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Graphite (Weight g)
EXP. No Silicon | hardener | Graphite
Base 15 155 ~
1 wt% 14.8 14 0.16
3 wt% 14.5 1.4 0.48
5 wt% 14.2 14 0.8
10 wt% 13.5 1.3 1.6
20 wt% 12 1.2 3.2

Table. 1 silicon/graphite composite formulation

Expanded Graphite 50 zm (Weight g)

EXP. No Silicon | hardener | Graphite
Base 15 1.5 =

1 wt% 14.8 1.4 0.16

3 wt% 14.5 14 0.48

5 wt% 14.2 1.4 0.8
10 wt% 13.5 1.3 1.6

20 wi% 12 1.2 3.2

Table, 3 silicon/E.G 50 #m composite formulation

PR

Expanded Graphite 140 xm (Weight é:)::
EXP. No [ Silicon | hardener | Graphite
Base 15 15 -
1 wi% 14.8 14 0.16
3 wt% 14.5 1.4 A8
5wi% | 142 14 =
10 wt% 13.5 13 T
20 wt% 12 1.2 39

Table. 2 silicon/E.G 140 #m composite formulation

Expanded Graphite 8 #m (Weight g)
EXP. No Silicon | hardener | Graphite
Base 15 1.5 -
1 wt% 14.8 14 0.16
3 wit% 14.5 1.4 0.48
5 wt% 14.2 1.4 0.8
10 wit% 13.5 1.3 1.6
20 wt% 12 12 3.2
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Hardener

Particle™*

h 4

Mixing 3 times™

|

Casting

|

Oven at 60 °C for 3 days

Table. 4 silicon/E.G 8 xm composite formulation

*Particle : Graphite or Expanded Graphite (140um, 50pm, 8um)
*Mixing conditions
Mix: 2000rpm for 1min

Defoam: 2200rpm for 1min
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Stirring for 30 min
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Rotary evaporator
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Add hardener
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Mixing 3 times*

¥

Casting

¥

[ ovenat6occ for 3 days

'

[ Vacuum Oven at 60 °C for 3 days ]

*Particle : Graphite or

Expanded Graphite (140pum, 50um, 8um)
*Mixing conditions

Mix: 2000rpm for Tmin

Defoam: 2200rpm for 1min
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3. A A9 A BAZAE 0N

- Q7o Egn nEAFE Agde e dIEE SH/I(THB-DE ©]438t bulk FHHo R A =3
EfAle]l dH=4S H71gk A3}, expanded graphite 140um, expanded graphite 50um, expanded
graphite 8um, graphite +2.8 HAEE7} ¥ A& FUsAh A9 datags F3all, YAl 27171
AR Fdo & 7I9E sl AL & 4 Aen, dAY FgFo] FUESFE dAEE =3
/et A4S & 5 At} (Fig. 13, Table. 9 #=)

53], ¥ 49 dataolA] 7Hd & AAXEEE Hol= expanded graphite 140pm YA 10wt% &
3 EdAlel dAdEE+ 0.5362W/m*K=E, 1 AeA¢l expanded graphite 140pm YAE 5wi% I+
g B3Ae] dAEERT 65% Z7H5IAS S B 4 9ok (Table. 9 #=)

- o7 R AFE A4 Av EAEE SH7|(THB-DE ©] 8314 solvent TPz A=
E3tAle] dA=AS gk A, expanded graphite 140um, expanded graphite 50um, expanded
graphite 8um, graphite +°02 dAEE7} =& AL ATt 99 datag E3, Yzke] =77}
=R Fdd 2 7I4E 3= AL £ F Ay, 4A #FFo] F/EFE EAEE E3
F7hele ZA%%E & 4 o (Fig. 19, Table. 14 #=)

53], £ d4g9] dataclM 71 w8 AFAEEE Hol: expanded graphite 140pm YAHE 10wt% $+
& 5gAe €REEE 0.7890W/m*K=E, 1 A eAQl expanded graphite 140um A& 5Swt%
g EFAEG 105% F7HsteS B 5 Aot (Table 14 #F=)

