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ZE : Octamethylcyclotetrasiloxane(Dy) @} 1,3,5-trimethyl-1,3,5-triphenylcyclotrisiloxane(Ds*™)S- 1,1,3,3-tetramethyl-1,3-

divinyldisloxaneMVS) ¥} HBFFAIA Azl SUAtel dimethyl 2 methylphenyl 717}
methyl-methylphenyl) siloxane prepolymer(VPMPS)E- #| 32515101,

=% a,wvinyl poly(di-
w3 D,9} 1,35 timethyloydatrisloxaneDy"e) S 11,

3,3-tetramethyldisiloxane(MS) ¢} HBE3A1A SUAtll dimethyl 2 methylhydrogen’] 7} =$1¥ o w-hydrogen poly
(dimethyl-methyl) siloxane prepolymer(HPDMS)E #1 %3131t Poly(acrylic acid)(PAA)S chelding agent= 3} nickel(ll)
nitrate®} iron(lll) nitrateE &-4 WHO R PAA SE5US A3 o] 5S 2AAIA nickd ferite U= YAE A 223}
At} Az3 nickd ferite= XRD ¥glo& #elsla Jxe] 7|5 TEMOZ A3tk 1,3-Divinyltetramethyldisila:

zangVMS)C.&2 3%

WA g v 227}, nickd ferite, VPMPS, HPDMS 9 Sul|E 314 wkr]ef 7}3kal 130 Cel

A 7 3}+-¢-93}ko] poly(organosiloxane) rubber nanocompositesZ A %513 ). Nicke ferrite 373 nanocomposite, POX-30
¥} POX-50& 717t Alzdkglem o5 7AA @ A 54 2o A4 43S SHIth

Abstract: «,w-Vinyl poly (dimethyl-methylphenyl)siloxane prepolymer (VPMPS) was prepared by the equilibrium
polymerization of octamethylcyclotetrasiloxane (D.), 1,3 5-trimethyl-1,3,5-triphenylcyclotrisiloxane (D3V%™), and 1,1,3,3-
tetramethyl-1,3-divinyldisiloxane (MV'S). And dso, a,@-hydrogen poly(dimethyl-methyl)siloxane prepolymer (HPDMS)
as end blocker was prepared from octamethylcyclotetrasiloxane (Da), 1,3,5-trimethylcyclotrisiloxane (Ds*"*"), and 1,1,3,3-
tetramethyldisiloxane (MS). Nickel ferrite nanoparticles having spinel magnetic materia was prepared by the sol-gel
method using PAA as a chelating agent. Poly(organosiloxane) rubber nanocomposite containing silica and nickel ferrite
ultrafine powder modified with 1,3-divinyltetramethyldisilazane (VM S) was prepared by compounding VPMPS, HPDMS,
and catalyst in high speed dissolver. The mechanica properties, heat disspating away characteristics, and volume
resistivities for POX-30 and POX-50 were measured.

K eywor ds: equilibrium polymerization, poly(organosiloxane) rubber, nicke ferrite, 1,3-divinyltetramethyldisilazane.
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Av] w3t Ae)zte] EHol 20~457N/mm’e slanol 71 7F EA)
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$-2=3} poly(organosiloxane)(POX) rubber nanocomposites 7| %-3}7]
918 oyw-vinyl poly(dimethyl-methylphenyl) siloxane(VPMPS)SH oy
hydrogen poly(dimethyl-methyl) siloxane(HPDMS) prepolymerS Z}H2}
A Z3kR 01 o]7]9l| dlica  nickd ferite U =QAFS B F3A)
2, 1,3-divinyltetramethyldiisilazang(VMS) S FHA A2 A}-&-8)0]
polyorganosiloxane nanocompositeS Al 23k thg- F-71471A19) A7
o W& 545 SA4sth

