THERMAL | NTERFACE MATERI ALS This application is a continuation in part and
clainms the benefit of US UWility Application Serial No. 09/452483 filed
Decenber 1, 1999, which is incorporated herein by reference inits
entirety. 5 Field of The Invention The field of the invention is interface
materials in electronic conponent and | ayered materials applications. 10
Background of The Invention El ectronic conponents are used in ever

i ncreasi ng nunbers of consuner and conmercial electronic products. Exanples
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size or sgcaled down are printed circuit or wiring boards, resistors, wring,
keyboards, touch pads, and chi p packagi ng. Conponents, therefore, are being
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This task can be difficult, however, -1
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10  Background of The Invention

Electronic components are used in ever increasing numbers of consumer and
commercial electronic products. Examples of some of these consumer and commercial
products are televisions, personal computers, internet servers, cell phones, pagers, palm-type
organizers, portable radios, car stereos, or remote controls. As.the demand for these

15 consumer and commercial electronics increases, there is also a demand for those same
products to become smaller, more functional, and more portable for consumers and

businesses.

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
20 reduced in size or scaled down are printed circuit or wining boards, resistors, wiring,

keyboards, touch pads, and chip packaging.

Components, therefore, are being broken down and investigated to determine if there
are better building materials and methods that will allow them to be scaled down to
accommodate the demands for smaller electronic components. In layered components, one

25  goal appears to be decreasing the number of the layers while at the same time increasing the

functionality and durability of the remaining layers. This task can be difficult, however,



gi ven that several of the |layers and conponents of the |layers should
generally be present in order to operate the device. Also, as electronic
devi ces becone smaller and operate at higher speeds, energy e€emtted in the
formof heat increases dramatically. A popular practice in the industry is
to use 5 thermal grease, or grease-like materials, alone or on a carrier in
such devices to transfer the excess heat dissipated across physical
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such as manufacturing tolerances, etc. When the heat transferability of these materials breaks

down, the performance of the electronic device in which they are used is adversely affected.

Thus, there is a continuing need to: a) design and produce thermal interface materials

and layered materials that meet customer specifications while minimizing the size of the

20  device and number of layers; and b} develop reliable methods of producing desired thermal
interface materials and layered materials and components comprising contemplated thermal

interface and layered materials.

Summary of the Invention

25 A contemplated crosslinkable thermal interface matenal is produced by combining at
least one rubber compound, at least one amine resin and at least one thermally conductive '
filler. This contemplated interface material takes on the form of a liquid or “sof gel”. The
gel state 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

30 amine resin is incorporated into the rubber ¢ omposition t o ¢ rosslink the p rimary h ydroxyl
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gel state is brought about through a crosslinking reaction between the at
| east one rubber conpound conposition and the at | east one am ne resin
conposition. Mire specifically, the 30 amine resin is incorporated into the

rubber conposition to crosslink the primary hydroxyl -2 groups on the
rubber conpounds thus form ng the soft gel phase. Therefore, it is
contenpl ated that at |east sone of the rubber conpounds will conprise at

| east one term nal hydroxyl group. Amine or am ne-based resins are added or
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Phase change materials are useful in thermal interface material applications because

15 they store and‘rclcase heat as they oscillate between solid and liquid form. A phase change
material gives off heat as it changes to a solid state, and as it retuns to a liquid, it absorbs

heat. The phase change temperature is the melting temperature at which the heat absorption

and rejection takes place.

A method for forming the crosslinkable thermal interface materials disclosed herein

20 comprises a) providing at least one saturated rubber compound, b) providing at least one
amine resin, ¢) crosslinking the at least one saturated rubber compound and the at least one
amine resin to form a crosslinked rubber-resin mixture, d) adding at least one thermally
conductive filler to the crosslinked rubber-resin mixture, and e} adding a wetting agent to the
crosslinked rubber-resin mixture: This method can also further comprise adding at least one

25  phase change matenal to the crosslinked rubber-resin mixture.

