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Transparent conductive oxide ATO powders prepared by
complex- co- precipitation method

YANG Jian-guang, TANG Mo-tang, YANG Sheng-hai, TANG Chao-bo
(School of Metallurgical Science and T echnology,
Central South University, Changsha 410083, China)

Abstract: Based on the fully reclaiming of the valuable metal, pure (NH4)2SnCls and Sb4OsCl; were directly ex-
tracted form tin anode slurry, by using SbsOsCl> and (NH4)2SnCls as precusors, fine antimony doped tin oxide
(ATO) powder with excerllent performance was prepared by complex-co-precipitation, which can resolve some tra-
ditional problems when preparing AT O powder, such as conglomeration; limited material, expen sive cost and, etc.
Especially, this method can make Sn** and Sb** hydrolyze at the same speed and get more even doped tin oxide.

The optimal experimental condition is as: terminal pH value, reactive temperature 60 C, Sb doped concentration is

10%, heat treating temperature is 600 ‘C, wash time is 6, and using dispersant c.
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SnCls Fl ShCL 4 J5UEH 6l %5 ATO B 4 AH X 8%
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NH.CFHCFH20 ARMAT T I35 50, IANh %
AZR I SnCls BELE TR BE T LA(NH4)2SnCls B
Dl ik, AUEH R HEHE ATO H &
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1) FRHL22.04 g(NH4)2SnCls, 5 B £ 400
mL, FREX 0.383 g Shs0sCl, JUNEF 100 mL £ 5
TAKBIBEM T, FREL 1. 2 g BEAH A IMARNER
SbaOsCla IBERrrh, Hidk 205 54 %I & Wi
ANCH BRI (NH,)2SnCls W, I EHIEE
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2) FiHHl 3 mol/ L /KW 300 mL 5 A .
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IRl J&, N 1. 5% (5t & 3 30 R 13 P57 B,
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Fig. 1 Flow chart of fabrication of ATO by

complex-co-precipitation
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MWE 2 T LUE H, iR BB & n4M, 7




© 968 * o [E 0 4R 2 i

2005 4 6 H

KRB B AR ETEE N, HHRB A RAE K
BRI 73 AH, 0T R SR AR A G A AR A
¥ ABEE B N LW T 4 ) R0 25 45 ok B2,
SR S R XS AT S PR B R A T A A L AR
Pa X G RATaF1E, A Scherrer A3, FIAHBSH#ER
15 2 deohs 1 1 39 RS, BT A5 3 kL P 3 RS BE
pH EHAZRMLRFR (WA 3) .

4 — Tetragonal SnO,

10 20 30 40 SO 60 70
26/(°)

Bl 2 AR pH EA&HT ATO B X GT&AT5 1%
Fig. 2 XRD patterns of AT O powder
at different pH

(a) —pH= 8; (b) —pH= 6; (c¢) —pH= 4;
(d) —pH= 2.5; (¢) —pH= 1.5
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Fig. 3 Relationship between
average size of AT O powders and pH
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Fig.4 SEM images of ATO powders at pH 1.5
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Bl 5 ARFBCAE-IEUTiER A ATO B X 5 e it i
Fig. 5 XRD patterns of AT O powders at

different complex-coprecipitation temperatures
(a) =60 C; (b) —45 C; (¢) =25 C
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Fig. 6 SEM image of ATO at complex-

coprecipitation temperature of 60 C
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Fig.7 XRD patterns of ATO powders

after different wash times
(a) —3; (b) —4; (¢) —6; (d) —8
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Fig. 8 Effect of wash times on

average size of AT O powders
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Fig. 9 XRD patterns of ATO powder

with different Sb concentration
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Fig. 10 Relationship between Sb concentration

and average size of ATO powders
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rer ARV HEPIRAR/ANT SEM Bl EE . X2&H T
Scherrer 24 R VH5H K424 34 R B, 1 SEM
SEE AR, R XA 2 M 2 50 Scherrer 2
X ERAR I HERATERTEL . Sk A A S N AR
S5 M B B A A, AT SN 08 R AL B R ORL RS KT
i, FF A AN I B AR A RS 2 P AR
INf, [FIFESs 3 EATHR 0 FEAL, T AN IR G A
BLRF gt — @ M
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K11 BERKE N 10% I ATO ¥ SEM £
Fig. 11 SEM images of ATO powders
with 10% Sb concentration
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HAT HA L, A ERI R34 3. 5 h, STASE b
MR FERE AT X SR AT A SEM WK . B 12 Fros
S S [l B AL BRI BRI AT O ¥y X 5 SR AT
MIE 12 ATULE Y, B ii i 4Bl 2400 C) FE
mm R X ST G T S 208 5 19 77 A SnO2 1) JCPDS 45

26/(°)

Bl 12 AFHAEER N ATO $ i) X 5 AT i
Fig. 12 XRD patterns of ATO at

different heat treated temperatures
(a) —100 C; (b) —400 C; (c) —600 C;
(d) —800 C; (e) —1100 C
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[ 1017 [ 2117 Th1 &5 5 A7 5T e, 36 59 A 565 Ve AR ]
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AL B A S 4 L B 14 B I BBEIR R 600
CHEFMAR) SEM 158 . W 14 W H H, 28
600 CHY, EIFR b &5 BIFHIERE KA BRIE .

