur the 
boundaries betWeen discrete areas, although a gradient Would 
still be present. (See, for example, FIG. 2E). The amount of 
overlap from one area to another is controlled in one embodi 
ment by placement of the polymer sources 102A, 102B and 
102C in relation to each other. Speci?cally, if the needle of 
one polymer type is angled toWards another type, the resulting 
deposits from each can overlap. In other embodiments, one or 
more of the needles 104A, 104B and 104C or one or more of 
the polymer source and needle systems (102A/104A, 102B/ 
104B, 102C/104C) are designed to move or oscillate in any 
suitable manner, such as back and forth, in a circular motion, 
up and doWn, and the like, either betWeen various runs or 
during production to add additional heterogeneity to the elec 
trospun material. The embodiment shoWn in FIG. 1B is also 
not limited to the number or placement of polymer types 
shoWn and in other embodiments, various combinations of 
electrospun ?ber types and coarse ?ber types (including non 
polymeric types) can be used to produce either a non-gradient 
or gradient composite electrospun material as desired. 
[0059] As discussed above, in one embodiment, the com 
posite electrospun material 116 produced according to the 
process of either FIG. 1A or FIG. 1B or any combination 
thereof, is a non-gradient composite electrospun material 
such as the material 116A shoWn in FIG. 2A having a single 
layer 215. In this embodiment, the process is essentially a 
coforming-like process in Which coarse ?bers are inter 
mingled With nano?bers (rather than other types of coarse 
?bers) to form an intertwined composite Web. Such embodi 
ments, in Which the various ?ber types are combined together 
to form a unique blend of composite ?bers, i.e., a non-gradi 
ent composite electrospun material, do not require any type of 
bonding or laminating, and therefore do not require special 
consideration Which may otherWise be important, When using 
materials having varying properties. 
[0060] FIG. 2A is intended to provide a simple illustration 
of general trends Within the material 116A. The non- gradient 
composite electrospun material 116A With no heterogeneity 
in either direction can be formed from any number of ?ber 
siZes and types. Conditions must be adjusted, hoWever, to 
alloW for the substantially even distribution of all ?bers 
Within a single layer or mat such that the bulk property is 
substantially the same throughout the material (as opposed to 
discrete distribution of the bulk property in certain Zones or 
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areas as in a gradient material). As FIG. 2A shows, in this 
embodiment, the various ?bers (114A, 114B, 114C and 208) 
are distributed substantially uniformly throughout a single 
layer, although minor variations can be present throughout 
the layer Which do not affect surface properties, such that the 
material is not considered to have a gradient. 

[0061] FIGS. 2B, 2C, 2D and 2E illustrate exemplary gra 
dient composite materials Which can be produced according 
to the processes of either FIG. 1A or FIG. 1B or combinations 
and/or modi?cations thereof, including any suitable process 
adapted to produce a gradient composite material. As With 
FIG. 2A, FIGS. 2B, 2C 2D and 2E are also intended to provide 
simple illustrations of general trends Within the materials 
116B, 116C, 116D and 116E, respectively. Such materials 
can have gradients in the Z-direction and/or in the x and/or 
y-direction, i.e., in the plane of the material, e.g., With mea 
surable gradients in the machine direction, cross-direction or 
other in-plane direction. For example, these gradients or 
Zones can contain ?bers that are independently hydrophobic, 
hydrophilic, elastomeric, non-elastomeric, highly porous, 
less porous, and so forth. The basis Weight, ?ber diameter, and 
so forth can also vary With position. For example, one side of 
an electrospun material can be an electrospun Web combined 
With hydrophilic cellulose coarse ?bers, While another side or 
region is combined With a suf?cient amount of a different type 
of ?ber or ?bers such as coarse nylon staple ?bers or other 
cellulosic ?bers, such that the resulting composite electro 
spun material differs in at least one direction in surface chem 
istry or other material property, thus yielding a gradient mate 
rial. 

