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Fig.1 The pathways of selective hydrogenation/ hydrogenolysis of biomass-derived compounds to

pentanediols , hexanediol and other furan compounds
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Fig.2 The direct conversion mechanism of furfural over Cop-Pt/Co,AlO, catalysts
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Fig.3 The conversion mechanism of furfural over Pt/HT catalysts
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faj 2. X LA AT AN R AR A AL RN FFA/FA fiEfE S
i VE RN PR R L S 25 57, RIRTCIE & 5t &)
WRAER S BT, FA SUfF & o & 4 FFA
o THFA HhfE A, SR J5 Wk g 24 ol I &k igg 28 C—0
S ITEAE U . T FFA 5 THFA hzH
FEMOIRHALN, TEIK H B4 J ifF Yoam B 2 2
C—O HEBUE T Y 1,2-PeD 281, Wid Co fiEfL
F U 0. 1Cu-2. 9Co-Al"*" | Co-Ti0, ™ | Pt/Co,-
A0, L B 2 AR A 42 B ALY ReO B B9 M-I
(M=Pd, Rh) ™" iAo al G2 o 36 % H X 4B 2
FH L BRI C—O BT, Wikt 2E ) 1, 5-PeD.
AT A SRR A A N AR T B R
AT VEPEEAE 1L THFA &85 7% B 30 ik C—O #E
fRFFAARL 1,5-PeD. ANEFIEBET A & A 24
TR E e, 72 S S B B il o R A R i

F 1 —LeR R LT = FFA/FA IEZE SR B4

Table 1 The hydrogenolysis properties of furfuryl alcohol / furfuryl over representative catalysts

Conv. Sel. /%
Substrate Catalyst Reaction conditions Ref.
/% 1,5-PeD 1,2-PeD
FFA CuCr,0, 448 K,10-15 MPa,11.5 h - 30.0° 40.0° [37]
FFA Cu-Mg, AlO, 413 K, 6 MPa, 24 h 100.0 28.8 51.2 [38]
FFA Cu-Al0, 413 K, 6 MPa, 8 h 60.4 22.7 48.6 [39]
FFA 60Cu040Zr0, 443 K, 9 MPa, 6 h 28.0 10.0 34.0 [40]
FFA 3Co-Al 413 K, 4 MPa, 2 h 10.3 30.6 9.1 [41]
FFA 0.1Cu-2.9Co-Al 413 K, 4 MPa, 2 h 41.5 40.4 18.5 [41]
FFA Co-Ti0," 413 K, 2.34 MPa 99.0 30.3 2.4 [42]
FFA Ni-Y,O0, 423 K, 2 MPa, 24 h 100.0 41.9 1.2 [43]
FA Ni-La( OH), 423 K, 2 MPa, 72 h 100.0 53.5 1.9 [44]
FFA Ru/MnO, 423 K, 1.5 MPa, 4 h 89.2 0.0 41.4 [27]
FFA Ru/Al0, 473 K,10 MPa, 1 h 100.0 0.0 32.0 [28]
FA Pt-Li/Co,AlO, 413 K, 1.5 MPa, 24 h 99.9 34.9 16.2 [12]
FA Pt/Ce0, 443 K, 1 MPa, 1.5h 100.0 8.0 65.5 [13]
FA PVHT 423 K, 3 MPa, 4 h 100.0 8.0 73.0 [15]
FA Pd-Ir-Re0_/Si0, 313/373 K, 8 MPa, 72 h 99.9 71.4 1.4 [20]
FA Rh-Ir-Re0,/Si0, 313/373 K, 8 MPa, 32 h 99.9 78.2 1.2 [21]

a. Yield; b. Fixed-bed reactor, WHSV = 5.8 h™'
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Fig.9 Catalytic hydrogenolysis mechanism of tetrahydrofurfuryl alcohol over Rh-ReO, catalysts
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Fig.10 Catalytic hydrogenolysis mechanism of tetrahydrofurfuryl alcohol over Rh-MO_(Re., Mo)/C catalysis'*’
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Fig.11 Catalytic hydrogenolysis mechanism of tetrahydrofurfuryl alcohol over Pt“WO,/Zr0, catalysts
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Table 2 The hydrogenolysis properties of THFA over representative catalysts

Conv. Sel. /%

Catalyst Reaction conditions Ref.

