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Abstract—V,05-ZrO, catalysts were prepared by dry impregnation of powdered Zr(OH)4 with an aqueous
solution of NH4VO; followed by calcining in air, and V,0s-Zr0,/SO,2" catalysts were prepared by modifying
impregnated Zr(OH), with H,SO, followed by calcining in air. The characterization of prepared catalysts
was performed by using FTIR, DSC-TGA, and XRD, and by the measurems at of surface area. The addition
of V,0s to ZrO, and modification with H,SO, shifted the phase transition of ZrO, from amorphous to tetragonal
and from tetragonal to monoclinic to higher temperatures due to the interaction between ZrO, and V,Os(or
H>S04). Since V.05 was dispersed on the surface of ZrO, up to 10 mol% of V,QOs, any crystal phase of V,Os
even at the calcination temperature of 900C was not observed on the XRD patterns. However, in the case
of sample containning 15 mol% of V.05 V,0s crystal phase appeared on XRD pattern from the calcination
temperature of 700C.
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Fig. 1. Infrared spectra of (a) 5-V;0s-ZrO,, (b) 10-V,0s-
Zr0,, (c) 15-V,05-Zr0O;, (d) 20-V;05-ZrQ,, and
(e) VzOs.
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Fig. 2. Infrared spectra of (a) 1-V,0s-ZrQO;, and (b) 1-V,0s
-Zr0,/SO3 .
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Fig. 3. X-ray diffraction patterns of ZrO; calcined at dif-
ferent temperature for 1.5 hr.
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Fig. 4. X-ray diffraction patterns of 2-V,0s-ZrO; calcined
at different temperature for 1.5 hr. 2‘ 3'0 "0 5‘0 6‘0 7‘0
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Fig. 7. X-ray diffraction patterns of 15-V,0s-ZrQ; calcin-
ed at different temperature for 1.5 hr.
O tetrago;lal phase ZrO., @: monoclinic phase
ZrQq, a: orthorhombic phase V,0s, W: cubic phase
Zl‘VzO7

3o 2 ANAE V,05-Zr0y/S02 EofjAl2] X-4l 3
A pattern® V;05-Zr0,9] A7} F-AFslel o) 34k7)ot
Vy0s-Zr0, Ewiell Ao nl/| A5 Fofjol] v)slo]
ZrO; o] 57t A o2 o7k | BRG]

&# V,05 phase= V,0; #2ko] 10 mole%7HA] = o]
A EEelME #AE R opsldch. o] AL ZrO:
Erdol] V,057F 3402 A ik o] 9l&E 9w
gl 22]2 o] Z3he Fig 12} IR ~¥Eale] A
9z dxgch 2t V,05 ko] 15 mole%q) ol
oA A& Fig. 7oA B Hpg} 7ho] 700T & 44250
A V)05 phaser} #a= i) 0] 7 ZrO,d CrOE
FAsS Az2g Cr0/Zr0; Zve] A aAE ekl
2ALE F7HETE o-CrOs9] Aol BelAle d
FAze} FAbslei(36]. 22l 700C o A eEAA
15-V;05-Zr0,0] A &ell A& Vo059 ZrO,7} ZAdtslte]
QA5 ANE$ phasedl cubic¥ 8] Zrv,0.0] #EEQ
t}. et 800 ol A& ZrV,0: 9] phaser} B3] = o] o}
& asldon 900T olMe ¢S YA Vi0;

1at2s H31A MeE 19934 128

Heat flow, mVWatt

1 2 3 5 1 L

100 200 300 400 500 600 ’;00 800

Temperature, °c

Fig. 8. DSC curves of precursors of catalysts:
@) ZrOs, (b) 1-V,05-Zr0s, (¢) 5-V205-Zr0,, (d) 10-
V205-Zr0;, (&) 15-V,05-Zr0;, (f) 20-V,05-Zr0:, and
(g) NH,VO,.
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Fig. 9. TGA curve of Zr0,/SOs".
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Fig. 10. TGA curve of 1-V,0:-Zr0O,.
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Fig. 11. TGA curve of 1-V,05-Zr0,/SO.".

Table 1. Specific surface area of V,0s-ZrO, and V,0s-
Zr0,/SO2 " catalysts
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5-V,05-Zr0,/S02~ 141.0
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20-V,05-Zr0,/SO4* 149.0
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Table 2. Acid strength of catalysts

Hammet indicator pKa value of indicator ZrO; Zr0y/S04%~  0.1-V,05-ZrO;  0.1-V;05-Zr0,/S0,2-
Dimethyl yellow +33 + + +
Dicinnamal-acetone —-3.0 + + +
Benzalaceto-phenone —56 + + +
Antraquinone —-82 + + +
p-Nitro-toluene ~11.35 + + +
Nitrobenzene —124 + — +
2,4-dinitro-fluorobenzene —14.5 + - +
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Fig. 12. Infrared spectra of pyridine adsorbed on 0.3-V,0s
-ZrO; and 0.3-V,05-Zr0,/SO .
(a) background of 0.3-V,05-ZrO,, (b) pyridine ad-
sorbed on 0.3-V:05-ZrO,, and (c) pyridine adsor-
bed on 0.3-V»05-Zr0,/SO,® , gas phase was eva-
cuated at 250C for 1hr after adsorption in (b)
and (¢).
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gdor V,0s ko] 10 mole% o]Abe] =W multila-
yerg 84502 V,0:.9 o] 44 Y=k ZrO,
ol V.Os& &8 H7kshd k9] A7)7t 24 Frhsgl
on gAte g AR Fole 27p4be] AJAE Ry

sich.
d A
o] £E-E 191 E WEHAY eV FAEe A

et S FedTzgulel sl ATHAF
Yzt olel g Egiuich
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