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COMPOSITENANOFIBER MATERALS AND 
METHODS FOR MAKING SAME 

RELATED APPLICATION 

0001. This application is related to U.S. patent application 
Ser. No. , commonly assigned, filed on same date 
herewith and entitled, “Gradient Nanofiber Materials and 
Methods for Making Same,” which is hereby incorporated 
herein by reference. 

FIELD 

0002 The present invention relates to nanofiber materials, 
and, in particular, to composite nanofiber materials and meth 
ods for making same. 

BACKGROUND 

0003 Products made from fibrous materials are useful in a 
wide variety of applications such as personal care products 
and garments, filtration devices, and the like. Such products 
can be absorbent or non-absorbent. These fibrous materials 
have specific 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 sufficiently 
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 theart to provide fibrous 
materials having improved properties. 

SUMMARY 

0006. A composite material comprising a plurality of 
nanofibers intertwined with a plurality of coarse fibers to 
form one or more layers is provided. The nanofibers can be 
partially physically intertwined, i.e., entangled with one 
anotherina multi-component material. Such intertwining can 
occur when both sizes of fibers are deposited substantially 
simultaneously in an overlapping region. The nanofibers can 
be any suitable type of nanofiber, including electrospun 
fibers, protein nanofibers, cellulose nanofibers, hollow 
nanofibers, bacterial nanofibers, inorganic nanofibers, hybrid 
nanofibers, splittable nanofibers 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 fibers intertwined with a plurality of coarse fibers to 
form a single layer is also provided. A composite material 
comprising a plurality of electrospun fibers combined with a 
plurality of coarse fibers 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 fibers are produced from a single polymer or 
polymer blend and at least two types of electrospinning meth 

Jul. 3, 2008 

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 fibers. In one embodiment, polymers and/or polymer 
blends are used as the electrospun fibers, with no other mate 
rials present and/or only trace amounts of other fibers 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, polyolefins, 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 fibers are made from materials other 
than polymers. Such as ceramics. 
0009. Any suitable materials can be used for the coarse 
fibers. In one embodiment, the coarse fibers are selected from 
the group consisting of meltblown (MB) fibers, spun-bonded 
fibers, paper-making fibers, pulp fibers, fluff, cellulose fibers, 
nylon staple fibers, and any combinations thereof. 
00.10 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 fibers 
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 fibers; producing nanofi 
bers; and combining the coarse fibers and the nanofibers to 
produce a composite nanofiber material having one or more 
layers. In one embodiment, the nanofibers and coarse fibers 
are applied sequentially to the moving Substrate. In one 
embodiment, the nanofibers and the coarse fibers are applied 
Substantially simultaneously to the moving Substrate, and, in 
one embodiment, are substantially intertwined in at least a 
portion of the resulting composite material. In one embodi 
ment, the nanofibers and coarse fibers are joined in a coform 
ing-like process in which the nanofibers are intermingled 
with the coarse fibers 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 
nanofibers are electrospun fibers formed by any suitable 
method, including with the use of a needle and/or slot, or a 
plurality of needles and/or slots or orifices 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 (defined 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, hemostatic 
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 filters, water filters, absorbent pads, 
electrostatic webs, dust filters for computer media such as 
floppy 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 fibers have a sufficiently 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 electrospun material in accordance with 
one embodiment of the present invention. 
0015 FIG. 1B is a schematic illustration of a process for 
forming a composite electrospun material in accordance with 
an alternative embodiment of the present invention. 
0016 FIG. 2A is a simplified 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 2F are simplified 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. 
0.018 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 electrospun 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 fiber with Smooth Surface morphology at a 
magnification of 605x. 
0023 FIG. 8 is a SEM micrograph of an intertwined poly 
ethylene oxide (PEO) nanofiber/MB composite morphology 
at a magnification of 1500x in accordance with one embodi 
ment of the present invention. 
0024 FIG.9 is a SEM micrograph of the intertwined PEO 
nanofiber/MB composite morphology of FIG. 8 in a different 
sample area at a magnification of 2000x in accordance with 
one embodiment of the present invention. 
0025 FIG. 10 is a scanning electron microscope (SEM) 
micrograph of cellulose fibers with rough surface morphol 
ogy at a magnification of 2000x. 
0026 FIGS. 11 and 12 are SEM micrographs of inter 
twined PEO nanofiber/cellulose fluff composite morpholo 
gies at a magnification of 1000x and 2000x, respectively, in 
accordance with embodiments of the present invention. 
0027 FIGS. 13 and 14 are SEM micrographs of inter 
twined PEO nanofiber/cellulose fluff composite morpholo 
gies at a magnification of 2000x and 4000x, 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 specific preferred aspects in which the inven 
tion may be practiced. These embodiments are described in 
sufficient 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 
defined 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 
nanofibers, such as a plurality of electrospun fibers, and a 
plurality of coarse fibers is provided. In one embodiment, one 
or more gradients are present. A process for forming a com 
posite material by combining nanofibers, such as electrospun 
fibers, with coarse fibers is also provided. 
0030 Definitions of certain terms used throughout the 
specification are provided first, 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 fluids or waste. The absorbent element typi 
cally includes an absorbent material Such as cellulosic fibers, 
tissue layers, fibrous 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 configured with a 
self-supporting waistband, 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 film 
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 web’ 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 fibers or 
threads that are intermeshed, but not in an identifiable, 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, film aperturing processes, hydroentangling, 
coform production, airlaying, and Staple fiber 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 fibers and a multiplicity of indi 
vidualized absorbent fibers, typically of at least microfiber 
size or larger, Such as, for example, wood pulp fibers disposed 
throughout the matrix of MB fibers and engaging at least 
some of the MB fibers to space the MB fibers apart from each 
other. The absorbent fibers are interconnected by, and held 
captive within, the matrix of MB fibers by mechanical 
entanglement of the MB fibers with the absorbent fibers. The 
mechanical entanglement and interconnection of the MB 
fibers and absorbent fibers alone form a coherent integrated 
fibrous structure. The coherent integrated fibrous structure 
can be formed by the MB fibers and the absorbent fibers 
without any adhesive, molecular or hydrogen bonds between 
the two different types of fibers. The absorbent fibers can be 
distributed uniformly throughout the matrix of MB fibers to 
provide a homogeneous material. These materials can be 
prepared according to the descriptions in U.S. Pat. No. 4,100, 
324 to Anderson et al., U.S. Pat. No. 5,508,102 to Georger et 
al. and U.S. 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 
modifications thereof. Polymers can include, but are not lim 
ited to, polylactides, polylactic acids, polyolefins, 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 
cifically limited, the term “polymer is intended to include all 
possible geometrical configurations of the material. These 
configurations 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 fibers 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 
fibroin, 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. Díaz-de León, “Electrospinning Nanofi 
bers of Polyaniline and Polyaniline/(Polystyrene and Poly 
ethylene Oxide) Blends.” Proceeding of The National Con 
ference on Undergraduate Research (NCUR) 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, “Nanofibers 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 
oftetrahydrofuran (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 blendor 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 fibers are deposited during 
formation of a nonwoven fibrous 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 defined above. 

0039. As used herein, the terms “meltblown fibers' or 
“MB fibers” or the letter “M” refers to fibers formed by 
extruding a molten thermoplastic material through a plurality 
of fine, usually circular, die capillaries as molten threads or 
filaments into a high Velocity gas (e.g., air) stream which 
attenuates the filaments of molten thermoplastic material to 
reduce their diameter, which can be to microfiber diameter. 
Thereafter, the MB fibers are carried by the high velocity gas 
stream and are deposited on a collecting Surface to form a web 
of randomly disbursed MB fibers. Meltblown fibers are con 
sidered herein to be a type of “coarse' fiber. 
0040. As used herein, the term "spun-bonded fibers’ or the 
letter “S” refers to fibers which are at least micro-sized fibers 
or larger and which are formed by extruding a molten ther 
moplastic material as filaments from a plurality of fine, usu 
ally circular, capillaries of a spinnerette with the diameter of 
the extruded filaments 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 
U.S. Pat. No. 4.340,563 to Appel et al., commonly assigned, 
and hereby incorporated herein by reference. Spun-bonded 
fibers are considered herein to be a type of “coarse' fiber. 
0041. As used herein, the term “coarse fibers’ refers to 
fibers larger in size than nanofibers, to include microfibers as 
well as fibers larger than micro-sized fibers 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 fibers include, but are not limited to, 
meltblown (MB) fibers, spun-bonded fibers, paper-making 
fibers, pulp fibers, fluff, cellulose fibers, nylon staple fibers, 
and the like. 