[0062] In one embodiment, a material property of the com 
posite electrospun material 116 averaged over an approxi 
mately l-centimeter (cm) by l-cm area square area in the 
material varies in the plane of the material such that the 
average parameter varies substantially monotonically along a 
linear path of about 5 cm in length (alternatively, of about 3 
cm in length or about 10 cm in length) such that the average 
property at the beginning of the path differs by more than a 
predetermined value (e.g., by about 20% or about 50% of the 
higher of the tWo values) from that at the end of the path. For 
example, a contact angle gradient includes a gradient having 
measurable differences in the contact angle, Wherein the aver 
age contact angle averaged over an approximately 1 cm 
square region in the composite electro spun material 1 1 6, such 
as a composite electrospun Web, is about 20 degrees in one 
portion of the Web, and then rises along a linear path in the 
Web reaching a portion of the Web that is relatively more 
hydrophobic, such that a region about 5 cm aWay from the 
?rst region may have an average contact angle of about 60 
degrees, or, more generally, may differ by about 20 degrees or 
more. In other embodiments, the average ?ber siZe varies by 
about 30% or more, or by about 100% or more, along an 
approximately 5-cm path in the plane of the composite elec 
trospun material 116. For Z-direction gradients, ?ber proper 
ties averaged over a stratum of the composite electrospun 
material 116 representing about 20% of the thickness of the 
material varies from adjacent strata by about 20% or more or 
about 50% or more of a physical property such as ?ber diam 
eter or surface energy, or by about 20 degrees or more for 
contact angle. 
[0063] The gradients can be formed in any suitable manner, 
such as by varying the source location and/or rate and/or 
angle of delivery of one or more types of ?bers being added to 
the moving substrate, including oscillating the electrospun 
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delivery means such as the needle, varying the rate of pro 
duction and/ or distribution of ?bers, varying the speed of the 
moving collection substrate, varying polymer temperatures, 
varying the applied voltage, varying the electrospun ?ber 
characteristics (e.g., needle characteristics, use of slots, etc.), 
and so forth. Any of these parameters can be varied in time as 
Well, to create MD variations. In one embodiment, the gradi 
ent composite materials of the present invention have a sur 
face chemistry gradient, Wherein the high surface area of 
electro spun ?bers coupled With the measurable differences in 
surface chemistry across the material, provides a material 
With regions of super-hydrophilicity and/or super-hydropho 
bicity, including optional regions that repel liquids according 
to the “lotus effect” discussed herein. 

[0064] For example, ifthe process ofeither FIG. 1A or FIG. 
1B is performed in a manner to create a single layered mate 
rial as described in FIG. 2A, but at least one component, such 
as electrospun ?ber 114C, is deposited in such a manner to 
cause it to have a higher concentration in a particular area, this 
can create a gradient, i.e., heterogeneity, in the x or y-direc 
tion, i.e., in the plane of the material, such as is shoWn in FIG. 
2B. Such a material is still considered to have a single layer 
215, but can also have a gradient Within that layer. Any num 
ber of gradients can be present in the plane of the single 
layered material. 
[0065] HoWever, not all non-uniform areas are considered 
“gradients” as de?ned herein. For example, non-uniform 
areas 240 near the edge of the single-layered material in 
FIGS. 2A and 2C and near the top or bottom of a layer in 
FIGS. 2B, 2C and 2D are not considered to be gradients as 
de?ned herein. Non-uniform areas 240 can occur inherently 
during the process of making any type of composite material 
as is knoWn in the art. In some instances, the non-uniform 
areas 240 shoWn in FIG. 2A (and the non-uniform area (AA) 
240 shoWn near one edge in FIG. 2C) may be caused by 
several factors, including What is knoWn as an “edge effect” 
Wherein the concentration or basis Weight of one material 
tapers aWay at the edge of a region in Which the material is 
applied. Other non-uniform areas 240 are areas of limited 
intertWining betWeen layers, such as the “C” and “A/B” non 
uniform areas 240 shoWn in FIG. 2C. Yet other non-uniform 
areas 240 produce some variation in thickness of a layer, such 
as the “B” non-uniform area of FIG. 2D. 

[0066] In contrast to FIG. 2B, FIG. 2C shoWs a material 
116C Which can be made according to the process of FIG. 1A 
When performed in a manner to cause a multi-layer material to 
form, i.e., a gradient in the Z-direction. In this material 116C, 
there is a bottom layer 209 made of coarse ?bers 208 and a top 
layer 215C made of electrospun ?bers 114C. The bottom 
layer 209 has a bottom surface 222 and the top layer 215C has 
a top surface 220. In betWeen these tWo layers are tWo addi 
tional layers, 215A and 215B, comprised of electrospun 
?bers, 114A and 114B, respectively. Any variation of this 
layering is possible, such that in some embodiments, for 
example, the top layer is comprised of tWo or more types of 
electrospun ?bers and the bottom layer is comprised of a 
combination of electro spun and coarse ?bers. Any number of 
other combinations as Well as any number of layers and 
layering patterns are possible, depending on the desired prop 
er‘ties of the material. In one embodiment, the material 116C 
of FIG. 2C is made according to the process of FIG. 1B by 
providing means for depositing the various electrospun ?bers 
(114A, 114B and 114C) in a sWeeping manner to cause cov 
erage throughout the length and Width of the material, and by 