- SAEA WA A dFE AAT diFE BEFASc] buk FHHYPLER AFG BIAERTG
solvent 3H 2 A2g EFAEe] FAEEI} =4 el 53], 718 & dAEEE Ho
 expanded graphite 140pm 4 AHE 10wt% TS E5A1e] 79, solution FFHH o2 A|43E E3tA
o] SHEEE buk FHHOE AZS Zlo HlF) 47% =01 E £ F Ao olF 53, FHH
buk FIFHEDG A9 BAHE S Eoled EHAHolgtes AL FE3 E F o, d¥EE

wolv WS ARG 439 A Ayt ME RSt Ao 4FHLE vlFHA

o

- fdsta @A Agde] A= HsASAF/NUTME o] &35t buk FHHoR A Fg B3
A 71AH Z=E B/ AR, AR YA FHe BAGC EHEAR YA HFiFo] FU1E
5% modulus = F718t= A2 AT F doh. dAEA AT F] Swt%ZHA+= 2 #@ol BF
B3y, A=A JASHEFe] 10wt% ol A+ expanded graphite 140pme] modulus7} o} A=A
JAE n FA3 L modulusE Belrh AHEA ATl 20wt% ¢ A, expanded
graphite 140um, expanded graphite 50um, expanded graphite 8um, graphite =° & modulus7} & A&
E0lE 4 =, ol & vEo®g dArA dAe =zl wel modulus?t E71EHS o4 4 ok 2
Datag nlgoz FHEA AAY A7]7F EFAY moduluse) FFE mATE AL FE2E & 9
o}, (Fig. 29, Table. 19 # =)

- tFuista 9771l 9= SEM(Scanning Electron Microscope, #5480 72)S o] 43te] dA
T4 YAl FHe AT Ax), 20002 wj&2 7] dAEA YAE BHEYPS w, expanded
graphite 140um, expanded graphite 50um, expanded graphite 8um, graphite =28 ¢7ke| =77} &
AL &AstYt. (Fig. 31 ~ 33 #A=)

T, 5Huje] v &R ZH7te] AAEA YAE BHSUE W, RE A=A YA Fx7] graphite
ol F22 Z 4 FATER o|FA AL FAsAT. (Fig. 31 ~ 33 F=)
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Fig. 8 Composites prepared by bulk mixing method: (a) silicon/graphite; (D) silicon/EG140um, (c)
silicon/EG50um; (d) silicon/EG8um.
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Fig. 9 Thermal conductivity result of silicone/graphite composites prepared by bulk mixing method
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Table. 5 Thermal conductivity result of silicone/graphite composites prepared by bulk mixing method

mixing method

EXP. No Matrix polymer (g) Thermal conductivity (W/m+K)
' Silicon | Hardener Particle Graphite
Base 15.0 1.5 - 0.1466 + 0.0013
S-G-1wt% 14.8 1.4 0.16 0.1717 + 0.0042
S-G-3wt% 14.5 1.4 0.48 0.1905 + 0.0049
S-G-5wt% 14.2 1.4 0.80 0.2282 + 0.0035
S-G-10wt% 13.5 1.3 1.60 0.2705 + 0.0007
S-G-20wt% 12.0 1.2 3.20 0.4531 + 0.0022
0.6
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Fig. 10 Thermal conductivity result of silicone/expanded graphite 140pm composites prepared by bulk

Table. 6 Thermal conductivity result of silicone/expanded graphite 140um composites prepared by bulk

mixing method

EXP. No

Matrix polymer (g)

Thermal conductivity (W/m=K)

Silicon | Hardener Particle Expanded graphite 140pm
Base 15.0 1.5 = 0.1466 + 0.0013
S-EG140-1wt% 14.8 1.4 0.16 0.1966 + 0.0001
S-EG140-3wt% 14.5 1.4 0.48 0.2539 + 0.0097
S-EG140-5wt% 14.2 1.4 0.80 0.3249 + 0.0009
S-EG140-10wt% 13.5 123 1.60 0.5362 + 0.0026
S-EG140-20wt% 12.0 142 3,20 -
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Fig. 11 Thermal conductivity result of silicone/expanded graphite 50um composites prepared by bulk
mixing method

Table. 7 Thermal conductivity result of silicone/expanded graphite 50um composites prepared by bulk
mixing method