0042. As used herein, the term “microfibers’ refers to 
Small diameter fibers 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 microfibers include, but are not limited 
to, meltblown (MB) fibers, spun-bonded fibers, paper-mak 
ing fibers, pulp fibers, fluff, cellulose fibers, nylon staple 
fibers and the like, although Such materials can also be made 
larger in size than microfiber-sized. Microfibers can further 
include ultra microfibers, i.e., synthetic fibers having a denier 
per filament (dpf) of between about 0.5 and about 1.5, pro 
vided that the fiber diameter is at least about 0.5 microns. 

0043. As used herein, the term “nano-sized fibers” or 
“nanofibers” or the letter “N” refers to very small diameter 
fibers having an average diameter not greater than about 1500 
nanometers (nm). Nanofibers are generally understood to 
have a fiber diameter range of about 10 to about 1500 nm, 
more specifically from about 10 to about 1000 nm, more 
specifically still from about 20 to about 500 nm, and most 
specifically 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 nanofibers, the average diameter of a nanofiber can be 
measured using known techniques (e.g., image analysis tools 
coupled with electro microscopy), but excluding the portions 
of a fiber that are substantially enlarged by the presence of 
added particles relative to the particle free portions of the 
fiber. 

0044 As used herein, the term “electrospinning refers to 
a technology which produces nano-sized fibers referred to as 
electrospun fibers from a solution using interactions between 
fluid dynamics and charged Surfaces. In general, formation of 
the electrospun fiber involves providing a solution to an ori 
fice in a body in electric communication with a Voltage 
Source, wherein electric forces assist in forming fine fibers 
that are deposited on a Surface that may be grounded or 
otherwise at a lower Voltage than the body. In electrospinning, 
a polymer Solution or melt provided from one or more 
needles, slots or other orifices is charged to a high Voltage 
relative to a collection grid. Electrical forces overcome sur 
face tension and cause a fine jet of the polymer Solution or 
melt to move towards the grounded or oppositely charged 
collection grid. The jet can splay into even finer fiber streams 
before reaching the target and is collected as an intercon 
nected web of small fibers. The dried or solidified fibers can 
have diameters of about 40 nm, or from about 10 to about 100 
nm, although 100 to 500 nm fibers are commonly observed. 
Various forms of electrospun nanofibers include branched 
nanofibers, tubes, ribbons and split nanofibers, nanofiber 
yarns, Surface-coated nanofibers (e.g., with carbon, metals, 
etc.), nanofibers produced in a vacuum, and so forth. The 
production of electrospun fibers is illustrated in many publi 
cation and patents, including, for example, P. W. Gibson et al. 
“Electrospun Fiber Mats: Transport Properties.” AlOhE 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 fibers’ refers to fibers having “a 
substantially different overall material composition' with 
measurably different properties, outside of “average diam 
eter” or other'size” differences. That is, two fibers can be of 
the same “type' as defined herein, yet have different “average 
diameters' or 'average diameter ranges.” (In the present 
invention, it is intended that fibers of different “average diam 
eters' or 'average diameterranges.” namely nano-sized fibers 
and coarse-sized fibers are used. Such fibers may or may not 
be of the same “type”). Although fibers 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 first weight percent of at least 1 weight 
percent in a first fiber type (based on measurement of a rep 
resentative sample size. Such as a sample of at least 10 grams 
of collected fibers) has a substantially different second weight 
percent in a second fiber type, wherein the absolute value of 
the difference between the second weight percent and the first 
weight percent is at least the smaller of 5% and one-half of the 
first weight percent. Alternatively, the absolute value of the 
difference between the second weight percent and the first 
weight percent is at least the smaller of 10% and one-half of 
the first weight percent. The contact angle of the material in 
the first fiber type may differ from the contact angle of the 
material in the second fiber type by at least 10 degrees, more 
specifically by at least 20 degrees. For example, pure poly 
ethylene oxide fibers and polyethylene oxide fibers coated 
with particles, such as silica colloidal particles or containing 
fillers, wherein the fillers are present at a level of 2 wt % or 
greater, may be considered two different “types of fibers 
herein. Likewise, electrospun fibers made from a polymer 
blend with a first polymeric component presentata level of at 
least 10 wt % would be considered a different fiber type 
relative to electrospun fibers made from a polymer blend that 
was substantially free of the first 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 fiber and the other from a titania 
fiber, or a ceramic fiber and a titania fiber, and so on. 
0046. As used herein, the term “composite' or “composite 
nanofiber material” refers to a multi-component material con 
taining fibers of at least two different “average diameters” or 
"average diameter ranges, namely coarse-sized fibers and 
nano-sized fibers. (Similarly, a "composite electrospun mate 
rial” refers to a multi-component material containing fibers of 
at least two different “average diameters' or “average diam 
eter ranges.” namely coarse-sized fibers and electrospun 
fibers). The composite can be a non-gradient (uniform) com 
posite having Substantially equal distribution of fiber sizes 
and types throughout or it can be a gradient composite having 
varying amounts and/or placement offiber sizes and types, as 
defined herein. The ratio of the average diameter size of the 
coarse fiber to the average diameter size of the nano-sized 
fiber 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 fibers to the Surface area 
per unit mass of the coarse fibers 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 fibers of different 
types with the same average diameter or average diameter 
range, i.e., either nano-sized fibers or coarse-sized fibers, but 
to a material having fibers 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 fibers, such as is described in U.S. patent applica 
tion Ser. No. , commonly assigned, filed on same date 
herewith and entitled, "Gradient Nanofiber 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 fiber as a 
composite (e.g., islands of a first polymer in a matrix of a 
second on a scale smaller than a fiber diameter or surface 
regions on a fiber relatively enhanced in concentration of one 
component relative to its concentration in the interior regions 
of the fibers), such fibers are not encompassed in the term 
"composite' as defined herein, but are otherwise considered 
to be two different “types” of fibers as defined herein. 
10047. 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 offibers having different average diameters or aver 
age diameter ranges and/or from the presence of fibers of 
different types. For example, when fibers 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, fiber diameter, and so forth. Materials 
having minor variations in fiber 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 fibers and coarse fibers, inherent non-uniform distri 
bution of fibers due to the effects of the equipment used to 
create the electrospun fibers and/or the coarse fibers does not 
create a gradient as defined herein. Likewise, differences in 
density or basis weight of a given material from a single fiber 
type, possibly due to edge effects in producing the fibers 
(lower mass at the edges of the formation region) are not 
considered gradients. Likewise, differences within a single 
fiber due to multiple components in the fiber (e.g., bicompo 
nent electrospun fibers, e.g., polymer/titania fiber) 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 defined herein, but may nevertheless be used as a 
single component thereof. Differences within a single elec 
trospun fiber are produced, for example, by using two con 
centric needles to release a coaxial jet of two different fluids 
into an electrospinning environment. See, for example, “Hol 
low Nanofibers in a Single Step.” Chemical and Engineering 
News, Vol. 82. No. 17, Apr. 26, 2004, p. 6 (non-hollow bicom 
ponent fibers can be produced by similar means). A "com 
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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 defined 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 or blending between the layers (such as shown in 
FIG. 2C) that are not considered "gradients” as defined 
herein. 

DESCRIPTION OF THE EMBODIMENTS 

10050 FIG. 1A provides a simplified 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 fluid 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 orifices. 
0051. In another alternative embodiment, any or all of the 
needles 104A, 104B and 104C may be replaced with a slot or 
other orifice 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 fluid to pass there 
through. 
0052 Although in this embodiment, three types of elec 
trospun fibers 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 fibers can be combined with any number 
of coarse fiber 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 fiber is used in combination with one 
type of coarse fiber. In one embodiment, only one type of 
electrospun fiber is used with at least two types of coarse 
fibers. In another embodiment at least two types of electro 
spun fibers are used in combination with one or more types of 
coarse fibers. In yet other embodiments, more than three 
types of electrospun fibers are used with one or more types of 
coarse fibers. 
0053. The collection substrate 108 can be a fabric contain 
ing coarse fibers 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, filter materials (e.g., for air or water 
filtration) and so forth. In one embodiment, the collection 
substrate 108 is a three-dimensional textured fabric made 
from coarse fibers 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 fibers 114A, 114B and 114C are formed by electro 
spinning as is understood by those skilled in the art. The 
electrospun fibers 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. Specifically, 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/ory-directions), i.e., CD and/ 
or MD. 

