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MICROFIBER ARTICLES FROM MULTI-LAYER 
SUBSTRATES 

0001) This application is a divisional of U.S. Ser. No. 
09/974040, filed Oct. 9, 2001, now allowed, the disclosure 
of which is herein incorporated by reference. 

FIELD OF THE INVENTION 

0002 The invention relates to multi-layer films that bear 
a microfiber Surface, films and methods used to prepare 
them, and articles made from them. 

BACKGROUND 

0.003 Polymeric materials that can be processed to form 
microfiber Surfaces and microfiber articles have been iden 
tified, including mono-axially oriented films Such as 
polypropylene. See U.S. Pat. No. 6,110,588. Such polymeric 
materials can be Selected and processed using various tech 
niques, to produce oriented films capable of being microfib 
rillated to a microfiber Surface. 

0004 Multi-layer films are generally known, and include 
a huge variety of different combinations of layer composi 
tion, Sizes, and methods of preparing the different layers into 
a multi-layer film, e.g., lamination, co-extrusion, the use of 
adhesives, etc. 

0005. Until now, there has been little if any recognition of 
the potential benefits and Synergies that can be achieved 
using multi-layer films, particularly co-extruded multi-layer 
films, to form microfibers, microfiber Surfaces, and microfi 
ber articles. 

SUMMARY OF THE INVENTION 

0006 The invention identifies multi-layer films that bear 
very fine fibers, e.g., microfibers, and methods of preparing 
them from multi-layer film precursors, preferably co-ex 
truded multi-layer film precursors. 

0007 Advantageously, the different layers of the multi 
layer film can be Selected based on the independent prop 
erties of the different layers to produce a multi-layer microfi 
ber article having a combination of desired properties. For 
example, different layers of a multi-layer film can be inde 
pendently Selected to provide one or more layers that are 
hydrophobic, hydrophilic, oleophobic, oleophilic; dielec 
tric, to exhibit certain physical properties Such as rigidity, 
flexibility, high or low elasticity, high or low Strength, tear 
or puncture resistance, Stain resistance, breathability, and 
being waterproof; to give a desired frictional property Such 
as a high or low coefficient of friction; to provide a desired 
color or color combination; to provide a desired size of 
fibers, fibrils, or microfibers, or a desired Surface area of a 
fiber or microfiber Surface; to provide high or low tempera 
ture resistance or flame retardance; or a combination thereof. 

0008. As a particular example, one layer can be selected 
to give a hydrophilic Surface, while another layer has an 
oleophilic Surface. Using a multi-layer film to produce a 
microfiber film or fibrillated article, for example, can allow 
the production of various multi-Surface articles Such as pads, 
drapes, cloth-like wipes, microfiber mats, and a large variety 
of others, which contain layers of two or more different 
types of materials. This could be useful to make a wipe that 
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is both water and oil absorbing, by starting from a film with 
layers of polypropylene and a hydrophilic polymer. 

0009. In a different embodiment, layers can be selected to 
include one or more microfiber-forming layers and one or 
more layers that are not microfiber-forming layers, prefer 
ably to give a combination of properties from the different 
layers. The non-microfiber-forming layer can be Selected to 
give a certain physical or chemical property Such as hydro 
phobicity, hydrophilicity, etc.; Stain or water resistance; or a 
mechanical property Such as rigidity, flexibility, tear or 
puncture resistance, breathability, Strength, and elasticity. AS 
an example, a multi-layer film can have a non-microfiber 
forming inner layer of a plastic, a fluoropolymer, a hard yet 
flexible rubber or Soft rubber, or an elastomer, and Surface 
layers of a microfiber-forming polymer Such as polypropy 
lene. The microfiber article may exhibit a combination of 
properties including properties of a waterproof elastomer 
and a microfiber Surface, to give a microfiber article having 
combined properties of a flexible or stretchable microfiber 
Surface-bearing cloth. 

0010. In certain embodiments, the invention takes advan 
tage of the understanding that films having multiple different 
layers with independently Selected properties can be effi 
ciently co-extruded to form a multi-layer film, which can 
then be microfibrillated to produce a microfiber article 
having a desired combination of properties based on the 
composition and properties of the different layers of the 
co-extruded film. The preparation of a multi-layer film by 
co-extruding can realize processing advantages because 
co-extruding different layers into a single film can be more 
efficient and economical than other possible (and still useful) 
methods of producing a multi-layer film, Such as by Separate 
production of individual layerS and lamination or adhesion 
of those layers to one another. 
0011. According to preferred embodiments of the inven 
tion, oriented, multi-layer polymeric films can be trans 
formed into microfiber mats, wipes, or other types of cloth 
like materials using Standard methods of microfibrillation, 
including hydroentanglement techniques using a hydroen 
tangling machine. One or more layers of a multi-layer film, 
and different amounts or thicknesses of the one or more 
layers, may be microfibrillated to form microfibers. 

0012. An aspect of the invention relates to a multi-layer 
film comprising microfibers. The preferred films can be 
oriented to facilitate formation of microfibers. Preferred 
films can also include layers of different materials Selected 
to provide a desired combination of properties in the film. 

0013 Another aspect of the invention relates to a microfi 
ber article including one or more microfiber layers and a 
non-microfiber layer comprising a material Selected from the 
group consisting of a polypropylene, a polyethylene, a 
Styrene-ethylene/butylene-Styrene block copolymer, a Sty 
rene-isoprene-styrene block copolymer, a polyurethane, and 
a fluoropolymer. 

0014) Another aspect of the invention relates to a co 
extruded, oriented multi-layer film comprising one or more 
microfiber-forming layers. 

0015. Another aspect of the invention relates to a two 
layer co-extruded film comprising one or two microfiber 
forming layers. 
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0016. Another aspect of the invention relates to a three 
layer co-extruded film comprising two microfiber-forming 
layerS Sandwiching a non-microfiber core layer. 
0.017. Another aspect of the invention relates to a multi 
layer microfiber article that includes a first microfiber layer 
at a Surface of the article, and Second microfiber layer 
adjacent to the first microfiber-layer. Areas of the article 
surface are microfibrillated to form microfibers of only the 
first layer, and areas of the Surface are microfibrillated 
through the first layer to form microfibers of the second 
layer. 

0.018. Another aspect of the invention relates to a method 
of producing a microfiber-forming multi-layer film. The 
method includes providing an oriented polymeric film, cast 
ing a polymeric film onto the oriented film to produce a 
multi-layer film, and orienting the multi-layer film to pro 
duce a multi-layer film having one or more layers that can 
be microfibrillated to produce microfibers. 
0.019 Another aspect of the invention relates to a method 
of producing a microfiber article. The method comprises 
providing a multi-layer film comprising at least one microfi 
ber-forming layer, and microfibrillating the microfiber 
forming layer to form microfibers. 
0020 Still another aspect of the invention relates to a 
method of producing a microfibrillated article. The method 
comprises co-extruding a multi-layer film having at least 
two layers, orienting the film to produce a microfiber 
forming layer that can be microfibrillated to produce 
microfibers, and microfibrillating the microfiber-forming 
layer to form microfibers from the layer. 
0021. Yet another aspect of the invention relates to a 
method of producing a microfibrillated article. The method 
includes providing an oriented film, casting a polymeric film 
onto the oriented film to produce a multi-layer film, orient 
ing the multi-layer film to produce a multi-layer film having 
one or more layers that can be microfibrillated to produce 
microfibers, and fibrillating the layer to form microfibers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 illustrates a cross-section of an embodiment 
of a multi-layer film of the invention having two layers. 
0023 FIG. 1a illustrates a cross-section of an embodi 
ment of a microfiber article of the invention. 

0024 FIG. 1b illustrates a cross-section of an embodi 
ment of a microfiber article of the invention. 

0.025 FIG. 2 illustrates a cross-section of an embodiment 
of a multi-layer film of the invention. 
0.026 FIG. 2a illustrates a cross-section of an embodi 
ment of a microfiber article of the invention having a 
non-microfiber Surface and a microfiber Surface. 

0.027 FIG. 3 illustrates a cross-section of an embodiment 
of a multi-layer film of the invention 15 having a core layer 
and two Surface layers. 
0028 FIG. 3a illustrates a cross-section of an embodi 
ment of a microfiber article of the invention having a 
non-microfiber-forming core layer and two microfiber Sur 
faces. 

0029 All drawings are not drawn to scale. 
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DETAILED DESCRIPTION 

0030 The invention relates to multi-layer films that 
include at least one layer that can be microfibrillated to form 
microfibers on a microfiber Surface, i.e., a “microfiber 
forming layer.” The multi-layer film will also include one or 
more additional layers, any of which can be a microfiber 
forming layer or a non-microfiber-forming layer, or another 
fiber-forming layer, etc. The terms “non-microfiber layer” 
and “non-microfiber-forming layer” refer to a layer that is 
not capable of being microfibrillated to produce microfibers, 
and that does not contain microfibers. The term “microfiber 
layer” refers to a layer that comprises microfibers, e.g., due 
to the layer being a microfibrillated microfiber-forming 
layer. The multi-layer films can be processed by microfibril 
lating at least one microfiber-forming layer to produce a 
“microfiber article,” which as used herein is a multi-layer 
article having at least one microfiber layer. (Generally 
herein, the terms “microfiber-forming layer” and “microfi 
ber layer” refer to the same layer of a multi-layer film, the 
only difference being that the microfiber layer is a microfi 
ber-forming layer that has been microfibrillated. Thus, other 
than this difference, those two terms can normally be inter 
changeable.) 
0031. The use of multi-layer films to prepare microfiber 
articles allows preparation of microfiber articles that exhibit 
a combination of two or more desired properties (e.g., 
chemical, mechanical, physical, or aesthetic properties, etc.) 
in a single article, based on the properties of the chosen 
layers. Almost any variety of different chemical, mechani 
cal, physical, or aesthetic properties can be independently 
provided in a multi-layer film, depending on the choice of 
materials for the different layers. Examples of different 
properties include: attractive or repulsive properties with 
respect to different chemical materials Such water and oil, 
e.g., by using materials or layers that are hydrophobic, 
hydrophilic, oleophobic, oleophilic, etc., including the prop 
erties of being “water-resistant” or “water-proof; electri 
cally conductive or insulative properties Such as a dielectric 
layer or an electrically conductive layer, or a layer that can 
retain an electric or electroStatic charge, breathability; inert 
neSS or Stain resistance Such as by inclusion of a fluoropoly 
mer layer, desired mechanical properties Such as a frictional 
property (high or low coefficient of friction, especially a low 
coefficient of friction for wiping), high or low elasticity, high 
or low modulus, high or low Strength, tear resistance, 
puncture resistance, high or low temperature resistance; 
flame retardance, desired aesthetic properties Such as color; 
a property of enabling a particular size of fiber, fibril, or 
microfiber, or a desired Surface area of a fiber, fibril, or 
microfiber Surface; electrostatic properties Such as the ability 
to hold an electroStatic charge and attract dust or other 
relatively Small particles, anti-microbial properties, or a 
combination thereof. These separate properties can be asso 
ciated with one or more different layers of a multi-layer film 
to provide a desired combination of properties based on the 
combined properties of the different layers. 
0032) The term “multi-layer film” refers to films that 
include at least two layers, with (according to the invention) 
one or more layers being a microfiber-forming layer, and 
optionally one or more non-microfiber layers. Different 
properties, Such as those discussed elsewhere within the 
present description, can be associated with either a microfi 
ber-forming layer or a non-microfiber-forming layer. More 
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specifically, “multi-layer” refers to films that include two or 
more layers of materials that may be the same, different, or 
Similar, and which, according to the invention, may be used 
to prepare a microfiber article, for example a microfiber 
article including two or more layers of materials, at least one 
of which is a microfiber layer, and which different layers 
preferably independently provide useful or desirable prop 
erties to the microfiber article. 

