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Figure S1. Scanning electron microscopy images (a) 5%WO;-ZrO,, (b) 5%Mo03-S10,,
(¢) 5%Mo003-Zr0O,, and (d) 5%WO3-Si0,.



Figure S2. EDX spectrums of (a) 5%Mo00;-Si0,, (b) 5%Mo00;-ZrO,, (c) 5%WO03-Si0,, and
(d) 5%WO3-ZI'02.
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Figure S3. NH;3-TPD of (a) 5%Mo00s-ZrO,, (b) 5%WO0O;-Si0O,, and (¢) 5%WO;-ZrO,.
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Figure S4. TPR of the synthesized solid Lewis acid catalysts.



100 012 10— 040
a b 0,35
10,10 . ’
95 0 030 O
0,08 g
-~ S A 90 025 X
X = <
i 006 2 < 1020 £
- 90' m - 4
£ 2 E 5 0
o o @ D 0,15 3
3 > % om0 3
# o E ok 0,05 E
0 il
0,00 @ B e 000 @
80 T T ' T ¥ T ¥ I . I i T ” L % 1 * 1 L L)
0 200 400 600 800 1000 0 200 400 600 800 1000
Temperature (°C) Temperature (°C)
100,0 0,015
99,5- 0012
0
9,0- 0009 3
3 -
ot 10,006 £
E 9815' .9
0 0
T %0 0003 3
3 5
a1 0,000 £
0,003 &
97,0 ¥ ] s 1 ' 1 b T ¥ ]
0 200 400 600 800 1000
Temperature (°C)

Figure S5. Thermogravimetric analysis and their derivatives: (a) 5%WO;-SiO,, (b) 5%WOs-

Zr0O,, and (c) 5%Mo0;-ZrO,.