0055. In one embodiment the electrospun fibers 114A, 
114B and 114C are entrained in an air flow provided by any 
suitable airflow source (not shown) during or after formation. 
The airflow carries the forming or formed electrospun fibers 
114A, 114B and 114C into coarse fibers located on the mov 
ing substrate 108 that, in one embodiment, have not yet 
cooled. The solvent used to form the electrospun fibers 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 fibers. Such as any type of melt 
spun fibers. 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. 
Specifically, the collection substrate 108 is moving into the 
paper. Nano-sized electrospun fibers 114A, 114B and 114C 
are being deposited on the collection substrate 108 to form a 
composite electrospun material 116. In one embodiment, the 
fibers 114A, 114B and 114Care 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 fibers, 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 fiber 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. 
0.058 Although the composite electrospun material 116 
shown in FIG. 1B is a gradient composite material having 
identifiable discrete areas (115A, 115B and 115C), in prac 
tice, there can be at least some to significant overlap of the 
various fiber 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. Specifically, 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 fibertypes and coarse fiber 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 fibers are inter 
mingled with nanofibers (rather than other types of coarse 
fibers) to form an intertwined composite web. Such embodi 
ments, in which the various fiber types are combined together 
to form a unique blend of composite fibers, 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 fiber 
sizes and types. Conditions must be adjusted, however, to 
allow for the substantially even distribution of all fibers 
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 fibers (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 modifications thereof, including any Suitable process 
adapted to produce a gradient composite material. As with 
FIG. 2A, FIGS. 2B, 2C2D 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 fibers that are independently hydrophobic, 
hydrophilic, elastomeric, non-elastomeric, highly porous, 
less porous, and so forth. The basis weight, fiber 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 fibers, while another side or 
region is combined with a sufficient amount of a different type 
of fiber or fibers such as coarse nylon staple fibers or other 
cellulosic fibers, 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 1-centimeter (cm) by 1-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 electrospun material 116. 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 
first 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 fiber 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, fiber 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 fiber diam 
eter or Surface energy, or by about 20 degrees or more for 
contact angle. 
0063. The gradients can beformed in any suitable manner, 
Such as by varying the source location and/or rate and/or 
angle of delivery of one or more types offibers 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 fibers, varying the speed of the 
moving collection Substrate, varying polymer temperatures, 
varying the applied Voltage, varying the electrospun fiber 
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 
electrospun fibers 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, if the process of either 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 fiber 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 defined 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 
defined 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 fibers 208 and atop 
layer 215C made of electrospun fibers 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 
fibers, 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 fibers and the bottom layer is comprised of a 
combination of electrospun and coarse fibers. Any number of 
other combinations as well as any number of layers and 
layering patterns are possible, depending on the desired prop 
erties 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 fibers 
(114A, 114B and 114C) in a sweeping manner to cause cov 
erage throughout the length and width of the material, and by 
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adjusting the timing of the deposits of the fibers 114A, 114B 
and 114C to allow for successive deposition of the fibers 
rather than depositing the fibers 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 114A 
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 fibers 208 and atop 
layer 215C made of electrospun fibers 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 fibers 
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 modifications 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 fibers 
208 and a multi-sectioned top layer 215A, 215B and 215C 
each containing its respective electrospun fibers 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 fiber as shown. Such areas of overlap can be made as 
Small or as large as desired, depending on the final properties 
desired but are not considered to be a gradient as defined 
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 nanofiber, Such 
as an electrospun fiber, and includes "coform analogs’ made 
using "coform-like' processes as described herein. For 
example, a Subsequent layer of coarse fibers can be added 
onto the top of one or more layers of electrospun fibers by any 
means known in the art, such that the one or more layers of 
electrospun fibers are essentially sandwiched in between two 
layers of coarse fibers as shown in FIG. 2F. In this particular 
embodiment, material 116F has a bottom layer 209 made of 
one type of coarse fibers 208A and a top layer 221 made of 
another type of coarse fibers 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 fibers 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 nanofiber (N) rather than a traditional 
meltblown (M) layer. 
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0070. In another embodiment, the composite analog is 
produced by adding two or more types of coarse fibers onto 
the moving substrate prior to the addition of the electrospun 
fibers. Such an analog can, in one embodiment, take the form 
of SMN, with the nanofiber 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 
nanofiber 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 fibers 
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 fibers 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 configu 
rations as well according to manufacturing practices known 
in the art, including Suitable modifications 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 configurations 
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 
nanofibers 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 fluid from one region to 
another, or that serve to provide barrier properties (e.g., 
against fluids such as alcohol, blood, or other bodily fluids, or 
against microbes and viruses in particular) in Some regions of 
an article while allowing fluid 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 
2F may be useful for fluid intake layers, barrier layers, skin 
contacting materials, and filters for air, water or other fluids. 
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 simplified schematic view of an 
alternative process for forming a composite electrospun 
material 116 in which coarse fibers are deposited onto an 
electrical grid during fiberformation as electrospun fibers are 
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also being deposited. The process utilizes a composite elec 
trospinning system 300 in which electrospun fibers 114 from 
a single source of polymer Solution 102 (which can be pres 
surized to be above atmospheric pressure) are combined with 
coarse fibers 308 exiting two separate coarse fiber delivery 
devices 304. In one embodiment, the electrospun fibers 114 
are entrained by air and combined with the coarse fibers 308 
also entrained by air, i.e., discrete cooled fibers, as they are 
being formed. The intertwined fibers 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 fiber types is timed such 
that one is formed first and deposited on the moving Substrate 
108. In this embodiment, the two fiber types (electrospun 
fibers 114 and coarse fibers 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 fibers 308 are formed sufficiently prior to 
the formation of the electrospun fibers 114 such that they are 
cooling from a molten state when combined with the electro 
spun fibers 114. 
0077. In practice, any suitable number of polymer solu 
tions 102 and any number of coarse fiber delivery devices 304 
can be used. In the embodiment shown in FIG. 3, the single 
source of polymer solution 102 is in fluid 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 
fibers. The fiber delivery devices 304 are capable of deliver 
ing coarse fibers 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 fiber 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 fibers 114 which are initially 
pulled toward the grounded surface can be repelled millisec 
onds later to allow gas flow of air or other Suitable gases, to 
help carry the electrospun fibers 114 into a stream of coarse 
fibers 308 as they are being formed. In another embodiment, 
the electrospun fibers 114 are not directed away from the 
grounded target Surface, i.e., the moving Substrate 108, but 
are combined with the coarse fibers 308 from the adjacent 
fiber delivery devices 304 to form an intermeshed complex. 
0079. Such combinations of electrospun and coarse fibers 
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 fiber delivery 
devices 304 as well as the extent of electrostatic and pneu 
matic forces being used. In one embodiment, the fibers 308 
delivered by the fiber delivery devices 304 comprise two or 
more fiber types, and can also have substantially different 
Surface chemistry and other properties than the electrospun 
fibers 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 fiber-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 fibers (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 five (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 fibers to be deposited in the MD. 
I0081. The electrospun fibers themselves can be produced 
by varying methods as is known in the art, to alter specific 
measurable properties as desired, thus creating different 
“types of fibers as defined herein. In one embodiment a 
complex electrode system is used to produce the electrospun 
fibers comprising slots or openings (instead of or in addition 
to needles) for high shear gas flow to entrain the electrospun 
fibers. Useful geometries can then be adapted Such as uniaxi 
ally aligned ceramic electrospun fibers as described by Li, et 
al, in “Electrospinning of Polymeric and Ceramic Nanofibers 
as Uniaxially Aligned Arrays. Nano Letters, vol. 3, no. 8, Jul. 
8, 2003, pp. 1167-1171, hereby incorporated herein by refer 
ence. In other embodiments titania nanofibers or alumina 
borate oxide fibers are produced, which can also be aligned, if 
desired. Additionally, ceramic nanofibers comprising titania/ 
polymer oranatase nanotubes can also be used. Such as those 
described by Dan Li, et al., in “Direct Fabrication of Com 
posite and Ceramic Hollow Nanofibers by Electrospinning.” 
Nano Letters, vol. 4, no. 5, Mar. 30, 2004, pp. 933-938, 
hereby incorporated herein by reference. 
I0082 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 fibers 114 have dif 
ferent properties than electrospun fibers 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 fibers 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. 

