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(1L B ZFRATAREAECLEMBRA M IHHERAAFTHETAXRRE, HHK
541004; 2. ARk T F R M A BT T4 &, 424k 541004)

B AgiAHE T RS R (ITO) G AR, i X 481 8 1 45 & i [(NHa )2InCls - H,O
M (NHa4)2SnCle] I & BF 7S, WESE T KV AGHE R & & TR FE. Sl mlT 58
TH SR BEHBTE T 45 B 13 ITO RrakiE (RUEALY) RRAYEm. 8T 258 FX 45K 1TO
WARAR RS BT RAEAE, FEART R ATER R P I RS T Sn®t jo vk, A
TAOKRG ITO FrRBAER. @ik XRD ek A 1TO ATk (KA ) #1477 RAE.
x % A WeEhw (1TO); %k JFH; ArKE

PESES: TB383  XERIAE: A

1 5|8

AR, BicA M, b S ROk K, axX B0 H A R FH VA ST AR R 5 R SR
B R BR AR, HOF O B HARBUN b2, JF H N TF X 26 B R 88 0 4% i B il
() 1/4~1/2, SE B B2 FHOFE S B 1/3 A b SR B X 28 WOR E A A 2 0 AR
T, T HE B AR R 4 8 A AL (ITO) JBE, %M 28 T L 0 e e He i i e R Z
—. il & ITO BERy B R %, A2 4 K m AL S RB Y 1TO B, H Al NE i k=2
TG4 W S0 O %, TG T R B WA TTO B4 4 8 & 2 BE AN ITO K B w1l 45 4 8 5 R AR
&5, HRAETRS ITO RET L EA —@EXME, TZSH ITO R REE, THEA
Ao MEVARE . SRR, 4 TTO B BREAHXT LB J0, (HREE RS 1TO A 5, L
LSRG EER IR AR, HARASREHGE LY, A BERNRES. FIBIIM
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ML 2 L UTVE SR AR SE Ut e 157 AR SOR R AT 4R i 45 3R 4% TTO 25K K,
FENIF T 48 T3 ITO Frgkik (S L) KR .

2 ERES

Su PLAESH . SnCly-5HoO S JE0kH, R4 ER Ul 45 1TO KR, b 7 7t &, 52
W ATH R B FeEH, I UTERDR b h S E Ak S R H
2.1 BEHEFHHE

M BT RFFREC0.5¢ B il 1y In(OH)s #3 K, A TS5 E THBKELL BRI, &
SCAEIE N Ter/Ti)=5 MMAERBRVE B, % InpO3:5n02=9:1( & k) A SnCly-5H,0, 2R 5
AN E 7 WHREE R 20% 09 NHJHCOs W 2 pH=2~3, g S P2 W W EE, T 80°C
{5 AT A5 21 G 053 B AR

H L RAFFRE 0.36g SnCly-5H0, #% CL:Sn=6:1(FE/R 1Y) IMAERER, A5 E 7
YR BE ly 20% 9 NH,HCO3 W = pH E N 2 7247, SHERWETE, K BHE® T 80°C
v R AT ¥ Do b AN R L
2.2 HIIREEIHIE

BT RAEFRECLAY 1.0g B il 1 In(OH)3 ¥y K, 4% Tar/Tin A3+ 4. 5. 6F17 405
NS [R] 1 iy 28 B2 BE 1 6% 89 F4 InCls #l HCL (IR & W, B % InpO3:5n0,=9:1(JiT & k)
g3 AN SnCly-5H0, 4R J5 I\ ZE 18 /K #R Ff e 2= 4 B B Mk B2 24 0.5mol /L. 7E 60°C fH iR /K
BARZIBFE R ST, 4300 18] 3 Ly BN W) 46 VA v ST TN B 4 LR BE O 20% 1Y
NH4HCO; ¥ & pH=6~7, Bt 0.5h J5 ¥ Jr 15 Rk A S 08 . 818K ek 5~6 Ik, #ET, 7E
700°C #& 5 2h fE A5 F] ITO #3 K.
2.3 RIEAHZE

I H #2822 RigaKu D/MAX 2500V X 5t Ze 7 5 (S 6 Jr B R 4 o 44 R T 3K A 33617 9 A4 23
Brs FH A F2A R R JSM-5610LV 4= #5244 88 WO & Bk 2647 L4 43 B 3%
[ 5 /R SCHY Zetasizer Nano S0 UG A4 KL BE 5 A A0 B 8T Jo 04 BT 3K A #6178 B8 43 7

