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Progress in Production of High-quality Hydrocarbon Fuels from Biomass
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Abstract; The research progresses in conversion of all-components of biomass to high-valued
hydrocarbons ( gasoline and jet fuel) were summarized. In the upgrading of bio-oil, the research progress
for olefins and aromatics production via catalytic cracking of bio-oil and hydrocarbon fuels production via
hydrodeoxygenation of bio-oil were introduced. In the use of carbohydrate, the process routes and
technical principles for the synthesis of C5/C6 and C8 ~ C15 alkanes from cellulose and hemicelluloses
via hydrolysis monosaccharide were introduced, and typical catalysts were enumerated. In the use of
lignin, the new progress for production of single ring phenolic compounds from lignin via catalytic
depolymerization and the production of hydrocarbon fuels from single ring phenolics via
hydrodeoxygenation were introduced. Meanwhile, the existing problems in the process of catalytic
conversion were pointed out. For example, large amounts of H, were needed for the production of
hydrocarbon fuels from biomass. This would increase the cost of hydrocarbon fuel due to the high price of
H,. In addition, catalyst used in the process of biomass-refining usually deactivates rapidly since that the
formation of coke. So, it is important to make the reaction conditions mild to avoid the formation of coke,
extending the life time of the catalyst.
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Fig. 1 Major chemical reactions and intermediates for hydrodeoxygenation of sorbitol

(AL O, 7E SiO,-AL O, "y it 2 73 B0k 25% ) HLA TR
FYX 4 B AL, PeSIAL i AR TR R IR B R
498 K [ 6 d JE R+ 92% 54, %A W B 1Y
RIEMEH . =0T %e Skt IE & ke e AL 7 E Ay C
HEREPEM 58% 3| 89% A5, Yk ke £ R H
RAY, FE A D8 WSSk (bF5%),
TESR T P-AL AL 57 Bz Hr in A Si0,-Al O, 8¢ Je AL
M2 HCL, B fa o i #h 45 1n b ke 6 8%, HLBE % TS HLIR
A=K (pHAEHE 3 o 2) , C e #EPE M 29%
BN 4T % o X 20 BB R O X T e R R
PSR, H LT 0L, 2 o0 B K AH i AL A R 0 200 42
Ja&— 1 o0 U IR W A2 22 00 IR K/ in &R 25K 5
H W58 & BLEARXT T 7 1) 09 8 A2 4 26 T 2550
3 Ao U e AN [ A4, BT DAl A5 i Ak R 2L AT AN [R] R 5
JIE A5 4 R /R k0 B R S A AR AR, DT R i
INE I P R R

EH TR VRS TR X — 5 T A TR 5
TAER T se)E L HZMS — 5 & HZSM -5 5 MCM
PR A MR R AR, il 46 T AR St 48 Ni ik
F T HbH AW B L L B Sy BB 4K C5 L C6 i
ety 2 g M, 7R R AL W RN B 5T
M 3Emb - 7EDL M Ru/C 4L 7] 5 Ni/HZSM -5 —
MCM —41 b FIMEH T RE MR T LLZF ALY
o DAk 14 7K A TR I A AE 5 A R L O 7 R R R
B R 150 va) EIFFT T A 7= B E iRk 5. /K A

T BB R B B AL R YRR AE 85% A 7 CS
C6 HZEFEIELE 80% ~90% 2 [a], K2 )i 72 h J5 BE 2%
FEAL ARGy e R M R B B TR . X
PRl B R AR C M R0 T LIRS W) % 5
AR R A FT B B, FLIE SE B0 T M AR 9 J5 1) 80 o o 0
SRR AL

3 ZBMBRTFEUEGYERMEHiBEAR

Huber 27 031 T 59 — S8k 1L & 4 i 1k
FEAL i % C8 ~ C1S K BRI b ke i 1 AR e 2k« B2
W ST K e PO HE — 2B K B A RS- PO b R
(S-HMF) S5 , P i 5 0 74 i 20 A7 R 1 4 4 4
i C—C i By 38 K T 75 31 K B 5 48 P A B S 2
i I Tk R I T AR LLIE A L 4 €8 ~ C15
KEEbe R E RS (18 2)

