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TR I AR R zeta W3 (37 BEFE PEL I EE Y34 M0 71, 24 PEL &Y PSt G W E B 15% I K R zeta
BB B9 ~40.3 mV FHE B 1 38.3 mV, 5B X PSt FL KL % T 20k Y B £ 1 7E ] % PSU/TIO, & &1
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FEEAMBRMBIR B SR A RAY
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BE B2 (sol-gel) . Shisho 25" DL B 2 45 ML W& b
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30 nm (% PSU/TiO, & A 0k . Imhof "> FH 25 1)
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1.1 FEFEH

AR (St) FH BN R (MAA) |, 43 A 4l
SR 25 1R 5 5 o B R B (APS) |, Ay 4l
ZBEFOKES 5 B2 iE T e (TBT) F1t
K &mE (EOH ), 43 8 465 B & 4 W e (PET) , 99
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1.2 B8 PSt ZLEAH &

¥ 1 5K 100 mL 7K FIR 4 SR A #
AT I PR AR IR 3 VA B A% AT T 9 250 mL Py
78 350 v/min FHEHEIF KB TR E 70°C . K
APS ¥ F 25 mL K SR 5 4 12/8/5 () L 7 3R
ARV 0.2 A4 b Hom A B RO B R
A FIE R 7 h.

¥ BT A5 FLIAE 7800 r/min F E.0> 20 min, fif
5 VA TR P Ay R K v BRSO 4 B, T VR
alifb 3 WK, i e R B il 30% 1 PSt FLIE.

Table 1 Recipe for the preparation of monodispersed PSt emulsion

St (g) MAA (g) APS (g) H,0 (mL)

19. 33 0.67 0.336 125

1.3 PSt ZLEALHY R E 116

¥ 4.0 g B3k PSEFLUME (1.2 g PSt{HIER) F1
30 g KA F] 250 mL #) = i H, 88 R 4 EE 20
min, SR 5 TEBEFE N & G2 A 180 g 45 5 W 1
PEI KW, T 25°C F S i — & BF ). 4R )5 46 85
o B — A A R AR K Pk 3 IR, HR e T A A
HON 4% B FE & PSRN T RLI.
1.4 %544 PSt/TIO, EAMBKA &
141 FrgkAR o4t Ak

Wit it B R B PSt Fp 2L WK EOH FluK
JAE] 250 mL Ay = HOf A BB — i B K LA
& ENHREILR. 2 FHMEB R 1.5 h
P 15 g TBT 434t AR H, A U n ek ] B
10 min. 2R — 2 B[] )5 459 80 8%/ 76 45 4 PSt/
TiO0, B4 FLW. LW AE 1500 r/min F & 0> 20
min, [ & H] EtOH #7470 H-2.0 7 B Uik,
3 W3] PSU/TIO, & A k.
1.4.2 FF3LWm AL

B8 EtOH #1 TBT 4K KA 50 mL
WA IR ARG TEIE IR IR A 28B4 T A
FSEA BT 1 F S PSRN F L (0.5 g [~
N 4% B RTEE M PSt A 2L it KR &
¥o)) 58— K MRS AR R, E % 1 min
JE R T 25C H IR K, 7E 200 o/min 2%
PR B — 5 B [a], 459 2 8/ 58 454 PSY/TiO, &
G FLME. B iZ FLWAE 1500 r/min T &0 10 min, Jif
5 R H EtOH 88 75 43 B85 0 /3 B R 3 kL, 15
| PSt/TiO, & 4 ek
1.5 R{E

TE zetaSize 3000HSA FI 3 Sk B f zeta H {37

43 B4 (Malvern, UK) [l 5 PSt ZLIR I £ 43 i &
A zeta HLA DL K FRTEME i PSt FP 7 FLW Y zeta
M7 ] JEM-2010 %Y 3% 5 i 8% ( TEM, JEOL,
Japan) WLEE AN i PSt FL K A1 PSt/TiO, & A
BR 1) IE A FORLAR..

2 H#RE5iTiR

2.1 PStIBHIHIE

Jr A% PSt LR AH G M i L3R 2. A R
LR R A, R LR R 93.3%.
M TEM B (&1 (a)) AT RLE H, PStFL R K
INBJ—,D /D, gy 1.001, 5 3 kE B U 15 PSt
FLI M Z 0 B R BEBIR Y & R AT,
F MAA 36KV, 22 508 36 4 A1 76 3L R ek %
SRR AT G A, zeta BT N - 40.3
mV.