0033. In general, the thickness of layers of a multi-layer 
film can be any useful thickness based on factorS Such as the 
composition of a layer and its desired function within a 
microfiber article. The total thickness of a multi-layer film 
useful according to the invention may also be based on 
factorS Such as the composition of the intended microfiber 
article, the composition of layers of the microfiber article, 
and the intended utility of the microfiber article. The term 
“multi-layer films does not include films referred to as 
“microlayer films,” as described in ASSignee's copending 
U.S. patent application Ser. No. 09/858,253, entitled 
“Fibrous Films and Articles from Microlayer Substrates.” 
filed May 15, 2001 and incorporated herein by reference. 
Multi-layer films may, however, include Such microlayer 
films as one or more layers within a multi-layer film. 

0034. The thickness of a layer of multi-layer film can be 
chosen based on Overall product construction, which can 
relate to the total number of layers of a film and their 
purposes, as well as the composition and function of a layer. 
For example, a non-microfiber layer Such as an elastomeric 
layer may be of a thickness that gives a desired mechanical 
property Such as elasticity. The thickness required for a 
desired elasticity will depend on the material used for that 
layer of film. In an oriented film construction, prior to 
fibrillation, useful non-microfiber layers generally can each 
be, e.g., of a thickness in the range from about 13 to about 
10,160 micrometers, preferably from about 50 to about 
2,540 micrometers. Certain useful elastomeric layerS may 
each, for example, be in the range from about 25 to about 
1,200 micrometers, preferably from about 50 to about 250 
micrometers in thickness. 

0035. The microfiber-forming layers can be of a thick 
neSS to allow microfibrillation. Also, thickness of a microfi 
ber-forming layer may be Selected based on the degree of 
microfibrillation intended to occur in that layer, and whether 
that layer is adjacent to another microfiber-forming layer, 
which, perhaps, is intended to be microfibrillated through 
the first microfiber-forming layer. In some embodiments of 
the invention, a microfiber-forming layer may be of a 
thickness to allow microfibrillation fully through the 
microfiber-forming layer, e.g., to expose an adjacent layer of 
the film which may be a microfiber-forming layer that may 
also be fibrillated, or to expose a non-microfiber layer. The 
thickness of any particular microfiber-forming layer may 
also be influenced by the overall product construction and 
composition of the multi-layer film and its different layers. 
Typically, the thickness of a microfiber-forming layer of an 
oriented multi-layer film may be in the range from about 5 
to about 2,540 micrometers, with thicknesses in the range 
from about 10 to about 508 micrometers sometimes being 
preferred. 

0036) Overall, multi-layer films useful according to the 
invention can have a number of layers each of a useful size 
(thickness) and composition to allow for the production of a 
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useful microfiber article. Multi-layer films may include, for 
example, 2, 3, 4 to 8 to 10 layers, with the lower range, e.g., 
below 5 layers, being typical. The total thickness of a 
multi-layer film prior to fibrillation can be any thickness that 
will be useful in preparing a microfiber article as described 
herein, with exemplary thicknesses being in the range from 
about 25 to about 10,160 micrometers, e.g., in the range 
from about 50 to about 254 micrometers. 

0037. The composition of different layers of a multi-layer 
film can be chosen to provide different properties to a 
multi-layer film and a microfiber article prepared from the 
film. The composition of a layer may be any desired 
material, and often includes a polymeric material, Some 
times a polymeric material that can be extruded as a Single 
layer of material or that can be co-extruded as a layer of a 
co-extruded multi-layer film, and can also, according to the 
invention, be chosen either as a material that can produce 
microfibers or one that cannot produce microfibers but that 
can preferably provide a microfiber article with a different 
desired property. 
0038 Typical or preferred properties of different layers of 
a multi-layer film used according to the invention are 
described generally above. Of these different properties, any 
can be associated with either of a microfiber-forming layer, 
a microfiber layer, or a non-microfiber layer. Examples of 
certain properties that can be associated with a microfiber 
forming layer or a microfiber layer include properties of 
attracting or repelling water or oil, electrostatic or insulative 
properties, aesthetic properties Such as colors; and properties 
of being capable of forming a particular size of microfiber or 
microfiber Surface area. Examples of certain properties that 
can be associated with a non-microfiber layer can include 
electrically conductive or insulative properties, inertneSS or 
chemical resistance; mechanical properties Such as Strength, 
modulus, elasticity, or puncture or tear resistance; the ability 
to form fibrils or flakes that are not of the Small size of 
microfibers, and aesthetic properties. Of course, these 
descriptions of exemplary properties of different types of 
film layers do not exclude any property from being associ 
ated with any type of layer of a multi-layer film, and the 
invention generally allows for any of these or other desired 
or useful properties to be associated with any layer of a 
multi-layer film. 
0039. Useful materials for a non-microfiber layer can 
include any material that can be used to produce a non 
microfiber layer of a useful microfiber article. A non 
microfiber layer can be included to provide a desired prop 
erty, as described. AS an example, a non-microfiber layer can 
provide mechanical Support for a microfiber layer in a 
microfiber article. For example, a polymeric material Such as 
high modulus poly(ethylene terephthalate) (PET) may func 
tion as a relatively Stiff, high-strength Support layer for a 
microfiber-forming layer. 
0040. Other non-microfiber layers can be prepared from 
materials chosen to provide a Support property, but also to 
provide a property that is more than just the Structural 
Support of a microfiber layer, and therefore, many preferred 
materials for non-microfiber layers can be different from 
high modulus PET. For example, in addition to pure Support, 
a non-microfiber layer can preferably, in Some embodi 
ments, have desired properties of puncture or tear resistance; 
elasticity; Stain resistance, attraction or repulsion to water or 
oil; breathability; etc. 
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0041. The term "elastomeric' refers to materials that are 
well-known in the film and polymeric material arts to exhibit 
elastomeric properties, for example that can be Stretched 
easily to high extensions, e.g., 3 to 10 times their original 
dimensions, and rapidly recover their original dimensions 
when the applied StreSS is released. Exemplary materials 
considered to be elastomeric include butyl rubber, poly(iso 
prene), polyurethanes, and elastomeric polyolefins Such as 
certain polypropylenes and polyethylenes. One Specific use 
ful elastomer includes the type of copolymers known gen 
erally as Styrenic thermoplastic elastomeric block copoly 
mers. Examples of Specific block copolymers within this 
class include polystyrene-polyisoprene-polystyrene, poly 
Styrene-polybutadiene-polystyrene, and polystyrene-poly 
(ethylene-butylene)-polystyrene based triblock copolymers. 
Such copolymers are commercially available from a variety 
of Sources, for example under the brand-name KratonTM, 
from Shell, and from DEXCO, under the brand-name Vec 
torTM. 

0.042 “High elastic modulus' materials include materials 
that are either glassy or at least partially crystalline. 
Examples of Such materials can include, but are not limited 
to, nylons, fluoropolymers, polyesters, polystyrene, polycar 
bonate, polypropylene and polyethylene, particularly when 
highly oriented and crystalline. 

0.043 Alayer can be water resistant or waterproof, mean 
ing in general that liquid water does not diffuse through the 
film layer. Water-resistant and water-proof materials include 
almost all non-porous, non-water-Soluble polymers, but par 
ticularly include polypropylene, polyethylene, polystyrene, 
poly(ethylene terephthalate), fluoropolymers, polyurethane, 
tri-block copolymers with polystyrene end blocks and a 
rubbery poly(ethylene-butylene) or poly(isoprene) mid 
block, butyl rubber, and poly(isoprene). 
0044) A layer can be puncture resistant or tear resistant. 
The term “puncture resistant” refers to materials that require 
a significant amount of energy to puncture with a pointed or 
Sharp object. Examples of materials considered to be punc 
ture resistant include materials having a high friction or 
adhesive Surface, Such as tri-block copolymers with poly 
styrene end blocks and a rubbery poly(ethylene-butylene) 
mid block, butyl rubber, and polyethylene elastomers. The 
term “tear resistant” refers to materials that require a Sig 
nificant amount of energy to initiate and propagate a tear or 
crack. Examples of materials considered to be tear resistant 
include thermoplastics, especially modified thermoplastics 
and thermosets. Such materials include polypropylene, poly 
ethylene, impact modified polystyrene, rubber modified 
epoxies, and elastomers, such poly(butylenes), poly(iso 
prene), and tri-block copolymers with polystyrene end 
blocks and a rubbery poly(ethylene-butylene) or poly(iso 
prene) mid block. 
0.045. A layer can be associated with the property of 
breathability. The term “breathability” or “breathable” refers 
to materials that allow gasses, Specifically water vapor, to 
pass though them, especially where liquids Such as liquid 
water cannot. Examples of materials considered to be 
breathable include polyurethanes, and porous polymer films. 
Examples of porous polymer films include polypropylene, 
polyethylene, and fluoropolymers that have been blended 
with particulate fillers or solvent fillers and then oriented in 
a manner to create Voids or pores in the film. 
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0046 Alayer can be associated with a property of high or 
low temperature resistance. This property refers to the 
ability to withstand extreme temperatures, for example in 
excess of 150° C. or below -23 C. Examples of materials 
considered to be high temperature resistant include materials 
Such as fluoropolymers, nylons, and polyolefins Such as 
highly crystalline polyester or propylene. Examples of mate 
rials considered to be low temperature resistant include 
materials. Such as polyethylenes, Silicone rubbers, and highly 
crystalline polypropylenes that do not exhibit a significant 
glass transition. 
0047 A layer can be associated with a property of being 
flame retardant. Examples of materials considered to be 
flame retardant include materials. Such as halogenated poly 
mers, Such as poly(Vinyl chloride), and also a variety of 
polymers containing flame retardant additives. Examples of 
flame retardant blends include polypropylene and polyeth 
ylene that contain: inorganic additives Such as aluminum 
trihydrate, antimony trioxide, magnesium hydroxide, alumi 
num hydroxide, phosphorus compounds Such as ammonium 
polyphosphate, polyphaZenes, and aluminum phosphates, 
nitrogen additives Such as melamine cyanurate and 
melamine phosphate, Silicone polymer additives, haloge 
nated additives like chlorinated compounds, brominated 
compounds, fluorinated compounds Such as potassium per 
fluorobutaneSulfonate, and other additives Such as nano-clay 
particles, expandable graphite, Silica gel, and potassium 
carbonate. 