2. Al

oo

2.1 A2k

1,3 5 Trimethyl-1,3 5-triphenylcyclotrisiloxane(Ds"*™), octamethylcy-
clotetrasiloxane(Ds), 1,3,5-trimethylcyclotrisiloxane(Ds"*"), 1,1,3,3-tetra:
methyldisiloxane(M$S), 1,1,3 3-tetramethyl-|,3-divinyldisiloxangMVS) 2
1,3-divinyltetramethyldisiazane(VMS)-S AldrichAte} BayerAte] S53 Al
oS FIste] T2 ARESFT) £l FAukarle] tetramethylam-
moniumhydroxidg TMAH) S %13} hexamethylcyclotrisiloxane(Ds)
3} -SA1A tetramethylammoniumsloxanolag(TMAS) 2 A Z&ke] A}
/319 U Aegke AAHo R 223 Degussaite] A-3002
2 217 0] 80~100 nmol™ EW A o] 200 mYgS zHe AL AL
|33tk W Ful= Degussal AloFaS TH3te] ARESFI oM,
poly(acrylic acid)(PAA)E A4 31318ke] A #(AC-45 : M,, 40000)
< iron(Ill) nitrate(Fe(NO3)s - 9H,0), nitric acid= SAHEFHAIES nic-
kel(Il) nitrate(Ni(NOy); + 6H,0) = A8t Al %S o= AFE3F3
t} o] o] 54 E 7]} &vlE AldrichrAle] dEAIeRS 9
sto] AWbA ]l Al wel FFake] ARS-SlTh

2.2 a,w—-Vinyl Poly(dimethyl-methylphenyl) siloxane(VPMPS)2|

7l Aas F9AA FUA Dy DM 2 MVSE 27 14
4:1°] mole U2 Z}Z} 718l oS TMASE WHs-Eo s 0.2
Wi%E 7Fshal 90 CollA 2A13F &<t B FFA A vhgo] &
A" 5 WkSEe] L2 120 TR $A17 el TMASE &
s R o™ HFstelA HuEE D cydic SFEES A
Aste] x4 VPMPSE AATHTSE © 63%).

2.3 a,o-Hydrogen Poly(dimethyl-methylhydrogen) siloxane
(HPDMS)2| &M

HPDMSS] 3432 VPMPS 9] Wi 53t WHo 2 A
zalth. 3, o] WS- 4ol D, DM 9 MSE 5:66: 19 &
H2 718lE o TMASE HHS-E9] did]l 02 wi%s 7lskal
90 TollA 2A1ZF &t 3 FFAIAT wkgo] AH U
120 T2 S2A1A TMASE ©@&8A43t A7), nzFslolA w
W& 4 gydic SIFEES AAST Axde] HPDMSE A
THFSE © 64%).
2.4Nickel Ferrite2| H|Z=
Nickel ferrite®] A%+ £-A 2O 2 Chen 2 Heol WS #
z8lo] Az o] ZHW Aa FUT 2 7IAE web) B
o] g 7)o dAE FYAIA FHA nickd nitrate (Ni(NO), -
6H,0) 0.2 M, iron (I11) nitrate (Fe(NO3)3 - 9H,0) 0.4 Mol PAA 10% <~
-9 350 g2 7hskar ehxls] EBIolch g 2 g9 Aol
A pH7} 10] = w7HA] nitric addE 7FelFH S o] FrgEl A
o2 HQrh o] §NE T & et & wrkx] 1FstelA
SUAFA o] & 38 80 ColA] 10A12F B2 714
to] S AAS Adx Ao A4 A ez HslE gl of
=
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(NiFeOy) Y=dAE LATHTFSE 1 54 %).

25 SMHA | EHAz|

Nickel ferrites =] wghgol 2427+ AXAIAE o} o=
AzA7100 FHAZAQ] VMSe}E §H7] 100~110 CollA] 1A13F &
oF RESAIZl U2 120 TR 255 thr] S2A17 Tuxzld 3
AE AAth

2.6 POX Rubber Nanocomposite2| H|Z=

A2 base 5421 VPMPS, 7}ulA4] HPDMSe] VMSE FH A
28 v A8t 2 nickd ferrite, ZviE Table 10 Yebd vk} 2
2 7t AR 24 vlEol wel LindenAte] a1 wik7](Mode
K110)°ll #3}aL 130 C, 100~500 rpmell Al 34|17t &ot Axl-e-1 s}
o] silica & nicke ferrite 3 POX rubber nanocompositeZ | % &}

28X-ray 2& 24
X-ray3]4-& MacScience CoAt M18HF? X-ray diffractometer = =
Aeith Alse i AHR st SAon, SAE 2 69

