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Preparation and Properties of Poly(organosiloxane)
Rubber Nanocomposite Containing Ultrafine Nickel Ferrite Powder

Nickel Ferrite &5 Poly(organosiloxane)
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divinyldisiloxaneMVS$)3 HHFEIAAA )29 SigdAtol dimethyl 2

Octamethylcyclotetrasiloxane(Ds) ¥} 1,3,5-trimethyl-1,3,5-triphenylcyclotrisiloxane(Ds¥*™) & 1,1,3,3-tetramethyl-1,3-

ol

methylphenyl”| 7} =4%® a,@-vinyl poly(di-

methyl-methylphenyl) siloxane prepolymer(VPMPS)Z A 2313 o, &3 D,2} 1,3 5-trimethylcyclotrisiloxane(D;")2 1.1,

3,3-tetramethyldisiloxane(MS)} HPZFFAIA SigdAlol dimethyl 2

=)

methylhydrogen”17} £41%¥ o,@-hydrogen poly

(dimethyl-methyl) siloxane prepolymer(HPDMS)E A 33}5t}. Poly(acrylic acid)(PAA)S- chelating agent® 3}<] nickel(II)
nitrate2} iron(I) nitrateZ &4 WO 2 PAA FE5E S A|F8kaL o) 2E 2ZAIA nickel ferrite Ve YRS A 23}
S}l A28 nickel ferritel= XRD #E o2 golata Qixte] A7]E TEMLZ A3}tk 1,3-Divinyltetramethyldisila-
zane(VMS)2. 2 WX 28 b= 287k, nickel ferrite, VPMPS, HPDMS % ZvlE 34 mubr)o] 7}8la 130 Cell
A a3} poly(organosiloxane) rubber nanocompositesS ) %3+ th. Nickel ferrite $-+3F nanocomposite, POX-30
7} POX-50 27t AR o olge 7AF 2 dAr §4 J2la AF AFgS FH3ch

Abstract: o,@-Vinyl poly (dimethyl-methylphenyl)siloxane prepolymer (VPMPS) was prepared by the equilibrium
polymerization of octamethylcyclotetrasiloxane (Dg), 1,3,5-trimethyl-1,3,5-triphenylcyclotrisiloxane (D3Me’Ph), and 1,1,3,3-
tetramethyl-1,3-divinyldisiloxane (MVS). And also, ¢, @-hydrogen poly(dimethyl-methyl)siloxane prepolymer (HPDMS)
as end blocker was prepared from octamethylcyclotetrasiloxane (Dy), 1,3,5-trimethyleyclotrisiloxane (D;¥*™), and 1,1,3,3-
tetramethyldisiloxane (MS). Nickel ferrite nanoparticles having spinel magnetic material 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 (VMS) was prepared by compounding VPMPS, HPDMS,
and catalyst in high speed dissolver. The mechanical properties, heat dissipating away characteristics, and volume

resistivities for POX-30 and POX-50 were measured.

Keywords: equilibrium polymerization, poly(organosiloxane) rubber, nickel ferrite, 1,3-divinyltetramethyldisilazane.
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38 poly(organosiloxane)(POX) rubber nanocompositeS- | -5}7]
#1380l ow-vinyl poly(dimethyl-methylphenyl) siloxane(VPMPS)S} creo-
hydrogen poly(dimethyl-methyl) siloxane(HPDMS) prepolymers Z}Z}
A 2515 00 7)ol silica D nickel ferrite = QIAS B} 244
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2.1 Alef

1,3,5-Trimethyl-1,3,5-triphenylcyclotrisiloxane(Ds ™), octamethylcy-
clotetrasiloxane(Dy), 1,3,S—trimethylcyclotrisiloxane(D;Me‘H), 1,1,3,3-tetra-
methyldisiloxane(MS), 1,1,3,3-tetramethyl-1,3-divinyldisiloxane(MVS) %
1,3-divinyltetramethyldisiazane(VMS)< AldrichA}2} Bayeri}e] 55 A
kS FYste] R AMEEIEE Fuli= FlukaAke] tetramethylam-
moniumhydroxide(TMAH)E +-45}t°] hexamethylcyclotrisiloxane(Ds)
7} BEZAlA tetramethylammoniumsiloxanolate(TMAS) . A Z3te] A}

