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Abstract

Furfural is an important intermediate in the production of biomass fuels. Selective hydrogenation
of furfural to obtain furfuryl alcohol is one of the important chemical reactions in industry and
production. Traditional Cr catalysts have a great environmental pollution, so there is an urgent
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need to develop low-carbon, environmentally friendly and highly selective catalysts for the selec-
tive hydrogenation of furfural. This article summarizes some domestic and foreign catalysts used
in the selective hydrogenation of furfural to furfuryl alcohol from the fields of experimental che-
mistry and theoretical computational chemistry, and reveals the reaction mechanism from the
theoretical chemistry level to provide experimental and theoretical guidance and support for the
subsequent reaction.
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1. 5|8

BEN 21 HEAZLK, FEAE Tk AR B PUEA RE, T EREIR A T RO BT, ARt KR
Peff IREEIRA ™. I B, ARFEZRII, ) 2030 4, IR KRR 85 14111, FrLAa bR s
] RESE HRAR T2 00K R B AR AL A IS A REJR2E 7 (2] AE BRI 1= B0 mT F 2R fE
Pk, AR E Oy — R R AR AT JEORE, T EERAS BRI TR 00 2 R0 . B BUREL R A
A AL R, B A XS S N B AG R B2 AW SO 3 4E AE A BR Y B Py
BE R TFRARFEREMEATH T IZ R RN ) Fe AL O SRR 7 Za VI R (1 1) L. MRS . EERE . B
WS IX—RIE) a, p-AEAEERIAR, FEMEA SN PR T2 R3]

BRREAE N — R L&Y, RAEVIFURR A (2 AR 2 — o B A2 o~ 21 4 2 ) BT L A B A
ARHE R 388 3 38 7R BRI T B A AR SR AR D (91 0 R FEAT 8 S R B4 R A 0 O R A /K SR 3R A5 1)
[4]. BREESUA KRR o0 p-AUIMBELSHY, A BAB A RMVERE, 52k — 20 SN AR B A sE
IR o AR SO T LB I I B NS S AT BRI [S ] BRI RS — b 2 P S B P ), L) T2 ML
TEMEFYUE. G THRRAE . AR A DL TR Th B AT 4 (K A op o IR B AE R . AR C
DL BRI £ R 78 24 5 B A S L A TRLAR 6] (7]

2. FEEEFME SRR NARRER

FER M TV AE =2k, 3@ R &G Cr BT T AT MR G 3 M o S BSORe 2 (1 S 50 S o 48]
e F B BRI A AR T 12 OB o A SRR E , FEEZ0A 20 J5 W FRRREE (5 A BR™ B 1) 62%)7E
SRS R AR AL TR R AT BRI OR8] (H2 Cr fE N — R IR K &8, 1R 5 N AN ARZH
L, T N BRI B A AR s AN W R A S, 9 ELRT DUAE N A P B AR — 8 I B0 T 51 ik
R RARSE A #R[9]. FTLL, FHRE MR . B HER R0 Ak 770 FH T 0 A7 B e 32 38 1 im0 A e R 9 3
PSR A 2 A ST R B TR T

SiO; A KM LR IR, A Fa e M LIS & 8 2 IR FEAR TR AR FLAE FH AR08 A, TS R
T A AR R B3R 2 —[10]. Li 25 [11]0E 3R - B K #GEH & 73R Tio, SrEm
Cw/TiO,-SiO, fE4L 7. it SEM. TEM. XRD. XPS ZERAET- B UE AL I % e o I HHE A 753t
AT AT BRI, 7E 453 KA 1.0 M Pa 2600 1, BEEEFALZE 1L 96.9%, HREEIEFEMEN 96.3%, 1FHH
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AL AT LA BB A S R M I RS . W T AR L o I E RE B2 R B, Ti0,-Si0; (1)
AR 0.4 g/g (40wt%) TiO,o I AN TiO, T LACSE v 5 7 1 70 B f2dE Cu b AR BUR 2B .
I HAZ U A I8 5 S50 2 I e A0 PR JER T8 S AR T S R Cu ) 7 8¢ A, X 385 52 i e A 70 ) Ak AL P
AT, Cu/TiO,-Si0, A& — il FH TR s 456 M o 2 OB T 10) R AE e A4 791

HLEER, WM AR AL AT B S T AR A SRR 12] 0 REPEHE AL T T DL AN RE A 5 S N VR A4
S3 eS8, AT DL G AR A A BT A R (131 Rr i, R IR I VERE 2 — . Wang S5[14]f H 5+
PEEVE N EMEA, B PR R A SR I REYE y-Fe 05 (y-Fe,Os@HAP) FITEREVESE Rt A4, Ks JL ] TR ik
PRV ISR 1) S S NAE 180°C RS 10 /NI I, KRS 155 A0 N 96.2% , BREE K= H K 91.7%.
BT R EN], RERSFE RS B4R Ea (B 575 47.69 kI/mol, 7 WIRERE #6400 S B T R A N U . {H
FEZMEA T O AU T LUR 25 55 B F AN AR AE AT RIS PR RIS D0, AR EAT I A . 3
it — RAVSLIRHARG B, ZITIEIES AL ST C=0 B AL A S KIS, =ik
M BRI Ak 2 b B R A7)