0048. The multi-layer films according to the invention 
include at least one microfiber-forming layer. Microfiber 
forming materials, e.g., microfiber layers, microfiber-form 
ing films, or microfiber-forming film layers, useful accord 
ing to the invention can include any materials that can be 
processed to form microfibers. Several classes of Such 
materials exist and are known in the film and polymer arts. 
Examples of Some of these materials, their methods of 
preparation, and methods of processing these materials to 
microfiber materials, are described in U.S. Pat. No. 6,110, 
588, ASSignee's copending U.S. patent application Ser. No. 
09/307,577, filed May 7, 1999, entitled “Films Having a 
Fibrillated Surface and Method of Making”; U.S. patent 
application Ser. No. 09/602,978, filed Jun. 23, 2000, entitled 
“Fibrillated Article and Method of Making”; and U.S. patent 
application Ser. No. 09/746,355, filed Dec. 12, 2000, entitled 
“Microfibers, Microfibrillated Articles and Use Thereof.” 
the entirety of each of these disclosures being incorporated 
herein by reference. 
0049. Useful materials for a microfiber-forming layer can 
include any material that can be used to produce a microfi 
ber-forming layer or microfiber layer of a microfiber article. 
Different properties can be associated with a microfiber 
layer. A microfiber-forming layer or microfiber layer can 
provide a microfiber Surface having particular properties 
based on the Size and composition of the microfibers. 
Additionally, a microfiber-forming layer or microfiber layer 
can provide properties that are independent of the presence 
or dimensions of the microfibers themselves, but relate to a 
property of the material that makes up the film or microfiber, 
for example properties that are mechanical, chemical, or 
aesthetic in nature, or otherwise are not based on the 
presence or dimensions of microfibers. 
0050. In addition to providing a microfiber surface, a 
microfiber-forming layer or microfiber layer can in Some 
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embodiments have desired mechanical properties Such as 
high or low modulus, puncture and tear resistance, elasticity; 
Stain resistance; attraction or repulsion to water or oil; 
breathability; etc., e.g., as discussed above. 

0051. A microfiber layer can exhibit attractive or repul 
Sive forces with respect to certain chemical materials. Such as 
water or oil. Materials that exhibit such properties are often 
referred to as hydrophobic, hydrophilic, oleophobic, oleo 
philic, etc. These properties are well-known in the film and 
polymeric material arts. Exemplary materials considered to 
be hydrophobic, hydrophilic, oleophobic, oleophilic, etc., 
include the following, as well as others. Exemplary hydro 
phobic materials can include any one or more of a fluo 
ropolymer or polyolefin Such as polyethylene, polypropy 
lene, or blends thereof, optionally containing other materials 
Such as fillers or other hydrophobic polymers, Such as 
fluoropolymers or thermoplastics. 

0.052 Microfiber-forming layers and microfiber layers 
can also be: water resistant or waterproof, associated with a 
property of breathability, associated with a property of high 
or low temperature resistance, or associated with a property 
of flame retardance. 

0053) Of course, as will be understood by one of skill in 
the arts relating to polymeric materials and multi-layer 
materials, the multi-layer film can include other components 
such as layers that form fibers or fibrils that are not “microfi 
bers'; or layers that Serve the purpose of a tie-layer, to 
adhere two other layers together. 
0.054 A layer of a multi-layer film may also have a 
coating or adhesive placed on a Surface of the film, e.g., may 
include materials. Such as adhesives, primers, or protective 
coatings, etc., as desired. These “coatings are not consid 
ered to be “layers” of a “multi-layer” film. 

0055. In accordance with the above description of prop 
erties related to a multi-layer film and layers thereof, multi 
layer films that contain one or more microfiber-forming 
layers can be prepared from materials known in the poly 
meric material arts and other known methods. 

0056. In general, a “microfiber-forming material' is any 
material, especially a film or a layer of a multi-layer film, 
which is capable of being processed to form microfibers. 
Microfiber-forming materials are typically made of poly 
meric materials that can have a structure or morphology that 
includes features, which upon mechanical contact, will 
cause a microfiber to be formed from the polymeric film. 
Properties of a film that facilitate formation of microfibers, 
e.g., breaking or Splitting of the film to form microfibers, can 
include Structural features Such as microVoids, Spherulites, 
or other additives or disturbances in the polymer, e.g., 
calcium carbonate; orientation of the film, e.g., bi-axially, 
but especially mono-axially (uni-axial orientation); multiple 
layers, especially where an interface at Surfaces of different 
layers weakens the internal Structure of a multi-layer film; 
and morphology, Such as crystallinity. These features can be 
present alone in a film to allow microfibrillation. Alterna 
tively, two or more of the different features can be present in 
combination. When combinations of different properties are 
present, the amount or Severity of one or both properties may 
be reduced relative to the amount or Severity of that property 
that would be necessary to allow microfibrillation if only 
that Single property were present. 
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0057 Properties that may facilitate microfibrillation can 
be created in a film during manufacturing of the film to cause 
the film to be a microfiber-forming film. In general, the 
described properties and combinations of the properties can 
be produced in a polymeric film by Selecting one or more of 
the composition of the film, processing conditions, e.g., 
processing conditions during extrusion or co-extrusion of a 
film or multi-layer film, and processing conditions after 
extrusion or co-extrusion, possibly including individual 
Steps or combinations of StepS Such as casting, quenching, 
annealing, calendering, orienting, Solid-State drawing, roll 
trusion, and the like. 
0058 Polymeric films typically comprise long molecular 
chains having a backbone of carbon atoms. The facility with 
which the surface of a polymer film can be microfibrillated 
is often not realized due to random orientation and entangle 
ment of the polymer chains. AS one method of facilitating 
microfibrillation, polymer chains can be oriented to be 
relatively more parallel to one another and partially disen 
tangled. The degree of molecular orientation is generally 
defined as the draw ratio, which is the ratio of the final length 
to the original length. This orientation may be effected by a 
combination of techniques, including the Steps of calender 
ing and length orienting. 
0059 Microfibrillation of certain polymeric layers can be 
facilitated by orientation, especially with Some films, uni 
axial orientation. Uni-axial orientation means that the film is 
lengthened or Stretched in one direction relatively more than 
it is stretched in another, e.g., perpendicular, direction. By 
exemplary methods, a film can be Stretched in a machine 
direction while its width is not held, and the film gets longer 
in length, thinner, and narrower in width. In another exem 
plary method, the width may be held constant while the 
length is stretched. In other words, Sufficient orientation may 
be achieved for microfibrillation by inducing a relatively 
greater amount of orientation in one direction, the machine 
direction, compared to a lesser degree of orientation in 
another direction, especially a perpendicular direction, Such 
as the croSS direction. 

0060 Bi-axial orientation of a film can also be used to 
provide microfibers. For example, a film can be oriented, 
e.g., Stretched or lengthened, in two directions, with Stretch 
ing or lengthening in one direction being Sufficient to 
produce microfibers. (If not sufficiently oriented, a bi-axially 
oriented film may alternatively be fibrillated to produce 
flakes or other fibrils that are not microfibers.) Preferably, to 
produce microfibers, a bi-axially oriented film can be ori 
ented to a draw ratio of at least 4:1 or 5:1, in one direction. 
0061 Crystallinity also affects the ability of a film to 
form microfibers. A variety of Semi-crystalline, crystalline, 
and highly-crystalline materials can be processed to form 
microfibers. Examples of polymeric materials for forming 
microfiber-forming films can include Semicrystalline melt 
processed films having a maximized crystallinity induced in 
the polymeric film layer by an optimal combination of 
casting and Subsequent processing Such as calendering, 
annealing, Stretching and recrystallizing. For polypropylene, 
as an example, preferred crystallinity can be above 60%, 
preferably above 70%, most preferably above 75%. The 
crystallinity may be measured by differential Scanning calo 
rimetry (DSC) and comparison with extrapolated values for 
100% crystalline polymers. See, e.g., B. Wunderlich, Ther 
mal Analysis, Academic Press, Boston, Mass., 1990. 
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0.062 Microfiber-forming materials and films also may 
contain spherulites and microVoids to facilitate microfibril 
lation. See, e.g., U.S. Pat. No. 6,110,588. 
0.063 Any suitable combination of polymer film compo 
Sition and processing StepS and conditions may be used to 
impart Sufficient microscopic structure, e.g., crystallinity, 
microVoids, Spherulites, multiple layers, orientation, etc., to 
produce a layer of a multi-layer film that will form microfi 
bers upon microfibrillation. These conditions may include 
combinations of casting, quenching, annealing, calendering, 
orienting, Solid-State drawing, roll-trusion, and the like. 
0064. Some specific examples of materials that can be 
used to prepare a microfiber-forming film layer are dis 
cussed, e.g., in U.S. Pat. No. 6,110,588. Exemplary semic 
rystalline polymers include high and low density polyeth 
ylene, polypropylene, polyoxymethylene, poly(Vinylidine 
fluoride), poly(methyl pentene), poly(ethylene-chlorotrif 
luoroethylene), poly(Vinyl fluoride), poly(ethylene oxide), 
poly(ethylene terephthalate), poly(butylene terephthalate), 
poly(lactic acid), nylon 6, nylon 66, polybutene, and ther 
motropic liquid crystal polymers. Examples of Suitable 
thermotropic liquid crystal polymers include aromatic poly 
esters that exhibit liquid crystal properties when melted and 
that can be Synthesized from aromatic diols, aromatic car 
boxylic acids, hydroxycarboxylic acids, and other similar 
monomers. Typical examples include a first type consisting 
of parahydroxybenzoic acid (PHB), terephthalic acid, and 
biphenol; a second type consisting of PHB and 2,6-hydrox 
ynaphthoic acid; and a third type consisting of PHB, tereph 
thalic acid, and ethylene glycol. Preferred polymers include 
polyolefins Such as polypropylene and polyethylene which 
are readily available at low cost and can provide highly 
desirable properties in microfibrillated articles Such as high 
modulus and high tensile Strength. 
0065 Preferred semicrystalline polymers can include 
high density polyethylene, low density polyethylene, 
polypropylene, polyoxymethylene, poly(Vinylidine fluo 
ride), poly(methyl pentene), poly(ethylene-chlorotrifluoro 
ethylene), poly(Vinyl fluoride), poly(ethylene oxide), poly 
(ethylene terephthalate), poly(ethylene naphthalate), 
poly(butylene terephthalate), poly(lactic acid), nylon 612, 
nylon 6, nylon 66, polybutene, a thermotropic liquid crystal 
polymer, a blend of one or more of these polymers with 
another of these or another polymer, or a copolymer made 
from any of the listed monomers, and any other listed 
monomer or a different monomer. 

