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(57) ABSTRACT 

Multi-component ?bers having enhanced reversible thermal 
properties and methods of manufacturing thereof are 
described. In one embodiment, a multi-component ?ber 
includes a ?ber body formed from a set of elongated 
members, and at least one of the set of elongated members 
includes a temperature regulating material haying a latent 
heat of at least 40 J/g and a transition temperature in the 
range of 22° C. to 40° C. The temperature regulating 
material provides thermal regulation based on at least one of 
absorption and release of the latent heat at the transition 
temperature. The multi-component ?ber can be formed via 
a melt spinning process or a solution spinning process and 
can be used or incorporated in various products Where a 
thermal regulating property is desired. For example, the 
multi-component ?ber can be used in textiles, apparel, 
footWear, medical products, containers and packagings, 
buildings, appliances, and other products. 
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MULTI-COMPONENT FIBERS HAVING 
ENHANCED REVERSIBLE THERMAL 
PROPERTIES AND METHODS OF 
MANUFACTURING THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of the 
patent application of Magill et al., entitled “Multi-compo 
nent Fibers Having Enhanced Reversible Thermal Proper 
ties and Methods of Manufacturing Thereof,” U.S. Ser. No. 
10/052,232, ?led on Jan. 15, 2002, Which is a continuation 
in-part of the patents applications of Haggard, entitled 
“Temperature Adaptable TeXtile Fibers and Method of Pre 
paring Same,” U.S. Ser. No. 09/691,164, ?led on Oct. 19, 
2000, and Magill et al., entitled “Multi-component Fibers 
Having Enhanced Reversible Thermal Properties,” U.S. Ser. 
No. 09/960,591, ?led on Sep. 21, 2001, Which claims the 
bene?t of US. Provisional Application Ser. No. 60/234,410, 
?led on Sep. 21, 2000, the disclosures of Which are incor 
porated herein by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The invention relates to synthetic ?bers having 
enhanced reversible thermal properties. More particularly, 
the invention relates to multi-component ?bers including 
phase change materials and to the formation of such ?bers 
via a melt spinning process or a solution spinning process. 

BACKGROUND OF THE INVENTION 

[0003] Many fabrics are made from synthetic ?bers. Con 
ventionally, tWo processes are used to manufacture synthetic 
?bers: a solution spinning process and a melt spinning 
process. The solution spinning process is generally used to 
form acrylic ?bers, While the melt spinning process is 
generally used to form nylon ?bers, polyester ?bers, 
polypropylene ?bers, and other similar type ?bers. As is Well 
knoWn, an acrylic ?ber includes a long-chain synthetic 
polymer characteriZed by the presence of acrylonitrile units, 
a nylon ?ber includes a long-chain synthetic polyamide 
polymer characteriZed by the presence of an amide group 
—CONH—, a polyester ?ber includes a long-chain syn 
thetic polymer having at least 85 percent by Weight of an 
ester of a substituted aromatic carboXylic acid unit, and a 
polypropylene ?ber includes a long-chain synthetic crystal 
line polymer having at least 85 percent by Weight of an 
ole?n unit and typically having a number average molecular 
Weight of about 40,000 or more. 

[0004] The melt spinning process is of particular interest, 
since a large portion of the synthetic ?bers that are used in 
the teXtile industry are manufactured by this technique. The 
melt spinning process generally involves passing a molten 
polymeric material through a device that is knoWn as a 
spinneret to thereby form a set of individual synthetic ?bers. 
Once formed, the synthetic ?bers can be collected into a 
strand or cut into staple ?bers. Synthetic ?bers can be used 
to make knitted, Woven, or non-Woven fabrics, or, alterna 
tively, synthetic ?bers can be spun into a yarn to be used 
thereafter in a Weaving or a knitting process to form a 
synthetic fabric. 

[0005] Phase change materials have been incorporated 
into mono-component acrylic ?bers to provide enhanced 
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reversible thermal properties to the ?bers themselves as Well 
as to fabrics made therefrom. This is readily accomplished, 
in part due to the high levels of volatile materials (e.g., 
solvents) typically associated With the solution spinning 
process of forming acrylic ?bers. HoWever, it is more 
problematic to incorporate phase change materials into melt 
spun synthetic ?bers, since high levels of volatile materials 
typically are not present or desired in the melt spinning 
process. Previous attempts to incorporate phase change 
materials into melt spun synthetic ?bers typically involved 
miXing microcapsules containing a phase change material 
With a standard ?ber-grade thermoplastic polymer to form a 
blend and subsequently melt spinning this blend to form 
mono-component synthetic ?bers. Such attempts generally 
led to inadequate dispersion of the microcapsules Within the 
?bers, poor ?ber properties, and poor processability unless 
loW concentrations of the microcapsules Were used. HoW 
ever, With loW concentrations of the microcapsules, the 
desired enhanced reversible thermal properties normally 
associated With use of phase change materials are dif?cult to 
realiZe. 

[0006] It is against this background that a need arose to 
develop the multi-component ?bers described herein. 

SUMMARY OF THE INVENTION 

[0007] In one aspect, the invention relates to a multi 
component ?ber. In one embodiment, the multi-component 
?ber includes a ?ber body formed from a set of elongated 
members, and at least one of the set of elongated members 
includes a temperature regulating material having a latent 
heat of at least 40 J/g and a transition temperature in the 
range of 22° C. to 40° C. The temperature regulating 
material provides thermal regulation based on at least one of 
absorption and release of the latent heat at the transition 
temperature. 

[0008] In another embodiment, the multi-component ?ber 
includes a core member including a phase change material 
having a latent heat of at least 40 J/g and a transition 
temperature in the range of 10° C. to 50° C. The phase 
change material provides thermal regulation based on at 
least one of absorption and release of the latent heat at the 
transition temperature. The multi-component ?ber also 
includes a sheath member surrounding the core member and 
forming an eXterior of the multi-component ?ber. 

[0009] In still another embodiment, the multi-component 
?ber includes a set of island members, and at least one of the 
set of island members includes a phase change material 
having a latent heat of at least 40 J/g and a transition 
temperature in the range of 10° C. to 50° C. The phase 
change material provides thermal regulation based on at 
least one of absorption and release of the latent heat at the 
transition temperature. The multi-component ?ber also 
includes a sea member surrounding the set of island mem 
bers and forming an eXterior of the multi-component ?ber. 

[0010] In another aspect, the invention relates to a fabric. 
In one embodiment, the fabric includes a set of multi 
component ?bers blended together. Each of the set of 
multi-component ?bers includes a ?ber body formed from a 
set of elongated members, and at least one of the set of 
elongated members includes a phase change material having 
a transition temperature in the range of 22° C. to 40° C. The 
phase change material provides thermal regulation based on 
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at least one of melting and crystallization of the phase 
change material at the transition temperature. The fabric has 
a latent heat of at least 2 J/g. 

[0011] Other aspects and embodiments of the invention 
are also contemplated. The foregoing summary and the 
folloWing detailed description are not meant to restrict the 
invention to any particular embodiment but are merely 
meant to describe some embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] For a better understanding of the nature and objects 
of some embodiments of the invention, reference should be 
made to the folloWing detailed description taken in conjunc 
tion With the accompanying draWings. 

[0013] FIG. 1 illustrates enlarged cross sectional vieWs of 
various multi-component ?bers according to some embodi 
ments of the invention. 

[0014] FIG. 2 illustrates a three-dimensional vieW of a 
core/sheath ?ber according to an embodiment of the inven 
tion. 

[0015] FIG. 3 illustrates a three-dimensional vieW of 
another core/sheath ?ber according to an embodiment of the 
invention. 

[0016] FIG. 4 illustrates a three-dimensional vieW of an 
island-in-sea ?ber according to an embodiment of the inven 
tion. 

[0017] FIG. 5 illustrates a ?ber extrusion apparatus for 
forming multi-component ?bers in accordance With an 
embodiment of the invention. 

[0018] FIG. 6 illustrates a number of properties and 
manufacturing parameters of six core/sheath ?bers that Were 
produced as discussed in Example 1. 

