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1. Difference spectra of pyridine adsorbed on acid sites of WO3/Al,05 catalysts

The acidity of WOs/Al,O; catalysts with variousWOj; loadings was investigated by adsorbed
pyridine on catalysts surface. The bands at 1540 and 1450 cm™! were attributed to pyridinium ion on
Brensted acid site and pyridine coordinated to Lewis acid site, respectively. The amount of Brensted
and Lewis acidity were estimated from the area of bands at 1540 and 1450 cm™! and their integrated

molar extinction coefficients; 1.67 and 2.22 cm pumol !, respectively.!
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Figure S1. Difference spectra of pyridine adsorbed on
WO3/Al,05 catalysts with various WO; loadings. a) 0, b) 2,
¢) 5,d)7,e) 10, ) 15, g) 20, h) 25, 1) 30, j) 40 and k) 50 wt%
WO; loading.



2. Conversion, Yield and Selectivity

) sumof moles of all products
Conversion (%) = x 100

sum of moles of reactant and all products

. moles of specific product
Yield (%) = x 100
sum of moles of reactant and all products

moles of carbon in specific product
Selectivity (%) = f pecificp

X
sum of moles of carbon in reactant and all products

100



3. Selectivity of acrolein produced from glycerol over various solid acid catalysts.
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Figure S2. Acrolein selectivity of glycerol dehydration over
various solid acid catalysts. ®: WO5/Al,05; with 20 wt% WO,
loading, A: WO3/ZrO, with 10 wt % WO; loading, m:
WO3/TiO, with 2.5 WO; wt% loading, 4: Nb,Os, o: H-ZSM-
5(90), a: H-B(25), o: H-Y(5.5), <: H-MOR(20). Conditions:
Catalyst (100 mg), WHSV by glycerol (4.7 h'!), 7= 588 K.



4. TG analysis of WO; loaded catalysts and zeolites.
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Figure S3. TG analysis of various catalysts after using reaction for 5 h. (A) WO3/Al,04
with 20 wt% WOj; loading, (B) WO5/ZrO, with 10 wt% WOj; loading, (C) WO5/TiO, with
2.5 wt% WOj; loading, (D) H-ZSM-5(90), (E) H-B(25), (F) H-Y(5.5) and (G) H-MOR(20).



5. Dehydration of glycerol over H-ZSM-5 under N, and O,.

100
80 -

9

S 60 -

2

>

£

g 40

Q

<
20 -
0 T T T T T

0 1 2 3 4 5 6
Time on stream/ h
Figure S4. Dehydration of glycerol to acrolein over Dehydration
of glycerol to acrolein over H-ZSM-5(90) under flowing N,
(circle) and O, (square). Conditions: Catalyst (100 mg), WHSV
by glycerol (4.7 h'), T= 588 K.



6. TG analysis of WO3/Al,03 and H-ZSM-5 after catalytic cycle under O,.
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Figure S5. TG analysis of (A) WO3/ALO; with 20 wt% WO; loading and (B) H-ZSM-5(90)

catalysts after reaction for 5 h under flowing O,.



7. NH5-TPD profiles of WO5/Al,0; and H-ZSM-5 before and after the reaction under N, and O,.

- ® - | (B)
_o _o

° 25 » 25

o o

£ £

£ £

e e

c c

S S

s 8

[e} [e}

g g

T T

z z

I T T T T T T T T T T T T T
373 473 573 673 773 373 473 573 673 773
Temp. /K Temp. /K

Figure S6. NH;-TPD profiles of (A) 20 wt% WO;/Al,05 and (B) H-ZSM-5(90).
—: flesh, —: after the reaction under N, flow and —: after reaction under O,

flow.



8. Previous studies on gas-phase dehydration of polyols

Table S1. Comparison of reaction results on gas-phase dehydration of polyols.

Catalyst Catal);ii;veight Substrate '/:i:jl_rit_? Carrier Te/nlip. prggit;]ct 1:|eld (%) :th :(Eiei:d/ r1at[i1c)1 Reference
20 wt% WO,3/Al,03 100 Glycerol 0.37 N> 588 Acrolein 85 72 0.84 This Work
20 wt% WO3/Al,03 100 Glycerol 0.37 0O, 588 Acrolein 93 90 0.97 This Work
(SiOFl ;ii'\(/)l;iQO) 100 Glycerol 0.37 No 588 Acrolein 90 45 0.50 This Work
NbzOs 570 Glycerol 50.4 N, 588 Acrolein 37 47 1.27 s2
(Cal. 673 K)
NbzOs 840 Glycerol 50.4 N, 588 Acrolein 10 " 1.10 s2
(Cal. 973 K)
(si O'Zii'\c");i 90) 380 Glycerol 50.4 N, 588 Acrolein ( 1_322h) (9_11‘(; h) 0.44 S3
15 wt% WO3/Al,03 310 Glycerol 0.37 N2 588 Acrolein 46 68 1.48 S4
15 wt% WO3/ZrO3 630 Glycerol 0.37 N2 588 Acrolein 53 63 1.19 S4
23 wt% WO4/SiO, 330 Glycerol 0.37 N2 588 Acrolein 47 30 0.64 S4
(Si“é':/' Azljgi'ﬁ " 150 Glycerol 1.33 N, 578 Acrolein 20 6 0.30 S5
i g";gé‘:g';tf%) 150 Glycerol 1.33 N, 578 Acrolein 13 6 0.46 S5
BPO, 220 1,2-Propanediol 0.53 H, 493 Propanal 90 75 0.83 S6
30 wi% /g?glwuow 300 1,2-Propanediol 1.70 N; 473 Propanal 67 (Average) - S7
Si0O,-S1,03 300 1,2-Propanediol 1.70 N2 523 Propanal 29 (Average) - S7
ZrO, 300 1,2-Propanediol 1.70 N2 673 Propanal 21 (Average) - S7
TiO, 300 1,2-Propanediol 1.70 Nz 623 Acetone 22 (Average) - S7
Amberlyst-15 300 1,2-Propanediol 1.70 Nz 473 Dioxolane 49 (Average) - S7
Al,O3 300 1,2-Propanediol 1.70 N2 573 Dioxolane 28 (Average) - S7
Ce0, 150 Glycerol 2.01 N, 698 ;prr‘zs;‘:g;e 28 (Average) - s8
CeO, 150 1,2-Butanediol 2.01 Nz 698 Butanal 8 (Average) - S8
CeO;, 150 1,3-Butanediol 2.01 Nz 698 3-buten-2-ol 46 (Average) - S8
CeO, 150 1,4-Butanediol 2.01 N2 698 3-buten-1-ol 40 (Average) - S8
CeO, 150 2.3-Butanediol 2.01 N2 698 Butanone 33 (Average) - S8
CeO, 150 1,2-Propanediol 2.01 N2 698 1-Propanol 9 (Average) - S8
CeO, 150 1,3-Propanediol 2.01 Nz 698 2-Propen-1-ol 42 (Average) - S8
CeO; 150 2,4-Pentanediol 201 N; 698 trans- 59 (Average) - s8
3-penten-2-ol
In,03 500 1,3-propanediol 2.67 N2 648 2-propen-1-ol 72 22 0.31 S9
In;03 500 1,4-butanediol 2.67 N2 648 3-buten-1-ol 56 56 1.00 S9
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