2.6 RIE PEFXR AR B T3 R W

R VBAR L A~ T s % & AL DR 40 K,
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Fig. 13 Relationship between calcining

temperature and average size of AT O powders

K14 BRI 600 CIRF ATO ¥31) SEM 4
Fig. 14 SEM images of AT O powders at
heating temperature of 600 C

AR E PRI IR . 29I LR 2 8] )Y 4
G R T AR 7 J I RE 2 — & FE I (7
HUHLHI R 8T 46 7 A2 2R 4., AR BHIR I R H
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HE RN AR, BI04 BRI R G BT
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Bl 15 RIAF S EGIBTS ATO B X S AT %
Fig. 15 XRD patterns of AT O powders

with different dispersants
(a) —Dispersant a; (b) —Dispersant b;
(¢) —Dispersant ¢; (d) —Dispersant d
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BTt # i B XS e AT A 24 5 00 5 A Sn02 B9
JCPDS AR Fr KBURARF, RYIFE s A TUIT ARG
ELATEN  AESLY T B IR B e 3 BRI I
WP A TR O R, R L Sh AT S v R
EIRARAEAE, RW] Sb #1353 2% L2 23 B s N 9 ¢
A RBT IAR G A, (EE (ERE AT S UE O
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BORWISE, (HIE 15 F e (d) BATSH et T 9L,
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/N o DL A A PR T 0 RO
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2.7 LEESER

XF LA b B i e ) d B A AT 45 B SE R IR IE .
7E 1 000 mL B o D\ — 5 12 10 S0 480 0 TC R
WEHR 0.1 mol/ L B 750 mL, IR A
12 ¢, $EFEFZI, A PTE E W RS & %W, 78 10
L BIANEEANAR S I\ — 5 B 10 8080 IR B i B B Ik
0.3 mol/ L HIFIHEW 6 L, Bl K v iR &1
A] . #E 2000 mL (R R BCHTAG 3 mol/ L (& /K ¥
¥ 1500 mL £ . 76 10 L BIASEB AN A on A\ 2578
7K 800 mL, KB INHE 60 C, 78 15 & i it k1 fF
TR, BB A IR K R3S
AN, ORFFi 2 5 pH 4 3 A4,
60 min JN5ERHE 4k S N 30 min, SR JE A&
20 g, 4kZEIRNY 20 min J5HEWRFR 12 h . RG0S
77 AT I o0 B, R FH 28 9 K 1 7 2ol 4% AR i
RAK, FTASRTIK AT 600 CHEE 3.5 h J5 B 402k
2% ATO ¥ .

B 17 B oA 5 G i B ) 2 AT O I X 5 26T

E 75

!
g 70
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< 65[
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w 60
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2
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Disperant

116 1 scherrer ARIFE TS ATO ke
Fig. 16

and average crystallite size of ATO

Relationship between dispersant

A

4 — Tetragonal SnO;

10 20 30 40 S0 60 70
20/(°)

Bl 17 ZEEsSERdl ATO I X I AT 4T
Fig. 17 XRD patterns of AT O powders

prepared at synthetical condition

S . I 17 TR, GRE KRBTSR X £
75 # s 55 DU 77 4 Sn 02 B JCPDS AR E - v IR 4 4
77, RUIFEH BRI AR SRS . R 5%
HEEA, RILSh LI EZR R AT I IE, £ Sb
WIHB I B EACBT K IAR S5 ), (B & AR fh AT
ST B R T BUNIER .« X R I TTE ik
f457% Sb ¥ T SnO, Wik, BUFHSCEL T B &
Bk

Bl 18 s R A e &~ 3P iR AE LA & A T
Hlf ATO B i) SEM 5 . )& 18 T E H, HK
FOURL 52 LR U R BR G, R ARV R R, RL B A
(2975 nm), FEHBAY —, FESIRMERE i 1
B 7 HAEAE, WIS ARIBR 7 B T 88 5
R, X5 X SFERATH AR 8, R ARORAR B
N, HN OB, UL SR AT

K18 RAR & IHUTEEAEM KT
H43 ATO 1 SEM 1
Fig. 18 SEM image of AT O powders prepared

under optimal reaction condition

by complex-co-precipitation
3 ik

1) NEHE ZRE R BRI mAE S
R MG B R & B LA R MERERAE 4K
2 ATO ¥y .

2) Bo&—FLUTVETE REfif Ak e L DT ve v
% ATO B . BK MR, KEeSEIE IEIL
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