0.066 The molecular weight of the polymer can be cho 
Sen So that the polymer is melt processable (i.e., extrudable 
or co-extrudable) under the processing conditions used in 
extrusion and co-extrusion. For polypropylene and polyeth 
ylene, for example, the molecular weight may be from about 
5,000 to 499,000 and is preferably from about 100,000 to 
300,000. 

0067 Referring again to the 588 patent, it describes that 
any Suitable combination of processing conditions may be 
used to impart crystallinity and orientation to a melt-pro 
cessed film. Starting with a melt-processed, cast film, for 
example, the film may be calendered, Stretched, oriented, 
cast, quenched, annealed, drawn, roll-truded, etc. Such pro 
cessing generally Serves to increase the degree of crystal 
linity of the polymer film as well as the size and number of 
Spherulites. 
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0068 The 588 patent describes additional details and 
recites examples of preferred embodiments of materials and 
techniques, and optional processing Steps, that may be used 
to prepare useful microfiber-forming films. That description, 
along with the balance of the present disclosure and knowl 
edge available to a skilled artisan will enable the preparation 
of multi-layer films as well as microfiber articles derived 
from the multi-layer films, as described herein. 
0069. Another class of microfiber-forming materials that 
can be included as a microfiber-forming layer of a multi 
layer film as described herein, includes microfiber-forming 
materials described in ASSignee's copending patent applica 
tion U.S. Ser. No. 09/602,978, “Fibrillated Article and 
Method of Making, filed on Jun. 23, 2000, the entirety of 
which is incorporated herein by reference. This patent 
application describes high melt Strength polypropylene 
foams prepared by extruding a foamable mixture comprising 
a high melt-strength polypropylene and a blowing agent, and 
orienting in at least one direction. 
0070 The high melt strength polypropylene includes 
homo- and copolymers containing 50 weight percent or 
more propylene monomer units, preferably at least 70 
weight percent, and has a melt Strength in the range of 25 to 
60 cn at 190° C. Melt strength may be measured using an 
extensional rheometer by extruding the polymer through a 
2.1 mm diameter capillary having a length of 41.9 mm at 
190° C. and at a rate of 0.030 cc/sec; the strand is stretched 
at a constant rate while measuring the force. Preferably the 
melt strength of the polypropylene is in the range of 30 to 55 
cN, as described in WO 99/61520, the entirety of that 
disclosure being incorporated by reference. 
0071. The foamable polypropylene may consist of pro 
pylene homopolymers or may comprise a copolymer having 
50 weight percent or more propylene monomer content. 
Further, the foamable polypropylene may comprise a mix 
ture or blend of propylene homopolymers or copolymers 
with a homo- or copolymer other than propylene homo- or 
copolymers. 

0072 A variety of blowing agents may be used, including 
physical blowing agents and chemical blowing agents. The 
amount of blowing agent incorporated into a foamable 
polymer mixture can be chosen to yield a foam having a Void 
content in excess of 10%, and even in excess of 20%, as 
measured by density reduction; i.e., 1-(the ratio of the 
density of the foam to that of the neat polymer)x100. 
Generally, these greater foam Void contents can enhance 
microfibrillation and can I 0 produce a greater yield of a 
microfibrillated Surface. 

0073. To facilitate microfiber-formation from a multi 
layer film as described, the film (i.e., its polymer chains) 
may be oriented along at least one major axis. Suitable 
Stretching conditions can be used to increase the crystallinity 
of the polymer and the void volume of the foam. 
0074. Other components, e.g., non-polymeric materials, 
may be mixed into a polymeric material of a multi-layer film 
to facilitate microfiber formation, Such as Void-initiating 
components, calcium carbonate, or others, e.g., as described 
in ASSignee's copending patent application U.S. Ser. No. 
09/307,577, “Films Having Fibrillated Surface and Method 
of Making, filed on May 7, 1999, the entire disclosure of 
which is incorporated herein by reference. 



US 2006/0049386 A1 

0075 Methods for producing multi-layer films are well 
known in the arts of polymeric materials and film process 
ing, and materials Such as those described herein can be used 
with those methods to produce multi-layer films that contain 
at least one microfiber-forming layer, from those materials. 
Examples of useful techniques include casting, extrusion, 
co-extrusion, lamination, and other known methods of pro 
ducing films that are well known and understood in the 
polymer film arts. Useful equipment for producing the films 
will also be apparent to those of ordinary skill and will 
include extruders, multi-cavity dies, multilayer feedblocks, 
laminators, as well as various other types of equipment 
known in the arts of films and film processing, Some of them 
being mentioned herein. Also well known in the art of 
polymeric films are Subsequent processing techniques for 
films Such as casting, quenching, annealing, calendering, 
orienting, Solid-State drawing, roll-trusion and the like. 
Using these techniques, Suitable equipment, and the present 
disclosure, a skilled artisan will be able to prepare multi 
layer microfiber-forming films and microfiber articles 
according to the invention. 
0.076 The different steps of extrusion, casting, orienting, 
calendering, etc., can be done in any order that is useful for 
preparing a film as described herein. More than one of any 
Step (e.g., two lengthening steps) may be used. 
0.077 One example of a method of producing a multi 
layer film of the invention is to co-extrude a multi-layer 
(e.g., 2 or 3 layer) film, then orient by calendering and/or 
lengthening, to produce at least one microfiber-forming 
layer. 

0078. Another exemplary method is to first extrude and 
orient a single layer of film. Onto that oriented film, one or 
more additional film layers can be cast. The multi-layer film 
can then be oriented to produce a multi-layer film having at 
least one microfiber-forming layer. AS one specific example, 
a first layer can be extruded and oriented in a first direction. 
A Second layer can then be cast onto the oriented film. The 
two-layer film can be oriented again in a Second direction, 
e.g., perpendicular to the first orientation, to produce a 
two-layer film comprising one layer that is uni-axially 
oriented and one layer that is bi-axially oriented. At least one 
of the layers can be microfibrillated to produce microfibers. 
Calendering and other Steps can optionally be included 
where appropriate or desired. 

0079 Still other combinations of these processing steps 
can be used in any variety to prepare multi-layer films as 
described herein. 

0080. Once a multi-layer film is prepared, a multi-layer 
film can be microfibrillated to produce a microfiber surface 
by any of a variety of methods known to be useful for 
microfibrillating. 

0081. The term “microfibrillation,” as used herein, refers 
to methods of imparting energy to liberate microfibers from 
a polymeric film. Such methods are known in the art of 
processing polymeric materials, and include methods of 
imparting a gaseous fluid using, for example, ultrasound 
techniques, and methods of imparting liquid fluids Such as 
water, for example using high-pressure water jets. Option 
ally, prior to microfibrillation, a film may be Subjected to a 
conventional, mechanical, fibrillation Step to produce mac 
roscopic fibers from the multi-layer film, Such as by the use 
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of a rotating drum or roller having cutting elements Such as 
needles or teeth in contact with the moving film, or by 
twisting, brushing (as with a porcupine roller), rubbing, for 
example with leather pads, and flexing. 
0082. A microfibrillated surface is a surface that includes 
microfibers from one or more layers of a multi-layer film. 
The microfibers are portions of one or more multi-layer film 
layer or layers that have been mechanically Separated or 
fragmented from the continuous film, and are therefore 
typically relatively flat, thin, or elongate, e.g., "ribbon 
shaped,” with a typically rectangular croSS Section. The 
microfibers preferably remain attached to the film at one 
end, but may also become completely detached from the 
base film. 

0083 Microfibers typically have a rectangular cross sec 
tion with a cross Sectional aspect ratio (transverse width to 
thickness) ranging from about 1.5:1 to about 20:1, prefer 
ably from 3:1 to 9:1. Preferred microfibers can also have one 
or more of the following features or dimensions: an average 
effective diameter of from 0.01 to 10 microns, preferably of 
less than 5 microns, an average cross-sectional area of 
0.5uto 3.0, preferably from about 0.7° to 2.11u Further, 
the Sides of the rectangular shaped microfibers are not 
normally Smooth, but may have a Scalloped appearance in 
croSS Section. Certain preferred microfiber Surfaces may 
exhibit a relatively high Surface area, up to or exceeding 0.25 
Square meters per gram, as measured using an Ouantach 
rome AUTOSORB1-KR gas sorption instrument (available 
from Quantachrome Corp., Boyhton Beach, Fla.) with kryp 
ton adsorbate. 

0084. One method of microfibrillating a film Surface is 
with fluid jets. In this process, one or more jets of a fine fluid 
Stream impact the Surface of a multi-layer film which may be 
Supported by a Screen or moving belt, thereby releasing 
microfibers from a film's polymer matrix. The degree of 
microfibrillation is dependent on the exposure time of the 
film to the fluid jet, the pressure of the fluid jet, the 
croSS-Sectional area of the fluid jet, the fluid contact angle, 
the polymer properties and, to a lesser extent, the fluid 
temperature. 

