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Abstract For the production of a high-density ITO target, In,0; powders with a small particle size and low agglomeration
should be synthesized. The purpose of this study is to control the size and shape of the Indium hydroxide precursor which
affects the properties of the In,O; powder. As a starting raw material, Indium metal was dissolved in a Nitric acid (HNO;)
solution. The effect of concentration, pH, and temperature on the properties of Indium hydroxide was investigated using
ammonium hydroxide as a precipitant. Crystallite size of each sample was analyzed by X-ray diffraction and the shape and
the size of the powder was analyzed by transmission electron microscopy. As a result, the particle size of Indium hydroxide
was increased with increase in the concentration of In(NO;); and the particle size and shape of the Indium hydroxide
remained unchanged with increase in the pH of the solution. The particle size increased with increase in the precipitation
temperature during precipitation.
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Fig. 1. X-ray diffraction patterns of samples obtained under the conditions of (a) pH 5, (b) pH 6, (c) pH 7, (d) pH 8, and (e) pH 9.
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Fig. 2. Integral area ratio of In(OH);/InOOH in the XRD pat-
terns of the samples obtained at the conditions of pH 5, pH 6,
pH 7, pH 8, and pH 9.
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Fig. 3. Crystallite size calculated using Scherrer equation for the samples obtained under the conditions of (a) pH 5, (b) pH 6, (c)
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Fig. 4. TEM photographs for the samples obtained under the conditions of (a) pH 7 and (b) pH 9.

Fole Zog Azdn

Fig. 4914= pH 73 pH 94 dofZl A]5e] TEM
A4S JepITE. Bar 4 552 22 34
< BET A 7YY dAARIEE 2.50m~3.5
nmZ Scherrer equation®Z AAFF InOOHS] Crystallite

sizedt LT AAE AT F AN, T Fael
uEl o o] #FEY olHd Ad= XRDE #F
[e)

oAl YEhd InOOH} YX|sh= ZOZ Hol F3PAke
InOOH?! Zoz F=Hr, JA} shsht= H4d4<l
Aoz Azt Bar 42 Fig. 4914 B A& A

1



126  E.-K. Choi, W.-J. Lee, K.-S. Han, U.-S. Kim, J.-H. Kim, K.-T. Hwang, J.-Y. Kim, H.-J. Hwang, K.-B. Shim and W.-S. Cho

30 30
—— 02moal E —=— 0.2mol
—&— 0.4mol T —e— 0.4mol
25 25 —&— 0.6mol
—v— 0.8mol
20 A = 20
£ 2
2 s
= 15 15 4
10 10 - ¥ ¥
= < <.
—3> I g =14
5 1 T 1 T T 5 1 T T T T
pH5 pH6 pH7 pH8 pH9 pH5 pH6 pH7 pH8 pH9
pH pH

Fig. 5. Length changes of (a) major axis and (b) minor axis for the samples obtained under various conditions.

Y A5 d5o] EAlsks ASHA F2US E 7 A TR 9G] FuHRE & F ATk Fig. 5(2)°
ATt Fig. 591 UeRd M9 pHe| ¥slol] & 44874  AxE E¥ In(OH),® Bar FEjAA F59] dol= &
o] Wzl= IA #AFERA LA Tt SUFEEE =7F 0.2 mololA 0.8 molE E71hel] wh <F 15 nmoll
AEe] dol7t oA e AL & 4 vk 53], In(OH); A ¢F 25mm= A3, @52 Zol= 8~10 nm=
o] g3ll=rt wol Mz o= A2 pH 73 pH 8l Aol Wto] gle AL ERIT F Aot o|Hg o=

5O 1

tlo

. A - 1 (0H)3-cuby A- 1nOH)3-cubic]
§ B - 1000H-orthorombié 2 H - 1n00H-orthorombic]
]
= = g
= = R’
pHS
~~ ‘ ~~
= =
3 o) [ ]
= pH S E.. A pHB
z E
pH7T .
z z 2t
] (=
pHE pHE
pHS _L . PR pHS
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
2-theta(deg.) 2-theta(deg.)
s A- 1n(OR2-cubed A - mipH)3-cibig
= M - 100H-orthommbig 2 H - 1n00H-orthorombid
CR g
- o = - ) .
= z ) = 2 8N
__,_}l-\..f\ T s pH9 = 3= pHS
‘A N
-~ -~
=3 =
& - A | pH& & u A || pHB
S
Z S
.; =
5 pHT E pHT
= =
E —
pHE pHG
JM pH S _AJ'WA,V\ pHS
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
2-theta(deg.) 2-theta(deg.)

Fig. 6. X-ray diffraction patterns of samples obtained under various pH conditions with the concentration of (a) 0.2 mol, (b) 0.4 mol,
(c) 0.6 mol, and (d) 0.8 mol.