I0083. 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 fibers to be blended into a stream of coarse fibers. In yet 
another embodiment, the electrospinning process is per 
formed in a vacuum. Other methods can produced branched 
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fibers, tube fibers, nanoballs, ribbon fibers, split fibers, elec 
trospunyams, and Surface coated fibers, as is known in the art. 
0084. In one embodiment, filler 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, opacifiers, 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 fillers, antimicrobials, elastomeric materials such 
as elastomeric polyurethanes and the like, are embedded in 
the composite electrospun material to create fibers of differ 
ent types (when the filler materials are present at a level of 2 
wt % or greater of the total weight of the fiber plus filler 
material combined) as compared with fibers of the similar 
material composition but without filler materials. Such mate 
rials can be useful in providing skin-health benefits in skin 
contacting layers of garments or in absorbent articles, or for 
providing a variety of other benefits in consumer goods. 
0085 Methods of attaching superabsorbent particles or 
other particles to fibers using binders are disclosed in U.S. 
Pat. No. 6,596,103, “Method of Binding Binder Treated Par 
ticles to Fibers, issued Jul. 22, 2003 to Hansen et al. and U.S. 
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 U.S. Pat. No. 
6,709,613. “Particulate Addition Method and Apparatus.” 
issued Mar. 23, 2004 to Chambers et al., hereby incorporated 
herein by reference. 
I0086) 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 U.S. Pat. No. 6,046,377, 
“Absorbent Structure Comprising Superabsorbent, Staple 
Fiber, and Binder Fiber, issued Apr. 4, 2000 to Huntoon et al., 
and U.S. 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 fibers, such as elas 
tomeric polyurethanes, are used to create breathable stretch 
able films. In one embodiment a layer of electrospun nanofi 
bers are deposited on a film or nonwoven web. Such as an 
apertured film 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 fibers 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 fiberto 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 field or modify the formation of the 
electrospun material. In a particular embodiment, about one 
(1) to about five (5) 96, by weight, conductive polymer mate 
rial is added to the electrospun fiber. 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. 

I0089. In one embodiment, some or all of the composite 
electrospun material comprises hydrophobic fibers of suffi 
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, nanofibers are used 
as the hydrophobic fibers. See, for example, U.S. Pat. No. 
6,660,363 to Barthlott and U.S. Patent Application 2002/ 
O150724 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 
fibers 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, fluoro 
chemicals. 

0091. In one embodiment, the material is a composite web 
comprising from about one (I) to about 99% electrospun 
fibers, by weight, from Zero (0) to about 99% papermaking 
fibers, by weight, and from Zero (0) to 99% meltspun fibers, 
Such as polyolefins, coarse bicomponent fibers, and the like, 
by weight. 
0092. In addition to electrospun fibers, it is also possible to 
use other types of nanofibers in any of the various embodi 
ments described herein. For example, in one embodiment 
hollow nanofibers are used for improved thermal insulation, 
acoustic insulation, dialysis materials, membrane filtration, 
reverse osmosis filters, chemical separations, etc. Formation 
of hollow nanofibers can be achieved by a technique 
described by I. G. Loscertales etal, in J. Am. Chem. Soc. 126, 
5376 (2004), hereby incorporated herein by reference, which 
yields hollow fibers 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 
Solidifies around an interior liquid that can be evaporated or 
otherwise removed after the fibers are formed, yielding hol 
low fibers. With this method, hollow silica fibers 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 fibers. 
0093. In another embodiment, cellulose nanofibers 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 fibers and combined with the electrospun 
fibers 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 
nanofibers 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 
fibers (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 nanofibers, such as 
fibrinogen fibers, elastin-mimetic fibers, etc., are combined 
with the coarse fibers. In one embodiment inorganic and 
hybrid (organic/inorganic) nanofibers are used. In one 
embodiment, polysaccharide nanofibers made from bacteria 
(e.g., bacterial cellulose) are used. 
0095. In another embodiment nanofibers known as split 
table fibers are used, in which a fiber, such as a microfiber, is 
exposed to a Swelling agent such as Sodium hydroxide to 
cause it to split into numerous Small filaments, or “islands 
in-the-sea fibers, in which a precursor fiber comprises mul 
tiple filaments (islands) in a removable matrix (Sea) that typi 
cally is dissolved away. See, for example, http://www.if. 
com/issue/october98/story8.html. By way of example, 
islands-in-the-Sea nanofibers 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, fibers 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 U.S. patent 
application Ser. No. 10/747.923, entitled “Gecko-like Fasten 
ers for Disposable Articles, filed Dec. 29, 2003, are used. 
0097 FIG. 5 is a block diagram of a process 500 for 
forming a composite nanofiber material in one embodiment 
of the present invention. The process begins by producing 502 
coarse fibers. The process further includes producing 504 
nanofibers. The coarse fibers and nanofibers are then com 
bined 506 to produce a composite nanofiber material having 
one or more layers. In one embodiment, the coarse fibers and 
nanofibers are combined on a moving Substrate wherein the 
coarse fibers are present on the moving Substrate prior to the 
nanofibers being added. In one embodiment the coarse fibers 
and nanofibers are deposited onto a moving Substrate at about 
the same time. In one embodiment more than one type of 
coarse fiber is used. In one embodiment there is additionally 
or alternatively more than one type of nanofiber. In one 
embodiment one or more types of nanofibers are applied 
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sequentially to the moving Substrate. In one embodiment one 
or more types of nanofibers are applied Substantially simul 
taneously to the moving Substrate. In one embodiment a non 
gradient composite nanofiber material is formed. In one 
embodiment a gradient composite nanofiber material is 
formed. The gradient composite nanofiber material can have 
a gradient in the thickness direction, in the plane of the mate 
rial or both. In one embodiment, the coarse fibers are selected 
from the group consisting of meltblown (MB) fibers, spun 
bonded fibers, paper-making fibers, pulp fibers, fluff, cellu 
lose fibers, nylon Staple fibers, and the like, including any 
combinations thereof. In one embodiment, the nanofibers are 
electrospun fibers formed by any suitable method, including 
with the use of a needle and/or slot. 