The contemplated thermal interface matenal can be provided as a dispensable liquid
paste to be applied by dispensing methods and then cured as desired. It can also be provided
as a highly compliant, cured, elastomer film or sheet for pre-application on interface surfaces,

such as heat sinks. It can further be provided and produced as a soft gel or liquid that can be
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conductive filler to the crosslinked rubber-resin mxture, and e) adding a
wetting agent to the crosslinked rubber-resin mxture. This nmethod can al so
further conprise adding at | east one 25 phase change naterial to the
crosslinked rubber-resin m xture. The contenplated thermal interface
material can be provided as a dispensable liquid paste to be applied by

di spensi ng net hods and then cured as desired. It can also be provided as a

hi ghly conpliant, cured,, elastoner filmor sheet_for, pre- | ication on
interface sﬂPlﬁ'zi& 4 surfaces by any ?‘l‘étgﬁﬁe dispepsing I"Fﬁ"é’gh Bvep rﬂgg&aﬁﬂ?}c@ﬂ nd
produced as paovidell bs P@pe thit chr Brkipgliéddiectdan idd@face sirRpgRlor eldctiddicembaceat. by any
sui tabl e di spensing nethod. Even further, the material can be provided as a

tape that can be,applied directly to interface surfaces. or el ectroni.c s
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| east one thgwendnl y conductive filler. This contenplated interface nateri al
takes on the formof a liquid or "soft gel”". As wused herein, "soft gel"
nmeans a colloid in which the disperse phase has conbined with the 15
continuous phase to forma viscous "jelly-like" product. The gel state is
brought about through a crosslinking reaction between the at |east one
rubber dénpdetafedBespuptioni on and the at | east one amine resin conposition.
More specifically, the amne resin is in_co;{porat ed into the rubber

conposi tion to cAcewemplirted prosshinkable hermolipsisae mrgishs reedueerkby ¢ombining at
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at a east sone
filler. This contemplated interface material takes on the form of a liquid or “soft gel”. As

used herein, “soft gel” means a colioid in which the disperse phase has combined with the
15 continuous phase to form a viscous “jelly-like” product. The gel state 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 composition to crosslink the primary hydroxyl groups on the rubber
compounds, thus forming the soft gel phase. Therefore, it is contemplated that at least some

20  of the rubber compounds will comprise at least



20 of the rubber compounds will conprise at |east -4 one term nal hydroxyl
group. As used herein, the phrase "primry hydroxyl groups" neans that the
hydr oxyl groups are in the term nal position on the nolecule or conpound.
The rubber conpounds nmay al so conprise additional secondary, tertiary, or
otherwi se internal hydroxyl groups that could al so undergo a crosslinking
reaction with the amne resin. 5 This additional crosslinking may be

desirabl e depending on the final gel state needed for the product or
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(such as hydhsmesiesclepedingiontiasiotharcomaensnts of the egmpasiionated also Fynsamentztedl ene
mono-ol , 1hyduRogiaaheie: PahyoRRe &RICHE RNk bY: the %ﬁk%ﬁﬂ%&ﬁg@u@@é ¥ kiyd di ene

"diols" (such as hydrogenat ed pol ybutadi ene diol, hydrogena
pol.ypr opadi enesfogingpme @Qfg’éﬂfﬁlﬂéé‘l‘bwl‘vﬁéméﬂ@wéO@lﬁwyb%n@nmqlsogenat ed

polyi soprene. However, if the conpound is unsaturated, it is nost preferred

that the compoundy Qoexﬁbodm/éilfsoﬂﬁﬁ%ﬂe%orﬂﬁ&ﬁi%ﬁss of SorhptRhdl &ilRéd t&RvVe at
| east some of the doubl e bonds. used herein, the phrase "hydrogenation

process” meafither paratechor saYTiPt %*ﬁl“fétﬁ‘é BiYbe C@BP&)’@%%I@ pesferred i thiscappiqation
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doub 15 rubbers that may be wused are ethylene-propylene rubbers (EPR, EPDM),
polyethylene/butylene,  polyethylene-butylene-styrene,  polyethylene-propylene-styrene,
hydrogenated polyalkyldiene “mono-ols” (such as hydrogenated polybutadiene mono-ol,

hydrogenated polypropadiene mono-ol, hydrogenated polypentadiene mono-ol),

hydrogenated polyalkyldiene “diols” (such as hydrogenated polybutadiene diol, hydrogenated

