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Effects of sintering atmosphere and temperature on
sintering behaviors of In,O3, SnO; and their mixed powders
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Abstract: The sintering behaviors, such as the decomposition and mass loss, reactive solid solution, generation of new
phases and holes of In,0; and SnO, as well as their mixed (mass ratio of In,O3 to SnO, 9:1) powders, were studied in the
temperature range of 1 300~1 600 ‘C under the atmospheres of N, air and O, by means of characterization methods of
XRD, SEM, XREF, and so on, in order to lay the foundation for preparing high density ITO targets. The results show that,
during the sintering processes in the temperature range of 1 300~1 600 C, both In,O; and SnO, may decompose and
sublime. Compared to In,O;, SnO, powders are easier to decompose, increasing oxygen partial pressure of the sintering
atmosphere is beneficial to inhibiting their decompositions, and under O, atmosphere, ITO powders begin to decompose
and lose mass until as high as 1 500 ‘C. After sintering under atmospheres of N,, air and O, for 4 h, SnO, still exists in
ITO powders at 1 300 C, and at 1 400 C, phase SnO, will disappear with the formation of a new phase, In;Sn;Oy,. With
the further increase of sintering temperature, phase InySn;0,, will disappear, and the higher the oxygen partial pressure of
the sintering atmosphere is, the higher the temperature is, in which phase InySn;Oy, disappears. In case of sintering under
0O, atmosphere, the lattice parameters of ITO powders obtained are the lowest and more stable, and moreover, the particle
shrinkage during sintering is also more uniform, which are beneficial to preparing high density ITO targets.
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Mass fraction/%

Temperature/ ‘C w(In)/w(Sn)
In Sn
1300 72.19  6.128 19.9 11.78
1 400 72.92  5.988 19.8 12.17
1 500 72.09  5.853 19.1 12.31
1 600 73.41 5.044 18.5 14.55




F24 % 1

22 REEBEMSFX ITO MBREI&EHHE

5]

6~8 FT7n A ITO MHE Npw 255 O PR
[FNELEE R Rest I FE S XRD . 76 1TO(In,O5 Al
SnO, RO FHELE e, SnO, &AL itiB L EE In,0,
mokg, JLALE Y IOy —B, AT SR
BB, SnO, A IngOs i H R[] V8 2 B B T
st K 6~8 FI%, AT SnO, 5
AR FEIETC BTN, AE No 2 O, U5 K, 1300
C R XRD W72 4E SnO, FFAE i
(20=26.65°. 33.92°, 51.83°); T1fi 1 400 ‘CHELEFE NI
XRD i 1 SnO, FFAEIEY CH 2%, HBL IngSns0 4 4T
TEE, {E 26=50.6°F 1.

BATE %0201 %b 1TO Begh b i B 55 — A
IngSn3 O, FATHRIE 5, W0 XS FERR AT T A,
W H ZHRE R SRS T SnO, MEHEAR, 4

4 ) 4—In,0; or ITO
*—Sn0,
"—In,Sn;0,
4 A
@ ]t rlt t 0 e tatlat e marat
(b) l ‘ I | : Y TWY A WY
© | l J | i PV Y
(d) J l | T W NITY YU PP WY
1 1 - 1 1
20 40 60 80

260/(°
6 ITO ¥ifr Nﬁﬁqﬂi%)éﬁ 4 h R XRD %
Fig. 6 XRD patterns of ITO powders after sintering for 4 h
under N, atmosphere: (a) 1 300 ‘C; (b) 1 400 C; (¢) 1 500 C,
(d) 1600 C

I ) 4—In,0; or ITO

]
*—Sno, |
"—In,Sn;0,, .
1
A T A 1 1
1 ]
@ ] ¢ e[t 1y 'e‘.‘.lﬁm attaa g 4a ) :
1 ]
(b) l hi j A jll A ENY : ﬁ :
1 1

1
©_ L s ]! I ;
1 1
(d) | J lx | |.xn " N : :
1 1 1 1 L=

20 40 60 80

20/(°)
7 ITO BifEa /S Meesh 4 h FEAL ) XRD 3%
Fig. 7 XRD patterns of ITO powders after sintering for 4 h
under air atmosphere: (a) 1 300 ‘C; (b) 1 400 C; (¢) 1 500 C,
(d) 1600 C

