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1.1 RBEH

BERE R AR RS B D A S ig
FEHTEBBRERA R RE, HEHNuER
40 nm, L R ETRLH 44 /g, HE N 2.6 g/em’ , T
HERE S BN 7% (Y THRRESHARE).
EZBSOBHIERSFHBEHEERERLFE
PELAa AT A, B I ZE AR S (E B ; TMPTMA, T &,
HE#H DVBHPEER(EHA) FEALTAF
A e, EEEARE 5T M (AIBN) H
RSB HEALERETRATE™, LFH AL
EEEREER; TARE=ZFERILE(CTAB)
FAREHBEERARETH T, EREMH;
RECHTEHEBBE(OP-10) 7 XEE HRA A
A, B#EHH.
1.2 AEEE

AR ERSEYT AR AR
FEHB G OO oA A B K AR AR, K8
HE OC, MHFELER AT ERNREBEM
BEATA R E B 10 min, BN AT] X7 AIBN,
MHEEER B LRSFEHE. S| M MPEAKA
BEYI AZLALT AKEHE + FLE 20 min /5, A
ZYCHRBIShBAEWCHREBOOShEEL
RRp AP St H 10% (HEATH, T
[F]), TMPTMA 2 DVB % 5%, BRBR &5 14.8%,
CTAB 3 5% ,0P-10 5 0.7% ,AIBN 5 0.7% , %55
FiKHA 440% .

1.3 =fE
BREAEXAEEERENE , AXWHT
B E(%) =
TLHREEER (%) - AENRNHEREZE(%)
BEERER (%)

100 (1)

£1 4N FTIR) M 3%, 3% A3 Nicolet 560 &l 41 71 i
I KBr ER M. HME S (TCA)XH
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A CM120 B 51 B T B S (TEM) WL %8 , B b
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A NEAEEETHEITHENR TR S ZIE 5
i AR EBESERANER SR WE 1 Fir.
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Fig. 1 Kinetic curves for the emulsion polymerization of
styrene in the presence of CaC0y
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% .DVB B EE /R & (131) th TMPTMA(932) /)
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B, EEEEEN, K PYBRBEE RN BER
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R A B[R] 458 B 0 A0 K B4 B SZ Bk PS/ AL
HEZY L, ZKT 5 min, HAER —ALHEE
AHFE, &F BB BRI R 80 R 3 R R
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999 1 100% , B W E A L ¥ H PS HEHfE,
PREBRBRGENMREER T - ITXKEER
ik 100% M B2 MR E M B X R, TBAM
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Table 1 The results for different crosslinkers in the presence of CaC0,
TMPTMA DYE
Amount of crosslinkee {wt% )}
Entry Yield { %) Unextractable PS (%) Entry Yield (%) Unextractable PS { % )
0.1 5T-1 86 34 SD-1 83 30
0.5 ST-2 88 55 SD-2 B8 83
1 ST-3 79 94 5D-3 86 94
5 ST-4 76 99 3D-4 86 100

2.3 BBEHEMBENEEANIREENRT
L. TMPTMA A BN KM T, B8 T K
FRAE R, 2 RINE 2 R AR 2 BHRE
MUAE N, 4. 8% MEBRRSTRAFET, Bk
8 A 1% 5% TMPTMA, #F fE 318 L B 71

AEEME, RATHAR B PS #RAE 90% LA L5 {H 45k
MR AR E 59.2%6, X i R HR RA
1%/ TMPIMA, I —H FE M ZE R E 58% 1
PS BT, iR ¥ TMPTMA M B B N2 5% , Ra)
HEMPSETESE 3%, HETBEEFTEAK
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Table 2 The results for different amounts of CaCO,

A t of Amount of A ¢ of
mount o mount o Yield  Unextractable

Entry TMPTMA  CaCO CTAB
i (1) (M%’) )y ) PS( %)

ST-3 1 14.8 5.1 79 94
ST-5 1 59.2 5.9 6 58
ST-4 5 14.8 5.1 76 9
ST-6 5 29.6 5.1 75 81
ST-7 5 59.2 5.1 37 53
ST-8 5 59.2 5.9 66 93

2.4 FT-IR 1 TGA

E 2 fE 3 AR AR T LT HRE ML S
H.mE 2T, 5SaEmMBRSHL, a®)E
BIEE ) ST-4 1 SD-4 ¥ ¥E 3000 ~ 3100 em™ ', 756
em™' Fl 698 cm ™' 4b H BIBH B A9 PS BIRFE IR W ig
VLB PS MUTRTE AR T ACHK W 48 4544 , 2E B R B TE Bk
R 4% TR B FR T . S ol PS A EL ,ST-4 7€ 1730 em ™
1 1190 em™' 4b HS 20 BF H 1 K AF 0 g, 7 BY
TMPTMA £ 43 B 7F 75 . SD-4 £ 800 em ' Zb B —
AT R s, IE B DVB B3I A CAE 3 P
HLED REHR PR 45 R N I, ST-6 1 ST-7 H)
£1 4015 B H 1400 ~ 1500 cm™* Fl 875 em ' Ab IR
Wiz B 5 8 b0, T BB 7 b P BRER 4 S B M R B
X -mEdREMITHE SRR TRIE(E4),
B4 F9 BEERBSHAEMN 14.8% 57318 F|
29.6% .58.7% , 7= R N BRERSS & B (HX T PS)
M 19.2% 4 B B = 26.3% .38.5% . BE §h ST-7 H
RLbrRBSSEZFUSREMERR,
ERMTHEIANSHMARIFRL T, RERHE
HMEMCEENSBRILAREE TR, EREL
BRI, ERRBRESXBERANGN . X582