[0019] FIG. 7 illustrates results of dynamic temperature 
measurements for a ?eece product (“PP Outlast”), Which 
includes a phase change material, and a control ?eece 
product (“PP Control”), according to an embodiment of the 
invention. 

[0020] FIG. 8 illustrates results of dynamic temperature 
measurements for a lofted nonWoven insulation product 
(“Polyester NonWoven”), Which includes a phase change 
material, and a control product (“Control”), according to an 
embodiment of the invention. 

[0021] FIG. 9 illustrates results of dynamic temperature 
measurements for a needle punched nonWoven insulation 
product (“Needlepunch NW”), Which includes a phase 
change material, and a control product (“Polyester Con 
trol”), according to an embodiment of the invention. 

[0022] FIG. 10 illustrates results of dynamic temperature 
measurements for tWo fabrics (“PET knit” and “PTT knit”), 
Which include phase change materials, and a control product 
(“PET Control”), according to an embodiment of the inven 
tion. 

[0023] FIG. 11 illustrates results of dynamic temperature 
measurements for tWo fabrics (“#2 PBT knit” and “#3 PBT 
knit”), Which include phase change materials, and a control 
product (“PET Control”), according to an embodiment of the 
invention. 

Sep. 1, 2005 

DETAILED DESCRIPTION 

[0024] Embodiments of the invention relate to multi 
component ?bers having enhanced reversible thermal prop 
erties and methods of manufacturing thereof. Multi-compo 
nent ?bers in accordance With various embodiments of the 
invention have the ability to absorb and release thermal 
energy under different environmental conditions. In addi 
tion, such multi-component ?bers can exhibit improved 
processability (e.g., during manufacturing of the ?bers or of 
a product made therefrom), improved strength, improved 
containment of a phase change material Within the ?bers, or 
higher loading levels of the phase change material. The 
multi-component ?bers can be used or incorporated in 
various products to provide a thermal regulating property 
While providing improved strength to the products. For 
example, multi-component ?bers in accordance With various 
embodiments of the invention can be used in textiles (e.g., 
fabrics), apparel (e.g., outdoor clothing, drysuits, and pro 
tective suits), footWear (e.g., socks, boots, and insoles), 
medical products (e.g., thermal blankets, therapeutic pads, 
incontinent pads, and hot/cold packs), containers and pack 
agings (e.g., beverage/food containers, food Warmers, seat 
cushions, and circuit board laminates), buildings (e.g., insu 
lation in Walls or ceilings, Wallpaper, curtain linings, pipe 
Wraps, carpets, and tiles), appliances (e.g., insulation in 
house appliances), and other products (e.g., automotive 
lining material, sleeping bags, and bedding). 

[0025] Multi-component ?bers in accordance With various 
embodiments of the invention can provide an improved level 
of comfort When incorporated in products such as, for 
example, apparel or footWear. In particular, the multi-com 
ponent ?bers can provide such improved level of comfort 
under different environmental conditions. The use of phase 
change materials alloWs the multi-component ?bers to pro 
vide “dynamic” or “multi-directional” thermal regulation 
rather than “static” or “unidirectional” thermal regulation. In 
particular, the use of phase change materials alloWs the 
multi-component ?bers to absorb thermal energy in Warm 
Weather and to release thermal energy in cold Weather. 
Unlike certain conventional ?bers, multi-component ?bers 
in accordance With various embodiments of the invention 
can adjust their thermal regulating property under different 
environmental conditions. For example, the multi-compo 
nent ?bers can provide cooling in Warm Weather and heating 
in cold Weather, thus maintaining a desired level of comfort 
under changing Weather conditions. Moreover, the multi 
component ?bers can adjust their thermal regulating prop 
erty Without requiring an external triggering mechanism, 
such as, for example, moisture or sunlight. 

[0026] In conjunction With a thermal regulating property 
provided, multi-component ?bers in accordance With vari 
ous embodiments of the invention When incorporated, for 
example, in apparel or footWear can provide other improve 
ments in a level of comfort. For example, the multi-com 
ponent ?bers can provide a reduction in an individual’s skin 
moisture, such as due to perspiration. In particular, the 
multi-component ?bers can loWer the temperature or the 
relative humidity of the skin, thereby providing a loWer 
degree of skin moisture and a higher level of comfort. The 
use of speci?c materials and speci?c apparel or footWear 
design features can further enhance the level of comfort. For 
example, the multi-component ?bers can be used in con 
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junction With certain additives, treatments, or coatings to 
provide further bene?ts in thermal regulating and moisture 
management properties. 

[0027] A multi-component ?ber according to some 
embodiments of the invention can include a set of elongated 
members. As used herein, the term “set” can refer to a 
collection of one or more elements. According to some 
embodiments of the invention, the multi-component ?ber 
can include a ?ber body formed from the elongated mem 
bers. The ?ber body typically Will be elongated and can have 
a length that is several times (e. g., 100 times or more) greater 
than its diameter. The ?ber body can have a variety of 
regular or irregular cross sectional shapes, such as, by Way 
of example and not by limitation, circular, multi-lobal, 
octagonal, oval, pentagonal, rectangular, square-shaped, 
trapeZoidal, triangular, Wedge-shaped, and so forth. Accord 
ing to some embodiments of the invention, tWo or more of 
the elongated members (e.g., tWo adjacent elongated mem 
bers) can be joined, combined, united, or bonded to form a 
unitary ?ber body. 

[0028] According to some embodiments of the invention, 
at least one of the elongated members Will include a tem 
perature regulating material. Typically, the temperature 
regulating material Will include one or more phase change 
materials to provide the multi-component ?ber With 
enhanced reversible thermal properties. In some embodi 
ments of the invention, the elongated members can include 
the same or different polymeric materials, and at least one of 
the elongated members can have the temperature regulating 
material dispersed therein. Typically, the temperature regu 
lating material Will be uniformly dispersed Within at least 
one of the elongated members. HoWever, depending upon 
the particular characteristics desired from the multi-compo 
nent ?ber, the dispersion of the temperature regulating 
material can be varied Within one or more of the elongated 
members. According to some embodiments of the invention, 
tWo or more elongated members can include the same or 

different temperature regulating materials. 

[0029] Depending upon the particular application of the 
multi-component ?ber, the elongated members can be 
arranged in one of a variety of con?gurations. For example, 
the elongated members can be arranged in an island-in-sea 
con?guration or a core-sheath con?guration. The elongated 
members can be arranged in other con?gurations, such as, 
by Way of example and not by limitation, a matrix or 
checkerboard con?guration, a segmented-pie con?guration, 
a side-by-side con?guration, a striped con?guration, and so 
forth. According to some embodiments of the invention, the 
elongated members can be arranged in a bundle form 
Wherein the elongated members are generally parallel With 
respect to one another. According to other embodiments of 
the invention, one or more elongated members can extend 
through at least a portion of the length of the ?ber body, and, 
if desired, the elongated members can be longitudinally 
coextensive. For example, according to some embodiments 
of the invention, at least one inner member can extend 
through substantially the length of the multi-component 
?ber and can include a temperature regulating material. The 
extent to Which the inner member extends through the length 
of the multi-component ?ber can depend on, for example, 
desired thermal regulating properties for the multi-compo 
nent ?ber. In addition, other factors (e.g., desired mechanical 
properties or method of forming the multi-component ?ber) 
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can play a role in determining this extent. Thus, in one 
embodiment, the inner member can extend through from 
about a half up to the entire length of the multi-component 
?ber to provide desired thermal regulating properties. An 
outer member can surround the inner member and form the 
exterior of the multi-component ?ber. 