AR, A BREE USRI N InoOs AT SnO, K ILIR A K Be 4547 4 X 5 225
1 4—In,0; or ITO
*—Sn0O,

"—InySn;0,,
@ T 3 faldatt ketalites amass
(b) Ji S . N ITH s
© WSS Bt FUR Y IV NV Y
(d) A A A 1AJ S

1 1 1 1

20 40 60 80

20/(%)

8 ITO Kt Oy U FME4h 4 h #F 1 XRD i

Fig. 8 XRD patterns of ITO powders after sintering for 4 h
under O, atmosphere: (a) 1 300 ‘C; (b) 1 400 C; (¢) 1 500 C,
(d) 1600 C

SnO, 7 R Ik [ FE AR BRI, 5 25 TB 28 —AH
NADAUD %PRFAEN], IngSn;Op JBE 78R, i
BN a=0.620 71(4) nm, a= 99.29°. WEWARD
SIS 2 In,05-Sn0, B — TG RAHE,  RILAE mrifi
T, B InnOs(ITOYHAL, A PIASEIAH:  InySn; O, Al
In,SnOs, 4 SnO, i E T+ 5%(FE/R 704, KA
T 1345 CHF, FFIRTE I IngSnsOr0 B HE—20
T, IngSn;On XA K: HREAREEIE 1 600 C,
SnO, ¥ & =T 13.1%(BE/R 9340, InySnOs 146 .

M 6~8 LRI E H, BT R, IngSnsOy, FIFE
W RAN L ITO Hirh SnO, & & AR EAHSE, 1y H.
AR —E M, £E N, U, 1500 'CRgE
SEIIRERA T, IngSnsOg MIATHIIE CIEAWS K, 11 [H]
WL N Oy AU RS I RE i, IZAH RIS
PREWAT L, HAE Oy A AT IR = A
WMo E 3 P AGURE 1600 CHESEIFEM T, IngSn;0y,
FORTIT IS L K, 1L SCHRI191IIIEFE4s R, fEISc
R ATO #dht SnO, 5 &A 17%(BE /K53 40), 1 600
CNHIHAH In,SnOs, (HAEAMFFTH K RILIX—
iR, XWRR SR RN 4 h, ARIFRIB R 64
PG, AP

9 7 A ITO Fl InyO5 ¥ 71 No 5 Oy oA
MRS FEANZE XRD AHIEAF B ks i Hl i AR
FKARE. T ITO MAE 1 300 Cress It MiRs
A (In,05 A1 Sn0O,), K 1300 C K ITO ¥ AR I A% i
R In,O5 AEAHBLSRA N B 118 9 T UL, 7 1300
‘CFy IngOs £F Nyw 25 H Oy 50 e &l IS i (1)
R BRI DN, IX AT R e i R R AR R AR K
15 Oy AP TR R4, IngOs FF SR T &



226 A G EE R

2014 4E 1 H

10128F

*—Air
10124140,

v—0,(In,0)

1.0120

1.0116F

Lattice parameter/nm

10112 (=

10108 :

1 3100 1 3|50 1 4|00 1450 1500 1550 1600
Temperature/'C

B9 BEEhl AN ITO b 2 7o

Fig. 9 Effects of sintering temperature and atmosphere on

ITO lattice constants

HIEA—E . £ 1400 CF, Ny AFA KL ITO #i
FAD RS B O S AR 2Rl O, AR MRS IOIG, I ]
REJEAE Ny 50 F, SnO, AMREEEH, ITO ' SnO,

B EBACT . SCRR21MBTT 4 R, {E ITO
S0, /NT 6%(BE/R MBI, B SnO, M, I
PSRN . fE 1 500 TR, ARAHT RS ITO
FE ) SRS 5 A KR /ANIIUT A Noy B Oy 1X
Epestith IngSnsO AHIAT A K. FEULIREE NI N,
AR, ZIH IR, P SO, [T 1TO fb
Ko, DAL, SRR FEEOE R, WA — P,
BRAEFE M RO S ARG, X — B hiah s
SCHR[20] 3. WSS, 76 O AHU N4, ITO /i
BB H AR E