A B A ol I B WA 3R R X B T
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Fig. 2 FT-IR spectra of composite particles with different

crosslinkers
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Fig. 3 FT-IR epectra of composite particles with different

amounts of CaCO,
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Fig. 4 TG curves of composite particles with different

amounts of CaCO4

2.5 EANFHES

B s AEENE RS PR K TEM B A,
W 5(b) ~ () B, KE IR FHE W
A, PS R EN 10 nm &4, UL B IR AR 5 4
AE. AT IEN FEEHEE — R FA .
MBS HBMME 29.3% 1 58.7% 68, INE 5
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Fig. 5 TEM images of {a)original CaCO,,(b) ST-3,(¢) 5D-3,{(d) ST-6 and (e} ST-§

BEAAK(4), YEMAE R B3RS, F
BEMLEREFAENRBREFNENITEER
RE3. BRERGHEN 14.8%6F, Na 835 1, B
FHEN AR EECE N RBREFR; 4%
PREEFE N 29.3%0F,Na 23R 2; Mk PRE R 2
— N E| 58.7% 0t ,Na 5 TF 4.6, AR P,
By T FLBORL LA R Bk BR 45 UKL A9 R T B R, TEM
BHERER, SR RELE —THM
BHE, . Na KT 1 ZRFREERERBRSIM, B
A —HosREREAEEEENEREERE,

Table 3 Calculation of the average number ¥, of CaCQ; particles per

latex particle®
Entry CaCO, (wt% ) w® Dp(eomposite)"(nm) N,
ST-4 14.8 5.44 96 0.9
ST-6 29.3 2.68 98 1.8
ST-8 58.7 1.18 106 4.6

* Calculated according to Eq. (4);® Calculated according to the weight
ratio of monomer converted into polymer to CaCOj , assuming that CaCO;
has no loss when the amount of surfactant is sufficient;® Determined by
DLS method

E SRS HEEME 29.3% F 58.7% 6, 4&
RAFH U E SRR BB 5 BURL .
Lk, EEERUENRRBRRERTE
FET BT St HARBRERREAPMALES
2B ik TMPTMA B¢ DVB 1B A2 B, A7 L) )
EEFH WA PSR S E & 9K 8
F.EAMBKREFEVFEEREQR HREEREE
B, BRI BRSNS S A RESS %
PE—FMNEWE.EH 1% ~ 5% 1% TMPIMA
DVB, A] i 4 K £ $B9 PS A BE B $8 T 3, 2 3k
REFTRENMREER T S EXKNREEH. 4

BRREARNEH FEELYABAAAAEZ

HEBERKAE.TEM B U R RERXRHA,
LB RIE N 14.8% 8T, 8B DT b LB Bk
PS MBS BB M ROE, E AR T RA HH
ZL G, REREEAN 10 nm, HREBGEEN
HEEE LN REMRRLACQE, BRGYRZE
AE T, EL IR B X2 B B2 2 4R R B R BR 45 UKL
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STUDY ON ENCAPSULATION OF MODIFIED CaCO, BY EMULSION
COPOLYMERIZATION OF STYRENE AND CROSSLINKER

LIU Wenfang, GUO Zhao-Xia, YU Jian
( Institute of Polymer Science and Engineering, Department of Chemical Engineering , School of Materials Science and Engineering ,
Tsinghua University, Bejiing 100084}

Abstract PS/CaCO; composite nanoparticles with nanometer CaCQ, particles as the core and cross-linked PS as the
shell were prepared by emulsion copolymerization of styrene and multivinyl monomer as crosslinker in the presence of
stearic acid coated nanometer CaCO, particles . The effects of the type and amount of multivinyl monomer, the amount
of CaCO, on polymerization reaction and encapsulation were investigated. The results show that the introducing of
multivinyl monomer and CaCQ; can slow down polymerization rate to different extent. Using 1% -~ 5%
trimethylolpropane trimethacrylate (TMPTMA ) or divinyl benzene ( DVB), tight encapsulation of CaCO, can be
realized and beyond 949% PS cannot be extracted. The amount of crosslinker or emulsifier should be accommodated
when the load amount of CaCOQ, is increased. CaCQ, content in the product increases consequently with the increase
of the loaded amount of CaC{Q,,which can be known from FT-IR and TGA .TEM observations reveal that when the
load amount of CaCO, is 14.8% , most CaCO, particles are encapsulated and each latex particle contains one CaCO,
particle . Composite particles have well-defined core-shell structure and the thickness of polymer shells is around 10
nm . However, the thickness of polymer shell decreases and many free CaCQ, particles appear when the load amount
of CaCQy reaches 29.3% and 58.7 % , respectively.

Key words Cross-linked polystyrene, Nanometer CaC0O; , Encapsulation, Emulsion polymerization



