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XZ2 : QOctamethylcyclotetrasiloxane(D,) ¥} 1,3 5-trimethyl-1,3,5-triphenylcyclotrisiloxane(Ds"™)S- 1,1,3,3,-tetramethyl-1,3-

divinylsloxaneMVS)Z} 3 53A|A dimethylsiloxane?} methylphenylsiloxane block unitE 2H=
methylphenyl)siloxane prepolymer(VPMPS)E A 231 0.1
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Abstract: o,-Vinyl poly(dimethyl-methylphenyl)siloxane prepolymer (VPMPS) was prepared by the equilibrium
polymerization of octamethylcydotetrasiloxane (D), 1,35-trimethyl-1,35-triphenylcydotrisiloxane (Ds“*™), and 1,133
tetramethyl-1,3-divinylsiloxane (MV'S) as end-blocker. And aso, a,w-hydrogen poly(dimethyl-methyltrifluoropropyl)siloxane
prepolymer (HPDMFS) was prepared from Da, 1,3,5-trimethyl-1,3,5-trifluoropropylcyclotrisiloxane (Ds"¢™), and 1,1,3,3-
tetramethyldisiloxane. Poly(organosiloxane) rubber composite containing high thermal conductive filler was prepared by
compounding VPMPS, HPDMFS, spherica dumina, and catalyst in high speed dissolver. The crosdinking density of poly
(organosiloxane) composite was measured by oscillation rheometer. Poly(organosiloxane) composites of TC-POXR-2 and
TC-POXR-4 prepared by controlling average diameters of therma conductive filler, spherical dumina according to Horsfield's
packing model were shown to 1.13 W/mK for TC-POXR-2 and 1.19 W/mK for TC-POXR-4.

K eywords: equilibrium polymerization, poly(organosiloxane) rubber, crosslinking density, spherical alumina, Horsfield's

packing model.
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e GxEd SHAE 7k
GES AE Ao A 3 A
o] ARE AES de de TAVF Bk ueba 2 AdME 4
A% 545 2te AEE 5PAsE Axste 2ol bae A
2 oywvinyl poly(dimethyl-methylphenyl)siloxane prepolymer(VPMPS), a,co-
hydrogen poly(dimethyl-methyltrifluoropropyl)siloxane prepolymer(HPDMFS),
polyvinylsiloxane(PVS) prepolymerE-2- 2H7} Alx3sel om] o]&S 4
g WReAA T EE 248 FoRX EXE B4 FAE
Ak A7l = 5 U= AHE] poly(organosiloxane)(POX) rubber
£ Az AEAS 2H= POXR composite= VPMPS, HPDMFS,
PvS ¥ EAEA FHA} FulE &) 7Fskal compound
5+ 5

on Eqe SAAe) gl mE A 2

o

21 Ak

1,1,3.3- Tetramethyl-disloxang(MS), hexamethyldisloxang(MM), 1,1,3,3-
tetramethyl-l,3-divinyldisioxane(MV S), 1,3,5-trivinyl-1,3,5-trimethylcyclo-
trisilazang(VM$), 1,3 5-trifluoropropylmethylcydotrisiloxang(Ds"*), 1,35
triphenylmethylcydotrisiloxane(Da"*™), hexamethylcydotrisiloxane(Ds) 2
octamethylcydlotetrasiloxane(Ds) = AldrichAle} BayerAte] S3A19HS
TY3te] IoE ARESI3ITE FHule Aukark] tetramethylammonium
hydroxide(TMAH)E 113} D39} WH5-A17 tetramethylammonium
dloxanolae(TMAS) = #|Z51e] ARS3IITh XA F%41E Denka
A} T4 FHL DAM-10(10 pm), DAM-45(45 um)$} 34k - m)u}
H-43(5 um) 2 boron nitride(BN)E T3t T2 ARkl
Nanodlica= 2o 2 A|Z¢t Degussarle] A-2002.2 A7 ©]
80~100 nme]™ 3ERAe] 200 migs ZE A& ARSIl Pt Sl
= BayerAke] AloFa& T-§iske] A8l on, o] Biell toluene %
71€} vll= AldichA kel daAleks 793k & 7skeRste] AR
skl k.

2.2 Tetramethylammonium silanolate(TMAS)2| H|Z=

TMASE C. S Elsbernd®] WS #x2 dlo] Alzsidl? ol&
HH wwk], SR, Al 2 AaRYUE s 47 2
2o AaE FYAIT7IHA 30 g9 Dol 145 g (CH3)MNOH
100 mL ¥-37]el F3kaL 70 CellA] 247t Bt ¥HAI7|AL
AAs ] MR AL 2h= TMASE AJATHEFESE 83%).

