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SILICONE-FREE THERMAL GEL

CROGS-REFERENCE TO RELATED APPLICATIONS

G001} This application claims priority 10 U.B. Application No. 187105 458
entitied SILICONE-FREE THERMAL GEL, filed August 20, 2018, and also claims the
benefit under Title 35, U.B.C. §119(e) of U.S. Provisional Patent Application Serial
No. BZ/555,854, entitled SILICONE-FREE THERMAL GEL, filed on September 8,
2017, the disclosures of which are sxpressly incorporated by referance herein in
their entireties.

FIELD OF THE INVENTION

[OO02] The present disclosure relates generally 1© thermal interface materials,
and maore particularly to a silicone-fres therma! gel used n thermal interface

materials.

DESCRIPTION OF THE RELATED ART

{B003] Thermal interface materials {TiMs} and therma! gels are widely used {o
dissipate heat from electronic components, such as central processing units, video
graphics arrays. servers, game consoles, sman phones. LED boards, and the like.
Therma! interiace materials are ypically used to transfer excess heat from the

glecironic componsent (o0 3 heat spreader, such 335 g heat sinde

I0004] Traditional thermal gels are silicone containing compounds, which can
be a good matrix for fillers and provide good flowabiity for the final composite.
However, for some high voltage applications, some of the silicone containing
components of the composite could potentially leak from the composite, resulling in
a residus which may partially burn, and non-conductive silicon oxide may form on
the slectrode, which may affect the slectrode conductivity and further damage the
devics functionality,

{000S] improvements in the foregoing are desired,

SUMMARY OF THE INVENTION

{C008] The present disclosure provides a thermal interface materiat in the form
of a silicons free ge! that is useful in ransferdng heat from heat generating slectronic

1
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devices, such as computer chips, to heat dissipating structures, such as heat
spreaders and heat sinks. The thermal interface material includes a polyether polyol,
a cross-linker, a coupling agent, an antioxidant, a catalyst, and at least one thermally
conductive filler,

[0007] in one exemplary embodiment, a thermal gel is provided. The thermal
gel includes a matiix including at least one polyether polyol present in an amourt
between 1 wt.% and 10 wi.% based on the total weight of the thermal gel, a catalyst
present in an amount between 0.3 wt.% and 0.6 wi.% based on the total weight of
the thermal gel; a crosslinker including a plurality of reactive amine groups, the
crosslinker present in an amount between 0.5 wt. % and 2 wt.% based on the total
weight of the thermal gel; a coupling agent present in an amount between 0.1 wi.%
and 5 wt.% based on the total weight of the thermal gel, and at least one thermally
conductive filler present in an amount between 80 wt. % and 98 wt.% based on the
total weight of the thermal gel.

[0008] in one more particular embadiment of any of the above embodiments,
the thermal gel further includes: an antioxidant present in an amount between 0.2
wi.% and 0.4 wt.% based on the total weight of the thermal gel. In one more
particular embodiment of any of the above embodiments, the thermal gel includes
sificone based components in an amount less than 1 wt.% based on the total weight
of the thermal gel. In one more particular embodiment of any of the above
embodiments, the thermal gel has a cure temperature of below 150°C. In one more
particular embodiment of any of the above embodiments, the polyol is a polyether
polyol, the polysther polyol is a bi-ol polymer with a molecular weight betwaan 200
and 10000 Daltons. In one more particular embodiment of any of the above
embodiments, the at ieast one polyether polvol is present in an amount between 5
wi.% and 10 wt.% hased on the total weight of the thermal gel. In one more
particular embaodiment of any of the above embodiments, the crosslinker is an
alkylated melamine formaldehyde resin.

[0009] in one more particular embodiment of any of the above embadiments,
the catalyst includes amine neutralized benzene sulfonic acid, amine neutralized

dinonyinaphthalene disulfonic acid or amine neutralized dinenyinaphthalenesulfonic
acid or other type of thermal acid generator. In one more particular embodiment of

any of the above embodiments, the antioxidant includes at least one antioxidant
2
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selected from the group consisting of a phenol-type antioxidant, an amine-type
antioxidant, or a sterically hindered, sulfur containing phenclic antioxidant. In one
more particular embodiment of any of the above embodiments, the at least one
thermally conductive filler includes a first thermally conductive filler and a second
thermally conductive filler; the first thermally conduciive filler is present in an amount
between 35 wt.% and 50 wt.% based on the total weight of the thermal gel, the
second thermally conductive filler is present in an amount between 15 wt.% and 25
wt.% based on the total weight of the thermal gel; and the third thermally conductive
filler is present in an amount between 15 wi.% and 25 wi.% based on the total weight
of the thermal gel.

[0010] in another exemplary embodiment, a method of preparing a thermal gel
is provided. The method includes: adding at least one polyether polyol, at least one
coupling agent, at least one antioxidant, and at least one crosslinker to a reaction
vessel to form a mixture, the at least one poiyether polyol present in an amount
between 1 wt.% and 10 wt.% based on the {otal weight of the thermal gel; the at
least ong crosslinker including a plurality of reactive amine groups, the crosslinker
present in an amount between 0.5 wt.% and 2 wi.% based on the total weight of the
thermal gel, the at least one coupling agent present in an amount between 0.1 wit.%
and 5 wi.% based on the total weight of the thermal ge!l; adding a catalyst to the
reaction vessel, the catalyst present in an amount between 0.3 wt.% and 0.5 wt.%
based on the tolal weight of the thermal gel, agitating the mixture; adding at least
one thermally conductive filler to the reaction vessel, wherein the at least one
thermally conductive filler present in an amount between 80 wt.% and 98 wi. % based
on the total weight of the thermal gel; and cooling the midure o room temperature.

{0011} in one more particular embodiment of any of the above embodiments,
the at least one antioxidant is present in an amount between 0.2 wt.% and 0.4 wt.%
based on the total weight of the thermal gel. In one more particular embodiment of
any of the above embodiments, the thermal gel includes silicone containing
components in an amount less than 1 wt.%. In one more particular embodiment of
any of the above embodiments, the polyol is a polyether polyol, the polyether polyol
is a bi-ol polymer with a molecular weight between 200 and 10000 Daltons. Inone
maore particular embodiment of any of the above embodiments, the at least one
polyether polyol is present in an amount between 5 wt. % and 10 wt.% based on the
3
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total weight of the thermal gel. In one more particular embodiment of any of the
above embodiments, the crosslinker is an alkylated melamine formaldehyde resin.

[0012] Iy one more particular embodiment of any of the above embodiments,
the antioxidant includes at least one antioxidant selected from the group consisting
of a phenol-type antioxidant, an amine-type antioxidant, or 2 sterically hindered,
sulfur containing phenolic antioxidant. In one more particular embodiment of any of
the above embodiments, the catalyst includes amine neulralized benzene sulfonic
acid, amine neutralized dinonyinaphthalene disulfonic acid or amine neutralized
dinonyinaphthalenesulfonic acid or other type of thermal acid generator. in one
more particular embodiment of any of the above embodiments, the at least one
thermally conductive filler includes a first thermally conductive filler, a second
thermally conductive filler, and a third thermally conductive filler; the first thermally
conductive filler is present in an amount between 35 wi.% and 50 wit.% based on the
total weight of the thermal gel; the second thermally conductive filler is present in an
amount between 15 wt.% and 25 wt.% based on the total weight of the thermal gel,;
and the third thermally conductive filler is present in an amount between 15 wi.% and
25 wt. % based on the total weight of the thermal gel.