0085 Any type of liquid or gaseous fluid may be used. 
Liquid fluids may include water or organic Solvents Such as 
ethanol or methanol. Suitable gases Such as nitrogen, air, or 
carbon dioxide may be used, as well as mixtures of liquids 
and gases. Any Such fluid is preferably non-Swelling (i.e., is 
not absorbed by the film), which would reduce the orienta 
tion and degree of crystallinity of the microfibers. The fluid 
can preferably be water. 
0086 The fluid temperature may be elevated, although 
Suitable results may be obtained using ambient temperature 
fluids. The pressure of the fluid should be sufficient to impart 
Some degree of microfibrillation to at least a portion of the 
film, and Suitable conditions can vary widely depending on 
the fluid, the nature of the polymeric material, including the 
composition and morphology, configuration of the fluid jet, 
angle of impact and temperature. Typically, the fluid can be 
water at room temperature and at pressures of at least 3400 
kPa (500 psi), although lower pressure and longer exposure 
times may be used. Such fluid will generally impart a 
minimum of 5 watts/cm or 10 W/cm based on calculations 
assuming incompressibility of the fluid, a Smooth Surface, 
and no losses due to friction. 
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0087. The jets may be configured such that all or part of 
the film Surface is microfibrillated. Alternatively, the jets 
may be configured So that only Selected areas of the film are 
microfibrillated. Certain areas of the film may be masked, 
using conventional masking agents, Screens or films, to 
leave Selected areas free from microfibrillation. Likewise, 
microfibrillation may be conducted so that the microfibril 
lated Surface penetrates only partially, or fully through the 
thickness of a microfiber-forming layer of a multi-layer, or 
fully or partially through one or more adjacent microfiber 
forming layers. When combined with masking different 
areas of a microfiber-forming film, penetrating different 
thicknesses of a multi-layer film can advantageously pro 
duce a microfiber article having different microfibers on 
different areas of a Surface. If it is desired that the 
microfibrillation extend through the entire thickness of the 
multi-layer film, conditions may be Selected So that the 
integrity of the article is maintained and the film is not 
Severed into individual yarns or fibers, for example by 
microfibrillating the multi-layer film only in selected 
regions. 
0088 A hydroentangling machine, for example, can be 
used to microfibrillate a Surface by exposing the film to its 
fluid jets. Alternatively, a preSSure waterjet, with a Swirling 
or OScillating head, may be used, which allows manual 
control of the impingement of the fluid jet. Such machines 
are commercially available. 
0089 Microfibrillation may be accomplished by other 
methods as well, as will be understood by the skilled artisan, 
e.g., by immersing a microfiber-forming material in a high 
energy cavitating medium, e.g., and achieving cavitation by 
applying ultraSonic waves to the fluid. 
0090 The multi-layer film, upon microfibrillation to pro 
duce at least one microfiber Surface, becomes a multi-layer 
microfiber article. One example of a microfiber article of the 
invention is a microfiber article containing two layers that 
are both microfiber layers. Another example is a microfiber 
article that contains two layers, where one layer is a microfi 
ber layer and one is a non-microfiber layer. 
0.091 Microfiber articles of the invention may also con 
tain three or more layers. In a three-layer microfiber article, 
one or more layer may be a microfiber layer at a Surface of 
the article. A non-microfiber fiber layer may be included as 
a Support layer and/or to exhibit a property other than 
Support of a microfiber layer. A Second microfiber layer may 
be present on the Second Surface of a microfiber article Such 
that one or more non-microfiber layer is Sandwiched 
between microfiber layers present at both surfaces of the 
microfiber article. 

0092 According to any of these or other embodiments of 
multi-layer microfiber articles, different materials used for 
different layers of a multi-layer film may be chosen to 
provide any desired combination of properties. Examples of 
desired combinations of materials used in different layers of 
a multi-layer film or microfiber article of the invention may 
include a hydrophilic Surface layer opposite of an oleophilic 
Surface layer, an elastomeric, Soft-rubbery, or flexible non 
microfiber (e.g., inner layer) and one or two microfiber 
forming Surface layers that are any of hydrophobic, hydro 
philic, oleophobic, oleophilic; one Surface with microfibers 
for picking up dust and an opposite Surface with larger 
flakes, fibers, or fibrils, for picking up larger particles, etc. A 
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non-microfiber layer may still be capable of being fibrillated 
to form fibrils that are not microfibers. Such a layer could be 
used in combination with microfiber-forming layerS or non 
microfiber-forming layers to produce various product con 
Structions Such as a cloth with a microfiber Surface on one 
Side, e.g., for picking up dust, and a (non-microfiber) fibrous 
Surface on the other side, e.g., for picking up other larger 
particles Such as Sand or Sawdust; or, larger fibrils could be 
used to scrub and small microfibers could be used to polish. 
0093. Other examples of microfiber articles include 
cloths or cloth-like materials, e.g., for cleaning, tape back 
ings, filter materials, fibrous mats; thermal and acoustical 
insulation; wipes; adhesive bandages, as well as others. 
Also, the multi-layer films, as well as microfiber articles 
made from the films, can be processed with other materials, 
including other microfiber-forming materials and other 
materials that are not microfiber-forming materials. See, 
e.g., ASSignee's copending U.S. patent application Ser. No. 
09/858273, entitled “Microfiber-Entangled Products and 
Related Methods,” filed May 15, 2001, and incorporated 
herein by reference. 
0094. One embodiment of a microfiber article of the 
invention is a two-layer microfiber article, wherein one layer 
is a microfiber layer and the other layer is either a microfiber 
layer or a non-microfiber layer. 
0.095 FIG. 1 shows two-layer co-extruded film 6 having 
layerS 2 and 4, where each layer can be chosen to provide a 
property Such that a microfiber article prepared from the film 
exhibits a desired combination of properties. Layer 2 is a 
microfiber-forming layer. Layer 4 can be a microfiber 
forming layer or a non-microfiber-forming layer. In either 
case, layer 4 can be Selected to provide a desired property in 
combination with properties of microfiber-forming layer 2. 
If layer 4 is chosen to be a microfiber-forming layer, it can 
be chosen to provide a property that is the same as or 
different from properties of microfiber-forming layer 2. If 
layer 4 is a non-microfiber layer, it can be chosen to provide 
a property that is or is not merely for Support of microfiber 
forming layer 2, e.g., non-microfiber layer 4 can be chosen 
to exhibit one or more desired properties in addition to 
performing the function of a Support layer. For example, 
Such a layer can be an elastomeric material or can exhibit 
any one or more of the properties of a non-microfiber layer 
discussed elsewhere in this description. 
0096 Exemplary combinations of materials of a two 
layer film wherein both layers are microfiber layers include 
the following: a hydrophobic layer and a hydrophobic layer; 
a hydrophilic layer and an oleophilic layer. 

0097. In a specific embodiment of FIG. 1, a microfiber 
article can include exactly two layers, one of which com 
prises a microfiber Surface and one of which is a non 
microfiber layer. A non-microfiber layer may be a soft 
rubbery material, e.g., an elastomeric material. Exemplary 
materials for an elastomeric non-microfiber layer include 
butyl rubber, poly(isoprene), polyurethanes, and elastomeric 
polyolefins Such as certain polypropylenes and polyethyl 
enes. One Specific useful elastomer includes the type of 
copolymers known generally as Styrenic thermoplastic elas 
tomeric block copolymers. Examples of Specific block 
copolymers within this class include polystyrene-polyiso 
prene-polystyrene, polystyrene-polybutadiene-polystyrene, 
and polystyrene-poly (ethylene-butylene)-polystyrene based 



US 2006/0049386 A1 

triblock copolymers. Such copolymers are commercially 
available from a variety of Sources, for example under the 
brand-name Kraton, from Shell, and from DEXCO, under 
the brand-name Vector. 

0.098 Exemplary combinations of materials of a two 
layer film wherein one layer is a microfiber layer and the 
Second layer is a non-microfiber layer, include the follow 
ing: an elastomeric non-microfiber layer in combination 
with a microfiber layer that is chosen from a hydrophilic, 
hydrophobic, oleophilic, or oleophobic layer, an elastomeric 
layer with a microfiber layer that attracts dust or particles, a 
microfiber layer with a non-microfiber layer that is flame 
retardant, puncture resistant, or tear resistant. As a more 
Specific example, a two-layer film could include a microfib 
rillated polypropylene Surface on one side, and a blend 
containing polypropylene, Sorbitan monolaurate and glyc 
erol monolaurate on the other Side to wipe up water. 
0099 FIG. 1a illustrates an embodiment of a two-layer 
film, showing microfiber article 24 having non-microfiber 
layer 34, which can be, for example, an elastomeric layer, 
and microfiber layer 26 with microfiber Surface 28. The 
materials of each of layers 34 and 26 can be chosen to 
provide a desired combination of properties. 

0100 Another embodiment of a two layer microfiber 
article includes two microfiber layers and two microfiber 
surfaces. The microfiber layers can be chosen to exhibit a 
useful combination of properties. An example of Such an 
article is illustrated in FIG. 1b, which shows microfiber 
article 30 having microfiber layers 32 and 36 and microfiber 
surfaces 38 and 40, respectively. 

0101) While not shown in FIG. 1b, microfiber article 30 
could be microfibrillated to cause microfiber formation 
down to any desired depth of either of layers 32 or 36, such 
as microfibrillation of only the two surfaces; or microfibril 
lation of a Surface of one of either layer, and microfibrilla 
tion fully through the other layer, optionally to cause 
microfibrillation of the internal Surface of the first layer in 
contact with the second layer; or microfibrillation fully 
through both layers. 

0102 More generally, microfibrillation of any multi 
layer film, e.g., a two-layer film like that of FIG. 1b, having 
two microfiber-forming layers, may be controlled to cause 
microfibrillation through a full layer and to a Second 
microfiber-forming layer, to produce microfibers at the inter 
face between the two layerS and into the Second layer, So that 
one or both types of microfibers can be present at a single 
microfiber Surface. The other Surface may or may not be 
microfibrillated. This can produce an article with only one 
microfiber Surface, with that microfiber Surface having 
microfibers from both layers. 

0103) A different embodiment of a multi-layer film can 
have three or more layers, at least one of which is a 
microfiber-forming layer. For example, two layerS may be 
microfiber-forming layers and a third layer (or more layers) 
may be a non-microfiber-forming layer. 

