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1.1 E##
#hxk Si0, (kb AR (640 £ 50) m’/g; 71

PR (20 £ 5)nm; T W FEHE 36%) R EEH
HEREAGR 3-= B A E ik E P (KH-570) .
FARL D BS P B (MMA) (PRI BR T R (BA) . T &
B R EZHEBE(OP-10) B ZIWEE(PVA) TE LA,
ATk &+ =k B OBR 99 (SDS) . i B AR £
(APS) EUK KPR BN . Z B 2 B, Wb ol 3
AL EH.

1.2 IEHKE

1.2.1 45 Sio, Em B H R —E
Bk, Z B @B AEA, A& (0.1
mol/LY ¥ pH B 3 ~ 4. FEHLBMEMNEZ ST MA
#4% Si0, ,5000 r/min 2 5 10 4 8 30 min, @S
HEAAE 10 min. SR )G SOC KB 2 h, ¥ &) . 8k
*®.THR.€£H.

1.2.2 HAHNENHS BAEMIAARESE
AR 8 250 mL = OB, R
1 Be 5 BR A B0 A L4k Fn g ik, 22 L 300 ~
400 r/min M FEHHT . BHEWARKBEESBHR,

Table I Recipes for nano-5i0,/acrylic resin composite latex

Ingredients Emulsification( g} Polymerization{ g)
MMA 17
BA 13
OP-10 1.7 0.8
SDS 1.7 0.8
PVA 0.2
NaHCO, 0.2
APS 0.15
Nano-5i0, 0.5
Distilled water 40 20
Ammonia water Proper amount
Defoamer Proper amount

* 2005-07-11 HCHS ,2005-00-12 #EF ; »» B HLEEFE A , E-mail : liypli @ bnu. net . en
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FL4L 30 min /5, B EBH MR SH, A

HARSRERAHAES OHRAER BE
HAWHERL A9 250 mL OB, HF 1R
TR AZLALT pH B b R S
BI4K Si0, RIEK AR o R A MALK, T
30 min. FHRZE 80°C, A /3 Bl ZFAKBR, F IR
BREMIAAE.3 h BT, FHER 1 b in—
KEIRZA . BAEMAALBBESTE, T 8SCTHE 30
min, IR B 40°C , MMAZ K pHEEVWEH] 7 ~8,
OB, BRAR =4
1.3 TEREMAE

£ 5h 3G (FT-IR) 447 A WOF-41 B4R 570t
A 4T S S HE{ T  KBr e H, A BE % 4 . B—
EREHGE SO, RARHEERTER EAIK
BRE—-EEEARAEHHEAE L, TREEEER
HE . BRATER.

%5 B F B HE (TEM) 43 #7 8 F§ H-800 & 55
T B RS M 41k Sio, BER M.

P (TG) /57 F STA449C 428 14X,
UEAAMBBELRES EHL4ESAET. M
10 K/min B SE AR PHTHE.

A RBEEE I E Zetasizer 3000Hs
QKL E B Zeta AL AF PR (X MEE pHEKN 6 ~9
AR A LAY Zeta HR{L. '

HEIMRERHEA 7 HER Zetasizer 3000Hs
PORBLEE B Zeta B8 47 5047 QUK B S BB A
(DIS)HEZRTHEBEAABNIBNERESH.
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2.1 #%K Sio, MRk

WK S0, SRAFMEBHNYELFEERZ
PEAX WEFREDZEHKZIEBHFENE, RER
EREELUEEBENE SHB. EREERA
(KH-570) 4 F 0 [5) & 8 47 3 #h 4% 5 A B B &
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BRAKBEESEENM R S —RREFUR

RS{OCH,), —b20 _
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Si—OH

AHENERA (ZRE) B S MBERRLENE
AR, TN N SREYZARY — 4%
R EREREREEE—E.
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B REEBB A SRR X RN,
HHK Si0, 2K Bt 200°C Bt T 8% 2= 2= 1 B B A9 2%
BE,.BRasai. B 1 ABHRERE XK
Si0, B FT-IR B i, H & 3049 em™' 2L K K &
(—OH fh4aiRsh R W% ) . 1088 cm™' (Si—O M 4E 1R
SRR ) F 476 cm ™' (Si—O T i 4R 5 1% W e ) &b
BB L B 1636 om™' (Si—OH W i ) (954 cm™
(—OH T iy I 5 W W 1% ) .801 cm™' (Si—OH T Ui
) &k B 35 T 40K Si0, BOASAEME | B RERE R
BB 4 S, 3549 em™' L1636 em ™' \954 cm”! F0 801
om ™" Ak F) TR WAL e S 8RR /0, 3% A R U A K S0,
ZEBEEWD; e, XS E 2949 em™
(—CH, B i) 2879 em ™ (—CH,— IR W k) \1741
em™ ' { C—C MR BCkE ) F 1460 em™ ' ( C=C R I 1% ) =
A7 SRR , B R IR S B i iR e AR
FAR M ZESNkK Si0, R, TRE M 2 FiRE R
BEEHEZD AR 1 TRTUEH, IHEHN XK
Si0, BHAGAE % (1088 cm™ 71 476 om ™' ) X B H 7
A, LUARE $5% 18 6 0) 19 B 4 3 SR B 40 K Si0, B9
BEY REARMBEEH .
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Fig. 1 FI-IR spectra of nano-silica before functionalized (a) and
after functionalized (b)

RSi(OH); + 3CH;OH

R: amino-, marcapto-, vinyl-group, etc
Fig. 2 Scheme of function of nane-silica
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Fig. 3 TEM pictures of nano-silica before functionalized {a) and
- after functionalized {b)