20  polypropadiene diol, hydrogenated polypentadiene diol) and hydrogenated polyisoprene.
However, if the compound is unsaturated, it is most preferred that the compound undergo a

hydrogenation process to rupture or remove at least some of the double bonds. As used

f herein, the phrase “hydrogenation process” means that an unsaturated organic compound is
reacted with hydrogen by either a direct addition of hydrogen to some or all of the double

25  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

mixtures/combinations of rubber compounds.



25 bonds, resulting in a saturated product (addition hydrogenation), or by
rupturing the double bond entirely, whereby the fragnents further react

wi th hydrogen (hydrogenol ysis). Exanples of unsaturated rubbers and rubber
conpounds are pol ybut adi ene, polyi soprene, polystyrene-butadi ene and ot her
unsat urated rubbers, rubber conpounds or m xtures/conbinations of rubber
conpounds. -5 As used herein, the term"conpliant"” enconpasses the properly
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crosslinkin eactia ween th mne re |n an ounds
produces a g’?gﬁ‘%‘dé‘f'ﬂuﬁﬁg Sqiuﬁezf(ﬁ%& a&ﬁﬁ SRS %{38 '61"5 11 |”E|\JI| rtrgfsggé. The
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15 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 liguid state. The degree of
20  crosslinking between the amine resin and the rubber composition and/or between the rubber
compeounds 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
25  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
intermolecular or intramolecular crosslinking between the rubber compounds themselves)

then the gel would become thicker and more “solid-like”.

Amine and amino resins are those resins that comprise at least one amine substituent

30  group on any part of the resin backbone. Amine and amino resins are also synthetic resins
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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
actually used in the crosslinking reaction) then the soft gel will be nore
"liquid-like' . However, if the am ne resin and the rubber conpounds 25
undergo a significant anmount of crosslinking (40-60% of the sites avail abl e
for crosslinking are actually used in the crosslinking reaction and
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wat er resist beat resistan urea.resi ca used as
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non-fl ani mabl e). Al kyl ated ne 4am ne SI ns,. such as butylated nelam ne
resins, are ?Wﬁéecfoh%c%ﬁ"é‘h% Ela il Tk‘f/?“ddPE"d 6% ©2URESi ng the resin

formati on. They are soluble in paint and enanel solvents and in surface
coati ngsi1515 TherTmamal fillérgrartjphes tto bé dspdrsedbe thati thraabmebriace inhaeridlloe mirture

interface nagh%{llld aldvantageouslty%ave 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, siiver coated aluminum and carbon
fibers. Combinations of boron nitride and silver or boron nitride and silver/copper also
20  provide enhanced thermal ¢ onductivity. B oron 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
will be used. Optimally, it is desired to have a filler of not less than about 80 w/m°C thermal

conductivity.

25 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

elements that

have electrons filling the 3d, 4d, 5d, and 6d orbitals surrounding the nucleus of the element.

30  As used herein, the phrase “f-block” means those elements that have electrons filling the 4f
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not greater than about ! pm and a length of about 50 to 100 um, and possess a thermal
conductivity of about two or three times greater than with other common carbon fibers having

diameters greater than 5 um.

It is difficult to incorporate large amounts of VGCF in polymer systems and interface
systems, such as the hydrogenated rubber and resin combination already discussed. When
carbon microfibers, e.g. (about 1 um, 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. However, we have found 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 benefit with respect to improving thermal conductivity of
the thermal interface material. Desirably, the ratio of carbon microfibers to polymer is in the

range of 0.05 to 0.50 by weight.

