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PREPARATI ON THEREOF AND THEI R APPLI CATI ONS FI ELD OF THE | NVENTI ON 5 The
field of the invention is thernal interface materials in electronic
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become smaller, more functional, and more portable for consumers and businesses.

15 As a result of the size decrease in these products, the components that comprise the
products must also become smaller. Examples of some of those components that need to be
reduced in size or scaled down are printed circuit or wiring boards, resistors, wiring,

keyboards, touch pads and chip paékaging.

Components, therefore, are being broken down and investigated to determine if there

20 are better compositions, materials and methods that will allow them to be scaled down to
accommodate the demands for smaller electronic and semiconductor components. In layered

* components, one goal appears to be decreasing the number of the layers and/or the thickness

of layers while at the same time increasing the functionality and durability of the remaining
layers. This task can be difficult, however, given that several of the layers and components

25  ofthe layers should generally be present in order to operate the device.

Also, as electronic devices become smaller and operate at higher speeds, energy
emitted in the form of heat increases dramatically, A popular practice in the industry is to use
thermal grease, or grease-like materials, alone or on a carrier in such devices to transfer the

excess heat dissipated across physical interfaces, Most common types of thermal interface
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materials are thermal greases, phase change materials, and el astoner tapes.
Thermal greases or phase change materials have | ower thermal resistance

t han el astonmer tape because of the ability to be spread in thin |ayers and
provide intimate contact between adjacent surfaces. Typical thernal

i npedanceywpdogfisrrEAnge between 0.6-1. 6C cnR/w. However, guSGhdodiis © dranback
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when used jn VLS :hir%&. Itlhas al s;P)_l been ch;nd t hat tthe erf ormance of
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and layered materials; and d) develop thermal interface materials that can be “printed” or

otherwise applied to surfaces in order to achieve a thinner bond line than conventional

20 layered materials that comprise thermal interface materials,



thereof at least partially solvates the at | east one phase change material;

and physically 10 coupling the at | east one phase change material and the at
| east one sol vent, solvent mxture or conbination thereof. Various objects,
features, ects and advant ages of the present invention will becone nore

appar ent fW%E‘I“f’%”G?“oI | owi ng detail ed description of prBEBUSWEc/RIBAdi ment s of
the invgntion. 15 -3 WD 2007/ 027670 PCT/ US2006/ 033661 DETAI LED DESCRI PTI ON
A suitab interface material or conponent should conformto the

ti f f |k ther nal t
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can be shown a O interface = t/kA + 20co"tact Equation 1
where O is the thermal resistance, t is the material thickness, k is the

t her mal conduethpils pf produpiag rtherenel dterfane jrgaterieds arcealsofdesanided thatrificleds 15 The
t erm"t/ S e | ri nd
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flatness resulting from ‘manufacturing and/ or warpage of corrponents because

of coef f PEspRingionilfssdal expansi on

Various objects, features, aspects and advantages of the present invention will become
more apparent from the following detailed description of preferred embodiments of the

invention.
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(CTE) m smatches. A material wth a |ow value for k, such as thermal grease,
performs well if the 25 interface is thin, i.e. the "t" value is low If
the interface thickness increases by as little as 0.002 inches, the thermal
per f or man p dramatically. As the thernmal perf ps,
package pﬁ@?ﬂ%ﬁé@ wi || decrease to an unacceptable |12(3,§ﬁ55%§amg§6f69f or such
appl i cat ijomaa b pEstrenees | N CTE between the mati ng conponents causes the
gap to expand _ and contract with each tenperature or power cycle. This
variation of ¢héufehlecherab ntpifece faateriad r campenans shouldnsprigrmfto fthesmtingit er f ace
mat er i al Sudrsile PrRs WERTEL { ' e an % 921870

PCTI US2006/ 033661 i nt e??a%%@%%ﬂ%ﬂ’? ‘?@?btllgﬁﬁagﬁées%?ag?%a“ﬁﬁ?°\eé%€gg°§“ ?%’Zacz

devi at i onssifiangen SBulk dbamal sesistantsy cas bemrpessed ws ed funthiowpf ithd ARtekialRy oAl

erf or.ma t h hermal .interface terjal |l d be, able to conformto
I?mn- plsanggﬁg ﬁlﬁngé angﬁﬁls’ ﬁ?@?@b@nﬁgﬁg’ﬁy @B%ta’é?@f h&g’ﬁ‘% {ESHEARCe ¢t MPaTUTE REr mal
i nt er f ac erowakell b ahderk df QmpSFROREDISoNARGLPhIast Wit i Rkracd 15RAGRCE T Vi ty

and a hi %H]Pmach i cal rgagnpl_l ance, e.g. wll yield elastically when force is
appl i ed. “FPYRS h PIOea) AeRIRRCH 1of yn tgriecs smatpral fqr comppegninca bEghews ah 1

whi | e hi ghliowgechani cal conpliance reduces the second term The |ayered
interface materials and the individual conponents of the |ayered interface
mat eri al s descri bed herein acconplish these goals. 10 In response to the
problens with conventional nmaterials, as described herein, thernmnal

interface materials and phase change materials have been desi gned and
proddfed that: a) neet cust®imserfaspedikpic2@ioens whi lBquationdi zi ng the size of
t he devi ce and nunber of layers; b) are nore efficient and better designed
with respect to the conphdre @ik kieythdre@ldesiammet s of the material, conponent
or finished product; c) are produced by nore reliable nethods than 15
conventional materials; and ﬁfx@- printed" or otherw se- applied
to surfaces in order to achtiqgeglgt;lla?larw%r |nr§'§l(r?esg’ond i ne than conventi onal

| ayered materials that conprise conventiqnal . thermal [nterface materials.
Thermal interface material s,X 5 WW”&F%’&'@@F&‘F&WM conprise up to 100%
of 'a phase change material. For exanple, a contenplated thermal interface
material may 20 conprise 108%1b¢ ama phihs tntefaange material or may conpri se

| ess of a percentage of a phase

15
The term “t/kA” represents the thermal resistance of the bulk material and “2®cqptact”
represents the thermal contact resistance at the two surfaces. A suitable interface material or
component should have a low bulk resistance and a low contact resistance, i.e. at the mating
surface.,
20 Many electronic and semiconductor applications require that the thermal interface

material or component accommodate deviations from surface flatness resulting from
manufacturing and/or warpage of components because of coefficient of thermal expansion

{CTE) mismatches.