2.2 EEABENERRE
2.2.1 FT-IR 447 B 4 A8k Sio,  BAKE

MREEALR R AAK SO,/ R BREE L BHA
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Fig. 4 FT-IR spectra of silica, acrylic latex and (acrylic latex)/
silica composite
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WO YT 475 o™ (Si—O 25l 97 2 W MO ) 4 9
DL B 1633 cm ' (Si—OH W% i #§) . 959 em !
(—OH Z il & 30 T Wi ) .809 cm ™' (Si—OH Rk
B ) &b BY 55 65 A 4K Si0, B9 AR AE . 2957cm ™' A
2853cm ™' 43 i R B B N X BR A0 N B 0B 48 R B
1451 em ™' 1391 em™ 43 ) A B 2 AN X FR RO X BR
A IRENE, 1241 em™' \1146 cm ™' 1064 cm ™' B
BEH C—O H MR W 0 , 3 o i OFy 3R T % R G A9 4F
TEWE Wi . % L 4 R 3 Al g, TRAE K
SiO,/ BRABREE A AWBERSF 9K S0, K
1iE % Wi i, SR B TR 90 TR TR PL VAL 1 R E VR LS e,
FAHFRARE NI R .

2.2.2 Zeta B4 HT Zeta HL O JE 3R 1E BE &
RFRMEIEFANEEER WEARREAR
BEEMEERRY EINEARERALYE
TH) Zeta B 07, REEB EHEH A W R B EE
EAMEFHRABERE.

- M pH=8 B RFWHBMEEAW RN K Si0/E
FEREEE S Zeta A E R (B 5) P AT L
EH . FERFEBREIAAY Zeta BAI( -41.7 mV) A
E AR Zeta BAI( —42.4 mV)BI N AE, HE
FHEMBAR K, RAGK S0, BINAFBA X E
FAHECHERRENER, S ERTHRE
FAEFRENBRSEERRPHIHBES,
AR RO ES . XTREREAN
ESHAMBEERE, 5I AKX S0, RER A

 MRTFRIFETERS, MERGEERAK

EREL Y PR, B B LA 40 K Si0, B (R TR BREE
HFTHNEASILERT.

2.2.3 HNERHSA FL R 7 B R R
SHRBREYIMWEERE. AS5FESYAR
REREEDHAX Bo RERRRBREI R LY %K
SiO,/ RABBEESILBWERSHFE. AE T
AR, 40K S0,/ RAKMEEE 41T
BA2(78 ), ERABRTRAFREILRNTH
A2 (61.9 om) , MAERBRAHHAERK X
BIEERE N YK Sio, MM AR D> T R E P HLG
BEREE, AERE SRR Ak,
BRYX SO,/ RABRREESLBRSEARR
B BNESTES B, TURNEARES
SRR FR UK Si0, KL, S E
K. BEHYXK sio, AR ERAKBEILKEA
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Fig. 5 Zeta potential diagrams of acrylic latex (a) and (acrylic
latex)/silica composite (b) (pH=8)
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Fig. 6 Diameter distribution diagrame of acrylic latex (a) and
(acrylic latex)/silica composite (b)
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Fig. 7 Reaction mechanism of composite latex
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Fig. 8 TG disgrams of acrylic latex and (acrylic latex )/silica

composite

g FRrR, RS Y T RRE, B E B
AN K S0, BE, - EHEHLEREER
—BAEVYE, RETRETHRERN WRTE
(6] 32 BEL #4 FB , DA I L B 48 2 59 9 2 B8P S L £

A HERNBEBRANS FHHET
S5REGRMMEE, BBELHK si0, SRAKE
BREZ B — & B RTEMAE KRR .

MR 2 RLWOR A IR, L2 i e (R R )
RERERAK S0, HFF,#& T 45K Si0, /R
AEBEESIAB FTI-IR 4 RB, EE5HRE
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PREPARATION AND CHARACTERIZATION OF
NANO-Si0,/ACRYLIC RESIN COMPOSITE LATEX

LI Yuping, WANG Yagiang, HE Weiwei, CHEN Zhiqtac, ZHANG Runyang, HUANG Li
( Materials Science and Engineering College of Hunan University, Changsha  410082)

Abstract The nano-5i0,/acrylate resin composite latex was synthesized by in situ emulsion polymerization of
methyl methacrylate (MMA) and butyl acrylate (BA) in the presence of nano-Si0, particles, which were modified by
silane coupling agent 3-(trimethoxysilyl) propyl methacrylate . The surface properties and dispersibility of nane-Si0,

after modification , chemical sfructure,Zet_a potential and diameter distribution of the composite latex prepared and
thermal stability of the hybrid film formed by the composite latex were investigated by Fourier transform infrared
spectrometer ( FT-IR ), transmission electron microscopy (TEM), Zeta meter, Zeta Plus apparatus (dynamic light
scattering method) and thermogravimetric analysis ( TGA), respectively. After modification with silane coupling
agent, silane was grafted onto the surface of nano-Si0, to form the organic layers, which were able to efficiently
prevent the silica nanoparticles from aggregation in the in situ emulsion polymerization system and improve the
compatibility of silica nanoparticles with the acrylate monomers. The nano-5i0,/acrylate resin composite latex
prepared had the properties of silica nanoparticles and pure acrylate latex but was not simply a combination . Strong
chemical bonding tethered the silica and acrylate chains to form the core/shell structural composite latex.

Consequently, the hybrid film formed by the composite latex exhibited a better thermal properties than the pure
actylate latex film.

Key words Nano-5i0,, Acrylic resin, Emulsion polymerization