Synthesis of indium hydroxide powders by a precipitation method

Fig. 2o YeRd ZAH Scherrer equation® = A4kgh
In(OH);2] Crystallite size®} A A3E Hol= Ao
Z Hol Bar g9 A5 o0He® AE A9

S o] He] FHA|7} T el H]sl] At
AHog == AS F5E 4 AUtk =3 Bar I3
Y2b shbshbes @Al AoE AzbeTh

L,

3.2. pH Hslol| W& A} 54 w3}

Fig. 6 0.2, 0.4, 0.6, 0.8 mol¢] E=olA ZHz} pH 5,
6, 7, 8, 92| ®Wslol| e} Aozl HxEe] XRD Aol
t}. Z7o4 In(OH),¢} MOOH7} E&E3le A=
HolFEJ o, Fig. 7l (400) peakES ARE3F In(OH), 2}
(220) peakZ A}F&-3F mOOHS] HWAH|E-S YehhdTt
pH7} S7FF% In(OH), 72| W& %43 mnOOH
ko] H)g-L Yot} Fig. 2004 Awah uie} 7o) pH
o] F7PF In(OH), &°] A8S FAFIve AHE
S =

Fig. 8 (200)H2] XRD peakE ARE-3}e] Scherrer
equation® 2 AAFeE Crystallite size 3t YERH A3}
ojth. folA gt upe} o] B Ao oAM=
A% 37 dojx pHO o] mlofsl H]lth. pH
of W2 gz FAd wEH[16], ¥ A7 HAF =

=
—J—UL_

2““5
190 -

180 -
170
160
150
140 -
130
120
110 -

Crystallite size(A)

100

th
N
-~
co
w

200
1902lil
180
170
160
150
140
130
1204
110+
100+ ; .

Crystallite size(A)

pH

Crystallite size(A)

Crystallite size(A)

127

70

—o—0.2mol
1—*— 0.4mol
= 60 -|{[—&— 0.6moll
b =] —¥— 0.8moll
E ]
- 50 v
—
o
f% 40 4 P/”r/fr¥
= i
:L 'ﬂfffe##; o
o 30 4
5 / .
e
=1 ‘f,_,;—~*‘ _ff’”»;i
- 20 - /
-2 2 . .
[ ]
10 T T T T T
pHS pHE pH7 pHS pHY

Fig. 7. Integral area ratio of In(OH),/InOOH in the XRD pat-
terns of the samples obtained with the concentrations of 0.2
mol, 0.4 mol, 0.6 mol, and 0.8 mol.

A pH ¥W3lol] 2]3k In(OH),2] falleE IthA] 2}
o7} flojr] pHe| WslHth= 7] F&e] 4Pl o
A vehke Zle® gztEd

(98
W

T Hstel] wE dAF 54 Wst

0.4mol, pH 7914¢] A Al 25°C, 50°C, 80°CE &
To] HelE Fo] dojzl HHES] XRD A3}t (200)

200

1902|E:|
180
170
160
150
140
130
120
110
100 . ; ; ;

E==200]

7
=
-~
co
w

180
170
160 -
150
140
1304
120
110
100 T T T T

200
190:]!£| Ea=za4

Fig. 8. Crystallite size calculated using Scherrer equation for the samples obtained with the concentrations (a) 0.2 mol, (b) 0.4 mol,
(c) 0.6 mol, and (d) 0.8 mol.



128  E.-K. Choi, W.-J. Lee, K.-S. Han, U.-S. Kim, J.-H. Kim, K.-T. Hwang, J.-Y. Kim, H.-J. Hwang, K.-B. Shim and W.-S. Cho

M - 10008

=
g
~~
- = o
8 = £ 8
:? /)
w
=
2
= m LA

A - 1n(OHR-cabtf:

300
m

2504
-
=
=
£ 200
:
§ 150

1004

25 50 80

Precipitation temperature(°C)

Fig. 9. (a) X-ray diffraction patterns and (b) crystallite size calculated using a Scherrer equation for the samples obtained under the
condition of pH 7 with a concentration of 0.4 mol.

He] XRD peakE ARE3}¢] Scherrer equation®Z A
2kt Crystallite size #b< Fig. 99 JepIITH BE =

70

60
50 - -
40-

304

In(OH)3/InOOH ratio

20+

10 . T .
25 50 80

Precipitation temperature(°C)
Fig. 10. Integral area ratio of In(OH),/InOOH in the XRD pat-

terns of the samples obtained at various temperatures under the
condition of pH 7 with a concentration of 0.4 mol.

7oA In(OH);2} InOOH7} FEdhs A3E HAAF3
o™, Fig. 10°] (400) peakE A3 In(OH),2} (220)
peaks ARE-eF InOOH®] WAHIES YepfiSth &%
7} £2HdE In(OH), 4¢] H[&S EokX]3Z InOOH
’Fe] vlgE Yoldith, 257t SEFAE In(OH), 32
AT A3 BAstElE FloE AH.

Fig. 11¢] TEM Ao XRD A7} A3 A4}
o] #F=|}]rt.

