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R TC R FLICR B A A i T R TR fr DREAR D 360 nm Y B ORI 20 (PS) M7 2L,

FELL EtOH/H, O IR-5 W) 43 B B, R y-2 P = S B Ak Jot ( KH-550) £ 25°C T X PSt iR 3R 18 #E 77 2
Vi, 4533 1 SR fEGE A FAH A IE HL AT 9 2P PSERR T LU, SRS TEBRME 45 1F T I ASURERR £ T8 ( TEOS ) ffi JL A0
BRI IR AR 5 SL A0 5, ) 45 HH T RZ5C 45K PSY/SIO, B4 ek, I A LB B2 & BRI 5 IR A5 AT T
FAE. WFFERYT, PSRN T FLIRACE A R (19 zeta A7 BEHE KH-550 F 4 BB I, 24 KH-550 HI4EA PSt
PP AR 1/3 I, R R B zeta AL FORAY - 34.5 mV T3] 1 38 mV, a8 BN PSt sk i ok 1 9 e
{H; 7E 2 PSU/SIO, KA ORI, TEOS /K fifp4ii RIE i) Si0, 678 2 Sk ek b 1% ek BB 52 0 IRF 11§14 52 < 17
S, KL 24 b IR 97. 9% B R ORAE s BE A 5 K SR B, W B A2 5 sk R T B9 Si0, 44K TRL
Wb, S A ORER DE I E A6, 24 EtOH/H, 0 Bkt FERRMR 3] 60/28. 5 I, £+ B 45K 2 — 52 JR IR 35

nm FIRZFTEEEHY PSY/SI0, B4 K.
KR

Wi 5 A Ak Tl AR 1) R R A e RE LR
Mg m, LR A& 9 3L R T 8. LA S ALY
Si0, \Ti0, \CdS \Zr0, DA K FAL BB 58 1A%
FREAMEREIIIE A5z . S E R A
ERAR EE , i T AT LGE 5 R S A A 2 R ST
T 35 R SR AR 11 2 T P At Pl P D BB R
PRI R | BT X 02 G SR TE T e Mk |
R P SELRL R AR e 7R 45 40 5 EL A T R A I
=[6~9]

L .

FEMRE A EkT, B T Sio, A& R ik
SR RN BE SO S AR B 5 . HATE R A
Ptk LBk Sio, WEEN Tk EEARZA
2124 (LBL) 32 FI1 R SR AR 7K i . Caruso 217 H]
LBL 32, 38 3 i L AH B4 FH 76 PSt ik 38 B
WA IOHT - 5 LA TR (R P R R T R AL,
PDADMAC) FIgi>K Si0, Ki+, il & T 50 )2 B
H—H PSU/SIO, B & ER. ey I
J5k , e PSt fik 3 1t I % [ PDADMAC . ]
BT RO (4K 20 iR B, PSS) N
PDADMAC , R J5 I AR [RPREAR Si0, ki, il 4 Hh
T RSS2 BE iy PSY/SI0, {4 ER. Tissot 2™ il

SEWER, KIS, PSUSIO,, zeta HIZ, JEZS

Ding 21 43 31l L/t - P 5 79 0 T 4 P 3 = Y
SEEREBE (MPS) VR DI RE SR 5 St i 47 FL i 3k
RA WA T R S REERIEAY PSAER, AR5
A TEOS 5 2 Jz i 4 %] PSU/Si0, & & Bk, Lu
D) SR A —NH, 1) PSt Bk R Ah 7 2L 2-18
1/ 7K Ry 53 B T AR SR AL il i TEOS (17K
fift 55 45 B | nE, il 14 PSv/Si0, & A Bk, Graf
ALV e TR 20 H S A R R B AE PSU BER 3R
T, SR E P A B & A 20K 1 S/ 7K A i
Wk TEOS fy 7K fif 5 4 3 A, il # T PSv/
Si0, &A1k