Once the foundation composition that comprises at least one rubber compound, at

least one amine resin, and at least one thermally conductive filler has been prepared, the
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treatnment (thermal conductivity=1900 wm C). Addition of about 0.5 wt. %
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properties of the conposition. Specifically, if the needs of the conponent
or product requi Phase pkange matedappsdiselilon thyrmplinierfacgreateripl appligstiope beopusy " sof t
ger' 5 formgr, & %SXYQH%L Lok Qth&l JsQN% bER sBifk AlGiqhiadha]. ARG Raee
mat eri al mayt r?’otr%ee toB(-i?L %S $ a a
15  material changes to a solid state, it gives off heat. As it returns to a liquid, it absorbs heat.
The phase change temperature is the melting temperature at which the heat absorption and

rejection takes place.

Paraffin-based phase change materials, however, have several drawbacks. On their

own, they can be very fragile and difficult to handle. They also tend to squeeze out of a gap

20  from the device in which they are applied during thermal cycling, very much like grease. T'he
rubber-resin modified paraffin polymer wax system in accordance with the invention avoids

these problems and provides significantly improved ease of handling, is capable of being

produced in flexible tape or solid layer form, and does not pump out or exude under pressure.

Although the rubber-resin-wax mixtures may have the same or nearly the same temperature,

25  their melt viscosity is much ligher and they do not migrate easily. Moreover, the rubber-
wax-tesin mixture can be designed to be self-crosslinking which ensures elimination of the

! pump-out problem in certain applications. Examples of contemplated phase change materials
are malenized paraffin wax, polyethylene-maleic anhydride wax, and polypropylene-maleic
anhydride wax. The rubber-resin-wax mixtures will functionally form at a temperature

30  hetween about 50 to 150°C to form a crosslhinked rubber-resin network.
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added. However, if the conponent, |ayered material or product requires that
the conposition or naterial be nore like a solid, then at | east one phase
change material should be added. Phase-change materials that are

contenpl ated herein conprise waxes, polynmer waxes or m xtures thereof, such
as paraffin wax. Paraffin waxes are a mxture of solid 10 hydrocarbons

havi ng the general formula CHN, 2 and having nelting poi nts in the range of
about 20T to 10 I el ene
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CrosSl I pKed e o Giahibx 555 42 akiine type, (at 0.01% to about 1 wt. %), available from Ciba

Giegy of Hawthome, 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 material or

composition in order to promote a crosslinking or c hain reaction b etween the at least one

20  rubber compound, the at least one amine resin, the at least one phase change material, or all
three. As used herein, the term “catalyst” m eans t hat s ubstance or condition that notably -

affects the rate of a chemical reaction without itself being consumed or undergoing a

chemical change. Catalysts may be inorganic, organic, or a combination of organic groups

and metal halides. Although they are not substances, light and heat can also act as catalysts.

25 In contemplated embodiments, the catalyst is an acid. In preferred embodiments, the catalyst

is an organic acid, such as carboxylic, acetic, formic, benzoic, salicylic, dicarboxylic, oxalic,

phthalic, sebacic, adipic, oleic, palmitic, stearic, phenylstearic, amino acids and sulfonic acid.

A method for forming the crosslinkable thermal interface materials disclosed herein ,
comprises a) providing at least one saturated rubber compound, b) providing at least one

30 amine resin, ¢) crosslinking the at least one saturated rubber compound and the at least one
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It is also advantageous to incorporate additional fillers, substances or
particles, such as filler particles, wetting agents or anti oxi dants.
Substantially spherical filler particles can be added to the interface

m xture to maxim ze packing density. Additionally, substantially spherical
shapes or the like will provide sone control of the thickness during
conpaction. 5 Typical particle sizes useful for fillers in the rubber
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finished electronic product Electromc components as contemplated herein, are generally
thought to comprise any layered component that can be utilized in an electronic-based
product. Contemplated electronic components compnse circuit boards, chip packaging,
separator sheets, dielectric components of circuit boards, printed-wiring boards, and other

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

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 télevision,
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

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

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 actnal components intended in a finished product, and a prototype may have
some components that are constructed out of composite material in order to negate their