[0030] According to some embodiments of the invention, 
the multi-component ?ber can be betWeen about 0.1 to about 
1,000 denier or betWeen about 0.1 to about 100 denier. 
Typically, the multi-component ?ber according to an 
embodiment of the invention can be betWeen about 0.5 to 
about 10 denier. As one of ordinary skill in the art Will 
understand, a denier is typically understood to be a measure 
of Weight per unit length of a ?ber (i.e., grams per 9000 
meters). 
[0031] If desired, the multi-component ?ber according to 
some embodiments of the invention can be further processed 
to form one or more smaller denier ?bers. For example, the 
elongated members forming the multi-component ?ber can 
be split apart to form tWo or more smaller denier ?bers, 
Wherein each smaller denier ?ber can include one or more of 
the elongated members. Alternatively, or in conjunction, one 
or more elongated members (or a portion or portions 
thereof) forming the multi-component ?ber can be dissolved 
or melted aWay to yield one or more smaller denier ?bers. 
Typically, at least one resulting smaller denier ?ber Will 
include a temperature regulating material to provide desired 
thermal regulating properties. 

[0032] Depending upon the method of manufacturing the 
multi-component ?ber, desirability of further processing, or 
particular application of the multi-component ?ber, the 
multi-component ?ber can further include one or more 

additives, such as, by Way of example and not by limitation, 
Water, surfactants, dispersants, anti-foam agents (e.g., sili 
cone containing compounds and ?uorine containing com 
pounds), antioxidants (e.g., hindered phenols and phosphi 
tes), thermal stabiliZers (e.g., phosphites, 
organophosphorous compounds, metal salts of organic car 
boxylic acids, and phenolic compounds), light or UV stabi 
liZers (e.g., hydroxy benZoates, hindered hydroxy benZoates, 
and hindered amines), light or UV absorbing additives (e.g., 
ceramic particles of Group IV transition metal carbides and 
oxides), microWave absorbing additives (e.g., multifunc 
tional primary alcohols, glycerine, and carbon), reinforcing 
?bers (e.g., carbon ?bers, aramid ?bers, and glass ?bers), 
conductive ?bers or particles (e.g., graphite or activated 
carbon ?bers or particles), lubricants, process aids (e.g., 
metal salts of fatty acids, fatty acid esters, fatty acid ethers, 
fatty acid amides, sulfonamides, polysiloxanes, organophos 
phorous compounds, silicon containing compounds, ?uorine 
containing compounds, and phenolic polyethers), ?re retar 
dants (e.g., halogenated compounds, phosphorous com 
pounds, organophosphates, organobromides, alumina trihy 
drate, melamine derivatives, magnesium hydroxide, 
antimony compounds, antimony oxide, and boron com 
pounds), anti-blocking additives (e.g., silica, talc, Zeolites, 
metal carbonates, and organic polymers), anti-fogging addi 
tives (e.g., non-ionic surfactants, glycerol esters, polyglyc 
erol esters, sorbitan esters and their ethoxylates, nonyl 
phenyl ethoxylates, and alcohol ethyoxylates), anti-static 
additives (e.g., non-ionics such as fatty acid esters, ethoxy 
lated alkylamines, diethanolamides, and ethoxylated alco 
hol; anionics such as alkylsulfonates and alkylphosphates; 
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cationics such as metal salts of chlorides, methosulfates or 
nitrates, and quaternary ammonium compounds; and 
amphoterics such as alkylbetaines), anti-microbials (e.g., 
arsenic compounds, sulfur, copper compounds, isothiaZolins 
phthalamides, carbamates, silver base inorganic agents, sil 
ver Zinc Zeolites, silver copper Zeolites, silver Zeolites, metal 
oxides, and silicates), crosslinkers or controlled degradation 
agents (e.g., peroxides, aZo compounds, and silanes), colo 
rants, pigments, dyes, ?uorescent Whitening agents or opti 
cal brighteners (e.g., bis-benZoxaZoles, phenylcoumarins, 
and bis-(styryl)biphenyls), ?llers (e.g., natural minerals and 
metals such as oxides, hydroxides, carbonates, sulfates, and 
silicates; talc; clay; Wollastonite; graphite; carbon black; 
carbon ?bers; glass ?bers and beads; ceramic ?bers and 
beads; metal ?bers and beads; ?ours; and ?bers of natural or 
synthetic origin such as ?bers of Wood, starch, or cellulose 
?ours), coupling agents (e.g., silanes, titanates, Zirconates, 
fatty acid salts, anhydrides, epoxies, and unsaturated poly 
meric acids), reinforcement agents, crystalliZation or nucle 
ation agents (e.g., any material Which increases or improves 
the crystallinity in a polymer, such as to improve rate/ 
kinetics of crystal groWth, number of crystals groWn, or type 
of crystals groWn), and so forth. The one or more additives 
can be dispersed Within one or more of the elongated 
members forming the multi-component ?ber. 

[0033] According to some embodiments of the invention, 
certain treatments or coatings can be applied to the multi 
component ?ber to impart additional properties, such as, by 
Way of example and not by limitation, stain resistance, Water 
repellency, softer feel, and moisture management properties. 
Examples of treatments and coatings include Epic (available 
from Nextec Applications Inc., Vista, Calif.), Intera (avail 
able from Intera Technologies, Inc., Chattanooga, Tenn.), 
Zonyl Fabric Protectors (available from DuPont Inc., Wilm 
ington, Del.), Scotchgard (available from 3M Co., Maple 
Wood, Minn.), and so forth. 

[0034] With reference to FIG. 1, enlarged cross sectional 
vieWs of various multi-component ?bers 12, 13, 14, 21, 22, 
23, 24, 26, 27, 28, 29, and 34 according to some embodi 
ments of the invention are illustrated. More particularly, 
FIG. 1 illustrates a variety of con?gurations of arranging 
elongated members forming the multi-component ?bers, 
according to some embodiments of the invention. 

[0035] As shoWn in FIG. 1, each multi-component ?ber 
(e.g., 21) includes a set of distinct cross sectional regions 
corresponding to a set of elongated members (e.g., 39 and 
40) that form the multi-component ?ber. According to the 
presently illustrated embodiments, the elongated members 
include a ?rst elongated member (or a ?rst set of elongated 
members) (shoWn shaded in FIG. 1) and a second elongated 
member (or a second set of elongated members) (shoWn 
unshaded in FIG. 1). Here, the ?rst elongated member (or 
the ?rst set of elongated members) preferably can be formed 
from a polymeric material that has a temperature regulating 
material dispersed therein. The second elongated member 
(or the second set of elongated members) can be formed 
from the same polymeric material or another polymeric 
material having someWhat different properties. It should be 
recogniZed that the number, shapes, and siZes of the elon 
gated members shoWn in FIG. 1 are illustrated by Way of 
example and not by limitation, and various other embodi 
ments are Within the scope of the invention. 
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[0036] While FIG. 1 illustrates multi-component ?bers 
With circular or tri-lobal cross sectional shapes, multi 
component ?bers With a variety of other regular or irregular 
cross sectional shapes are encompassed by the invention, 
such as, by Way of example and not by limitation, multi 
lobal, octagonal, oval, pentagonal, rectangular, square 
shaped, trapeZoidal, triangular, Wedge-shaped, and so forth. 
It should be recogniZed that, in general, a ?rst set of 
elongated members can be formed from the same or different 
polymeric materials, and a second set of elongated members 
can be formed from the same or different polymeric mate 
rials. Moreover, a temperature regulating material can be 
dispersed Within a second elongated member (or a second 
set of elongated members), according to some embodiments 
of the invention. It should be further recogniZed that tWo or 
more different temperature regulating materials can be dis 
persed Within the same or different elongated members. For 
example, a ?rst temperature regulating material can be 
dispersed Within a ?rst elongated member, and a second 
temperature regulating material having someWhat different 
properties can be dispersed Within a second elongated mem 
ber (e.g., tWo different phase change materials). 

[0037] According to some embodiments of the invention, 
one or more elongated members can be formed from a 
temperature regulating material that need not be dispersed 
Within a polymeric material. For example, the temperature 
regulating material can include a polymer (or a mixture of 
polymers) that provides enhanced reversible thermal prop 
erties and that can be used to form a ?rst elongated member 
(or a ?rst set of elongated members). For such embodiments 
of the invention, it can be desirable, but not required, that a 
second elongated member (or a second set of elongated 
members) adequately surrounds the ?rst elongated member 
(or the ?rst set of elongated members) to reduce or prevent 
loss or leakage of the temperature regulating material. In 
addition, it should be recogniZed that, in general, tWo or 
more elongated members can be formed from the same or 
different temperature regulating materials. 