Table 2 Properties of PSt emulsion

D:EM D:?"S Zeta potential
Poly index D,/D,
(nm) (nm) (mV)
360 400 -40.3 0. 005 1.001

Fig. 1 TEM photographs of PSt emulsion (a) and the
modified PSt emulsion with PEI (b)
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TP S5, W5 R I8 E PSt FLEOR T 1.2 g Al
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PEL K7 W1 180 g, % %8 T PEL WK 5 1K &
zeta RO 2Z [A) 1) 5C 2. DAL 2 AT DL Y, R & fii
PSt ZLI Y zeta HL .y —40.3 mV, i A PEI J5,
M@%E’] zeta Eﬁfﬁﬁﬁﬁﬂ‘%, %’[ PEI {ZEEj\j 0.1
mg/mL & R zeta AL E ETFE] 21.4 mV, 8R)5
BE PET ¥k £ 19 58 fn 2248 b T 24 PET ¥ i ik 3
1.0 mg/mL B {& & zeta HL {7 | T} 3] 38.3 mV
B RAE, U6 5 A FERE PEL ¥ BE (1% 38 fin i 2 A%, 15 B
PEL i f5e (1 4 PSt A7 HE A9 15% .

M PStFLM Y TEM B8R (& 1) /] LUE 1
i iy S 3L RS RE 3R T I BOG I L AW PEL 7R PSt F
JiE A 2 THI B A 0 488 R, X AT R TR 22 JE LR o)
(R EL . PRI AS BIF 5 rhols PET /KU W A% ok 2 [ 5
7£ 1.0 mg/mL.
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Fig. 2 Zeta potential versus PEI concentration in the

system with 1.2 g of PSt particle and 180 g of PEI aqueous

solution
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EE PStZLRRI &R 1.2 g, ¥ 1.0 mg/
mL PEI 7KW HIH N 180 g, % %2 T 5| A PEL J5 1Y
SR ] 5 R 2R zeta B QL2 (8] 195G 5. AIET 3 AT LU
B TER BRI, 7K R zeta 037 il 27 I 1] F 2B
KT, 5] 9% PEL A F 1) —NH— 53
i hi i —COOH ) F2 I 75 % i T B Al 347, {2
SZPL PEL X PSt LB A B 4 308 7 38— 5 I
. YR AR T4 T 2 h 5 K 2R zeta LR
LB 157 I W) 69 2 K T, YR E AE 38 mV A2
A P AR ST o 2K 2 07 I i 2 1 2
2.3 #ZELEH PSUTIO, 85 HIRMH &

H T T & 1 PSt 3L B8 KL HY IE HL A, T
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Fig. 3  Zeta potential versus reaction time in the system
with 1.2 g of PSt particle and 180 g of 1.0 mg/mL PEl

aqueous solution

B35 550 PSUTIO, &4 OBk . B A 1Bk i it 72
P B 1 KA G TR
Ti(CO4Hg), + HyO — Ti(OH),(CO4Hy),_,+ nC4H,OH (1)

STiOH + HOTiE —=Ti—O0—Ti< +H,0 )

=TiOC,Hy + HOTi€ — STi—O—Ti< +HOCHy  (3)

FEAE B Ti—O—Ti 8 1) S W, K b 4 3k 7K
fift 4 G B MEAR TR, 3 A A TR IO R e D A b
AL SN I P S AR R R B R 43 2B R -
BuOH, P it fin s 75 20 e B I 8] 0B g 4 o
EtOH/H,0 WX #% 52451 PSU/TiO, &4 Bk IE
J A R
2.3.1 fmkborC

FATHTHIXS PSSO, &4 Bk iy B 58 R T,
SR FH R 3K A4 23 16 in A 32 mT LAAR G Hb 42 1) 52 6 Tk
(9 25 M0 25 L K7 IR IR I ™ AR S e SR iR
RN AL % TBT 5] A& 45 R &M PSt #
T LKL R Z b AT K RS A6 A OB, R
TEM M (1 4 (a)) W] LLE i1}, K4k TBT /K fif 45
BIEYAEAE T A b, b B W B AE PSt FL R kL 3%
I Ti0, KR e B EZE. T, IR
FHAD 2L WO A K56 B S 1 R A& i PSt
THWSIAZEA TBT 1 2B, 764 7] EtOH/
H,O Lb AR Wi B A3 8] T 5838 1 LL PSt A% |
TiO, A7 a5 2 A ROk (K 4(b)).