BRIEF DESCRIFTION OF THE DRAWINGS

[0013] The above-mentioned and other features and advantages of this
disclosure, and the manner of attaining them, will become more apparent and the
invention itself will be better understood by reference to the following description of

embodiments of the invention taken in conjunclion with the accompanying drawings,

wherein;

[0014] FIG. 1 is a flowchart relating to a method of preparing a silicone-free
thermal gel;

0015} FIG. 2 is related to Example 1 and shows the samples after undergoing

a thermal cycling test;

[0016] FIG. 3 is related to Example 2 and shows the sample after undergoing
a baking test; and



WO 2019/050806 PCT/US2018/049218

[0017] FIG. 4 is related to Example 2 and shows the samples after undergoing
a thermal cycling test;

[0018] FIG. 5 is related to Examples 5-7 and shows samples after undergoing
a thermal cycling test;

{0019} FIG. 6 is related to Examples 5-7 and shows samples after undergoing
a baking test;

{0020] FIG. 7 Hlustrates a dispensing instrument used with Examples 5-7 to
measure the dispense rate of the samples; and

[0021] FIG. 8 is a flowchart illustrating a method of preparing the thermal gel
in accordance with the present disclosure; and

[0022] FIG. 9 is a perspective view of a dispenser used with the thermal gel of
the present disclosure.

[0023] Corresponding reference characters indicate corresponding paris
throughout the several views. The exemplifications set out herein illustrate
exemplary embodiments of the invention and such exempilifications are notto be
construed as limiting the scope of the invention in any manner,

DETAILED DESCRIPTION

AL Thermal Gel

[0024] The present invention relates to a thermal gel that is useful in
transferring heat away from slectronic componentis. In one exemplary embodiment,
the thermal gel includes a polyether polyol. a cross-linker, a coupling agent, an
antioxidant, a catalyst, and at feast one thermally conductive filler.

1. Polyethsr Polyol

[0025] The thermal gel includes one or more polyether polyols. The polyether
polyels function to form a polymer matrix. The polysther polyols include at least one
hydroxide (-OH} group in the polymer chain. The hydroxide groups provide
crosslinking points between the polyols. In one embodiment, the polyether polyols
comprise a bi-ol or a tri-ol which include two and three hydroxide groups in the
polymer chain, respectively.
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[0026] The hydroxide groups also inversely affect the flowability of the
formulations. For example, if the hydroxyl group content of the polyols is too high,
the final flowability of the formulation may be limited due to the high extent of
resulting crosslinking. In addition, the molecular weight of the polyether polyols also
affects the flow properties of the thermal gel. Polyether polyols with substantially
high molecular weights reduce the final flowability of formulation while polyether
polyols with substantially iow molecular weights are unable to provide a stable matrix
frame for filler loading.

[0027] Exemplary polyether polyols include 330N available from Sinopec
Bhanghai Gaogia Petrochemical Co., Ltd. or GEP 828 available from Sinopec
Shanghai Gaogia Petrochemical Co., Lid. Other exemplary polyether polyols
include: NJ-360N available from JURONG NINGWU Material Company Limited, GY-
7500E available from KUKDO Chemical (KunShan} Co., LTD, 8D-75 available from
Shanghai Dongda Chemistry, SD-820 available from Shanghai Dongda Chemistry,
SD-3000L available from Shanghai Dongda Chemistry, SD-7502 available from
Shanghai Dongda Chemistry, and SD-8003 available from Shanghai Dongda
Chemistry.

{0028] in one exemplary embodiment, a polyether polyol is prepared by the
polymerization of glycerine with propylene oxide and sthylene oxids in the presence
of a base catalyst according to the following equation, followad by fine purification.

R

{06029] The polyether polyol has the following formula shown below where the
values of m and n are dependent on the amount and ratio of propylene epoxide to
ethylene oxide as set forth by the reaction conditions. In an embodiment, the values
of m and n may each be 1 or greater.



WO 2019/050806 PCT/US2018/049218

[0030] in some exemplary embodiments, the thermal gel includes one or more
polyether polyols in an amount as little as 1 wt.%, 3 wt.%, 5 wt.%, 7 wt.%., as great
as 10wt %, 14 wi%, 18 wit. %, 20 wt.% or within any range defined between any two
of the foregoing values, such as T wi.% to 10wtL.%, S5wit% to 10wt %, or Twt% to
20 wt.% for example, based on the total weight of the thermal gel.

{0031} In some exemplary embaodiments, the thermal gel includes one or more
polyether polyols having a weight average molecular weight (as measured by Gel
Permeation Chromatography (GPC)) of as litile as 200 Daltons, 400 Daltons, 600
Daltons, 800 Daltons, as great as 1000 Daltons, 5000 Daltons, 10000 Daltons,
20000 Daltons, or within any range defined between any two of the foregoing values,
such as 200 Daltons to 20000 Daltons, or 400 Daltons to 10000 Daitons, for
example.

2. Coupling Agent

[0032] in an exemplary embodiment, the thermal gel includes one or more
coupling agents that function to interact with both the thermally conductive filler(s)
and the polymer matrix to promote a strong bond at the interface, which helps to
break filler parlicle aggregates and disperse the filler particles into the polymer
matrix. In addition, the one or more coupling agents create better adhesion of
thermally conductive filler(s) o the polyol polymer matrix,

[G033] Exemplary coupling agents include silane coupling agents and
organometaliic compounds, such as include titanate coupling agents and zirconate
coupling agents. Exemplary silane coupling agents include silane coupling agents
with an aliphatic group. Exemplary coupling agents include titanium 1V 2,2 (bis 2-
propenolatomethylibutanclato, tris(dicctylipyrophosphato-O; titanium 1V 2-
propanolato, tris{dioctyl)-pyrophosphato-0O} adduct with 1 mole of diisooctyl
phosphite; titanium 1V bis(dioctyl)pyrophosphato-O, oxcethylenediolato, (Adduct,
7
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bis{dioctyl) (hydrogenjphosphite-O; titanium IV bis{dioctylipyrophosphato-O,
sthylenediolato (adduct), bis{dioctylihydrogen phosphite; zirconium 1V 2,2 (bis 2-
propenolatomethylibutanolate, tris(diiscoctyl)pyrophosphato-Q; zirconium IV 2 2-
bis(2-propenolatomethyl) butanolato, cycle dif2,2-(bis 2-propenoclatomethyl)
butanolate], pyrophosphato-0,0, and hexadecyltrimethoxysilane. In ancther
exemplary embodiment, the coupling agent is KR-TTS available from Kenrich
Chemical Company.

[0034] In one exemplary embodiment, the coupling agent is titanium IV 2-

propanolato, tris isooctadecanoato, having the following structure shown below {e.g..
Kenrich TTS),
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[0035] in some exemplary embodiments, the thermal gel includes one or more

coupling agents in an amount as little as 0.01 wt.%, 0.1 wt.%, 1.0 wt.%, as great as
2.0wt%, 3.0 wt.%, 4.0 wt%, 5.0 wt.3%, or within any range defined between any two
of the foregoing values, such as 0.1 wiS: to 5wt or 0.1 wt.% to 1 wt.%, for
example, based on the fotal weight of the thermal gel.