KERWTFRRY, BMEAFE DR aE B 2550, TR - e85 1 s 2 FLAEHE 32 &
LR A1 8 1 RO ) — AN RORAR[15]. AEA— PR 2L EL, & A VL 34 EH(MOF) T H
SERIZEPINE . BURK BRI LSRR FLIE 54, Bl 2 — R b (ol % - S A RS & 1) 5864
BH16]. 40115 1 B, Long 5[ 174 Pt/CeO, 5 MOF JEMAE g, TF Rt A 1% - 545K 1 Pt/CeO,@MOF
MR, I TP AT A RE, BRI a2 438 1 o S P I 1) S B A o T AR R A
TZAPRHEE OB 2 I L s e R I AL R AL R AR e 1, SRS HOBR B £ E KT 99%, BRIEFEAL N

99.3%.
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Figure 1. Pt/CeO,@MOF for the selective hydrogenation of furfura [17]
1. PYCeO,@MOF i FHRES M ME R F[17]

3. HEUFERBEREENSECREPHORRER

THENLE R A2 20 L SO R ERAR K HZ — THEASE AR = — N E S 3, IR
R 4S5 A ER H — N AN D TR . BT 2% pR 382 (DFT, Density functional theory) #1546 2%
W T AT e B I AR T i B A BT DUMAROU A B SR s A A OB LR, e skiedl
IR —ENE S

¥ 2 frzs, Shi SF[18]ET% Bz BRI, IEFRAE Cu(111)FR1H bk AT BT 126 6 1 in S e i S 7
M. EeE T RS, 7R Cu(11 DRI, H, FAFEHEEN 0.46 eV, IEMITEZRT, H, B
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B9 BREETE Cu(111) FIEREMINEU SR REATAE PRl R B B8 A%, 43 A&k —: 6 O B H, F C b H;
LKA JeC BN H, O bhnH. i S4L@Ed i E R, EE—F, O Ll H MM N
0.74 eV, f§ C LN H M M AE22 N 0.68 eV o iZ M 42 T 1 ad b NS —0 i H, B O _Bin H it 7%,
TR R BIRE2 N 0.74 eV TEME T, B H JE TR C JiT, RMAEZN 0.54eV; B0
HEFHZ O FET, RNAELN 1.17 eV, WA XIS 1R B JOE D . i W 5% &N B 145 fE &
Bt b, wTLMR R, BRAE I RN REAANT K. FrCL, @i DFT iFE R3], 78 Cu(111)&E
T, BRI i 3 P 0 S O I ) AR S IR B AR N, R fEIEREM) O BN H, B C B H, YedEPRERN
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Figure 2. On Cu(111) surface, two reaction paths and reaction energy barriers for the selective hydrogenation of furfural to
furfuryl alcohol [18]
2. £ Cu(111)FRME, HHEEEEFM SRR R R MR 1E R R M REZ2[ 18]

— MBS T A A R R O 36 5 T HEAT I, IR B R 4 1 I 55 R IS 1
S, Qi 3 fan, Wang 25191385 DFT tH5E 38R 7 PA(111)3R A RIS 4> 178 56 7% UL & H 78 05 B 6t
BT 73+ AR s . 7E PA(LT )R, BRIE 71 B AR AE = FhAS [E] (R IR PR, 20 ol Wk 231
SPTRIR B R SR R B AR P g B C=C A PRHIX =R B THE SRR, fERTMEEE 778
B ER 25% 0, o T B R B AR S AR E, HLER AN AFE R IR S C=C IARHR P . RIS
FE VR 731 AT 55 FE I, PRI 55 4 J8 R I AFAE A A AR o 43R 478 a5 BE XS N 2 50%F6, 1t
I AT A IR B AR AT R 43 T TR, (ELES () C=0 BUAHIR B CRT B0 C=C AR =X Fr W B BB AH 25
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AR TR EERS > T 5N 100%I0), I COASFEAE T W AR 0

W Hy (E ISR S I EIR, Hy 75 PA(LT)ZR TR B Ae K. @ iH H AR, R ME H EEEN
50%I], P FEAGUR B PRI BT 2 D9—0.84 eV, 17T KRR A C=C AR} B (AP B BEAN N —0.69 eV T2
FAFEOINT, o0 TR e R v LAAS B, B 0 T S AU A e e o B ahbe g % R A X 11 i
PEERT C=C WA A B, SR BE rE B PSR gt B0 S 1% . DL B 4 R T DR, 18
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Figure 3. Adsorption energies of the most stable furfural
structures on Pd(111) at various coverages of furfural indicated
(Tilted-1 binds to Pd(111) mainly via the -CHO group, whe-
reas Tilted-2 binds to Pd(111) via two furan-ring carbons) [19]
3. I T EBENESMEET Pd111) LRREARE
LEHIHIIR B BE(Tilted-1 FZEi@IT-CHO EFA S Pd(111)45 &,
M Tilted-2 @3 A MREIERE F5 PA(11DES) [19]

4. RGEERE

ARERR N SLIG A 5T AL AP T3 T A 1 ARG PR N SRR S N H AT B B ST . Y
Tl bR A A A BAT R (0 Cr EALTRUAR EE, B AT SCRRARTE (4 P e 1 3 A S S 7 ) A7) B AT 34
TR HLR R o T RZ SR AT A M) T 2158 R A /b B R BV AR S . (H2 H AT SRR IE
AT H LA B AE S 0 B, HL 75 ZERPBRIK S8 2 R 4 AT LIRS0 (1 S B PR VE RN L3R . i
LA 75 ZE R — BT R AN FEAZ R, A mT AR SE R AN B 26 A R I, I BT UK
AP A DAE Tk AR BN Z BN TR AR R B R 45 FUR A — 8 IO 2 T8 7 S MEALER, Oy
R 5 IR FE PR — B MBI 4R 3 S 0TI TT .
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