EXP. No Matrix polymer (g) Thermal conductivity (W/m*K)
' Silicon Hardener Particle Expanded graphite 50um
Base 15.0 1.5 = 0.1466 + 0.0013
S-EG50-1wt% 14.8 1.4 0.16 0.1842 + 0.0159
S-EG50-3wit% 14.5 1.4 0.48 0.2081 + 0.0006
S-EG50-5wt% 14.2 1.4 0.80 0.2364 £ 0.0003
S-EG50-10wt% 18.5 1.3 1.60 0.3565 + 00018
S-EG50-20wt% 12.0 1.2 3.20 -
0.6
—m—S_Expanded Graphite 8um Series
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Fig. 12 Thermal conductivity result of silicone/expanded graphite 8um composites prepared by bulk
mixing method
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Table. 8 Thermal conductivity result of silicone/expanded graphite 8um composites prepared by bulk
mixing method

EXP. No Matrix polymer (g) Thermal conductivity (W/m*K)
’ Silicon Hardener Particle Expanded graphite 8um
Base 15.0 15 - 0.1466 + 0.0013
S-EG8-1wt% 14.8 1.4 0.16 0.1817 + 0.0058
S-EG8-3wit% 14.5 1.4 0.48 0.1940 + 0.0060
S-EG8-5wi% 14.2 1.4 0.80 0.2124 + 0.0014
S-EG8-10wt% 13.5 1.3 1.60 0.2914 + 0.0079
S-EG8-20wt% 12.0 1.2 3.20 0.5077 £+ 0.0004

0.6

0.5

0.4

L~

<l

0.2 -~ 5_Graphite Series

: =@—S_Expanded Graphite 140um Series

~de—5_Expanded Graphite 50pm Series

~4—S_Expanded Graphite 8pym Series

0.4 44— ——
0 5 10 15 20

Particle content (wt%)
Fig. 13 Summarized thermal conductivity result of silicone composites prepared by bulk mixing method

0.3

Thermal conductivity (W/m-K)

Table. 9 Summarized thermal conductivity result of silicone composites prepared by bulk mixing method

Matrix polymer (g) Thermal conductivity (W/m+K)
- Expanded | Expanded | Expanded
# DO Silicon | Hardener | Particle Graphite | graphite graphite graphite
140pm 50um 8um
14 : 0. == . +
- 15.0 15 - 0.1466 + | 0.1466 + 1466 0.1466
0.0013 0.0013 0.0013 0.0013
+ : H ok . +
Particle-1wt% 14.8 1.4 0.16 LI & 1101966 & | 01042 91017
0.0042 0.0001 0.0159 0.0058
-+ +
Particle-3wt% 145 14 0.48 0.1905 + | 0.2539 + | 0.2081 + 0.1940 +
0.0049 0.0097 0.0006 0.0060
0.2282 3249 0.2364 + 02124 +
Particle-5wt% | 14.2 1.4 0.80 R x| Dl 1 | G2 Al
0.0035 0.0009 0.0003 0.0014
0.2705 + | 05362 + | 0.3560 + 0.2914 =
Particle-10wt% | 13.5 Ld 1.60
0.0007 0.0026 0.0018 0.0079
+
Particle-20wt% 12.0 1.2 3.20 0.4531 - - 05077 =
0.0022 0.0004
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3) Solution THHL=Z A ZF A& BEgA

S-G-1wt% S-G-3wt% S-G-5wit% S-G-10wit% S-G-20wt%

i

D
I .
| 5

S-EG140- S-EG140- S-EG140- S-EG140- S-EG140-
Twi%_S 3wt _S Swit%%_S T0wt%_S 20wt%_S

S-EG50- S-EG50- S-EG50- S-EG50- S-EG50-
1wi% S 3wi%_S Swi%_S 10wt%_S 20wi% S
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S-EGB- S5-EGB- S-EGB- S-EGB- S-EG8-
Twii_S 3wt%_S S5wit9%_S 10wWt%_S 20wt%6_S

Fig. 14 Composites prepared by solution mixing method: (a) silicon/graphite; (b) silicon/EG140um, (c)
silicon/EG50um; (d) silicon/EG8um.
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Fig. 15 Thermal Conductivity Result of silicone/graphite composites prepared by solution mixing method