A material with a low value for k, such as thermal grease, performs well if the
25  interface is thin, i.e. the “t” value is low. If the interface thickness increases by as little as
0.002 inches, the thermal performance can drop dramatically. As the thermal performance
drops, package performance will decrease to an unacceptable level. Also, for such
applications, differences in CTE between the mating components causes the gap to expand
and contract with each temperature or power cycle. This variation of the interface thickness

30  can cause pumping of fluid interface materials (such as grease) away from the interface.
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change material and nore of a percentage of at |east one crosslinkable
and/ or conpliant conposition, and/or at |east one thermal interface
conposition, such as those disclosed in PCT Publication Nos.: W 02/ 96636,
WO 04/ 022330 and WD 02/061764; PCT Serial No.: PCT/US02/25447; US Seri al

Nos.: 10/ 46598024 156698; US Patent Nos.: 6451422, 2 797382
6908669, 6238596, 6605238, 6811725 and 5989459, which g?ﬁ%‘ﬁ’%‘%&“ﬁ

owned by Honeyuetthcek Ml D BkipRda drd enor@Pdné BF Q&vRRToRS %ﬂ@frﬁb@ ai@fagrence
in their entirety. Thermal interface materials, as contenp erein

al so conpPicsed. y Feopimizsdhenngl gpifamances ihenhermal frgerdacs 1@@@@ éboulda beS

| ssued Pajngi, 64061 @Qﬁj .. 10/ 775989,

whi ch are botﬁ commo %@nﬁgﬁmﬁg‘aurga%%aghm lbggrtd(ﬂ cﬁﬁ%%t%cgr ated herein in
their entirety. b ere Therefore, thermal interface materials are
cont enpl at ed t%%’?ai ‘I“F}'&{aﬁ]dﬁ'i‘fﬁ?‘fes DN 30308 CQIDPRERLS | ROSSESs A highsterrkd

her ei 5, ld%n@libtwﬂﬁﬂﬂtﬂlta Ribh Qﬁ&ﬁhxﬁéaltda hﬁhc\é/eégh%ﬂpgfeﬁﬁeta SR Q;/vlﬁeﬂ%}ce%%’o

wei ght percent of g ase ch ang 2007/ 027670 PCT/ US2006/ 033661

mat eri al . 2PPhedot HéiE m@ﬁ%ﬁl qoR ‘é‘éJ(YHY geducpe ﬂ%mélrﬂﬁeﬂerm rnfeEqw@en ratvdrileahigh

cont enpl ah&dlafi I %%pf;} hange
mat eri al . i&? sﬁ% gT pg @%%?g%gdgc oéh{lha e?égw 4 e agénso%]%gdﬁ"thg

sol vent ringividnal @mp@ombs nhthledmyemsfd m@hﬂe:nmatermlx elelscnbed/vhérhmt dveomaplishlthaast one
phase charbgfe material. 5 The amobunt of phase change material that is
necessary* '’ a thermal interface material conposi tion depends primarily on
t he needs of t he conponent or product. Specifically, if the needs of the
conpoHent or [hacspensetegipreblemawith ﬁ@m@bmw@kmaﬁemisms desribed hoeinptienndlal be
ina "s ONEW %{rﬂ t_,of
phase chgifrrlligecléfg %’Iat e{rcﬁgllg]a%gfﬁ' a%ot D@h] teh e géggﬁ}d @d%ﬂ&apﬁgﬁt 28 onent,

| ayer ed nmts rcuabm@rsppcpiﬁcmions lwbﬂu ummanﬂhmthels&ctolﬁdnecdwmasmﬂ mmbarofrtajzees*l al be

Phase. chalgs RCEIANG i s RE et FARIrRe e Reramateiisrraonitost ol ymer

waxes  ormakRdljE&spdnbey @;oﬁmsﬁedc?maw,p@r @t fprstiue&iK by Padra frElidblaax@sdatifn a
m xture of solid_ hydrocarbons having the general formila C H2+2 and havi ng
melt | ié pRemERgiona ﬂeaﬁ%l%l%ﬁg%db@awﬂ bsbaﬁ@fe%@ othsryise eppliedia syfases ngrde o e

cont enpl aQehiB® 4 inBePRinAtite M BRAMEorHD ﬁy@f@@l maﬁ%xs tﬁ’méﬁpﬁwaeen@iaﬁﬁr ials
that have nelting points in this range aré PCW5
thermal interface materials.

Thermal interface materials, as contemplated herein, may comprise up to 100% of a

phase change material. For example, a conterplated thermal interface material may

20  comprise 100% of a phase change material or may comprise less of a percentage of a phase
change material and more of a percentage of at least one crosslinkable and/or compliant
composition, and/or at least one thermal interface composition, such as those disclosed in

PCT Publication Nos.: WO 02/96636, WO 04/022330 and WO 02/061764; PCT Serial No.:
PCT/US02/25447; US Serial Nos.: 10/465968, 11/156698; US Patent Nos.: 6451422,

25 6673434, 6797382, 6908669, 6238596, 6605238, 6811725 and 5989459, which are all
commonly owned by Honeywell International Inc. and incorporated herein by reference in

their entirety. Thermal interface materials, as contemplaied herein, may also comprise
polymer solder materials, such as those disclosed in US Issued Patent 6706219 and US
Pending Application Serial No.: 10/775989, which are both commonly owned by Honeywell

30  and incorporated herein in their entirety by reference. Therefore, thermal interface materials
are contemplated herein that comprise phase change materials, as described herein, in an

amount of greater than 0 weight percent up to about 100 weight percent of phase change
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PCMBOHD - bot h manufactured by Honeywel |l International Inc. Polynmer waxes
are typically polyethyl ene waxes, polypropyl ene waxes, and have a range of
melting points from about 40C to 160C. 20 PCM4A5 conprises a thermnal

conduct i vi ut 3.0 WnK, a thermal resistance o ou . 25Ccn2/ W
(0. 003860?#2(y%@?102|3,§ﬂtypi cally applied at a thickness of ﬁ%’gﬁgztoo 938??15 I nches

(0. 04 nmpatend. dompier Sesds it \epele af thedhemas intafacalmmidrials tant@plped hepimst i cal |y

fl ow under), ical characteristi.cs qf PCVA5 .ar super hi gh packagi ng
dens: ty e agule Bt easf SRR B w1 aner gy i Sonh 5 Pfiondrish

resi st angg, tha@d @il e AROVeANSSIveR@ ilitiBle dicombREfior’Sf RIvERISRRIREEIICWARNER at

t enperature. PCMBOHD conprises a thermal conductivity of about 5.0 WnK, a

t her mal lpastprepiasesharsedpyerialo. 17Cccn®/ W (0. 0028Cen2/ W, is typical ly applied
at a thickness of about 0.0015 inches (0.04 mm) and conprises a typical

sof t npess of akpe lé}noﬁnttd%hg's@ dAghge(Rt@SH kifals! nbedstRWidp Qﬁhﬁal iltéRh&ahaterial

characteristics of PCMAS are a) a super high packaging density - over 80%
b) a corfempesitien dependsrprinadrileqn themeedp of 8w copenat or prodent.abpesifically ibthe as

ti j t t T h |
R B S e B L T K R S e
by Honeyfseft lell’ fidrer orat soaravhatliawid) foannhen sSageamiochsrdfphaeehshpe mhadriaymaf about

