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Effects of support acidities on catalytic performances for gas-phase hydrogenation of
furfuryl alcohol to 2-methylfuran

ZHANG Daotong, HE Jiarui, ZHOU Shengran, WANG Jinshan, LIU Guoguo, ZHANG Yajing, WANG Kangjun
(College of Chemical Engineering, Shenyang Untversity of Chemical Technology, Shenyang 110142, Liaoning, China)

Abstract: As a biofuel and chemical intermediate with broad application prospects, 2-methylfuran has attracted significant attention for
its efficient synthesis. Currently, the production of 2-methylfuran relies primarily on furfural as the feedstock. However, the process is
often plagued by low selectivity toward 2-methylfuran and poor reaction stability. In contrast, the hydrogenation pathway using furfuryl
alcohol as feedstock offers distinct advantages. Cu/MgO, Cu/CeO,, Cu/SiO, and Cu/Al,O, were prepared via the precipitation method
and their structures were characterized by N, adsorption/desorption, XRD, H,-TPR, and so on. The effects of acidities of the supports on
gas-phase hydrogenation of furfuryl alcohol to 2-methylfuran were investigated. The results indicate that, compared to MgO, CeO: and
Si0,, Al,0, exhibits strong interaction with Cu, which enhances the dispersion of Cu species and facilitates the formation more Cu” and
Cu" active species during reduction. The synergy between active sites and the acid sites on ALO, confers the Cu/Al,O, with superior
catalytic performance and excellent stability. Under the reaction conditions of 210 °C, atmospheric pressure, weight hourly space
velocity of 4.74 h™' and n(H,):n(furfuryl alcohol) of 4:1, the initial conversion rate of furfuryl alcohol approaches 100%, and 2-
methylfuran selectivity approaches 92.6%. After 10 h of reaction, the conversion rate of furfuryl alcohol of Cu/Al,O, approaches 89.1%,
and the 2-methylfuran selectivity maintains above 87%.
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Fig. 1 N, adsorption/desorption curves (a) and pore size distribution curves (b) of different catalysts
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Table 1 Textural properties of different catalysts

AL WWREA (m>g") LA Aem’-g")  “FIFLE /am
30%Cu/MgO 110.5 0.281 17.0
30%Cu/CeO, 75.4 0.444 29.4
30%Cu/Sio, 177.2 0.461 13.6
30%Cu/ALO, 102.5 0.564 29.6

1 B L) T AT, BT A AL TV B SR 2GR
BB A FLes e, f B 1(b) o] i, B AL 7
I FLAR Y 32 E A AR 7 2~30 nm, tAE B H B A 4L
gER). B 1A%, 30%Cu/CeO, i Eb R TH A BN,
1R 75.4 m¥/g; 30%Cu/MgO F 30%Cu/ALO, i Eb 37
AR LB 230, 49 98 110.5 m¥/g AT 102.5 m¥/g; 1Ml
30%Cu/SiO, [t K [ R 5 K, I8 3 177.2 mY/g. B
SR 30%Cu/SiO, Y b 2 AR B K, AR -3 LA B/
(13.6 nm) ;30%Cw/ALO, PR LR RN, 1851 29.6 nm.
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20 = 37.0° Fl1 42.6° Kbt B 55 A7 5 &, 1% 0 v 3 R
Cu,0 (PDF#34—1354)2%1, K[AMEAL FI K 1 Cu )
Tl 1 & o B A7 AR B 25 22 1) 5 o 30%Cw/Si0, 1 Cu
AT I A BBm AN , U6 I FL Cu di R K ak 2 5 5
3 11 30%Cu/CeO, Fl 30%Cu/ALO; [ Cu AT 5 14 45
55 FL UG R85, it BH 3 7 ol £ 770 1) Cu P 43 B
FER v FORLAR T /N AV E R 2, O LTy
4 )& Cu i (111) 15 (20 = 43.2°) 5 MgO 1 (200) 1§
QO=D9O N B, “EA e RE—CES,
X4 330 30%Cuw/MgO TEIX BT (1777 5 s e 7 5 55

e Cu
% Cu,0

30%Cu/ALO, . ®
L]
L]

W eveviny
30%Cu/Sio,

30%Cu/CeO,

30%Cu/MgO

BT /(aw)

1 1 1 1 1 1
10 20 30 40 50 60 70 80
20 /(°)

E2 REMELFIEXRDEE
Fig.2 XRD patterns of different catalysts
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Fig.3 H,-TPR curves of different catalysts
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Table 2 Total hydrogen consumptions of different catalysts

1AL 71 HFEEE /(mmol-g )
30%Cu/MgO 3.10
30%Cu/CeO, 3.54
30%Cu/SiO, 3.40
30%Cu/AlLO, 2.80

T SRR RAE H,-TPR fHZR R BT 5E .
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Table 3 Total acid contents of different catalysts

AL ) SR E /(umol-g™)
30%CwMgO =
30%Cu/CeO, 1412
30%Cu/SiO, 160.6
30%Cu/AlLO, 762.5

T R AR NH,-TPD #2683 AR 57
2.1.5  RKEYF b

ARFEMEALFI Cu 2p XPS i AT Cu LMM i &
TS, Cupfhse B3 Hrai R K 4.

(b) CuLMM c Cu’
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Fig.5 Cu 2p XPS spectra (a) and Cu LMM spectra (b) of different catalysts
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Table 4 Quantitative analysis results of Cu species of different catalysts

HEHE eV

AL

e eV

n(Cu®"Y/n(Cu? + Cu”)™ /% o n(Cu’)n(Cu’+ Cu"? /%
u

Cu”"p,, Cu”"p, Cu’'p,, Cu'p,, Cu’
30%Cu/MgO 952.3 932.7 954.5 934.6 57.4 569.4 573.9 35.5
30%Cu/CeO, 952.3 932.6 954.5 934.7 54.4 569.5 574.2 44.8
30%Cu/SiO, 952.4 932.7 954.5 934.6 58.3 569.7 574.6 20.9
30%Cu/ALO, 952.3 932.6 954.5 934.7 61.6 569.8 574.8 51.1

1 :(DARHE Cu 2p XPS 1 B4 WAL 5 4 R T 51 MR Cu LMM 2 [ 43 WUl & 45 SR 155

& 5(a) F13% 4 1] 1, Cu 2p XPS 1% & i {7 T
934.6 eV 1 954.5 eV RFE IS, DL f T2 1§34 15
J& T Cu®, A7 T 932.6 eV 1 952.3 eV )45 4iF 16 )

J& T Cu® s A bb T HiAth 3 FR AL TR, 30%Cu/ALO, K
n(Cu”")/n(Cu® + Cu”") i & (61.6%) , 1M 30%Cu/SiO,
N 58.3%,30%Cu/MgO N 57.4%,30%Cu/CeO, N 54.4%.
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Fig. 7 Feedstock conversion rates (a) and 2-methylfuran selectivities (b) of hydrogenation of furfural or furfuryl alcohol to
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