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Preparation of perovskite type nano SrTiO: by sol gel process

ZHANG Werrkui, TONG Xtli HUANG Hui, GAN Yongping, HUANG Na

(College of Chemical Engineering and M aterial Science,

Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: By using Sr(NO3) 2 and Ti( OBu) 4 as raw materials, nano-sized SrTiO3 powder was prepared by the sot
gel process. By means of IR, TG-DTA, XRD, SEM and UV analysis, the different factors affecting the solgel
process were investigated, and the crystal structure and characteristics of the as-prepared SrTi0s powder were ana-
lyzed. The experimental results show that the factors including alcohol, acetic acid, water, propyl alcohol, tempera-
ture and pH value have obvious influence in sok gel process, especially, in which the reaction temperature is the most
important factor for the gelation time and quality of the gel. Perovskite SrTi0s is formed at heat treatment tempera-
ture of 650 C. With the increase of heat treatment temperature, the phase abundance of SrTi03 is improved and the

SrTi0;3 crystal grows as well. A red shift phenomenon is observed in UV spectrum for the corresponding powder.
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BIAE IR A . REKER T BRI 5 0 e Bk &
BE T A B . BB B WEEW A F, HA
WitRE, Woe/a AT =gk a5 0. Sh, SRGF
BB, 7560 CK# R Tk, BE e 3B
FEIR1F SrTi0s Ffhk o SEI6 A% A B BRSO 43 #r
Ak .

FER I X B AT 4 5250 K Thermo ARL
SCINTAG X TRA By RATHAN, Cu Ko FEH, E4LL
AR 7 2ORFE, RN 2. 4(°) / min, 204 JEH
YO 15°~ 70° . FH BB LU0 7E Hitachi S ~
4700 1124494 L 7 WA FadkAT .

T T B9 21 A0 W W B SR B Niicolet 24 &
NEXUS 670 ZL4M G340l 2, KBr A . T HEK
(1) 22 oM SES K I 52 B PE A 5] 1 Pyris diamond
TG/DTA M4, N2 <M, FHEREE R 10 T/
min, SAEFHE A 100 mL/ min, HEVEE R 25 C,

SrTi0s A 7K (1 48 41 W e 3k K A VARIN
CARY ~ 50 2AMRBOGIEAL, #HK SrTi0s ¥y oK
WAEAE T K B, R 42 8 5 min, SR )5 1
AT AR URR A

2 FiIR5iTR

2.1 UM BRI 4 SeTiOs R 2

TR IR BRI R, 4 B £ 1R 7K fif A 40 36
RBREBEN RN, WERNKAE, BB 1K #
FGE TR SN A 35 A R 70 Ay s R R AR AR S BRI
YAN STk 7K e 4 2R G AR 32 A2 A N R R
WRE VKB IR AOKSE IR 52 . Skbr b, W) pH
B« e R P A5 DR 25t 2 0 4 Jo T 3 P K A N 4 R
RN A B . Bk, KLRESFHRT AL R
fro 2t B0, oA B — 5 TR R IR/ SR VR
W% S HO S e B Il 4% SrTi0s HIFZI
2.1.1 W

To/K Ll & — R AR 47 B 70 B0, 3R 9K /D,
BTG =2 ORI AR B T4 . B Sr(NOs) 2 M
Ti( OBu)s % 0. 01 mol, CH;COOH 20 mL, H.0O
20mL, A 20 C, Hih 6 mL, BT ALK LE
() BRI LT BRI B PR e, S5 R AT 1.

To/K T ) 3 BAEH A2 20 5L Ti( OBu)+ ( L3R
1), ¥EKLEEANLER, Ti(0OBu) 5T HH
Ky RN, ALHRARTE; 12K S5 UK S IR
Lol 10 2 J5, #F— 0380 LB 0 &0 R N
B] RIS AN K

F1 BRSO R
Table 1 Relationship between gelation time
and amount of C2HsOH

V(C2HsOH)/mL  Gelation time/ min Solution state
0 Turbid
5 Turbid
10 11 T ransparent
20 10 Transparent
30 15 T ransparent
40 14 T ransparent
50 15 Transparent

2.1.2 VK&

UKEE TR A2 ¥ i Bk RS vk 1 4% SrTi0s 1 2
I, AR B FRIIAR 1) <0 R T 6 FR) 7K 8 R 4 2R s
FIE %, B Sr(NOs)2 Al Ti( OBu)4 4% 0. 01 mol,
CH3CH,OH 40 mL, H,0 20 mL, i 6 mL, ¥/
40 °C, A SR UK I TR ) R RIE 9 O R I T
I, 4RV TR 2.

