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Tab.1 Elemental composition comparison of bio-oils

and fossil fuels [

w/ %

C H S N 0]

A 85.2 12.8 1.8 0.1 0.1
JUSTZLN 85.2 9.6 0.1 0.5 4.7
TUAH 85.9 11.0 0.5 1.4 1.2

o Wtk 748 8.0 <<0.1 <<0.1 16.6

AW .

AR 45,3 7.5 <0.1 <<0.1 46.9

Eol 7/ N7 5 7 S N ) = =)
(HDO)™ o7 fi Ak 24 > FK A E . HDO
JEAEAE AL TR SUSAFFE T AR B IR (5> 320 C) Al
f e (10~20 MPa) 51T, & F & Ak & Wb iy
AN L A s SR A W K L DT R AR A= 40 S5 Tk

4R L B, A T R B T 22 HDO
Ja HE = 49. 2% B 0. 7%, K& =
24.8% BE % 0. 008% , {H HH 22. 6 MJ/kg F+ &
45.3 MJ/kg'?.
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Fig.1 Reaction pathway for the hydrodeoxygenation

of 4-propylphenol 1
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B HDO 7= 4 DL AR — i F0 2K By Ry 3, oA =
ORIRC M 1 % £ M AR K. Ramanathan %7 £
TR N 25 T F o8 T & A R S ik &9 . &
ARG WM E AALE Y RBIH (3 000X 107° =
ZEIFBEWY .2 000X 10 CMEMKAT 500 X 10 ° 4 I wk
WO T 370 CTE— RN AW Fdk fb ¥ (VN
Mo, N, TiN, VC, Mo,C Hl NbC) 4 4k 7 L #4
HDO B, &8 VN & EZ =Y & 20K, i 16 1%
i NiMoS/v-AL O, f# k7] | & 2 3 3 2 b
Zhang S5 HRAE T 63k A ik A0 BH L AL R AR N
fii] | 2, W RN H R 2B HDO J i b g fe kg, 5
CoMoS/y-Al, O, # kt, MoC/SiO, #1 NiMoC/
Si0, FEIH B Y I M AR E T o NiMoC
PR T 9 75 PR AN AR E P B . HLE: L NiMoC/SiO,
WAL ZE RN 180 h J5 4544 & AR IR, {8 s i
AR F00  FRAE 25 3 3 W], 4 b 500 3R 1 A £R i AR i HL
AR 1 P 4 R B 1k B A E AL Y AE HDO i
AT S A7 AE B9 S5 K )& R T N A C B #ipk O
SRR T - e A 700 3 M B AR

Li 2000 7 [ 2 R &0 #% B #F9E T Ni,P/
Si0, . MoP/SiO, F1A [/ Ni, Mo ¥ T i & Lt 9
NiMoP/SiO, 7£ % H it HDO Jz W #1941k P
fE , & B % PR 4 Ni, P/SiO, > NiMoP/SiO, >
MoP/Si0,. Ni, Mo ¥ i i) & Lt & B, NiMoP/
SiO, HEALFIE HDO 6 1 . 7 o V4 8w 1e )
AL R, B IE B far 9 NPT R Mot R A
Lewis 2 oty (i A0 M6 R 3K S Ry ) 5 348 2 &0 A F i
TG M. NPT 0 B Mo Hn 3 P R —
S8 {0 Ni*" F1 Mo®" Z A1 3% A7 Pr A VE . Ni. P (147
P T MoP 2 T4 Ni, P HAT 305 9 il T 4%
. 54 4 NiMoS/y-Al, O, #f It. Ni,P/SiO, E.
BEE R HDO i 1k 7% 4. Bowker 229 HF 58 T
RuP/Si0; Ru, P/SiO, Hl Ru/SiO, fEALF] 0k i
) HDO N » & B AL ET i Ak 550 % ik i 1) HDO
HA AR 5 A AL 1S E . RuP/SiO, #il Ru,P/SiO, |
FEEY N C kL. Ru/SIO, LT EE=YN C,
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AT PE s o 4 T S I P G TR s
AT DA A B O A B8 7K 2 1 R o 5 Ak 45 e v, —
FPh R AT DL 3 EL R A HDO W 3 %, Hong
ALV ek A7 (HY L HB FI HZSM-5) 17 %8, 1 4 1k 71
. F 200 CHI 4 MPa FAF5E T KB 9 HDO
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Fig.2 Reaction pathway for the aqueous-phase
hydrodeoxygenation of phenol over Pd/C in

