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Abstract: Different morphologies of Bismuth Sodium Titanate (NagsBiy sTiOs, abbreviated as NBT) powders have been
successfully prepared via a hydrothermal method using titanium tetrachloride (TiCly), bismuth nitrate (Bi(NO;);-5H,0),
sodium hydroxide (NaOH) as titanium, bismuth, sodium source, respectively, and sodium hydroxide (NaOH) as miner-
alizing agent, too. The effect of reactive parameters, including NaOH concentration, reaction temperature and reaction
time on the powders morphologies, was studied. The results show that: NaOH concentration is the main parameter
which affects the morphology of NBT powders, and when the NaOH concentration is 14 M, hydrothermal temperature
and hydrothermal time affect more on the crystallinity of NBT powders, and the effect they make on the morphology of
NBT powders is not evident.
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Figure 1. The flow chart of the preparation of NBT powder by the
hydrothermal method
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Figure 2. XRD patterns of the NBT powders synthesized at 170°C
for 24 h with a different NaOH concentration (T = 170°C, t = 24 h,
(a) 2 M; (b) 8 M; (c) 12 M; (d) 14 M; (e) 18 M)

2. TFE NaOH FRETHI#GH NBT #& XRD Eig (T =170°C,
t=24h, (a) 2 M; (b) 8 M; (c) 12 M; (d) 14 M; (e) 18 M)
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Table 1. The details of the experimental program

R 1 k#AEEIE NBT BiESHR

Starting materials

NaOH (M) Temperature (°C) Time (h) Precipitant
Ti Bi

TiCly Bi(NO3);-5H,0 2 170 24 NH;-H,O
TiCly Bi(NO3);-5H,0 8 170 24 NH3-H,O
TiCly Bi(NOs);-5H,0 12 170 24 NH;-H,O
TiCly Bi(NOs);-5H,0 14 170 24 NH;-H,O
TiCly Bi(NOs);-5H,0 18 170 24 NH;-H,O
TiCly Bi(NOs);-5H,0 14 160 24 NH;-H,O
TiCly Bi(NOs);-5H,0 14 170 24 NH;-H,O
TiCly Bi(NO3);-5H,0 14 190 24 NH;-H,O
TiCly Bi(NO3);-5H,0 14 200 24 NH;-H,O
TiCly Bi(NO3);-5H,O0 14 200 0.5 NH3-H,O
TiCly Bi(NO3);-5H,O0 14 200 2 NH;-H,O
TiCly Bi(NO3);-5H,0 14 200 4 NH;-H,O
TiCly Bi(NO3);-5H,O0 14 200 24 NH;-H,O
TiCly Bi(NO3);-5H,0 14 200 48 NH;-H,O
Ticly Bi(NO3);-5H,O 14 200 72 NH;-H,O

NONE

Figure 3. SEM images of the NBT powders synthesized at 170°C for 24 h with various NaOH concentrations (T = 170°C, t=24 h, (a) 2 M;
(b) 8 M; (c) 12 M; (d) 14 M; (e) 18 M)
3. A NaOH JRE THI{580 NBT MHFIHHBBERF (T = 170°C, t=24 h, () 2 M; (b) 8 M; (c) 12 M; (d) 14 M; (e) 18 M)

38 Copyright © 2012 Hanspub



JET TiCl, [ Nag sBio s TIO; ¥R 7K #v& i 55

RARE 3(d) = B ORI BT ) 5 99 oK 28 1T A
B, PEKREL R IACRIES; 2 NaOH R THE 2] 18 M
I, Bk B R KL 0K R AR A (& 3(e)).
AL, NaOH ¥#KZXT NBT B Ao e S A BRI .

3.2. 7K Fim BE X HHA R ML R SR B0 S

K 4 AARFKGEE @) 160°C, (b) 170°C, (c)
190°C, (d)Ffi(e) 200°C T, NaOH ¥ 14 M, sK#HT
] 24 h 50 F TR XRD BI0E . 3@ b b
< Fr(JCPDS NO.46-0001) ] A 2 AT 580 #4250 9 85 £k
A Nay sBigsTiO; bR NS

K 5 RNARFZKIGEE (@) 160°C, (b) 170°C, (c)
190°C, (d)Fl(e) 200°C ', NaOH iK% 14 M, KM}
[f] 24 h 25 1F RT3 NBT ¥4 ) SEM I F . i LU H
7K IRIRE N 160°C IV, 45 BRI RTINS A BRTE
(K 5(a)); HESETHER] 170°C, BRI LS N o
77 UKL AT RAR 5 AR UK 2 TR SR (E 5(b)): iR
FEN 190°C I, Gk e fSr 7 ki3 81 T A K,
TE RS T AR G0 ST 5 0 55 BROTR 44 K 28 1 VR & Ak (&
5(c)); TMEETE R 200°C I, L5 Bk R & E 5%
e, TERCT W S(e)(B 5(d)H R ES X IR R )
TN SEBEOK G ST T Rk, K& — PR,
T T BRAOK 37 7 kL 5 78 43 AR K 9K 4 TR &

R BTLL, 24 NaOH R EE[E ELE 14 M B, 7K AR (]
PEHIAE 24 h i, KGR £ B A I 45 AR,
SR AR THOU T S5 AR A ) 2 M A A2 o ) B O
3.3. FKFETE) X R A iR A2 5 B0 52 i

T BT K AR TR G NBT W44 SO0 7 30 1 52

ACAE NaOH W JE A 14 M FI7K GG R 200°C (114
TR, 4RIfE05hs 2hy 4hy 24hy 48 h FI 72 h [

[ ]
(d)200°C ®

A(e)190°C ,

)l ) A a1

A (a) 160°C
I v T v 1 v 1 M 1 v 1
20 30 40 50 60 70
20 (%)

Figure 4. XRD patterns of the NBT powders synthesized different
reaction temperatures ((a) 160°C; (b) 170°C; (c) 190°C; (d), (e)
200°C, t = 24 h, C(NaOH) = 14 M)

4. TENRE THISH NBT #F XRD Eif((a) 160°C; (b)
170°C; (c) 190°C; (d), (e) 200°C, t = 24 h, C(NaOH) = 14 M)

Figure 5. SEM images of the NBT powders synthesized at various reaction temperatures for 24 h under the NaOH concentration of 14 M ((a)
160°C; (b) 170°C; (c) 190°C; (d), () 200°C, t = 24 h, C(NaOH) = 14 M)
5. TEIRE THISA NBT AR F (@) 160°C; (b) 170°C; () 190°C; (d), () 200°C, t = 24 h, C(NaOH) = 14 M)
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Figure 6. XRD patterns of the NBT powders synthesized different
reaction time (T = 200°C, (a) 0.5 h; (b) 2 h; (c) 72 h,
C(NaOH) = 14 M)

6. FEIKARE THIFSH NBT #& XRD B (T = 200°C, (a)
0.5 h; (b) 2 h; (c) 72 h, C(NaOH) = 14 M)

Figure 7. XRD and SEM pictures of NBT powders obtained by hydrothermal synthesis under different time (T = 200°C, (a) 0.5 h; (b) 2 h;
(c) 4 h; (d) 24 h; (e) 48 h; (f) 72 h, C(NaOH) = 14 M)
7. ARIZKFETHE THIEH NBT #4& SEM BB (T = 200°C, (a) 0.5 h; (b) 2 h; (c) 4 h; (d) 24 h; (e) 48 h; (f) 72 h, C(NaOH) = 14 M)
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