F 2 VKESRRINN &5 B I TA) 1) 56 &
Table 2 Relationship between gelation time
and amount of CH;COOH

V(CH3COOH)/mL Gelation time/ h Solution state

0 Turbid

5 Turbid

10 1 Halftransparent
20 3 Halftransparent
30 4 T ransparent
40 5 T ransparent
50 11 Turbid

80 Turbid

H 2 A WL, Bl AE UK PR BE IR BE In,  Re I
AWTEK, X2 TR R AR I 5 5 1 R A e %
PE, M Ti(OBu)s A BN, FIEERYS
Ti( OBu) 4« KA T ]2 MV

Ti(OBu)s+ xCH;COOH —>

Ti(OBu)s-.(CH3:CO00).+ xROH (1)

FEPRAR 2 25 B Ti( OBu) 4 H ) —OBu % —
Bofr B, OVBE R B R T P IR S . T
JEH Ti( OBu) s- - (CH3COO0) . H Ti( OBu)4 AL
KA 4 5, DRl I 8 I I ) ZE G . 4 DK R & o 2D
iNf, EM Ti(OBu)as ¥ [F H.O KN A K TiO-
H.0 JLvE, AR, T KBS R 1) & 1T £ i,
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BEK R Ti(CHCOO) s YLIE, A 1A AR VE
.
2.1.3 K

FEW B BB R P, KT DLl St &, IR
VA I ANk S A3 LA B . TR FEHR Sr(NOs )2 Al
Ti(OBu)s % 0.01 mol, CH3COOH 20 mlL,
CH3;CH.OH 40 mL, Hyh 6 mL, #EN 40 C, &
A EC AR AR R I B SRATT 5 RS JR ) B M,
RINTFE3.

R3KIMAE S BB R K58 R
Table 3 Relationship between gelation time

and amount of H20

V(H20)/mL Gelation time/ h Solution state

10

20 0.50 Transparent
30 0.25 Transparent
40 1.50 Transparent
50 2.00 Transparent
60 5.00 Transparent
70 Turbid

H3 3 AT L, RS N T 5 Bt 7K 58 384 0 1T 98/,
SRJEREAK RGN, &5 WA %R . —OH
M7 THAR —O0Bu 2, HFI T4 FHES,
P B, KR DR, KAE—OH HHHAR
—OBuZE P e, Wnsl(2) o . ZuKE4kstin K
I, # k4 —OH KB HAL —CH5CO0 % B 1
N, A% g 1) 2R 5 0 B 1S, 3 BB N TR SE A
KB Z I, KRR Ti(OH) . UITE, I IRARTE
M, R

Ti(OBu) 4 (CH3:CO0) .+ H,0 —

Ti(OBu)s-.(CH3;C00).+ ROH (2)

Ti(CH3CO00)4s.(OH).+ H,0 —>
Ti(CH3C00);-.(OH).+ CH;COOH (3)
Ti(CH3;CO0O0)3(OH) s+ H,0 —>
Ti(OH)« ¢ + CH;COOH (4)
2.1.4 HW=F

N = B2 — R R 7 A HLA NGR, BRA5R
KPR BB M AR B R M . B Sr(NOs). M
Ti(OBu)s % 0.0l mol, CH;COOH 20 mL,
CH;CH.OH 40mL, H.0 20mL, #5420 C,
i SO P = R0 N S I L s e B T ) 5
HiRTITHR4.

MRAT] LLE 1, ZA MNP =1 I, 38R

K4 N=EEINN RS RN (] 58 R
Table 4 Relationship between gelation time

and amount of propyl alcohol

V(Propyl alcohol)/ mL Gelation time/ h Solution state

0

5 4 T ransparent
10 3 Transparent
15 5 Transparent
20 7 T ransparent

TEAN B, X H T RS A T R 3 e VA I T A
A) ) 2R e BGHK),  TT0 2R 5 UA AE S4AA T A T 3 f if
AReRAEN | ANEEN RN, Bk (R il > HA
€, REWNEAGKE, 2T HKERG- 7B
WiR, SN B I v R R IR AR R L N
=T Ja, R B T B0 Ak, i B4 B R ik L
ATy TF, RCREE I e BRI AR R, &Y
FRBEEE . IR 4 TIEE Y, BRI TR BEAE N =
AN SE kBB e BT, WTRESE T OT AR I > B
P = T T IR PR ORI SORE, I oK R R 45 K, 4
PR ARA R N (HEEE N =B EINK, E¥S
W h 2 1) R AR AR SN, A B JE I £ O A 4 T
ey, PSR GJm e 2 B HE KA, AT A s I
I E K
2.1.5 WE

HU Sr (NOs)2 A Ti(OBu)s 7% 0.01 mol,
CH;COOH 20 mL, CH3CH.OH 40 mL, H.0 20
mL, =8 6 mL, B 500 8 B i 18] B 5,
GiRINTERS.