0104 FIG. 2 shows an embodiment of a three-layer film 
wherein one Surface includes a microfiber-forming layer and 
one Surface includes a non-microfiber-forming layer. Film 8 
includes layers 10, 12, and 14. In exemplary film 8, layer 10 
can be a non-microfiber-forming layer, and layer 12 can be 
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a microfiber-forming layer. Layer 14 can be either a microfi 
ber-forming layer or a non-microfiber layer. 
0105. In a version of the invention illustrated in FIG.2a, 
microfiber-forming layerS may be adjacent to one another 
and a non-microfiber layer may be adjacent to only one 
microfiber-forming layer. FIG. 2a shows microfiber article 
42 having non-microfiber layer 44 adjacent to microfiber 
forming layer 46, which is adjacent to microfiber-forming 
layer 48. Microfiber article 42 has non-microfiber surface 
56, and microfiber Surface 54. Microfiber-forming layer 48 
has been microfibrillated to produce microfibers 50, and has 
been microfibrillated (at least at a portion of its area) fully 
through the microfiber forming layer 48. Over at least those 
portions of the area, microfiber-forming layer 46 has also 
been microfibrillated (through layer 48) to produce microfi 
bers 52, so that both of microfibers 50 and 52 make up the 
microfiber Surface 54. While FIG. 2a illustrates microfiber 
article 42 with two adjacent microfiber layers 46 and 48, one 
of which can be fibrillated fully through and one of which 
can be fibrillated partially through, more than two microfiber 
layers may be used, with two or more being fibrillated fully 
through and one (typically) being fibrillated at least partially 
through. Similarly, this could be done on two Surfaces of a 
microfiber article, as well as one (as illustrated). 
0106 Exemplary combinations of materials of a three 
layer film according to FIG. 2 wherein the middle layer 14 
is a microfiber layer, include a construction according to 
FIG. 2a, where layer 48 can be a microfibrillated polypro 
pylene layer, layer 46 can be a microfibrillated blend con 
taining polypropylene, Sorbitan monolaurate and glycerol 
monolaurate, and layer 44 can be an elastomeric non 
microfibrillated layer. This construction would be useful in 
applications where it is desired for water to be repelled from 
the top surface, but absorbed in the middle layer. An 
example of Such an application could be a dry-to-touch floor 
mat. 

0107 FIG. 3 shows film 16 having a non-microfiber 
forming core layer 18, Such as an elastomeric polymer, and 
surface layers 20 and 22, which can be microfiber-forming 
layers, and can be the same or different. The combined 
properties of the three layers can be chosen as desired to 
provide a useful microfiber article. For example, the prop 
erties of the three layers can combine to produce a flexible 
hard rubber or elastomeric cloth-like article with microfiber 
Surfaces that might independently be hydrophobic, hydro 
philic, oleophobic, oleophilic, etc. Or, the different layers 
may be chosen to have different microfiber Surface proper 
ties, or preferred mechanical properties. 
0.108 Exemplary combinations of materials of a three 
layer film according to FIG. 23, wherein the middle layer 14 
is a non-microfiber layer, include the following: an elasto 
meric non-microfiber core layer with two microfiber skin 
layers, the microfiber layers being independently any of 
hydrophobic, hydrophilic, oleophobic, or oleophilic; a 
mechanically stiff non-microfiber core layer with two 
microfiber Skin layers, or a water-proof and/or breathable 
non-microfiber core layer with two microfiber skin layers. 
Another advantage of using a multi-layer film in which the 
two surface layers are fibrillated is the utility of having the 
core layer contain a tie layer, which can hold two microfiber 
layers together. 
0109) Other examples of three-layer films could include 
a fluoropolymer or elastomeric core, or a core of a more rigid 
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Solid plastic, and two microfibrillated Surfaces, which may 
be useful as a water-proof cloth, a rigid polishing or Scrub 
bing pad, or possibly a Surgical drape. 
0110. Another example of a multi-layer film of the inven 
tion incorporates the use of a multi-layer film that can be 
microfibrillated through one layer to a lower level, to 
produce microfibers from two or more layers of the film on 
a single surface of the film, with fibrillation of the surface in 
a pattern where different areas of the pattern are fibrillated 
to different depths to produce exposed microfibers from 
different layers of the multi-layer film. 
0111 Specifically, microfiber articles of the invention can 
be produced to include microfibers from different layers of 
a multi-layer film at a single Surface of the microfiber article. 
FIG. 2a shows multi-layer film 42 with microfibers 50 and 
52 present at Surface 54 of the film, originating from two 
different layers 46 and 48 of the multi-layer film. Thus, 
according to the invention, the Surface 54 can include 
microfibers of different layers, and each the microfibers from 
each layer can be selected to have a different property, 
including any of the properties mentioned herein, or other 
WSC. 

0112 According to a specific embodiment of the inven 
tion, the Surface of Such a multi-layer article can be fibril 
lated in a pattern, to different degrees (or depths) to produce 
exposed microfibers from the different layers, and to cause 
the Surface to have selected microfibers from the different 
layers over different areas of the article. For instance, 
referring to FIG.2a, portions of surface 54 may be microfib 
rillated into only layer 48 such that those portions of the 
surface 54 include microfibers 50 from layer 48. These 
portions may be produced in any pattern, Such as a Strip, 
circle, rectangle, triangle, curves, or otherwise. Other areas 
of Surface 54 can be fibrillated to produce microfibers from 
layer 46. By selective microfibrillation of different areas of 
surface 54 on multi-layer film 41, in some areas into only the 
outermost layer 48 and in Some areas into a deeper layer 46, 
a microfiber article can include an area having microfibers 
50 from only layer 48, and can have a second area having 
microfibers 52 of layer 46. In this embodiment, any microfi 
bers 48 produced in the second area of microfibers 52 may 
preferably become unattached, leaving only microfibers 52 
from layer 46 on that area. 
0113. The different layers 46 and 48 can be chosen to 
provide the first and Second microfiber areas on the same 
Surface, having a desired combination of first and Second 
properties on surface 59 of the microfiber article. The 
Surface can be of any pattern, as discussed, and can have 
different areas, in combination, chosen from microfibers that 
are hydrophilic, hydrophobic, oleophilic, oleophobic, Stain 
resistant, temperature resistant, etc. A preferred article, for 
instance, may have different microfiber areas in the combi 
nation of an area of hydrophilic microfibers and an area of 
oleophilic or hydrophobic microfibers. 
Exemplary Microfibrillated Multi-Layer Film Preparation 
Processes 

Process I-Casting of Multi-Layer Films 
0114 Multi-layer films were prepared by coextrusion of 
polymer melt Streams through a 25.4 cm wide Cleoron 
3-Layer coextrusion die, resulting in an A-B or A-B-C 
multi-layer film construction. The die was maintained at 
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243 C. The polymer melt stream for the A-layer of the 
multi-layer film was extruded into the 3-layer die using a 51 
mm Single Screw extruder. The extruder temperature Settings 
increased from 204 C. to 260° C. from the first heated 
Section of the extruder to the die. The melt stream for the 
B-layer of the multi-layer film was extruded into the 3-layer 
die using a 25 mm twin-Screw extruder. The extruder 
temperature settings increased from 204 C. to 243 from 
the first heated section to the output of the extruder. The melt 
stream for the C-layer of the multi-layer film was extruded 
into the 3-layer die using a 38 mm Single Screw extruder. The 
extruder temperature settings increased from 204 C. to 260 
from the first heated section to the output of the extruder. 
0115 The output of the coextrusion die traveled over a 
single stainless-steel cast roll that was water heated to 99 
C., with the A-layer of the resulting multi-layer cast film 
contacting and electroStatically pinned to the cast roll to help 
improve the quality of the film Surface. The density of the 
resulting multi-layer cast film was determined as described 
in Test Procedure II below. 

Process II-Calendering and Length Orienting of Multi 
Layer Cast Films 
0116. Multi-layer cast films were calendered and length 
oriented on a Series of rolls, including a calender. In this 
process, the cast film was fed from an unwind Station 
through a Series of idler rolls and into the compressive nip 
of a calender (rolls 1 and 2). The film exiting rolls 1 and 2 
was further oriented as it passed over heated rolls 3 and 4 
and cooled by traveling over an unheated roll 5. The 
resulting oriented film was wound onto a core under tension. 
For each of the films, the speed of roll 4 was set at a speed 
just below the speed at which the film would break. Test 
Procedure I described below was used to determine the draw 
ratio of the resulting film. Test Procedure II described below 
was used to determine the density and Void content of the 
resulting film. 

Process III-Microfibrillation of Oriented Multi-Layer 
Films 

0117 Calendered and length-oriented multi-layer films 
were microfibrillated on one or both major Surfaces in a 
hydroentangler (70 cm wide, manufactured by Honeycomb 
Systems Inc., Biddeford, Me.) using approximately 13.8 
MPa water preSSure, with multiple passes at a belt Speed of 
3.05 m/min, and a water jet strip having 15.75 holes/cm, 
with each hole having a diameter of 1.0 micron. 
Test Procedures 

Test Procedure I-Draw Ratio Measurement 

0118. The draw ratio of calendered and length oriented 
films were calculated by dividing the roll 4 (described 
above) output speed by the input speed of the cast web into 
rolls 1 and 2 (described above). 
Test Procedure II-Density Measurement and Void Content 
Determination 

0119) Densities of cast films and films after calendering 
and orienting were measured at 23° C. in deionized water 
according to the method of ASTM D792-86. Each film 
Sample was weighed on a Mettler AG245 high precision 
balance (Mettler-Toledo, Inc., Highstown, N.J.) and placed 
underwater. The mass of the water displaced was measured 
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using the density measurement fixture. The Volume of water 
displaced by the Sample was thereby determined and, in 
combination with the Sample weight, used to calculate the 
Sample density. The Void content was then calculated as 
follows: 

0120 Calculated Void content={1-(final density/initial 
density)}x100 where the initial density is the density of the 
cast film before orientation, and the final density is the 
density of the oriented film. 

EXAMPLES 

Example 1 

0121 An “A-B-C 3-layer cast film was prepared accord 
ing to Process I using polypropylene homopolymer (Fina 
3271, available from Atofina Inc., Houston, Tex.) for the 
A-layer melt Stream, a tri-block copolymer with polystyrene 
end blocks and a rubbery poly(ethylene-butylene) midblock 
(Kraton G1657, available from Kraton Polymers, Houston 
Tex.) for the B-layer melt stream, and a polypropylene 
homopolymer (Fina 3271, available from Atofina Inc., 
Houston, Tex.) for the C-layer melt stream. The resulting 
3-layer cast film had a thickness of 940 micrometer, a width 
of 241 mm, and a density of 0.9 gram/cm. 
0122) The resulting cast film was calendered and length 
oriented according to Process II. The cast film was fed from 
an unwind Station into the compressive nip of rolls 1 and 2 
at a rate of 0.23 m/min. Rolls 1 and 2 each had surface speed 
of 0.91 m/min, a temperature of 120° C., and a gap between 
the rolls of 0.18 mm. Roll 3 had a surface speed of 2.97 
m/min and a temperature of 120° C. Roll 4 had a surface 
speed of 3.27 m/min and a temperature of 145 C. The film 
was oriented to a draw ratio of 14.5:1 as determined by Test 
Procedure 1. The resulting oriented film had a thickness of 
100 micrometers, a width of 169.9 mm, and a density of 0.93 
gram/cm. Although the film appeared white and hence 
voided; the film was calculated to contain 0% voids. 
0123 Finally the oriented film was microfibrillated on 
both sides as described in Process III, by passing the film 
through the hydroentangler 6 times on each Side. This 
resulted in a film with an elastomeric core layer and two 
microfibrillated Surfaces. The properties of this film made it 
useful as a waterproof cloth-like film. 