[0038] With reference to FIG. 1, left-hand column 10 
illustrates three multi-component ?bers 12, 13, and 14. The 
multi-component ?ber 12 includes a set of elongated mem 
bers arranged in a segmented-pie con?guration. In the 
present embodiment, a ?rst set of elongated members 15, 
15‘, 15“, 15‘", and 15““ and a second set of elongated 
members 16, 16‘, 16“, 16‘", and 16““ are arranged in an 
alternating fashion and have cross sectional areas that are 
Wedge-shaped. In general, the elongated members can have 
the same or different cross sectional shapes or siZes. More 
over, While the multi-component ?ber 12 is shoWn including 
ten elongated members, it should be recogniZed that, in 
general, tWo or more elongated members can be arranged in 
a segmented-pie con?guration, and at least one of the 
elongated members typically Will include a temperature 
regulating material. 

[0039] The multi-component ?ber 13 includes a set of 
elongated members arranged in an island-in-sea con?gura 
tion. In the present embodiment, a ?rst set of elongated 
members 35, 3535“, 35‘", etc. extends through substantially 
the length of the multi-component ?ber 13 and are separated 
from each other. The ?rst set of elongated members 35, 
3535“, 35‘", etc. is shoWn positioned Within and completely 
surrounded by a second elongated member 36, thereby 
forming “islands” Within the “sea” of the second elongated 
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member 36. The arrangement of these “islands” Within the 
“sea” can serve to provide a more uniform distribution of a 

temperature regulating material Within the multi-component 
?ber 13. In the present embodiment, each of the ?rst set of 
elongated members 35, 35‘35“, 35‘“, etc. has a cross sec 
tional shape that is trapezoidal. It should be recognized, 
hoWever, that a variety of other regular or irregular cross 
sectional shapes are encompassed by the invention, such as, 
by Way of eXample and not by limitation, circular, multi 
lobal, octagonal, oval, pentagonal, rectangular, square 
shaped, triangular, Wedge-shaped, and so forth. In general, 
the ?rst set of elongated members 35, 35‘, 35“, 35‘“, etc. can 
have the same or different cross sectional shapes or siZes. 
Moreover, While the multi-component ?ber 13 is shoWn With 
seventeen elongated members 35, 35‘, 35“, 35‘“, etc. posi 
tioned Within and surrounded by the second elongated 
member 36, it should be recogniZed that, in general, one or 
more elongated members can be positioned Within and 
surrounded by the second elongated member 36. 

[0040] The multi-component ?ber 14 includes a set of 
elongated members arranged in a striped con?guration. In 
the present embodiment, a ?rst set of elongated members 37, 
37‘, 37“, 37‘“, and 37““ and a second set of elongated 
members 38, 38‘, 38“, and 38‘“ are arranged in an alternating 
fashion and are shaped as longitudinal slices of the multi 
component ?ber 14. In general, the elongated members can 
have the same or different cross sectional shapes or siZes 
(e.g., Widths associated With the longitudinal slices). If 
desired, the multi-component ?ber 14 can be a self-crimping 
or self-teXturing ?ber, Wherein the ?ber’s crimping or teX 
turing imparts loft, bulk, insulation, stretch, or other like 
properties. While the multi-component ?ber 14 is shoWn 
including nine elongated members, it should be recogniZed 
that, in general, tWo or more elongated members can be 
arranged in a striped con?guration, and at least one of the 
elongated members typically Will include a temperature 
regulating material. 

[0041] In the case of the multi-component ?bers 12 and 
14, a ?rst elongated member (e.g., 15) is shoWn partially 
surrounded by an adjacent second elongated member or 
members (e.g., 16 and 16““), Whereas, in the case of the 
multi-component ?ber 13, a ?rst elongated member (e.g., 
35) is shoWn completely surrounded by a unitary second 
elongated member 36. When a ?rst elongated member (e.g., 
15) is not completely surrounded, it can be desirable, but not 
required, that a containment structure (e.g., microcapsules) 
be used to contain a phase change material dispersed Within 
the ?rst elongated member. If desired, the multi-component 
?bers 12, 13, and 14 can be further processed to form one or 
more smaller denier ?bers. Thus, for eXample, the elongated 
members forming the multi-component ?ber 12 can be split 
apart, or one or more of the elongated members (or a portion 
or portions thereof) can be dissolved or melted aWay. A 
resulting smaller denier ?ber can, for example, include the 
elongated members 15 and 16 that can be joined to one 
another. 

[0042] Middle column 20 of FIG. 1 illustrates four core/ 
sheath ?bers 21, 22, 23, and 24. In particular, the core/sheath 
?bers 21, 22, 23, and 24 each includes a set of elongated 
members arranged in a core-sheath con?guration. 

[0043] The core/sheath ?ber 21 includes a ?rst elongated 
member 39 positioned Within and surrounded by a second 
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elongated member 40. More particularly, the ?rst elongated 
member 39 is formed as a core member that includes a 
temperature regulating material. This core member is shoWn 
concentrically positioned Within and completely surrounded 
by the second elongated member 40 that is formed as a 
sheath member. Here, the core/sheath ?ber 21 includes 25 
percent by Weight of the core member and 75 percent by 
Weight of the sheath member. 

[0044] The core/sheath ?ber 22 includes a ?rst elongated 
member 41 positioned Within and surrounded by a second 
elongated member 42. As With the previously discussed 
embodiment, the ?rst elongated member 41 is formed as a 
core member that includes a temperature regulating material 
and is concentrically positioned Within and completely sur 
rounded by the second elongated member 42 that is formed 
as a sheath member. Here, the core/sheath ?ber 22 includes 
50 percent by Weight of the core member and 50 percent by 
Weight of the sheath member. 

[0045] The core/sheath ?ber 23 includes a ?rst elongated 
member 43 positioned Within and surrounded by a second 
elongated member 44. In the present embodiment, hoWever, 
the ?rst elongated member 43 is formed as a core member 
that is eccentrically positioned Within the second elongated 
member 44 that is formed as a sheath member. The core/ 
sheath ?ber 23 can include virtually any percentages by 
Weight of the core member and the sheath member to 
provide desired thermal regulating and mechanical proper 
ties. 

[0046] The tri-lobal core/sheath ?ber 24 includes a ?rst 
elongated member 45 positioned Within and surrounded by 
a second elongated member 46. In the present embodiment, 
the ?rst elongated member 45 is formed as a core member 
that has a tri-lobal cross sectional shape. This core member 
is concentrically positioned Within the second elongated 
member 46 that is formed as a sheath member. The core/ 
sheath ?ber 23 can include virtually any percentages by 
Weight of the core member and the sheath member to 
provide desired thermal regulating and mechanical proper 
ties. 

[0047] It should be recogniZed that a core member can, in 
general, have a variety of regular or irregular cross sectional 
shapes, such as, by Way of eXample and not by limitation, 
circular, multi-lobal, octagonal, oval, pentagonal, rectangu 
lar, square-shaped, trapeZoidal, triangular, Wedge-shaped, 
and so forth. While the core/sheath ?bers 21, 22, 23, and 24 
are shoWn With one core member positioned Within and 
surrounded by a sheath member, it should be recogniZed that 
tWo or more core members can be positioned Within and 
surrounded by a sheath member (e.g., in a manner similar to 
that shoWn for the multi-component ?ber 13). These tWo or 
more core members can have the same or different cross 

sectional shapes or siZes. According to some embodiments 
of the invention, a core/sheath ?ber includes three or more 
elongated members arranged in a core-sheath con?guration, 
Wherein the elongated members are shaped as concentric or 
eccentric longitudinal slices of the core/sheath ?ber. 