2.3 a,a-Vinyl Poly(dimethyl-methylphenyl)siloxane(VPMPS)2]
o

VPMPSe| §4S McGrathe] WS dxste] A28kl o
EHW, TMASS] AZFH o] A2 FUr
2 MVSE 27} 1414119 mole M= ¥Hg7
HHgEol tell 02 wi%s 7skal
FHAIATE §hgo] ddd & 0

.

E‘EZ_I
I

o ik

M

i

, BESEY 25E 120 TR 524]
A FulQl TMASE 2243trzl o axlgstol A mRkg& 2
cydic FFEES AASIe] LAY ES] VPMPSE AATHTFSE ¢
78%).
24 a,w-Hydrogen Poly(dimethyl-methyltrifluoropropyl) silo-
xane(HPDMFS)2| &+

Eg|H, #2907 A23%, 20054

SISt o] 2EW, TMASS] A AAE FUAIA FHA Dy,
D" 2 MS9| mole H|E 4:2: 12 FU7 F o7l FHujz
TMASE W& tisfl 02 wt% 718k 90 TellA 2413 <t
BYFS AAh vkso] 94 & g EES 120 TR &
ZAA Fuidl TMASE g8dsirzl o azlgstollA] mukg&
2 cydic SHEES AASH dimethyl 2 methyl trifluoropropyl-
sloxane block unit7} 9% H34e] HPDMFSE A0 th+5
5 1 50%).

25POX Rubber?| MIZ=

A7 POX rubbere] Az MaEEu] 2 7halAle] f-Fof e}
A= A% 23E BE wH8te] Azt o] &HWH Table 101
yehd vlel o] 2AE A= VPMPS 100 phroll théle] VMS 1.5
phr, 2773 A2]7} 10 phr, ¥557 50 ppme LindenAl 31:08k7]
(Modd: K1 10)°l 7}8}aL 130 ‘CollA], 50~400 rpmo-2 243 59t &
A A A3 o 248 BE VPMPS 100 phroll tigke] vMS
1.5 phr, 2734 42]7} 10 phr, HPDMFSE 5, 10, 2 15 phr= Lin-
deni} &aty)ol] Zbz)k 7hakar 130 CollA, 2A417F ¢ 100~500
rpme2 E3}alo] A%tk

26 Y™M=M POX Rubber Composite2| M=

POX 2] AlzoM ZAE A9} BE 1: 12 F 3l AZXF FS, 2
2 3 7+t 100 phroll thste] YAREEE FEINLFLe] A2
45 um 95, 45 um 10 um=285 : 15 wit%, 10 um 5 2 10um: 5
um=85 : 15wt%= =43 ¢Fry Y42 600 phrg L&)
o] H7}ek ¥ 50 CollA 100 rpmeZ 24]7F et E3taln 1%
T4 30 T BEsl] A=A composte TC-POXR-1, TC-
POXR-2, TC-POXR-3 & TC-POXRAZ AZ31% ) SAEA 24
7} 11%74%¥) POXR compositeS 130%<130<2 mm Al@# o) 7}3}
3170 Coll 10%-7F 100 Kgflem?e] gl e g 7tnAA AHE 4
M%7 POXR Al&HS Alzsqltt.

27 MM BAEM

A2 AT (FT-IR)2 Perkin Elmer spectrum GX & ©]-8-314
ZA3ISIE A1 85 NuyolZ E33t U3 KBr tj2=3E o83l =
A3l

28 &HXP7| SHEM

BCNMR 2 'H-NMR2 VariannAH4l 200 MHz EM-360S A}-8-3F
o] A3l om A8 71FEZL tdramehylslangTMS)©] 0.01 %
3% CDCl;z gl Ea)A17A ZAskit

29 7tk X

POXRS] 7Fulkes= ASTM D 20849] Al ol w} MonsantoA}

Table 1. Formulation of POX Rubber

(unit : phr)
Exp. FS1 FS2 FS3
No. A B A B A B
VPMPS 100 100 100 100 100 100
Slica 10 10 10 10 10 10
VMS 15 15 15 15 15 15
Pt(ppm) 50 0 50 0 50 0
HPMFS-1 0 5 0 0 0 0
HPMFES-2 0 0 0 10 0 0
HPMFS-3 0 0 0 0 0 15