0.098 Composite nanofiber webs produced by the meth 
ods described herein can have varying properties depending 
on a number of parameters such as the percentage of nanofi 
bers, the type of nanofibers, 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 nanofiber 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, 
filters 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 nanofiber 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 fiber 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 fluid to pass through. In one embodiment, the com 
posite nanofiber 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 
nanofiber 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. Specifically, 
the composite nanofiber materials of the present invention 
can help prevent fluids, such as bodily fluids, 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 
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embodiment, the composite nanofiber material includes 
hydrophobic fibers for use as a breathable barrier. It should be 
noted that the materials are useful as breathable materials for 
any purpose, including, but not limited to gloves, liners (e.g., 
exterior or interior lining of a glove), barrier layers, outer 
covers, absorbent core linings, barrier tissue, cuffs, wings, 
waistbands, and the like, found in absorbent articles. Such 
materials are also useful in wipes (including two-sided wipes 
or wipes with gradients in Surface chemistry or other proper 
ties), face masks, air filters, water filters, sterile wrap, and so 
forth. 
0101 The high surface area of the various composite 
nanofiber materials described herein additionally allows such 
materials to be useful in filtration applications, such as to 
absorb odors, particles, and so forth. In one embodiment, the 
materials described herein are used in a high efficiency filtra 
tion device for water or air. In one embodiment the materials 
described herein are combined with conventional filtration 
materials, such as activated charcoal, and the like. 
0102. In one embodiment, composite nanofiber materials 
having gradients in one or more directions as described herein 
are used in absorbent articles in the intake region to provide 
varying properties within a single material or web. For 
example, wicking properties provided by these materials pro 
vide fluid flow control, barrier properties, and so forth. There 
fore, it is possible for one region to be hydrophobic, which 
aids in wicking moisture away from the skin, and another area 
to be hydrophilic, and therefore located away from the fluid 
target area. 
0103) In one embodiment one or more of the composite 
nanofiber materials of the present invention are laminated to 
another layer known to provide strength, (e.g., Such as a 
meltblown web, a polyolefin film or other film layer, an aper 
tured film, a scrim layer, a tissue layer Such as a cellulosic web 
having a basis weight of about 20 grams per square meter or 
greater, a woven layer, and the like). In this way, a Sufficiently 
strong laminate is provided which is also capable of control 
ling Surface properties (e.g., water deflection, etc.) 
0104 Portions of various garments or entire garments (for 
infants, children or adults), can be made using any of the 
composite nanofiber materials described herein. In one 
embodiment, the materials made from the processes 
described herein are useful as an insert, which can be com 
prised of a fluid impervious backing sheet or outer cover, fluid 
pervious facing sheet or liner, absorbent core and an intake? 
distribution or Surge layer. 
0105. In one embodiment, the outer cover serves as a fluid 
barrier and can be made from any suitable liquid impermeable 
material or a material treated to be liquid impermeable, 
including any of the composite nanofiber materials described 
herein. In one embodiment, the outer cover is a laminate 
comprised of an inner liner layer and an outer film layer. Such 
as a polyethylene film. In one embodiment, “Breathable 
stretch thermal laminate” (BSTL) is used for the outer cover. 
In an alternative embodiment the outer cover is an opaque 
sheet of material with an embossed or matte surface that is 
about one mill thick, although the invention is not so limited. 
In another alternative embodiment, the outer surface is made 
of extensible materials, such as necked, pleated (or 
micropleated) or creped nonwovens, including spunbond 
polypropylenes, bonded carded webs, or laminates of non 
wovens and films, including composite nanofiber materials, 
which are necked, pleated or creped so as to allow the outer 
cover to extend with minimal force, further including any 
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type of composite nanofiber material as described herein. For 
example, a suitable extensible material is a 60% necked, 
polypropylene spunbond having a basis weight of about 1.2 
osy. In one embodiment, the polypropylene spunbond fibers 
are combined with one or more types of electrospun fibers. 
The cover sheet and outer cover can also be made of nonwov 
ens, films, or composites of films and nonwovens or compos 
ite nanofiber materials. For a further description of extensible 
materials, see U.S. patent application Ser. No. 09/855, 182, 
filed on May 14, 2001, entitled, “Absorbent Garment with 
Expandable Absorbent Element, commonly assigned, and 
hereby incorporated herein by reference. 
0106. The liner serves as a fluid barrier and can be made 
from any suitable material or materials, including the com 
posite nanofiber materials described herein. In one embodi 
ment, the liner is made from any soft, flexible porous sheet 
that permits the passage of fluids therethrough, including, but 
not limited to, hydrophobic or hydrophilic nonwoven webs, 
wet strength papers, spunwoven filament sheets, and so forth, 
further including composite nanofiber materials. In one 
embodiment, the inner bodyside Surface is made from spun 
woven polypropylene filaments or a composite nanofiber 
material with spot embossing, further including a perforated 
surface or suitable surfactant treatment to aid fluid transfer. In 
one embodiment, the liner is a laminate comprised of an inner 
liner layer, which, in one embodiment, is made from the 
composite nanofiber materials described herein, and an outer 
film layer, such as a polyethylene film. In one embodiment, 
“breathable stretch thermal laminate” (BTSL) is used for the 
liner. 

01.07 The absorbent core or absorbent batt located 
between the outer cover and liner serves to absorb liquids, as 
is known in the art, and can be made from any Suitable 
material, including any of the composite nanofiber materials 
described herein. The absorbent batt can be any material that 
tends to Swell or expand as it absorbs exudates, including 
various liquids and/or fluids excreted or exuded by the user. 
For example, the absorbent material can be made of air 
formed, airlaid and/or wetlaid composites of fibers and high 
absorbency materials, referred to as Superabsorbents. In cer 
tain embodiments, different types of superabsorbent material 
may be used among the different types of products. Such as 
diapers. The delivery of different superabsorbent materials 
may be achieved using a pulsed Superabsorbent delivery sys 
tem. For example, the absorbent structure in one type of 
diaper may include a Superabsorbent material that provides 
adequate performance for many general-use situations but 
fails to deliver optimum performance under Some use condi 
tions. Suitable superabsorbent materials can be selected from 
natural, synthetic, and modified natural polymers and mate 
rials. The Superabsorbent materials can be inorganic materi 
als, such as silica gels, or organic compounds, such as 
crosslinked polymers. In one embodiment the Superabsorbent 
is any type of composite electrospun material as described 
herein. The fibers can be fluff pulp materials or any combi 
nation of crosslinked pulps, hardwood, softwood, and Syn 
thetic fibers and electrospun fibers or other types of nanofi 
bers. Suitable superabsorbent materials are available from 
various commercial vendors, such as Dow Chemical Com 
pany located in Midland, Mich., U.S.A., BASF, located in 
Portsmouth, Va., U.S.A., and Degussa, located in Greens 
boro, N.C., U.S.A. Typically, a superabsorbent material is 
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capable of absorbing at least about 15 times its weight in 
water, and desirably is capable of absorbing more than about 
25 times its weight in water. 
0108 Airlaid and wetlaid structures typically include 
binding agents, which are used to stabilize the structure. 
Other absorbent materials, alone or in combination, and 
including webs of carded or air-laid textile fibers, multiple 
plys of creped cellulose wadding, various Super absorbent 
materials, various foams, such as synthetic foam sheets, 
absorbent films, and the like can also be used. The batt can 
also be slightly compressed or embossed in selected areas as 
desired. Various acceptable absorbent materials are disclosed 
in U.S. Pat. No. 5,147,343, entitled, “Absorbent Products 
Containing Hydrogels With Ability To Swell Against Pres 
sure.” U.S. Pat. No. 5,601,542, entitled “Absorbent Compos 
ite, and U.S. Pat. No. 5,651,862, entitled, “Wet Formed 
Absorbent Composite, all of which are commonly assigned 
and hereby incorporated herein by reference. Furthermore, 
the proportions of high-absorbency particles can range from 
about Zero (0) to about 100%, and the proportion of fibrous 
material from about Zero (0) to about 100%. 
0109. In one embodiment, the absorbent batt is a folded 
absorbent material made of fibrous absorbent materials with 
relatively high internal integrity, including for example one 
made with thermoplastic binder fibers in airlaid absorbents, 
e.g., pulp, bicomponent binding fibers, and Superabsorbents, 
which have higher densities in the folded regions, further 
including any type of composite nanofiber materials as 
described herein. In one embodiment, composite electrospun 
materials are used. The higher density and resulting Smaller 
capillary size in these regions promotes better wicking of the 
liquid. Better wicking, in turn, promotes higher utilization of 
the absorbent material and tends to result in more uniform 
swelling throughout the absorbent material as it absorbs the 
liquid. The intake/distribution layer is made from any suitable 
material to increase the weight of fluid intake retention. 
0110. The surge layer is made from any suitable material, 
including any of the composite nanofiber materials described 
herein, and is designed to increase the weight of fluid intake 
retention. 

0111. Other details of conventional construction and 
materials of disposable garments are understood in the art and 
will not be discussed in detail herein. See, for example, U.S. 
Pat. No. 4,437,860 to Sigl, commonly assigned, which is 
hereby incorporated herein by reference. 
0112. In one embodiment, the composite nanofiber mate 