3 ZRFIT

3.1 (NH4)2InCl5-H;O F0 (NH,)2SnClg §9 XRD 4+#f

Bl 1 H7E InCly . SnCly-5H,0 Fl HCl (IR GV W (A TS5 WE T B E LR 5:1)
A 20% # NH4HCO3 W 2 pH=2~3, T 80°C 4t T Jir 15 % 1% V& Wi 5 A iR iy XRD &
W, W HCON (NHy)2InCls - Ho O, 84 & B Sn*t B v RETE MU A0 45 & W A AT St 1. [ Oy In® T
A Sn*t B ESFAAME, Sn't RATREC L BUR T ¥4 In T, EIE A (NHy)2InCls-HaO H,
Sn't WA RE KR, (LS EW M RAIER /N, BFrAFE XRD B f 22 A F] Sn't JiF o] B
TE BRI 45 & M AT 5606 . B 2 & (NHy)oInCls-HoO ARE S B . DA AT DAE W Jr 15 i fc
A N L It A Clm(HY GBREATGIE I &), H&A so*t. Frid, Sn't Wi C &K,
FEBCA B ¥E N (NHy)oInCls-Ho O HIE B 4. B 3 24 SnCly fil HC1 BB & % W mA
NH,HCO3 W & pH=2, F 80°C T Fr 15 E 1 W W J5 Ir s /\ AR B 4R ) XRD Bl 3%, @
H A (NH4)2SnClg. T 3250 O &HE S T 76 R M AR E W R fE#EE In®T-Cl™ Al Sn*t-Cl™
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PP SRR,
3.2 BIMRAKEIRIIEPE T/ T TILKFR

Bl 4 NETIKAR R AR BE Tor/Te BZSAG IR, NI 4 o] LUE B 8T 5 /Y 9% BB B AR
K, (ERBET AT )5 0y 9% OB B #RRE Toy/Tin 28 KT ZE W AE /DN, 24 Tor/Tm =5 MU RARZEAA
AR, X W] RE R Ry SR 4] A v v O B 2% T 1 e R A AR AL I 2

Counts

I
W (Tn
e,

10 20 30 40 50 60 70 R E‘kogél”””“J
2010 ' Energy/keV
A 1 (NH4)2InCls-H2O #J XRD F % Bl 2 (NHi)2InCls-HsO @ fE i R
Fig. 1 XRD pattern of (NH4)2InCls-H20 Fig. 2 EDS curve of (NH4)2InCls-H20
L}
3204 —a— Dried ‘
—e—Before drying|
300
£ 280
£
N
7200 .\
. "
— 240 \.i::-
0 20 36 48 50 60 76 i
28 1(%)
201 : : : .
B 3 (NH.)2SnCls {5 XRD [ 3 4 5 6 7
Iy Ty

Fig. 3 XRD pattern of (NH4)2SnClg
B4, RISEAERARIE Tor/Tin 97240 HT 2
Fig/ 4 /Relation between precursor sizes and Tc1/Tm
o 4 BT 0 R RORT AT B M B SV ISR W R Ton/ Thn W28 KB RUZK B T 1Y
BERAETMEN. BT A Toid A RVEW T Cl- MEWEE, T idk In®t 5
VREE, [CIT] FRIRIFE C17 WREE, [T FIRIFE It B EE, [InCl . [InCly] . [InCls] .
[InCly] | [InCls] 433K Wn*+-Cl~ BEEGYIER T HREE FOWE ChfafEE, B
TR A AR A S). BV RBEW T In 5 Sn (AR /R H Oy 9.77:1.00, Jir LASH T (AT 8 & 0,
HER T BRMAET. K. Koo K3, Ki, KsJ& D -Clm B EYIKRT &
REBETHERRBEEER, RN E K. B_R - - FLEBEFE. —, BRE
TR R B AL B B T s/, Bl Ky > Ko > K3 > Ky > Ks. f1. fBa. B3y fa. [s
AR SERLEE T InCl, InCl,, InCly, InCly ., InCl WEREBRRBE®EE, H /=K.
fo=Ki Ky, B3=K-Ko-Kz, Bs=K1-Ko-K3-Ky, [5=K1-Ky-Ks Ky-Ks. i
BB T B R E H BN R H T W’t-Cl- B R S WIR R PR RAE
THREMLE, REXW 1)~6), Kt dg. &1, &, D3, Py, 5 4 HIRR [P,
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InCl] . [InCly] . [InCls] . [InCly] . [InCls] 777ERY Al 5],
Bo=[In**]/Tin = 1/(1 + B1[CL7]+[CI7]2 + B5[CI7J + Ba[CITJ* + B5[CI7°) - (1)
®,=[InCl] /T, = ®oB1[C17] (2)
®y=[InCly)/Tin = ®o[2[C17]? (3)
P3=[InCl3]/Tin = Po3s5[C1~ |3 (4)
®,=[InCly)/T1n = ®oB4[C17]* (5)
P5=[InCl5]/Tin = Po35[C17]° (6)