US 2008/0160856 A1 

adjusting the timing of the deposits of the ?bers 114A, 114B 
and 114C to allow for successive deposition of the ?bers 
rather than depositing the ?bers substantially simultaneously. 
[0067] FIG. 2D shoWs a multi-layered material 116D hav 
ing gradients in the Z-direction as Well as gradients in at least 
tWo planes, namely layers 215A and 215C, as shoWn. Mate 
rial 116D is most likely made according to the process of FIG. 
1A, although the invention is not so limited and such a mate 
rial can also be made according to the process of FIG. 1B With 
suitable adjustments, as described above. The thickness and 
basis Weight of individual layers may also vary With position 
as shoWn With layer 215C While in other embodiments, the 
higher concentration of a particular component, such as 1 14A 
in layer 215A does not necessarily cause any substantial 
change in the thickness of the layer. In this material 116D, 
there is a bottom layer 209 made of coarse ?bers 208 and a top 
layer 215C made of electrospun ?bers 114C. The bottom 
layer 209 has a bottom surface 222 and the top layer 215C has 
a top surface 220. In betWeen these tWo layers are tWo addi 
tional layers 215A and 215B comprised of electrospun ?bers 
114A and 114B, respectively. Any variation of the layer num 
bers and/or layering pattern is possible, as described above. 
[0068] FIG. 2E shoWs a material 116E also having gradi 
ents in both the thickness and planar directions. Material 
116E can be produced by the process of FIG. 1B, although the 
invention is not so limited. Suitable modi?cations could 
likely also be made to the process of FIG. 1A to produce 
material 116E. In the material 1116E shoWn in FIG. 2E, there 
is a multi-sectioned bottom layer 209 made of coarse ?bers 
208 and a multi-sectioned top layer 215A, 215B and 215C 
each containing its respective electrospun ?bers 114A, 114B 
and 114C. The bottom layer 209 has a bottom surface 222 and 
the top layer 215C has a top surface 220. In this embodiment, 
there are also tWo areas of overlap that extend throughout the 
top and bottom layers, namely Area A/B 230 and Area B/C 
232, each of Which contains more than one type of electro 
spun ?ber as shoWn. Such areas of overlap can be made as 
small or as large as desired, depending on the ?nal properties 
desired but are not considered to be a gradient as de?ned 
herein. Any variation of the layer numbers and/ or layering 
pattern is also possible, as described above. 

[0069] The processes of the present invention can also be 
used to make composite “analogs” of knoWn materials, e.g., 
“spun-bonded/meltbloWn/spun-bonded” (SMS) material. A 
“composite analog” refers to a composite material having at 
least one knoWn component substituted With a nano?ber, such 
as an electrospun ?ber, and includes “coform analogs” made 
using “coform-like” processes as described herein. For 
example, a subsequent layer of coarse ?bers can be added 
onto the top of one or more layers of electrospun ?bers by any 
means knoWn in the art, such that the one or more layers of 
electrospun ?bers are essentially sandWiched in betWeen tWo 
layers of coarse ?bers as shoWn in FIG. 2F. In this particular 
embodiment, material 116E has a bottom layer 209 made of 
one type of coarse ?bers 208A and a top layer 221 made of 
another type of coarse ?bers 208B. The bottom layer 209 has 
a bottom surface 222 and the top layer 221 has a top surface 
220. In betWeen these tWo layers is a middle layer 215 com 
prised of electrospun ?bers 114 of type “A”. Any variation of 
the layer numbers and/ or layering pattern is possible, as 
described above. In one embodiment, both the bottom and top 
layers are the same, e. g., spunbond (S) layers, With the middle 
layer being any type of nano?ber (N) rather than a traditional 
meltbloWn (M) layer. 

