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M E EHRNR MKW (PED XA 360 nm () 543 HUTC 8RR 24 (PSu) FLBERL BEAT &4 , 15 3] 38 1H
i 1E WL ) PSRRI, 28 )5 R HE I B35 A SRR IE T R (TBT) /9 £ B 50K B9 iR & A B, 16 o ¥ A - I
(sol-gel) ¥ il 4 i} T A% 52451 PSU/TIO, H A MER, REATZ T IR K pH A1 TBT I H X & 5 MOk 45 1 T2 5 103
M. BT ST R W], B 5 1 AR R T e 454 PSU/TIO, 45 ORI s 2K R pH B 7.2 I, W] 45 2 0 B 52 4 |
Ti0, 722 & ¥ — 1Y PSt/TiO, & & bk, )5 B R R pH (R Th s , 688 8 2 0 42 v 5 24 pH B T & 5
110 i, 76 J2 8 B B i ok H I B T BB R A SR E S MR 1[5 BA AR pH o 8.5, EtOH/H, 0 Ji &
Lo 100/6, K4 PSt AP T ST 0.5 g (B &8 4% ) B4 1F T, B TBT JH4E M 0. 01 g 388 Jin 5]
0.16 g, &2 G WMIRFE)ZERENL 0 nm FHHGINFH] 60 nm; 24 TBT Flik I % 0. 32 ¢ b, 76 2 & B i g =8 12
nm, R S T AR A9 HURE |, I 8 B R L B RORE s L JS B R TBT A i 388 n , 6 382 )2 58 B2 32 ¥ el 2, o 40 2 3k

RBWH L. BR BN, G2 S MK Tio, WEJZAR —E RN, 2B 55 4 G815 2B 51 58 8 M Tio, h=s

fk.

XHiA  PSUTIO, A EK, TiO, ha ik, B,

LA R IO 445 ) AT 550 1) Sk o e 4 ok
RN e , b i 7 45 # ek A op 25
R T SZ WS B IR X T LA RS WOk A
LA Si0, \Ti0, \ZnS  Zr0, . % 1k £k 25 T6 LA BE 5%
A% 7 A Tk, Pl T L R S A i
R R 455 S o Ak £ 2 T H A R L T
W B A T 7 B P BRSO
I 70 45 450 LA 1 g 1o i DT
i A 3 A SR f5 I IR A F g A 2 — 0L i TR L
Hh 23 sk DR LA A 3 B R b T ARUR o A
SR TR PR R S AT B I A 1
RSO T T v BRI S P L R S
50 B O R S D7 I BURS T AR B BF g B
%[1244].

PLAE Sk, 44K TiO, PR Bk 10 0 i £k 1 g
SR TE, B A Y/TIO, B A WMER TIO, Hh2s i
BRI BIF 58 I A 038 . 7E R AW/ TIO, B A
EREOBIT S v, 9 T -1 TG o 4 Y0 T e 0 B A9 £
5. Shisho 251" L) 9k 5 2 475 ML WS A B ( PVP) Fa
(¥ PSt FL ek B T, 38 18 Bk R IE T g (TBT) B9
KI5 G R, A5 F) T 582 R E K 30 nm fY

pH, A IR {A

PSUTIO, % & (0kr . Tmhof"* 1 2 o 9 77 5, % B
LK 2 U S5 P 165 S T 3K A, T LA A B b Ve
TiO, (L7 )2 (1) )& J& . Wang' " 45 ¥ 2 F G 2 2L Wi
B84 1 1 4t TR A 9L T A PSt BBk, SRR
Y BUTE B 206 W9 IR A A B, i TBT 76 i
P 4 4F T REAT K At 5 46 4 B, TR RE A3 5 T PSY/
TiO, B & k. TiO, W a5 i ek W il 2 2 L R &
Y/Ti0, 24 WER N RTAR, F H i R & W LU
i B B 1 7 B B 25 T A5 E) H B 7 . Agrawal
2 VST DU 20 R T 0 TR 2T 2 TR 2 TR Y
kB PR A T 2 A K R A £ K R A
TS 3 3 7K e A0 4 5 I 7 0 B 1 LBk 2 T
o FH DU Sk I i 2 B A, B A TR R T
Ti0, 123 fiER. Qiao 25" 1 Jolt 24 24 FL K KL 4y
BT A A R SR 1 G s m TBT A =
WM £ BE W, 4% T 15 2 A Ok T 500°C R
JEhe 158 T B2 N T TIO, s k. T4
R 26200 1 2 T - TN e = 2 S R R A ) TE B PSt
SR HEAT B PE SR 5 7E 20 BEVE W 8 TBT
IR A 4 45 RS B PSY/TIO, B 4 ek , )5 JH il
SR 25 PSt N A%, R REFE B T TIO, s i
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AT FRATT R R — A Sy 17 R0 O vk R FLR 1.5 RIE