rials, such as composite electrospun materials, produced 
according to the methods described herein are used in an 
absorbent article 602 as shown in FIG. 6. In one embodiment 
the absorbent article 602 is a diaper. In another embodiment, 
the absorbent article 602 is a training pant, such as the training 
pant described in U.S. Pat. No. 6,562,167, issued to Coenenet 
al., and hereby incorporated herein by reference. 
0113. The absorbent article 602 comprises an absorbent 
chassis 604 and a fastening system 606 having a pair of 
fasteners, 608A and 608B to secure front and rear portions of 
the absorbent chassis 604 together. The fasteners 608A and 
608B can be adhesive strips, mechanical fasteners, and the 
like. The absorbent chassis 604 defines a front waist region 
610, a back waist region 612, a crotch region 614 intercon 
necting the front and back waist regions 610 and 612, respec 
tively, an inner surface 616 which is configured to contact the 
wearer, and an outer surface 618 opposite the inner surface 
616 which is configured to contact the wearer's clothing. In 
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most embodiments, elastic 619 is present in the front waist 
region 610, the back waist region 612 and the crotch region 
614 as shown. The crotch region 614 further includes con 
tainment flaps 621 as shown. Any of the components in the 
chassis 604 can include nanofibers, such as the composite 
electrospun materials described herein. The absorbent chas 
sis 604 also defines a pair of transversely opposed side edges 
620 and a pair of longitudinally opposed waist edges, which 
are designated front waist edge 622 and back waist edge 624. 
The front waist region 610 is contiguous with the front waist 
edge 622, and the back waist region 612 is contiguous with 
the back waist edge 624. 
0114. The absorbent article further comprises an outer 
cover 626. In general, the outer cover 626 can comprise one or 
more layers of nanofibers on the outward facing Surface. In 
one embodiment, the nanofibers are hydrophobic. The illus 
trated absorbent chassis 604 comprises a structure 628 which 
can be rectangular or any other desired shape, a pair of trans 
versely opposed front side panels 630, and a pair of trans 
versely opposed back side panels 632. The structure 628 and 
front and back side panels, 630 and 632, respectively, can 
comprise two or more separate elements, as shown in FIG. 6. 
or can be integrally formed. Integrally formed front and back 
side panels 630 and 632, respectively, and composite struc 
ture 628 would comprise at least some common materials, 
Such as the bodyside liner, flap component, outer cover, other 
materials and/or combinations thereof, and could define a 
one-piece elastic, stretchable, or nonstretchable absorbent 
article 602, which can further comprise segments of foam 
layers (not shown) disposed on the outer surface thereof. 
0115 The absorbent article 602, and, in particular, the 
outer cover 626 can comprise one or more appearance-related 
components such as printed graphics 634 on the front Surface 
636, a colored stretchable waist band 638, and so forth. 
Examples of appearance-related components include, but are 
not limited to:graphics; highlighting or emphasizing leg and 
waist openings in order to make product shaping more evi 
dent or visible to the user (e.g., a printed leg opening region 
640); highlighting or emphasizing areas of the absorbent 
article 602 to simulate functional components such as elastic 
leg bands, elastic waistbands, simulated “fly openings' for 
boys, ruffles for girls; highlighting areas of the absorbent 
article 602 to change the appearance of the size of the absor 
bent article 602; registering wetness indicators, temperature 
indicators, and the like in the absorbent article 602; register 
ing a back label, or a front label, in the absorbent article 602; 
and, registering written instructions at a desired location in 
the absorbent article 602. 
0116. The invention will be further described by reference 
to the following examples, which are offered to further illus 
trate various embodiments of the present invention. It should 
be understood, however, that many variations and modifica 
tions may be made while remaining within the scope of the 
present invention. 

Example 1 
Making Electrospun Nanofiber Composites with 

Nonwoven and Paper Fibers 
Materials and Preparation 
0117 Polyethylene Oxide (PEO) with a molecular weight 
(MW) of 100,000, Catalog No. 18, 198-6, from Sigma-Ald 
rich, having offices in Saint Louis, Mo., was used for the 
electrospun fibers. Additionally, thermoplastic adhesive 
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polymer H2025a from Findley Adhesive Company, a division 
of Bostik Findley, having offices in Wauwatosa, Wis., was 
used as the meltblown fibers. Softwood fluffing CR-1654 was 
obtained from US Alliance Pulp Mills, having offices in 
Coosa, Ala., was used for the fluff fibers. 
0118. A 15% PEO solution was prepared in ultra-filtered 
grade, distilled, deionized water having a resistivity reading 
of 18 MS2.cm. With the aid of a Model 22 Syringe Pump 
from Harvard Apparatus, Inc., having offices in Holliston, 
Mass., the Solution was extruded at ambient temperature and 
pressure at a flow rate of approximately 100 uL/ml from a one 
(1) mL Syringe through Tygon(R) brand tubing (1.6 mm id) to 
a positively charged metal blunt-tipped needle (22 Gx3.8 cm 
(1.5) in) made by Becton-Dickson & Co., having offices in 
Franklin Lakes, N.J. A High Voltage Supply ES30P/DDPD 
(having a low current power Supply) from Gamma High Volt 
age Research, Inc., having offices in Ormand Beach, Fla., was 
utilized to establish the 18 kV electric potential gradient. PEO 
fibers were electropSun and intertwined with meltblown or 
fluff fibers and the formed composite was collected on a 
grounded aluminum plate located a distance of approxi 
mately 15 cm below the tip of the needle. 
0119 The temperature was set to approximately 350° C. in 
a PAM 600 Spray Melt Gun from Fastening Technology, Inc., 
having offices in Charlotte, N.C., to heat and melt adhesive 
polymer H2025a. Gun air pressure was adjusted to approxi 
mately 4.2 kg/cm (about 60 lb/in) to cause the melted poly 
mer to form a spray. The spray gun was aimed at the sample 
collector, i.e., the aluminum plate, beside the electrospun 
device, and activated. The spray stream formed by the melted 
adhesive polymer intertwined with the electrospun PEO fiber. 
Samples were collected at the grounded aluminum plate. In a 
control test, the thermoplastic adhesive polymer H2025 
sample was collected under the same conditions without 
being intertwined with PEO nanofibers. The resulting mate 
rial had a thickness of about 50 to about 100 microns. 

Scanning Electron Microscope Images 
0120 SEM images were taken using S4500 Field Emis 
sion SEM, which operated at an accelerating voltage of 5 kV. 
An upper detector was used (pure SEI) at a working distance 
of about nine (9) mm. The samples were coated with approxi 
mately 20 nm chromium, and the images were taken at mag 
nifications ranging from 250 to 15,000x. 
0121 FIG. 7 is a SEM micrograph of a MB adhesive 
polymer fiber approximately 2.5 to 20 microns in diameter 
with Smooth Surface morphology at a magnification of 605x. 
0122 FIG. 8 is a SEM micrograph of an intertwined poly 
ethylene oxide (PEO) nanofiber/meltblown (MB) composite 
morphology at a magnification of 1500x. PEO electrospun 
nanofiberranges from about 100 to 300 nm, while meltblown 
adhesive polymer fiber ranging from about 800 nm to 10 
microns. 
(0123 FIG.9 is a SEM micrograph of the intertwined PEO 
nanofiber/MB composite morphology of FIG. 8 in a different 
sample area at a magnification of 2000x. PEO electrospun 
nanofiber size ranges from about 100 to 300 nm, while melt 
blown adhesive polymer fiber size ranging from about 800 nm 
to 15 microns. A very Small percent of bead morphology is 
also observed in the PEO nanofiber network. 
0.124 FIG. 10 is a scanning electron microscope (SEM) 
micrograph of cellulose fibers approximately 20 microns in 
diameter with rough surface morphology at a magnification 
of 2000x. 
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(0.125 FIGS. 11 and 12 are SEM micrographs of inter 
twined PEO nanofiber/cellulose fluff composite morpholo 
gies at a magnification of 1000x and 2000x, respectively. 
PEO electrospun nanofibers were intertwined with the air 
blown fluff as described earlier and formed the composite. 
PEO nanofiberranges from about 100 to 300 nm, while large 
cellulose fibers range from about 20 to 25 microns. (Note the 
difference in appearance between FIG. 11 and FIG. 10 as the 
electrospun fibers are the majority component in FIG. 11 and 
the fibers are now intertwined with the airblown cellulose 
fibers). 
(0.126 FIGS. 13 and 14 are SEM micrographs of inter 
twined PEO nanofiber/cellulose fluff composite morpholo 
gies at a magnification of 2000x and 4000x, respectively. 
Nano-sized PEO electrospun fibers (100 to 300 nm) were 
observed to wrap around single cellulose fiber of a big fiber 
size (approximately 20 microns in diameter) in the inter 
twined composite made by described process. PEO nanofiber 
ranges from about 100 to 300 nm, while large cellulose fibers 
range from about 20 to 25 micron. (Note the difference in 
appearance between FIG. 13 and FIG. 10 as FIG. 13 shows 
the single airblown cellulose fiber (majority component) 
wrapped by an electrospun nanofiber). 