Table 1. Formulation for the Preparation of POX Rubber Na-
nocomposite

PSN-30 PSN-50

A B A B
VPMPS 100 100 100 100
Silica 30 30 30 30
Nickel ferrite 0 0 50 50
Silane coupling agent (VMS) 3 3 10 10
Pt (ppm) 50 0 50 0
Crosslinker (HPDMS) 0 7 0 7
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W9l 20~80°0| T} X-ray source= YA Z HEEH CuK Alo]H,
scanning speed= 10/sec, step size= 2°©| Tl

29 E3} MX} #H0OlF

F3} A2 AW H(TEM)S JEOLAF JEM-2000EXIS o]&-3le] =
Attt A7 YARS AT 713 F AU o] ES o] &3}
o 5 FoF AN FLL o] §A8 JHlow FEE 1E|sol A
Zy3to] 3FF ok Ao AxAA FHESL S wEe
150 K¢} 250 KH 2 A3l e oju 7} ke 200 KVE &)
At

210 ANEHE MZE 2 7IAN EY A"

A Z¥ nanocomposite®] 71AIA ZEE 743517 $13] PSN-30 2
509 A= A B BE 1: 19 FAME Hslo] £ 2 mm 7

HESAIA AlzsGITh 91 A 9 A14ES SH3] ¢8] ASTM
D 4129] ¢o}# ¥ 352 APHS AZsigion A =E SH3)
7] 913 ASTM D 6242] B o2 A&d#AL Alzkeiic). Alzke Alg
A 71A4 e Ingronrke] THE A EAIE7|(Modd : 4411)E ©]
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3.1Nickel Ferrite2Q| ®Z=
Nickd ferrite U= A= PAAS chdating agent® ©]-8-3}o] <
W o2 Chen ¥ Heol WS #Fxsto] Ax3rth Gd A
Ao HA AAES A7 Ya AL7]FSNA 2434
=dAE tal A4S st 915ke] XDA I
=4S dta 2 A3E Figure 10 YERNSIT Figure 1014 B
W NiFeO/F 2 6=(20~80)°14 ©AA ] 54 &< v=27t (1),
(220), (312), (222), (400), (333), (422), (333), (440)°l1 1 e} e
RIS &4 A3 300 C FolA f7] Al PAATE 23l
H1aL, 550 CollA 2AAZ] 749 nickd ferite?] EA &4 3]
7b dEleta AA YehdA @9kt wkhE 600 TolA A 3}
e 937} dsiAl Ve Ho® Kol A4 %7 600 T
b Ade 2298 & 5 st Bl2o] 600 Tl 2AAX 2
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Figure 1. The XRD pattern of nickel ferrite nanoparticle.

Eg|H, #2907 A23%, 20054

it

PN
a5

Figure 2. TEM images of nickel ferrite nanoparticle.
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s, Atsly7, atslul vl EAA e w37t A9 vehd
SEAL nicke ferrite ALl 54 &5 I A7} o ElstAl UERS
L3k AZzd Yegdaee] 27 2 1 2XE A 98
o] TEMO.® =A3lal 1 A= Figure 20 YeERAIEL Figure 2
of Weld nickd ferited] F715 ¥ 20~50 nm 27]1¢] YA}
AAAHNSS & 5 U =3 O F7)9 BELE 25 S

itk e & F ULk ol T WHoR AFh=
AeHT PAAS Ao RN T4 FAHS TR A
o 7 e o} nr}; #AdT BEE 2 At Alxd
Aoz Atg ¥t

3.2POX Rubber Nanocomposite2| XM=

VPMPS 100 phroll thale] 7}alA] 2 HPDMS 7 phr, silica 2 nickel
ferrites 30 % 50 phr H74gh vk A A<l VMS 10 phrs 3
7Vsta WS 50 ppme 71 the 1 agtslellA shaiks
A7 4 POX rubber nanocompositeZ 4| %311 t}. Nickel ferrite
o] EH OH7IE EYAAT T VMSE EHAH 3] nickd
ferrite®] Wl o]F A o] EYHA=A sty Hste] FT-IR
2 433 1 A3E Figure 39 YERASITE Figure 30014 A=
<578 nickd ferrite®] &5 =0l 1, BE FWl| OHY|I7F =9 €
nickel ferriteoll th3 &4 ¥3E Yeld Zojt} X3 CE VMS
2 ZHAeste] g o]FAF o] =QH nickd feritee] &
3] =70]t}, Figure 39 e ColAl B 1613 em™oll 4] o]5ZA %
o] Yeh} itk whd, BolA B 3400 em® HZol HA veht
AE OHYI®] 54 &5 H37t Collde A asta das &
G Ut} o] nickd ferite Tl U= OHZISF FAA A7}
OH7|9} wH3-3to 224 nickd ferrite £ OH7|7} 72 Ea)s)
A Fes AT = ATk o5 FHA ] wkgol g wkE
7172 Schemeldll YERQIT

