5541 B 11 ¥ @ 4t T Vol.41, No.11
2024 4E 11 A FINE CHEMICALS Nov. 2024

BUASHBERAER

WVO,/SiO, artBF#= K& L H il <A RL 7K £ &8

EAA, EERY, 0 &V
(1. EEASHE K MRS TRESRE, EEK 400000; 2. T EBFEREEAHALEBZET, I 5]
# 610041 )

. UAAL Sio, bk ImiliRe: (NH,VO, ) AR ER A RTIRAREE (Hd, NH,VO; 0.982 mmol, n(V) :
n(W)=1 : 4, V,0s Fl WO, B f 48t 20% (BTt 43450 ) ), 38 i SRR 4 T WVO,/Sio, AL . SR XRD
BET. XPS. NH;-TPD #i AR5 TRESIREE (350~600 °C ) %41 WVO,/Si0, (ith Cat”, TCIRESRE)
PR I R A H I A K BB s i, S5 R R, WVO/Sio, B ZB AL, R AN
213.5~235.2 m%g, FELL V,05-WO; HH N T ; WVO,/SIO, Fifi FEAATESM .0, Cat™ 55 o5t K%,
Cat™™ IR PERSR ;. HIE LR WVO,/Si0, SRR ORI S IEARG, HIAE bR = (N, O )
HITEBENE S WVO, IITEEIERS (RAHZEAL ) TRTeEAHoet:, ZERUBIRIE 300 °C. 253 5 h! (U4, L Cat™®
LI, HhF AR R, H 93.3%; DL Cat™ MAEALH], ZEEEFEMERGE, N 37.1%; L Cat™ Mf{Li]
F, HIMEE L3R 89.3%, TNJATE I Z S B MEAT BIIEH] 50.5%F1 20.0% , AR BEF= Pt ( I . 2
PIREE AN EISCR Z F1 ) 355 86.0%, Cat* ZJififid, EHRENEERNIR L, o UIKE SHiEIL]
AT 1
FER: MR EELY; ML SEMkEE; Hilik; B IRES; B
HESES: TQ426; TQ224.1 XEAARIRED: A XEHS: 1003-5214 (2024) 11-2486-07

Phaseregulation of WVO,/SIO, and its catalytic performance
on gas-phase dehydration of glycerol

CHEN Lin', TONG Xingxing', KONG Liyuan', Zeng Qiyao',
PANG Youyu', YUAN Shanliang®’, LIU Miao"*

(1. School of Materials Science and Engineering, Chongqing Jiaotong University, Chongging 400000, China; 2. Chengdu
Institute of Organic Chemistry, Chinese Academy of Sciences, Chengdu 610041, Sichuan, China )

Abstract: WVO,/SiO, catalysts were prepared by equal volume impregnation method using industrial
mesoporous SiO, as carrier, ammonium metadvanadate (NH,VO;) and ammonium metatungstate as
precursor salts [herein, NH;VO; 0.982 mmol, n(V) : n(W)=1 : 4, the total loading capacity of V,0s and
WOs3 is 20% (mass fraction)]. The effects of calcination temperature (350~600 °C) on the physical
properties and catalytic performance of WVO,/SiO, (Cat’, T stands for roasting temperature) for glycerol
gas-phase dehydration were analyzed by XRD, BET, XPS and NH3-TPD techniques. The results showed
that WVO,/Si0,, mainly composed of V,05-WO;, had a well-developed mesoporous structure with a
specific surface area of 213.5~235.2 m%/g. The surface of WVO,/SiO, mainly contained weak acid centers,

with Cat™° possessing the largest number of weak acid centers, while Cat™

the strongest acidity. The
glycerol conversion rate was positively correlated with the number of weak acid centers of WVO,/SiO,,

while the glycerol conversion rate and the selectivity of products (acrolein, acetaldehyde, etc.) were
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correlated with the existence form (crystal phase composition) of WVO,. Under the conditions of reaction

temperature 300 °C and space speed 5h', the glycerol conversion rate was the highest (93.3%) when

Cat*" was used as catalyst, with Cat’”

while Cat*®

acetaldehyde reached 50.5% and 20.0%, respectively, and the carbon balance of the liquid condensation

as catalyst, the selectivity of acetaldehyde was the highest (37.1%),
was used as catalyst, the glycerol conversion rate was 89.3%, the selectivity of acrolein and

product (the sum of the yield of acrolein, acetaldehyde, propylene alcohol and hydroxyacetone) reached
86.0%. Cat*™ was regenerated in situ and re-exposed the covered acid center, which could restore the
activity equivalent to that of the new catalyst.

Key words. tungsten-vanadium composite oxides; mesoporous silica; glycerol conversion; acetaldehyde;
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Fig. 1 XRD patterns of WVO,/SiO, prepared at different
calcining temperatures
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pore size distribution curves (b) of Cat®’, Cat*® and
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Table 1  Structural parameters of SiO, and WVO,/Si0,
YR Sger/(m?/g) do/nm Vi/(cm®/g)
Si0, 490.4 7.6 0.78
Cat*™ 213.5 6.8 0.47 ‘
Cat* 235.2 5.9 0.43
Cat** 2332 5.5 0.44 \
Cat™ 232.3 5.2 0.43 ‘ .
Cat®® 231.4 5.1 0.45
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Fig. 3 High-resolution XPS spectra of Cat
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Table. 2 Conversion of glycerol and selectivity of products

HEALF] AL /% AR -5/ % 27 SRk
R i P Foft
Cat*® 89.3 50.5 20.0 2.9 2.9 86.0 A
Cat™® 85.7 29.5 37.1 6.5 1.7 86.0 AL
SiW/ALO; 100.0 543 4.8 — 15.4 85 [21]
FePO, 100 50.7 3.8 — — 80.4 [22]
ZR24 100 60 2.5 0.085 0.018 80 [23]
NbZrO 99.8 53.1 2.0 0.3 0.3 64.9 [24]
WO;/MCM-48 22 7 12 — — 65.6 [18]
e =" AR AR SR B

222 MR EAEAE LG R
6 hy H It R X Cat™ fi Ak P BE A2 .
MIEL 6 W LA i, BfE e Rk 22 m 5 m

AL R B RS, X A, H b A R
R T Cat™ LR R e H MR E R A
0.55 mL/min A}, PMEEEEETE (50.5% ) FIICR
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Fig. 6 Glycerol conversion and products selectivity under
different liquid flow rates
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Fig. 7 Catalytic stability and regeneration ability of Cat*®
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Fig. 8 XRD patterns of Cat*?® before and after reaction
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