Jul. 3, 2008 

[0070] In another embodiment, the composite analog is 
produced by adding tWo or more types of coarse ?bers onto 
the moving substrate prior to the addition of the electrospun 
?bers. Such an analog can, in one embodiment, take the form 
of SMN, With the nano?ber layer (N) replacing a traditional 
spunbond layer, and the middle meltbloWn layer (M) serving 
as a bridging layer betWeen the spunbond layer (S) and the 
nano?ber layer (N). Such composites can also take the form 
of SNS, SMNMS, NMN, NM, SN, and the like. Film or tissue 
layers or other Webs (e.g., coform) can also be present. As 
With the embodiments described above, the electrospun ?bers 
present in a composite analog can be distributed either uni 
formly or non-uniformly in the plane of the material and can 
also be combined With ?bers from Wood or other particulates. 
[0071] Although relatively simple gradients in primarily 
the thickness direction and/ or the planar direction have been 
discussed and illustrated, in practice, more complex gradients 
of other kinds can be formed in any other number of con?gu 
rations as Well according to manufacturing practices knoWn 
in the art, including suitable modi?cations of any of the pro 
cesses discussed herein and shoWn in FIGS. 1A, 1B, 3 and 4. 
For example, in one embodiment a radial gradient composite 
electrospun material is used With a central region of one 
chemistry type fading radially outWardly, Where it is replaced 
by a second region of a second chemistry type; a thickness 
direction gradient can also be simultaneously present in some 
regions. Gradients can occur in a repeating or non-repeating 
pattern Within the material, such as a staggered grid array of 
one surface type surrounded by another. In one embodiment 
a rectilinear or hexagonal pattern is used. In other embodi 
ments a pattern of stripes, dots or other knoWn con?gurations 
is used. In yet other embodiments the gradients are linear, 
oval, or can correspond to a digital image achieved by printing 
of surface treatments. Any number and type of gradients can 
be combined into one material as desired and/or into one 
product using different types of materials. 
[0072] Generally speaking, homogenous composite mate 
rials containing no gradient in either direction such that the 
nano?bers are distributed substantially uniformly in a single 
plane of the material, as illustrated in FIG. 2A, may be useful 
for layers in absorbent cores, bodyside liners, Wound dress 
ings, face masks, disposable garments and the like. 
[0073] Gradient composite materials having a gradient in 
just the x and/or y-directions, i.e., a single layered material 
With one or more planar gradients, as illustrated in FIG. 2B, 
may be useful in products such as absorbent articles or medi 
cal articles Which control Wicking of ?uid from one region to 
another, or that serve to provide barrier properties (e. g., 
against ?uids such as alcohol, blood, or other bodily ?uids, or 
against microbes and viruses in particular) in some regions of 
an article While alloWing ?uid passage or intake in other 
regions. 
[0074] Gradient composite materials having a gradient in 
just the thickness or Z-direction, as illustrated in FIGS. 2C and 
2E may be useful for ?uid intake layers, barrier layers, skin 
contacting materials, and ?lters for air, Water or other ?uids. 
[0075] Gradient composite materials having one or more 
gradients in both the Z-direction and Within the plane, as 
illustrated in FIGS. 2D and 2E may be useful for a variety of 
medical articles and disposable garments. 
[0076] FIG. 3 provides a simpli?ed schematic vieW of an 
alternative process for forming a composite electrospun 
material 116 in Which coarse ?bers are deposited onto an 
electrical grid during ?ber formation as electrospun ?bers are 
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also being deposited. The process utilizes a composite elec 
trospinning system 300 in Which electrospun ?bers 114 from 
a single source of polymer solution 102 (Which can be pres 
suriZed to be above atmospheric pressure) are combined With 
coarse ?bers 308 exiting tWo separate coarse ?ber delivery 
devices 304. In one embodiment, the electrospun ?bers 114 
are entrained by air and combined With the coarse ?bers 308 
also entrained by air, i.e., discrete cooled ?bers, as they are 
being formed. The intertWined ?bers are then deposited on 
the moving substrate 108, thus forming a non-gradient com 
posite electrospun material. In another embodiment, the for 
mation of at least some of one of the ?ber types is timed such 
that one is formed ?rst and deposited on the moving substrate 
108. In this embodiment, the tWo ?ber types (electrospun 
?bers 114 and coarse ?bers 308) combine on the moving 
substrate 108, Which can, in some embodiments, result in a 
gradient composite material 116. In one embodiment, at least 
some of the coarse ?bers 308 are formed suf?ciently prior to 
the formation of the electrospun ?bers 114 such that they are 
cooling from a molten state When combined With the electro 
spun ?bers 114. 

[0077] In practice, any suitable number of polymer solu 
tions 102 and any number of coarse ?ber delivery devices 304 
can be used. In the embodiment shoWn in FIG. 3, the single 
source of polymer solution 102 is in ?uid communication 
With a single needle 104 for delivering a stream of the solu 
tion. The voltage source 106 is used to place the needle 104 at 
a different electrical potential than the collection substrate 
108 as is understood by those skilled in the art. In the embodi 
ment shoWn in FIG. 3, the collection substrate 108 is 
grounded, although the invention is not so limited. The col 
lection substrate 108 can be moving in or out of the plane of 
the paper, and can be substantially porous such that air can 
readily pass through it While it collects the air-entrained 
?bers. The ?ber delivery devices 304 are capable of deliver 
ing coarse ?bers 308 entrained in a jet of air moving at any 
suitable speed, such as about 1 to 100 m/ sec. In one embodi 
ment the ?ber delivery devices 304 are noZZles. 

[0078] In one embodiment, the voltage potential of the 
target surface, i.e., the moving substrate 108, oscillates rap 
idly, such that electrospun ?bers 114 Which are initially 
pulled toWard the grounded surface can be repelled millisec 
onds later to alloW gas How of air or other suitable gases, to 
help carry the electrospun ?bers 114 into a stream of coarse 
?bers 308 as they are being formed. In another embodiment, 
the electrospun ?bers 114 are not directed aWay from the 
grounded target surface, i.e., the moving substrate 108, but 
are combined With the coarse ?bers 308 from the adjacent 
?ber delivery devices 304 to form an intermeshed complex. 