A MK R T &, R % ok
2T 2 22 25 K i I K A5 R B S-HIME 008 185 19 F 5¢
TAEE 2 i i SOk RaE " o MRS Bk S-HMF
5 T i 22 (6 R 4 B A e — A 2R L 45
7, 26 PR IR A, B AL R 5 B B P 9 B F5 . U0 Chheda
ARG T K AR 2 T OBERE /S -HMF 5 9 I 69 45 &
FRE T3 T — & 58 4 R AL W A R, kB
Mg-Al 16 0 i A 700 5L A AR 5 1) 527 3 1, B 7
R A 1F T dRETE BIAR AR A AL O . HLE A A
FUAE S 4y B i, T4 ) 4 1 [ 4 B MgO/



174 g Ak Bl M ¥ 20154
0
2H7 ¢ m h ) . l\ml\O/;? Cl12—alkane
AR (B DW Vi IS
T HER) R i

4m%1ﬁh.ﬂwm M*
;Amwm

OH 4H 2 4H,
—p- (9 —alkane
ﬁﬂ 1r 7]11 znﬁ&m

FRIEA & ()

OH OH
'\mw O_J —» C15-alkane
m = %u Bﬂiﬂﬁiu

4[17 O
Km‘? ﬂh‘]j\ O )K/m
AR TR 3
8 ’#@M{ﬁé‘(ﬁ&) 73” AR \_/

&JE-2)

3H,
o= (8 —alkane

71[1 N
&JE-1R)

furfural | 2w 45 & ()

(0]
O, o) 7H,
) =

OH
O, 0. 5H,
——m C13—alkane

" bu‘ﬁﬁ&tﬂ
m@%’)" )

—-

B2 AR5 R AT 4 2R ORI A O B b 19 T 2k

Fig.2 Reaction pathways for long chain alkanes production from lignocellulose feedstock

NaY AL FI7E 85°C F i 8 h A A Sz HUBE 1 58
SHEAY ) AR T ik 98. 6% T ) ik M 11
R 36 3o A S 5 7R R A1) 400 5 1 SR S

T /S-FIME 1T R 5 185 45 45 77 10 I 460 I8 4 o
B KEELE T AT R IR .t T 4557 W Bk
D SRR HE L MV TR, — R AR A .
Huber 2~ Je g Pd/ Al O, i 4k 3] F 2 47415 1 7
A (120°C) , 2 HE 45 4 7 W 7E K B v, 2 05
TE UL 9 VU AR B2 RE 28 b BEAT 3k — 2 i i B 48R
IS (R A3 4 S A 2 40 4% P/Si0,-AL,0,) o ¥ B2 B
2500 L) P VA 9 45 4 72 ) L A Raney-Ni 4 T #EAT
o A SRS e B E R B LB R 1% 1
Pt/ Si0,-Zr0, S fi Ak 5 35 A7 0 0 1B 48 R i, €8 ~ €15
() BRI 3K B 82. 9% o AL % LRIE AT 120 h
P T A AL

SR, 3 — £ 77 1 A Joe 40 10 30 R R 4R AT SR A7 AE
AR BB F 38 K i AR R A (R S B PR, 1)
BT SRS ST, RS — BRI, B TR
I 2 TR T R B A 196 YR 11 - 20 J5 110 4 o, ) P G
PR T R 5 B R S-HMF 45 4 %ﬂﬁﬁﬁ%ma
[y TEX AH L D, Z RN IR AT il 2T 4 R &
AW HMF 25 p ) o #2545 10 15 37 1_#,?”15
BRI BT 25 vh T 1) 4 38 JEORE 3 ATy 2
PR B SR T R B S T

4 KREFZFBEUHREMBARREEZ
J3T 2R 2 oh AR TN ot SR A A R R, S R AR

— X LA BB RO R A O I . i, A
TR 0 A 20 3 18 A Joi 2% ol ) 4 B AR
JiER O 2 K i B s E 1 AR I R O B e Ak A
IR 2 NS 4G A O Bk DT SOfE €6 ~ €10 Z ]
PSR SR