£33tk v Alvhe AAYeZ AZ3F Degussarlel A-3002
2 Y4A740] 80~100 nmol® FEHAH o] 200 mYgE 2t= AL A}
431tk WF Zule Degussa®] AloFES
poly(acrylic acid)(PAAYE YA TRIE 2] A F(AC4S5 : M, 40000)
< iron(l]) nitrate(Fe(NOs); + 9H;0), nitric acide= H2F318 41 F-S nic-
kel(ID) nitrateNi(NOs), * 6H,0) = AHA 34 FS a2 *}%’3}93,
o o] ¥oll 7 % 718 $7iE AldrichAte] YFAIFS Y
sted ARkAQl FAge] we) FRele] AMgEdh

2.2 a,w-Vinyl Poly(dimethyl-methylphenyl) siloxane(VPMPS)2]
%Hg

VPMPS®] #4d2 #re] Wig hxsle] Azl o2
9, #3HYA7], A4 YT € A mr] Sol A vk
719 A48 #9A1A FEA4 D, DM 2 MVsE 47 14
4:19 mole H|Z Z}7} 7}8]E T} TMASE HS-Eo thaf o.
wi%E 7}k 90 TellA] 2417 < Y FEA AL k3o
29 ¥, wbgEe] £5F 120 TE $2A1H Zul¢] TMASE
@3z on] aFFE A BP-SE 2 cyclic BFEES
A5t MzAbo] VPMPSE AUtHEEE | 63%).
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HPDMS®] 342 VPMPS 9 AW 4 wog A
Z33th &, 4 wkg FA Y Dy, DM 2 MSE 5:66: 19 B
HZ 7lelE og TMASE H12-Ed 3] 02 winsE 7}l

90 TolA 243+ B3 Y X?Mﬁﬁ} o]l edE o
120 T2 5-2A7A TMASE €243 A7)3, aQFsA 1)
v & 2 cyclic HFEES xﬂﬂé}@ HzAre] HPDMSE 99

tHTS5E : 64%).

2.4 Nickel Ferrite2] HZ=

Nickel ferrite®] A F+= £-3 2O F Chen ¥ Heol wHHE
Z3te] AL’ o)2HY dA FUT L /AR 2wy F
o] Azt dhgrlol AAhE FYUAA FHA nickel nitrate (NiQNO3), -
6H,0) 0.2 M, iron (II) nitrate (Fe(NO5); *+ 9H,0) 0.4 Mol PAA 10% &
BN 350 g& VISt b3 EESUTE 239 A foll Ao
A pH7} 10] 2 W7HA) nitic acidE 7Hi5H fodlo] B %4
o2 =HArk o] g BT & Ayt 2 w7kx] Agste A
FUAZLE o] & el IFES 80 TolA 1043 59 719
st -5 AAT A dAe 24 A ez A=k o)
2 BEES 7)ol @1 EA7)F 3lolA heating rate
5 T/min® 8le 550, 650 C7HA] 222 A5A1A 2417 S¢t
184S SR 243 Aap o] njEat AFelQl nikel ferrite
(NiFe04) H=PAHe AUAHTSE © 54 %).

2.5 SHAI2 EHA2

Nickel ferriteS #}%9] wlgh-&ol] 24A17F A A AE g o7}
AZA 7| FHH AL VMS &7 100~110 CTAA 147 5
WAL TR 120 TR 2EE oA S&AA Fuxad 23
AL A

2.6 POX Rubber Nanocomposite2] A=

A& base FA¢1 VPMPS, 7}iLA] HPDMS®] VMSZ HH ]
218 Yo 2217 2 nickel ferrite, 7S Table 19 VERA u}e} 7+
2 2t A7 24 ¥l e} LindenAte] md wuk7)(Model
K110yl #33 130 C, 100~500 rpmell A 3A]7F 59t A}
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A9l FFEA(FT-IR)E Perkin Elmer spectrum GX& 0]-£3}]
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o 574 OP%E]'.
2.8 X-ray 3| &M
X-ray %] & MacScience Co.At MI8HF? X-ray diffractometer=. 2
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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 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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3.1 Nickel Ferrite2| M=
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Figure 1. The XRD pattern of nickel ferrite nanoparticle.
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Figure 2. TEM images of nickel ferrite nanoparticle.
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Z] kLI nickel femite YA B4 &5 HAr} d=atA Ve
th =3 A23 YegdAse] I 2 O BEXE SAHE] st
o] TEMS.2 435tz 2 A#E Figure 291 YERNRITE Figure 2
off Ve nickel ferrite®] 2718 E7 20~50 nm =7]9] A7}
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3.2 POX Rubber Nanocomposite2| X|Z=

