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Resear ch progress on bifunctional catalystsfor conver sion of
furfural into fuel compounds
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Abstract: Preparation of fuel compounds from biomass is of great significance in reducing the dependence
on fossil energy and constructing green energy structure. High value-added fuel compounds such as
levulinic acid, levulinate, y-valerolactone and 2-methylfuran can be obtained by multi-step tandem reaction
of biomass platform compound fural, with the one-pot synthesis bypassing the separation of intermediate
products and shortening the process flow. In recent years, dual- and multi-functional catalysts for the
conversion of furfural into high value-added fuel compounds have been developed rapidly. Here, the
mechanism and route of highly efficient catalytic conversion of furfura into levulinic acid, levulinate,
y-valerolactone and 2-methylfuran were reviewed. The efficient bifunctional catalyst systems required for
different products was then summarized. The affecting factors on the reaction such as active site, spatial
structure, solvent and hydrogen donor of catalyst were further discussed. Finally, the future development
direction of bifunctional catalysts was proposed.
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method
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Fig. 1 Schematic diagram of conversion of FAL into high
value fuel compounds
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Fig. 2 Schematic diagram of reaction mechanism of FAL conversion into LA and LEs
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Table 1 Efficient catalytic systems for one pot synthesis of LA and LESs from FAL using Lewis acid-Bronsted acid bifunctional

catalysts
. fEALR FAL #:1k %%
Wi 7 2k R [% .
fEAL FEY) 06" S A 206 FEH % Tt
ZrO,@SBA-15 L BRI IR 5+ N iR 13  03gFAL. 20mL 5AfE, 160 °C. 18h 100 87.2 [26]
Zr-SBA-15 BRI IR W 50 O0.1gFAL. 7mL HIf£, 270 °C., 10h 100 36.3 [29]
ZrO-SO:H LB IE T R 26 2 mmol FAL, 10 mL IETH, 1 MPa N,, 100 91 [30]
180 °C. 8h
SO;H@Ni-Al LB IR LW 32  1gFAL.20mL &8 O A A% gow, 100 97.2 [31]
112 °C. 95 min
Nb,Os-ZrO, B ER S A I 33 10mL FAL., FRESECH 5% S RERK ., 2 926 71.8 [32]
MPaN,, 180 °C. 8h
1.5% Cu/NbP* ZEER R 52 1 mmol FAL. 5 mL H,O. 10 mL SR, 92.7 67 [33]
160 °C. 3h
Zr-Al/SBA-15(30 : 10)° Z N R Z g 50 0.2gFAL. 20mL ZF%. 180 °C, 3h 92.8 67.2 [34]
HPMo(20)/Zr-MCM-41Y  Z BENR 7 830  0.5mmol FAL. 10 mL 5P EE. 150 °C. 24 h 99.3 79.6 [35]

OVIAERE M R s @A 4080 306 M 41 40 o 344 1% o i 4 40 BZr-AlISBA-15(30 : 10)H 1% 30 :

10 REFLEAMLY S SBA-15

By L ; @HPMo(20)/Zr-MCM-41 1y 20 183 HPMo By 20 g/L, T IAl.
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Bronsted acid bifunctional catalysts
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Table2 Efficient catalytic systems for one pot synthesis of GVL from FAL using Lewis acid-Bronsted acid bifunctional catalysts

P e R A
HZ-ZrP 1-5 87 2.39mmol FAL, 20 mL 5. 0.5MPaN,, 180 °C. 14 h 64.2 [8]
Zr-PISAPO-34 200 1mmol FAL., 20 mL S/, 150 °C. 18h 80.0 [37]
HPW/Zr-Beta 800 0.11 mmol FAL. 20 mL S, 160 °C. 24 h 67.7 [38]
ZrOy-HPW-$ 77 0.196 gFAL. 20 mL 5. 170 °C. 10h 90 [39]
9%ZrO,/Sep ( 15iflA ) 830 0.25 mmol FAL. 5mL S:HNE£. 180 °C. 5h 50.6 [40]
Sn-Al-Beta 800 0.11 mmol FAL., 20 mL 2- T, 180 °C. 24h 60 [41]
Fe;0./ZrO,@MCM-41 830 0.5 mmol FAL, 10 mL SN, 150 °C. 30h 85 [42]
Ni-Co-Fe/ZSM-5 160 0.4 mmol FAL., 5mL ZFE. 4MPaH,. 150 °C. 10h 85.7 [43]
FM-Zr-ARS 210 1mmol FAL, 5mL 5 AEE. 160 °C. 8h 72.4 [44]
VPA-Hf (1:15) -05 210 1mmol FAL., 10mL S, 180 °C. 14h 81 [45]
Ti/Zr/O (1:1) - LR . FAL. SEREE. 4 MPaN,, 180 °C. #fliif[E 10 min 20 [46]
7L SOsH-AILO; (3: 1) 75 20.8 mmol FAL, 0.1gLiCl, 20 mL 2-T [ 120 °C, 2500 Hz #&#,  85.6 [47]

4h

Zr-CN/H-p 45 0.22gFAL. 5mL RNEE, 160 °C. 18 h 76.5 [48]
TRk DUT-67 (Hf) -0.06 250 1.25mmol FAL, 25 mL S, 180 °C, 24 h 87.1 [49]
Hf-Al-USY 100 0.5 mmol FAL., 5mL 5. 1.0MPaN;, 140 °C. 12h 64.9 [50]
10%HPW/20%ZrO,-SBA-15 77 0.196 g FAL., 20mL M, 170 °C. 12h 81 [51]

