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Abstract: WO3/ZrO, solid acid catalyst with hierarchically porous structure was prepared by the one-pot hydrothermal method involving
templating from a composite surfactant. The catalyst samples were characterized by X-ray diffraction, N, adsorption-desorption, Raman
spectroscopy and NH3temperature-programmed desorption. The results indicated that WO; doping significantly increased the BET surface
area and provided more surface acid centers. The esterification of acetic acid and butanol showed that the hierarchically porous WO3/ZrO,
solid acid catalyst has excellent catalytic activity and reusability. The 20% WO2/ZrO, sample calcined at 550 °C for 5 h has the highest cata-
lytic activity.
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Fig. 1. XRD patterns of the WO4/ZrO, samples with different WO;
loading. (1) 5%WOs/ZrO,; (2) 10%WOs/ZrO;; (3) 15%WO,/ZrO,; (4)
20%WO3/Zr0O,.
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Table 1 Porous structure properties of the WO,/ZrO, samples with
different WO; loading

Sample BET surface Pore size Pore volume
area (m?/g) (nm) (cm®/g)
ZrO, 115 41 0.23
5%WO;/ ZrO, 177 4.4 0.16
10%WO,/ZrO; 175 34 0.18
15%WO0O,/ZrO; 169 42 0.19
20%WO0O,/ZrO, 153 2.7 0.21
25%WO0O,/ZrO, 142 3.9 0.17
30%WO3/ZrO, 127 3.2 0.19
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Fig. 3. Raman spectra of the WO4/ZrO, samples with different WO,
loading. (1) 5%WO,/ZrO;; (2) 10%WO4/ZrO;; (3) 20%WO4/ZrO;; (4)
25%WO3/Zr0O,; (5) 30%WOs/ZrO,.

2 15%WOs/ZrO, #mky SEM 1 TEM B R
Fig. 2. SEM and TEM images of 15%WO,/ZrO, sample. (a), (b) SEM; (c), (d) TEM (the insert is the corresponding selected diffraction pattern).
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Table 2 The EDS results corresponding to Fig. 2(d)

Element Peak area Area sigma K factor Weight (%) Weight sigma (%) Atom (%)
0 837 54 1.810 26.84 1.81 69.16
Zr 2107 148 1.699 63.36 2.27 28.64
w 348 63 1.590 9.80 1.68 2.20
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Fig. 4. NH;-TPD profiles of the WOs/ZrO, samples with different
WOs doping. (1) 5%WOs/ZrO;; (2) 10%WOs/ZrOy,(3) 20%WO,/
Zr0y; (4) 25%W0s/Zr0O;; (5) 30%WOs/ZrO,; (6) 20%WOs/ ZrO,(c).
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Fig. 5. Esterification of acetic acid and n-butanol over the WO3/ZrO,
samples with different WO3 loading. (1) ZrOy; (2) 5%WOs/ZrO;,; (3)
10%WOs/Zr0,;  (4)  15%WOs/ZrO,;  (5)  20%WOs/ZrO,;  (6)
25%W0,/Zr0,;  (7)  20%WO3/ZrO,(c).  Reaction  conditions:
n(n-BuOH)/n(CH3;COOH) = 1.5; w(catalyst) = 3%; 120 °C. The (c)
after 20%WO,/ZrO, means that the sample was prepared by conven-
tional impregnation method (as a reference sample).
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Tabal 3 Reusablity of different WO3/ZrO, catalyst samples in the
esterification

Conversion (%)

Runl Run2 Run3 Run4 Run5 Run6
20%WO,/ZrO,4(s) 100 94 87 74 — —
20%WO,/ZrO, 100 100 100 100 89 82
20%WO,/ZrO,(c) 84 82 76 71 — —

Sample

The (s) after 20%WO,/ZrO, means that the sample was prepared with
S0,% a promoter.
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