Example 2 

Materials and Preparation 

(O127 Polyethylene Oxide (PEO) with a molecular weight 
(MW) of 900,000, Catalog No. 18, 945-6, from Sigma-Ald 
rich, was used. Additionally, approximately 17 g/m (gsm) of 
wetlaid nonwoven material, i.e., a cellulose-polymer mate 
rial, containing approximately 70% Softwood and abaca 
(hemp) fiber and about 30% polyester staple fiber was used. 
The wetlaid material was made by Dexter Nonwoven Mate 
rials, having offices in Windsor Locks, Conn., using conven 
tional wetlaid nonwoven manufacturing processes known in 
the art. As part of this process, a sheet of the material was 
saturated with a synthetic acrylic binder, which comprises 
about 30%, by weight, of the total material. Two 2x2 cm 
samples were prepared and each tested three times (See Table 
1). 
I0128. A portion of the procedure as described in Example 
1 above was then followed. However, in this instance, a 2% 
PEO solution was prepared in ultra-filtered grade, distilled, 
deionized water (18 MS2.cm). With the aid of a Model 22 
Syringe Pump from Harvard Apparatus, Inc., the Solution was 
again extruded at ambient temperature and pressure at a flow 
rate of approximately 100 uI/ml through a positively charged 
metal blunt-tipped needle (22 Gx3.8 cm (1.5 in)). A High 
Voltage Supply ES30P/DDPD (having a low current power 
Supply) from Gamma High Voltage Research, Inc. was ulti 
lized to establish the 18 KV electric potential gradient. The 
needle was connected to a one (1) ml syringe using Tygon(R) 
tubing having a 1.6 mm inner diameter. 
I0129. However, rather than being intertwined with melt 
blown or fluff fibers as described in Example 1 above, the 
resulting PEO nanofibers were electropSun and then collected 
on one side of the wetlaid material to form a nanofiber wetlaid 
composite. Specifically, one of the previously prepared wet 
laid sample was laid on top of a grounded aluminum plate 
located a distance of approximately 15 cm below the tip of the 
needle. PEO nanofibers were then collected on top to produce 
a nanofiber wetlaid composite material. (The other wetlaid 
sample remained untreated and was used as a control). The 
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PEO nanofiber coating added about five (5) 96 additional 
weight to the wetlaid material. The coating thickness is com 
parable to the type of thickness achieved with the intertwined 
examples of Example 1, namely, about 50 to about 100 
microns. For purposes of this experiment, it was assumed that 
the material prepared in this experiment is comparable to the 
intertwined material prepared in Example 1. 
0130 Air Permeability (Porosity) Test 
0131 The airpermeability tests were conducted according 
to the ASTM D737-75 (1980) Standard Test Method for Air 
Permeability of Textile Fabrics. The instrument used in this 
test was an air permeability tester Model No. TEXTEST FX 
3300 from TexTest Ag., having offices in Zurich, Switzerland. 
This test measures the rate and volume of air flow through a 
fabric under a prescribed surface pressure differential. The 
higher the result reading, the more open the material is, thus 
allowing more air to pass through. Air flow rate and Volume 
are an indication of fabric breathability. 
0132 Under controlled conditions, a suction fan draws air 
through a known area of fabric approximately 38 cm (5.9 in). 
The air flow through the test specimen is measured with a 
variable orifice. The air permeability of the test specimen is 
determined from the pressure drop across this orifice, and is 
digitally displayed in the selected unit of measure for direct 
reading. The rate is adjusted to a prescribed pressure differ 
ential, in this instance approximately 0.02 lb/in (about 125 
Pa). 

Results 

0133. The nanofiber wetlaid composite material sample 
was then tested (three times) for air permeability and com 
pared with the untreated wetlaid nonwoven sample (also 
tested three times). Each sample was about 5.1 by 5.1 cm 
(about two (2) by two) in). Results are shown in Table 1 below 
and expressed as air flow: 

TABLE 1. 

Air Permeability Results for Untreated 
and Treated Wetlaid Composite Material 

Air flow Average air flow 
m/min (ft/min.) m/min (ft/min) 

Untreated Wetlaid 9.6 (338) 9.5 (337) 
9.7 (343) 
9.4 (331) 

Nanofiber Wetlaid Composite 9.1 (322) 9 (318) 
8.9 (314) 
9 (318) 

0134. The electrospun PEO nanofiber coating on the con 
ventional wetlaid material had a very small effect (6%) on air 
permeability drop (about nine (9) m3/min) when compared 
with untreated wetlaid material (about 9.5 m3/min). This 
result indicates that the electrospun materials have minimal 
impact on the porosity of conventional materials, yet have the 
advantages as described herein. 

CONCLUSION 

0135. In some of the embodiments described herein, mix 
tures of various nanofibers are created by using multiple 
discharge tubes containing different polymers, each of which 
produce nanofibers which are deposited on a collection grid 
and intermingled with and/or layered with coarse fibers or a 
combination of coarse fibers and nanofibers. Thus, for 
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example, mixtures of hydrophobic and hydrophilic nanofi 
bers can be created, such as composites of polylactides or 
polyactic acid polymers, spun out of a solution and coupled 
with polyolefin coarse fibers, such as polyethylene, spun from 
a melt, or with Kraton(R), a polymer made by Kraton Poly 
mers, having offices in Houston, Tex., or other fibers electro 
spun from a solution with a suitable solvent. The resulting 
composite nanofiber materials provide webs useful in dispos 
able absorbent articles. Such webs can be part of intake lay 
ers, protective covers, distribution materials, and outer covers 
of articles as described herein. 
0.136 Embodiments of the present invention provide sig 
nificant advantages over other fibrous products and methods 
for manufacture thereof. Nanofibers produced by electrospin 
ning or other methods can produce materials having very 
large surface areas for a given weight. When these nanofibers 
are combined with conventional nonwovens having larger 
fiber sizes, as described herein, the resulting composite mate 
rials can maintain similar porosity properties while providing 
a relatively low pore size and high surface area. 
0.137 All publications, patents, and patent documents 
cited in the specification are incorporated by reference herein, 
each in their entirety, as though individually incorporated by 
reference. In the case of any inconsistencies, the present 
disclosure, including any definitions therein, will prevail. 
0.138. Although specific aspects have been illustrated and 
described herein, it will be appreciated by those of ordinary 
skill in the art that any arrangement that is calculated to 
achieve the same purpose may be substituted for the specific 
aspect shown. For example, although the invention has been 
described primarily in terms of electrospun fibers, it is to be 
understood that nanofibers of any type can be used. This 
application is intended to cover any adaptations or variations 
of the present invention. Therefore, it is manifestly intended 
that this invention be limited only by the claims and the 
equivalents thereof. 

1-7. (canceled) 
8. A composite material comprising: 
a plurality of electrospun fibers intertwined with a plurality 

of coarse fibers to form a single layer, wherein the plu 
rality of electrospun fibers and the plurality of coarse 
fibers are distributed non-uniformly in the planar direc 
tion within the single layer to form one or more gradi 
ents, the distribution of coarse fibers and electrospun 
fibers being consistent in the Z-direction of the single 
layer. 

9. The composite material of claim 8 wherein the plurality 
of electrospun fibers have an electrospun fiberaverage diam 
eter and the plurality of coarse fibers have a coarse fiber 
average diameter, wherein a ratio of the coarse fiberaverage 
diameter to the electrospun fiber average diameter is about 5 
O. O. 

10. The composite material of claim 8 wherein the com 
posite material comprises about one (1) to 99% content, by 
weight, of electrospun fiber. 

11. The composite material of claim 8 wherein at least a 
portion of the plurality of the coarse fibers are microfibers. 

12. The composite material of claim 8 wherein the plurality 
of coarse fibers are made from at least two different types of 
coarse fibers. 

13. The composite material of claim 8 wherein the plurality 
of coarse fibers are selected from the group consisting of 
meltblown (MB) fibers, spun-bonded fibers, paper-making 
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fibers, pulp fibers, fluff, cellulose fibers, nylon staple fibers, 
and any combinations thereof. 

14. The composite material of claim 13 wherein the coarse 
fibers form a meltspun web. 

15. The composite material of claim 14 wherein the melt 
spun web is made from meltblown fibers 

16. The composite material of claim 14 wherein the melt 
spun web is made from spunbond fibers. 

17. The composite material of claim 8 wherein the coarse 
fibers are loosely combined with a spunbond web. 

18. (canceled) 
19. The composite material of claim 8 wherein the at least 

one of the one or more gradients is a planar gradient. 
20. The composite material of claim 19 wherein at least one 

of the one or more planar gradients is a surface chemistry 
gradient. 

21. The composite material of claim 8 wherein the plurality 
of electrospun fibers are produced from at least two different 
polymers or polymer blends. 

22. The composite material of claim 21 wherein the plu 
rality of electrospun fibers are produced from three different 
polymers or polymer blends. 