3 THI A4 1E L B PSR FLIOI A 3] TBT/EtOH
I B HEAT K 5 A A TR, A T R SE A
PSY/TIO, B A& ek ™. 76 M LRl 1, 7% S0 R Gk
58T A 7 R & pH (B DL RTEK{A& TBT HJ
X PSU/TIO, &2 R 225 K T 25 10 S W), OF o 4k
Bekil # TiO, i HOREAT T 4R

1 SEES

AR (St) FH FE N R (MAA) , 73 #r 4,
298 R 7RV 5 1 5 o AR B (APS) |, A At 2k,
FB KIS 55 T BRER 1E T e (TBT) F1G
K BE (EtOH ) |, 43 #1 4l ; 2 & 4% W fe (PET) , 99
wt% M, 2y 10000 ; it 7K 242 25 8 7K.

Z: HEOSCHR [ 21 ] 9 5 12 i) 28 R A2 PR 43 Wi '
PSt ZLK. B 45 FL I & o 30% , B R AR
360 nm, EAFHHE B (poly index) 2 0. 005,D /D,
A 1.001 , zeta B {ii i —40.3 mV.

1.2 PSt LA #I A R E 215

¥ 4.0 g B3R PSURLWK (3% 1.2 g PSUIKER) FI
30 g KA F] 250 mL ) = Ff 88 A 2 EE 20
min, SR G FEBEFE TR ZZ A 180 g 1.0 mg/mL i
PEI /KW, I+ 25°C F i 2 h. SR IG & 8.0 4%
B O B KR 3 IR, B S TR
4% 1) R MR PSt Fl 1 FLUE .

1.3 #ZFELH# PSUTIO, E S HIEKH & &

B SEH 10.00 g 9 EtOH Filif i 1) TBT 4RIk
A 50 mL X NIR S RS TE R IR IR & 47 2
AT A 0.62 ¢ #i B J5 I E pH {H 1Y R M
B4 PSt AP F 2L (0.5 g [E & 5 4% (W R A&
M PSt Fh 1 FLW, FH Z K 803 i M 17 pH B, F 7K
#HZE0.62 g J5,IRAHE)) 153 EtOH/H,0 Jit &
e 100/6 FIR &K &R, 2% 1 min 5K X E
T 25CH IR T, 7E 200 v/min Z5/FF 2 h, 15
/58 451 PSU/TIO, & 4 LW B i 3L W 7E
1500 r/min F &.0> 10 min, Jr {58 @ {& FH EtOH #75
G- 0 A3 B VR 3 K, 14 3] PSY/TIO, B A
BR.

1.4 TiO, A=K H &

¥ 1.3 R TR e 45 4 PSY/TiO, & & Tk
FTEER T T 24 b, R EE TSP, 10
K/min [ 34 2 F} 2 500°C , /B % 4 h J5 15 3] TiO,

1.1

FLIE Y zeta HL VL 7E ZetaSizer 3000HSA %Y %
JCRLEE Ko zeta HLAE 43 BT AL (Malvern , UK) |l 7€ 5
it 7L BERLFI 2 A TR B B R AR (D) B 454
A 7E H-7650 A& 5 A1 55 (TEM , Hitachi, Japan)
3R AE; H JEM-7401F #4944 i 8% (SEM, JEOL,
Japan ) WL {K (19 T2 551

2 BR5UE

T ATk B> BTG 52 PSt Fh 1 LR 14 ) 4
DA S 26 T A6 Wi 7 ¥k 2E 47 i3 R GRS, 45 PEL K
A5 , L zeta H A7 10 JEUSR 19 - 40.3 mV T 3
T 38.3 mV M IS SRR B KN A A A
KA.

BRS¢ W, R FIGK 24 7T {4k TBT 89K i 15 4
BRI AR SRR TBT K 7 4 5 18 i
J& PSt FL B 3% T F) e FE 43 77 1 — S 1 B A
FI2 % S TBT K i 7 M 4 SR I e PSt LI R
T A B 5 B I TiO, 2, T A4 B A 5 45 4
PSU/TiO, & & Bk, B 1Rk 2 i pH {1 TBT J
B4 % F PSUTIO, B A Rk 19 L B
A TR KR WIV .