SN In T R e BE AT C1 B R MR BE TR R o«

Tin=[In3"]+[InCl]+[InCly]+[InCl3]+[InCls ]+ [InCls] (7)
Tey=[C17 ]+ [InCl]+2[InCly]+3[InClg]+4[InCly] +5[InCls] 8)

B (2)~(6) AN (8) X715
Ter=[Cl™ [+ Tin®o (61 [C17]+2062 [C17]* + 3535[C17|? + 4534[C17]* + 505[CL_]?) (9)

RIEH (1) XMRANBXE AP AR ERE T, 7745

Tor _ [C17] | Bi[CIT] +26,[CI]” + 365[CIJ° + 484(C1 " + 565(CH (10)
Tin  Tin 1+ B [CI7] + B5[CL7]% + B5[CL7 ]2 + Bu[AI]* 4 35[C1-]°

KB Bas Bsy Ba. Bs WEE, T —xE, W (10) XFKH: Ter/Tin R5 [C17] A 2%.
FFE, (1) RABFRH o (RIHEE It M) W 15 [Clo a2k Bk, &R n1EdR @

0.010 a
4,009 ~
8.008
8.007
6.006 -

s In(OH),
s InOOH

S 0.005

0.004 -

0.003

0.002

0.001

$.000 - ¥ r y . . ; ; -

30 3.5 490 45 50 55 60 65 7.0 20 30 40 50 60 70
T/ Ty, 26 /(%)

B 5 W It @ HBIbE To /T #0781k 2% F.6, AE Tor/Tm Frigaiikiksy XRD B
Fig. 5 Relation between content of dissociative Fig. 6 XRD patterns of the precursors under
In®** and Tci/Tin different Tc1/Tim conditions

B To/Tin ZRAL Y R, WP 5 Pras. XEECIE 4 1A 5, W] AR H P53 1 A2 4L i 3 e — 3
. BLPIHEE To/Tw BAER, BIREE EEBCTMA SRR K, I 5 C1 BR%H
T AR, AN R ® (9 E 0 K. BRI In®t SR BEARR I, 78S
In®* {5 70 LA R G728 In® AR BEREAR, T R AR T S IS0 f VAR v A o 8 T 1 A
BE, (75 A KA 1 5 R A TR R AR /DN, B DART A B 9% BB BEAR /. (HIM A ERER ALK 2 —
SE T8 BE I AT SR 44 3% PR BE AR AL AN BT 8., X R R N ERER I R B — E RN, PR In®t E
o3 WA AR AL AN B A2, BT 59 Wi 7 A L A ) AR AR /IS, {6 45 T K A 9% ERORE B2 AR AL AN B i
BiE BTN SRR A OK, W pH {H TR, BT UMM B NH4HCO; ¥ #i &b
SH, NS EBR WA R R, WY, BEIMARRENHER, i TR E
SREAR, X ITO RLARAY I/ MILA — & B2 . FESL8e o, Br S ALy RN 1.0g, 24
0.006mol, S K47 i ¥4 ¥ 48 % T b MR JBE O 0.5mol/L, B AVE VLB R BUK 12mL. U, Tor/Tin
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E K 1, W HCL A B3 im 0.006mol, R4 58 7% 5 £ i 0.006mol # NH,HCO3 3
M, BITREZ %y 2mL 20% ) NH,HCO3 ¥ W, M0V Wi iy S AR AR b 18 2y 2mL. AP 5
TR AR S, To/Twm W 3 5 4, o BYAL T I W SRR 12~14mL 47 i 25 b 8L
K, H Toy /T, BB, XFE RS /N, B ART LA b 48 B -7 O (1 52 i
FFEH.