[0048] Right-hand column 30 of FIG. 1 illustrates a 
number of side-by-side ?bers in accordance With some 
embodiments of the invention. In particular, side-by-side 
?bers 26, 27, 28, 29, and 34 each includes a set of elongated 
members arranged in a side-by-side con?guration. 
[0049] The side-by-side ?ber 26 includes a ?rst elongated 
member 47 positioned adjacent and partially surrounded by 
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a second elongated member 48. In the present embodiment, 
the elongated members 47 and 48 have half-circular cross 
sectional shapes. Here, the side-by-side ?ber 26 includes 50 
percent by Weight of the ?rst elongated member 47 and 50 
percent by Weight of the second elongated member 48. It 
should be recogniZed that the elongated members 47 and 48 
can alternatively, or in conjunction, be characteriZed as 
being arranged in a segmented-pie or a striped con?guration. 

[0050] The side-by-side ?ber 27 includes a ?rst elongated 
member 49 positioned adjacent and partially surrounded by 
a second elongated member 50. In the present embodiment, 
the side-by-side ?ber 27 includes 20 percent by Weight of the 
?rst elongated member 49 and 80 percent by Weight of the 
second elongated member 50. It should be recogniZed that 
the elongated members 49 and 50 can alternatively, or in 
conjunction, be characteriZed as being arranged in a core 
sheath con?guration, Wherein the ?rst elongated member 49 
is eccentrically positioned With respect to and partially 
surrounded by the second elongated member 50. 

[0051] The side-by-side ?bers 28 and 29 are miXed 
viscosity ?bers. Each ?ber includes a ?rst elongated member 
51 or 53 having a temperature regulating material dispersed 
therein and that is positioned adjacent and partially sur 
rounded by a second elongated member 52 or 54. A miXed 
viscosity-?ber is typically considered to be a self-crimping 
or self-teXturing ?ber, Wherein the ?ber’s crimping or teX 
turing imparts loft, bulk, insulation, stretch, or other like 
properties. Typically, a mixed-viscosity ?ber includes a set 
of elongated members that are formed from different poly 
meric materials. For example, for the side-by-side ?ber 28, 
the ?rst elongated member 51 can be formed from a ?rst 
polymeric material, and the second elongated member 52 
can be formed from a second polymeric material that can 
differ in some fashion from the ?rst polymeric material. In 
the present embodiment, the ?rst and second polymeric 
materials can include polymers With different viscosities or 
molecular Weights (e.g., tWo polypropylenes With different 
molecular Weights or a polypropylene and a polyethylene, 
respectively). When the side-by-side ?ber 28 is draWn, 
uneven stresses can be created betWeen the tWo elongated 
members 51 and 52, and the side-by-side ?ber 28 can crimp 
or bend. According to other embodiments of the invention, 
the ?rst and second polymeric materials can include poly 
mers having different degrees of crystallinity. For eXample, 
the ?rst polymeric material can have a loWer degree of 
crystallinity than the second polymeric material. When the 
side-by-side ?ber 28 is draWn, the ?rst and second polymeric 
materials can undergo different degrees of crystalliZation 
and orientation to “lock” an orientation and strength into the 
side-by-side ?ber 28. A sufficient degree of crystalliZation 
can be desired to prevent or reduce reorientation of the 
side-by-side ?ber 28 during heat treatment. The side-by-side 
?bers 28 and 29 can include virtually any percentages by 
Weight of the ?rst and second elongated members to provide 
desired thermal regulating, mechanical, and self-crimping or 
self-teXturing properties. 

[0052] The side-by-side ?ber 34 is an ABA ?ber including 
a ?rst elongated member 55 positioned betWeen and par 
tially surrounded by a second set of elongated members 56 
and 56‘. In the present embodiment, the ?rst elongated 
member 55 is formed from a ?rst polymeric material that has 
a temperature regulating material dispersed therein. Here, 
the second set of elongated members 56 and 56‘ can be 
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formed from the ?rst polymeric material or from a second 
polymeric material that can differ in some fashion from the 
?rst polymeric material. In general, the elongated members 
56 and 56‘ can have the same or different cross sectional 
shapes or siZes (e.g., Widths associated With the longitudinal 
slices). It should be recogniZed that the elongated members 
55, 56, and 56‘ can alternatively, or in conjunction, be 
characteriZed as being arranged in a striped con?guration. 

[0053] Turning neXt to FIG. 2, a three-dimensional vieW 
of a core/sheath ?ber 59 is illustrated. The core/sheath ?ber 
59 includes an elongated and generally cylindrical core 
member 57 positioned Within and surrounded by an elon 
gated and annular-shaped sheath member 58. In the present 
embodiment, the core member 57 eXtends through substan 
tially the length of the core/sheath ?ber 59. The core member 
57 has a temperature regulating material 61 dispersed 
therein and is positioned Within and completely surrounded 
or encased by the sheath member 58 that forms the eXterior 
of the core/sheath ?ber 59. In the present embodiment, the 
temperature regulating material 61 includes a set of micro 
capsules containing a phase change material, and the micro 
capsules can be uniformly dispersed throughout the core 
member 57. Those of ordinary skill in the art Will appreciate 
that, While it can be preferred to have the microcapsules 
evenly dispersed Within the core member 57, this is not 
necessary in all applications. The core member 57 can be 
concentrically or eccentrically positioned Within the sheath 
member 58, and the core/sheath ?ber 59 can include virtu 
ally any percentages by Weight of the core member 57 and 
the sheath member 58 to provide desired thermal regulating 
and mechanical properties. 

[0054] With reference to FIG. 3, a three-dimensional vieW 
of another core/sheath ?ber 60 is illustrated. As With the 
core/sheath ?ber 59, the core/sheath ?ber 60 includes an 
elongated and generally cylindrical core member 63 eXtend 
ing through substantially the length of the core/sheath ?ber 
60. The core member 63 is positioned Within and completely 
surrounded or encased by an elongated and annular-shaped 
sheath member 64 that forms the eXterior of the core/sheath 
?ber 60. Here, a temperature regulating material 62 includes 
a phase change material in a raW form (e.g., the phase 
change material is non-encapsulated, i.e., not micro- or 
macroencapsulated), and the phase change material can be 
uniformly dispersed throughout the core member 63. Those 
of ordinary skill in the art Will appreciate that, While it can 
be preferred to have the phase change material evenly 
dispersed Within the core member 63, this is not necessary 
in all applications. In the present embodiment shoWn in 
FIG. 3, the phase change material forms distinct domains 
that are dispersed Within the core member 63. By surround 
ing the core member 63, the sheath member 64 can serve to 
enclose the phase change material Within the core member 
63. Accordingly, the sheath member 64 can reduce or 
prevent loss or leakage of the phase change material during 
?ber processing or during end use. The core member 63 can 
be concentrically or eccentrically positioned Within the 
sheath member 64, and the core/sheath ?ber 60 can include 
virtually any percentages by Weight of the core member 63 
and the sheath member 64 to provide desired thermal 
regulating and mechanical properties. 

[0055] With reference to FIG. 4, a three-dimensional vieW 
of an island-in-sea ?ber 70 is illustrated. The island-in-sea 
?ber 70 includes a set of elongated and generally cylindrical 
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island members 72, 73, 74, and 75 positioned Within and 
completely surrounded or encased by an elongated sea 
member 71. In the present embodiment, the island members 
72, 73, 74, and 75 extend though substantially the length of 
the island-in-sea ?ber 70. While four island members are 
shoWn in the present embodiment, it should be recogniZed 
that the island-in-sea ?ber 70 can include more or less 
islands members depending on the speci?c application of the 
island-in-sea ?ber 70. The sea member 71 is formed of a sea 
polymeric material 82, and the island members 72, 73, 74, 
and 75 are formed of island polymeric materials 76, 77, 78, 
and 79, respectively. The sea polymeric material 82 and the 
island polymeric materials 76, 77, 78, and 79 can be the 
same or can differ from one another in some fashion. One or 

more temperature regulating materials can be dispersed 
Within the island members 72, 73, 74, and 75. As shoWn in 
FIG. 4, the island-in-sea ?ber 70 includes tWo different 
temperature regulating materials 80 and 81. The island 
members 72 and 75 include the temperature regulating 
material 80, While the island members 73 and 74 include the 
temperature regulating material 81. Here, the temperature 
regulating materials 80 and 81 can each include a phase 
change material in a raW form that forms distinct domains 
Within respective island members. By surrounding the island 
members 72, 73, 74, and 75, the sea member 71 can serve 
to enclose the phase change materials Within the island-in 
sea ?ber 70. The island-in-sea ?ber 70 can include virtually 
any percentages by Weight of the island members 72, 73, 74, 
and 75 and the sea member 71 to provide desired thermal 
regulating and mechanical properties. 