5l & e 45 PSv/Si0, &4 MOk ER [
HF TBT 7K fif i £ K F Si0, 3R ik JFL ik iR &
1 (TEOS) f) K fif 3 #4178 i K44 23 3tk i A vk
H, R Ry TBT (7K i 5 45 6 3 5 e, R 8 i K
fift 45 A 7 (S ERAR R A RN TiO, 8 e ok ) 78 1%
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A F)35 PSt LKL 2Z A/ B AE A 5 b R AR T DLTE
B e X RSV < o S T Y Lo VA T D 1 428 e
WA B v KRN R T A PSt 2L RS RE [ B i A
F| TBT ) £ BV W, X — J7 AR T TBT 7K fi#
A T o WO B R R JLE [ B, TBT K
ARG W B T UURRAE W A IE LT iy PSt LA
FLR, e J5 76 PSt AP+ R 2 B — ¥ 5w
Ti0, W JZ.

¥, 1200 nm

Fig. 4 TEM photographs of PSt/TiO,

composite
microspheres prepared with different addition models: (a)

batch addition of TBT and (b) PSt seed emulsion addition

2.3.2  J WK E

£ PSU/TiO, &4 kil a5 B b, R 3
TERFTE Y TiO, K H & & Bk ™= Wy i) & & 0 4
B JE LW W TiO, [ A RO R AR R AE BN,
A7 A0SR B Gy C P B A PSR T FL
W (& # R 4%, A iy H,0) (H,0  TBT FI
EtOH (% J & 4514 0. 50 ,0. 53 .0. 56 F1 10. 00 g,
LI A i H EtOH/H,0 3 100/10. 1, % %8 T %k
F VEWCh TiO, [ S i ORI ) 22 ] OC &R
(VLB S) . Bl 25 B B ] 9 28 K, B3 W Tio,
[ 5 R AR A, 2 S N ) 7 h B X B R E
0.52% , 4k 52 T J 0 B ), 320 5008 S AR R A8 L iR
AE JN 3 FR A TBT #B A= B TiO, , ifif H 4= 43
BICEE A JB0 o i o Bk 3R B A PSt Rl LB ORL

B, B W TiO, fY FIE [ S 5N 5. 30% . )
PIHE H, 8 7 h e, 47 2 PSYL I R
TiO, Jy H F I H (1 90. 2% . W A8 A% 55 56 £ 1
R B 7 h.
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Fig. 5 The TiO, content of supernate versus reaction time

in the medium with 100/10. 1 of EtOH/H, O by weight

2.3.3 EtOH/H,0 H

[ 7 e S PSEFP T 2L (& o 4%
A~y H,0) TBT 1 EtOH 1 & 43> %14 0.50
0.56 F1 10. 00 g, i i 44 il 7K 9 I A 2t 2k 98 5 44
F4r iR EtOH 5 H,0 ) b i), 5 R B 8] 24 7 h,
5T 4 i EtOH/H,0 Jfi & L5t PSUTiO, & 4
TR 7 2 J5 B RN 485 K T2 25 10 5 ), 485 2 43 3] L &
3 FIA 6.

ATLLE Y, Ti0, 522 B fA& & v EtOH/H,0 Jfi
S H I 3G T 2 AR R 24 EtOH/H, 0 Jii & ol
100/4. 8 Bf , B A Bk Br T B A7 B W 19 #5245 1
PO, RIAE W T A2 1Y TiO, 44 K G0k, it i)
FEZEREZ 2 40 nm (& 6 (a) ) ; B A0 ot 75 K
TGN, SOk 2 R TiO, 4N Kk ok i %k H %
W Fe )R W ARSI 5] 2 EtOH/H, 0 i Lok
100/6 B, 5¢ )2 JE B2 B 2] 30 nm Z2 47, Sl BR 3% 10 48
FMARIY) TiO, GRGBOR O ARG K, R A D&
/N TiO, 4 K BORLAFTE (B 6 (b)) 5 4k 2 B I
EtOH/H,0 JFf 5] 100/15, 5% 2 EEEFZE 10
nm LR (B 6(c)), iM% HAE B 2 100/18 B,
TiO, 72 )2 AN &, [R) B A AR Z2 A5 80 0] g 7K gt =
W) 53 WOFE A J50 v o W 7 sk R i (181 6 (d) ).