[0079] Such combinations of electrospun and coarse ?bers 
can be used to produce non-gradient materials (i.e., inter 
tWined composites) or materials having gradients in the plane 
of the resulting material (CD or MD) or in the thickness 
direction of the material, or both, depending on the placement 
of the electrospinning needles 104 and the ?ber delivery 
devices 304 as Well as the extent of electrostatic and pneu 
matic forces being used. In one embodiment, the ?bers 308 
delivered by the ?ber delivery devices 304 comprise tWo or 
more ?ber types, and can also have substantially different 
surface chemistry and other properties than the electrospun 
?bers 114. Any of the materials described in FIGS. 2A-2F can 
also be produced according to the methods of FIG. 3, as Well 
as any variations thereof. 
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[0080] The collection substrate 108 in any of the processes 
described herein can be moving at any useful speed in the 
MD, such as about 0.1 to about one (1) cm/sec or greater. In 
one embodiment, the MD speed is greater than about one (1) 
cm/ sec up to about 400 cm/ sec or greater. Generally, the 
sloWer speeds are useful for producing gradient composite 
materials With machine direction gradients controlled by 
dynamically modifying ?ber-producing conditions during 
production, While the higher speeds are useful for steady-state 
products or materials With gradients in the cross-machine 
direction (CD) achieved by generating ?bers (coarse or elec 
trospun) from tWo or more sources spaced apart in the cross 
direction, or for producing Z-direction gradients under 
steady-state conditions, although any suitable speed can be 
used as desired. Similar principles apply in the manufacture 
of non-gradient composite materials. In one embodiment, the 
speed ranges from about ?ve (5) to 200 cm/sec. In another 
embodiment, the speed ranges from about 0.1 to about 50 
cm/ sec. In another embodiment, the speed ranges from about 
0.5 to ten (10) cm/ sec. In one embodiment, the speed is varied 
during the operation, i.e., in time, to alloW for varying 
amounts of ?bers to be deposited in the MD. 

[0081] The electrospun ?bers themselves can be produced 
by varying methods as is knoWn in the art, to alter speci?c 
measurable properties as desired, thus creating different 
“types” of ?bers as de?ned herein. In one embodiment a 
complex electrode system is used to produce the electrospun 
?bers comprising slots or openings (instead of or in addition 
to needles) for high shear gas How to entrain the electrospun 
?bers. Useful geometries can then be adapted such as uniaxi 
ally aligned ceramic electrospun ?bers as described by Li, et 
al, in “Electrospinning of Polymeric and Ceramic Nano?bers 
as UniaxiallyAlignedArrays,”Nan0 Letters, vol. 3, no. 8, Jul. 
8, 2003, pp. 1167-1 171, hereby incorporated herein by refer 
ence. In other embodiments titania nano?bers or alumina 
borate oxide ?bers are produced, Which can also be aligned, if 
desired. Additionally, ceramic nano?bers comprising titania/ 
polymer or anatase nanotubes can also be used, such as those 
described by Dan Li, et al., in “Direct Fabrication of Com 
posite and Ceramic HolloW Nano?bers by Electrospinning,” 
Nano Letters, vol. 4, no. 5, Mar. 30, 2004, pp. 933-938, 
hereby incorporated herein by reference. 
[0082] In the embodiment shoWn in FIG. 4, for example, 
the needle 114 of FIG. 3 is replaced by a slot 405. In some 
embodiments, the resulting electrospun ?bers 114 have dif 
ferent properties than electrospun ?bers produced With the 
same polymer through a needle. Additionally, in this embodi 
ment, tWo different coarse delivery devices, 304A and 304B, 
are producing tWo different types of coarse ?bers 308A and 
308B. Otherwise the system 400 of FIG. 4 is generally the 
same as FIG. 3 above and operates to produce a composite 
electrospun material 116. Such a system can also be used in 
conjunction With the systems of FIGS. 1A and 1B. Again, any 
of the materials shoWn in FIGS. 2A, 2B, 2C, 2D, 2E and 2F, 
as Well as any variations thereof, can also be produced by the 
method of FIG. 4. 

[0083] In another embodiment, the grounding electrode is a 
rotating, translating or stationary grounded surface With slots 
to alloW aerodynamic forces to overcome the electrostatic 
attraction to the grounded surface, thereby alloWing electro 
spun ?bers to be blended into a stream of coarse ?bers. In yet 
another embodiment, the electrospinning process is per 
formed in a vacuum. Other methods can produced branched 
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?bers, tube ?bers, nanoballs, ribbon ?bers, split ?bers, elec 
tro spun yarns, and surface coated ?bers, as is known in the art. 