%7 = Poly(organosiloxane) Rubber Composite?] #|z¢} = 54 163

oscillation disk cure meter(Model : ODR 100)E A8-3te] 5731912
M F4LeEE 10 T 183 HAEE 152 s
210 % 54 £

Xd%‘e—%% KS F3204 w

o

dd: 4411)E ©]&- 0}04 ST H N AR areke] A
L5 SASI

211 QHEEe| &3

I A X+ Kyoto Eledtronics ManufacturingAH2] quick therma con-
ductivity meter(Model : QTM 500)E AH&-3te] SA3k3ich Al
50X<100x2(mm)¢] F7]1=2 &AL QTM2] probes ©]-&3te] 5743t
St} Reference plateZ = R1-2(A=1.418 W/mK), R2-2(A=0.233 W/

mK), R3-2(A=0.0350 W/mK) % R7-2(A=3.38 W/mK)Z A}-&3}3it}.

GAEEE B4 E o] g3tel Fagich

12In(t, /t,)
V2 _Vl

A=Kx -H

A7, A GHER
K,H: 35
Vi, Vo i AlZE G 2t
|1 79 Xo] 325 AFA)

212 BEZR|°| &5

7154471 F7E POXR composite?] BE= x]” HitachiA} FE-
SEM, S-800 MicroscopeE AR8-8te] S748qitt QA A4l 7hale
POXR composite F1EE HA|AA WAAZ] & spdstal 1 A9
=S F7HA1717] Y8l gold coatingdte] SAsI on =4 A]
HiE-2 500~150000, 7} 1kv o] ol 3itt.

3.1VPMPS2} HPDMFSe| M=

Hd7)7} oFddto] X]8kE]ar dimethylsloxanext methylphenylsio-
xaneg block unit®= zhH= AR]FEA(VPMPS)E A=t oA
A7) 9l TMASZE 2} Abgo] 2 D*ME WA 3238t
methylphenylsiloxane block unit”} 4 A= 3 2ol D7F 5%
o] dimethylsiloxane block unit7} A4 =™ MVSZ end block E< ¢
AATH2 T3 dimethylsiloxane®t methyltrifluoropropylsiloxane
block unit2 zte= oAH]SFA(HPDMFS)E A Z2=8k=d] 010%/\1
DHt} D3P ZAJo] ol TMAS Zujj7} wA DM
3l methyltrifluoropropylsiloxane block unit7} W4 A4 & a1
o D7} 3= ] dimethylsiloxane block unit7} A4 = kbt
hydrogen”] 2 zt= MSE end block 2S5 & 5 o o]
WHg 7175 Scheme 100 YERASITE dubd o pMFRE 31
A FEATIH sFFo] dojube Ao AHA 9le] 80 T
ol A FFAATE HPDMFS ou] 548 AlZsh=d] 9lelA] Dy,
D" 2 MS9| mole HIE WEAZIHA ukEAIA Dojzl oH|F
3+ ol A dimethylsiloxane®} methyl trifuoropropylsiloxane block unit

E%ou

__rsL‘~< _m koo >
‘obm

R.__R
Si CH3 CH3
o o
R | | R + Dy + H=S—O0—S—H
S~__S I I
| Yo7 |
R R

_THF |
H—S|— S— S|—H
Catalyst |
CH3 CH3 m CH3
Where, R : methyl, R : trlquoropropyI

Scheme 1. Preparation of HPDMFS,

Table 2. Ty and Block Unit Contents according to Reactants Mole
Ratio

Exp. No. Reectants Contentsof block unit* T

D' MS DMX® TFPX® ()
HPMFS-1 4 2 1 64 36 -120
HPMFS-2 2 4 1 46 54 -110
HPMFS-3 0 6 1 0 100 -95

& Contents of block unit for HPDMFS were detetemined from NIR.
® Dimethylsiloxane block unitin HPDMFS.
¢ Methyltrifluoropropylsiloxane block unit in HPDMFS.

o] &S NIRZ A3} 71 Z7E Table 20 YERNSIT) Table 2

oA X WHEE-2] mole Hlo| W} on]SEANA Z} blok unit
o] s HlEE gAHoR dAH I J5S & 5 UUCE ESH 7}
AR gk TE SAe 2 methyltnfluoropropyl block unit7}
Z7HEel et Tt S7H0em o5 ouSPAE AlFsh= v
$2]& Scheme 10 YeERASITE %HE HPDMFSe)| th3h =% &
912 9kl FTHRY BCNMRES &A% 473 »w 10209} 1100

cm*Abelell A S-0-Si9] Aol 713{ &4 ¥4, 2100 cmtoll A
Si-HS Aol 719138 &= w3, 1243, 860, 800 cmell 4] Soll Agt
% methyl7]oll 71918+ E4= 313, 1210, 1130, 1070 cm™el| A Si- F3P
«1 Aol 71908 & =7} el 9lew 3 *CNMR &