3 Crossfinker

[00386] in exemplary embediments, the thermal gel includes a crosslinker to
enable crosslinking between polyols ~ e.g., the crosslinker reacts with the hydroxy
groups of the polyol sther molecules. An exemplary crosslinker includes alkylated
melamine formaldehyde resin. Other exemplary crosslinkers include Cymel ®

crosslinkers available from Alinex, for example, Cymel 1158, Cymel 303LF, Cymel

8
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370, Cymel 1156, Cymel 683, and CYMEL Mi-97-IX.

[0037) in one exemplary embodiment, the crosslinker is a butylated melamine-
formaldehyde with a medium to high degree of alkylation, a low to medium methylol
content, and a medium o high amino functionality (e.g., Cymel 1158). In a further

exemplary embodiment, the crosslinker has the following structure shown below,

[0038] in some exemplary embodiments, the thermal gel includes the one or
more crosslinkers in an amount as little as 0.1%, 0.50 wi.%, 0.75 wt.%, 1 wt.%, as

great as 2 wt.%, 3wt%, 5 wi%, 10 wt.%, or within any range defined between any
two of the foregoing values, such as 0.5 wi.% to 2 wi.% or 0.75 wt.% to 2 wi.%, for
example, based on the total weight of the thermal gel.

4. Amdioxidant

{0039} in some exemplary embodiments, the thermal gel comprises one or
more antioxidants that function to terminate oxidation reactions and reduce the
degradation of organic compounds (e.g., polymers reacting with atmospheric oxygen
directly to produce free radicals). The antioxidant absorbs free radicals to inhibit
free-radical induced degradation. Exemplary antioxidants include phenol type,
amine type antioxidants, or any other suitable type of antioxidant, or a combination
thereof. The phenol or amine type antioxidant may also be a sterically hindered
phenol or amine type antioxidant. Exemplary phenol type antioxidants include
octadecyl 3-(3,5-di-(tert)-butyl-4-hydroxyphenyl) propionate. Exemplary amine type
antioxidants include 2,6-di-tert-butyl-4-(4,6-bis{octylthio)-1,3,5-triazin-2-ylamino)

g
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phenol. Exemplary sterically hindered antioxidants include sterically hindered sulfur
containing phenolic antioxidants. Exemplary antioxidants include the lrganox ®
antioxidants available from BASF, such as lrganox 1135, Irganox 5057, Another
exemplary antioxidant may include IRGASTAB PURSS.

{0040] In one exemplary embodiment, the antioxidant is a mixture of Octyl-
3,5-di-tert-butyl-4-hydroxy-hydrocinnamate (Formula A shown below) and 2(3H)-
Benzofuranone, 3-[2-(acetyloxy)-5-(1,1,3, 3-tetramethyibutyliphenyi}-5-(1,1.3,3-
teframethylbutyl)- (Formula B shown below) {e.g., PUR 68).
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{0041} In some exemplary embodiments, the thermal gel includes the one or

more antioxidants in an amount as little as 0.1 wt.%, 0.2 wt.%, 0.4 wi.%, as great as
0.8 wi %, 0.8 wt3%, 1wt or within any range defined between any two of the
foregoing values, such as 0.2 wt% 10 0.4 wt.%, or 0.1 wt.% to 1 wt.%, for example,

based on the total weight of the thermal gel.
5. Catalyst

{0042} The thermat gel further includes one or more catalysts to catalyze the
crosslinking of the polyol and the crosslinker resin. Exemplary catalysts include
thermal acid generators, such as sulfonic acid group containing materials.
Exemplary free acids of sulfonic acid groups containing catalysts may have the
generail formula shown below:

10
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Hisls et

[0043] Exemplary sulfonic acid group containing catalysts include amine
blocked compounds, such as. amine neutralized benzene sulfonic acid, amine
neulralized dinonyinaphthalene disulfonic acid or amine neutralized
dinonyinaphthalenesulfonic acid. Other exemplary catalysts include: NACURE X4%9.
110, NACURE 2107, NACURE 2800, NACURE 2501, NACURE 2522, NACURE
2530, NACURE 2558, NACURE XL-8224, NACURE 4167, NACURE XP-297, from
the King Industry.

[0044] Without wishing to be held to any parlicular theory, it is believed that
the catalysts provide favorable package stability and cure response characteristics of
the resultant thermal gel. Free acids from the catalysts provide faster cure and a
lower curing temperature, and the amine blocked compounds maintain stability of the

formulation and provide for a longer shelf-life and, in some cases, a longer pot life.

{0048] in one exemplary embodiment, the catalyst is
dinonyinaphthalenedisulfonic acid, and releases acid when heated, for example
heated under 80°C and has the following structure shown below {g.g., N-X49-110).

&

L8
R
LAY

[0046] The thermal gel may include a catalyst in an amount as little as 0.1
wt.%, 0.2 wt.%, 0.3 wt 3%, as great as 0.6 wt.%, 0.8 wi.3, 1 wi.%, or within any range
defined between any two of the foregoing values, such as between 0.2 wt.% 10 0.8

wi.% or between 0.3 wi.% to 0.6 wi.%, based on the total weight of the thermal gel.
11
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in one exemplary embodiment, the thermal gel includes a catalyst in the amount of
about 0.373wt.%.

& Thermally Conductive Filler

[0047] The thermal gel includes one or more thermally conductive fillers.
Exemplary thermally conductive fillers include metals, alloys, nonmetals, metal
oxides and ceramics, and combinations thereof. The metals include, but are not
limited to, aluminum, copper, silver, zing, nickel, tin, indium, and lead. The
nonmetals include, but are not limited to, carbon, graphite, carbon nanotubes,
carbon fibers, graphenes, boron nitride and silicon nitride. The metal oxides or
ceramics include but not limited to alumina {(aluminum oxide), aluminum nitride,
boron nitride, zinc axide, and tin oxide.

[0048] In one exemplary embodiment, the one or more thermally conductive
fillers include alumina (AI203) with a 40 micron (mm) average particle size (D50)
{e.g., BAKO40)}, alumina (AI203) with a 5 micron {mm) average particle size (D50)
{e.g., BAKQOS5), and alumina (Al203) with a 5 micron {mm) average particle size
(D50} (2.g., AC-502).

[0049] The thermal gel may include the one or more thermally conductive
fillers in an amount as little as 15 wt.%, 20 wt.%, 25 wi.%, 50 wi.%, 85 wt.%, 90
wt.%, as great as 92 wi.%. 85 wt.%, 98 wi.%. 99 wi.% or within any range defined
between any two of the foregoing values, based on the total weight of the thermal
gel, such as 15 wt% to 50 wi%, 20 wt% to 50 wt %, or 15 wi % to 89 wi.%, 80 wi%
t0 99 wt. %, 80 wt.% to 88 wt.%, 85 wi.% 10 95 wi.%. or 90 wt.% to 92 wi. %, for
exampie.

{0OBO] Exemplary thermally conductive fillers may have an average pariicle
size of as little as 0.1 microns, 1 micron, 10 microns, as great as 25 microns, 40
microns, 50 microns, or within any range defined between any two of the foregoing
values, such as 0.1 microns to 50 microns, 1 micron to 40 microns, or 10 microns to
25 microns, for example.

[0081] in one exemplary embodiment, the thermal gel may include a first
thermally conductive filler, a second thermally conductive filler, and a third thermally
conductive fitler, wherein the first thermally conductive filer has a particle size of 40

microns, the second thermally conductive filler has an average particle size of 5
12
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microns, and the third thermally conductive filler has an average particle size 0f 0.5
rmicrons.