AR SCR Ry TR B 5 1, 1 e G
T LR IR Gk i A R T A PR 1Y B4 PSt A1
FUM, ARG TE I T8 y-Z Nk = LR SR ik e 5 |
ABIEA PSt A FRLBRLY EIOH/H,0 YA A5
Hh X FLIBORL R T R AT R0, 45 31 FR T 1E H e )
PSt Bk, SR J5 P A TEOS HE 47 K fif A 3 4
B, 1 T LL PSt A% Si0, Shre A A TOK,
LT KH-550 FH ft FIese vk B ] % e PSt %
BRE LA LA S PSUY/SIO, 4 sk il 4 2ot A& b
J N [RLAT EtOH/H, O HEXH R I 245 1 5 .
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1.1 FEEFEH

R (St) FH LY 5 R (MAA) , - #r 4l
ZEW RIS i B R B (APS) |, 43 #ir 4, H
R8BS FK H 45 5 25% 1 % K (NH, -
H,0) . Jo7k £ B (EtOH ) Fl LR £ 1R (TEOS ),
GYHT Sl y- N B = 2 AL RE e (KH-550) , Tl
9, &1 99 wt% ; it K ¥ KB 1K
1.2 BoH PSt MFIRMF &

FERATTEFE A L [0 I ¥4 B 45 AL B 119 250
mL PO O, #2638 1 EC S8 A 100 mL 25 55+
JKFTR G B4, 7E 350 o/min B4R IF K U TR
£ 70°C .44 APS % F 25 mL KBk, SR J5#%
12/8/5 W HLBIAE R A SN A9 0.2 14 hReHom A
PRI, B AHE N 7 h.

WAL AE 7800 r/min K B0 20 min, fif
A5 A FHEE 75 0 BB 25 B oK e, B0 )
B EE TR 3 e R4tk PSt fER, SR
P R 25 B ok [ B o 30% 1R
SR PSt Rl PRI

Table 1

Recipe for the preparation of monodispersed PSt

microspheres

St (g) MAA (g) APS (g) H,0 (mL)
19.33 0. 67 0.336 125

1.3 PSt ka9 RE

W5 g ForE PStRPFFLIR (5 1.5 g PSt i
BR) 1 85 g EtOH Jip A% 250 mL () = [, 8
7L 20 min J5 AR 9 KH-550, SR 5 7E L

SR T T 25°C S — B[], 15 21 3% 0 vk Y
PSt FFFLK , ILEH A R B pH 2y 7. 5.
1.4 %5454 PSt/SIO, E & HEkRIFI&

¥ —E 51 EtOH UK A5 g FE43HL PSt Fp7-3L
W (1.5 g PStfeR) RUCICA 250 mL = )il
oh S 20 20 min JEANA 0.5 ¢ KH-550, % i
F 10 min RSS2 1. 6 mL ¥R 3R 25% MY 2K,
AR pH A5 8. 5. IR ASAE 1.5 h
5 g TEOS it A e i, &R i) > 10
min. [N — & B 6] )5 15 2%/ 52 4589 PSv/Si0, &
B FLI. B FLWAE 5400 r/min R B> 20 min, 53 B
P AR EtOH 75 43 Hose s , FRAERIFE 254 T
BLLATEY 153 PSY/SIO, &A1k

SN SRR BB — 2 B A HL 10 mLL 52 W
FE.LE T, AE 5400 t/min N B0 15 min, BUE
R, P A L[
1.5 RE

TE Zetasizer 3000HSA U35 Kr 5 K zeta HY,
B3 AL (Malvern, UK) F7E PSt FLIK I 2253
ZHUR zeta B, DA R T 2P PSt B EK 19 zeta
M7 ; H JEM-2010 #4 3% 5f i 4% ( TEM, JEOL,
Japan ) WL A1 £ G Bk 9 B & Fvki 42, A JEM-
7401F #9444 ¥ 85 ( SEM , JEOL, Japan ) WL 2 i 5k
TEHL.