AT ER I B il 7 15 A 2, A 35 A o RS (i

T AL ) R I SR i e A SR R
HeRE MR A BRI R Ok

SR AN RBE TR | AE AR T W — A~ [+ Frg e Rt B 7
WAL R 2%, o F i A WL 200E T, R By 2 ik
A AR X AT A2 2 i A AR T X R
MZER

A 2 i R i A T 28 AE — AR B B W] LA
S AR X AR R AR AT R AR 2.
Coscla 252 Hu M K f 1B AR A R 26 16 44k 4 4% 1 A
PE I T 240 ~ 260°C i 17 & 1k, LA S Pepper
41 B A B R B % AE Raney-Ni fi 46 F 47 &
b, 3RA 3 28 = SR AR AR 5 oS3 b, R R AR
A48 Na i85, ol 40 i 29 17% 0I5 71k
B —e R,

Xu 2 SR8 T 7R 5 R 48 v LA H IR 43 A% 5
DL, MR AR IR AE P/ C AL RIAE FE R 1 [ i
Fi Pk, AT % B 2R BRI B 21% .
1, Torr 25 R T PU/C AL b A R 2 10 A
SR, AR (AR 4-T S R )
FR R R B AT 5k 22% . AR 4R ) Ru/SO;
Zr0,/SBA — 15 fE T 19 R Jit 2 [ A S5 0 %t bE F 58



513

TR g G AR WAL S A AR R AR S 175

A A LE T R — A R S N A R A T2
) 14 77 i 423 B B iR g 0

I N 5% TC OB SR BT 5 /AL L C ki
54 J& W Pt Pd Ru F1 Rh 5 4E F F A MEAROR i %
AT I &R, & B i 5% 4 8 i 1k 70 24 R
R R A AR A R BT R, R )R AR SO0 AR & e s 2
Y H, PO, 1] 15 21 i 25 52 5 1 R R R K
o E B 2= BE ) R U 5T BT B R IR R T B S TR 1
AH A AU A BT 2 1% B3 A7 R 12 o s 1 310 1Y) SR A 1y 25 4k
B R 38, 1% (43550 , o @B AR 1 B —
MR AL 17.5% (A5 . BT
(1) B B 230 A WU A0 i H R sk T T B B Bt
4 I AL 0 5 T Xt 2 7 R AR B AR AT

Zakzeski % ZGEEAN ML M S5 T KRR K H A
R G W mALIE I pE R E . Bk E , R
A R AR TT R T AR Yz MR ST TAE H 2
AR O T I R S5 2R A 5 I 2 7 il B 8
FOR B HRIE o AR BT 2 B 1 45 s 2 BF B R /N o3+
A RAL B IR R — KPR, 5 IR R TAE &
kS AT

AR R AMEAC WAL 7= ¥ 3 B AR 43 LA AL AR i )
TR AR S —RIK R T, Z R RATAEY, AR
EA SR AR ERNHTIHAEMENNIRS .
WA A5 A I AL B AT O BEAR AR A R B A
— FE BB A AR R BE JE , LA IE B AT DL AR A
B H A5

TEAE W) 5L 1 25 A0 W = 48 A T B 0 38, B
e TAEE UAE G A A0TT)l HDS i 4k 551 (4n £ 2k 2
NiMo .CoMo NiW Z& 48 4k 31 ) o7 A F HDO ok it 1.2,
Hh IRAS T — S BOCR T WA S AR
T AL I R AR R B S AR AL DL 4+ 4 T8 Mo
b TR A 25 10 A % A AL o Ozkan 251 DL 0k iH
B S P PE T b & 5 8 R A B Ni-Mo/Al O,
AL B9 HDO KRR . W58 & 38 HDO 7= ) 53 4
HRMERPH H,S WA HHE LR, oM
P HEIE S H, S RE A% 31 il Jin &0 5 hz , 204 0 L I
o ffE Bui 25T PEANRGE T Co B Y MoS,
AL A B AR By HDO S R A 52 o 45 S ok 2 i
TE CoMoS fERIN C—O ST 24 iy 1 422 W A0 S v o 3
FEEMAL, SRS, R BRI E T D R B
Lol &Y, X RETE Y« HDO 15 38| ik Sk &9
77 o

