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Manufacturing Strategies for Silicone Oil Based Stable Thermal Pastes
with High Thermal Conductivity

Yongsu Jo*, Chae Bin Kim***'

ABSTRACT: Due to the rapid miniaturization and increased power density of electronic devices, a significant amount
of heat is generated during operation. This has led to a surge in demand for thermal management materials, such as
thermal interface materials (TIMs) with high thermal conductivity. Among the various types, paste-type TIMs,
mixtures of liquid silicone polymers and thermal fillers, can effectively fill the rough surfaces between heat sources
and heat sinks, thereby ensuring efficient heat dissipation. However, thermal pastes generally exhibit poor long-term
stability due to issues like filler/resin phase separation under extreme conditions of repeated heating, cooling, and
prolonged compression. Consequently, research on high-performance thermal pastes with excellent long-term stability
is actively underway. This paper aims to introduce various strategies for producing silicone oil based thermal pastes
that achieve both high thermal conductivity and superior long-term stability.

o
ME
oZ,

of
—_

X

8: A% 71719 B4 A9e LAY WE FA2 Q8 /7] TE B WS el
AREEE 2t AAULA S e ga2 e S art FE5T
| ol 2E geje] Wdads AU )= A Aolo] AX &

R
g lox

B X2
e
e :\E
o 8 ) fob ro i

o fr
by
boong 2
ALy oF
2 o ified
>~ »

L flo nE 40

44

N
ofr
oX,
o

o |m
lo
re
-
N
e
i
o
™
Ogi_'t
i
K
%0 -

18 riz
rr
Rl
2
X
rr
il
o
rf
to
S,
4
B

2 10
ol
i)
o
(ol
i
it
u
Hir
flo
e
R
1
1

Key Words: @AHA] = (Thermal interface material), 5847 (Heat-dissipating material), i}& #H|0]A~E (Thermal pastes),
& A =% (Thermal conductivity), 27] 9F4 A (Long-term stability)

1. M 2 g Ast 12|al iyt 22 ZA7F of7 |24 Sl o] %
A= s 2st7] A= 7171 el A & S22t ol

AR 71719 w53 29 W Ay 2 S ol F - Z831tH1,2]. o] & 98, 717] W L 5|E A= (heat
Holl wet 717] 7Hs 5 W &Y Fol AZTE of#Ft  sink) Afoo]l =T} 2 A A A= (Thermal interface

71719] 75 & atA Gae] A A 71719 Alg)d 9 4= materials, TIMs), 47 2SR5 "oH(3]. ]2

Received 26 September 2024, accepted 9 October 2024

*School of Chemical Engineering, Pusan National University, Busan 46241, Korea
**Department of Polymer Science and Engineering, Pusan National University, Busan 46241, Korea
fCorresponding author (E-mail: cbkim@pusan.ac.kr)



Manufacturing Strategies for Silicone Oil Based Stable Thermal Pastes with High Thermal Conductivity 423

i G0 uhet thopdt FehE 7H 4 gl
27 o] 2E[45], HE[67], WA (8] Feh 7 Qo]
of. so] A E Hejo] TIME AuFE o= HE/AE Fefel
TIME T AT ELE Uaut J 97} 5] E AT 9] A3 =
9 AlolE ERH O R Y F7159 FYS W0
7] uhe] GAT W W B8-S SFeiea 4 glrHas)
A 02 el Wo| AEL el E o olut gL o4
DA o] AR Bl S B
2 ARG A2 22 g U, W el
Rarsh S A g wo2E 4
7 0.1~0.3 W/m-Ko] < vk ogzjg_rr 7}{1@[9]. rrJr
ehAl, MEA A9 A=A Bejo) Aol A st
El AR A4S0l £ AHEES /AL BEa
A& A3t AL SN Bt AR AAE o

A%AR 4 A AR5 FAske Aol uf$- Fasteh1o-
18]. FAITE, o] 5 98l T3] W o s SAsH
Hm 7HEA} R0 EAL Qlo] uh A W 7| A|F EA]o]
AeE T Ao Takke] A Ajo] FAHE T2og
ko] & RS A7) ofFrHI9).

gk W o] AEE Wkl 7hd 9l Wz 7] 5
WA 20 71 A0) FA Gtk At e AE

27k A E e, mEA A0 YE haw s Beje}
o1 e ol ol Aek olel el £
Fustn HEAon By 33
3;;}4 ) 7+e] o4 AL ul 3ol uhe A
Z1tH[20]. Who =, W o] A=} X 1hA 7]
A Aol 218 ) A el 4
1207 e} wheba] g o 4% %)
A 28 AsteietE 94 Hov%i =48 &
e F st

A Ao A @A D7k A2
P ol BoRN Y] ATS Ha
Pof o GUEET FA|o]
7S Aol 52 g

4r
nﬂx
l:l
mlm

o)
1:[01' r"‘

]_
A

_4

Ool' ol I"N’
of

fijo

]_

2NOH ol ofr ox
i g rlo mlo filo

ol
-

o Mr
Bl N
FIE 2 rE o ﬂllf”

E
L

ol 12

N

-

i)
N2 Ay R o

_ﬁ
)

al

N
ot
o_>L

o

e g
4
i?l
ol
ol

O%FE-_Q‘D'
“’Oroi'm
= (
5
ro e
mR—m‘L
_‘_'F(

re o

o
oX,
N
N

o2 flo
o 5

off H 32 Ho >
r_>i
Pﬂi
_t,Cl
—10
5
ol
O
o“i
ox ©
b=l
)

il
>,
=2
B
v
e
o oM
me
i)
o
[
m
Ll ¢
)
Y
ek

o

g
Proeorie

ox
N
o 9
lo

"
> O

2
(o]
4>
N
fu
e
o
>
opp
i
k1
¥o
T
z fU 2
h
X
ng M

L g

Im K Ao o&
iy
2oHo

=

2. 2

T

21 k& gy 2 =2 S5 WY Ho|AE HE
Zeng et al-2 50 nm £+ 1 um®| I7|7} thE 2(Ag)