[0084] In one embodiment, ?ller materials and other solids 
such as any type of particle (e.g., superabsorbent particles, 
odor control materials such as talc, Zeolites or activated car 
bon particles or silica, opaci?ers, graphite, graphite nanopar 
ticles, carbon nanotubes, silica nanoparticles, colloidal met 
als such as silver or gold, etc.), as Well as kaolin or other 

minerals or ?llers, antimicrobials, elastomeric materials such 
as elastomeric polyurethanes and the like, are embedded in 
the composite electrospun material to create ?bers of differ 
ent types (When the ?ller materials are present at a level of 2 
Wt % or greater of the total Weight of the ?ber plus ?ller 
material combined) as compared With ?bers of the similar 
material composition but Without ?ller materials. Such mate 
rials can be useful in providing skin-health bene?ts in skin 
contacting layers of garments or in absorbent articles, or for 
providing a variety of other bene?ts in consumer goods. 

[0085] Methods of attaching superabsorbent particles or 
other particles to ?bers using binders are disclosed in US. 
Pat. No. 6,596,103, “Method of Binding Binder Treated Par 
ticles to Fibers,” issued Jul. 22, 2003 to Hansen et al. and US. 
Pat. No. 6,425,979, “Method for Making Superabsorbent 
Containing Diapers,” issued Jul. 30, 2002 to Hansen et al., 
both of Which are hereby incorporated herein by reference. 
Mechanical means for delivering superabsorbent particles to 
a structure via air entertainment are disclosed in US. Pat. No. 
6,709,613, “Particulate Addition Method and Apparatus,” 
issued Mar. 23, 2004 to Chambers et al., hereby incorporated 
herein by reference. 
[0086] Superabsorbents useful in embodiments of the 
present invention can be chosen from classes based on chemi 
cal structure as Well as physical form. These include, for 
example, superabsorbents With loW gel strength, high gel 
strength, surface cross-linked superabsorbents, uniformly 
cross-linked superabsorbents, or superabsorbents With varied 
cross-link density throughout the structure. Superabsorbents 
may be based on chemistries that include, but are not limited 
to, poly(acrylic acid), poly(iso-butylene-co-maleic anhy 
dride), poly(ethylene oxide), carboxymethyl cellulose, poly 
(vinyl pyrrollidone), poly(-vinyl alcohol), and the like. Other 
details regarding the use of superabsorbent particles for 
absorbent articles are disclosed in US. Pat. No. 6,046,377, 
“Absorbent Structure Comprising Superabsorbent, Staple 
Fiber, and Binder Fiber,” issuedApr. 4, 2000 to Huntoon et al., 
and US. Pat. No. 6,376,011, “Process for Preparing Super 
absorbent-Containing Composites,” issued Apr. 23, 2002 to 
Reeves et al., both of Which are hereby incorporated herein by 
reference. 

[0087] In one embodiment elastomeric ?bers, such as elas 
tomeric polyurethanes, are used to create breathable stretch 
able ?lms. In one embodiment a layer of electrospun nano? 
bers are deposited on a ?lm or nonWoven Web, such as an 

apertured ?lm or elasticiZed Web, in order to provide a breath 
able moisture barrier layer attached to a layer providing other 
functionality, such as texture, elasticity, integrity or bulk. In 
an alternative embodiment, the electrospun ?bers are depos 
ited on a rubbery elastomeric Web to improve the tactile 
properties of the material. Elastomeric-containing materials 
are useful in products such as diapers, training pants, femi 
nine napkins, hospital goWns, Wraps for placement on the 
body, sterile Wrap, Wound dressings, articles of clothing, 
Wipes for surface cleaning, athletic gear, and the like. 
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[0088] In one embodiment, a small amount of conductive 
polymer is added to the electrospun ?ber to provide ions in the 
gas or melt phases. The conductive polymer can also serve as 
an initial layer on the collecting substrate to help modify or 
control the electrical ?eld or modify the formation of the 
electrospun material. In a particular embodiment, about one 
(1) to about ?ve (5) %, by Weight, conductive polymer mate 
rial is added to the electrospun ?ber. In one embodiment, the 
conductive polymer is a 5-membered ring Which includes a 
nitrogen, such as polypyrliodne, and the like. The use of 
conductive polymers is useful in biosensor applications, such 
as Wetness sensors and the like. 