2 AR5

2.1 PSt#HEKEIHI&E
Jifs PSt T FLIR ARG E R L3 2. REI
I AR P B BER Y A, A AR 93. 6% .

Fig. 1 TEM photographs of PSt seed latex (a) ,and the modified PSt latexes with KH-550 under various reaction time: (b) 10 min; (c) 60

min; (d) 120 min
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Table 2  Properties of PSt seed latex

D:EM (nm) DL)[‘S( nm) zeta Potential (mV) Poly index D /D,

360 433 -34.5 0.0138  1.001

M TEM & F (&l 1a) AT LLF H, PSt filiek K/
—,D,/D, y 1.001, 5 BRGNS PSt ZLH
M2 0B R BB & EREGEB T, BT
MAA (1 35 7K M, R 55 87 5 4 A 2 2L R ek 3%
T R A LA, L zeta HILQ N - 34.5
mV.
2.2 PSt fFELERI RO R E S
2.2.1 KH-550 far A HAb 2 i ek
R, KH-550 1E Sk et 77 w] DL J7 {8 1 52 81
PSt {3k 2 1 e, oy o4C Pk A0k BE AL, B4 LBL ik
FUE B VRS B EBUE RN L St 5 g v R B
B T A g T 15 | A ) R (RS IR ) i b 4L i
AR K A 55 455 5 TR S T S e 2 R o
b T P SOk A e TR T, AR SCH 58 T KH-550
FR AR zeta AL Z B R K 2 ATLLE
e, R PSt BLER IR R Y zeta LA R - 34.5
mV , i KH-550 F 5 380, (R 2 1) zeta HLA7 3%
Wit , 24 KH-550 H &3R5 0.5 ¢ A4, (KR
) zeta FLAZEL B FF2 38 mV, ISR R 1K) zeta HY
PEAS Bt KH-550 FH 25 A 388 o i 240 2%, 156 B KH-
550 (e fEFH LA PSERPFE Y 1/3.

40 + o

30

20

zeta Potential (mV)
(=]

0.0 0.2 04 0.6 0.8
KH550 (g)

Fig. 2 zeta Potential versus KH-550 amount in the system

with 1. 5 g PSt seed particles

2.2.2 SeMERFE [EE PSR E LS g,
KH-550 &4 0.5 g, %% 75| A KH-550 J5 )
IO At [E) 5 R 2R zeta FAAZMAIAISE R (K 3). T
PR 3 1 KH-550 43 F | 9—NH, 5 ek %
Ti—COOH [ S 0 >Fe S8R ), 12 5 g e 5 AR 5
HEAT, DR EI AT S A NIE 3 FTLLE Y R &R zeta
L AR Bl KH-550 20 B[] 1 A5 £k, Y9 7E 38 mV

A
50
S 45p
g
=
= g0l
L
2 u]
£ o = o =
8
N
35r
30 . \ ) )
0.0 0.5 1.0 1.5 2.0
Time (h)

Fig. 3  zeta Potential at various reaction time of KH-550

Xf L PSt fEk MR 5 A9 TEM B8 B o] L&
ORIk R MG (8] 1a) , 28 KH-550 2Pk
JE Ok R AR AR O RE (8] 1b ~ 1d)  {BAS [A] i
R[] I A IR ) 2 T S I AR A [F], 55 zeta HLA
(IR ZE SR — B AR5 v RE O B ] 4 4 7
10 min.

2.3 LM PSU/SIO, E &5 HBkAHI &

A T ek Pk PSt i BR 2 1 A 1F B AT, 17 TEOS
B P K 5 45 G el A b % v ] = L RO I 40
K Si0, Wik A ot i TEOS /KA =4
AT 2o R A BV R B e ek e T O —
J5 1T, BT O Ok 2 T A Rt 1) e o AU S R
FRIE EATTAI LA TEOS % A oK il 3k 4 4 I
I, 7E ORI Bk 22 T A TEOS 7K i 7= ) =2 6] JE B
fh2F gl W T 8 2 A BEAE . 2 AMERE
PG AR R R K RS AR A AN