30 initial effects on other components while being initially tested.
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conponents of circuit boards, such as capacitors, inductors, and resistors.
El ectroni c-based products can be "finished" in the sense that they are ready
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in industry or by other consuners. Exanples of finished consumer products
are a television, a conputer, a cell phone, a pager, a pal mtype organi zer,
a portable radio, a car stereo, and a' renote control. Al so contenplated are
"internmedi ate" products such as circuit boards, chip 25 packaging, and
keyboards that are potentially utilized in finished products. Electronic
products may al so conprise a prototype conponent, at any stage of

devel opnment from conceptual nodel to final scal e-up/nock-up. A prototype nmay
or may not contain all of the actual conmponents intended in a finished
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conponent § \h | e _belng 'l al ly tlested 11 Mo illugtrate the iinventijon, a

nunber of | es ixi hg_thd conppnents deschibed ijn

Exanpl es A t ?‘ﬁﬁﬁ“ﬁFﬁﬁ?P ’§ted |2kthe 9;blesf8thalﬂ?% er i e of® tihe
conp03|t|3ns i ncluding viscosity, [product form therpal inpedan¢e, nodul us
of el ast{cit ydrogemeedmisbordiene dingudlt i 9p% y| 0B dl s r eporred. "BeThe sesanpl es

shown i nclude one or nore of the dptional addiftions,}e.g.,[ anti ¢xi dant|,
wet abi | ity enhancePaafiimi¥éxng accel gr aBdrs| %R sdosStotey [ ewboeCi|ngor@geninéneand

crossl i nkfmg ards. —The —anmpunts off suchh gdditijons—may varybut,tgenerql | v,
t hey may be usebujided masastn i n the 150l ] ossnd approki nat g am)urht s4(in w.
% :'fill er—up—to—-95%of—total—(HHer—ptys—+udbers)r—wetgbi-bty—enhadcer 0.
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Aluminum powder 86 90 80 80 none none
Silver Powder none none none none 90 none
Boron Nitride none none none none none 70
Product Form Tape Tape Liquid | Liquid | Liquid | Liquid
Thermal Impedance (oC cm2/w) 0.25 0.18 0.25 0.25 03 0.35
Thermal conductivity (w.m/oC) 3.0 5.0 2.8 2.8 23 2.0
Modulus of Elasticity, Pa -300000 | 270000 | 3500000 | 300000 | 280000 | 270000
{ ,
' Viscosity, Pa.s N/A N/A 200 160 156 220
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Paraffin Wax 3.1 2.2 none none none none Butylated nmelame resin 1.7 0.4
1.332 14 Oganotitanate 1.5 1.0 6.67 6.67 4 8 Sulfonic Acid Catalyst 0.1
none none none none none Pbenolic Antioxidant 0.1 0.1 none none none ‘none
Al um num powder 86 90 80 80 none none Silver Powder none none none none 90
none Boron Nitride none none none none none 70 Product Form Tape Tape
Liquid Liquid Liquid Liquid Thermal | npedance (oC cn2/w) 0.25 0.18 0.25 0.25
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| A gel material conprising at |east one thermally conductive filler, at

| east one rubber conpound crosslinked to at | east one amne resin. 2. The
gel material of claim1, wherein the material is a thermal interface
material. 3. The gel material of claim1, further conprising at |east one
phase change material. 4. The gel material of claim1, wherein the at |east
one rubber conpound is crosslinked to the at | east one am ne resin by at

| east one term nal hydroxy group onCidMSubber conpound. 5. The gel
material of claiml, wherein the at |east one rubber conpound conprises at
| east o sat pyrat ed conpound. 6. The gel material of claim5, wherein the at
| east o a?@ﬁﬁ@?“ﬁ@npound conpri ses hydrogenat ed pol yal kyl di ene nono- ol ,
hydr ogenat ed pol yal kyl diene diol, or a conbination or m xture thereof. 7.