23. The composite material of claim 21 wherein the at least 
two different polymers or polymer blends are selected from 
the group consisting of a polylactide, polylactic acid, poly 
olefin, polyacrylonitrile, polyurethane, polycarbonate, poly 
caprolactone, polyvinyl alcohol (PVA), cellulose, silk fibroin, 
polyaniline, polystyrene, polyethylene oxide, polyacryloni 
trile-acrylamide, N,N-dimethylformamide, chitosan nylon, 
polyvinyl alcohol, chitosan nylon, polystyrene, protein, and 
combinations thereof. 

24. The composite material of claim 23 wherein the chito 
san nylon is selected from the group consisting of Nylon 6. 
Nylon 406, Nylon 6-6 and combinations thereof. 

25. The composite material of claim 21 wherein the at least 
two different polymers or polymer blends are each in a sol 
vent selected from the group consisting of Sulfuric acid, for 
mic acid, chloroform, tetrahydrofuran, dimethylformamide, 
water, acetone, and combinations thereof. 

26. The composite material of claim 8 wherein the plurality 
of electrospun fibers are made by at least two different meth 
ods. 

27. The composite material of claim 8 wherein at least 
some of the plurality of electrospun fibers are selected from 
the group consisting of hydrophobic fibers, hydrophilic fibers 
and combinations thereof. 

28. The composite material of claim 27 wherein the hydro 
phobic fibers are self-cleaning. 

29. The composite material of claim 8 wherein the com 
posite material has an air permeability drop no greater than 
about six (6) 96 less than the plurality of coarse fibers. 

30. The composite material of claim 8 wherein the com 
posite material has a porosity of at least about 20%. 

31. The composite material of claim 8 wherein the com 
posite material has a pore size of less than about 6 microns. 

32. The composite material of claim 8 wherein one or more 
conductive polymers are contained in the single layer. 

33. A composite material comprising: 
a plurality of electrospun fibers combined with a plurality 

of coarse fibers to form a plurality of layers, wherein the 
plurality of electrospun fibers and the plurality of coarse 
fibers are distributed non-uniformly within one or more 
of the plurality of layers to form one or more planar 
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gradients, the distribution of coarse fibers and electro 
spun fibers being consistent in the Z-direction of each 
layer. 

34-36. (canceled) 
37. The composite material of claim 33 wherein the plu 

rality of electrospun fibers and the plurality of coarse fibers 
are also distributed non-uniformly between each of the plu 
rality of layers to form one or more thickness gradients. 

38. The composite material of claim 37 wherein at least one 
of the one or more gradients is a Surface chemistry gradient. 

39. The composite material of claim 33 wherein the plu 
rality of electrospun fibers have an electrospun fiber average 
diameter and the plurality of coarse fibers have a coarse fiber 
average diameter, wherein a ratio of the coarse fiberaverage 
diameter to the electrospun fiber average diameter is about 5 
O. O. 

40. The composite material of claim 33 wherein the com 
posite material comprises about one (1) to 99% content, by 
weight, of electrospun fiber. 

41. The composite material of claim 33 wherein at least a 
portion of the plurality of the coarse fibers are microfibers. 

42. The composite material of claim 33 wherein the plu 
rality of coarse fibers are selected from the group consisting 
of meltblown (MB) fibers, spun-bonded fibers, paper-making 
fibers, pulp fibers, fluff, cellulose fibers, nylon staple fibers 
and any combinations thereof. 

43. The composite material of claim 33 wherein the plu 
rality of electrospun fibers are produced from at least two 
different polymers or polymer blends. 

44. The composite material of claim 43 wherein the at least 
two different polymers or polymer blends are selected from 
the group consisting of a polylactide, polylactic acid, poly 
olefin, polyacrylonitrile, polyurethane, polycarbonate, poly 
caprolactone, polyvinyl alcohol (PVA), cellulose, silk fibroin, 
polyaniline, polystyrene, polyethylene oxide, polyacryloni 
trile-acrylamide, N,N-dimethylformamide, chitosan nylon, 
polyvinyl alcohol, chitosan nylon, polystyrene, protein, and 
combinations thereof. 

45. The composite material of claim 44 wherein the chito 
san nylon is selected from the group consisting of Nylon 6. 
Nylon 406, Nylon 6-6 and combinations thereof. 

46. The composite material of claim 43 wherein the at least 
two different polymers or polymer blends are each in a sol 
vent selected from the group consisting of Sulfuric acid, for 
mic acid, chloroform, tetrahydrofuran, dimethylformamide, 
water, acetone, and combinations thereof. 

47. The composite material of claim 33 wherein the plu 
rality of electrospun fibers are made by at least two different 
methods. 

48. The composite material of claim 33 wherein at least 
some of the plurality of electrospun fibers are selected from 
the group consisting of hydrophobic fibers, hydrophilic fibers 
and combinations thereof. 

49. The composite material of claim 48 wherein the hydro 
phobic fibers are self-cleaning. 

50. The composite material of claim 33 wherein the com 
posite material has an air permeability drop no greater than 
about six (6) 96 less than the plurality of coarse fibers. 

51. The composite material of claim 33 wherein the com 
posite material has a porosity of at least about 20%. 

52. The composite material of claim 33 wherein the com 
posite material has a pore size of less than about 5 microns. 

53. The composite material of claim 33 further comprising 
one or more conductive polymers. 
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54-64. (canceled) 
65. (canceled) 
66-73. (canceled) 
74. (canceled) 
75-77. (canceled) 
78. (canceled) 
79-80. (canceled) 
81. (canceled) 
82. (canceled) 
83-85. (canceled) 
86. (canceled) 
87. (canceled) 
88. (canceled) 
89. (canceled) 
90. (canceled) 
91. (canceled) 
92. (canceled) 
93. (canceled) 
94. (canceled) 
95-96. (canceled) 
97. (canceled) 
98. (canceled) 
99. (canceled) 
100-101. (canceled) 
102. (canceled) 
103-105. (canceled) 
106. (canceled) 
107-127. (canceled) 
128. (canceled) 
129. (canceled) 
130. (canceled) 
131. (canceled) 
132. (canceled) 
133. (canceled) 
134. (canceled) 
135. (canceled) 
136. (canceled) 
137. (canceled) 
138. (canceled) 
139. (canceled) 
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average diameter and the plurality of coarse fibers have 
a coarse fiber average diameter, wherein a ratio of the 
coarse fiber average diameter to the electrospun fiber 
average diameter is about 5 or more, wherein the elec 
trospun fibers and the coarse fibers are distributed non 
uniformly within one or more of the layers to form one or 
more planar gradients, the distribution of coarse fibers 
and electrospun fibers being consistent through the Z-di 
rection of each layer. 

141. The composite material of claim 140 wherein the one 
or more polymers are selected from the group consisting of a 
polytactide, polylactic acid, polyolefin, polyacrylonitrile, 
polyurethane, polycarbonate, polycaprolactone, polyvinyl 
alcohol (PVA), cellulose, silk fibroin, polyaniline, polysty 
rene, polyethylene oxide, polyacrylonitrile-acrylamide, N.N- 
dimethylformamide, chitosan nylon, polyvinyl alcohol, chi 
tosan nylon, polystyrene, protein, and combinations thereof. 

142. The composite material of claim 140 wherein the one 
or more polymers is polyethylene oxide. 

143. The composite material of claim 140 wherein the 
composite material has an air permeability drop no greater 
than about six (6) 96 less than the plurality of coarse fibers. 

144. The composite material of claim 140 wherein the 
composite material has a porosity of at least about 20%. 

145. The composite material of claim 140 wherein the 
composite material has a pore size of less than about 5 
microns. 

146. A composite material comprising: 
a plurality of continuous electrospun fibers made from one 

or more polymers and combined with a plurality of 
coarse fibers to form one or more layers, wherein the 
plurality of electrospun fibers have an electrospun fiber 
average diameter and the plurality of coarse fibers have 
a coarse fiber average diameter, wherein a ratio of the 
coarse fiber average diameter to the electrospun fiber 
average diameter is about 5 or more, and wherein elec 
trospun fibers a the coarse fibers are distributed non 
uniformly within the one or more layers to form one or 
more planar gradients, the distribution of coarse fibers 
and electrospun fibers being consistent through the Z-di 
rection of Such layer. 

140. A composite material comprising: 147. (canceled) 
a plurality of solution-based electrospun fibers made from 148. The composite material of claim 146 wherein at least 

one or more polymers and combined with a plurality of one of the one or more gradients is a planar gradient. 
coarse fibers to form one or more layers, wherein the 
plurality of electrospun fibers have an electrospun fiber ck 