[0056] As discussed previously, a multi-component ?ber 
according to some embodiments of the invention can include 
one or more temperature regulating materials. A temperature 
regulating material typically Will include one or more phase 
change materials. In general, a phase change material can 
include any substance (or mixture of substances) that has the 
capability of absorbing or releasing thermal energy to reduce 
or eliminate heat ?oW at or Within a temperature stabiliZing 
range. The temperature stabiliZing range can include a 
particular transition temperature or a range of transition 
temperatures. A phase change material used in conjunction 
With various embodiments of the invention preferably Will 
be capable of inhibiting a How of thermal energy during a 
time When the phase change material is absorbing or releas 
ing heat, typically as the phase change material undergoes a 
transition betWeen tWo states (e.g., liquid and solid states, 
liquid and gaseous states, solid and gaseous states, or tWo 
solid states). This action is typically transient, e.g., Will 
occur until a latent heat of the phase change material is 
absorbed or released during a heating or cooling process. As 
used herein, the term “latent heat” can refer to an amount of 
heat absorbed or released by a substance (or mixture of 
substances) as it undergoes a transition betWeen tWo states. 
Thermal energy can be stored or removed from a phase 
change material, and the phase change material typically can 
be effectively recharged by a source of heat or cold. By 
selecting an appropriate phase change material, a multi 
component ?ber can be designed for use in any one of 
numerous products. 

[0057] According to some embodiments of the invention, 
a phase change material can be a solid/solid phase change 
material. A solid/solid phase change material is a type of 
phase change material that typically undergoes a transition 

Sep. 1, 2005 

betWeen tWo solid states (e.g., a crystalline or mesocrystal 
line phase transformation) and hence typically does not 
become a liquid during use. 

[0058] A phase change material can include a mixture of 
tWo or more substances. By selecting tWo or more different 
substances and forming a mixture, a temperature stabiliZing 
range can be adjusted for any particular application of a 
multi-component ?ber. According to some embodiments of 
invention, a mixture of tWo or more different substances can 
exhibit tWo or more distinct transition temperatures or a 
single modi?ed transition temperature When incorporated in 
a multi-component ?ber. 

[0059] Phase change materials that can be incorporated in 
multi-component ?bers in accordance With various embodi 
ments of the invention include a variety of organic and 
inorganic substances. Examples of phase change materials 
include, by Way of example and not by limitation, hydro 
carbons (e.g., straight chain alkanes or paraf?nic hydrocar 
bons, branched-chain alkanes, unsaturated hydrocarbons, 
halogenated hydrocarbons, and alicyclic hydrocarbons), 
hydrated salts (e.g., calcium chloride hexahydrate, calcium 
bromide hexahydrate, magnesium nitrate hexahydrate, 
lithium nitrate trihydrate, potassium ?uoride tetrahydrate, 
ammonium alum, magnesium chloride hexahydrate, sodium 
carbonate decahydrate, disodium phosphate dodecahydrate, 
sodium sulfate decahydrate, and sodium acetate trihydrate), 
Waxes, oils, Water, fatty acids, fatty acid esters, dibasic acids, 
dibasic esters, l-halides, primary alcohols, aromatic com 
pounds, clathrates, semi-clathrates, gas clathrates, anhy 
drides (e.g., stearic anhydride), ethylene carbonate, polyhy 
dric alcohols (e.g., 2,2-dimethyl-1,3-propanediol, 
2-hydroxymethyl-2-methyl-1,3-propanediol, ethylene gly 
col, polyethylene glycol, pentaerythritol, dipentaerythritol, 
pentaglycerine, tetramethylol ethane, neopentyl glycol, tet 
ramethylol propane, 2-amino-2-methyl-1,3-propanediol, 
monoaminopentaerythritol, diaminopentaerythritol, and 
tris(hydroxymethyl)acetic acid), polymers (e.g., polyethyl 
ene, polyethylene glycol, polyethylene oxide, polypropy 
lene, polypropylene glycol, polytetramethylene glycol, 
polypropylene malonate, polyneopentyl glycol sebacate, 
polypentane glutarate, polyvinyl myristate, polyvinyl stear 
ate, polyvinyl laurate, polyhexadecyl methacrylate, polyoc 
tadecyl methacrylate, polyesters produced by polyconden 
sation of glycols (or their derivatives) With diacids (or their 
derivatives), and copolymers, such as polyacrylate or poly 
(meth)acrylate With alkyl hydrocarbon side chain or With 
polyethylene glycol side chain and copolymers including 
polyethylene, polyethylene glycol, polyethylene oxide, 
polypropylene, polypropylene glycol, or polytetramethylene 
glycol), metals, and mixtures thereof. 

[0060] The selection of a phase change material Will 
typically be dependent upon a desired transition temperature 
or a desired application of a resulting multi-component ?ber. 
For example, a phase change material having a transition 
temperature near room temperature can be desirable for 
applications in Which the resulting multi-component ?ber is 
incorporated into apparel or footWear to maintain a com 
fortable temperature for a user. 

[0061] A phase change material according to some 
embodiments of the invention can have a transition tem 
perature ranging from about —40° C. to about 125° C., such 
as, for example, from about —40° C. to about 100° C. or from 
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about —5° C. to about 125° C. In one preferred embodiment 
useful for clothing applications, the phase change material 
Will have a transition temperature ranging from about 0° C. 
to about 50° C., such as, for example, from about 10° C. to 
about 50° C., from about 15° C. to about 45° C., from about 
22° C. to about 40° C., or from about 22° C. to about 28° C. 
Also, the phase change material according to some embodi 
ments of the invention can have a latent heat that is at least 
about 40 J/g, such as, for example, at least about 50 J/g, at 
least about 60 J/g, at least about 70 J/g, at least about 80 J/g, 
at least about 90 J/g, or at least about 100 J/g. In one 
embodiment useful for clothing applications, the phase 
change material Will have a latent heat ranging from about 
40 J/g to about 400 J/g, such as, for example, from about 60 
J/g to about 400 J/g, from about 80 J/g to about 400 J/g, or 
from about 100 J/g to about 400 J/g. 

[0062] According to some embodiments of the invention, 
particularly useful phase change materials include paraf?nic 
hydrocarbons having from 10 to 44 carbon atoms (i.e., 
Clo-C44 paraf?nic hydrocarbons). Table 1 provides a list of 
B-C28 paraf?nic hydrocarbons that can be used as phase 

change materials in the multi-component ?bers described 
herein. The number of carbon atoms of a paraf?nic hydro 
carbon typically correlates With its melting point. For 
example, n-Octacosane, Which includes 28 straight chain 
carbon atoms per molecule, has a melting point of 61.4° C. 
By comparison, n-Tridecane, Which includes 13 straight 
chain carbon atoms per molecule, has a melting point of 
—5.5° C. According to an embodiment of the invention, 
n-Octadecane, Which includes 18 straight chain carbon 
atoms per molecule and has a melting point of 282° C., is 
particularly desirable for clothing applications. 

