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W F ESHR-ERIRSHMTAURAGDEES LA RELN P(MMA-
MSMA)/TiO;-Si0, AL S HHHH  BH RS RZAZAMNERFEEN T RRR .8
i FTIR M5B 34T 7 &M 47, 3 it TGA.DSC M4 344 T RUEH B EPE
PLA R S B K Ti(OC,H,), ME B H S HERERI W

XMl BE-BERLE MRS, PMMA, ERIEZR, BREZR

FPEAEBRPRE(PMMAR-MEENHILEHEHERESY, RILRAHEOE
SR I FHES)VEBSRETFESSRPEE T EHNAH. EFk, AT PMMA fE
H—REENESYHESR PMMA 5T RAERSWHNI UBE —
FrEE RN ELENRE-S Y. Pope FM B 5H 30% 1 PMMA XL RETF
HEFH SPGB, \NTER T o[ 47 5 A B B0 R4 bt 6 RATEN B 25 75 -
BEAE, UFERAARFEMMANRREAERG- = FAERLEE )RR (MSMA) N
HEREE BRTHILESYEER S TV MRS LERH P(MMA-MSMA)/SIO, A &
P(MMA-MSMA)/TiO, Z¢ft & HhH i 15~ 6) | il e ik & b AL 09 & B o7 LAXE #F
B YERE ST

EYXEH,TH MSMA &M P(MMA-MSMAY 8 fhék-— LR REUH
B, EXREEHMERPERRTNAN(TIO.SO)FE, Sy MEE
(TGA)FI DSC WX R X FE I AM B S BRI EER .

1 BRSS9

1.1 RSN

FENERPEATEFNARG-ZPEEREE) NS ERMEA, S &M 2,2°-
BE-RTH (AIBBN)ZELH B4, Ti(OC,H), f Si(OCH;), Hik2E4iki, mEsk
W(THF) &ML EHH .

FTIR #iz 5k A Nicolet Magna-IR 750 {] F|#-£L 504 #7838 {X . B & 55 KBr B3 KB 40
) BB AT W

DSC iR A Shimadzu DSC-50 #4474, 7 N, SARE G EEAF 300C, AR
FHE B % 20°C /min. B E#HX R B Shimadzu DT-30 #4H. E N, SA T, BEHER
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FZ 700C, FHRMEEF N 20C /min. HigFOLCR IS BHLE.
1.2 P{MMA-MSMA)/TiO, #{t#HERH&

EB S P —E B MMA.MSMA.AIBN fi%# THF, i N, | 3min /5, K&
h. FEEERSYER PMATHRE Ti(OCH,), M Si(OC,Hs),, BEHE M B #H3Y
MRS HCLHL,O B F THF B REA A ZESWHHF, BAHEH 10min, 3 —H
BEEAR SAMED, ANOBEOKE 45, EE LM HAERRREER.
420d 55, BERBRABWHH ARSI, BISE 60CHZE T 24h. R EWES H
Eg&RMmE1L.

Table 1 Preparation of P(MMA-MSMA)/ Ti(,-S0, hybrid polymer material*

Sample S(0CGH;: ). Ti{OCH.: ). Product Gel content in the hybrids after
(wt%) (w1%) Description® solvent extraction( wt% )'
1t 3.8 6.2 M/T —
2* 7.6 12.4 M/T 79.9
3t 12.5 20.5 M/T —
ry 19.0 31.0 M/T —
5 11.0 9.0 M/T 76.0
64 4.7 15.3 M/T 80.2

a. Reaction conditions:
AIBN=0.2wt% of vinyl monomer
[H0)/[TiOCHK),]=1, THQAV/ITi(OGH).]1=0.06
£=[MSMA)/{[MMA] + [MSMA]} =0.1

b. [ Ti(OGHy )4 ): (Si(OC;Hs )y ] = 1:1(mol. ratio)

e. [Ti{OGH, ), 1: [Si(OCH;s )4 ] = 1:2(mol. ratio)

d. [Ti{OCyHy )4 ]: [Si{OC,Hs ) ] =27 1{mol. mtio)

e. M: Monalithic; T : Transparent

{. Solvent; THF; Extraction time:2d

2 BR5iFi8
P(MMA-MSMA)/SiO;-TiO, Z=ib i R— Sk E, TEE N TEEAME .
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X —EED, B F MSMAWIFIA, K E TR SWEB S T LM% il 4 @ HE, X
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2.1 HofskRa

FIFIETHBREMENERRS TANERSREEEMHRREN. T
PMMA # Ti0,.Si0;, TLHLR B M 2Lt RE, K (LM )R K h&EmB 2
B RABAYE. WR 1 FEET, BrEM R B 0B X EET MSMA &
FEGEARCYHBANTIMSRERELE NTTEBEEIREER AR THHREK,
BIPHRA AR . 55, @ REASE R R SR RS EN RS DMRE, TR
E PR A AR A DR IR S . IR A MR, BAMRERRNBRTSRSER
Z RZ, MR EHANERTM B ARSFRETTTINANY S B, bt
MHMBRERNLE L MR R PR S EY RS, XURETHREPHEHEIEEY
AR,