Si(OC,Hg)y + H,0 —= Si(OH),(OC,Hy)y_, +nC,HsOH (1)

SSiOH + HOSIE —= >8i—0—Si< + H,0 ©)

SSI0C,H; + HOSIE —= $i—0—Si& + HOCH  (3)

TR B S K A 4 G A B Si—O0—Si 4t
(A SR T, 3 AN TR B S T 1 i e S 2L
AR S IS IR R 43 4 B EAOH, [
IS5 07 S T RS20 A BT EtOH/H, O B & 45 1ok
R 5 28 E
2.3.1 JRWEtE FE PSU/SIO, KA IR
R R BIHER R Y Si0, K HRT A &
BSO8R G W Si0, Y& & ok RAE , %18
/IS, AL RO B 4F. [ PSt ff Bk KH-550
TEOS FRA A H 40 518 1.5.0.5.5. 0 Al
88.5 g (EtOH/H,0 itttk 85/3.5) , LiEw
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Si0, [ F &5 2 N i [H] 2 (8] 1 O R AN 4 s
Bifi 5 5 I B[] A B K, 3 W v Si0, [ £ ok
ARG, 4 5 N B[] 3k 2] 24 b B 2 fE R (IR 2
0.033% , Ak SEFEK: [y B8], IZBUEFEAR AL B
SER MR TEOS #B84: 8 Si0, , i H 4%
SYIHCEEA BT AR B PSt BRI AR, e 3
hSi0, WIS & 1.516% . J2 ) 24 h )5,
8 B PSt fg Bk By Sio, S B &
97.86% , ULIIAEASLIG 25140, e Ak S L 1) ) Ay
24 h.

035rg
0.30 -
025F o
0.20 -
015
0.10 1 u]

The content of SiO, (%)
o

o
0.05

0.00

Oopo o

0 5 10 15 20 25 30
Time (h)
Fig. 4 The SiO, content of supernate versus reaction time

in the medium with 85/3.5 of EtOH/H,0 by weight

2.3.2 EtOH/H,0 [t i 5 PSt fiek . KH-550,
TEOS FNR A/ i F & 4351k 1.5.0.5.5.0 Al
88.5 g, J2 vy i [A] [ 52 7F 24 h, % %2 T EtOH/H,0
i b L 2 A TR G F TR S A 52 . D\ TEM. i
A (K S) LA, 24 1,0 &A1 28.5 g i, R
H Si0, )RR ZNA K, TE 35 nm 47 (HIHE
LA H Bl EtOH/H,0 Jit & b i A [A] 177 22 fk. 4
EtOH/H,0 FiiE [ty 85/3.5 i, B 1 2 A W i (1)
Bre it LA, 5B oK R TR 1A Z 1) Sio,
YOKAIORL (& Sa) . Bl T S K a3 0, ok
F IR Si0, Gk Gk iy % H & i /D, 72 )2 4
¥ 2], 24 EtOH/H,0 5t & L 3 A% 21 60/28. 5
i, SRR O 3L AW A S0, 9 KOk A7 7E (1A
Se) , M E/KELARSLIE AT, ORI SO 4R4 24H7)N
TOREAEAE , 7C 2 AR, 9 22 20 nm 245, JFA AR
Z AN 7K fife = I SR W 43 A A o v (1] 5,
5g). D\ SEM & f5 (&1 6) Lol LA 2, Al rh &
KBRS, B &R R A A Y 2], H
FRoT Ok AL AN 52 B (8] 6a) , 47 i EtOH/H, 0
Jr i R3] 60/28. 5, Si0, Xf PSt Ff -k i) 42
BT 0%, A MR R mW AR LD, 5
TEM (1)UL 25 5 —2k.