S [ 75 6 K- 7 [ % 52 B % ( PNNL) 3 5 9 ok
AR AL CoMo {4k 71 J2 2B W it I &0 58 400 P o
i A ), FE LA AE R, AR Wil AE 345°C
16. 8 MPa Z W 454 NN RN 1 h J5 , WK ™ & 1

A N0.8% (/4 , H/C [k 1.75, % i
0.82 g/mL, 5y it A T AR KW 4 & , &8 4 48 br B2 3 1%
Ge R AT (R ok B 4 A ek v R T 3
S350 0. 044 % B & o, AL BT 8% (i
B0 BB . BRI A Y ih 2 HDO BURS H
T BICE X R IZ LB iy — 55 450 R, 4
A3 b R 1 R 7 TS T Ak R 1 8 o
T AR P S A R T E AR TR mAR T o

SRy 38 G TC A AR ) B AR AL A Ak R R4 R B 2R T T
ALY R R, & N R R HOG % m 1 U
Rh . Pt.Pd % g 1% 2 (9 5 4 8 hn &0 A Ak 7,
Rh Pt Pd 2 5% & J@ b A e RE A e, AL A5 R 8
SRR, I T R A S A AT L RS T
I H BB f 8] o Pd A AR R 7E LUK
FF 0k MR A B L Ak W 0 B TR 2R Ik g i Ak 32 L
SFAT IR 100% , 77 ) h T A AR B S s 1 IR ATk
99% ., Gutierrez 25" LI i1 A A W o 455 550 1k & 4y BF
5% 7 JLFR ZrO, 1 2 19 5t 42 J& (Rh, Pd, Pu) #4551 19
I AR PR e R Rh/ZrO, A 4 55 26 30 13 9
AL IS P 5 5 Ak 1) CoMo/ AL O, i {7 4H 24, Ohta
SO TF T — RS R PY/C AL R BT TG R 4%
T B 24 9 HDO . Jit i 43 X 2% Pr/C
B MR G e et ke, XKV PvC
FEAL FIAS A RE A AL R 2R 1 B & s Bz, e BB A2 0 24
ClErh C—O A .

5By Co-Mo  Ni-Mo i £k 57 /5 1 T By 2 ik
49 HDO =4 = BIE R AN A] , 76 5t 4 Ja i Ak R0 4
T, By 2KALA Y HDO J by i 2™ W 2 B b ke . 4K
0T, At A0 500 1 FH 5 i 2 ol Ak R 2SR AT A AH 245 1
PRES, B Dt St Jm W AE — E B B T
PR B R HUBE L o BRI, T 2 A 14 1k BE R 2 1Y
B RV R S IR R R ARV IR S AL A
T UK i L2 i e SO .

W 3 1 43 )8 A, AR R R T S b R T P Y
HAERERE, BT y-ALO R M fLE 5 R
g5k HUACE BB DL SR BE i A A%, 7E L0104
PEAL RN 2o B, BB T y-AL O f AL 71 1Y)
Ak, SR, 76 K A 58 (HDO 3 2 v 25 4 1
K, y-AlL O, I ANFGE , 22 40 e ik B-AL Oy, 7E
HDO Jiz i ke 25 B 38 4 FH 04 86 2 H0n 2 v o0 0 3 ik
b T P EOEAL 0 3% P T . Ak, AL O, 7 3R
fEfL R 75 o) g5 B ok 2 — DA S Z A A
BT it B TAEFE TR T U TiO, \Si0, |
C.Zn0 . Zr0, MCM ,ZSM -5 )} Si0,-Al, 0, . SiO,-
Ti0, % 52 & AL Y A BHE i 40 7 804K, IR HUAS T
— RS L MgO N # MR il & T Co-Mo/