Table 3 The shell hickness of the PSt/TiO, composite microspheres prepared in the different EtOH/H, 0 medium

EtOH/H, 0 (mass ratio) 100/4. 8 100/5.5

100/6.0

100/9.0 100/12.0 100/15.0 100/18.0

Thickness of TiO, (nm) 40 33

29

23 15 6 ca.0
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Fig. 6 TEM photographs of PSt/TiO, composite microspheres prepared in the medium with different mass ratio of EtOH/H, 0

(a)100/4.8, (b) 100/6.0, (¢) 100/15.0 and (d)100/18.0

P L 0 R 2 T TBT 69 K i
4 4 R I 1,0 SR K A I 6 IR
L0 I SR 45 L0790, 800 HL 0 F 47
R AR BL 09 1T 244 B 1,0 g g,
T R 2 T T L THO, 3 O 0 JL e
F 546 BAOR 5 4L 0 FH U8 Y R 2% 1 5 i
FL O JH ik (0 80 TBT 06 K A 558 4 4 ¢
WA AT TBT KA 15 0 5 LR 2% 1
R B A — 5 A T T S B
T0, J2 24 H,0 B if 21, th T TBT K fi i i
e, R K A5 0 2 2 0 L
B2 50T, B BRI BRI TIO, e BORLAE

Jot i SR AR AT 3K R T TBT K fifg 7= 4 5 5L
i 2 T 2 1] S B 1) T 0 T A A B v Y fRORE 2%
MR A i 2L R 2 T, I 3 5 B PSt L BORE ) 2
ROk B

3 g

PSR 06 W1 A 330 0 & R AL ) PSt ZLKE
RLHEAT 2% T8 A, ] 4575 A7 IE L AT Y PSt AR EL
W85 K I Rh 5 L0 A %, i TBT 7 EtOH/
H,0 Jii4a [ o 100/6 (1 sk B i SO 7 b, 4]
# iR 8 — 5 R R X A B SE A5l PSY/
TiO, & &R,
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PREPARATION OF PSt/TiO, CORE-SHELL COMPOSITE MICROSPHERES
VIA SURFACE MODIFICATION OF PSt SEED LATEX PARTICLES

CHENG Guanzhi, DENG Wei, HU Yang, KAN Chengyou
( Department of Chemical Engineering, Key Laboratory of Advanced Materials of Ministry of Education,
Tsinghua University, Beijing 100084 )

Abstract A negatively charged monodisperse PSt seed emulsion was first synthesized via batch emulsifier-free
emulsion polymerization,and then polyethyleneimine (PEI) was added to modify the particle surface at 25°C
to prepare the positively charged PSt seed particles. Finally, the core-shell PSt/TiO, composite microspheres
were obtained by adding the diluted modified PSt seed emulsion into the medium of ethanol with certain
amount of tetrabutyl titanate (TBT) under neutral condition. Influence of PEI amount on zeta potential of PSt
seed emulsion,and influences of reaction time,addition models and EtOH/H,O mass ratio on the morphology
of PSt/TiO, composite microspheres were investigated. Results showed that zeta potential of PSt seed emulsion
increased with the increase of PEI amount,and reached its optimum value of 38. 3 mV from —40.3 mV when
the amount of PEI was increased to 15 wt% of PSt seed weight. In the preparation of core-shell PSt/TiO,
composite microspheres, the encapsulation ratio of TiO, onto the modified PSt particles increased with the
increasing reaction time,and a maximum value of 90. 2% achieved when the reaction time prolonged to 7 h.
With the decrease of EtOH/H,0 ,the number of TiO, nanoparticles absorbed onto the composite microspheres
decreased ,and the uniform core-shell PSt/TiO, composite microspheres with the shell thickness of about 29 nm
were obtained in the medium with EtOH/H,0 mass ratio of 100/6. 0.

Keywords Composite microspheres, Surface modification, PSt/TiO,, Zeta potential, Morphology