Fig. 5 TEM photographs of PSt/SiO, core-shell microspheres prepared in the media with different weight ratios of EtOH/H, 0
a) 85/3.5; b) 80/8.5; ¢) 75/13.5; d) 70/18.5; e) 60/28.5; ) 50/38.5; g) 40/48.5
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Fig. 6 SEM photographs of PSt/SiO, core-shell microspheres prepared in the media with different weight ratios of EtOH/H, 0

a) 85/3.5; b) 75/13.5; ¢) 60/28.5

A R EE RN AE T TEOS 7K fif
G5 5 RN R~ R, Hy O W 2 7K ik S5 7 149 J52 iy
W R S 40 5 N A 740, EtOH 27K il 5 vz 1)
FE L B H,O sl d /> EtOH F &34 F T
TR SN AT FERRAE 25 7F T, TEOS 4 5 2
RF KR, M4 Firh H,0 B4R, TEOS
H BE R Si0, KA JLARIE N, 33X Se 5 L
VI W B 7 fosk 36 1 s B & HL,O FH o A 38
TEOS (17K fiff 3 Z& 34 i, 4 28 3 R 08 /N, A F F
TEOS 7K fiftr= 4 A 46 3R I -5 W Sk 2 1 A9 fe o
AL IR BB T Y Si0, 25 Y H,0 &
1220, TEOS FEA1 5t rf (9 15 fifk B AT, LK fife
TR TR EFE"  RH T TEOS K15

PR T AT 4 3R, AR R AR 1 R KR
73 PR S P R B A Bl R 3 i, DA TR 6 £
PR HRLA , 7o )= A2 .

3 #ig

PARERE IR KH-550 Sk, LA EtOH F
H,O MIR-EY N 7 B i, A 2R T X R i &5 %
BER PSSR HEAT BRI, 7 2 1 3 A e AL O Al
AT IE HL AT B ECHE PSRk s SRS TERRTE S 4F T, 3
i TEOS AR B LI K B -5 e P fol sk o T 47 1 ke ) 3
I g8 0 3 455 2R SN, A G Ak 849 B I Ta] A4 5
EtOH/H,0 WA, il il TR — R
JEXIS IR TE S PSY/SI0, B AR
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PSt/SiO, CORE-SHELL COMPOSITE MICROSPHERES
PREPARED BY PSt SEED SURFACE MODIFICATION

CHEN Guo', DENG Wei’, WANG Manyi’, ZHANG Qingwu', KAN Chengyou’
(" School of Chemical and Environmental Engineering, China University of Mining & Technology, Beijing 100083 )
(* Department of Chemical Engineering, Ministry of Education Key Laboratory of Advanced Technology for Materials ,
Tsinghua University, Beijing 100084 )

Abstract A negatively charged PSt seed latex was first synthesized via batch emulsifier-free emulsion
polymerization, and the PSt particles were then dispersed into the medium of ethanol and water, and vy-
aminopropyltriethoxysilane ( KH-550) was added to modify the particle surface at 25°C to prepare the
positively charged and silylated PSt particles. Finally, the core-shell PSt/SiO, composite microspheres were
obtained by dropwise adding tetraethoxysilane ( TEOS) into the above system under alkaline condition.
Influences of KH-550 amount on zeta potential of PSt seed latex,and influences of reaction time and EtOH/
H, O ratio on the morphology of PSt/SiO, composite microspheres were investigated. Results showed that zeta
potential of PSt seed latex increased with increasing the KH-550 amount,and reached its optimum value of 38
mV from —34.5 mV when the amount of KH-550 was increased to 1/3 of PSt seed weight. In the preparation
of core-shell PSt/SiO,composite microspheres, the encapsulation ratio of SiO, onto the modified PSt particles
increased with the increasing reaction time, and maximum value of 97.9% achieved when the reaction time
prolonged to 24 h; With the decrease of EtOH/H,0, the number of SiO, nanoparticles absorbed onto the
composite microspheres decreased,and the uniform core-shell PSt/Si0, composite microspheres with the shell
thickness about 35 nm were obtained in the medium with EtOH/H,0 weight ratio of 60/28. 5.

Keywords Cmposite microspheres, Surface modification, PSt/SiO,, Zeta potential, Morphology