3 Aso| A BW S-FPol| 23 o-Bmethylened] BHiol 7]
fd &4 v|37} 9.29F 27.00~28.20 ppmell Al 1|4l CF3<>ﬂ 7]
&4 937} 130.0 ppmell YERY 9o, S-CHgell 7]91% &t
0.867 ppmoll Al LR ol Flow Hof A|2gh du)EgH]]
5 21s 4 Qs
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=Aatglon 1 A3E Table 39 YERITE Ttk ému
torqueMp)oll A1 & 49] torque(ML)S i 2}o] = AM torque® L}EF
9 S glon] T ARE B FS1S 104 Ibin, FS2t= 96 Ibin 2
FS39] 749 47 loin® el bulkydt trifluoropropyl 719 =94
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kg, FS2+= 6 kg 2 FS30l14 104 kgl & 3 22} W] trifluoropropyl
719] ghgo] Z7hel wet a5l STkl des & U
ok ol bulkyd EAE 9 S79S 2= tifluoropropyl 77 57
gholl wa} Zhad e} srobx|an 3] 547171 wolklel wet i
wWiHo] Frlste]l 2wt 7k Ao " AlgEH

3.3POXR Compositel| ™= EM

A E o] dHEAS Folslr] fEixe 2 %A
zZhe FAAE tgor S48 Folof gtk A %Xdﬂl%
FHLHAILO,), slicon nitride(SisN4), magnesium oxide,
2 duminum nitride(AIN) 5-©] 9o o]Eol sk
FHLe] MZJ_E@ < 30 W/mK, boron ritride= a%
WinK, c% 33l 73 2W/m|<4 s zterh
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Table 3. Adhesion Properties of POX Rubber

Exp. Fs1 FS2 Fs3

No.
. M. 2.8 2.8 27

Oscillation

Rheometer My 132 124 7.6
AM 104 9.6 47
Viscosity(Pa - s) 280 270 255
Adhesion property 51 6 104

Maximum load (kg)

My : Maximum torque(lb-in). M :
(Ib-in).

Minimum torque(lb-in). AM : Torque difference

15tsphere = Amm 1

3'd sphere = Ax0.225m 2
A1 sphere = Ax0.1774m
5t sphere = Ax0.116/m 8

o)

Figure 1. Ided particle size distribution, according to Horsfield's packing
model : Highest density model.
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21T}, Horsfidd's packing modd-3- %]-8-3}0] H]%5o] 40 glem®¢] &
nUE o]22 o2 Axehd 45 umel B YRS zhs STy
80~85 wit%oll 10 ume] Hit YAAES 2= LFHUE 15~20
wi%s T4 45 At FHES e modde] 2 4 o
o] Wl 7P Ho dHAEAS HE AR o AET Figure 28 T
g @Euuel BN gl e dALAS 545k o=z
el Zlo|th Figure 20141 & 7 QlEo] &FHvte] FHeFo] &
7hEE GrEAd o] STkt o dFmute] gheko] 20 vol%e7HAl
= GHEAe S/ Ee] vt YElsTh ¥ 20 vol% o] 3
B AR FhE gl 5174] Uebgtl ol Aol o8 4
Aol dojupr] wl&Qld dFrvte] ghgFo] w20 vol%7tA]
= 25 ddske A=t ) 10}741 FAA=E A2} 20 vol% ©]/dol]
A dAEA FHA HENEZL HolX|aL pore volumee] 2t
oA HEEV} ol B o R AlmEt) He FY|FHA A
AR GFre] 3eue] dAEAS 28 BN(U0 WinK)S 54

% A3t composite] TS dFrUR FHE
Aol AR oF 1138 HE Folxlth o] =
o] TGS AL FHAY AA dREAPRGE T4
T, OAREE 9 A B Tl U B FES e AS 4 T
21}, Figure 32 Horsfield's packing modd ol kel &h3ujite] ¢

= H
Z]ato] Al %3 POXR composite?] A EAS =A 3

1.87 o
£ 1.6 —o— Alumina D/
S 1.4 —<—BN /
= ]
g 12 //
2 ]
S5 1.04 O/
he] 4
c
g 081 o
< 0.6 /
£ ]
o 0.4+ /
e 4
F o024 =

0 10 20 30 40 50 60
Filler contents(vol%)

Figure 2. Thermd conductivity of POX rubber according to the filler
contents.