3.3 BIIR{&HEY XRD 4347

&l 6 A To /T Frigar 4 my XRD E 3G, IWEH A LUE H, §rakik A mFr Al
In(OH)3 1 InOOH. & 6 H13: ¥ A & B Sn*t /KA r=9 A7 it 1%, XJ&H N 7E In®T-Cl- Al
Sn*t-Clm (F R AR R,  Int X Sn*t MK A8 =90 () R KA — & B 30 A
M, ISy ke /N, BrA#E XRD B g A8 AT g, NE A LLE H To/Tim=3
W Tor/Tin=5 BYRT KA ST BE, TEALRRRE /DN, BRBE K, XUl W B & 0y f R R~ 22
K. FI Scherrer™ AX 5B Tor/Tin=3 B i 15 F 5K A (1 — K 5 L - 2RS4 29. 1nm,
Tor/Tin=>5 B4 17.2nm. 53X — 45 5 5 OG0k BE I A4S RARW) & .

M ER T WA, BT ERAAR B RL AR BE To/ T 22 K2 AS /N, (B Toy /T B KB ERER
RGN, R T Ui 0 R, XA AL T EORM TR B, R T AR R, H
Tor/T =5 UG RLARZEAA T, FATINHK To /T BERAER R 4~5.

— MR UL, LR /NG RT IR AR B B i 9 ITO kARt /. M (1) B ATAE 1 @0 B [C17]
(58 w4 AR$E Ty /T — &, BN Tin B @0 NIZS2 BN, W02 U0 W] LAY
I Ty AR ITO BrakAR 2R K. MIBHEmAE R, RITANBE FHNFE, BT
SR GE v VR B In® T R Sntt BVREE, (AR R — YORL AR Y W] R M 3 RO 5 T A5
FG KB ITO ¥y K (R B AT RASE i 38 00 46 Ve v Tn®t 9 SOk BE SR 8148 & ITO F= i iy
H .

4 £

R 4% 2h 15 1 5 80 2 A A (ITO) 90K K - AL SL%e, UESE T SOV ) 40 ¥ W 4%
THAFTE, FFUETE T & X ITO ATk AR e iy el 25 SRR M. BEE O 200 45 1 W 4%
BB R, TTO FTYKACKIARAL /N Jf I 28 B 1 e BE P4 W 0T 53 e B8 I (1 LL Ay
MR T S8E TR ER (To/Tw ) WAL R, 8 THE T3 ITO BIIKARAZ A
SR MRAE ML SE IR AR, AR T BB T XK ITO RARH IR B BB T RIF7E, R
T R8O B Int fl Sn*t (B, X AEA R T ARG ITO BRI AR, 1T H
A LA BN a0 T In®t (SR BRI B TTO iy H (. WA Bl B 4
ITO Z0A M R B2 R, AR A 7= A
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Influence of the Total Concentration Ratio of Chlorine Ion and Indium

Ion on the Particle Sizes of Indium Tin Oxide Precursor (Hydroxide)

CHEN Lin*?, WU Bo-Lin'2

(1. Key Lab of Nonferrous Materials and New Processing Technology of Ministry of Education, Guilin
University of Technology, Guilin 541004, China; 2. Department of Materials and Chemical Engineering,
Guilin University of Technology, Guilin 541004, China)

Abstract: The complex salt method, a method of preparing indium tin-oxide (ITO) nanopowders
was put forward. The complex salt crystals, (NHy)2InCls-Ho0 and (NHy)2SnClg were synthesized,
which proved the formation of complex ions in the reaction solution. The influence of complex ions
on the particle sizes of ITO precursor was researched by increasing the total concentration ratio
of chlorine and indium ions (Tc1/T1,). The influence mechanism of complex ions on the particle
sizes of ITO powders was first disclosed and put forward.. The exist of complex ions decreased the
concentration of dissociative In3* and Sn** and increased the controllability of ITO particle sizes,
which was favorable to the preparation of ITO nanopowders. ITQ precursors were characterized

by XRD and a laser particle size analyzer.

Key words indium tin oxide (ITO); complexsalt method; mechanism; precursor