3.0 -6 2007/.02767 CT/ U82006/ 033661 WnK, a thermal resistance of
about 0. %WP\RF(@S%@%@%WF\A? ?m’i °§’m&’9‘bfi“&é?3fe§r};§dﬁﬂlaﬁlgd“ Frodugt iR\t s of
aboufo 0. B0 tompdraitasor bkl BEInofd leCOdHNE] HESmBrel pHRkL dHansObRAISLHAIdBBOUL 5 toO
30 psi (plastically flow under). Typical characteristics of TM350 are a) a

super hi@qed-packagi ng density - over 80% b) a conductive filler, c)
extrenely low thermal resistance, d) 5 about a 125 curing tenperature, and

e) di spensablyg000mniid meeASs Bae8d chhehfRled 38lein JMBRRe Wakes pRIGELKBE:f Or a
thermal interface conﬁgqsl tion as used In _contenpl ated enbodi ments descri bed
Ol

her ei n. ®had¥uehahgeokatiehi 3l paafle woaf uPafafin Heaxanl ar¢ r aRik@Ee ofatolid| al
li caty | | bet
appl1 ca W&ﬁ’?ﬁé#%ﬁﬂrﬁ Eh%?%n&h%ﬁmﬁ&% 1565 zeﬁlﬁglaﬁg?tél}e?%’rgt %ﬁé&s %5 e chte @y et Ween

solid an a phase ché‘m%jl fe anges to a-solid
st at & i 4bogi € tof 00N aExamsles bf satelcontenated mmieltingdyoints awbadboutdsS Geatl. The

phase change LEIPSHAL &l Bal Bht! AohihE RS S i Hhudhhs ellis DR
PCM6G0HD - both manufactured by Honeywell International Inc. Polymer waxes are
typically polyethylene waxes, polypropylene waxes, and have a range of melting points from

about 40°C to 160°C.

20 PCM45 comprises a thermal conductivity of about 3.0 W/mK, a thermal resistance of
about 0.25°Cem®W (0.0038°Cem?®/W), is typically applied at a thickness of about 0.0015
inches (0.04 mm) and comprises a typical softness of about 5 to 30 psi (plastically flow
under). Typical characteristics of PCMA45 are a) a super high packaging density — over 80%,
b) a conductive filler, c) extremely low thermal resistance, and as mentioned eazlier d) about

25  a 45° phase change temperature, PCM60HD comprises a thermal conductivity of about 5.0
W/mK, a thermal resistance of about 0.17°Cem™/W (0.0028°Ccm®/ W), is typically applied at
a thickness of about 0.0015 inches (0.04 mm) and comprises a typical softness of about 5 to
30 psi (plastically flow under). Typical characteristics of PCM45 are a) a super high
packaging density — over 80%, b} a conductive filler, ¢} extremely low thermal resistance,

30  and as mentioned earlier d) about a 60° phase change temperature.

TM350 (a thermal interface material not comprising a phase change material and

manufactured by Honeywell International Inc.) comprises a thermal conductivity of about 3.0
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A solvent, solvent m xture, an additional solvent or a conbination thereof
Is added to the phase change nmaterial, thermal interface conposition and/or
thermal interface material in 15 - - order to a) alter the physical or

el ectronic properties of the material to the specifications of the conponent
or corrpongr(f”goﬁ%wmi ch the material will be appli ed,; bSCTZﬁ]SLSzgqﬁmf’#? ! physi cal
propert i WmEf a teemamaastinite of Bbeut A23°CAnTWDI00ISEEmMBMD) isafditary éﬁgliéd‘ft

mat eri al ;ﬂ]?%g/orf%qfaci litate incorporation of other constituents or

fillers § PO ARYUE O OQLLS inchek O ame andsenmpsisessa hpiceLiensnessnf abouttSalol e pur e
or m Xt use paf &k, C | gaip : t Il ] a
desired 20pt e%r%mgrg@sdﬁgﬁﬂjaswﬁé%ﬂ?ﬁgg%g c% gﬁrrpgggtg%\rég% Q%ra %“éggh%gn

faci | i t apaskaging Gositshe ovh$P&, bire nendvntict filles, o) wxyooedly lov trepdgesidmeadi)i ti on,

cont I b Ve hase .sQl.vent s .t hat ..are.co tible.w he phase
chango’ nibSFs ERLCRR et R PRl G- e P gl St ahbd

mat er i alis doosidard dorea tibxempl @itérfuds lgmpBditiono Be dsedol Sontdnipl SR BERARLAENT S,

the solyent ol vent m xture or conbination thereof will solvate the phase
change rfiets‘é‘ﬁeg “Stfeh 25 that it can be applied by printing techniques. The
sol vent, solvent m xture or conbination thereof may al so conprise any

sui tabl e pur ehase cHangdlfmetetifls ped Aefidifl (el ARleAhccCRARAMNASlicatifs easkeher ei n,
the term "pure"” neans that solvent constituent that has const ant

a
conposi t Pehstoresad mieppheat apiheprossiay betweea sptirbanddiqyisl fory. &6 aphzw chavgeused
herei®, mb@rillthMges B ¥ kbliEstalBRBiel BAthesO! ' it | GeaflOt PUTE,
I ncl udi n S];:i|t wa %r. As ussilaq’ 3 rﬁ{e‘r_eihr??t t%:ﬂireetgl%ei%gltﬂgrﬁﬂ’ ﬁe@gr?]gsrb%%%'

char act ethesphiage gange tvhnseaiire 1o thecioelfing tuthpetaatre et whickghabeat ubsapiin adar ge,
parti al ol nt aneous charge distribution at one point of or along
t he ml%@gﬁ%%gsgg%gbund. As used herein, the term "non-polar” neans that
characteristic of a -7 WO 2007/027670 PCT/ US2006/ 033661 nol ecul e or
conpound t hatA seleentewhant mgnat, ahEdijienalpaiveitalr achmbgation thepohisadéalie char ge

di stribufi t.one I n f . along the nmolecyle or cp und. I.n some
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there are a few hydrocarbon solvents that could be considered polar.