/% 1,5-PeD 1,2-PeD
Cu-Cr 453 K, 8 MPa, 4 h 0.6 0.0 9.4 [29]
RaneyNi 453 K, 8 MPa, 4 h 0.2 13.1 12.7 [29]
Ni/ALO," 523 K, 5.5 MPa 17.3 59.2 0.0 [46]
Ru/C 393 K, 8 MPa, 4 h 5.0 15.1 26.1 [29]
Rh/Si0, 393 K, 8 MPa, 4 h 5.7 18.0 61.7 [29]
Rh-Re0,/Si0, 393 K, 8 MPa, 24 h 96.2 80.1 0.0 [29]
Rh-Mo0_/SiO, 393 K, 8 MPa, 4 h 50.1 95.5 0.0 [30]
Rh-WO_/Si0, 393 K, 8 MPa, 4 h 30.4 84.7 0.0 [30]
Rh-Re0,/C 373 K, 8 MPa, 24 h 99.0 95.0 0.0 [31]
Rh/C 393 K, 3.4 MPa, 4 h 8.5 59.1 20.7 [32]
Rh-Re0,/C 393 K, 3.4 MPa, 4 h 47.2 97.2 0.0 [32]
Rh-Mo0,/C 393 K, 3.4 MPa, 4 h 51.6 91.3 0.0 [32]
Ir-Re0,/Si0, 373 K, 8 MPa, 8 h 94.0 87.0 0.0 [22]
Ir-MoO, /SiO, 393 K, 6 MPa, 6 h 75.0 65.0 0.0 [23]
Ir-VO_/Si0, 353 K, 6 MPa, 6 h 57.0 89.0 0.0 [24]
H_MoO,+Rh 393 K, 6 MPa, 20 h 22.5 80.0 - [33]
Rh/MCM-41 353 K, 4 MPa, 24 h 80.5 91.2 0.0 [34]
P/WO,/Zr0, 423 K, 5 MPa, 15 h - 43.0" - [16]
Ni-Y, 0, 423 K, 2 MPa, 24 h 59.8 54.7" - [43]
Ru-Ni-Y, 0, 423 K, 2 MPa, 40 h 93.4 86.5" - [45]

a. High-throughput reactor(HTR) , TOF=0.004 s"; b. Yield

PEALH], 7EH B (=) IR EATR, 413 K T
M 21 h 5, 5-HMF B 46#°8 96.9%, 1,6-HDO
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MR or M= HY, JHEMIERE C = 0, WkIIF C =
C s, 8 3d % A TR Y Bronsted (B iR ) 5 Lewis
e (L) thakik, Kb T Zr(HPO,) , R A& &
B/L Lt, RS A ZLA sk vk g 2 C—O L. B
R AE R 0k IR 38 C—O 8 U7 T 28 19 06 1 Pty H:
R PR A i B A ) T K I 2R C—O B 7 IR R 1 4% 1
TESEFFIRC MR T W 12 Fs B EAE AL

B 58 S-HMEF W R & )8 S ek R, FES R
HUC IR 3 C—O SR HOF A E R T, B
BB A, Pd 1L B R i SR it &, 1L
fist e AN &L A B 1, 6-HDO.

AN, Dias % DL Pi-Mo/SiO, M i 4L, 18
433 K, 4.6 MPa H, /& Jj T ifk 5-HMF &Ufi#, [ 5
h JG 563N 87.0%, 1,6-HDO IR N 14.0%,
FER YN 1,2, 6-HTO (YT Z 48.0%). Vries
ETPL CuCr M PA/C O], RS, TE
543 K, 15 MPa H, & 71 F#Efk 5S-HMF & )2 i
14.5 hJ5,1,6-HDOWHALE4.2% , FE R =)
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Fig.13 The pathways of selective hydrogenolysis of
different 5-HMF derivatives to 1,6-HDO
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Fig.14 1,6-HDO production from 1,2,6-HTO via 2-THPM"*
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Table 3 The hydrogenolysis properties of 5-HMF and its derivatives to 1,6-HDO over representative catalysts