2.1 4R pH EHI M

[ 5 2 T & i PSt B 7 EL W ([ Y A
4% ) TBT 1 EtOH i F & 4> %15 0.50 g.0.26 ¢
F110.00 g, ¥ EtOH/H,0 Ji & K 100/6, J2
137 I ] 2 7 b, 3 e 7 5 A PSE R LI R om
ANZK SRR, % %6 T 4 R pH Xt PSUTIO, &
B OERE F T 25 1 5 T

M T B A TEM B8 A (& 1) o] LA 7
09 pH T B A 12 R A K58 45 09 19 &2 4 ek
Mk Z pH H 7.2 W, BT ek BoA B W B
FELEK WG TiO, 52 )2 8 i % 7k & pH 1 T
TN 5 24 pH JF s B 8.5 W, 7% 2 5 ik ] 54
nm, {3 BR 22 AT O W K R pH kST =
11.0 i, & A MR 1972 )2 JE B8 £13K 70 nm, {H
Tk 2 T A8 A9 AR s 24 pH {5 F 110 J5, &
A5 Ok T L ARRELRE , Bk =2 18] 9 SR 2 T M 4

T 5 AN R TBT [ K fige 2 o7 AL B 47
TERFSY , & BLTE R M 0B A TR v R T 28 5 1
o i) 3k 9 SR [ L TR A B HT R S I 4y
T Ti—OR HE b i 40 57 9 2 5 74k, 1
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LT 2 1 % —OR Xk [ 8%, fff B i 3 2 22 1E
HL A TR AS B 9 T P PSt AP FLIECRL I zeta
HUAZ A 38. 3 mV, F LA IE H AT, iy T HE R
PEFH L 78 3 vk PSt L e R 2 T A9 e 5 o L A
TBT 7K fift 7= W) I8 i 25 , Rl B TBT B £ 52 ¥ i
¥y Ti0, 44 ARt e LA W B 2 e rE PSt Ik
FM, AT AF A B A% 58 45 4 PSUV/TIO, &2 & BER.

MR R G E R, OH 6 B E2 X Ti-OR 3 I 9 £k
J - HEAT SR A% 1 T, AR D S 40 B F e T K
P PSt T U i Rz 2 T Al 1 H far , PR B A% 1
™ TBT K it 7= 4 vl Ll 3 i i A R O B e
P PSt FL R e 1w W] B R T St PSt L B RE
FE1H 4 i LA TBT K gt = 4 T2 L &, AT I i
Tio, W& 2.

Table 1 Influence of pH on the diameter and the shell thickness of PSt/TiO, core-shell composite microspheres

Sample Al A2 A3 A4 A5 A6 A7
pH 1.5 3.2 5.6 7.2 8.0 8.5 11.0
D, (nm) 360 370 370 418 430 468 500
Shell thickness (nm) 0 5 5 29 35 54 70

Fig. 1 TEM photos of PSt/TiO, core-shell composite microspheres prepared at different pH: 1.5 (Al), 3.2 (A2), 7.2 (A4), 8.0

(AS), 8.5(A6) and 11.0 (A7)

FH SEM i — 5 filF 5% T 1 & pH {E X4 88 AUR
1 PSY/TIO, &4 Bk 22 10 T8 500 (4 5% i) , 45 2R DL 14
2. 7 21 W 5% AE SR R M A 9T R OB B BBk (RE S
A2) &k B, RAT /DBy TiO, 9 >k Uk W% Bt 78
PSt {3k R 18, Bk 2% T LU BOML R 5 X i rh b

A TR b g R RE A (RERD A4) ,TiO, XT PSt fBk
O E 2, HARM I E P4 Mk R pH &
P 1L 0 I R & B TiO, JURE, B 73
B B ARORR B LE 51 A