[0082] in one exemplary embodiment, the thermal gel includes a first
thermally conductive filler in the amount of as little as 30 wt.%, 35 wt.%, 40 wi.%, as
great as 45 wt.%, 50 wi.%, 60 wt.% or within any range defined between any two of
the foregoing values such as between 30 wt.% to 60 wt.%, 35 wt.% to 50 wt.%, or 40
wi.% to 50 wi.%, for example, based on the total weight of the thermal gel. The first
thermally conductive filler may have an average particle size of as little as 30
microns. 35 microns, 40 microns, as great as 45 microns, 50 microns, 80 microns, or
within any range defined between any two of the foregoing values such as between
30 microns to 80 microns, 35 microns to 50 microns, or 40 microns to 45 microns, for
example. The exemplary thermal gel further may include a second thermally
conductive filler in the amount of as little as 5 wt.%, 10 wt.%, 15 wt.%, as great as 25
wt.%, 27 wt.%. 30 wt.% or within any range defined between any two of the
foregoing values such as between 5 wt.% to 30 wt.%, 10 wt.% to 27 wt.%, or 15
wt% to 25 wt.%, for example, based on the total weight of the thermal gel. The
second thermally conductive filler may have an average particle size of as little as 1
micron, 3, microns, 5 microns, as great as 7 microns, 8 microns, 10 microns, of
within any range defined between any two of the foregoing values such as between

1 micron to 10 microns, 3 microns to 8 microns, or 5 microns o 7 microns, for
example. The exemplary thermal gel further may include a third thermally
conductive filler in the amount of as little as 10 wt.%, 15 wt.%, 20 wt.%, as great as
30 wt. %, 35 wi. %, 40 wi.% or within any range defined between any two of the
foregoing values such as between 10 wi % to 40 wt.%, 15 wt.% to 35 wi.%, or 20
wt.% to 30 wt %, for example, based on the total weight of the thermal gel. The third
thermally conductive filler may have an average particle size of as littie as 0.1
microns, 0.3, microns. 0.5 microns, as great as 1 micron, 1.5 microns, 2 microns, or
within any range defined between any two of the foregoing values such as between
0.1 microns to 2 microns, 0.3 microns to 1.5 microns, or 0.5 microns to 1 micron, for
example,

7. Other additives

{G0B3] The thermal gel may also include a coloring agent or other additives.

Exemplary organic pigments include: benzimidazolone, such as the blue shade
13
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benzimidazolone pigment Novoperm Carmine HF3C from Clariant International Lid,
Muttenz Switzerland. Exemplary inorganic pigments include carbon black and iron
based compounds {e.g.. iron green or iron oxide green). Exemplary iron based
compounds include iron oxide compounds such as a-Fex0;, a-FesOa HaO, FeaQs,
Fex04-H0, and combinations thereof. Exemplary organic dyes include:
Benzolkithioxanthene-3,4-dicarboximide, N-octadecyl- (8CH; Benzothioxanthene-
3, 4-dicarboxylic acid-N-stearylimide.

[0054] In some exemplary embodiments, the coloring agent is an inorganic
pigment selected from the group consisting of 0-Fe0s; g-Fe0s HyO; FeaOa H:0:
and Fea0a.

(0058} In some exemplary embodiments, the coloring agent is an organic
pigment. In a more particular embodiment, the coloring agent is an organic selected
from the group consisting of Formulas {{}- (XVI).

[00586] i & more particular embodiment, the coloring agent is an organic
pigment of Formula (1), also known as pigment red 178, and having CAS No. 12225-
08-8.

. »
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& Formula (1)
{0057] fn a more particular embodiment, the coloring agent is an organic

pigment of Formula (i1}, atso known as calcium bis{4-[[1-[[{2-
methylphenylhiamincjcarbonyl]-2-oxopropyljaze]-3-nitrobenzenesulphonate, and
having CAS No. 12286-66-7.

Formula (1D

[0058] in a more particular embodiment, the coloring agent is an organic
pigment of Formula (IIl} also known as diethyl 4 4'-[(3,3-dichloro[1, 1"-bipheny(]-4,4-
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diyl}bis(azo)]bis[4.5-dihydro-5-ox0-1-phenyl- 1h-pyrazole-3-carboxylate], and having
CAS No, 6358-87-8.

Formula {ih

[0059] In a more particular embodiment, the coloring agent is an organic
pigment of Formula {1V} also known as 2,2'-{{3,3"-Dichiorof1, 1-biphenyi]-4 4'-
diylibis{azo}]bis]{N-(2 4-dimethylphenyl)-3-oxo-butanamide, and having CAS No.
5102-83-0.

Formula {IV)

{0060] In 2 more particular embodiment, the coloring agent is an organic
pigment of Formula (V) also known as (28H 31H-phthalocyaninato(2-)-
N28,N30,N31,N32)jcopper, and having CAS No. 147-14-8.

Formula (V)

{0061] In a more particular embodiment, the coloring agent is an organic
pigment of Formula (Vi) also known as brilliantgreenphthalocyanine, and having
CAS No. 1328-53-6.
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Formuia (V1)

[00862] in a more particular embodiment, the coloring agent is an organic
pigment of Formula (VH) also known as 8,19-dichloro-5,15-diethyl-5, 15-dihydro-
diindolo[2,3-¢:2', 3-nltriphenodioxazine, and having CAS No. 6358-30-1.

Formitla (Vi

o0& 3] in a more particular embodiment, the coloring agent is an organic
pigment of Formula (VIil} also known as 5,12-DIHY DROGUINIZ 3-BJACRIDINE-
7,14-DIONE;5,12-dihydroquino[2,3-blacridine-7, 14-dione, and having CAS No. 1047-
16-1.

Formula (Vi)

{0064 In & more particutar embodiment, the coloring agent is an organic
pigment of Formula (1X) also known as 2,8-bis(3 5-dimethylphenyllanthral2,1,9-
def.8,5, 10-d'e'fldiisoguinoline-1,3.8,10(2h,8h)-tetrone, and having CAS No. 4948-15-
8.
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Formula (iX)

[0065] it & more particular embodiment, the coloring agent is an organic
pigment of Formula (X} also known as 4,4'-diamino-[1,1-bianthracene]-8,9',10,10-
tefraone or pigment red 177, and having CAS No. 4051-83-2.

Formuia (X}

[0066] in a more particular embodiment, the colering agent is an organic
pigment of Formula (X} also known as 3,3%{(2-methyl-1,3-
phenylene)diiminolbis[4,5,6 7-tetrachioro-1H-isoindol-1-one} , and having CAS No.
5045-40-9.

Formula (XI)

{0067} in a more particular embodiment, the coloring agent is an organic
pigment of Formula (Xif} also known as calcium bis{4-[{1-[[(2-
chlorophenyliamino]carbonyl]-2-oxopropyllazol-3-nitrobenzenesulphonate], and
having CAS No, 71832-85-4.
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Formula b

{G0E8] iry & more particular embodiment, the coloring agent is an organic
pigment of Formula (Xill) also kniown as 3,4,5,6-Tatrachioro-N-{2-(4,5.8,7-
tetrachioro-2, 3-dihydro-1 3-dioxo-1H-inden-2-yi}-8-quinolyllphthalimide, and having
CAS No. 30125-47-4,

Formula (XD

[0069] i a more parlicular embodiment, the coloring agent is an organic
pigment of Formula (XIV) also known as {1,3-dihydro-5,8-bis{f(2-hydroxy-1-
naphthylimethylenelamino]-2H-benzimidazol-2-onato{2-1-N5. N8, 05 O8nicks!, and
having CAS No. 42844-93-9.