Hy dr ocar BepPYelienef cthescansgseaiser fiflersiwR die wenknli footemplad solvasts dulude
al i phati g, G¥&d FurBBFmixture of organic or inorganic molecules that are volatilized at a desired

20 temperature, such as ‘the critical temperature, or that can facilitate any of the above-
mentioned design goals or needs. In addition, contemplated solvents are those solvents that
are compatible with the phase change materials, in that they will interact with the phase
change materials to achieve the previously-mentioned goals. In some embodiments, the
solvent, solvent mixture or combination thercof will solvate the phase change material such

25  that it can be applied by printing techniques. The solvent, solvent mixture or combination
thereof may also comprise any suitable pure or mixture of polar and non-polar compounds.
As used herein, the term “pure” means that solvent constituent that has a constant
composition. For example, pure water is composed solely of H,O. As used herein, the term
“mixture” means that solvent constituent that is not pure, including salt water. As used

30  herein, the term “polar” means that characteristic of a molecule or compound that creates an
unequal charge, partial charge or spontaneous charge distribution at one point of or along the

molecule or compound. As used herein, the term “non-polar” means that characteristic of a



aromatic. Aliphatic hydrocarbon solvents may conprise both straight-chain
conpounds and 10 conpounds that are branched and possi bly crosslinked,
however, aliphatic hydrocarbon solvents are not considered cyclic. Cyclic

hydr ocar b are those solvents that conprise_at |least three carbon
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sol vignt dFinpbitide tHELY a6 OtREdhe@ anli SELI§Ob¥QNAIEd! MelveddrE afiHati€ ARidabes part of
t he hydrocar bon sol vent fam’li){ of conpounds such as Ketones, such as

g

acet one,SOHPRE HHf3 DRl EAKIeTeHetIRYe. dexelis hydioggrhom sl Ve arq [fese solxap hat
esters, c%hﬁﬁgﬁsatalggst MO ESbod Qtoﬂﬁtorfrar%@&ﬁn s%@%&m&%ﬁeﬁnﬁ hﬁ?@g@a{tﬁ&;e

sol vent or “sol vent m xture nay conprise a conbi nati onof any

sol vent saliphatici yseetattoneialivens0 Amomber hydrodarionr fedvaatsateethosd soleentt empl at ed
herein, the .solvent |.vent m xt r nhi.hati on t.her L] pr esent
in a \Aeicé’ﬁﬁnpeeg%neeﬁatlryt t%‘getﬁ ?rsﬁl lﬁp néﬁﬁ]ﬁ‘é%%eb n@? Wlﬂlegﬁ’hn%eem% ﬁg%uel%tnen%?al and
al sol5f orattadted b ercomimontoed fetier multiple sinks fusedatogétioar. Coetemplatdditydrdeaben -8 WO
2007/.027670- PCT/ US2006/ 033661 * n@terial ., I n one enbodi nent, a_solvent such
as | sopaPlVeriE é‘ﬁ’ﬁ‘iﬁi@ t%?%‘?eﬁ e‘?enp’é‘ﬂnﬁ’aﬁn’@ﬁ‘tqungs@eswlﬁﬁﬁ S&@Sﬁ‘tnaﬁr@mﬁgf §it™er cent .

| n anot hapheiRQdidRNY, addSeBe pdthEiabilCalRimRs efith a8 paitaddBdfkine, IsefKatid)an about
20 wei ght percent. In yet other enbodi nents, |sopar H_can be present in an

amount  JEPladsnanEsh ket dadpcos Jhnethdpuang, Dexpdegansy diidscancs peHpdca¥enpl i fy
how sol V&RioSentane, 2,2,4-trimethylpentane, petroleum ethers, halogenated hydrocarbons, such as
20  chlorinated hydrocarbons, nitrated hydrocarbons, benzene, 1,2-dimethylbenzene, 1,2.4-
trimethylbenzene, mineral spirits, kerosine, isobuiylbenzene, methylnaphthalene,
ethyltoluene, ligroine. Particularly contemplated solvents include, but are not limited to,
pentane, hexane, heptane, cyclohexane, paraffin oils, benzene, toluene, xylere and mixtures

or combinations thereof.

25 In other contemplated embodiments, the solvent or solvent mixfure may comprise
those solvents that are not considered part of the hydrocarbon solvent family of compounds,
such as ketones, such as acetone, diethyl ketone, methyl ethyl ketone and the like, alcohols,
esters, ethers and amines. In yet other contemplated embodiments, the solvent or solvent

mixture may comprise a combination of any of the solvents mentioned herein.

30 In thermal interface materials contemplated herein, the solvent, solvent mixture or
combination thereof will be present in a weight percent that is appropriate for the phase

change material and also for the thermal interface composition and/or thermal interface
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5 may be utilized in enbodi nents disclosed herein. One exanple of a thernal
interface material that conprises both a phase change material and a
thermal interface conposition is a rubber-resin nodified paraffin polyner
wax systg‘;B (@H&B @s sone of the contenpl ated enbodi mepts descri bed herein.
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designed to b - i ki ng, | r el im |.an np- out
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crossl i nkgghsé HIMAGE nfaGFial3, HEtHeRTIem, CRELLSRRY AAPilRIRHISTCAR $6 hitsah| Bhehhaonal
interface conposition is_ produced by conbining at |east one rubber

]
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vi scous "[.el.ly-li ke" product.., T el state., or soft | ~Stat f 1

Uher i 1 HEwFantly SoproRER NS br nahdRp 0 cbblE Bebeithe Rlestl T 0808 el br bl
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| east _one amine resin corrpositiegﬂ. More s ecificalsdg%/., t?e.ar_n'.ne, resin is

i ncor por afBHUEHITEYHEC (b B FonBBis FAT oI TmPEARTOSHT AE HONH ifefyes
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Therefore, it is contenplated that "at |east sone of the rubber conpounds
wi || conpfesignedtto | heaself-esprstinkingyi weich pewresxglimigriinmol Ae pireptowepreblam the
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i norgani c and organic -

paraffin wax, polyethylene-maleic anhydride wax, and polypropylene-maleic anhydride wax.

20  The rubber-resin-wax mixtures will functionally form at a temperature between about 50 to

150°C to form a crosslinked rubber-resin network.