the presence of acid B!

I A B 3k U 4 i A 1 R A S N e R e 2 A
BITEg 25 7, AT A b i &0 B 40 /2 2. Bunch
RS T [ E R R R %, 2 MPa " RF
Ni-Mo/ AL O, 4xJ& #1757 28 IF 1wk mg i) HDO Jz
N, 7E 160 °CF L A IF ok m i B 48 A 1600, &
A B R R IR 7 ) A B 43 A A Bl
SEAM A & S E W, oS SR Ik AR
IR AN 2- 2, 5630 O . Horp 2- 2 3R 3R 2 BT LU
BB L R4y 5 A% U (SN RSy - 1 B
(E,) S ATL 3 A0 5t 0 A e 322 fie Ak 710 1) T 67
AR A 8 o B 25 0 R I kiR b AR Y
A AR AR 98 &S 54T, Yakovlev 2509 3%
FH I 5 PR RN 28 T 250~400 CH10.5~2.0 MPa
ZoM R N BB R A T 2R Bk HDO B0
RIL Ni-Cu/CeO, Iy Ak 15 P 5 4, 4 H Tk 1) 5%
B w3k 100 %, JB 407 W0 26 O e 1 3k R M
100%6. BEAb A 1K Ni S48 1R 77 A Ni-Cu 44657
FH TR g o B A R P RS T
Hh Cs~Crg WY ELHE St 8 AT W i W . 7€ Ni/
ZrO, AR AT DL e 2P 75 3] Co ~ Coo b
M5l A Cu b, BE YA Cs bt ks. 7 Ni/
CeQ, ML T . Cos Ml Coo B 2 BEMEAR & 05
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Advances in hydrodeoxygenation catalysts for upgrading bio-oils
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( 1. State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024, China;
2.Liaoning Key Laboratory of Petrochemical Technology and Equipment, Dalian 116024, China )

Abstract: With the dwindling of fossil energy, much attention has been paid to the research of
renewable bio-oil from lignocellulose biomass. Compared with the petroleum, the high oxygen content
imparts some disadvantages to the bio-oil, such as low energy density, high viscosity, poor thermal
and chemical stability. The bio-oil must be further deoxygenated to supply the conventional engine
fuel. Hydrodeoxygenation (HDO) is the most common and promising method to upgrade bio-oil. The
development of HDO catalyst for lignocellulose bio-oil, including transition metal sulfide, phosphide,
nitride and carbide, noble metal, “metal-acid” bi-functional catalyst, transition metal and amorphous
alloy, is reviewed. Over transition metal sulfide, the sulfur might be replaced by oxygen from
oxygenates and water, leading to the deactivation. Noble metal possesses higher HDO activity and
product selectivities, whereas the high cost and less resources suppress the large-scale industrial
application. Transition metal nitride, carbide and transition metal have been shown to
hydrodeoxygenate bio-oil effectively, but the oxygen accumulation and carbon deposition might lead to
the deactivation. Despite the high HDO activity of amorphous alloy, the thermostability is poor.
However, transition metal phosphide attracts more attention, due to the high HDO activity and good
stability. The support effect is summarized as surface properties and pore structure. Moreover,

carbon deposition and structure damage are the main causes of catalyst deactivation.

Key words: bio-oil; hydrodeoxygenation catalyst; support; deactivation of catalyst