B 1 2 P(MMA-MSMA)/TiO,-Si0, #4488 FTIR #E. A ZERTE 4, %
3600 ~3100cm ™' BB HE R, X & R E Lk RN =L R4 Ti-OH 5
Si-OH EEA ML AMRL . 5 50, BT R Si-O-Si S7E 1000 ~ 1100cm ' 4 A T Wekg i
FE. B 2 BRER SO B LRI S 4 PMMA B4 Y0040 718 ik 69 2 3t B (2b)
AR 8K TiO, ML SMRGEE (2a), Az E AT LI B MR D 920em ' L IMNE
B, X P(MMA-MSMA)/TiO,-5i0, Zefb btk & o Ti-O-Si B985 E B W8]
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Fig.2 FTIR spectrum of Ti(,(a) prepared by the sol-
" Fig.} FTIR spectra of P{ MMA-MSMA}/Ti0,-Si0, gel process of Ti(OCH;), and the differ-encial
(a)and PMMA(b) i spectrum of hybrids (b)Fig. la-Fig 1b

2.2 T4 SR P(MMA-MSMA)/TIO,-Si0, 2Vt HEHEEEN S

B 3 W HAR KA 5 REBEE P(MMA-MSMA)/TiO;-Si0, 224kt ¥ 9 4
REESHARNXE. AZBETEY, [ Ti(OCH;s)s): [Si(OCH; ) IJBE/RH X 1:1
B, BEE LA A, N EERI R R BEMSE SO%EHEFEE
.
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Fig.3 The relation of thermal degradation temperature of  pig 4 DSC curves of hybrid materials. The whole

hybrids and the whole content of inorganic components
(0 ) Temperature at thermal degradation of 5% ; (&)
ternperature at thermal degradation of 50%

contents of Ti (OCH,; ), and Si{ OC,H; ), are (a} 10
wt% ; (b)20 wt% ; (c)33 wt% ;(d)50 wt% ; respectively

B4, iBid DSC MiX 487 T EHAS S B R BRTIER. B 4 ARFR XL
VAR BTAIMRAMEN DSC M4, A ZETE H, P(MMA-MSMA )/ Ti0,-Si0;
ZAb PR T R T4 PMMA B &Y, X RE T R EZE PR SUENZZ
BT TiO, & Si0, THLREHMRE . 5— W, E VAR BRI, LB T,
BRI, UAHASERED S0%at, EMKN T, BERE. IZH TR SEY
R EHR ARG DEBNET.
2.3 Ti(OCH ), B& R p(MMA- whk ° a a a
MSMA )/ Ti0,-Si0, FeftHEHERENI I

HTHREIAS E BT,
Ti(OCHs ) 9 & B3R it BE I m . ) ©
& T RREE{Ti(OCH),1: [Si(0GHs) ] ~ [
(R THEATENAS BEBN 20,m% 200 o @ a
89 PMMA/ TiO,-Si0, 74 1L 44}, 3 52 H & 040 60 80
SR B S5 FITi(OCH),]: [Si Percent of Ti(OC,Hy), content
(OC,H;), 15 %81:052:1;1:1;1:2 BFEF TR
PIBH L 48 5% 0 S0% BB BE 5[ Ti

Fig.5 The relation of thermal degradation temperature of

(OCHy)a]: [SI(OGH; ), I % & . B R %
9, Ti(OC,Hy), 89 & SR BHE 285 110 B2
IRk

hybrids and the content of Ti(OC H;),
( 0) Temperature at thermal degradation of 5% ; (&)
Temperature at thermal degradation of 50%
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POLY(METHYL METHACRYLATE)/TITAIUM DIOXIDE-SILICA HYBRID
POLYMERIC MATERIALS PREPARED BY THE SOL-GEL PROCESS

HUANG Zhihua, QIU Kunyuan
(College of Chemistry and Molecular Engineering, Peking University, Beijing  100871)

Abstract The P (MMA-MSMA )}/ Ti(;-SiO, hybrid polymer materials with the presence of 3-
( trimethoxysilyl}propyl methacrylate (MSMA) were prepared by the sol-gel process. The result of
solvent extraction shows that the gel content in the hybrids with the presence of chemical bond
through the reaction of MSMA with titanium ( IV) butoxide and tetraethyl orthosilicate is much
higher. The chemical strueture of the hybrid was analyzed by the FTIR, and the effects of the whole
inorganic content and the content of Ti{ OC,Hy ), on the properties of materials had been investigated
by TGA and DSC, respectively.

Key words  Sol-gel process, Hybrid polymer material, PMMA, Titanium( IV ) butoxide, Tetraethyl
orthosilicate