One contemplated crosslinkable thermal interface composition is produced by
combining at least one rubber compound, at least one amine resin and at least one thermally
conductive filler. This contemplated thermal interface composition takes on the form of a

25  liquid or “soft gel”. As used herein, “soft gel” means a colloid in which the disperse phase
has combined with the continuous phase to form a viscous “jelly-like” product. The gel state
or soft gel state of the thermal interface composition is brought about through a crosslinking
reaction between the at least one rubber compound composition and the at least one amine
resin composition. More specifically, the amine resin is incorporated into the rubber

30 composition to crosslink the primary hydroxyl groups on the rubber compounds, thus
forming the soft gel phase. Therefore, it is conternplated that at least some of the rubber
compounds will comprise at least one terminal hydroxyl group. As used herein, the phrase

“hiydroxyl group” means the univalent group —OI occurring in many inorganic and organic
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WO 2007/ 027670 PCT/ US2006/ 033661 conpounds that ionize in solution to yield
OH radicals. Also, the "hydroxyl group"” is the characteristic group of

al cohols. As used herein, the phrase "primary hydroxyl groups" means that
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sat ur at edeeded ordhe priodees @r c@epaneritie which thsegel sdorpoinsarporas. preferred in this
application 15 because they are less sensitive to thermal oxidation

degr adat i on. fat DR s s
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pol yal kyl di ene "npno-.0l s" (sug¢h as hydro at ed pol.ybut adi.ene nong-.ol ,

vl oen b etip o e Hiks Smora b BE rRPeB i b AR o1
20 hydr ogpaahemivbal asalpkividdicena bedra@blfiked Sy @ Asiné ydimogenauieds dpdlpgtioinadi ene
di ol , hydrogenated_ pol ypraopadi ene diol, h drogéanat ed paql ypent adi ene diol)
and hydr c§eg&elEgro Gptdavith themgelyes or ptherHRbeE GHBBRHNES i s unsaturated, it
is nost preferred that the conpound undergo a hydrogenation process to

rupture or renp\geidted 6ABSAIMONE, B riiHRr dOMPdRidAe M ScomPouniBadiliz&ec Be the
phrase "hydrogenati on process" neans that an unsaturated_organic_conmpound is

25 r eact exthen saragdiorogestursede iSenscdrube cempands areoreisreh s geRlitEos one or
al | -t . a-- | S T e e s St nrat ad. r AN | : h
L A

f r agment srubberd heltat r emsy et hudest dr g e retl(yinndpogitapk y siubbers  BERERp| ¢3LoM),

unsaturated rubbers and rubber. conpounds are pol ybut adi ene | vi ene,
pol ystyr %tt??*‘é’au LS Snd © }ﬁeél?ﬁ?}’ﬁng’é*ryﬂ?ﬂgfs@&CIFUbb ?ge,ztﬁlfzjla %%rppﬂgnﬁ%%ﬁ%gfg or
hydrogenated polyalkyldiene “mono-ols” (such as hydrogenated polybutadiene mono-ol,

hydrogenated  polypropadiene mono-ol, hydrogenated polypentadiene mono-ol),
20  hydrogenated polyalkyldiene “diols” (such as hydrogenated polybutadiene diol, hydrogenated
polypropadiene diol, hydrogenated polypentadiene diol) and hydrogenated polyisoprene.
However, if the compound is unsaturated, it is most preferred that the corpound undergo a
hydrogenation process to rupture or remove at least some of the double bonds. As used
herein, the phrase “hydrogenation process” means that an unsaturated organic compound is
25  reacted with hydrogen by either a direct addition of hydrogen to some or all of the double
bonds, resulting in a saturated product (addition hydrogenation), or by rupturing the double
bond entirely, whereby the fragments further react with hydrogen (hydrogenolysis).
Examples of unsaturated rubbers and rubber compounds are polybutadiene, polyisoprene,
polystyrene-butadiene and other unsaturated rubbers, rubber compounds  or

30  mixtures/combinations of rubber compounds.

As used herein, the term "compliant” encompasses the property of a material or a

component that is yielding and formable, especially at about room temperature, as opposed to
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30 m xtures/conbinations of rubber conpounds. As used herein, the term
"conpliant" enconpasses the property of a material or a conponent that is
yi el ding and formabl e, especially at about roomtenperature, as opposed to

-10 WO ZOWé %&ZIQWPCTI US2006/ 033661 solid and unyi el géf@?@hﬁf%%%?hose

t enper at ure. used herein, the term "crosslinkable"
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connect i I . ol n t. [ e cul es.
vor o heon RELUEERs Bl h S i A WanOlncRAUSERANR ofh TG FRECH ©1
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that in these thernpl . interface conposjtions, at . |east one of the rubber
compoundi TR TPRRRR: STHPTIONERY ARG, PR LAY 2 AFSF ASEIEHY ai ni ng
or unsat My&b;ﬁ@pﬁﬁb@ﬁ&%eﬁzéﬁn@{ ﬁ&@@l@ﬁiﬁfsbl@ bSbetWkdntwodl® iddPmbREGed. her m;l
fillers, exhibit a thermal capability of less than 0.5 cn2 Cw. Unlike

thermal grease, thermal performance of the thermal interface conposition
will not degrMeiEe thae one pbher qomuoped ofFath Bpeomay IBswrRirsdntp PIPAPRS 8evi ces

becapse Lb@uhchoR 1dhiaSintificd bdibditBhSowver M Al SUE MRS HBORBrEANPr | SI Ng
amine resins) wll crosslink to forma softf gel upon heat activation.

Mor eov er inteyfiaeh coppositings.agl asthenenell the nubbel scompenndsr piakonstituenip | willnest abe

"squeeze " r )l does | . B t_di ay .

I nterf acéljaéqrg{%%lcgni’ ﬁ%‘{h?oqﬁ{aﬂ"rg{;rﬁgﬁ&lgh%r ﬁ%%aﬂléi%/{%fi@ég}&ﬂyéﬁtg%&%emg% ﬁﬁz}%ﬁ ﬁ’(lat?bas ed
resins asmpraddedhetnal fitlerspexidbied theximal tdpabilibbllesc dnpdss cindACHY. Untiket ur e of
rubber c oynds primarjily . to faciljtate a.crasslinking reaction between the
ani ne re@'?nlﬁnaiﬁﬁaﬁeﬁéheﬁmm%@rﬂf‘ncfeqf ﬁ%l%@ﬁf‘?@d’?%‘g © @Wﬁﬁg%ﬁ?ﬁfmﬁ _‘geﬁﬁ%e.one of

t he. .§51bbgter (RPNRIOARESS of W WyaISE] inMig dgicee Bedah@lidted VRERs hlEli@Hd bRfiResi n and
t he rubber conmpounds ~produces a "soft, %el_" phase in the nixture, instead of
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the rubbg GO Ridildver wHafl/aBhlidaes e Brmtal aid RO Rlaterial, it will not be "squeezed

out" as thermal grease does in use and will not display interfacial delamination during

thermal cycling.