A% 5 ume] ALO,, 500 nm] ZnOe} E3tate] whel o]

AEE A&t 21]. Aoz & 1 ume| & YA=
Abg-sto] A ZHE Hlo] AE = 50 nm 2] 2F2 2 ¢ A} tjH]
AHEAFS 2ty oz 4o 5= Q7] fZof &2
FRAEEE Belon, B ol 29| hafo] woldla
5 4G FAE2E oL aHor gAY & ‘71 =l
O =& dHAEEE UEuith B3 ShA ATE e uhel
, A8 W Ho|AE sk fEo] FUkstHA HWH
G} B1E A= Alolo] ARl o A /AT 4= 317] o
2ol & Aol stz AL ERIg = ok HFH o=
A= ol dojd Hd Ho|AEE= 3.0 WmKe| I3
T59} 5519 A &5 d o) 322.7 Pas®] AEE H L.

A7) dite o F 299 =9 9 o] A3 Fsl
theFelk Afoj 20 A7t HA3E AglE FHA A YHE
of FdstA FE2gS onlgttt. o= <lsf Bt npEE
2|2 i‘ro}ﬂ 2 defo] S 9 2y WY Ho|]AE
e o %2 HeE 2 & 5= loh22]. oA 9, v E
2] =] A3 HEet w2 dHEEE AW W 7

& E

d

o

B!

N

B 120 BAOIAE Ao E g o
Aoz ArEC) SR 9 A7) 7F 1L/ 7kt
SE AW 5 7t ol F27) utF

7] 2ol A7 d & st 222 2AE &2

—

2.2 geio rHIHE S St U Ho|2AE M
AdEs B o] B Ba) 4 AT 715718 9
W elol F2E ACKY & % B0 ohch e ¥
Z%ﬂl 5101 e —@ D YJAE JASkL =2 ¢t
SIcH23]. Eh Walst 4:4] Ao]e] 4
o|FA 51“4 e ARES Folal 3=, ot
8 Ao U S 8 5 91
Liu et al.-‘% =4 "2l copper powder(CP), carbon
fiber(CF), AlN.J FHL acetoned} stearic acidE A}8-5}o]
A5k chFig. 12)[23). 42ko) A H Dol 0|5 B
ez (AIN/CP, AIN/CE CP/CF) ARga}1 Alela oo} &
3lslo] W o] AEE A Fslg o z+z "o &3}
H)= 15, 2:4, 3:3, 422, 5:12 o] S0 Hch. W AAE T
2 Apgsto] A2E W sol AL i AU E R}
St WS YeEblth(Fig. 1be). o= 78 &7t
el osho) A 50l o aA] ol =
WA= CP/CF(1:5) W Ho|AEE 1.81 W/m-KQ] =2
AmE gk oh e Weloh Aol e o olo] Arel @4
aH o AAATE A Selsher(Fig 1d).
IESEH Chen et al.2 ALO,®} ZnO &3 L& AMESH =)

ol
)
s

09_. 03: ek
mlo 4>

(U oJu r*
OII'I o, ok ok I
g Mo e

mb‘- _1>~1 e

o

HJR
F_I- ﬂ.l

mlo mﬁ o m*



424 Yongsu Jo, Chae Bin Kim

(a)

g () (]

Oil bath fonone Acetone oil bath Add stearic acid|to acetone
' =3 After dissolving $tearic acid
100C Stand for
A 1.5h r 1 S0T
|
P < | < |
s | Nt
ST & C J
Powder drying for 3h  Remove supernatant,  Stir for 20 minutes Add thermal filler to
1 cave pow le'l l'\C solution
Take out the powder
A Remove the Preparation
100¢C % 5 ote
f 1 beaker is complete
Add methy! silicone oil Stir for 2 h Stir for 0.5 h T'hermal silicone grease
to the powder

(b) (c)

Sr—TY
4
-

AIN:CF = 5:1 AIN:

Fig. 1. (a) Schematic describing preparation procedure of thermal pastes. (b) Thermal conductivity of thermal pastes with different
compositions. (c) TGA curve of thermal pastes and silicone oil. (d) Photographs of oil separation after heating thermal pastes.
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iller loading (vol%) Temperature (°C) Temperature (°C)
(d) | (¥ 2SGR03 20 5 1| .SGA03_  SGA03 50

Slliconaoll  Glycerol  Alumina N

Pickering emulsion-like structure

Densely packed/bridged filler structure

Fig. 2. (a) Thermal conductivity as a function of alumina loading for thermal pastes containing alumina with an average diameter of 3
pm (SA03, GA03, and SGAO03). (b) Complex viscosity at an angular frequency of 0.1 rad/s, (c) TC of SA03_50, GA03_50, SGA03_50.
(d) Confocal micrographs of SGA03 with filler loadings ranging from 10 to 50 vol%. Here, SA and GA denote the suspension-type
thermal paste composed of silicone oil/alumina and glycerol/alumina, while SGA represents the emulsion-type thermal paste
composed of a mixture of silicone oil/glycerol in a1:1 volume ratio and alumina microparticles. The numerical suffixes appended
to the sample labels indicate the average diameter of the alumina used (3 um). [26]
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