2.3 IREEIBREMSFEX ITO &R 5 Y20

ITO #{E 1 300~1 600 C fFimkesbil fe v, & k4%
SnO, 7E InyO5 % T 13, Tna O b I BE S KKK,
In,O3 I SnO, ¥ L M7 LA K TngSnsO o AH 126 B A 1
REE— RV, B4 TG TTO K TE SR A th 1 i o
R i o SE 1. 1810 Flos ol ITO BiEAS A<

Fig. 10 SEM images of ITO powders after sintering for 4 h : (al) 1 300 ‘C, N,; (a2) 1 400 ‘C, Ny; (a3) 1 500 ‘C, Ny; (a4) 1 600 C,
Ny; (b1) 1 300 °C, air; (b2) 1 400 C, air; (b3) 1 500 °C, air; (b4) 1 600 C, air; (c1) 1 300 C, O,; (c2) 1400 C, O,; (c3) 1 500 C, Oy;

(c4) 1 600 °C, O,



F24 % 1

ZFET, AR RS UURII BEXT InoO; Al SnO, KIS HMRES5T H I 227

SRR B N e SERE B SEM 4% . 18] 10 AT L, Btk
SR ESRE T, Besh ISR R IR AL BRI 2K,
T ITO ¥y R R %, FHWPERE, (R HRTAIAES
ZIH, fAERKMEREZE . Hik, LIgasesbid s
SEMNGRI M) NI 2, DRSS TE R D EREE 1, 1
1 600 CE F, T SnO, Ml InoOs 2 4% K LUK i
KKK FEIAII SN S, 25 LB A5 R A I H:
Bpess Ut A B g v, ORI LR Bl
55), AR Tesife 2 E % I ITO Ak

3 Zig

b=}

1) 7£ 1 300~1 600 CrEikikestit, In,O; A1 SnO;,
SN0y /5 S LN o Sl 2 g A S S R
RN R, 15 0, U E, ITO #i 4t 1500 °C FH4h
B RS ER; SnO, 8 In,O5 5 T 50 il
AR LB, 73 il s W 2B o

2) ITO F{E Nos A O, R T 1300 C A%
4h 4 h, FESPAIELEAE SnO, M T 1400 C Fhedh
4 h, FEGT SnO, AR, IngSnsOp LB BlijgR4s
ﬂglﬁ*i’:ﬂ'%’ IH4SH3012*HR/{:\£%)T%7Q, E/lﬁji
U e B e 2 U AR o R KT iy

3) £E O, U NBESS, 1TO Sk i B A HA

4) 1 O, RS FRESS, 1TO MyBikil 455345,
AT E% B 1TO BEAFH14 o

REFERENCES

[1]  WEN S J, CAMPET G, PORTIER J. Correlations between the
electronic properties of doped indium oxide ceramics and the
nature of the doping element[J]. Materials Science and
Engineering B, 1992, 15(1): 115-119.

[2] AIT AOUAJ M, DIAZ R, BELAYACHI A, RUEDA F,
ABDLEFDIL M. Comparative study of ITO and FTO thin films
grown by spray pyrolysis[J]. Materials Research Bulletin, 2009,
44(7): 1458-1461.

[31 FALLAH H R, VARNAMKHASTI M G, VAHID M .
Substrate temperature effect on transparent heat reflecting

ITO films electron beam

nanocrystalline prepared by

evaporation[J]. Renewable Energy, 2010, 35(7): 1527—1530.

[4]

[10]

[12]

[13]

[14]

[15]

SEKI S, SAWADA Y, OGAWA M, YAMAMOTO M, KAGOTA
Y, SHIDA A, IDE M. Highly conducting indium-tin-oxide
transparent film prepared by dip-coating with an indium
carboxylate salt[J]. Surface and Coating Technology, 2003,
169/170: 525-527.

WRIEAE, 2 dh W BER R Bk dl# 1TO B0 HUE[T].
P E A 4 E 224, 2005, 15(1): 94-99.

CHEN Shi-zhu, LI Jing. Sol-gol dip coating technique for
preparation of ITO thin film[J]. The Chinese Journal of
Nonferrous Metals, 2005, 15(1): 94-99.