20 Amine or amine-based resins are added or incorporated into the rubber composition.or
mixture of rubber compounds primarily to facilitate a crosslinking reaction between the
amine resin and the primary or terminal hydroxyl groups on at least one of the rubber
compounds. The crosslinking reaction between the amine resin and the rubber compounds
produces a “soft gel” phase in the mixture, instead of a liquid state. The degree of

25  crosslinking between the amine resin and the rubber composition and/or between the rubber
compounds themselves will determine the consistency of the soft gel. For example, if the
amine resin and the rubber compounds undergo a minimal amount of crosslinking (10% of
the sites available for crosslinking are actually used in the crosslinking reaction) then the soft
gel will be more “liquid-like”. However, if the amine resin and the rubber compounds

30  undergo a significant amount of crosslinking (40-60% of the sites available for crosslinking

are actually used in the crosslinking reaction and possibly there is a measurable degree of
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conpounds thenselves will determ ne the consistency of the soft gel. For
exanple, if the amne resin and the rubber conpounds undergo a m ni mal
anount of crosslinking (10% of the sites available for crosslinking are
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can reactyhedbl ﬂl@ﬁiﬁ?éon%selﬁ%%ﬁrb@ﬁ'Qn&@l%&qug%nraﬁmk?ﬁwhb BhfedniighdeadfipWt h and

crosslinking, d) they are nore water resistant and healt resistant than urea

resins, ithofbgr compoprds psd anddecuiga tepughotondtnsatinpriggntions chtheysan resed with e
o ) . : 01 . ! . t
Phan: 3250tk cticies shd odiBldibas Bkl NN 2 Bt TR BRL A BuckB °2 00

as but yl atate resisdrd andbeat esistre] thon opy kaine ) iedyaan be usedsis naterpelnblyIsgutupsl

mel anj:ne resi.ns xyl at ed.. nel.am.ne resi nd.the.like, are forned by

i ncoﬁ&or aqriaﬁénsg}uga ﬁlogy (%Bsh%lﬁ%er%@F ihd a{ eﬂﬂrﬁz% ?br?y' heye th;hi{BﬂFlngl' RDls (BaeRS are
sol ubl e ithan385PC agdgle eflatifRly Sel-Nenhshie tliylasd ifeR@dne fsink,sech asthtylied mal
filler particles to be dispersed in the thermal interface material or

mxture TSHYTIE H8PEn PEPULIRS yoekmiae ooHig hPeHERa | meldri rrsias fexdiied abl e
filler mahgihakSedifiChiidRe 1HIB! Ak SornSidChy ﬁéo%gﬂaﬁﬁé alk§PBREYols Bhp MEFResind

al | oys thereof; and other conpounds, such
formation. These resins are soluble in paint and enamel solvents and in surface coatings.

20 Thermal filler particles to be dispersed in the thermal interface material or mixture
‘should advantageously have a high thermal conductivity. Suitable filler materials include
metals, such as silver, copper, aluminum, and alloys thereof; and other compounds, such as
boron nitride, aluminum nitride, silver coated copper, silver-coated aluminum, conductive
polymers and carbon fibers. Combinations of boron nitride and silver or boron nitride and
25 silver/copper also provide enhanced thermal conductivity. Boron nitride in amounts of at
least 20 wt % and silver in amounts of at least about 60 wt % are particularly useful.
Preferably, fillers with a thermal conductivity of greater than about 20 and most preferably at
least about 40 w/m°C can be used. Optimally, it is desired to have a filler of not less than

about 80 w/m°C thermal conductivity.

30 As used herein, the term “metal” means those elements that are in the d-block and f-
block of the Periodic Chart of the Elements, along with those elements that have metal-like

properties, such as silicon and germanium. As used herein, the phrase “d-block” means those
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boron nitride, alumnumnitride, silver coated copper, silver-coated

al um num conductive polyners and carbon fibers. Conbinations of boron
nitride and silver or boron nitride and 25 silver/copper also provide
enhanced %85652027%90[““‘3“\” ty. Boron nitride in amounts of at |ea 20 Wt %
and sil ver mbunts of at |east about 60 wt %are pa?FF@ﬁ?“ﬁ?’P?ﬁq}seful

Pr ef er abl fill er with a ucti vi greater, than about 20 and
most pref éllﬁﬁlﬁ?tﬁﬂ}i’f ee%%cfm%%gﬁ‘fl% ﬁﬁgé c%‘r@éﬁ“é a@aéﬂsurmpﬂlﬁﬁmnucieﬂs ofs
desired t gehdfgent ik hk&r hfin @t hﬁﬁ“f@"@dﬁ o&oel%% Eﬂ?ﬁ:ﬂ%lelectrons

conductivity. 30 As used herein; the term"netal" neans those el ements that
are in t hé&llimgiheodfland 5§ ofbitals |sm¢amdh1gttmtm@$ ofiibe elehwnt, insludinpsh&laethenitles, al ong
o o i€ el A Sl Akl K PLO0EY HhR: GRS S5 gl =
2007/ 0276gﬂhﬁiﬁTa{nulsam@5/u&3&ﬁ6§ﬂvee lcest@htsppeh aind hilve @agdt oMb | Thé@erivhe 3d,
4d, 5d, and ‘gﬁ glrbl t‘ﬁ %Fo‘ltﬁ? oundﬁgr%’?t he nucl eus of  the_elenent. As used

her ei n, §Q 1n b SEMRPSURR RStak KEAMif GemBOSEEY, Bl
filling t aﬁﬂl& %eﬂlﬁéénew By bRA1S a5 WiHeP URGM NELrigtRiAUC! QS yid héSine! iR B

i ncl uding the I anthani des and the actinides. Preferred netals include

i ndi um SI ¢Q¥@0ﬂﬂd: opsans, a substAne withtdonstarsi compositiors thgdiicki G besken alofoyigto

t her eof and silver coated alumnum The term "netal"
al so i ncI Gd ln\é&gbﬁggésﬂ%gar%g’?gq%ﬁ%t al conposites, netal ceram c conposites,

metal pol yner conposites, as well as other netal conposites. As used
herei A0 the telns aIScadegddusﬁeémqmrﬁmb&ﬁMbﬁmm hsubstarteaiot participg stk on

t hat can be into elene n c ro es 10 It .i.s al so
haaan agedt il TRy orehe aaths 1% niatioptpfid i Bis, Heafie Ba et dptbitios.
such as SubsiatiaParsphcticalsfilliepdrticles agebé Sdadd Nteothba@dtigtetfadeo malkeial fer mal
interface material. , Substantially spherical filler aﬁart I cl es can be, added

to the t h&¥HENZe Pagking densiy d\ddifjonglly, sybstimiially spherieh ghapsmrt e like will
Addi ti ona t r@”&?@% i | sone
control #‘3 hﬁdgsiéﬁlﬁc%%gggudﬁlﬁﬁgﬁi%%&gét I on. grt%ll ggﬁm%nlaﬂ?ﬁllég% (Igizgsl ggggﬂtfglgf ul
for =45-- filleisér Seimbhenmategishwey haingh¢ singerefabout 1-A0 pmewitlha gexipiuna pbaout:=20 pm
with a may gﬁrgm of about 100 pm Dispersion of filler particles can be
facilitated by addition of functional organonetallic coupling agents or
"wetting" agents, such as organosil ane, organotitanate,

