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Abstract Transition metal ions doped TiO; nanostructured powders were prepared with simply heating
aqueous TiOCl, solutions, contained various metal ions (Ni, Al, Fe, Zr, and Nb) of 1.47 mol% added as metal-
chlorides, at 100°C for 4 hrs by homogeneous precipitation process under suppressing conditions of water
vaporization. The characterizations for prepared TiO; powders were carried out to observe doping of metal ions,
their concentrations and microstructures using XRD, UV-VIS (DRS), XPS, SEM, TEM and ICP. Also, photo-
oxidative abilities were evaluated by decomposition of 4-chlorophenol (4CP) under ultraviolet light irradiations.
No secondary oxide phases were formed in all the TiO, powders, showing doping with various transition metal
ions. When adding ions (Ni** or Al** and Zr*") having valance states or ionic radii greatly different from those
of Ti**, the TiO, powders of mixed anatase and rutile phases were formed, whereas in the case of additions
of Fe** and Nb™ as well as no addition of metal ion the powders with pure rutile phase alone were formed.
Among the prepared TiO, powders, Ni** doped TiO, powders, containing a small amount of anatase phase,
showed excellent photo-oxidative ability in 4CP decomposition because of relative decreases in electron-hole
recombination and poisoning of TiO, surface during the photoreaction.
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Fig. 1. XRD patterns for the TiO, powder prepared from
aqueous TiOCl, solution added with various transition metal-
chlorides of (a) NiCl,, (b) AICls, (¢) FeCls, (d) ZrOCl, and (e)
NbCls, compared to that (f) without any additive.
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Fig. 2. UV-VIS (DRS) spectra for TiO, powders prepared

from aquous TiOCl, solution added with various metal-
chlorides.

2794 Holg&E F7iste] AN F AL F
3k XA F-AF) A Fe*ob Nb™*7F 288 B
=%t 94, Zr'to] g8 2T oF Svol% FEA
o} X oleAld, 22l Nitteh AlYe] 38E ¥
T2 F 20~40 vol% A2l ohElAldol 2gd FH
ol BAEe AL B & dvk 2 Aolgse] A
7k2 18 NiO, ALO;, Fe0,, ZrO,, Z18]3L NbOs &
3 e sk FE Y oAb wEEA Btk A
< AT Utk

o]Z Ho|I Uu} zr*o] Hrtd BLE 405nm F2
o W= e /EA I U AP'9 Npte] HrtE BT
3 SpE FY4 Boau o7k e sl A

= gl

= FRl

#e FFgE AL 4 5 vk 28V Ni9 Fe™
S 425 nmm o= FH-E

o] H7Hd ¢ & Frdke A
°2 vt 71 FAYEIARAI)E M= 3] o) F
(red shiftys WS & F AUrk o9 e W= A
o] O1F2ZRE Ti-0 A QFORE Hojg&oleEo] AL
43t Holvke 2S A es & & giglon, a8

93 Tio, A¢Hele] WHalE AstA sl X-
A AR BN AT

Yehigich. A2addzges Az
o] peak2 FIAE el 93H TiO, L9 2ps,0l
A 4585eV ATAIAE 7HAH 2ppt 2psps 5.7eV
o) 2ol 8 FHA I otk AFdUIAY R Az £
22 2p.,9 AFNUR 7L thi e 4569 eVell A Fo
EA B 2p10% 2pane 5.7 eVel o7t v AoeE
ZHHBE TiO, % ozt 2L B3] Fld ¢ 3
o} 23y AolFsro] AE-H ThE TiO, EYEL Table
19 Vel RAH" of$ A7) a8Ho] Holg&e] 4
ol Aol slFsle B 2HEYS A 5s] st
A B3FGA G, £ Fé dFshe 2HEYS
2R ot} =3 o] AZelE ) H (Jon Chromato-
graphy) EA]7]18 olg3le] CI' o]&% A3 o
1ppm ©]3te] CI o]&o] #aE-& 3t o3&
Ti-02] A=A} ¢tol Molgdro]l A& TiO, ¥4 2
oA 7b dola4: 8ol 93] WstaiES HoE
o} 39 Li P8 BEE BE Ho|FE] Ti-0 AA
o 18% A FAx 2HEY Ho] Puvt tE B
Tol| vl Aot Rus o, Fig 39 Aret
No*7b 288 Ho| JErt AUHoE 5L olfE
o] A o] Weo] AHo g by

o] FRAo T ZAMEo] Y

©

e

=9
r
o
o
5@
03‘: <
Iy
i
K3
=)
)

28E Holgde] 24 o HIEHAS Flay] s
TiO, ¥A7F A & F2 &4 EAge T =5
o, Holgdole 18]il AxE Ed ¥3E Mo
FTHI2S ICP BA& 5% AF 2 AAH 4 234

& able 1

st BET £%7]2 F9e vid4S S35
o) YERNITE Fee) 7S Tit*s} o] 2mzdo] 7ro} oF
=
=

75 wi%e] $PIES olFHA e F5E]

ol =AUk wiflr A T2 Nite} o] &ntHo] uj
S He AP o8l A AzE R 23E F%
o]&o] of 6wi% HES A& Fo] g F5E
9% nHA 23, BEAA & oAy g



296 25 -

o] -

oI5 - A

Table 1. Composition of dried powders (Ti;,M,)O, obtained after precipitation at 100°C, and the contents of Ti and transition

metal in aqueous solution or dried powders by ICP.