CUI Hai-ning, TEIXEIRA V, MONTEIRO A. Microstructure
study of indium tin oxide thin films by optical methods[J].
Vacuum, 2002, 67(3/4): 589-594.

MAKI K, KOMIYA N, SUZUKI A. Fabrication of thin films of
ITO by aerosol CVD[J]. Thin Solid Films, 2003, 445(2):
224-228.

GEHMAN B L, JONSSON S, RUDOLPH T, SCHERER M,
WEIGERT M, VERNER R. Influence of manufacturing process
of indium.tin oxide sputtering targets on sputtering behavior[J].
Thin solid Film, 1992, 200: 333-336.

ISHIBASHI S, HIGUCHI Y, OKA Y. Low resistivity indium-tin
oxide transparent conductive films. II. Effect of sputtering
voltage on electricalproperty of films[J]. Journal of Vacuum
Science and Technology A, 1990, 8(3): 1403—1406.
UDAWATTE C P, YANAGISAWA K, NASU 8. Preparation and
characterization of fine indium tin oxide powders by a
hydrothermal treatment and postannealing method[J]. Journal of
Materials Research, 2000, 15(6): 1404—1408.

KOICHIRO I, TETSUHIKO I, MAMORU S. Enhanced
densification of indium-tin oxide ceramic for sputter target
through wet mechanchemical processing[J]. Solid State Ionics,
1997, 101/103: 71-78.

KIM B C, LEE J H, KIM J J. Effect of forming pressure on
densification behavior of nanocrystalline ITO powder[J]. Journal
of the European Ceramic Society, 2007, 27(2/3): 807-812.
NADUAD N, NANOT M, BOCH P. Sintering and electrical
properties of titania and zirconia-containing In,O3-SnO,(ITO)
cramics[J]. Journal of the American Ceramic Society, 1994,
77(3): 843-846.

SUZUKI M, MURAOKA M, SAWADA Y, MATSUSHITA J.
Sintering of indium-tin-oxide with vanadium oxide additive[J].
Materials Science and Engineering B, 1998, 54(1/2): 46—50.
2k, W, FTSR O K, XER, BRE. KRk
X InyO5 BT YK TESUR G544 (LA [T]. By R RVRL 2 5 T
T, 2013, 18(1): 83—89.



228

A G EE R

2014 4E 1 H

[16]

[17]

(18]

WU Cheng, LIU Zhi-hong, LI Yu-hu, SU Fei, LIU Zhi-yong, LI
Qi-hou. Effects of hydrothermal method on crystalline and
morphology of In(OH); precursor[J]. Materials Science and
Engineering of Powder Metellurgy, 2013, 18(1): 83—89.
LAMOREAUX R H, HIDENBRAND D L, BREWER L.
High-temperature vaporization behavior of oxides. II. Oxides
of Be, Mg, Ca, Sr, Ba, B, Al, Ga, In, Tl, Si, Ge, Sn, Pb, Zn, Cd
and Hg[J]. Journal of Physical and Chemical Reference Data,
1987, 16(3): 419—443.

WIT J H W. The high temperature behavior of In,Os[J]. Journal
of Solid State Chemistry, 1975, 13: 192-200.

SUNDE T O L, EINARSRUD M A, GRANDE T. Solid state

sintering of nano-crystalline indium tin oxide[J]. Journal of the

[19]

[20]

European Ceramic Society, 2013, 33(3): 1-10.

WEWARD W J, SWENSON D J. Phase equilibria in the
pseudo-binary In,O03-SnO, system[J]. Journal of Materials
Science, 2007, 42(17): 7135-7140.

BATE J L, GRITTEN C W, MARCHANT D D, GARNIER J E.
Electrical conductivity, seebeck coefficient, and structure of

IH203-SH02/[J]4
65(4): 673-678.

American Ceramics Society Bulletin, 1986,

NADAUD N, LEQUEUS N, NANOT M. Structural studies of
tin-doped indium oxide (ITO) and InSn;O,,[J]. Solid State
Chemistry, 1998, 135(1): 140—148.

(4RiE  ZFiR4D)