The gel | mat e igd] maferis] @nPritingeéRt thel th@ntiyIgcoa@RAN e dillee lay Rlakdnd irghtRr mono- ol
conpri ses hydrogenated pol ybut adi ene nmono-ol. 8. The gel material of claim

6, wherein tdvenpopdd orpsslatked tpaf lpast ky¢ anmgaesdiol conpri ses hydr ogenat ed
pol ybut adi ene diol. 9. The gel nmaterial of claiml, wherein the at |east one

' i [ . | ami . 10. . .Th | .material of claim?9,
aher oi it ho HiA B eer el e T herb bt rate) e ne el M Talil 117 The
gel material of claim 10, wherein the al kyl ated nel am ne resin conprises

butyl at®d el Gddenrat@Ril Bf claik® 1 LRurthdhe@ngsisiddt &¢asfdneqthasd etiazd mawdiat.ei n t he
at |east one thermally conductive filler conprises a netal powder, a boron

nitride conmpound or a conbination or mxture thereof. ) .
4. The gel material of claim 1, wherein the at least one rubber compound is crosslinked
to the at least one amine resin by at least one terminal hydroxy group on the rubber

compound.

5. The gel material of claim 1, wherein the at least one rubber compound comprises at

least one saturated compound.

6. The gel material of claim 5, wherein the at least one rubber compound comprises
hydrogenated polyalkyldiene mono-ol, hydrogenated polyalkyldiene diol, or a

combination or mixture thereof,

7. The gel material of claim 6, wherein the hydrogenated polyalkyldiene mono-ol

comprises hydrogenated polybutadiene mono-ol.

8. The gel material of claim 6, wherein the hydrogenated polyalkyldiene diol comprises

hydrogenated polybutadiene diol.

9. The gel material of claim 1, wherein the at least one amine resin comprises a

melamine resin.

10.  The gel material of claim 9, wherein the melamine resin comprises an alkylated

melamine resin.

11.  The gel material of claim 10, wherein the alkylated melamine resin comprises

butylated melamine resin.
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13. The gel material of claim 12, wherein the netal powder conprises

al um num powder, silver powder, copper powder or a conbination or m xture
thereof. 14. The gel nmaterial of claim3, wherein the at | east one phase
change material conprises a wax. 15. The gel material of claim 14, wherein
the wax conprises a paraffin wax. 16. The gel material of claim1l1, further
conpri siNg afhd £AatQ0E of 8fafth M her@Bi (B helkast ond theﬁﬁ@ll)gé‘éndﬁ%@é figdr of claim
3, further conprising at |east one catalytic material”. 18. The gel naterial
of one of claimyist$a oreta powdhe adioron Higidgtcoingasgnd mcmbmamn@m@m al
conprise sul on| acid catalyst. 19. The gel material of one of clainms | or
3, further c 'sing at | east one wetting agent. 20. The gel nmaterial of
claim19, vvherel n the wetting agent conprises organotitanate. 21. A | ayered
conponeqs, CODRY e imieridl©f BRim MB! Whérdin thé meladpowder o%agar@es ALRetun® pbwder,
conponent conE/ | sing the gel material of clalm 1. . A layered conponent
conpri sing tdiveypewenst eappal pordegionp sp@bimation ppmaitersttherrele conponent

conpri si ng t he gel material of claim3. 25. Aliquid conposition conprising

the gel ei‘]in el?%tgrgag?ﬂlin?éeswhéeﬁl thi g ﬁQS”Bﬁé ipfézils h&r{ggF}nﬁt?rlﬂ%oéq %et

materla conprrsing t of 4 m 3. - 16

a wax.
15.  The gel material of claim 14, wherein the wax comprises a paraffin wax.
16.  The gel material of claim 1, further comprising at least one catalytic material.
17.  The gel material of claim 3, further comprising at least one catalytic material.

18.  The gel material of one of claims 16 or 17, wherein the at least one catalytic material

comprise sulfonic acid catalyst.
19.  The gel material of one of claims 1 or 3, further comprising at least one wetting agent.
20.  The gel material of claim 19, wherein the wetting agent comprises organotitanate.
21. A layered component comprising the gel material of claim 1.
22.  An electronic component comprising the gel material of claim 1.

23. A layered component comprising the gel material of claim 3.

24.  An electronic component comprising the gel material of claim 3.
25. A liquid composition comprising the gel material of claim 1.
26. A solid composition comprising the gel material of claim 3.

27. A tape comprising the gel material of claim 3.
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