PR N
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Formula (XIV)
[0070] in a more particular embodiment, the coloring agent is an organic

pigment of Formula (XV) also known as Pigment Red 278, and having CAS No.
18
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832743-58-6, wherein each R is independently selected from the group consisting of
hydrogen, alkyl, aryl, and halogen. In an even more particular embodiment, each R
is independently selected from the group consisting of hydrogen, C1-Cs alkyl, phenyl,
and halogen. In another more particular smbodiment, each R is chiorine, and even
more pasticularly, each R is 7-chioro.

Formula (XV)

{0071} in @ more particular embodiment, the coloring agent is an organic
pigment of Formula (XV1} also known as Pyrimido{5 4-gjpteridine-2,4,6,8-tetramine,
4-methylbenzenesulfonate, base-hydrolysed, and having CAS No. 346708-25-9.

Formula (XVD

0072] in one more particuiar embodiment, the coloring agent is a-Fez0s, such
as such as Iron Red available from BAI YAN. in another more particular
embodiment, the coloring agent is a-Fe.0y Hy0, such as such as iron Yeliow
available from BAI YAN, In still another more particular embodiment, the coloring
agent is Fes0s, such as such as Iron Blue available from BAI YAN. in yet still
another more particular embodiment, the coloring agent is the pigment of Formula
(1}, having the chemical formula Cs2H24NeOs, such as Novoperm Carmine HF3C,
available from Clariant International Lid, Muttenz Switzerland.

[0073] I another embodiment, the additive may be an iron green pigment.

{0074] The present thermal gel may further comprise some other additives,
such as pigments or dyes. in one embadiment, the thermal gel includes pigment
components in an amount as little as 0.001 wt.%, 0.01 wi.%, 0.05 wt.%, 0.08 wi.S:,
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as great as 2 wl.%, 5 wt.%, 10 wt.% or within any range defined between any two of
the foregoing values such as between 0.001 wi % to 10 wt.%, 0.05 wt.% to 2 wt.%,
or 0.08 wt.% to 5 wi.%, for example, based on the total weight of the thermal gel.

[0073] In one exemplary embaodiment, the thermal gel may include a first
thermally conductive filler in an amount as little as 30 wt.%, 35 wi.%, or 40 wt.%, as
great as 80 wt.%, 58 wt.%, or 80 wi.%, or within any range defined between any two
of the foregoing values such as between 30 wi.% to 60 wi.%, 35 wi.% to 55 wt.%, or
40 wt.% 1o 50 wi. %, for example, based on the fotal weight of the thermal gel. The
first thermally conductive filler may have an average particle size of as little as 30
microns, 35 microns, or 40 microns, or as great as 45 microns, 50 microns, or 60
microns, or within any range defined between any two of the foregoing values such
as between 30 microns to 80 microns, 35 microns to 50 microns, 40 microns to 45
microns, or 35 microns to 45 microns, for example. The exemplary thermal gel may
further include a second thermally conductive filler in an amount as little as 5 wt.%,
10 wt.%, or 15 wi.%, or as great as 25 wt.%, 27 wt.%, or 30 wi.% or within any range
defined between any two of the foregoing values such as between 5wt % fo 30
wit.%, 10 wt.% to 27 wt.%, or 15 wi.% to 25 wt.%., for example, based on the total
weight of the thermal gel. The second thermally conductive filler may have an
average parlicle size of as little as 1 micron, 3 microns, or 5 microns, or as great as
10 microns, 15 microns, or 20 microns, or within any range defined between any two
of the foregoing values such as between 1 micron to 20 microns, 3 microns to 15
microns, or & microns to 10 microns, for example. The exemplary thermal gel may
further include a third thermally conductive filler in an amount as little as 5 wt.%, 10
wt.%, or 15 wi.%, or as great as 25 wt. %, 27 wt.%, or 30 wt.% or within any range
defined between any two of the foregoing values such as between 5 wt.% to 30
wt%, 10 wt.% 1o 27 wi.%, or 15 wt.% to 25 wi.%, for example, based on the total
weight of the thermal gel. The third thermally conductive filler may have an average
particle size of as little as 0.1 microns, 0.3 microns, or 0.5 microns, or as great as 1
rmicron, 1.5 microns, or 2 microns, or within any range defined between any two of
the foregoing values such as between 0.1 microns to 2 microns, 0.3 microns to 1.5
microns, or 0.5 microns to 1 microns, for example. The exemplary thermal gel may
further include a polyether polyol in an amount as litlle as 1 wt.%, 3 wt.%, 5wt.%, 7
wt.%, as great as 10 wt.%, 14 wt.%, 18 wt.%, 20 wt.% or within any range defined
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between any two of the foregoing values, such as 1 wt.% o 10 wi%, 5 wt.% to 10
wi.%, or 1 wt% to 20 wt.% for example, based on the total weight of the thermal gel,
The exemplary thermal gel may further include a crosslinker in an amount as little as
0.1%, 0.50 wt.%, 0.75 wi.%, 1 wt.%, as great as 2 wi.%, 3 wt.%, 5 wl%, 10wt %, or
within any range defined baetween any two of the foregoing values, such as 0.5 wt %
to 2wt% or .75 wt.% to 2 wt.%, for example, based on the total weight of the
thermal gel. The exemplary thermal gel may further include a coupling agent in an
amount as liltle as 0.01 wi%, 0.1 wt.%, 1.0 wt%, as great as 2.0 wt.%, 3.0 wt.%, 4.0
wt.%, 5.0 wt.%, or within any range defined between any two of the foregoing values,
such a5 0.1 whb% to B wi% or 0.1 wh.% to 1 wi %, for example, based on the total
weight of the thermal gel. The exemplary thermal gel may further include an
antioxidant in an amount as litle as 0.1 wt.%, 0.2 wt.%, 0.4 wt.%, as great as 0.8
wi.%, 0.8 wt.%, 1 wt.%, or within any range defined between any two of the
foregoing values, such as 0.2 wi.% to 0.4 wi.%, or 0.1 wt.% fo 1 wt. %, for example,
based on the {otal weight of the thermal gel. The exemplary thermal gel may further
include a catalyst in an amount as little as 0.1 wt.%, 0.2 wt.%, 0.3 wi.%, as great as
0.6 wi%, 0.8 wi%, 1 wit%, or within any range defined between any two of the
foregoing vaiues, such as between 0.2 wi.% to 0.8 wi.% or between 0.3 wt.% t0 0.6
wi.%, based on the total weight of the thermal gel. The exemplary thermal gel may
further include an additive {8.g., a pigment) in an amount as little as 0.001 wi.%, 0.01
wt.%, 0.05 wt.%, 0.08 wt %, as great 85 2 wt.%, 5 wi.%. 10 wt.% or within any range
defined between any two of the foregoing values such as between 0.001 wt % to 10
wt.%, 0.05 wi% to 2 wt.%, or 0.08 wt.% to 5 wt.%, for example, based on the total
weight of the thermal gel.

[G076] The present thermal gel may lack any silicone containing components.
Silicone containing components include polymerized siloxanes or polysiloxanes, and
sificone containing oligomers or polymers that include an inorganic silicon-oxygen
backbone chain with functional groups (e.g., organic side groups) attached to the
sificon atoms. In one embodiment, the thermal gel includes silicone containing
components in an amount of less than 1 wt.%, less than 0.5 wt.%, less than 0.3

wt %, or less than 0.1 wt.%, for example, based on the total weight of the thermal
gel,

[oa7T] The present thermal gel may also lack any silicon atoms. inone
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embodiment, the thermal gel includes silicon atoms in an amount of less than 1
wi. %, less than 0.5 wi.%, less than 0.3 wt.%, or less than 0.1 wi.%, or less than 0.01
wt.%, for example, based on the total weight of the thermal gel.