Table. 10 Thermal Conductivity Result of silicone/graphite composites prepared by solution mixing
method

EXP. No Matrix polymer (g) Thermal conductivity (W/m*K)
j Silicon Hardener Particle Graphite

Base 15.0 15 - 0.1466 + 0.0013
S-G-1wt% 14.8 1.4 0.16 0.1568 + 0.0058
S-G-3wt% 14.5 1.4 0.48 0.1935 + 0.008
S-G-5wt% 14.2 1.4 0.80 0.2007 + 0.0211
S-G-10wt% 13.5 1.3 1.60 0.2679 + 0.0225
S5-G-20wt% 12.0 1.2 3.20 0.5389 + 0.0205
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Fig. 16 Thermal Conductivity Result of silicone/expanded graphite 140pm composites prepared by
solution mixing method

Table. 11 Thermal Conductivity Result of silicone/expanded graphite 140ym composites prepared by
solution mixing method

EXP. No Matrix polymer (g) Thermal conductivity (W/m*K)
' Silicon Hardener Particle Expanded graphite 140yum

Base 15.0 1.5 - 0.1466 + 0.0013
S-EG140-1wi% 14.8 14 0.16 0.2290 + 0.0030
S-EG140-3wt% 14.5 1.4 0.48 0.3095 £ 0.0063
S-EG140-5wt% 14.2 1.4 0.80 0.3848 + 0.0019
S-EG140-10wt% 13.5 1.3 1.60 0.7890 + 0.0501
S-EG140-20wt% 12.0 1.2 3.20 -

1.2

~—m— S-S-Expanded Graphite 50um Series |
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g 1.0
3
208
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S 064
b ] _
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5 10 15 20
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Fig. 17 Thermal Conductivity Result of silicone/expanded graphite 50um composites prepared by solution
mixing method
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Table. 12 Thermal Conductivity Result of silicone/expanded graphite 50um composite$ xp’i“e‘fﬁr@d' by
solution mixing method

EXP. No . Matrix polymer (g) Thermal conductivity (W/m*K)
; Silicon Hardener Particle Expanded graphite 50um

Base 15.0 1.5 = 0.1466 + 0.0013
S-EG50-1wt% 14.8 1.4 0.16 0.2100 £ 0.0179
S-EG50-3wit% 14.5 14 0.48 0.2342 + 0.0028
S-EG50-5wt% 14.2 14 0.80 0.2657 £ 0.0033
S-EG50-10wt% 135 1:3 1.60 0.4565 =+ 0.0165
S-EG50-20wt% 12.0 1.2 3.20 -

1.2

—#— S-S-Expanded Graphite 8uym Series |

-
o

S
=]
|
|
|

i

o
=
|
|
|

Thermal conductivity (W/m-K)
(=]
[=2]

|

0 5 10 15 20
EG (8 ym) content (wt%)

Fig. 18 Thermal Conductivity Result of silicone/expanded graphite 8um composites prepared by solution
mixing method

Table, 13 Thermal Conductivity Result of silicone/expanded graphite 8um composites prepared by
solution mixing method

EXP. No Matrix polymer (g) Thermal conductivity (W/m*K)
' Silicon Hardener Particle Expanded graphite 8um

Base 15.0 1.5 - 0.1466 + 0.0013
S-EG8-1wt% 14.8 1.4 0.16 0.1768 + 0.0044
S-EG8-3wi% 14.5 1.4 0.48 0.1921 + 0.0001
S-EG8-5wt% 14.2 1.4 0.80 0.2255 + 0.004
S-EGB-10wt% 13.5 1.3 1.60 0.2945 =+ 0.0337
S-EG8-20wt% 12.0 1.2 3.20 =

_‘|4_



Fig. 19 Summarized thermal conductivity result of silicone composites prepared by solution mixing

method

Table. 14 Summarized thermal conductivity result of silicone composites prepared by solution mixing

Thermal conductivity (W/m-K)

1.2

1.0

—@— S-Graphite Series
4 =@ S-S-Expanded Graphite 140pum Series
—d— S-S-Expanded Graphite 50um Series
>d Graphite 8um Series