Fig. 2 SEM photos of PSt/TiO, core-shell composite microspheres prepared at different pH: 3.2 (A2), 7.2 (A4) and 11.0 (A7)
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() pH H AT 7.2, TBT /K fift B R A G | KAl R 5¢ 4,
A9 39 2 0 1 K A b Tl =4 Ti (OCL,Hy ), -
(OH) , I TiO, ik E Jic ki 1 50 45 20, & 1] v 3
ORI B N 50 o S TR W v T B 2 2L R
T A A )2 R A R pH M B, TBT 1Y)
K fift I 45 G SR N, RN ) B A 8 ]
1 TiO, fEERAF BRI 2, AT S P BT
ek PSt LKL TH T 4 AT BTRZ 5 4 1k
Z pH HTFE 3] 11.0 i, TBT 7K i K 45 & i 3R
HE— 248 &, TBT 7K fif 52 N ] 7= 4 v B R R 34
i, BT Z 8 0 46 A DL K TiO, BB R Yk 9
KL [R] I 2R 14 JL 3 AR ol B8, 25 SR 0 B 0% B 1
TiO, fale 58 e A 7 (0 %5 B AR X 0k >, k42 78 K, X
W' F T PSUTIO, B G Bk 3R 1H Y BB 6 4R 18
e

2.2 TBT HEW¥N

] 5 R 1B PSt AP 2Lk ([ & i 4% )
A EtOH 1y J] #4351 24 0. 50 ¢ 1 10. 00 g, F il
EtOH/H,0 i & [}y 100/6 , % 1 &4 PSt #h 13,
W pH {E A 8.5, KW I (8] 2 7 h, 48 7 TBT &
X PSt/TiO, & A Tl ER 45 ¥ T8 25 (5% 1)

M2 B s A TEM B R (B 3) T LA, &
Bk B W B Se a8 e B R —. Y
TBT FIHE M 0. 01 g 4N 0. 16 g B, & & Bk 1Y
SEIZEJE S 0 nm BN F] 60 nm; 24 TBT ] &
JnE] 0.32 g i, 54 ke 2R R R R 12
nm , fER SR T AR 15 RURE , O B B K a0 B fOR
WIS BEE TBT i i 4 s, A0 7 V& B 34 7 a2
7 kL 2 T 3

Table 2 Influence of TBT amount on the diameter and the shell thickness of PSt/TiO, core-shell composite microspheres

Sample Bl B2 B3 A6 B4 B5 B6 B7
TBT (g) 0.01 0.07 0.16 0.26 0.32 0.56 0.90 1.20
D, (nm) 361 404 480 468 384 382 378 370
Shell thickness (nm) ca. 0 22 60 54 12 11 9 5

200 nm B74,

Fig. 3 TEM photos of PSt/TiO, core-shell composite microspheres prepared using different amounts of TBT; 0.01 g (B1), 0.07 g (B2),

0.16 g (B3), 0.32 g (B4), 0.90 g (B5) and 1.20 g (B7)

TBT I AL GE T #5845 8 PSUTIO, &
B ORI 5T )2 5 BE T X sk i 3R DR S A
ZLR. N TEM & (151 3) F SEM [ F (151 4) nf
LU % F TBT 50 i) BL B2 F1 B3 K i,
PRk T8, QB LB OE B, B TBT Jl &
FRBE I, R A0 B B BREK 1 TiO, 49 oK UKL % ¥ 14
Z ;24 TBT JHH R % 0.32 ¢ i} (K 3(B4) ), 7%

FICCE A JB v R B 38 sk 2% 1T A9 THO, 44 K UKL
M 2 5 A IRk T E S HBOHLRE .

FeA IR B g R N AR T TBT /K fi#
A5 ) IR W B I L. XY TBT A i,
AR v K fige i 18] 7 By 0 ok B L B, B AT AT LA
Fe 50k PSZLREORE 2 T A 11 2 P R SR , A L
PRF Y U W S 7E )2 B TBT Jl 4 3
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T, 7K S SR R, B 22 B K fige e a7 A S
PSt L JBE 2 2 17 6 4 3R B R R 1 ¥ 20 52
JZ 529 TBT HI& 3 3] — & (6 )5, /K i 5 1 Hh f)
PRk BE S — 20 T Rt PSu B BEREL 1 K

— €, SECP A Y o 1 ) A 4R R R Y LR
WK, S5 RAEA b = R TR 2 TiO, 4R JKE,
TE TR A, ik 2 /)N JBORE % B 7E TR L i ARl Bk
M AL AR .