WINOTO %FI [ & 8 755 #e (SSIE) ¥,
# Sn BARNRALIER Al-Beta A, Hl& T
Sn-Al-Beta #EALF, 3 1o Bl AR B vk IR Y M4 R
KIEEE Sn/Al Hb, JREEA RS Sn BA ok ek AR
Sn-Al-Beta {471 Lewis/Bronsted M4 i i & 1t
i, AERRN T, GVL %A% 60%, fEI
FAf E, WINOTO Z B8R k&M ( HPW ) X}
Zr-Beta A HEA T M, £ T HPW/Zr-Beta W) fig
HEALF 7E 160 °CF I 24 h, £33 T /=50 67.7%
B GVL. YE Z£ERF5 Rk 3, Lewis B2 0B AL
T B R PO PR (A e AR, RIE
Lewis/Bronsted FR 4 i i = HLAE AT #1lF LES FTE A%,
fifi Lewis/Bronsted fia ¥ i ()&t FL(E 34 i, GVL

R 7= R L e R T R R A
OB R I T M O R R LB S5 R A R T
J LR HEATI4354 PENG SR THTIR (FM) 1
R, A T I RefEL ] FM-Zr-ARS ( ARS
NPGRLLS)o TEA AT R 5 A B IR Al i 4 Ak 77) B
AE R RTR, A8080 A P-4 R HEL
& JE R AE AR TS IRY BR ® o 7E FM-Zr-ARS
AR IE ] GVL WIS, 345 T 100%FH B
WAL AR, 72.4%01) GVL 773, TAN 2519 7 5]
Ak, B e O FEBEIR (VPA ) XT H 2R G iR
(p-TSA) FIPUSALE (HICl,) BmmHE L, Hl4&
T HA KRR KALAEN VPA-H(1 : 1.5)-0.5
HEALH), ARSIl GVL 1977 %35 81%., F 5
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Fig. 4 Reaction path of FAL conversion to 2-MF

DATE % 53¢ % B, 75 i fk i & *H A Bronsted
FiR HR Oy, B TT B O R AR AL LERFE Ll 2-MF,
W1 JotE & Jm A Bt T C=0 RN EUR B 41k
i FOL, BfJ5 FOL #% B RN AT FbIE AR E
R IE BT, SRIGTE Ho AE7E T K . il £t b
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L4 I8 TR WL BRI Ry 32, e sl fb R R gk
3R
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Table 3 Efficient catalytic systems for synthesis of 2-MF from FAL

fi i RN I S
5% Ir/C 10  25gFAL. 95mL S/, 0.689 MPaH,. 220 °C. 5h 99 95 [56]
10% Cu-3Pd/ZrO, 125 1mmol FAL, 14mL RHEE, 220 °C. 4h 100 61.9 [57]
Rus/NiFe,0,-400 79 1gFAL. 19g 5/, 21 MPaN,. 180 °C. 6h 98 83 [58]
CliReo14/y-Al,Os 20 1gFAL. 40mL 27, 2MPaH,. 200°C. 6h 100 86.4 [59]
15% Cu-Cu,0/N-RGO 10 1gFAL. 10g14-—FEE:. 15MPaH,. 240 °C. 4h 100 955 [60]
20% Co-CoO,/AC 10  2gFAL. 189 %7fif. 25MPaH,. 120 °C. 5h 100 87.4 [61]
Ni1oC0s-MgAIO 17 3gFAL. 20mL2- T, 3MPaH,. 220 °C. 6h 100 92.1 [62]
5Cu3Re/Al,03 20 0.5gFAL. 20mL FAMEE. 220 °C. 4h 100 94.0 [63]
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fEAEF FAL #4k  2-MF %%
il %

AL /0% S A 1% 2% it
CuzsZn-Al-600 25 0.6gFAL, 25mL 5/, 0.1 MPaN,, 180 °C. 4h 99 72 [64]
Cu-Coly-Al205 125  1gFAL. 10 mL 2-F L pU& ki . 3 MPaH,, 180 °C. 3.5h 100 94 [65]

BEALAE I R
10%Ni-10%Cu/Al,Os 15  1gFAL. 10g 57f:. 2g . 1MPaN,. 210 °C. 4h  97.6 79 [66]
Cu/FeO, 32 6.5 mmol FAL, 25mL S, 0.1 MPaN,, 190 °C., 4h 100 82.2 [67]
CuFe,04 AR A1 52 2mmol FAL, 20 mL S HEE, 200 °C, 1.5h 99.4 97.6 [68]

AR 3.1 R BRI BT, R B
2-MF (1) A AE T4 il in S0 7 8, 3 B Pk IR A8 L 1Y)
TN KOG SR TFAR N . 48, Rl R eE,
BRSNS R NS M B2 O a8 H B 4R
AALYECE IS AR, 2 FOL EHEMER LR
2-MF i A7 25 o

DATE %5 ORI i 8 1k £ 28 5% 42 T e (1) il 4%
T Ir gk (B a8) b 5%HY Ir/C f#fk5] (5%
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