0.8

== S-S-Expande

0.6

0.4

5

10

15

20

Particle content (wt%)

AU

method
Matrix polymer (g) Thermal conductivity (W/m+K)
Expanded | Expanded | Expanded
HAF. e Silicon | Hardener | Particle Graphite | graphite graphite graphite
140pm 50um Spm
- +
Base 150 15 ) 0.1466 + | 0.1466 = [ 0.1466 = | 0.1466 +
0.0013 0.0013 0.0013 0.0013
0.1568 =+ i + 0. + ; +
Particle-1wt% 14.8 1.4 0.16 ; 0220 2100 0.1768
0.0058 0.0030 0.0179 0.0044
+ -
Particle-3wt% 14.5 14 0.48 Uiads & |00 & | kel ALizl 2
0.008 0.0063 0.0028 0.0001
0.20 =+ ; o = i o s AT TR
Particle-5wt% | 14.2 14 0.80 o i i 0.2255
0.0211 0.0019 0.0033 0.004
0.2679 = 0.7890 =+ 0.4565 =+ 0. £
Particle-10wt% 13.5 1:8 1.60 B 965 A
0.0225 0.0501 0.0165 0.0337
+
Particle-20wt% | 12.0 1.2 3.20 Gaslo = - - -
0.0205
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Fig. 22 Tensile result of composite prepared by bulk mixing method: (a) silicon; (b) silicon/EG50um
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Fig. 23 Tensile result of composite prepared by bulk mixing method: (a) silicon; (b) silicon/EG8um 1wt%;
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Fig. 24 Summarized Tensile result of modulus result of silicone composites prepared by bulk mixing
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Fig. 25 Modulus result of silicone/graphite composites prepared by bulk mixing method
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Table. 15 Modulus result of silicone/graphite composites prepared by bulk mixing method

EXP. No Matrix polymer (g) Tensile strength
' Silicon Hardener Particle Modulus (MPa)
S-Base 15.0 L5 - 0.1040 £ 0.0069
S-G-1wt% 14.8 14 0.16 0.1249 £ 0.0062
S-G-3wt% 14.5 14 0.48 0.1203 = 0.0095
S-G-5wt% 14.2 1.4 0.80 0.1515 + 0.0013
S-G-10wt% 13.5 1.3 1.60 0.1776 + 0.0009
S-G-20wt% 12.0 L2 3.20 0.2141 + 0.0011
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Fig. 26 Modulus result of silicone/graphite 140um composites prepared by bulk mixing method

Table. 16 Modulus result of silicone/graphite 140pm composites prepared by bulk mixing method

EXP. No Matrix polymer (g) Tensile strength
o Silicon Hardener Particle Modulus (MPa)
S-Base 15.0 1.5 - 0.1040 + 0.0069
S-EG140-1wt% 14.8 1.4 0.16 0.1116 = 0.0008
S-EG140-3wt% 14.5 1.4 0.48 0.1258 + 0.0062
S-EG140-5wt% 14.2 14 0.80 0.1318 + 0.0519
S-EG140-10wt% 135 1.3 1.60 0.2713 = 0.0020
S-EG140-20wt% 12.0 1.2 3.20 0.4148 + 0.0295
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Fig. 27 Modulus result of silicone/graphite 50um composites prepared by bulk mixing method

Table. 17 Modulus result of silicone/graphite 50um composites prepared by bulk mixing method

Modulus (MPa)
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EXP. No Matrix polymer (g) Tensile strength
' Silicon Hardener Particle Modulus (MPa)
S-Base 15.0 1.5 = 0.1040 + 0.0069
S-EG50-1wt% 14.8 1.4 0.16 0.1146 + 0.0141
S-EG50-3wt% 14.5 14 0.48 0.1157 + 0.0001
S-EG50-5wt% 14.2 1.4 0.80 0.1217 £ 0.0037
S-EG50-10wt% 13.5 1.3 1.60 0.1695 + 0.0078
S-EGH0-20wt% 12.0 1.2 3.20 0.3893 + 0.0243
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Fig. 28 Modulus result of silicone/graphite 8um composites prepared by bulk mixing method
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Table. 18 Modulus result of silicone/graphite 8um composites prepared by bulk mixing method