TABLE 1 

No. of Melting 
Carbon Point 

Para?inic Hydrocarbon Atoms (° C.) 

n-Octacosane 28 61.4 
n-Heptacosane 27 59.0 
n-Hexacosane 26 56.4 
n-Pentacosane 25 53.7 
n-Tetracosane 24 50.9 
n-Tricosane 23 47.6 
n-Docosane 22 44.4 
n-Heneicosane 21 40.5 
n-Eicosane 20 36.8 
n-Nonadecane 19 32.1 
n-Octadecane 18 28.2 
n-Heptadecane 17 22.0 
n-Hexadecane 16 18.2 
n-Pentadecane 15 10.0 
n-Tetradecane 14 5.9 
n-Tridecane 13 —5.5 

[0063] Other useful phase change materials include poly 
meric phase change materials having transition temperatures 
suitable for a desired application of a multi-component ?ber 
(e.g., from about 22° C. to about 40° C. for clothing 
applications). A polymeric phase change material can 
include a polymer (or a mixture of polymers) having a 
variety of chain structures that include one or more types of 
monomer units. In particular, polymeric phase change mate 
rials can include linear polymers, branched polymers (e.g., 
star branched polymers, comb branched polymers, or den 
dritic branched polymers), or mixtures thereof. For certain 

Sep. 1, 2005 

applications, a polymeric phase change material desirably 
includes a linear polymer or a polymer With a small amount 
of branching to alloW for a greater density and a greater 
degree of ordered molecular packing and crystalliZation. 
Such greater degree of ordered molecular packing and 
crystalliZation can lead to a larger latent heat and a narroWer 
temperature stabiliZing range (e.g., a Well-de?ned transition 
temperature). A polymeric phase change material can 
include a homopolymer, a copolymer (e.g., terpolymer, 
statistical copolymer, random copolymer, alternating 
copolymer, periodic copolymer, block copolymer, radial 
copolymer, or graft copolymer), or a mixture thereof. Prop 
erties of one or more types of monomer units forming a 
polymeric phase change material can affect a transition 
temperature of the polymeric phase change material. 
Accordingly, the selection of the monomer units can be 
dependent upon a desired transition temperature or a desired 
application of multi-component ?bers that include the poly 
meric phase change material. As one of ordinary skill in the 
art Will understand, the reactivity and functionality of a 
polymer can be altered by addition of a functional group, 
such as, for example, amine, amide, carboxyl, hydroxyl, 
ester, ether, epoxide, anhydride, isocyanate, silane, ketone, 
and aldehyde. Also, a polymeric phase change material can 
include a polymer capable of crosslinking, entanglement, or 
hydrogen bonding in order to increase its toughness or its 
resistance to heat, moisture, or chemicals. 

[0064] As one of ordinary skill in the art Will understand, 
some polymers can be provided in various forms having 
different molecular Weights, since a molecular Weight of a 
polymer can be determined by processing conditions used 
for forming the polymer. Accordingly, a polymeric phase 
change material can include a polymer (or a mixture of 
polymers) having a particular molecular Weight or a par 
ticular range of molecular Weights. As used herein, the term 
“molecular Weight” can refer to a number average molecular 
Weight, a Weight average molecular Weight, or a melt index 
of a polymer (or a mixture of polymers). 

[0065] According to some embodiments of the invention, 
a polymeric phase change material can be desirable as a 
result of having a higher molecular Weight, a larger molecu 
lar siZe, or a higher viscosity relative to non-polymeric phase 
change materials (e.g., paraf?nic hydrocarbons). As a result 
of this larger molecular siZe or higher viscosity, a polymeric 
phase change material can exhibit a lesser tendency to leak 
from a multi-component ?ber during processing or during 
end use. For some embodiments of the invention, a poly 
meric phase change material can include polymers having a 
number average molecular Weight ranging from about 400 to 
about 5,000,000, such as, for example, from about 2,000 to 
about 5,000,000, from about 8,000 to about 100,000, or from 
about 8,000 to about 15,000. As one of ordinary skill in the 
art Will understand, a higher molecular Weight for a polymer 
is typically associated With a loWer acid number for the 
polymer. When incorporated Within a core/sheath ?ber or an 
island-in-sea ?ber, for example, its larger molecular siZe or 
its higher viscosity can prevent a polymeric phase change 
material from ?oWing through a sheath member or a sea 
member forming the exterior of the ?ber. In addition to 
providing thermal regulating properties, a polymeric phase 
change material can provide improved mechanical proper 
ties (e.g., ductility, tensile strength, and hardness) When 
incorporated in multi-component ?bers in accordance With 
various embodiments of the invention. If desired, a poly 
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meric phase change material having a desired transition 
temperature can be combined with a polymeric material to 
form an elongated member. According to some embodi 
ments of the invention, a polymeric phase change material 
can provide adequate mechanical properties such that it can 
be used to form an elongated member without requiring a 
polymeric material, thus allowing for a higher loading level 
of the polymeric phase change material and improved ther 
mal regulating properties. 
[0066] For example, polyethylene glycols can be used as 
a phase change material in some embodiments of the inven 
tion. The number average molecular weight of polyethylene 
glycol typically correlates with its melting point. For 
example, polyethylene glycols having a number average 
molecular weight in the range of about 570 to about 630 
(e.g., CarbowaxTM 600, available from The Dow Chemical 
Company, Midland, Mich.) typically will have a melting 
point of about 20° C. to about 25° C., making them desirable 
for clothing applications. Other polyethylene glycols that 
can be useful at other temperature stabiliZing ranges include 
polyethylene glycols having a number average molecular 
weight of about 400 and a melting point in the range of about 
4° C. to about 8° C., polyethylene glycols having a number 
average molecular weight in the range of about 1,000 to 
about 1,500 and a melting point in the range of about 42° C. 
to about 48° C., and polyethylene glycols having a number 
average molecular weight of about 6,000 and a melting point 
in the range of about 56° C. to about 63° C. (e.g., Carbo 
waxTM 400, 1500, and 6000, available from The Dow 
Chemical Company, Midland, Mich.). 
[0067] Additional useful phase change materials include 
polymeric phase change materials based on polyethylene 
glycols that are endcapped with fatty acids. For example, 
polytetramethylene glycol fatty acid diesters having a melt 
ing point in the range of about 22° C. to about 35° C. can be 
formed from polyethylene glycols having a number average 
molecular weight in the range of about 400 to about 600 that 
are endcapped with stearic acid or lauric acid. Further useful 
phase change materials include polymeric phase change 
materials based on tetramethylene glycol. For example, 
polytetramethylene glycols having a number average 
molecular weight in the range of about 1,000 to about 1,800 
(e.g., Terathane® 1000 and 1800, available from DuPont 
Inc., Wilmington, Del.) typically have a melting point in the 
range of about 19° C. to about 36° C. Polyethylene oxides 
having a melting point in the range of about 60° C. to about 
65° C. also can be used as phase change materials in some 
embodiments of the invention. 

[0068] For certain applications, polymeric phase change 
materials can include homopolymers having a melting point 
in the range of about 0° C. to about 50° C. that can be formed 
using conventional polymeriZation processes. Table 2 sets 
forth melting points of various homopolymers that can be 
formed from different types of monomer units. 

TABLE 2 

Melting 
Class of Point of 
Monomer Homopolymer 
Unit Homopolymer (° C.) 

Acrylates, Polyoctadecyl methacrylate 36 
Methacrylates, Polyhexadecyl methacrylate 22 
and and Acryla- Poly-N-tetradecyl polyacrylamide 18 
mides Poly-N-tetradecyl polyacrylamide- 32-35 

1,1 dihydroperfluoro 
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TABLE 2-continued 

Melting 
Class of Point of 
Monomer Homopolymer 
Unit Homopolymer (° C.) 