Dispersion of filler particles can be facilitated by addition of functional

organometallic coupling agents or “wetting” agents, such as organosilane, organotitanate,
organozirconium, etc. Organoftitanate acts a wetting enhancer to reduce paste viscosity and to

20  increase filler loading. An organotitanate that can be used is isopropyl triisostearyl titanate.
The general structure of organotitanate is RO-Ti(OXRY) where RO is a hydrolyzable group,
and X and Y are binder functional groups.

Antioxidants may also be added to inhibit oxidation and thermal degradation of the

cured rubber gel or solid thermal interface material. Typical useful antioxidants include

25  Irganox 1076, a phenol type or Irganox 565, an amine type, (at 0.01% to about 1 wt. %),

available from Ciba Giegy of Hawthorne, N.Y. Typical cure accelerators. include tertiary
amines such as didecylanethylamine, (at 50 ppm--0.5 wt. %).

At least one catalyst may also be added to the thermal interface composition and/or

the thermal interface material in order to promote a crosslinking or chain reaction between

30 some or all of the components of the thermal interface material. As used herein, the term
“catalyst” means that substance or condition thai notably affects the rate of a chernical

reaction without itself being consumed or undergoing a chemical change. Catalysts may be
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organozirconium etc. Organotitanate acts a wetting enhancer to reduce paste
viscosity and to 20 increase filler |oading. An organotitanate that can be
used is isopropyl triisostearyl titanate. The general structure of
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ef fi cacy vagyigg l‘engtheand:dlanpetcm; mgneﬂty rianﬂlumetbﬂmﬁn]ortemfofccamthnmm (d:m)rlemgli err ed
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hi ghl'y grmfgrea@d tﬁa)ﬁpﬂﬁ)uby ieahd atle@al ¥ RAbout IS0SHLMI0 GANEME bswdsh \ith8@RI W m C) .
Addi tion of about 0.5 wt. %carbon mcro 10 fibers provides S|gn|f|cantly

i ncr eas e dCORPREHIEY G%HHU&M o lrge tmeiogeateriingvith ehen commaa carhop tibge baying

lengts afghdbRRRLE! fanBaRE! Yy, 1 millinmeter (mm) to tens of centineters (cm
| ength and fromunder 0.1 to over 100 min dianeter. One useful form of

VGCF has a dianeter of not greater than about 1 pmand a | ength of about 50

to 100 pm andtisgiEieelstoingarporaigilarge amelinks o8 Y GG dp p(alb;@m syspEseRd fpHerEase t | nes
greater té&ﬂ{boﬁ\érﬁg"mﬁ Q@fenﬁpmﬂ c&BOD RMcrbHREE, $. 8ol pm, or less) are added to

the polymer they do not mix well, primarily because a large amount of fiber must be added to
the polymer to obtain any significant beneficial improvement in thermal conductivity.
20 However, we have discovered and have disclosed in previously-filed applications that
relatively large amounts of carbon microfibers can be added to polymer systems that have
relatively large amounts of other conventional fillers. A greater amount of carbon microfibers
can be added to the polymer when added with other fibers, which can be added alone to the
polymer, thus providing a greater béneﬁt with respect to improving thermal conductivity of
25  the thermal interface material. Desirably, the ratio of carbon microfibers to polymer is in the

range of 0.05 to 0.50 by weight.

The contemplated thermal interface materials, phase change materials and/or thermal
interface compositions can be provided as a dispensable liquid paste, soft gel or liquid
material to be applied by dispensing methods, such as by screen printing, ink jet printing,

30 thread dispensing; spraying; stamping; all types of lithography or wet offset; roller printing;
- Jetter press printing; gravure printing; flexographic printing; planographic printing; offset

printing; mimeo graphic printing; thermography; hot stamping and transfer printing
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15 diameters greater-than 5 pm. It is difficult to incorporate |arge
anounts of VGCF in polyner systens and interface conponents and systens.
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under stood that the "di spensed |ayer' can down as a conti nuous
| ayer or @@y peitabler ﬁ&fﬂﬂa&éﬂeﬂ@@@ém% Bse nr@vm@msn@faonwe Ezgnpothentiie These
| ayerng C a ck.to
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phase chalegonicretngyinenis. and thermal i nterface conpositions to be "print ed”
or otherwi se applied to surfaces in order to achieve a thinner bond line

than convent ' ?&gﬁ‘lﬁ&h% f %e coh% p?qnesd Ehhl%ﬁal GRERAe S m&%&ﬂgﬁeé@mﬂ ﬁtie‘f‘faf:@ce

mat eri al s nmee one S pr esen
materials, layered interface materials and phase change materials described herein comprise

incorporating the materials and/or components into another layered material, an electronic
20  component or a finished electronic product. Electronic components, as contemplated herein,
are generally thought to comprise any layered component that can be utilized in an electronic-
based product. Contemplated electronic components comprise circuit boards, chip
packaging, separator sheets, dielectric components of circuit boards, printed-wiring boards,

and other components of circuit boards, such as capacitors, inductors, and resistors.

25 Electronic-based products can be "finished" in the sense that they are ready to be used
in industry or by other consumers. Examples of finished consumer products are a television,
a computer, a cell phone, a pager, a palm-type organizer, a portable radio, a car stereo, and a
remote control. Also contemplated are "intermediate” products such as circuit boards, chip

packaging, and keyboards that are potentially utilized in finished products.