23

Fig. 4 SEM photos of PSt/TiO, core-shell composite microspheres prepared using different amounts of TBT; 0.07 g (B2), 0.16 g (B3)

and 1.20 g (B7)

2.3 TiO, FZEMKMEMES

KlS 458 7ORIE pH T R4 38 43 PSU/TiO, &
B ERIBRE S5 T 43 TiO, w25 flek 1Y i 5 8 . 1E
JERE L A B A W A B 2 v 1 P AR
Y25 R A IR R AR R, 7 A /N A3 R o
JI2 1) it 5 Ab HE L A K — ik R B B AR AR 32
— € WL H), B ATA BR B R BE R 25 DY 5 R HR
R R EGEZ MR, v LA A BRI E &
Ik TiO, 8 2 B B R B 25 PSt Al e 25 A
SRR S BT = W, A8 3 o ok i b =3

SERAS LLOR B L (H 72 2 B0 H A5 M A i, 15 A 2B
FIEEEH TiO, P25 BOER (BE i A2-void) . 2 &
AR Y A0 B3 )2 I8 3 SR ) — 5 SRR (29 nm J2 DL |)
I, e J2 0 8 DR G JRE R ) 8% i 4 i, A2 IOk
Pe ST 1 5E )2 O EE T BRI S, (5 5 43 3k 2% 1 4))
S — S R0 (K Ad-void) . 25 B TR
B )2 B Ak SN, 58 2 5 Bk — 2D A v L MR
PRJE W7 EAHETF 2L H 5 A ok B &R 43 Tio,
URE 23 TE MRS ik R v JBd 7% T R, 8 JH: 3% T B o
B (FEM AT -void) .

NS

Fig. 5 TEM (above) and SEM (below) photos of voided TiO, microspheres prepared from different PSt/TiO, core-shell microspheres at

prepared different pH:3.2 (A2-void), 7.2 (A4-void) and 11.0 (A7-void)

3 it

RTSR AR TBT FH & A1 4k 2 pH %f PSU/TIO,
A TR S5 H I 250 B2 52 . 1R M 20 5 R R

T PSU/TIO, B G WERIYIE B 216 & pH (H 4 7. 2
I, A A 2 AL B SE MR TIO, 7R R — 1) PSt/
TiO, 2 &k, 15 A A & pH (R THi , (i
JEEEZH P 5 24 pH {9 110 wf, R QB
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INFLUENCES OF pH AND TBT AMOUNT ON THE MORPHOLOGY OF
PSt/TiO, CORE-SHELL COMPOSITE MICROSPHERES AND VOID TiO,
MICROSPHERES

Guan-zhi Cheng, Yang Hu, Wei Deng, Cheng-you Kan
( Department of Chemical Engineering and Key Laboratory of Advanced Materials of Ministry of Education,
Tsinghua University, Beijing 100084)

Abstract A negatively charged monodisperse polystyrene (PSt) seed emulsion was first synthesized via batch
emulsifier-free emulsion polymerization, and polyethyleneimine ( PEI) aqueous solution was then added into
the diluted emulsion to modify the particle surface at 25°C to prepare the positively charged PSt seed particles.
Then , the core-shell PSt/TiO, composite microspheres were obtained by adding the diluted modified PSt seed
emulsion into the medium of ethanol containing certain amount of tetrabutyl titanate ( TBT). Influences of pH
and TBT amount on the morphology of PSt/TiO, core-shell composite microspheres were investigated by TEM
and SEM observation. Results showed that it was difficult to form PSt/TiO, core-shell microspheres under
acidic conditions,and a uniform TiO, shell with about 29 nm in thickness was obtained when pH increased to
7.2 ,and then the thickness of the TiO, shell increased with the increase of pH value. When pH was 11. 0, the
thickness of the TiO, shell reached 70 nm,but some of the composite microspheres were partially encapsulated.
With the increase of TBT amount from 0.01 g to 0.16 g, the thickness of PSt/TiO, core-shell composite
microspheres gradually increased from about 0 nm to 60 nm when the amount of PSt seed emulsion was 0.5 g
(solid content was 4% by weight) and pH was controlled at 8. 5. While the TBT amount increased to 0. 32 ¢,
the thickness of the TiO, shell reduced to 12 nm,and the surface of the composite microspheres became rough
gradually. After that,with the increase of TBT amount,the thickness of the TiO, shell decreased,and a number
of TiO, nanoparticles appeared. The voided TiO, microspheres were obtained by calcining the PSt/TiO,
composite microspheres at 500°C for 4 h when the thickness of TiO, shell in the composite microspheres
reached a certain level.

Keywords PSt/TiO,composite microspheres, Voided TiO, microspheres, Morphology, pH value, Precursor