2 AFx= ZJdYe 98 Indium hydroxideE &
dstal, pH, ¥%, 259 Azt JHEd vAe dF

1) pH 5, 6, 7, 814 In(NO,),9] F%=7} 0.2 molol|A
0.8mol= F7}sA In(OH), +&e] AA = Y=kl =71
7} 478k, WA pH 99lA+ 0.2 molell A 0.8 mol

Fig. 11. TEM photographs for the samples obtained under the condition of pH 7 with a concentration of 0.4 mol.



Synthesis of indium hydroxide powders by a precipitation method 129

2 FE7 TR AR dAA717F HlsssHAl e
gt

2) In(OH), ®&2<] 443 Afo]=dl] mX|= pHe| F3F
2 mrg og #FEN oW, pHe =7t MskE o
Ato]ze} Ate] Wsle s F= A= Az

3) In(OH); 29| 3 Alo]zd H|X|= %9 %
&2 25°C, 50°C, 80°CZ =S w In(OH), ¥e] 2
gz Qlate] YA=717F 9F 10 nmellA 30 nm7}
A AAE AES G

RS o83 In(OH), 22 I A 7%
FE F= ¥TFe (N0, Fkok I Ale] 2%
om, pHe= 20| GRS PIRIA] ¥t

i

32 of

ZAle| 2

2 d9e ARERRReA Abehe AV EARE
Q7S ARI (17-BUS010025000)0-2 S8 313U T

References

[ 1] H. Kobayashi, T. Ishida, Y. Nakato and H. Tsubomura,
“Mechanism of carrier transport in highly efficient solar
cells having indium tin oxide/Si junctions”, J. Appl.
Phys. 69 (1991) 1736.

[2] V.A. Dao, H.W. Choi, J.K. Heo, H.S. Park, K.C. Yoon,
Y.S. Lee, Y.K. Kim, N. Lakshminarayan and J.S. Yi,
“rf-Magnetron sputtered ITO thin films for improved
heterojunction solar cell applications”, Curr. Appl. Phys.
10 (2010) 506.

[3] S.K. Park, J.I. Han, W.K. Kim and M.G. Kwak, “Depo-
sition of indium-tin-oxide films on polymer substrates
for application in plastic-based flat panel displays”, Thin
Solid Films 397 (2001) 49.

[4] B.H. Lee, 1.G. Kim, S.W. Cho and S.H. Lee, “Effect of

process parameters on the characteristics of indium tin
oxide thin film for flat panel display application”, Thin
Solid Films 302 (1997) 25.

[5] JJ. Xu, A.S. Shaikh and R.W. Vest, “Indium tin oxide
film from metallo-organic precursors”, Thin Solid Films
161 (1988) 273.

[6] Y. Djaoued, V.H. Phong, S. Badilescu, P.V. Ashrit, F.E.
Girouard and V.V. Truoung, “Sol-gel-prepared ITO films
for electrochromic systems”, Thin Solid Films 293
(1997) 108.

[7]1 A.L. Dawar and J.C. Joshi, “Semiconducting transpar-
ent thin films: their properties and applications”, J.
Mater. Sci. 19 (1984) 1.

[ 8] B.L. Gehman, S. Johnson, T. Rudoph, M. Scherer, M.
Weigert and R. Werner, “Influence of manufacturing
process of indium tin oxide sputtering targets on sputter-
ing behavior”, Thin Solid Films 220 (1992) 333.

[9] B.G. Lewis and D.C. Paine, “Applications and process-
ing of transparent conducting oxides”, Mater. Res. Bull.
25 (2000) 22.

[10] K.H. Song, S.C. Park and J.G. Nam, “Tin oxide pow-
der, manufacturing method there of, and manufacturing
method of high density indium tin oxide target using the
same”, Patents of Korea 0075991 (2002).

[11] LY. Jung, S.H. Kim, E.T. Kang, K.S. Han, J.H. Kim,
K.T. Hwang and W.S. Cho, “Synthesis of nano-sized
Ga,O; powders by polymerized complex method”, J.
Korean Cryst. Growth Cryst. Technol. 23 (2013) 302.

[12] Y.B. Choi, J.H. Son, J.K. Lee and D.S. Bae, “Synthsis
and characterization of potassium titanate whisker by
hydrothermal process”, J. Korean Cryst. Growth Cryst.
Technol. 27 (2017) 9.

[13] J.Y. Jung, S.H. Kim, E.T. Kang, K.S. Han, J.H. Kim,
K.T. Hwang and W.S. Cho, “Synthesis of Ga,O; pow-
ders by precipitation method”, J. Korean Cryst. Growth
Cryst. Technol. 24 (2014) 8.

[14] C.F. Baes Jr. and R.E. Mesmer, “The hydrolysis of cat-
ions” (Krieger Publishing Company, Malabar Florida,
1986) 321.

[15] M. Pourbaix, “Atlas of electrochemical equilibria in
aqueous solutions” (Pergamon Press Ltd., Headington
Hill Hall, Oxford, London, 1966) 441.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