176 & A Bl B ¥ i

2015 4

MgO fift {6 7 ¢ B T — % B AL Bk ME B . Bui
a0 L g T L TIO, (AL O, 5 Zr0, 3 F & LW 1E
AR CoMoS i Ak 7 14 i 20 J8 48 52 7 45 P 1
F Zx0, BE T 1L W BH £ R & A AL S Y, S
CoMoS/ZrO, 15 A A i 52 107 4% 1 F 3¢ Bt O 5 1) 35
Pho H ZrO, f 3K i 4 Ak 500 19 i 1 7 A 22 00 AR T
TiO, 5 AL O, Z AL, B & —Fhid & T
HDO fi AL 7 B 9 bR, S, Zhang 265777 g
il T LA Si0,-Zr0, & & A AL o 2K 19 NI B 4l 1k
FLOZ AR E T GO R SEmELawn
HDO Jz 7 H 26 BU 1 5 i HE AL 35 e 5 e e k. 1
i 265 780 AL 5 W i 4206 A BF 92 1 L Ay b, ) TR R
2 AR A5 0 W 28R & W o 5k, 7E Ni/Si0,-7x0,
AT E R 4 T LR AR 5 £ e SR IO R
R AR /I e W e 7 IS N i S PN |
62.81% FELIE LM T MARE LML LGS
P BE A Y, XA AY C R T
BORN 2595 E 357 5 1 BB 20 ML, e d (B v, 7T B
P2 5 1R MTR 33X O AR T 2 1] 15 LA R Rk
TFRE T — 4 R

5 Zit5RE

A W) T34 0 M A R B R B 2 S T
B R AELATY TR V2 R

(1) o ¥ AL R B B C AT, H 2 X T
IR AR P A ) TR 1 T e A e R LA LA
SR 77 W) M A e A T 2 R AR R B AR AL AR A3 A
SEAREAR BT IT R w1 Tk o e R S R A
7R P BELTE B Al o A X ik =, S B 22 T A AT G AR AL
AERBGT S RRRERR TSR T W
BE RAUE W) R o) - fif SR I 5 M 3R = 1 %

P R MR e REAIL AR, % T TR 220 B e AL i e
B A R B BE 4R S L

(2) G A Wy Tt 4 8 o0 1) L A 45 b 2 A B A2
Y PEREAE i i ARG . AR R K A W A
C6 ek o il , BiE 2 A5 BEHAE 7 mol Y H, o i &)
1 SO B A5 B A T2 0 2 D P LA 2 AR Ik
Wb, @ A s, A B R — P E
PUER o T i S ol s A 0 i o) P AR A — E PR JEE
bR LA AN A R R A R B T Rk
A TUE RN T IS, ik KA E S
4 A3t R ) A

(3) A 50 1) {6l T 75 i Bk = 4 I ) 1) 58 AT %
B o AELEWY TR B ALl B T, TG R AL L i AL
AL TR I 2 5t 5 e i A ) At 7 e Al R AR 3R
RGBT % 5, S5 1, R ik
1 55 S AL A P e B AR R S A i
S5 B RSP AT 38 QA o AR R A LY
S Sy STy N ) [ E W VA B S5 B 8 1 = gD
WP R & S5 A BRI KR, R EUEL
PTG T B G AE ) ik A HE DA R
R 0 J p) — A~ HE LA

(4) H Al I8 1 0F 58 TAR b, IR 5 90
XS TE R 2 T A W) T S5 TR S X R F 5
B BRI E Y BR A — AUk B 4
RGP HER MK 7 ) 5 R S5 R A 7 ) A )
P 5% o AUAUAE T — 114 A 5 1 A L 4 1 % UL
Mo S e A= Wy Tt S ORI % Ak B S A SR AL
], TG 25 A Rl 2 22 ) B R B AL,
588 A ) T L S DR P A T S R A W T A A
A i st SRR b 28 T3 1) — A B B, o 1 T
AN B A B

2 £ x W

Huber G W, Iborra S, Corma A. Synthesis of transportation fuels from biomass: chemistry, catalysts, and engineering [ J].
Chemical Reviews, 2006, 106(9) :4044 —4098.