30 Electronic products may also comprise a prototype component, at any stage of
development from conceptual model to final scale-up/mock-up. A prototype may or may not

contain all of the actual components intended in a finished product, and a prototype may have
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Contenpl ated thermal interface materials can also be provided as a highly
conpliant, cured, elastoner filmor sheet for pre-application on interface
surfaces, such as heat sinks. It can further be provided and produced as a

soft gel that can be applied to surfaces by ny suitabl e
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the actual conponents intended in a finished product, and a prototype nmay
have -15 WD 2007/027670 PCTI|1JS2006/ 033661 sonme conmponents that are
constructed out of conposite material in order to negate their initial
effects on other conponents while being initially tested. Thus, specific
enbodi ment's-and- appl i cati ons of therral interface materials have been

di scl osed. It should be apparent, however, to those skilled in the art that
many nore 5 nodifications besides those al ready descri bed are possible

wi t hout departing fromthe inventive concepts herein. The inventive subject
matter, therefore, is not to be restricted '
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except in the spirit of the appended clains. Mreover, in interpreting both
the specification and the clains, all ternms should be interpreted in the
br oadest possi bl e manner consistent wth the context. In particular, the
ternms "conprises” and "conprising" should be interpreted 10 as referring to
el enments, conponents, or steps in a non-exclusive manner, indicating that
the referenced el enents, conponents, or steps nmay be present, or utilized,
or conbined with other elenents, conponents, or steps that are not
expr essl rgferenc d. -16 Wiat is clainmed is: 1. Athermal interface
materi al ,VEOHSITOEAET  at 1east one phase change naterial, at |east one
sol vent, sol vgr% m xture or conpination thereof, wherein the at |east one
sol vent, solv er?ﬁai{nfﬁrg’c‘éfm CARPIBPEt hereof at |east partially sol vates
the at |east one phase change naterial, and at |east one additional
conmponent , whafrledshondyhaag chaggemaisrial, addi ti onal conponent conprises a
thermal interface conposition. 2. The thermal interface material of claiml,
wher ei n t he attlbasaste wivenfhalyentahamgeor cvatb@ratioh tHeeef,avherdih et pabint of about
40 to about 166k $Glvedt, sdlventtrhigtud@bdr dofitbiakian ereril af leasdt pariialty silvatds thevher ei n t he
at | east one plageomdsHagechaipé faitedhl, e@pri ses paraffin waxes, polyner waxes
or a conbination thereof. 4. The thermal interface material of claimS3,
wherein the agbaeshe SRR TR wh&GAHRd & FS PRI ARBmABAES
pol ypr opyl ene g@ﬁ;&s QF e?mgl(]fmifﬁ@etdo%ogiﬂgﬁe()f' 5. The thermal "interface

fal 1, V\l}‘l '

material of c erein the at 'l east one solvent or solvent m xture
conpri ses at | east one hydrocarbon conpound. 6. The thermal interface

ARG (A e
conprises 150 : . 3 : n i interface
material of clRisHrhhasg melfingpeipt ofaRewt 40doakave he0 c%rrpri sing the thernal

interface material of claiml. 9. A tape conprising the thermal interface
material of3.cilh¢ theamal igerfyceinagfesial of clpte | twlearetaithe atdasstfeneehpwtcbpnzgl of claim
1, wherei n t hmatcapksontasehpraiinpraxns, dlyorst wasessupfcapbinatios tespf.at e.

4, The thermal interface material of claim 3, wherein the at least one polymer wax
comprises polyethylene waxes, polypropylene waxes or a combination thereof.

5. The thermal interface material of claim 1, wherein the at least one solvent or
solvent mixture comprises at least one hydrocarbon compound.

6. The thermal interface material of claim 5, wherein the at least one hydrocarbon
compound comprises Isopar H.

7. Alayered component comprising the thermal interface material of claim 1.

8. An electronic component comprising the thermal interface material of claim 1.

9. A tape comprising the thermal interface material of claim 1.

10. A layer of the thermal interface material of claim 1, wherein the layer has been
printed onto a surface or substrate.

11. The layer of claim 10, wherein the layer is a continuous layer.

12. The layer of claim 10, wherein the layer is a patterned layer.

13. The layer of claim 10, wherein the layer is printed onto a surface or substrate by
using a printing device or by screen printing.
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11. The layer of claim 10, wherein the layer is a continuous layer. 12. The
| ayer of claim 10, wherein the layer is a patterned |ayer. 13. The | ayer of
claim 10, wherein the layer is printed onto a surface or substrate by using
a printing device or by screen printing. - |7_ 14. The |ayer of claim 13,
wherein the printing device is an ink jet printer. 15. A nethod of
producing a thermal interface material, conprising: providing at |east one
phase change material; providing at | east one solvent, solvent mxture or
conmbi nation thereof, wherein the at |east one solvent, solvent mxture or
conbi nati on reof at |ea artially solvates the at | east one phase
change mat e}‘#'gﬁ‘,‘i?ad’lf’f)%'t‘a"i“ﬁ’g?é\’t‘%?%‘%?hed’ﬁ’éma%lé?‘ﬂ?%‘ﬁép1 qpfHEFt , wherein the at
| east one additional conponent conprises a thermal interface conposition;
and physi cali-yA weihed chgrodhenge theanaltinterfecephateréel clommpyisingat eri al , the at | east
one additional conmponent and the at |east one solvent, solvent mxture or
conbi nati on tphevidiog at 186t ofddghasetinage mhtedhlai m 15, wherein the at | east one
phase change material has a nelting point of about 40 to about 160 C. 17.
The nethod of pedvadifiy B easobd Qilvent, RElvait nhiRAsd orUdMbRDASE (HeRAMIeh@h er i al

conpri ses par ahd 4t MeabBoiRSolveRY, YoRint WAXER RoRba@id MalebPR 1EResL@fiy 18. The
met hod of cl aiggpydids kY fe%ét%n@?ﬁas@tchéngéﬁ{ate?ﬁﬁ pol ymer wax conpri ses

pol yet hyl ene waxes, pol ypropyl ene waxes or a conbi nation thereof. 19. The

t hod of cl ai 1 i t .at, | { | t | t m xt
2 S Al R4 Al g R el 13
wherei n the atco?lg%eflt‘b?{ga"?ﬁ?ﬁ? PN LR OmRaS I #Bf i ses | sopar H. al8

physically coupling the at least one phase change material, the at least one
additional component and the at least one solvent, solvent mixture or combination
thereof.

16. The method of claim 15, wherein the at least one phase change material has a
melting point of about 40 to about 160 °C.

17. The method of claim 15, wherein the at least one phase change material
comprises paraffin waxes, polymer waxes or a combination thereof.

18. The method of claim 17, wherein the at least one polymer wax comprises
polyethylene waxes, polypropylene waxes or a combination thereof.

19. The method of claim 15, wherein the at least one solvent or solvent mixture
comprises at least one hydrocarbon compound.

20. The method of claim 19, wherein the at least one hydrocarbon compound
comprises Isopar H.
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