Example 2 

0.124. An “A-B-C 3-layer cast film was prepared accord 
ing to Process I using polypropylene homopolymer (Fina 
3271, available from Atofina Inc., Houston, Tex.) for the 
A-layer melt stream, a blend of 80% polypropylene 
homopolymer (Fina 3271, available from ATOFINA Inc., 
Houston,Tex.) and 20% of an ethylene vinyl acetate copoly 
mer (Elvax 670, available from DuPont Chemical Co., 
Wilmington, Del.) for the B-layer melt stream, and a 
polypropylene homopolymer (Fina 3271, available from 
Atofina Inc., Houston,Tex.) for the C-layer melt stream. The 
resulting cast film had a thickness of 880 micrometer, a 
width of 240 mm, and a density of 0.91 grams/cm. 
0.125 The resulting 3-layer cast film was calendered and 
length oriented according to Process II. The cast film was fed 
from an unwind Station into the compressive nip of rolls 1 
and 2 at a rate of 0.32 m/min. Rolls 1 and 2 each had surface 
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speed of 0.91 m/min, a temperature of 100° C., and a gap 
between the rolls of 0.18 mm. Roll 3 had a surface speed of 
4.11 m/min and a temperature of 145 C. Roll 4 had a 
surface speed of 6.79 m/min and a temperature of 145 C. 
The film was oriented to a draw ratio of 21.4:1. The oriented 
film had a thickness of 121 micrometers, a width of 127 mm, 
and a density of 0.82 gram/cm. The film was calculated to 
contain 10% voids. 

0.126 The oriented film was microfibrillated on both 
SideS as described in ProceSS III, by passing the film through 
the hydroentangler 4 times on each Side. The preparation of 
the resulting microfibrillated 3-layer film showed that the 
use of polypropylene protective A and C layers assisted in 
the orienting process and resulted in a film that was oriented 
to an extension ratio of 21.4:1, contained 10% by volume of 
voids, and was able to be fibrillated completely through the 
oriented film, without leaving an inner layer of film. 

Example 3 

0127. An “A-B-C 3-layer cast film was prepared accord 
ing to Process I using a blend of 80% polypropylene 
homopolymer (Fina 3271, available from Atofina Inc., 
Houston,Tex.) and 20% of an ethylene vinyl acetate copoly 
mer (Elvax 670, available from DuPont Chemical Co., 
Wilmington, Del.) for the A-layer melt Stream, polypropy 
lene homopolymer (Fina 3271, available from Atofina Inc., 
Houston, Tex.) for the B-layer melt stream, and a blend of 
80% polypropylene homopolymer (Fina 3271, available 
from Atofina Inc., Houston, Tex.) and 20% of an ethylene 
vinyl acetate copolymer (Elvax 670, available from DuPont 
Chemical Co., Wilmington, Del.) for the C-layer melt 
stream. The resulting 3-layer cast film had a thickness of 920 
micrometer, a width of 243 mm, and a density of 0.91 
grams/cm. 
0128. The resulting 3-layer cast film was calendered and 
length oriented according to Process II. The cast film was fed 
from an unwind Station into the compressive nip of rolls 1 
and 2 at a rate of 0.31 m/min. Rolls 1 and 2 each had a 
surface speed of 0.91 m/min, a temperature of 100° C., and 
a gap between the rolls of 0.18 mm. Roll 3 had a surface 
speed of 4.11 m/min and a temperature of 145 C. Roll 4 had 
a surface speed of 4.94 m/min and a temperature of 145 C. 
The film was oriented to a draw ratio of 15.9:1. The oriented 
film had a thickness of 98 micrometers, a width of 165 mm, 
and a density of 0.87 gram/cm. The film was calculated to 
contain 4% voids. 

0129. The oriented film was microfibrillated on both 
sides as described in Process III by passing the film through 
the hydroentangler 4 times on each Side. The resulting 
3-layer film, although microfibrillated on both surfaces, still 
contained a core layer of film. The film was oriented to an 
extension ratio of 15.9:1, contained 4% by volume of voids, 
and was not fibrillated completely through the film, leaving 
an inner layer of intact film. This shows that the use of 
polypropylene protective layerS A and C in Example 2 
assisted in increasing the extent of orientation, resulting in 
a film that was easier to microfibrillate than this 3-layer film 
of Example 3. 

Example 4 

0.130. An “A-B” 2-layer cast film was prepared according 
to Process I using a blend of 80% polypropylene homopoly 
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mer (Fina 3271, available from Atofina Inc., Houston, Tex.) 
and 20% of an ethylene vinyl acetate copolymer (Elvax 670, 
available from DuPont Chemical Co., Wilmington, Del.) for 
both the A- and B-layer melt streams. The cast film had a 
thickness of 924 micrometer, a width of 241 mm, and a 
density of 0.91 grams/cm. 
0131 The resulting cast film was calendered and length 
oriented according to Process II. The cast film was fed from 
an unwind Station into the compressive nip of rolls 1 and 2 
at a rate of 0.27 m/min. Rolls 1 and 2 each had surface speed 
of 0.91 m/min, a temperature of 100° C., and a gap between 
the rolls of 0.18 mm. Roll 3 had a surface speed of 3.66 
m/min and a temperature of 145 C. Roll 4 had a surface 
speed of 5.49 m/min and a temperature of 145 C. The film 
was oriented to a draw ratio of 20.1:1. The oriented film had 
a thickness of 77 micrometers, a width of 152 mm, and a 
density of 0.91 gram/cm. The resulting oriented 2-layer 
film was clear and was calculated to contain 0% voids. 

0132) The oriented 2-layer film was subjected to condi 
tions for microfibrillation on both sides as described in 
ProceSS III, by passing the film through the hydroentangler 
4 times on each Side. The resulting film, although microfib 
rillated on both Surfaces, Still contained internal portions of 
intact film. In comparison with the microfibrillated 3-layer 
film of Example 2, Example 4 resulted in a film that was 
oriented to an extension ratio of 20.1:1, contained 0% by 
volume of voids, and was not microfibrillated completely 
through, leaving an inner portion of intact film. This further 
shows that the use of polypropylene protective layers in 
Example 2 assisted in increasing the extent of orientation, 
resulting in a more voided film and hence a more thoroughly 
microfibrillated film than this 2-layer film of Example 4. 

Example 5 

0.133 An “A-B-C 3-layer cast film was prepared accord 
ing to Process I using a blend of 80% by weight polypro 
pylene homopolymer (Fina 3271, available from ATOFina 
Inc., Houston,Tex.) and 20% by weight of an ethylene vinyl 
acetate copolymer (Elvax 670, available from DuPont 
Chemical Co., Wilmington, Del.) for the A-layer melt 
stream, a low density polyethylene (Eastman LDPE 1550P, 
available from Eastman Chemical Co., Kingsport, Tenn.) for 
the B-layer melt stream, and a blend of 80% by weight 
polypropylene homopolymer (Fina 3271, available from 
ATOFina Inc., Houston, Tex.) and 20% by weight of an 
ethylene vinyl acetate copolymer (Elvax 670, available from 
DuPont Chemical Co., Wilmington, Del.) for the C-layer 
melt Stream. The resulting 3-layer cast film had a thickneSS 
of 926 micrometers, a width of 241 mm, and a density of 
0.92 grams/cm. 
0134) The resulting cast film was calendered and length 
oriented according to Process II. The cast film was fed from 
an unwind Station into the compressive nip of rolls 1 and 2 
at a rate of 0.31 m/min. Rolls 1 and 2 each had a Surface 
speed of 0.91 m/min, a temperature of 100° C., and a gap 
between the rolls of 0.18 mm. Roll 3 had a surface speed of 
4.11 m/min and a temperature of 145 C. Roll 4 had a 
surface speed of 5.35 m/min and a temperature of 145 C. 
The film was oriented to a draw ratio of 17.2:1. The resulting 
oriented 3-layer film had a thickness of 144 micrometers, a 
width of 162 mm, and a density of 0.84 gram/cm. The film 
was calculated to contain 8.7% voids. 
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0.135 The oriented 3-layer film was microfibrillated on 
both sides as described in Procedure III by passing the film 
through the hydroentangler 12 times on each Side. This 
resulted in a film with a solid waterproof core layer and two 
microfibrillated Surfaces. 

Example 6 

0.136 An “A-B-C 3-layer cast film was prepared accord 
ing to Process I using a polypropylene homopolymer (Fina 
3271, available from Atofina Inc., Houston, Tex.) for the 
A-layer melt Stream, a tri-block copolymer with polystyrene 
end blocks and a rubbery poly(ethylene-butylene) midblock 
(Kraton G 1657, available from Kraton Polymers, Houston 
Tex.) for the B-layer melt Stream, and a polyethylene elas 
tomer (Affinity 1845, available from Dow Plastics, Midland, 
Mich.) for the C-layer melt stream. The resulting 3-layer cast 
film had a thickness of 880 micrometer, a width of 241 mm, 
and a density of 0.88 gram/cm. 
0.137 The resulting cast film was calendered and length 
oriented according to Process II. The cast film was fed from 
an unwind Station into the compressive nip of rolls 1 and 2 
at a rate of 0.34 m/min. Rolls 1 and 2 each had surface speed 
of 0.61 m/min, a temperature of 80 C., and a gap between 
the rolls of 0.18 mm. Roll 3 had a surface speed of 2.44 
m/min and a temperature of 145 C. Roll 4 had a surface 
speed of 3.55 m/min and a temperature of 145 C. The film 
was oriented to a draw ratio of 10.3:1. The resulting oriented 
3-layer film had a thickness of 151 micrometers, a width of 
160 mm, and a density of 0.9 gram/cm. This film was clear 
and was calculated to contain 0% voids. 

0138. Only the “A” side of the oriented 3-layer film was 
subjected to conditions for microfibrillation as described in 
Process III by passing the film through the hydroentangler 
12 times. This resulted in a 3-layer puncture resistant film 
with one microfibrillated Surface. 