Barrett C J, Chheda J N, Huber G W, et al. Single-reactor process for sequential aldol-condensation of biomass-derived compounds
in water[ J]. Applied Catalysis B- Environmental, 2006, 66(1 -2) . 111 —118.

Zakzeski J, Bruijininex P C, Jongerius A L, et al. The catalytic valorization of lignin for the production of renewable chemicals
[J]. Chemical Reviews, 2010, 110(6) :3552 - 3599.

Mortensen P M, Grunwaldt J D, Jensen P A, et al. A review of catalytic upgrading of bio-oil to engine fuels[ J]. Applied Catalysis
A General, 2011, 407(1-2):1 -19.

Gong F, Yang Z, Hong C, et al. Selective conversion of bio-oil to light olefins: controlling catalytic cracking for maximum olefins
[J]. Bioresource Technology, 2011, 102(19) :9247 —9254.

Fogassy G, Thegarid N, Schuurman Y, et al. From biomass to bio-gasoline by FCC co-processing: effect of feed composition and
catalyst structure on product quality[ J]. Energy & Environmental Science, 2011, 4(12) :5068 - 5076.

Zhang H, Cheng Y T, Vispute T P, et al. Catalytic conversion of biomass-derived feedstocks into olefins and aromatics with
ZSM =5 . the hydrogen to carbon effective ratio[ J]. Energy Environmental Science, 2011, 4(6) :2297 -2307.

Vispute T P, Zhang H, Sanna A, et al. Renewable chemical commodity feedstocks from integrated catalytic processing of pyrolysis
oils [J]. Science, 2010, 330:1222 - 1227.



513 TR g G AR WAL S A AR R AR S 177

O BHNE, BT AN EL, . AWl e ORI RS e R (T]. T E RN SCHEZR,2010,6(6) 1406 ~ 413.

Wei Qing, Wei Xianyong, Mei Limin, et al. Research progress on efficient utilization of bio-0il[ J]. Sciencepaper Online, 2010,
6(6) :406 —413. (in Chinese)

10 Jean G, Serge K. Catalytic hydrotreatment of vacuum pyrolysis oils from wood [ J]. Industrial Engineering Chemistry Research,
1988, 27(10) 1783 - 1788.

11 Zhang SP,Yan Y J, Li T C, et al. Upgrading of liquid fuel from the pyrolysis of biomass [ J]. Bioresource Technology, 2005,
96(5) :545 - 550.

12 Yu X, Wan G, Tao H, et al. From biomass to advanced bio-fuel by catalytic pyrolysis/hydro-processing: hydrodeoxygenation to
advance bio-oil fuel by catalytic pyrolysis/hydro-processing: hydrodeoxygenation of bio-oil derived from biomass catalytic pyrolysis
[J]. Bioresource Technology, 2012, 108.280 —284.

13 Narendra J, Adenifi L. Hydrodeoxygenation of pyrolysis oil in a microreactor [ J]. Chemical Engineering Science, 2012, 74.1 - 8.

14 Rocha J D, Luengo C A, Snape C E. Hydrodeoxygenation of oils from cellulose in single and two-stage hydropyrolysis [ J].
Renewable Energy, 1996, 9(1 -4) . 950 —953.

15 Klass D L. Biomass for renewable energy, fuels and chemicals[ M]. San Diego: Academic Press, 1998.

16 Huber G W, Dumesic J A. An overview of aqueous-phase catalytic processes for production of hydrogen and alkanes in a
biorefinery[ J]. Catalysis Today, 2006, 111(1-2). 119 - 132.

17 Huber G W, Shabaker ] W, Dumesic J] A. Raney Ni-Sn catalyst for H, production from biomass-derived hydrocarbons|[J].
Science, 2003, 300 2075 —-2077.

18 Erno Haideggger. Production of sorbitol by the use of ammonia synthesis gas[ J]. Industrial & Engineering Chemistry Process
Design and Development, 1968, 7(1) . 107 - 110.