B Method of Forming 2 Therma!l Gel

1. Batch Method

[G078] Referring to Fig. 1, a method 100 of preparing a thermal gel is shown,
At block 102, a polyether polyol, coupling agent, antioxidant, and cross-linker are
weighed and added to a reaction vessel to form a mixiure. The mixture is agitated
for a period of time. Exemplary agitation rates may be as liftle as 2000 revolutions
per minute (rpm), 2500 rpm, 3000 rpm, as great as 3250 rpm, 3350 rpm, 3500 rpm
or within any range defined between any two of the foregoing values such as
between 2000 rpm o 3500 rpm, 2500 rpm to 3350 rpm, or 3000 rpm to 3250 rpm, for
example. Exemplary time periods for agitation rates are as little as 20 seconds, 25
seconds, 30 seconds, as great as 200 seconds, 250 seconds, 275 seconds, 300
seconds or within any range defined between two of the foregoing values such as
between 20 seconds to 300 seconds, 25 seconds to 275 seconds, 30 seconds to
250 seconds, or 30 seconds to 200 seconds, for example. In an exemplary
embodiment, the mixture is agitated at a rate of under 3000 rpm for 3 minutes.

[0079] Method 100 then proceeds {o block 104 where one or more thermally
conductive fillers are added to the reaction vessel. The resulting mixture is then
agitated for a period of time. Exsmplary agitation rates may be as little as under
2000 revolutions per minute (rpm}, 2250 rpm, 2500 rpm, as great as 2600 rpm, 2750
rpm, 3000 rpm or within any range defined betwaen any two of the foregoing values
such as between 2000 rpm to 3000 rom, 2250 rpm to 2750 rpm, or 2500 rpm to 2600
rpm, for example. Exemplary time pericds for agitation rates are as little as 1
minute, 2 minutes, 3 minules, as great as 4 minutes, 4.5 minutes, 5 minutes, or
within any range defined between two of the foregoing values such as between 1
minute to 5 minutes, 2 minutes to 4.5 minutes, or 3 minutes to 4 minutes, for
example. in an sxemplary embodiment, the mixture is agitated at a rate of under
2500 rpm for 3 minutes.

{0080} Method 100 then proceads to block 108 where the mixture is cooled to
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room temperature. Method 100 then moves to block 108 where a catalyst is
weighed and added {o the reaction vessel. The resulting mixture is then agitated for
a period time. Exemplary agitation rates may be as little as under 2000 revolutions
per minute (rpm), 2250 rpm, 2500 rpm, as great as 2600 rpm, 2750 rpm, 3000 rpm
or within any range defined between any two of the foregoing values such as
between 2000 rpm to 3000 rpm, 2250 rpm to 2750 rpm, or 2500 rpm {0 2600 rpm, for
example. Exemplary time periods for agitation rates are as little as 1 minute, 2
minutes, 3 minutes, as great as 4 minutes, 4.5 minutes, 5 minutes, or within any
range defined between two of the foregoing values such as between 1 minute to 5
minutes, 2 minutes to 4.5 minutes, or 3 minutes to 4 minutes, for example. In an
exemplary embodiment, the mixture is agitated at a rate of under 2500 rpm for 3
minutes. A vacuum is then applied to the reaction mixture when the mixture is in a
uniform phase. The vacuum is accompanied with low rotating speed that may be as
little as 1000 rpm, 1250 rpm, 1500 rpm, as great as 1600 rpm, 1750 rpm, 2000 rpm,
or within any range defined between any two of the foregoing values such as
between 1000 rpm to 2000 rpm, 1250 rpm to 1750 rpm, or 1500 rpm to 1600 rpm, for
example,

[0081] Then, method 100 proceeds to block 110 where the mixture is cooled
to room temperature. After cooling, method 100 proceeds to block 112, and the
vacuum is openedfiremoved within the vessel and the mixture is agitated for a period
of time. Exemplary agitation rates may be as littie as under 2000 revolutions per
minute (rpm), 2250 rpm, 2500 rpm, as great as 2600 rpm, 2750 rpm, 3000 rpm or
within any range defined between any two of the foregoing values such as between
2000 rpm to 3000 rpm, 2250 rpm o 2750 rpm, or 2500 rpm to 2600 rpm, for
example. Exemplary time periods for agitation rates are as fittle as 1 minute, 2
minutes, 3 minutes, as great as 4 minutes, 4.5 minutes, 5 minutes, or within any
range defined between two of the foregoing values such as between 1 minute to 5
minutes, 2 minuies to 4.5 minutes, or 3 minutes to 4 minutes, for example. In an
exemplary embodiment, the mixture is agitated at a rate of under 2500 rpm for 3
minutes.

[0082] In some exemplary embodiments, the thermal gel is prepared by

combining the individual components in a heated mixer and blending the

composition together. The blended composition may then be applied directly to the
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substrate without baking.
2. Two component Methoo

[0083] In ancther exemplary embodiment, the thermal gel is prepared by
preparing a first component and a second component and combining the first and
second components in a dispenser. For example, a dual cartridge dispenser
apparatus 200 as shown in Fig. 8 can be used in which the first component is stored
in container 202 and the second component is stored in container 204. The first and
second components are fed through respective tubing 206, 208 fo cartridges 214,
218, respectively. From carlridge 214, first component is fed into mixing vesse! 210
of dispenser 220. Similarly, from cartridge 218, second component is fed into mixing
vessel 210 of dispenser 220. First and second components are then mixed within
mixing vessel 210 without additional heating, and the resulting mixed composition is
fed through syringe 212 of dispenser 220. in one embodiment, the mixed
compoesition may then be applied directly to the substrate .

[0084] Referring now to Fig. 8, a method 300 for preparing the thermal gel is
provided. At step 302, a first component and a second component are prepared in
accordance with the components described further herain,

&. First component

{0085] In an exemplary embodiment, the first component of the thermal gel
includes a polyether polyol, a catalyst, and at least one thermally conductive filler in
accordance with the present description above for the respective compeonents.

b. Second Component

{0086] In an exemplary embaodiment, the second component of the thermal ge!
includes a polyether polyol in accordance with the description above. it is within the
scope of the present disclosure that the polyether polyol of the first component and
the polyether polyol of the second component are different polyether polyol
compounds. itis also within the scope of the present disclosure that the polyether
polyol of the first component and the polyether polyol of the second component are
the same polyether polyol compounds. The second component of the thermal gel
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further includes a crosslinker, at least one thermally conductive filler, and an additive

in accordance with the present description above for the respective components.

D087 Once the components are prepared, method 300 moves to step 304
where the first component and the second componsnt are mixed together in a ratio
{first component:second component) of as little 0.1:1, 0.5:1, 1:1, as great a5 5:1,
7.5:1, 1001, or within any range defined between any two of the foregoing values,
such as from 0.1:1 to 10:1, for example. Different ratios yield different amounts of
cross-linking within the mixture and also different hardness properties. In an
exemplary embodiment, the first component and the second component are mixed in
& 1:1 ratio by a static mixer,

[o0ss] After the first component and the second component are mixed, the
resulting mixture is then applied onto a surface as indicated by step 308. The
mixture can be applied by an automatic dispensing machine or a manual dispensing
machine such as a syringe.

c. Properties of the Thermal Gel

[0089] When the thermal gel is applied to a substrate, minimal leakage is
experienced due to the cross-linking within the thermal gel. That is, the crosslinker
advantageously crosslinks the polyols such that a substantially limited amount of
poiymer teakage occurs. Limited ieakage reduces the contamination of the

surrounding ports {e.g., electrical components).