Example 7 

0.139. An “A-B” 2-layer cast film was prepared according 
to Process I using a polypropylene homopolymer (Fina 
3271, available from Atofina Inc., Houston, Tex.) for the 
A-layer melt Stream, and a blend containing polypropylene 
homopolymers (22.5 weight % Fina 3445 with a melt flow 
index of 35 and 73.5 weight % Fina 3181 with a melt flow 
index of 0.75, both available from Atofina Inc., Houston 
Tex.), 1.3 weight 76 sorbitan monolaurate (SPAN 20 avail 
able from Uniqema, New Castle, Dell), and 2.7 weight 96 
glycerol monolaurate (Lauricidin available from Med-Chem 
Labs, Inc., Galena, Ill.) for the B-layer melt stream. The 
resulting two-layer cast film had a thickness of 876 
micrometer, a width of 237 mm, and a density of 0.91 
gram/cm. 
0140. The resulting 2-layer cast film was calendered and 
length oriented according to Process II. The cast film was fed 
from an unwind Station into the compressive nip of rolls 1 
and 2 at a rate of 0.3 m/min. Roll 1 had surface speed of 0.91 
m/min, a temperature of 120° C. Roll 2 had surface speed of 
1.6 m/min and a temperature of 120° C. The gap between 
rolls 1 and 2 was set to 0.2 mm. Rolls 3 and 4 each had a 
surface speed of 4.8 m/min and a temperature of 145 C. The 
film was oriented to a draw ratio of 15.8:1. The resulting 
oriented 2-layer film had a thickness of 93 micrometers, a 
width of 249 mm, and a density of 0.90 g/cm. Although the 
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film appeared white and hence voided; the film was calcu 
lated to contain only 0.2% voids. 
0.141. The oriented 2-layer film was microfibrillated on 
both sides as described in Process III by passing the film 
through the hydroentangler 6 times on each Side. The 
resulting 3-layer film, although microfibrillated on both 
Surfaces, was not fibrillated completely through the film, 
leaving an inner portion of intact film in the core. This 
resulted in a microfibrillated film or non-woven cloth that 
was hydrophilic on one Side and hydrophobic and oleophilic 
on the other side. 

Example 8 

0142. An “A-B-C 3-layer cast film was prepared accord 
ing to Process I using a polypropylene homopolymer (Fina 
3271, available from Atofina Inc., Houston, Tex.) for the 
A-layer melt Stream, a blend containing polypropylene 
homopolymers (22.5 weight % Fina 3445 with a melt flow 
index of 35 and 73.5 weight % Fina 3181 with a melt flow 
index of 0.75, available from Atofina Inc., Houston, Tex.), 
1.3 weight% sorbitan monolaurate (SPAN20 available from 
Uniqema, New Castle Del.), and 2.7 weight 9% glycerol 
monolaurate (Lauricidin available from Med-Chem Labs, 
Inc., Galena, Ill.) for the B-layer melt stream, and a polypro 
pylene homopolymer (Fina 3271, available from Atofina 
Inc., Houston, Tex.) for the C-layer melt stream. The result 
ing 3-layer cast film had a thickness of 878 micrometers, a 
width of 238 mm, and a density of 0.9 gram/cm. 
0143. The resulting cast film was calendered and length 
oriented according to Process II. The cast film was fed from 
an unwind Station into the compressive nip of rolls 1 and 2 
at a rate of 0.33 m/min. Rolls 1 and 2 each had a Surface 
speed of 0.91 m/min and a temperature of 120° C. The gap 
between rolls 1 and 2 was set to 0.18 mm. Roll 3 had a 
surface speed of 4.57 m/min and a temperature of 145 C. 
Roll 4 had a surface speed of 6.17mn/min and a temperature 
of 145 C. The film was oriented to a draw ratio of 18.5:1. 
The oriented film had a thickness of 100 micrometers, a 
width of 152 mm, and a density of 0.80 gram/cm. The film 
was calculated to contain 11%. Voids. 

0144. The oriented film was microfibrillated on both 
sides as described in Process III by passing the film through 
the hydroentangler 6 times on each Side. The preparation of 
the resulting microfibrillated 3-layer film showed that the 
use of polypropylene protective A and C layers assisted in 
the orienting process and resulted in a film that was oriented 
to an extension ratio of 18.5:1, contained 11% by volume of 
voids, and was able to be microfibrillated completely 
through the oriented film, without leaving an inner portion 
of un-fibrillated film. Compared with the microfibrillated 
film of Example 7, this microfibrillated 3-layer film of 
Example 8 had an increased extent of orientation, an 
increased Void volume per cent, and was more thoroughly 
microfibrillated. Similar to microfibrillated film of Example 
7, this construction was also a non-woven cloth-like film 
with both hydrophilic and oleophilic Surface properties. 

Example 9 

0145 An “A-B-C 3-layer cast film was prepared accord 
ing to Process I using a polypropylene homopolymer (Fina 
3271, available from Atofina Inc., Houston, Tex.) for the 
A-layer melt stream, a fluoropolymer (THV 220, available 
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from Dyneon LLC, Oakdale, Minn.) for the B-layer melt 
Stream, and a polypropylene homopolymer (Fina 3271, 
available from Atofina Inc., Houston, Tex.) for the C-layer 
melt stream. The resulting cast film had a thickness of 831 
micrometer, a width of 222 mm, and a density of 1.1 
grams/cm. 
0146 The resulting 3-layer cast film was calendered and 
length oriented according to Process II. The cast film was fed 
from an unwind Station into the compressive nip of rolls 1 
and 2 at a rate of 0.48 m/min. Rolls 1 and 2 each had a 
surface speed of 0.91 m/min, a temperature of 80 C., and a 
gap between the rolls of 0.18 mm. Roll 3 had a surface speed 
of 4.57 m/min and a temperature of 120° C. Roll 4 had a 
surface speed of 4.65 m/min and a temperature of 145 C. 
The film was oriented to a draw ratio of 10.8:1. The resulting 
oriented 3-layer film had a thickness of 186 micrometers, a 
width of 143 mm, and a density of 0.86 gram/cm. The film 
appeared white and hence voided; although there was Some 
delamination between the layers. 
0147 The oriented 3-layer film was microfibrillated on 
both sides as described in Process III by passing the film 
through the hydroentangler 6 times on each Side. This 
resulted in a film with a fluoropolymer core layer and two 
microfibrillated Surfaces. 

Example 10 

0.148. An “A-B-C 3-layer film was cast and oriented as 
in Example 8. A poly(vinylchloride) tape was applied to the 
top “A” layer to mask the film, leaving only one Square 
region of the Surface exposed. The masked film was 
microfibrillated on the masked “A” side through the “A” 
layer and into the underlying “B” layer as described in 
ProceSS III, by passing the film through the hydroentangler 
4 times, exposing only the unmasked portion of the “A” 
layer to the water jets. The masking tape was then removed 
from the “A” top layer. The result was a selectively 
microfibrillated, chemically differentiated sheet having a 
square region which contained microfibers of both the “A” 
and “B” layers surrounded by the unfibrillated region 
(masked area) of the top “A” layer. The microfibrillated 
region possessed a hydrophilic quality due to the presence of 
the fibers which originated from the underlying “B” layer, 
while the Surrounding region was hydrophobic, because it 
was composed solely of the unfibrillated “A” top layer of 
polypropylene. These results show that a multilayer film, 
having a Selected microfibrous area of one property adjacent 
an unfibrillated area of another property. 

Example 11 

0149 An “A-B-C 3-layer film was cast and oriented as 
in Example 8. The oriented film was microfibrillated only 
partially through the top “A” layer as described in Process 
III, by passing the film through the hydroentangler one time, 
exposing only the “A” layer of the 3-layer film to the water 
jets. Then an aluminum plate having Several circular holes 
was placed over the resulting top “A” layer to mask the film, 
leaving Several circular regions of the film Surface exposed. 
The masked film was then microfibrillated on the masked 
side as described in Process 111, by passing the film through 
the hydroentangler three more times, exposing only the 
unmasked circular regions of the film to the water jets. The 
resulting construction had a chemically differentiated, Selec 
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tively patterned fibrous Surface having circular regions con 
taining fibers of both the “A” layer and the “B” layer. These 
regions possessed a hydrophilic character and were Sur 
rounded by regions containing only fibers of the “A” layer 
which were hydrophobic in nature. These results show that 
a multilayer film, having Selected microfibrous areas of one 
property adjacent a microfibrillated area of another property, 
was formed. 

1. A multi-layer microfiber article comprising at least one 
microfiber layer comprising microfibers having an average 
effective diameter of less than 20 microns and a transverse 
aspect ratio of from 1.5:1 to 20:1, 

and a non-microfiber layer comprising a material Selected 
from the group consisting of a polypropylene, a poly 
ethylene, a Styrene-ethylenelbutylene-styrene block 
copolymer, a styrene-isoprene-Styrene block copoly 
mer, a polyurethane, a fluoropolymer, poly(butylene), 
poly(isoprene), a nylon, and an adhesive. 

2. The article of claim 1 wherein the non-microfiber layer 
is elastomeric. 

3. The article of claim 1 wherein the non-microfiber layer 
exhibits a property Selected from the group consisting of: 
elasticity, high or low modulus, puncture resistance, 
breathability, flame retardancy, temperature resistance, and 
combinations thereof. 

4. The article of claim 1 wherein the microfiber layer 
comprises polypropylene. 
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5. The film of claim 1 comprising a non-microfiber 
forming layer Sandwiched between two microfiber-forming 
layers. 

6. The film of claim 1 wherein the non-microfiber layer 
comprises an elastomeric polymer. 

7. The film of claim 1 wherein the film comprises a 
non-microfiber layer comprising a material Selected from the 
group consisting of a polypropylene, a polyethylene, a 
Styrene-ethylene/butylene-Styrene block copolymer, a Sty 
rene-isoprene-styrene block copolymer, a polyurethane, a 
fluoropolymer, poly(butylene), poly(isoprene), a nylon, and 
an adhesive. 

8. The article of claim 1 wherein the article is co-extruded. 
9. The article of claim 1 comprising from 2 to 5 layers. 
10. The article of claim 1 wherein the microfibers have an 

average effective diameter of less than 5 microns. 
11. The film of claim 1 wherein the microfibers have an 

average cross-sectional area of 0.7° to 2.14d. 
12. A method of producing a microfiber article of claim 1 

the method comprising: 
providing a multi-layer film comprising at least one 

microfiber-forming layer, and 
microfibrillating the microfiber-forming layer to form 

microfibers. 
13. The method of claim 12 wherein the film is uniaxially 

oriented. 