5T R I [A] ) 5

Table 5 Effect of temperature on gelation time

Temperature/ C Gelation time/ min

10 600
20 210
40 60
60 35
70 12
80 5

MR 5 AT, BEAEUR LR T, B I T T
e, 2 WL X s s IR 1) 1853 Wiy L HC At IR 3% SE B
BRI, R R SRR T K P B MAR B 1A
Pefih, (EREAKMEMNAEIRIN . RN, W B B A2
PG RE, WEETHE, eRt RN HEAT, R
v U R T AR 2 s e ) o AR R o v, R
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AL BB R KRR & SN, [ ISR A4 T 2,
SR DR . R, W B R, ANECR
FAK RS, — B 40 CUUFBAIE
2.1.6 pH1E

HU Sr(NOs)2 A Ti(OBu)s 7% 0.01 mol,
CH3COOH 20 mL, CH3CH20H 40 mL, H.0 20
mL, W=F 6 mL, #2H 20 C, WL Ik HNOs
HINH3 * H20 RAFFT pH B XS W 1 e RO 72 1 5%
Wiy, S5RINTEGE.

6 pH {EXS BB IR (¥ 52 1)
Table 6 Effect of pH on gelation time

pH Gelation time/ h Solution state
1 Transparent
2 16 Transparent
3 8 Transparent
4 6 Transparent
5 3 Light blue
6 Turbid

i 6 W0, 24 pH <1 8 pH 26 i, RAETE
RO AR . 4 2< pH< 6 B, FURHS TR pH {EF =
M4a%, RHH RESESHRE CHaCO0™ =4k,
15 DL S e DLR A

Ti(OBu)++ xCH;COOH —>

Ti(OBu) 4 .(CH3CO0).+ xROH (6)

P pH &L/, ASREFE ek . 10 pH {E 3
K, B N R B, A e B Ta) 46 %8 . {22 2 pH
AR — e B, KR AR QR M

Ti(CHsCO0)(OH)s+ OH™ —>

Ti(OH)s ! + CH3COO" (7)

MITTAE AR i, DRI pH R0 - s it
FERI SR E
2.1.7 FHW - BT 4% SrTi0s (4% R FE P

#r

Wi DL BRI, LB UKES
R K A= IR K pH (E XY 06 ¥ i gt fie i 2
AR, s S XS s A T i B T 0 S A
R e W D, B v R R R ) R R
A K B ARG R e i ) o DRIk, BSR4 000 5 ) iy K
K, TEWE O/ UKEERR K . =T K& pH 25K
FIATIR T, B A R AR .

2.2 BERHILLANEBOEIE A
B 1 Pros AT SRARAT 700 CHRALER 2 h i il %

) SrTi0s ¥ K ) L AMRSOG 3% . mT AL, BT R4 AR
2920 cm™ ' BT LA R XS Y. CHs FICH:2 3
1 (4 PR S Wi, 3 400 em™ ' 245 JE OH ™ f#i4E
PRENE , 700 CHALPE 2 h 5, 2920 em™ ' P iT HYBL
(R AU T L -9 %, 3 400 em™ ' 22 A5 FR R 1A U8 A,
B SR 98S Ho ml =i, 3R B0 AR ER 5 A ML A
Iy, SV P R ES . CHsCOOH MBI
ek B B A 1 719. 91 em™ ' AT 1 268. 31 em™ ' i
E, 550. 09 cm™ ' AP E KIS Z Ti—0, Sr—0 #
BN & . £ 1 650 cm™ ' F1 1200 cm™ ' 2 8] JU &
COO™ #RY5 Sr 8 Ti 45 & ¥z . §SKAKLE 1 400
em™ "1 800 em™ ' Z [B] ) K IEAEAE, 1 BH B
THRKEMSER B L BSRIR, X LIt F 7
700 CHULH 2 h JGREAMETEE .

Sample prepared at 700 C

Precursor

Ll | |
2000 3000 4000

Wavenumbers/cm™!

0 1000

Bl 1 ATYRARN 700 CHUALEE 2 h 5
%K) SrTi0s HILLAMR IO i
Fig. 1 IR spectra of precursor and SrTiOs

powder prepared at 700 C for 2 h

2.3 TEIRMZERDT

B2 Fion A THERE TG —DTA —DTG k.
Bl w . AFE S B TR 03, AN TR Lo R
5N B 1) 50~ 150 C, RESRERI KRN
2. 38%, XA T i B K FE; 2) 150~ 400 C,
FERRERIRE N 20. 12%, FEZHIH H5
filf, WUKEEER, 1IETHE, W =MSE, FYE DTG L
BV LR, 3) 400~ 560 C, K& RERIKEN
1. 32%, BREAE NI — T o iE, FE kD,
4) 560~ 680 C, Fffh B KFEN 11. 49%, XN
DTA &k | 650 Chb Wk #g & SrCOs F TiO:.
RNVA R SITi0s AT CO2 A ) W A
5) 680~ 800 C, Ff i FTEIIRFINA 0. 51%, KW
P AT E .
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Fig.2 TG —DTA —DGT cuves of drying gel