Alkanes and Poly-1-decene 34-40 
Alkenes Poly-1-heptene 17 

cis-polyoctenamer 38 
(Vestenamer ® 6213, available from 
Degussa AG, Frankfurt, Germany) 
Poly-1-octene 5-10 
Poly-1-nonene 19-22 
trans-polypentemer 23-34 
Poly-1-undecene 36 
cis-polyisoprene 28-36 
syndiotactic 1,2—poly(1,3- 10 
pentadiene) 
1-methyl-polydodecamethylene 30 

Ethers Polymethyleneoxytetramethylene 30 
oxide 
(Poly-1,3-dioxepane) 
Polyhexamethyleneoxymethylene 38 
oxide 
Polyoxacyclobutane (POX) 34-36 
n-octadecyl polyacetaldehyde 18 
Polytetramethylene glycol 1000 25-33 
(Terathane ® polyT'HF 1000, 
available from DuPont Inc., 
Wilmington, Delaware) 
Polytetramethylene glycol 1400 27-35 
(Terathane ® polyT'HF 1400, 
available from DuPont Inc., 
Wilmington, Delaware) 
Polytetramethylene glycol 1800 27-38 
(Terathane ® polyT'HF 1800, 
available from DuPont Inc., 
Wilmington, Delaware) 
Polytetramethylene glycol 2000 28-40 
(Terathane ® polyT'HF 2000, 
available from DuPont Inc., 
Wilmington, Delaware) 

Vinyls Polydodecyl vinyl ether 30 
Polyvinyl laurate 16 
Polyvinyl myristate 28 

Sulfur Con- 3,3-dimethyl-polytrimethylene 19 
taining sul?de 
Compounds Polymethylene sul?de 35 

Polytetramethylene disul?de 39-44 
Polysulfur trioxide 32 
1-methyl-trimethylene-poly- 35 
sulfonyldivalerate 

Silicon Con- beta-2-polydiethyl siloxane 17 
taining Nonamethylene-poly-disiloxanylene 10 
Compounds dipropionamide-diethyl, dimethyl 

(Si) 
Nonamethylene-poly-disiloxanylene 10 
dipropionamide-tetraethyl (Si) 
Polymethyl hexadecyl siloxane 35 

Amides and Poly-(hexamethylene)cyclopropylene 20 
Nitrogen dicarboxamide-cis-N,N'-dibutyl 
Containing Poly-(hexamethylene)cyclopropylene 5 
Compounds dicarboxamide-cis-N,N'—diethyl 

Poly-(hexamethylene)cyclopropylene 20 
dicarboxamide-cis-N,N'—diisopropyl 
Poly-(hexamethylene)cyclopropylene 30 
dicarboxamide-cis—N,N'—dimethyl 
Polypentamethylene adipamide- 15 
2,2,3,3,4,4 hexafluoro (diamine)—cis— 
N,N'—dibutyl 
Polypentamethylene adipamide- 20 
2,2,3,3,4,4 hexafluoro (diamine)—cis— 
N,N'—diethyl 
Polypentamethylene adipamide- 35 
2,2,3,3,4,4 hexafluoro (diamine)—cis— 
N,N'—diisopropyl 
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TABLE 2-continued 
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TABLE 3-continued 

Melting Melting 
Class of Point of Point of 
Monomer Homopolymer Polyester 
Unit Homopolymer (O C.) Glycol Diacid (O C.) 

Polypentamethylene adipamide- 3O diacetic acid 
2,2,3,3,4,4 hexafluoro (diamine)—cis— Pentanediol Diglycolic 33 
N,N'—dimethyl Hexanediol Glutaric 28-34 
Poly—(4,4'—methylene diphenylene 32 Hexanediol 4-Octenedioate 2O 
sebacamide)-N,N'—diethyl Heptanediol Oxalic 31 
Polypentamethylene (hexamethylene 25 Octanediol 4-Octenedioate 39 
disulfonyl)—dicaproamide Nonanediol meta-phenylene 35 

Esters Poly—[ethylene4,4'—oxydimethylene— 19 diglycolic 
di-2-(1,3—dioxolane)—caprylate] Decanediol Malonic 29-34 
Polypentamethylene adipate- 34 Decanediol Isophthalic 34-36 
2,2,3,3,4,4 hexa fluoro Decanediol meso-tartaric 33 
(4—methyl—(R+)-7— 36 Diethylene glycol Oxalic 1O 
polyhydroxyenanthic acid) Diethylene glycol Suberic 28-35 
Poly-[4-hydroxy tetramethylene-2- 23 Diethylene glycol Sebacic 36-44 
(1,3-dioxolane) caprylic acid] (cis or Diethylene glycol Phthalic 11 
trans) Diethylene glycol trans-H,H— 25 
Polypentamethylene 2,2'—dibenzoate 13 terephthalic acid 
Polytetramethylene 2,2'—dibenzoate 36 Triethylene glycol Sebacic 28 
Poly-1-methyl-trimethylene 2,2’ 38 Triethylene glycol Sulphonyl 24 
dibenzoate divaleric 
Polycaprolactone glycol (Molecular 35-45 Triethylene glycol Phthalic 10 
Weight = 830) Triethylene glycol Diphenic 38 

para-dihydroxy-methyl Malonic 36 
benzene 
meta-dihydroxy-methyl Sebacic 27 

[0069] Further desirable phase change materials include benzene 
polyesters having a melting point in the range of about 0° C. gleta'dlhydroxy-methyl Dlglycohc 35 

enzene to about 40° C. that can be formed, for example, by 
polycondensation of glycols (or their derivatives) With diac 
ids (or their derivatives). Table 3 sets forth melting points of 
polyesters that can be formed With various combinations of 
glycols and diacids. 

TABLE 3 

Melting 
Point of 
Polyester 

Glycol Diacid (O C.) 

Ethylene glycol Carbonic 39 
Ethylene glycol Pimelic 25 
Ethylene glycol Diglycolic 17-20 
Ethylene glycol Thiodivaleric 25-28 
1,2-Propylene glycol Diglycolic 17 
Propylene glycol Malonic 33 
Propylene glycol Glutaric 35-39 
Propylene glycol Diglycolic 29-32 
Propylene glycol Pimelic 37 
1,3-butanediol Sulphenyl divaleric 32 
1,3-butanediol Diphenic 36 
1,3-butanediol Diphenyl methane- 38 

m,m'—diacid 
1,3-butanediol trans-H,H— 18 

terephthalic acid 
Butanediol Glutaric 36-38 
Butanediol Pimelic 38-41 
Butanediol Azelaic 37-39 
Butanediol Thiodivaleric 37 
Butanediol Phthalic 17 
Butanediol Diphenic 34 
Neopentyl glycol Adipic 37 
Neopentyl glycol Suberic 17 
Neopentyl glycol Sebacic 26 
Pentanediol Succinic 32 
Pentanediol Glutaric 22 
Pentanediol Adipic 36 
Pentanediol Pimelic 39 
Pentanediol para-phenyl 33 

[0070] According to some embodiments of the invention, 
a polymeric phase change material having a desired transi 
tion temperature can be formed by reacting a phase change 
material (e.g., a phase change material discussed above) 
With a polymer (or a mixture of polymers). Thus, for 
example, n-octadecylic acid (i.e., stearic acid) can be reacted 
or esteri?ed With polyvinyl alcohol to yield polyvinyl stear 
ate, or dodecanoic acid (i.e., lauric acid) can be reacted or 
esteri?ed With polyvinyl alcohol to yield polyvinyl laurate. 
Various combinations of phase change materials (e.g., phase 
change materials With one or more functional groups such as 

amine, carboxyl, hydroxyl, epoxy, silane, sulfuric, and so 
forth) and polymers can be reacted to yield polymeric phase 
change materials having desired transition temperatures. 

[0071] Polymeric phase change materials having desired 
transition temperatures can be formed from various types of 
monomer units. For example, similar to polyoctadecyl meth 
acrylate, a polymeric phase change material can be formed 
by polymerizing octadecyl methacrylate, Which can be 
formed by esteri?cation of octadecyl alcohol With meth 
acrylic acid. Also, polymeric phase change materials can be 
formed by polymerizing a polymer (or a mixture of poly 
mers). For example, poly-(polyethylene glycol) methacry 
late, poly-(polyethylene glycol) acrylate, poly-(polytetram 
ethylene glycol) methacrylate, and poly 
(polytetramethylene glycol) acrylate can be formed by 
polymerizing polyethylene glycol methacrylate, polyethyl 
ene glycol acrylate, polytetramethylene glycol methacrylate, 
and polytetramethylene glycol acrylate, respectively. In this 
example, the monomer units can be formed by esteri?cation 
of polyethylene glycol (or polytetramethylene glycol) With 
methacrylic acid (or acrylic acid). It is contemplated that 
polyglycols can be esteri?ed With allyl alcohol or trans 




