[0090] Generally. cyclic siloxane compounds, such as
hexamethyleyclotrisiloxane and octamethylcyclotetrasiloxane, are present in
electronic products. If some of these cyclic siloxane compounds are deposited on
the electrodes within the electronic products, the cyclic siloxane compounds will
undergo ring-opening polymerization under certain conditions and form an insulating
polysiloxane layer, which will undermine the proper functionality of the electrodes
and in turn ruin the functionality of the electronic products. By contrast, the thermal
gel of the present disclosure is silicone free which avoids the aforementioned
problems if some of the thermai gel may potentially be deposited onto the slectrode.

[0091] Furthermore, as will be described in greater detail below, the thermal
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gel can be cured at a temperature up to 80°C as measured by thermal cycling under
TCB. InTCB, samples are put into an oven and the temperature is controlled (e.q.,
between -40°C to 80°C). The samples undergo thermal cycling for weeks or months
after which, the samples are examined to see whether cracks are present in the
samples or whether the samples have slid from their original position prior to thermal
cycling. Many electronic components operate at a temperature around 80°C and
thus, there is no need for an additional heating step to cure the thermal gel after the
get is applied. Moreover, the gel allows for easy removal if the gel needs to be
reapplied or re-worked onto the applied surface. In addition, the thermal conductivity
of the thermal gel is as little as 1 WimK, 2 WimK, 2.5 WimK, as great as 4 WimK, 4
WimK, 4 WimkK, or within any range defined between any two of the foregoing values
such as between 1 WimK to 5 WimK, 2 WimK to 4.5 WimK| or 2.5 WimK to 4 WimK,
for example.

[0052] As used herein, the phrase "within any range defined between any two
of the foregoing values” literally means that any range may be selected from any two
of the values listed prior to such phrase regardiess of whether the values are in the
lower part of the listing or in the higher part of the listing. For example, a pair of
values may be selected from two lower values, two higher values, or a lower value
and a higher value.

EXAMPLES
Examples 1-3
[00923] Thermal gels were prepared according to the formulations shown in
Table 1 and the description below.

Component Example 1 {g} Example 2 (g} Example 3 (g}
Polyether Polyol (bi-ol) 3.53 7.06 3.53
Polyether polyol {tri-ol) 3.53 - -

Polyether polyol (hexa-ol) - - 3.83
Crosslinker 1.85 1.85 1.85
Coupling Agent 0.59 0.58 0.58
Antioxidant 0.35 0.35 0.35
Catalyst 0.44 D.44 0.44
Thermaiigii?ﬂductwe 4228 4228 4228
Thermally Conductive 21.57 2157 21.57
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Fitler
Thermaiiy@enductwe 25 86 25.86 25.868
Filler
Tabie 1
{0094] A polyether poiyol, a coupling agent, an antioxidant, and a crosslinker

are weighed and added {o a plastic cup. The mixture is then stirred with a
speedmixer at 3000 revolutions per minute {rom) for 30 seconds.

{00985} The thermally conductive fillers are weighed and added o the plastic
cup. The mixture is stirred with a spesdmixer under 2500 rpm for 3 minutes and
then cooled to room temperature.

[G0926] A catalyst is weighed and added to the cup. The mixiure is stirred with
a speedmixer under 2500 rpm for 3 minutes and then cooled to room temperature.
The vacuum is then opened and the mixture is stirred with a speedmixer at 2500 rpm
for 3 minutes.

[0097] The resulting paste is filled info a syringe and then dispensed onto a
smooth copper plate. A spacer having a thickness of 1.6 mm or 0.3 mm was placed
on the edge of the copper plate to create a 1.6 mm or 0.3 mm gap. Glass was then
used to compress the paste fo a thickness of 1.6 mm or 0.3 mm. The sample was
then placed into a TCB (thermal cycling) chamber for three days and subjected to
thermal cycling between -55°C and +125°C for 3 days.

[00SEB] As shown in Fig. 2, in the TCB test, Example 2 exhibited a limited
dripping issue while Example 3 exhibited a significant dripping issue. Further,
Example 1 exhibited both cracking and dripping issues.

Exxample 4

[6099] Thermal gels were prepared according to the formulations shown in
Table 2 and the description below.

Component Welght {g)
Polyether polyo! (bi-al, 7
MWV, 8000 Daltons)
Crosslinker {.825
Coupling agent 0.8
Antioxidant .3
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Catalyst 0.375
Thermal conductive filler: 45,75
Thermal conductive filler 22.875
Thermal conductive filler 22 B75

Tabls 2

{GO100] A polysther polyol, a coupling agent, an antioxidant, and a crosslinker
were weighed and added (0 a plastic cup. The mixture is then stirred with 3

speedmixer at 3000 revoiutions per minute {rpm) for 30 seconds.

{C0101] The thermally conductive fillers were weighed and added to the plastic
cup. The mixture is stirred with a speedmixer under 2500 rpm for 3 minutes and
then cooled (o room temperature,

i00102] A catalyst was weighed and added to the cup. The mixiure was stirred
with a speedmixer under 2500 rpm for 3 minutes and then cooled to room
temperature. The vacuum was then opened and the mixtures were stirred with a
speedmixer at 2500 rpm for 3 minutes.

00103} The formulations of Figs. 3 and 4 were sandwiched between a glass
and an exemplary heat sink in a vertically oriented 1.6 mm gap. Sample 3 (Figs. 3
and 4) had the composition shown in Table 2 above with 2 thickness of 0.3 mm.
Sample 3 was subjected to baking in an oven at 125°C for 3 days. As shown in Fig.
3, no cracking was shown in the sample after baking for 3 days at 125°C.

00 L04] Sampies 1, 2, and 3 as shown in Fig. 4 have the composition listed in
Tabie 2. Sample 1 has a thickness of 3 mm, Sampie 2 has a thickness of 1.5 mm,
and Sample 3 has a thickness of 0.3 mm. Both samples were subjected to TCB
testing where the samples underwent thermal cycling between -40°C and +80°C for
3 months.  As shown in Fig. 4, Samples 1 and 2 exhibited no cracking or dripping.
However, the samples did exhibit a slight color change as they contained a yellow
pigmeant.

Examples 5-7

{00105] Thermal gels were prepared according to the formulations shown in
Table 3 and as described further herein,

Component Example § (g} Example 8{g) Example 7 {g}
Polyether polyol (MW, - 5.956 -
500-1000 Daitons, bi-ol}
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Polvestar polyol (MW - ~ 5. 8586
S00-1000 Dallons, bi-ob)
Poivether polyol (MW 5.832 - -
~8000 Daltons, bi-ol}
Crosslinker (.84 18168 1.818
Coupling agent 0.497 0.487 0.497
Antioxidant {.298 {3,288 {.298
Catalyst 0.373 0.373 0.373
Thermal conductive filler: 45 48 45 48 45 48
Thermal conductive filler 22.74 2274 22.74
Thermal conductive filler 22.74 22.74 22.74
Table 3

00 106] To prepare Examples 5-7, a polysther polyol (or polyester polyol), a
coupling agent, an antioxidant, and a crosslinker were weighed and added o a
plastic cup to form a mixture. The mixture was then stirred with a speedmixer at
3000 revolutions per minute (rpm) for 30 seconds.