[0089] In one embodiment, some or all of the composite 
electrospun material comprises hydrophobic ?bers of su?i 
ciently small diameter to simulate the lotus effect in their 
hydrophobicity and self-cleaning abilities. The lotus effect 
refers to the lotus leafs extreme hydrophobicity, Wherein 
minute hydrophobic bumps on the surface alloW Water and 
other liquid to roll off the surface. Known commercial mim 
icry of the lotus effect has relied on nanoparticles, such as 
small particles of Wax, arranged as small bumps on a surface. 
In embodiments of the present invention, nano?bers are used 
as the hydrophobic ?bers. See, for example, US. Pat. No. 
6,660,363 to Bar‘thlott and US. Patent Application 2002/ 
0150724 to Nun et al., both of Which are hereby incorporated 
herein by reference. 
[0090] The resulting composite electrospun materials are 
most often Webs. Such Webs can be textured (e. g., molded to 
a three-dimensional shape, such as by forming against or 
subsequently molding against an Uncreped Through-Air 
Dried (UCTAD) fabric, such as the “ironman” design knoWn 
in the art), apertured, slit, embossed, colored, combined With 
other materials, such as other absorbent materials in layered 
structures, joined to elastomeric Webs and so forth. Addition 
ally or alternatively, some or all portions of the materials can 
be chemically treated after at least some of the electrospun 
?bers have been deposited to modify surface chemistry and to 
optionally create or enhance surface chemistry gradients in 
the Web. Such treatments can include, for example, ?uoro 
chemicals. 

[0091] In one embodiment, the material is a composite Web 
comprising from about one (I) to about 99% electrospun 
?bers, by Weight, from Zero (0) to about 99% papermaking 
?bers, by Weight, and from Zero (0) to 99% meltspun ?bers, 
such as polyole?ns, coarse bicomponent ?bers, and the like, 
by Weight. 
[0092] In addition to electrospun ?bers, it is also possible to 
use other types of nano?bers in any of the various embodi 
ments described herein. For example, in one embodiment 
holloW nano?bers are used for improved thermal insulation, 
acoustic insulation, dialysis materials, membrane ?ltration, 
reverse osmosis ?lters, chemical separations, etc. Formation 
of holloW nano?bers can be achieved by a technique 
described by I. G. Loscer‘tales et al, in J. Am. Chem. Soc. 126, 
5376 (2004), hereby incorporated herein by reference, Which 
yields holloW ?bers With nanometer-sized interior diameters 
in a single step. The method exploits electrohydrodynamic 
forces that form coaxial jets of liquids With microscopic 
dimensions. By the injection of tWo immiscible or poorly 
miscible liquids through a pair of concentric needles at high 
voltage, coaxial jets of liquids are formed. An outer shell 
solidi?es around an interior liquid that can be evaporated or 
otherWise removed after the ?bers are formed, yielding hol 
loW ?bers. With this method, holloW silica ?bers can be spun 
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With fairly uniform-sized inner diameters measuring a feW 
hundred nanometers. The shells can be formed via sol-gel 
chemistry from tetraethylorthosilicate around cores of com 
mon liquids such as olive oil and glycerin. Many other com 
pounds, such as ceramic materials and ceramic polymer com 
binations, can also be used to form holloW ?bers. 
[0093] In another embodiment, cellulose nano?bers are 
produced according to methods knoWn in the art in Which 
cellulose is dissolved in a solvent and then electrospun. Suit 
able solvents can include N-methylmorphomine-N-oxide 
(NMMO), Zinc chloride solutions, and the like. Particles can 
be present as a suspension or dispersion in the solution being 
used to make the ?bers and combined With the electrospun 
?bers during the formation process. Alternatively, a particle 
forming precursor can be present, or the particles can be 
added as a dry poWder or entrained in a mist or spray as 
nano?bers are being produced. Charge on the particles or the 
entraining droplets can be added to enhance delivery of the 
particles to the electrospun Web. Suitable particles can 
include silver (e.g., nanoparticles of silver), superabsorbent 
particles that can be entrained or entrapped in electrospun 
?bers (typically added external to electrospinning needles), 
minerals such as titanium dioxide or kaolin, odor control 
agents such as Zeolites, sodium bicarbonate, or activated car 
bon particles, and the like. 
[0094] In one embodiment protein nano?bers, such as 
?brinogen ?bers, elastin-mimetic ?bers, etc., are combined 
With the coarse ?bers. In one embodiment inorganic and 
hybrid (organic/inorganic) nano?bers are used. In one 
embodiment, polysaccharide nano?bers made from bacteria 
(e.g., bacterial cellulose) are used. 
[0095] In another embodiment nano?bers knoWn as split 
table ?bers are used, in Which a ?ber, such as a micro?ber, is 
exposed to a sWelling agent such as sodium hydroxide to 
cause it to split into numerous small ?laments, or “islands 
in-the-sea” ?bers, in Which a precursor ?ber comprises mul 
tiple ?laments (islands) in a removable matrix (sea) that typi 
cally is dissolved aWay. See, for example, http://WWWifj. 
com/issue/october98/story8.html. By Way of example, 
islands-in-the-sea nano?bers can be polypropylene islands in 
a PVA sea, polyester islands in a polyethylene sea, and so 
forth. Fiber diameter can be from about 0.1 to about four (4) 
microns. 