EXP. No Matrix polymer (g) Tensile strength
' Silicon Hardener Particle Modulus (MPa)
S-Base 15.0 15 = 0.1040 + 0.0069
S-EG8-1wt% 14.8 1.4 0.16 0.1081 =+ 0.0062
S-EG8-3wit% 14,5 14 0.48 0.1221 + 0.0031
S-EG8-5wt% 14.2 14 0.80 0.1459 = 0.0037
S-EG8-10wt% 13.5 1.3 1.60 0.1890 + 0.0138
S-EG8-20wt% 12.0 1.2 3.20 0.3031 + 0.0500
0.7
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Fig. 29 Summarized modulus result of silicone composites prepared by bulk mixing method

Table. 19 Summarized modulus result of silicone composites prepared by bulk mixing method

Matrix polymer (g) Modulus (MPa)
Expanded | Expanded | Expanded
RKE, Mo Silicon | Hardener Particle Graphite graphite graphite graphite
140pm 50um 8um
0.1040 + | 0. =+ i + T o
Base 15.0 15 B 1040 0.1040 0.1040 =+
0.0069 0.0069 0.0069 0.0069
0.1249 + | 0.1116 + 1146 + ; +
Particle-1wt% 14.8 14 0.16 ‘ acosn: o 4
0.0062 0.0008 0.0141 0.0062
0.1203 £ | 0.1258 = | 0.1157 = | 0.1221 =
Particle-3wi% 14.5 14 0.48 2
0.0095 0.0062 0.0001 0.0031
0.1515 = | 0. + ; + j £
Particle-bwt% 14.2 14 0.80 2k 118 Ulal? 0,150
0.0013 0.0519 0.0037 0.0037
01776 = | 0.2713 £ , + I +
Particle-10wt% | 13.5 1.3 1.60 . 13 01592 010
0.0009 0.0020 0.0078 0.0138
0.2141 £+ | 04148 = | 0.3893 = | 0.3031 =+
Particle-20wt% | 12.0 1.2 3.20 i
0.0011 0.0295 0.0243 0.0500
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4) SEM (Scanning Electron Microscope, AAIEAME W] Ao 2 # e dAEA 9zp Apg 27FHESN

Fig. 30 SEM images of graphite: (a) 200xmagnification of graphite; (b) 5.0kx magnification of
graphite.

Fig. 31 SEM images of expanded graphite 140um: (a) 200> magnification of EGI140um; (b) 5.0k %
magnification of EG140um.

4

Fig. 32 SEM images of expanded graphite 50pm: (a) 200xmagnification of EGH50pum; (b) 5.0k
magnification of EG50ym.
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Fig. 33 SEM images of expanded graphtie 8um: (a) 200xmagnification of EG8um; (b) 5.0k«
magnification of EG8ym.

5) SEM (Scanning Electron Microscope, HztFAlE | 7)o 2 #HF de|& B34 A

Fig. 34 SEM images of silicone/graphite 10wt% composite prepared by bulk mixing method: (a)
500 x magnification; (b) 5.0k X magnification.
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Fig. 35 SEM images of silicone/graphite 10wt% composite prepared by solufion
500 x magnification; (b) 5.0k X magnification.

Fig. 36 SEM images of silicone/expanded graphite 140um 10wt% composite prepared by bulk mixing
method: (a) 500> magnification; (b) 5.0k x magnification.

Fig. 37 SEM images of silicone/expanded graphite 140pm 10wt% composite prepared by solution mixing
method: (a) 500 % magnification; (b) 5.0k x magnification.
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Fig. 39 SEM images of silicone/expanded graphite 50pm 10wi% composite prepared by solution mixing
method: (a) 500> magnification; (b) 5.0k x magnification.

-

Fig. 40 SEM images of silicone/expanded graphite 8um 10wi% composite prepared by bulk mixing
method: (a) 500 x magnification; (b) 5.0k x magnification.
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Fig. 41 SEM images of silicone/expanded graphite 8um 10wt% composite prepared by solution mixing
method: (a) 500 X magnification; (b) 5.0k X magnification.
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