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0 O O Twelve kinds of metal-ion added zirconium oxide catalyst materials were prepared by
impregnation of 10 mol% metal salt (Ca, V, Cr, Fe, Ni, Cu, Zn, Mo, W, Y and Ce) or sulfateion onto
amorphous zirconium hydroxide followed by calcination at 673-1273 K. Crystallization process of
zirconium oxide, fraction of the tetragonal phase and d-spacing of the tetragonal (101) reflection
were investigated by XRD as a function of calcination temperature. The addition of metal ion
stabilized meta-stable tetragonal and/or cubic phase, and suppressed phase transition to ther-
modynamically stable monoclinic phase. The added elements were classified into four groups by
degree of stabilization. In casesfor Fe, Ni, Cu and Zn-ion added zirconium oxides, the meta-stable
phase could exist at the calcination temperature till 873 K. Thed (101) spacing for corresponding
to tetragona ZrO, phasein thefour samplescalcined at 773 K were smaller than that for non modified
ZrO,, and ion radii of the added elements were close to that of Zr*.
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Fig.10 Dependence of WO; loadings on fraction of
tetragonal ZrO, phase and catalytic activity for n-butane
isomerization'®. Catalyst: 0.2 g, n-butane: 150 pumol,
reaction temp.: 573 K, 24 h.
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Fig.20 Results of n-butane isomerization over 15 wt%
WO; promoted zirconia catalyst prepared by different
procedures, and fraction of tetragonal ZrO, phase '®.
Catalyst: 0.2 g, n-butane: 150 umol, reaction temp.: 573
K, 24 h.
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Fig.300 Cu Ko XRD patterns of Zr(OH), and 15 wt% WO, -Zr(OH), calcined at different temperatures.
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Fig.40 Cu Ko XRD patterns of metal-ion added Zr(OH), calcined at (a) 773 K, (b) 1073 K and (c) 1273 K.

goooooo 44

273



xXooooooooooooooooooooooooooooooooao

000000000000000000000
001073K0000000000V,Cu000
Zn0O0ODODOO0O00000DDO OCrOFelNi
0D0000000000000000000
00000D000SO, MoWOOOOOOO
000000000000000000000
001273K00 Cal0000000O0OOOY
D00dcel0000000D0D00D0DDODOOO0
000000000000000000000
000000000000000000000
000000000 O0XRDOOOOOODOOO
0000000000000000 26=35,50
0006000000000 O0O0O0OODOO
0000000000000 000050-100 m?g
000000000000000000000
000000000000000000 X000
000000000000000000000
00 773K0000000000000000
00000000000000001273K00
000000000000000000000
000000000000
00000000000 000000XRDOO
0000000 ToayaO O 270000000
000000000000000000000
000000 Fgs50000000000000
000000000000000000000
0oo2®&0773Kk000000000000
00000000008 I000ooooo
000000000000000000000
0000000000000 00000000
00000000000873KO0000OVODO
OFeO0OODODODOOODOOOODOODOO
1073KO0 000V, Cr,Fe Ni,Cu,Zn0 0000
00D000D000030%000000000 Ca,
Y,CeUODODDODODOO 1273KO 000 85%0

274

100 [¢ ke
SN
S 80
: L
S, 60 1
E \
5 ||
s m—-\
c !
2 z
8 20+
L
0k ; :
673 873 1073 1273

Calcination temp. /K

Fig.50 Fraction of tetragonal phase in metal-ion added
zirconia calcined at various temperatures.
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Fig.6[] Dependence of d (101) spacing of tetragonal
phase in metal-ion added zirconia samples on calcination
temperature.
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