2.4 SrTiOs WA X ST 5 AR T 1 B4

M

B 3 T b AN R RS A S R R AR A 1 X
STERATH RS . vT AL, B DR AR Y R B FE AR T 400
CH, BRI AIERA, FIN X 587 i
A Sr(NOs) 2 ATSfEAFAE, K Sr(NOs) . MR
R . R EE N 600 CH, H I 41
SrTi0s RT5 g, FREIILIRE NN B 45#SrTi0s
FHURAE R, AR Sr(NOs) 2 HIRTHIgE5eaW ok, W
] Sr(NOs) . B 58 . H R I AE A SrCOos X
N (AT R B B, UEBH SrCOs MY TE R
B2 i Bl sy« OB B 700 C
Ja, SrCOs HIATHT IR ETIRGY, 7 1000 CHfFEASE
VR, R SrCOs TR . SrTi0s KT 4
g 5 FBF i Ui P T v AN TS O, T S R 1) 2 U B AR
7, KU SITiOs MRS . SrTiOs [ dk K
/NRYE Scherrer ATTHHEL

D= 0.89XBcos 0 (9)
X M X &R 0 AT H M B AT
SR A AE N 58

WRIE(9), ATELTHA AT 800 CHALEE 1 h
Ja133) SrTi0s ¥R, EHT(110) + (200) . (211)
i T PR g R~ 3 SRS 23 30l 4 19. 7, 1407, 14,9 nm,
IS SRR 4K .

4 FroR A AL B E X SrTi05 ik H £
SR, B PG BRI, SrTi0s HImis Sk
BRI M), 3RWIHAE BEE B T e kR AR
K. B 5 Rk 700 CHUALEE 2 h J5 4/ SrTiOs
MARMIEF R MER . oI, G
SrTiOs M KA B R IM G (K 5(a)), & M5 W5

§ 5= SI‘TiOg,
.':‘/ === SI'C03
°o—S
= ,_\T(N03)2
- = 8 = —~
g S 7§ 8
) 4 i
. N L A )1 000 cf |
" A i .\ 900 °Ca
. ) n 800 “cf
e : 400 C
20 30 40 50 60 70
20/(°)

B3 BERHKCBLIN RIS 1 h A [ BE AL B
BRPR BB JEE ) X S LT 5 7
Fig. 3 XRD patterns of strontium titanate

prepared at different temperatures for 1 h
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Fig. 4 Effect of heat treatment temperature on

lattice constant of SrTiO3

BUE, BRI SrTiOs M R 8 2 8k 5 — B ok,
SRR L) N 180 nm( B 5(b)) .

2.5 SrTiOs K ARIIEAN )b

Bl 6 Bz AAS R B T il 4% 1 SrTi0s #3 K 1
LA o g R, AL & B SrTiOs
MIRAEEL AP X 200~ 220 nm X 3817 76 B 5 1) I i
U , X} 600 CHAL B[ AE i, LI IE A7 B 200
203. 6 nm, HFACELE K 700~ 900 CHY, W s
HIALE A B TT WA, 432028 204. 5, 204. 8 Al
205. 1 nm, H RS04 FR) 5 F5E Ah Fit A S Ak 308 B )
RGN, FREASIT 0583 R IR At KR AL &
RAEDAHR . RIEAKA R & T RSF RN AT &0, B
FRF RATD, e <k AEER, TR R
SR, WROROIE R AR AR . ARSI AR K, b
HRETE, SAERKE R SRR, Bk, Rk
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Fig.5 AFM images of SrTi0s powder

prepared at 700 C for 1 h
(a) —Aggregation; (b) —After dispersion

Heat treatment temperature:

1—9%00C
2—800°TC
3—700°C
4—600C

A

200 220 240 260 280 300

Wavelength/nm

K6 AN [F) E HAb B S
SrTi0s By A [ 28 SR 3%
Fig. 6 UV spectra of SrTiOs powder

heat-treated at different temperatures for 1 h

1) 402K SrTi0s My VKT LU 1 5 fise- e e vk 1l
5, LB OKBERR K« N =% JRLBE A pH IR
VB R R A W RS, R e N R R R A
T 5 RF T A0 52 Jo 5 T i ) S8, 8 v S T M
LR 0 B AR BE, AT KR AR A SR I T . R,
R U AT IR AA, 7ECBE  UKEER - K . =
We K pH (HEERRBE M ATIR T, 7 2K
ISt

2) VI RSV £ K ST 0 M A4 K A2 23 A
5], R AAE R FE T, SrTi0s KR F 2
SIS RE, RBURLEERT fi b B K, AR AR SR A1
KA B R AEAH .
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