Composition of

Content of Ti metal

Trasition metal

Properties dried compounds remained in the Transition mgtal contents remained Specific
obtained after aqueous solution contents con}amed in the aqueous  surface area
L . in the dried . 2
Adding forms ligeocolglt?;lroz [?rt after ;();e:tc%)p)ltaUOn powders (wi%) sc).lu.tlcgls a(ftetrly) (m‘/g)
precipitation (wt%
No additive Ti*" (64 pm) TiO, 4~7 - - 193
NiCl, Ni** (69 pm) Tig 9996Nip.001002 7~10 5.4~6.7 25.1~25.4 194
AlCl; AP** (53 pm) Tip 9987419001302 5~7 8.9~11.3 25.1~254 205
FeCls Fe®* (64 pm) Tio 9s66F€0.013402 5~8 74.6~75.6 21.5~21.9 212
ZrOCl, Zr** (79 pm) Tio 9859210014102 37~42 88.5~90.3 5.7~5.9 283
NbCls Nb™ (69 pm)  Tige72:Nbge27902 27~30 85.6~87.4 7.5~7.7 159
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Fig. 3. XPS for the TiO, powders prepared from aqueous
TiOCl, solutions added with various metal-chlorides.
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Fig. 4. SEM photos for the TiO, powders prepared from aqueous TiOCl, solutions added with various transition metal-chlorides
of (a) NiCl,, (b) AICl;, (¢) FeCls, (d) ZrOCl,, (e) NbCls, and (f) no additive.
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- -
20nm 20nm
Fig. 5. TEM photos for the TiQ, powders prepared from
aqueous TiOCl, solutions added with various transition metal-
chlorides of (a) NiCly, (b) AICL;, (c) FeCl; (d) ZrOCl, (e)
NbCls and (f) No additive.

Table 2. Analysis results for crystalline phase for the TiO,
powders precipitated at 100°C in aqueous TiOCl, solution
added with various doping sources.

Properties  Valence states
(ionic radii) of Shape of
trasition metal Crystalline  primary
ions to be particle
Adding form expected in TiO,
No additive Ti** (64 pm) Rutile Acicular
. 24+ Rutile .
NiCl, Ni“" (69 pm) +25% anatase Acicular
AICI AP* (53 pm) Rutile = o} erical
} +33% anatase
FeCl, Fe*™ (64 pm) Rutile Acicular
4+ Anatase .
ZrQCl, Zr™ (79 pm) +5% rutile Spherical
NbCls Nb™ (69 pm) Rutile Acicular
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Fig. 6. The amount of TOC(Total Organic Carbon) with the
irradiation time for decomposition of 4-chlorophenol by
photocatalytic processes on various TiO, powders.

o wj¢ ¢ S veEpia Ao 2y AR,
Fe’, Zr*, 28x Nb5+°l H7te EUEL v EaFo]

#lz- 7= Bt Q38 FEs Aol ¥
A 9}, o] F ol-{E Table 35} Fig. 792 A1
g 4 Qo

Fig. 72 TiO, % &9 ¥4 AHERS A
Rl Zojck. 2RolA B ule} o] ojUerA| g F
gito] 70:300.2 E3E P25E 3954 nmé} 408.6 nmol)
A, FAol oluelAl el Zte S Tio, TS
390.9 nme} 406.3 nmol|A] oRElA| 9} FEAYo) sFseE
3o FFEHES Bol Ut Zio] A7tE Tio, #
22 400 nom " THIA Y9 =, ohERAIAG 3 E e,
o] ¢ g2 PR o)Fsle e gled oA
2 YR =77 4 vRerlEle]l7] W&o quantum
effec/t A8 Roz AZEG"Y 34, F2 FEHO
2 o]FolA Ti0, 22 400 nm u]u},} e 3
A et BE EU¥Eo| 70 3499 (408.6 nm ©]

olgF - 2
406.3
3954’ 436.1  462.9
390.2 os.s
—_ N it PLT
3 /, 0 additive (HPPLT)
&
F
2 Ni
_9 74
=
Nb
Fe
350 400 450 500 550

Wavelength (nm)

Fig. 7. Photoluminescence spectra of the TiO, powders
prepared from aqueous TiOCl, solutions added with various
transition metal-chlorides. The spectra were measured with
fluorescence spectrophotometer by excitation at 325 nm.
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Table 3. The color of powders and TOC (Total Organic Carbon) contents after the decomposition of 4-chlorophenol by
photocatalytic processes on various TiO, powders under UV light irradiation.

Color of powders and

total decomposition Color of powders

Color of powders

TOC contents remained after

contents before decomposition after decomposition decomposition during 5 hr (C/Cg)
Powders
P25 White Light brown 0.38
No additive White Light brown 0.30
Ni-doped powder Light green Light brown 0.20
Al-doped powder White Dark brown 0.47
Fe-doped powder Yellowish Dark brown 041
Zr-doped powder White Dark brown 0.43
Nb-doped powder White Dark brown 045
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