{80107} The thermally conductive fillers were then weighed and added to the
plastic cup. The mixture was stirred with 2 speedmixer at 2500 rpm for 3 minutes
after which, the mixture was cooled to room tempearature.

[00108] A catalyst was then weighed and added to the cup. The mixture was
stirred with a speedmixer at 2500 rpm for 3 minutes and then cooled o room
temperature. The vacuum was then opened, and the mixtures were stirred with a
speedmixer at 2500 rpm for 3 minutes,

[00109] For thermal reliability testing, the three formulations were sandwiched
between a glass and a copper plate in a vertically oriented 0.3 mm gap between the
glass and the copper plate. The three samples were baked in an oven at 125°C for
24 hours. As shown in Fig. 5, no cracking or dripping was exhibited by the samples
during the test.

[00110] For TCB testing, the three formulations were sandwiched between a
glass and an copper plate in a vertically oriented 0.3 mm gap. The samples were
then subjected to TCB testing where the samples underwent thermal cycling
between -40°C and +80°C for 24 hours. As shown in Fig. 8, Example 5 and Example
6 {polymer is polyether polyol) exhibited no cracking issues, if any; however,
Example 7 {polymer is polyester polyol) exhibited serious cracking issues.

29



WO 2019/050806 PCT/US2018/049218

[00111] The dispense rate of Examples 5-7 were measured in the instrument
as shown in Fig. 7. As shown in Table 4 below, formulations derived from polyether
polyol (i.e., Example 5 and Example 6} exhibited a higher dispense rate than
formulations derived from polyester polyol (i.e., Example 8).

...................................................... Biamanas ks T
"""""" Example s 42
Example & 111
Example 7 &
""""""""""""""""""" ~ Table 4

[001132] Vhile this invention has been described as having exemplary designs,
the present invention can be further modified within the spirit and scope of this
disclosure. This application is therefore intended to cover any variations, uses, or
adaptations of the invention using its general principles. Further, this application is
infended o cover such departures from the present disclosure as come within known
or customary practice in the art to which this invention pertains and which fall within
the limits of the appended claims.
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CLAIMS
1. A thermal gel, comprising:

a matrix including at least one polyether polyol present in an amount between 1
wt.% and 10 wi.% based on the total weight of the thermal ge;

a catalyst present in an amount between 0.3 wi.% and 0.6 wt.% based on the
total weight of the thermal gel;

a crosslinker including a plurality of reactive amine groups, the crosslinker
present in an amount between 0.01 wt.% and 10 wt.% based on the total weight of the
thermal ge!;

a coupling agent present in an amount between 0.1 wt.% and 5 wt.% based on
the total weight of the thermal gel; and

at least one thermally conductive filler present in an amount between 80 wi%
and 98 wi.% based on the total weight of the thermal gel.

2. The thermal gel of claim 1, further including:

an antioxidant present in an amount between 0.2 wi % and 0.4 wi.% based on
the total weight of the thermal gel.

3 The thermal gel of claim 1, wherein the thermal gel includes silicone based
components in an amount less than 1 wt.% based on the total weight of the thermal gel,

4 The thermal gel of claim 1. wherein the thermal gel has a cure temperature of
below 150°C.
5, The thermat gel of claim 1, wherein the polyol is a polyether polyol, the polyether

polyol is a bi-ol polymer with a molecular weight between 200 and 10000 Daltons.

8. The thermat gel of claim 5, wherein the at least one polyether polyol is present in
an amount between 5 wi.% and 10 wt.% based on the total weight of the thermal gel.

7. The thermal gel of claim 1, wherein the crosslinker is an alkylated melamine
formaldehyde resin.

8. The thermal gel of claim 2, wherein the catalyst includes amine neutralized
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benzene sulfonic acid, amine neutralized dinonylnaphthalene disulfonic acid or amine
neutralized dinonylnaphthalenesulfonic acid or other type of thermal acid generator.

a. The thermal gel of claim 2, wherein the antioxidant includes at least one
antioxidant selected from the group consisting of a phenol-type antioxidant, an amine-
type antioxidant, or a sterically hindered, sulfur containing phenolic antioxidant.

10.  The thermal gel of claim 1, wherein:

the at least one thermally conductive filler includes a first thermally conductive
filler and a second thermally conductive filler;

the first thermally conductive filler is present in an amount between 35 wt.% and
50 wt.% based on the total weight of the thermal gel,

the second thermally conductive filler is present in an amount between 15 wt. %
and 25 wt.% based on the total weight of the thermal gel; and

the third thermally conductive filler is present in an amount between 15 wt.% and
25 wt.% based on the total weight of the thermal gel.

11. A method of preparing a thermal gel comprising:

adding at least one polyether polyol, at least one coupling agent, at least one
antioxidant, and at least one crosslinker to a reaction vessel to form a mixture;

the at least one polyether polyol present in an amount between 1 wt.%
and 10 wi.% based on the total weight of the thermal gel;

the at least one crosslinker including a plurality of reactive amine groups,
the crosslinker present in an amount between 0.5 wt.% and 2 wt.% based on the total
weight of the thermal gei;

the at least one coupling agent prasent in an amount between 0.1 wt.%
and 5 wt.% based on the total weight of the thermal gel;

adding a catalyst to the reaction vessel, the catalyst present in an amount
between 0.3 wt.% and 0.6 wt.% based on the total weight of the thermal ge!;

agitating the mixture;
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adding at least one thermally conductive filler to the reaction vessel, wherein the
at least one thermally conductive filler present in an amount between 80 wt.% and 88
wl % based on the total weight of the thermal gel, and

cooling the mixture {o room temperature.

12. The method of claim 11, wherein the at least one antioxidant is present in an
amount between 0.2 wt.% and 0.4 wt.% based on the total weight of the thermal gel.

13.  The method of claim 11, wherein the thermal ge! includes silicone containing
components in an amount less than 1 wt.%.

14.  The method of claim 11, wherein the polyol is a polyether polyol, the polyether
polyol is a bi-ol polymer with a molecular weight between 200 and 10000 Daltons.

15, The method of claim 14, wherein the at least one polyether polyol is present in an
amount between 5 wi.% and 10 wt.% based on the total weight of the thermal gel.

16.  The method of claim 11, wherein the crosslinker is an alkylated melamine
formaldehyde resin.

17.  The method of claim 14, wherein the antioxidant includes at least one antioxidant
selected from the group consisting of a phenol-type antioxidant, an amine-type
antioxidant, or a sterically hindered, sulfur containing phenolic antioxidant,

18.  The method of claim 11, wherein the catalyst includes amine neutralized
benzene sulfonic acid, amine neutralized dinonyinaphthalene disulfonic acid or amine
neutralized dinonylnaphthalenesulfonic acid or other type of thermal acid generator.

18. The method of claim 11, wherein:

the at least one thermally conductive filler includes a first thermally conductive
filler, a second thermally conductive filler, and a third thermally conductive filler;

the first thermally conductive filler is present in an amount between 35 wt.% and
50 wt.% based on the total weight of the thermail gel;

the second thermally conductive filler is present in an amount between 15 wt.%
and 25 wt.% based on the total weight of the thermal gel: and
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the third thermally conductive filler is present in an amount between 15 wt.% and
25 wt.% based on the total weight of the thermal gel.
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