19 =10, £FE. REILRERNE TZMEALT]. Wi, 1999(2): 9 -11.

20 Tai A, Kikukawa T, Sugimura T, et al. An improved asyrmnearically-modified nickel catalyst prepared from ultrasonieted Raney
nickel[ J]. Bulletin of the Chemcial Society of Japan, 1994, 67(9) . 2473 —2477.

21  Gallzot P, Cerino P J, Blanc B, et al. Glucose hydrogenation on promoted Raney-Nickel catalyst [ J]. Journal of Catalysis, 1994,
146(1): 93 - 102.

22  Betancourt P, Rives A, Hubaut R, et al. A study of ruthenium-alumina system[ J]. Applied Catalysis A: General, 1998,
170(2) : 307 -314.

23  Hoffer B W, Crezee E, Mooijman P R M, et al. Carbon supported Ru catalysts as promising alternative for Raney type Ni in the
selective hydrogenation of D-glucose[ J]. Catalysis Today, 2003, 79 — 80 35 - 41.

24 Gallezot P, Nicolaus N, Fieche G, et al. Glucose hydrogenation on ruthenium catalysts in a trickle-bed reactor[ J]. Journal of
Catalysis, 1998, 180(1): 51 -55.

25 Em T RWE R, S A BB xR A8 A Ru/COREAR TR RE IR [T ], N B 2 4R BB L, 2005,
37(4) . 80 -83.

Wang Xiangyu, Liang Lizhen, Xu Sankui, et al. Influence of the organic promoters on Ru/C catalyst for glucose hydrogenation
[J]. Journal of Zhengzhou University ; Natural Science Edition, 2005, 37(4): 80 —83. (in Chinese)

26 Yan N, Zhao C, Luo C, et al. One-step conversion of cellobiose to C6-alcohols using a Ruthenium nanocluster catalyst[J].
Journal of American Chemical Society, 2006,128(27) .8714 —8715.

27 Li C, Zheng M, Wang A, et al. One-pot catalytic hydrocracking of raw woody biomass into chemicals over supported carbide
catalysts: simultaneous conversion of cellulose, hemicellulose and lignin [ J]. Energy & Environmental Science, 2012,5(4) .
6383 - 6390.

28 Liao Y, Liu Q, Wang T, et al. Zirconium phosphate combined with Ru/C as a highly efficient catalyst for direct transformation of
cellulose to C6 alditols [ J]. Green Chemistry, 2014, 16(6) : 3305 —3312.

29 Davda R R, Dumesic J A. Catalytic reforming of oxygenated hydrocarbons for hydrogen with low levels of carbon monoxide[J].
Angewandte Chemie International Edition, 2003, 42(34) : 4068 —4071.

30 Kirilin A V, Tokarev A V, Murzina E V, et al. Reaction products and transformations of intermediates in the aqueous-phase
reforming of sorbitol[ J]. Chem Sus Chem, 2010, 3(6): 708 —718.

31 Huber G W, Cortright R D, Dumesic J A. Renewable alkanes by aqueous-phase reforming of biomass-derived oxygenates[ J].
Angewandte Chemie International Edition, 2004, 43(12) . 1549 - 1551.

32 ERF,FEVLEE,SF. Ni/ZHZSM — 5 M0 B 45 1 B A Ak 1L B IRk A & e e rEme [T 1. Ak ~% 41k ,2011,32(4) .
612 -617.

Qiu Ke, Zhang Qing, Jiang Ting, et al. Structure of Ni/HZSM —5 catalyst and its catalytic performance for aqueous hydrogenation
of sorbitol to alkanes [ J]. Chinese Journal of Catalysis, 2011,32(4) :612 -617. (in Chinese)

33  Zhang Q, Qiu K, Li B, et al. Isoparaffin production by aqueous phase processing of sorbitol over the Ni/HZSM — 5 catalysts;
effect of the calcinations temperature of the catalyst[ J]. Fuel, 2011,90(11) :3468 —3472.

