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Abstract — Zirconium hydroxide was synthesized by varying the aging time of the zirconyl chloride octahydrate at
100 °C in aqueous solution and the resulting hydroxides were calcined at 700 °C for 6 h to obtain the crystalline ZrO,.
The materials used in this study were characterized by differential thermal analysis (DTA), X-ray diffraction (XRD), N,-
sorption, transmission electron microscopy (TEM), NH; temperature-programmed desorption (NH;-TPD), CO,-TPD
and iso-propanol TPD analyses to correlate with catalytic activity for the dehydration of iso-propanol. The pure tetrag-
onal ZrO, phase was obtained after 24 h aging of zirconium hydroxide and successive calcination at 700 °C. The increase
of aging time showed the production of smaller particle size ZrO, resulting that the higher specific surface area and total
pore volume. NH;-TPD results revealed that the relative acidity of the catalysts increased along with the increase of
aging time. On the other hand, the results of CO,-TPD showed the reverse trend of NH;-TPD results. The best catalytic
activity for the dehydration of iso-propanol to propylene was shown over ZrO, catalyst aged for 168 h which had the
highest S ;7 (178 m? g™1). The catalytic activity could be correlated with high surface area, relative acidity and easy des-

orption of iso-propanol.
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Fig. 1. DTA curves of ZrO, (x) catalysts prepared at different aging
times; (a) ZrO, (1), (b) ZrO, (12), (c) ZrO, (24), (d) ZrO, (72),
(e) ZrO, (120) and (f) ZrO, (168). The number in parentheses
means the aging time in hour.
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Fig. 2. XRD patterns of ZrO,(x) catalysts refluxed at 100 °C for 1-168 h
and calcined at 700 °C for 6 h; (a) ZrO, (1), (b) ZrO, (12), (c)
Zr0, (24), (d) ZrO, (72), (e) ZrO, (120) and (f) ZrO, (168).

Table 1. Textural properties of ZrO,(x) catalysts prepared at different aging times®

Mono Intensity Mono Intensity Tetra Intensity

Particle size(nm)*

Aging time (11T (111 (111 me V¢ M vs T¢ S peT Pore v3017ulme Pore size

® 20=28 20=31 20=30 M T (g (emg) (nm)

1 100 67.9 18.4 090 092 0.92:0.08 17.4 16.6 38 0.146 15.2
12 11.2 0 100 0.10 0.13 0.13:0.87 9.1 10.7 63 0.245 15.5
24 0 0 100 0 0 Tetragonal - 9.4 91 0.275 12.1
72 0 0 100 0 0 Tetragonal - 6.6 148 0.372 10.1
120 0 0 100 0 0 Tetragonal - 6.6 157 0.440 11.2
168 0 0 100 0 0 Tetragonal - 6.0 178 0.433 9.7

“The samples were calcined at 700 °C for 6 h.

®The intensity fraction, X, of monoclinic phase, Xm=m(111)+Im(11T))/((Im(111)+Im(11T)+It(111)), Im=Intensity of monoclinic (111) plane, It=Intensity

of tetragonal (111) plane

“The volume fraction, V,,, of monoclinic, V,,=1.311xX,, /(1 + 0.311xX,,)
M vs T=Monoclinic vs Tetragonal

“Determined from Scherrer’s equation
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perature with respect to the aging time.
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Fig. 4. N, adsorption-desorption isotherms of ZrO,(x) catalysts pre-
pared at different aging times and calcined at 700 °C for 6 h;
(a) ZrO, (1), (b) ZrO, (12), (c) ZrO, (24), (d) ZrO, (72), (e)
Zr0, (120) and (f) ZrO, (168).
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Fig. 6. NH;-TPD profiles of ZrO,(x) catalysts prepared at different
aging times and calcined at 700 °C for 6 h; (a) ZrO, (1), (b)
Zr0, (12), (¢) ZrO, (24), (d) ZrO, (72), (e) ZrO, (120) and
(f) ZrO, (168). The mass signal of -NH; (n/z=17) was recorded
by using QMS detector.
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Fig. 7. CO,-TPD profiles of ZrO,(x) catalysts prepared at different
aging times and calcined at 700 °C for 6 h; (a) ZrO, (1), (b)
ZrO, (12), (¢) ZrO, (24), (d) ZrO, (72), (e) ZrO, (120) and
(f) ZrO, (168). The mass signal of -CO, (1n/z=44) was recorded
by using QMS detector.
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Fig. 8. IPA-TPD profiles of ZrO,(x) catalysts prepared at different
aging times and calcined at 700 °C for 6 h; (a) ZrO, (1), (b)
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for 6 h; (M) ZrO, (1), (@) ZrO, (12), (A) ZrO, (24), (V)
Zr0, (72), (®) Zr0O, (120) and (4) ZrO, (168).
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