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Table 1. Catalytic properties of sulfated zirconia catalysts.
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Crystal Surface Surface area® Decrease of  Sulfur Sulfur_ Coverage® Acidsites  Ratio of

Catalyst structure” structure? surface area amount” amount® amount”  NH,/S*"
major(minor) major(minor) Im* g 1% Iwt% wt% 1% /mol kg

SIZ-2 T (M) T 68.3+7.3 70.8 4.36 3.1 72 0.19 0.14
S/Z-3 M (€] 85.0+2.0 16.7 1.69 1.5 56 0.18 0.34
S/Z-4 M T 26.2+0.9 71 0.77 0.8 65 0.003 0.01
SIZ-5 T ¢y 61.3+8.7 68.4 3.23 2.2 78 0.14 0.14
AS/Z-2 M (T) A 67.0+6.0 71.4 3.61 25 43 0.20 0.18
AS/Z-3 M (€Y 71.0£1.0 304 2.81 23 47 0.16 0.18
AS/Z-4 M T 24.4+0.9 14.1 2.45 2.1 61 0.074 0.10
AS/Z-5 T (M) A 52.7+4.3 72.8 3.54 2.6 31 0.12 0.11

1) XRD, 2)Raman, 3) BET, 4) Elemental analysis, 5) TG-DTA, 6) BAT-technique, 7) NH,-TPD.
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Fig. 1. NH,-TPD profiles of sulfated zirconias prepared by
kneading with ammonium sulfate.

Table 2. Heats of NH; and Ar adsorption on sulfated zirconia
catalysts.

AH of NH, adsorption, average ~ AH of Ar adsopption
Catalyst /kJ mol” /kJ mol’

Peaka Peakb Peakc

SIZ-2 128 244 22.0
S/Z-3 138 223
S/Zz-4 110 >260 -

S/IZ-5 135 21.9
AS/Z-2 122 153 21.0
AS/Z-3 130 160 260 21.1
AS/Z4 143 240 22,6
AS/Z-5 144 22.0
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Scheme 1. Test reactions for comparison of activities of
sulfated zirconia catalysts.
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Table 3. Relative catalytic activity of sulfated zirconias for various reactions.”
Catalyst Butane Heptane Heptane Cumene Aldol Acylation”
Isomerization? Isomenzatlon ? Isomerization cracking® reaction®

S/Z-2 1.00 1.00 1.00 1.00 1.00 1.00
SIZ-3 0.06 0.39 0.06 0.91 0.88 0.24
SIZ-4 0.04 0.18 0 0.51 0.23 0.64
SIZ-5 1.00 0.74 1.05 1.06 0.67 0.07
AS/Z-2 1.06 0.83 0.71 0.91 0.44 0.91
AS/Z-3 0.06 0.64 0.14 0.88 0.63 044
AS/Z-4 0.00 0.56 0.12 0.43 0.17 040
AS/Z-5 0.16 0.81 0.57 0.78 0.56 0.13

1) Based on the catalytic acitivty of 8/2-2. 2) Catalyst 0.5 g, activated at 673 K in He (20 ml min l) reaction at 573 K,
butane:H,:He=5:45:50, total 10 ml min™, initial activity. 3) Catalyst 0.5 g, activated at 573 K in air (60 ml min™), reaction at 523 K.
H, /heptane_40 W/E=300 gh mol™, initial activity. 4) Mixed with P/ALO, (hybrid catalyst), H,/heptane—39 W/F=1.2 gh mol, 0.1 MPa,
reaction at 573 K. 5) Pulse reactlon catalyst 50 mg, pulse size 1 ml, flow rate 30 ml min™, first pulse data, conversion to benzene. 6)
Catalyst 60 mg, added to the mixture of 4-nitorobenzaldehyde (0.5 mmol) and acetone (2.5 ml), reaction at 333 K for 24 h. 7) Acylation
of anisole with benzoic acid anhydride, 303 K for 3 h.
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