3.3 POX Rubber Nanocomposite2| 7|HA &4

Nicke ferrite - POX rubber nanocomposite= VPMPS, HPDMS,
VMS 2 7] 7S 24 mnbr)o] FHsla fHAuedste] A
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Figure 3. FT-IR spectrafor nickd ferrites. (A) NiFeOa, (B) NiFeO, with
hydroxyl group, and (C) NiFe,O, treated with VMS.
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3R th PSN-308] A E A BE 1: 19 FAME FH3 o
ge-ysle] A3 A|5E POX-30, 123l PSN-502] A
o} BE 1:19 F/AMZE #H3gt ohs Hopedsto] Ax3k Al
POX-502.2 3}¢ith. POX-30 ¥ 500 tigk 71714 54, € H=
9 B3 Es S48t o A3E Table 2] YEFSATE Table 2
oA Wi F7] H7HARZ slicaZ 30 phr AME-8ke] A3 POX-30
o] AL 1T 86 kgflemP 2. & slica 30 phr} nickd ferrite 50 phr
2 H7MAE slo] A%3 POX-509] 54 kgffemPoll Hlsto] %45}
o d HEEE POX-309] 739 02 WimKRIH H]3ke] POX-
509] A$- 062 WIimK= FA Z718la Eek 3 Am 1.2%
10%] 4 57x10° Q - emo.2 A 718tk Wk POX rubber
o Y=917}9] nickd ferites ¢ 713 Fo=A d A=m) §-
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D49} D'*™M& MVSE ¥ FFAA VPMPSE Al%3kaL D"
¢t D= MSZ %H¥ F#A7 HPDMSE A|x3131th Nanosllica 3

e
NiandMg )+ cHOH HaC=—=HC— Si—NH—Si—CH=CH,
Ferrite [ |
CH, CHg
25'C ﬂ 24 hr (1,3-divinyltetramethyldisiazane)
2H,0 100 ~110'C
HO OH Lhr
Ni and Mg + ‘CHg
Ferrite 2 Hzc:Hc—‘Si—OH
HO CH,
OH
120~ 130'C
Vacuum
w 2hr
i
ofs‘ifCHZCH2
Ni and Mg + H.O
Ferrite CHs 2

Scheme 1. Mechanism for surface treatment of nicke ferrite.

Table 2. Properties of POX Rubber Nanocomposites Containing Silica
and Nickel Ferrite

Compounds POX-30 POX-50 Units

Specific gravity 112 2.74 g/lem®
Hardness 43 60 Shore A
Tensile strength 86 54 kgf/cm?

Elongation at break 380 160 %

Tear strength 26 16 kgf/cm
Thermal conductivity 0.2 0.62 W/mK
Volume resistivity 1.2x10" 3.7x10'% Q - cm

nickd feriteoll ZHzbe] ERAAS ALgsle] FHAEstal o8
5 POX rubberol] #7}3}e] 11 A
zsglon ol AAdE dE 54E FA4ste] & A2 o
=7 2t

1) PAAZ chdating agent® 3ko] Ni(NOs),, Fe(NO3), E5-E] <-4
HOZ PAA caboxylated 55 9S AZdL o]5S 2AAA Y
ZA717F 20~50nmE- ZH= nickd ferrite U= A E Al %513

2) VMSZ EWA2]¥ slica ¥ nickd ferite =Y H7}ato]
A 23k POX rubber nanocomposite?] <1747+ %== POX-30 % 509
79 861} 54 kgffen?, A FE-S 3803 160%, DA === 029} 062
WImK, A2 #3852 1.2x10%7 3.7x10%Q - cmo] it
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