VPMPS 100 phrol] di3}e] 7412 HPDMS 7 phr, silica % nickel
ferrite® 30 E 50 phr 7} vhg EHAE Q] VMS 10 phrg 3
7}sla WFEuE 50 ppm 7S ohE 32 gtelol A Fhanh-g
A|A A4 POX rubber nanocomposite® | 2311t} Nickel ferrite
o] §¥ld| OHY]E Z=YAAE TS VMSE EAAE|EH nickel
ferrite2] X Hol| olFA¥o] EYHAEA E2lst7] 98t FT-IR
2 &Astn 1 AIE Figure 39 YERISITE Figure 3914 A=
w43 nickel ferrite®] F5 ¥|H0)3L, B EWA OH7I7F =49
nickel ferriteol] W3t &4 TS Ve Aot} ES CE VMS
2 Buxzste g9 o|2A%o] =YW nickel ferrite®] F5
"] Zo|t}. Figure 39 LR ColA B 1613 em™ol A o|54gH
o] Veh} gt} whA, BellA] B 3400 cm?! F2ol WA e}
Qe OH7|9] B4 & JaA7t collMv IA AL U &
2= glt}. o]= nickel ferrite EHo] AL OHZISF FHA A7}
OH7)9} ¥r$-3o 24 nickel ferrite EHE OHYI7F 79 £}
A &S B ¢ Ut olEe BHEAF ¥R g v
7)E Scheme 19 YehiAet

3.3 POX Rubber Nanocomposite2| 7|HIX S4

Nickel ferrite € POX rubber nanocomposite™= VPMPS, HPDMS,
vMS 2 R HrkAE 24 wnk)e) FHsla FAoggale A
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Figure 3. FT-IR spectra for nickel ferrites. (A) NiFe;O4, (B) NiFe;O4 with
hydroxyl group, and (C) NiFe,04 treated with VMS.

zZ354 ) PSN-309] ZAE A9 BE 1: 19 FAMZ #H3 &
Agedete] Azsk A8 E POX-30, 183 PSN-508] FAE A
o} BE 1:19 FAIZ F3 o ol Az AIRE
POX-50°2 3}t POX-30 2 5000 tjg 7]1A1H B4, 4 Ax%
2 23 AYS A O ZHE Table 29 VERNSIT) Table 2
ol BH 57] HFFAR silica® 30 phr AR&-8ke] A3 POX-30
o] A AT 86 keflem’ 2.2 silica 30 phr#} nickel ferrite 50 phr
E AR ste] A 23 POX-509) 54 kgflem™) Blahe] 9528}
o} 4 AT POX-30Y A4S 02 WmKeld Hl3led POX-
509] 79062 WimKZ ZA F7ea EE Hu) Agw 12%
10'%01 4 5.7x10" Q - cme.2 A Z7Fsksit). web POX rubber
off W=l x}2] nickel ferriteS Cl 716) Fo2H 4 ALLIt 9

Foa w9 93 APe] 7 AL ¢ & A
4. @=

D%} DMS MVSE HE F3A)A VPMPSE A&t DMH
9} D, MSE ¥ Z23tA|A HPDMSES AZ3}2ATh Nanosilica

CHg CHy
+ CHaOH HpC==HC—Si—NH—Si——CH=CH,
b on
25'C ﬂ 24 hr (1,3-divinyltetramethyldisiazane)
2H,0 100~110'C
HO OH 1hr
Ni and Mg CHs

-+

Ferrite 2 | Heo=HO—5—OH

HO CHg
OH
v 120~ 130'C
acuum ohr
CH3
O—Si—CH==CH,
Ni and Mg + H,0

Ferrite CHj

Scheme 1. Mechanism for surface treatment of nickel ferrite.

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

Compounds POX-30 POX-50 Units

Specific gravity 1.12 2.74 g/em®
Hardness 43 60 Shore A
Tensile strength 86 54 kgf/em?®

Elongation at break 380 160 %

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

nickel ferrited]] Z4Zte] FAA A E AFgsted TAAE ST o]&
€ POX mubberel] 718l IZ7F% POX rubber nanocompositeS )
319l om olg AAE W S48 FHse 4L ARL ¢
&3 Pt

1) PAAE chelating agent® 3} Ni(NOs),, Fe(NOs), 255 &2
HO 2 PAA carboxylated BE5ES ARSA oS 2ZAA ¢
A5 7)7} 20~50 nmE- ZEE nickel ferrite W= QARS Al2EHI )

2) VMSE FiX2)E silica D nickel ferrite WHeQAE H ek
A Z35 POX rubber nanocomposite®] 214715 POX-30 X 509]
724 867} 54 kgifem’, AAE-L 3805} 160%, BAEEE 029} 0.62
WimK, A& AFEFL 123107 3.7x10°Q - cmo| F Tk
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