Substrate Catalyst Reaction conditions Conv./ % Sel./ % Ref.
5-HMF Pt-Mo/SiO, 433 K, 4.6 MPa 87.0 14.0° [18]
5-HMF Pd/Zr(HPO, ), 413 K, 0.1 MPa 96.9 42.5 [36]
5-HMF Pd/Si0,+Ir-Re0_/Si0," 373 K,7 MPa, 100.0 57.8 [26]
5-HMF CuCr+Pd/C 543 K, 15 MPa - 4.2° [55]
2,5-DHMTHF CuCr 573 K, 38 MPa - 50.0° [59]
2,5-DHMTHF Rh-Re/Si0,° 393 K, 1-8 MPa - 86.0° [56]
2,5-DHMTHF Pt-WO_/TiO, 433 K, 5.5 MPa - 70.0* [19]
1,2,6-HTO Pt-Mo/SiO, 433 K, 4.6 MPa - 55.0° [18]
1,2,6-HTO Pt-Mo/Y 433 K, 4.6 MPa - 65.0° [18]
1,2,6-HTO CuCr 533 K, 10 MPa - 40.0° [55]
1,2,6-HTO Rh-Re0,/Si0, 453 K, 8 MPa - 73.0° [35]
1,2,6-HTO Rh-ReO,/C 393 K, 3.4 MPa" 8.1 >99.9 [32]

a. Yield; b. Fixed-bed reactor, LHSV = 6 h™'; c. Nafion SAC-13 as a solid acid catalyst.

3 &g

F i B A7 55 22 SCRRAIGE A= W 3L w3y A e
S ORI G TAE, Hob DL FA R &
A4 FEA RN THRA RUSEBR SR 3, TEILIufiEf
FIF SR S5 AR AT 43 ) AR = 3k 80% Fil 94% 1Y
1,2-PeDA1 1,5-PeD W% XF 5-HMF K& H &/ &
fEATE W B A 0, HOE AR 1, 6-HDO [
BRI 5 (Fe ik 86%) . AL LI Bt 4 8 o 3=,
TG Cr B R BT R BTN L. e R
TR, e 2 AR AN 42 )8 A AL AN ReO, . MoO, 5§,
WO &1 Rh 3% Ir JEAEALFIZE THFA S8 S
FEPL B B NG PR RN 1,5-PeD A — PR ) ik %
P (>95%) , 7 5-HMF fii 4= ¥4 2, 5-DHMTHF #il
1,2,6-HTO 3£ S ff h i U B = 19 1,6-HDO it
PR (TTIK 86% ) . Bl 4R AL 2K 1) Pt 1 Ru
HEALFIMEAL FA(FFA ) S0 FT m e P 1Y 375 1, 2-
PeD J=4)(80%) . dF 5t 4 J& A AL 7 Cu FEAE Ak 7
Al DATEIR 451 F fiE 4k FA (FFA) &, 3885
[ 1,2-PeD F1 1,5-PeD SR (35 80%), F=# Lk
1,2-PeD N3, {H G = X5 — 3 — WE ) o k5
Co JLA# AL M fb FFA & ff A1 Ni JE 48 1k 577 i 1L
THFA S TLE R 1,5-PeD, 345 dh & iR (45
T 50% ) . HEALT BTG T 4 JE A3 A 1k B K 4 I 2

PR FH X8 980 42 4 A 500 35 P A 3o 4 P 28 G T
b SN 1R Sl =0 AN IR o vk e R 3 AL 0
PERE. 45 XN Do | MLE A A TR SR S B T
SR, VLT A BLAT R 45 R R D RE A4 AR A R AR 2R
Rl e R St m AL, SCHE IR AN AR PF T w k%
YA Ry € HAR — OB &4 IR 55 i J5 .
Oh, BT AR C =C#, B C=0
B B C—O0—C SRS/ SHEVEAR, R
Z BRI B 2 BRI p9 7 U — 057 FA R 5-
HMF = {503 00 Ui H bR — oo i oA AR i 9 5 |
71, RAGFFARSERT T Y 7 18], HEALTR A8 AL AL
T .
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Recent Advances in the Selective Hydrogenolysis of Biomass-based

Furan Derivatives to Pentanediols and Hexanediol

GAO Fang-fang, CHEN Jing" , HUANG Zhi-wei ", XIA Chun-gu

(1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical
Physics (LICP) , Chinese Academy of Sciences, Lanzhou 730000, Gansu, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; The selective hydrogenolysis of abundant biomass-based furan derivatives in nature, including furfural

(FA), 5-hydroxymethylfurfural (5-HMF) and their derivatives, into pentanediols and hexanediol is significant for

academic research and industrial application. The representative works on the selective hydrogenolysis of biomass-

based furan derivatives into high-carbon glycols were summarized according to the different raw materials and

catalyst systems. The important factors for activity and selectivity consisting of active metal, carrier, additives and

solvents were remarked. The possible reaction pathways and mechanism were demonstrated, and prospect for the

research directions as well as future development was proposed.

Key words: biomass; furan derivatives; selective hydrogenolysis; pentanediols; hexanediol
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