[0096] In one embodiment, ?bers prepared by nanofabri 
cation techniques such as printing, atomic force microscopy 
assembly, or any of the techniques knoWn for producing the 
setae in gecko-like adhesives, as described in US. patent 
application Ser. No. 10/747,923, entitled “Gecko-like Fasten 
ers for Disposable Articles,” ?led Dec. 29, 2003, are used. 
[0097] FIG. 5 is a block diagram of a process 500 for 
forming a composite nano?ber material in one embodiment 
of the present invention. The process begins by producing 502 
coarse ?bers. The process further includes producing 504 
nano?bers. The coarse ?bers and nano?bers are then com 
bined 506 to produce a composite nano?ber material having 
one or more layers. In one embodiment, the coarse ?bers and 
nano?bers are combined on a moving substrate Wherein the 
coarse ?bers are present on the moving substrate prior to the 
nano?bers being added. In one embodiment the coarse ?bers 
and nano?bers are deposited onto a moving substrate at about 
the same time. In one embodiment more than one type of 
coarse ?ber is used. In one embodiment there is additionally 
or alternatively more than one type of nano?ber. In one 
embodiment one or more types of nano?bers are applied 
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sequentially to the moving substrate. In one embodiment one 
or more types of nano?bers are applied substantially simul 
taneously to the moving substrate. In one embodiment a non 
gradient composite nano?ber material is formed. In one 
embodiment a gradient composite nano?ber material is 
formed. The gradient composite nano?ber material can have 
a gradient in the thickness direction, in the plane of the mate 
rial or both. In one embodiment, the coarse ?bers are selected 
from the group consisting of meltbloWn (MB) ?bers, spun 
bonded ?bers, paper-making ?bers, pulp ?bers, ?uff, cellu 
lose ?bers, nylon staple ?bers, and the like, including any 
combinations thereof. In one embodiment, the nano?bers are 
electrospun ?bers formed by any suitable method, including 
With the use of a needle and/or slot. 

[0098] Composite nano?ber Webs produced by the meth 
ods described herein can have varying properties depending 
on a number of parameters such as the percentage of nano? 
bers, the type ofnano?bers, presence of ions in the gas or melt 
phases, all of the other process variables noted herein, and so 
forth. In one embodiment the composite nano?ber Webs are 
gradient composite Webs and/or non-gradient composite 
Webs having a high porosity (e.g., at least about 20%) With 
relatively loW pore siZes (e.g., less than about 5 microns. Such 
features are important in several types of absorbent products, 
?lters of many kinds, medical goods, and so forth. In one 
embodiment, the porosity of a composite electrospun mate 
rial is about 10 to about 95%, such as from about 50 to about 
90%, or from about 30 to about 80%. In one embodiment, the 
pore siZe as measured by mercury porosimetry is from about 
0.1 to about 10 microns, such as from about 0.5 to about 3 
microns, or from about 0.1 to about 2 microns, or from about 
0.2 to about 1.5 microns, or less than about 1 micron. 

[0099] The use of composite nano?ber materials in various 
products is discussed in more detail beloW, but, generally 
speaking, the materials of the present invention are useful in 
a Wide variety of products, including absorbent articles such 
as diapers, training pants, feminine napkins, adult inconti 
nence garments, and the like. In one embodiment, the mate 
rials are used as distribution materials to hold and/or move 

liquid. In one embodiment, materials Which are both hydro 
phobic and porous, e.g., a meltbloWn/electrospun ?ber com 
posite, can not only be used as an absorbent material to help 
keep the skin dry, but can also be used as a covering Which 
alloWs ?uid to pass through. In one embodiment, the com 
posite nano?ber materials described herein are used in a 
non-absorbent article (e.g., gloves) or on a non-absorbent side 
of an absorbent article, e.g., an outer cover layer. 

[0100] Such materials are useful for virtually any type of 
protective clothing, including any type of disposable gar 
ment, such as garments requiring varying surface properties, 
barrier clothing, and the like. For example, the composite 
nano?ber materials described herein can be incorporated into 
any type of disposable garment including, but not limited to, 
hospital garments such as surgical goWns, hair or head cov 
erings (e.g., shoWer caps, haimets, surgical caps, etc.), shoe 
covers, disposable patient goWns, laboratory coats, face 
masks, surgical gloves (e. g., for Wicking moisture aWay from 
the hand and/ or improving barrier functions), other medical 
and surgical goods including, but not limited to, sterile Wrap, 
Wound covers, hemostatic articles, and so forth. Speci?cally, 
the composite nano?ber materials of the present invention 
can help prevent ?uids, such as bodily ?uids, from penetrat 
ing the material and contacting the user. In one embodiment, 
the barrier is a breathable barrier, as is knoWn in the art. In one 