Thermal conductivity(W/mK)

TC-POXR-1

TC-POXR-2 TC-POXR-3 TC-POXR-4

Figure 3. Therma conductivity of POX rubber according to the particle
sze digtribution. TC-POXR-1 : (D=45 um), TC-POXR-2 : D(45 um :
10 um=285 : 15), TC-POXR-3 : (D=10um), TC-POXR-4 : D(10um : 5
um=285 : 15).
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Figure 4. SEM image of cross section for therma conductive POX
composite. (A) TC-POXR-1, (B) TC-POXR-2, (C) TC-POXR-3, and (D)
TC-POXR-4).

A2 ag=2 Jebd Aolth Figure 3004 B Z AxAS
Zh= AR 85 wi%est 22 YAES ZEe EFHIY 15 wite=
AAEEE FHE TC-POXR-2(YAHE 5 45 um : 10 um=85 : 15
wt%) 2 TC-POXR-4AAH3 ; 10 um : 5 um=85 : 15 wt%) 9] I3
T4o] 113 WimK 2 119 WmK= Holn YJAREE 25|
%S TC-POXR-13} TC-POXR-39] dx%=Ao] 087 2 111 WimK
e Holal 9o YARIEE 2HI HAF dARA BF EA
UeRsth o= 2 Yxte] dFnu Alolo] A7 FFe] 2 ¢
A4S 2 4R SAEY FH EET)F wolX i GF L
7re] HE WHo] wolxl XY ARt TR wiEo R AlR
2=

34POXR Composite2| ZZZX|

Ee GAEAS e EAEE Axs] fEiMe SHA-F
AA 3 HHo] Aok dpH FHA Atele] FFo] Haslu|ojof
sht}, GreAd XA % 4 IR EE gElste] Alzg POXR
composite?] AATA FAAL BEAUE Flay] Y3 REI=
e ZA489om 1 AE Fgure 49 2+ JERALEE Figure
49 (A), B), (C) & (D)ollA BA &Fm} §zke] =77} 45
um(A) 2 10 um(O)= Y PR 2= compodte] B9 X9}
FAA Atelo] F=Fo] A vERta glom dFwHLte] Y
7] B¥2 A5t A& composted] 3] =73 TC-POXR-2(45
pm : 10 um=85 : 15 wt%) (B), TC-POXR-4(10 um : 5 um=85 : 15
Wio(D)S HH FFEo] AA Kol LFuuir} slicone Aol
2 BaEQer ddn FHAY HAEHULe] Tk AE B &
ATk ol Ax¥ dx%EA POXR composite TC-POXR-29} TC-
POXR-47} Hordfidd's packing modeol] whe} Alzo] Aol ¢
T3 velgS & 4 Sk

4. 4=

D9} D& MVSE FHF3HAA VPMPSE 121 D9} D
MSet HEFFA A HPDMFSE 2+t Alzs)3ith 0|52 base
A2 3lo] AAE LSRE Axson 7)o I4
Z3g+sto] POXR composites A8k dA% A4
2 482 tey 2

1) D49} D" MVSSF TMAS Zfisloll A 3& 5317 dimethyl
2 methylphenylsiloxane block unit7} =¥ VPMPSE Al %51t}

2) D49} D" B MSE TMAS Zf EA8toll A BEFAA
dimethyl 2 methylfluoropropylsiloxane block unit7} =¥ HPDMFSE
b e el=

3) VPMPS 100 phrell w3l crosdinker® HPDMFS 10 phrE 37}
sto] Az AAE POXRO 4 ¢FvuE Hrksta £3s)
o] POXR compositeE #|Z3ton dAEEs £33 A3 60
wit%e o)/l dmurl S Eojor gpmte] HEWET} o}
2|11 porevolumeo] ZFobx] A w7} S Qi)

4) Horsfiddd's packing modeloll g} &-Fwjube] Hadag el &
X5 zAslo] AZd TC-POXR-2(1.13 WIMK)$} TC-POXR-4(1.19
W/mK)7F @ 921748 zH= TC-POXR-1 2 TC-POXR-3H.T} =
< AEAS YERNSIT

a2 e <y
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