34  Zhang Q, Jiang T, Li B, et al. Highly selective sorbitol hydrogenolysis to liquid alkanes over Ni/HZSM — 5 catalysts modified
with pure silica MCM —41[J]. ChemCatChem, 2012, 4(8) :1084 - 1087.



178

& BLOW o R 2015 4F

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

Jiang T, Wang T, Ma L, et al. Investgation on the xylitol aqueous-phase reforming performance for pentane production over Pt/
HZSM -5 and Ni/HZSM — 5 catalysts[ J]. Applied Energy, 2012, 90.51 - 57.

Jiang T, Zhang Q, Wang T, et al. High yield of pentane production by aqueous-phase reforming of xylitol over Ni/HZSM —5 and
Ni/MCM — 22 Catalysts[ J]. Energy Conversion and Management, 2012, 59.58 —65.

VL. K BT 2R 2 2K A e AL T8 G OB e i i W52 (D] ) M o BB 2 B ) M 8 R 92 I, 2013.

Jian Ting. Production of liquid alkanes from lignocellulosic biomass by aqueous-phase catalytic process [ D ]. Guangzhou:
Guangzhou Institute of Energy Conversion, Chinese Academy Sciences, 2013. (in Chinese)

Huber G W, Chheda J N, Barrett C J, et al. Production of liquid alkance by aqueous-phase processing of bio-mass-derived
carbohydrates[ J]. Science, 2005, 308 :1446 — 1450.

Chheda J N, Huber G W, Dumesic J A. Liquid-phase catalytic processing of biomass-derived oxygenated hydrocarbons to fuels
and chemicals[ J]. Angewandte Chemie International Edition, 2007 ,46(38) :7164 —7183.

AT NN B, ERRAE A A AT AL B K IR SR Y SRR B Y SR [T ). fL L HEJR ,2012,31(4) 1792 - 800.

Shi Ning, Liu Qiying, Wang Tiejun, et al. Preparation of 5-hydroxymethylfurfural from glucose by catalytic dehydration [ J].
Chemical Industry and Engineering Progress, 2012, 31(4) :792 —=800. (in Chinese)

Shi N, Liu Q, Zhang Q, et al. High yield production of 5-hydroxymethylfurfural from cellulose by high concentration of sulfates in
biphasic system[J]. Green Chemistry, 2013,15(7) :1967 - 1974.

Chheda J N, Dumesic J A. An overview of dehydration, aldol-condensation and hydrogenation processes for production of liquid
alkanes from biomass-derived carbohydrates[ J]. Catalysis Today, 2007, 123(1 -4) .59 -70.

WG, T, ERA S MgO/NaY i A4 4 B RN B 457 5 ) 4 A 28 S0ORE b LR A PERE AT 5 [T 1. #ORHME 2 27 41,2012,
40(8) :973 -978.

Huang Xiaoming, Zhang Qing, Wang Tiejun, et al. Production of jet fuel intermediates from furfural and acetone by aldol
condensation over MgO/NaY[J]. Journal of Fuel Chemistry and Technology, 2012, 40(8) :973 —978. (in Chinese)

WEH], B, EBA 5. Raney Ni A6 = 7B PO B i 40 10 I A= 000 2= AR 3R AR i e PE R X [T ] R AL 222 4l
2013,41(1) .79 - 84.

Huang Xiaoming, Zhang Qing, Wang Tiejun, et al. Catalytic performance of Raney Ni in the hydrogenation of di-furfural-acetone
for producing long-chain alkane precursors[ J]. Journal of Fuel Chemistry and Technology, 2013, 41(1): 79 - 84. (in Chinese)
GG, AR A AL A O BE MR B AW (D] TN o ERR = BE) H RE URAE 5 By ,2012.

Huang Xiaoming. Study on the production of long chain alkanes from bio-based-frufural[ D]. Guangzhou: Guangzhou Institute of
Energy Conversion, Chinese Academy of Sciences, 2012. (in Chinese)

Sutton A D, et al. Compounds and methods for the production of long chain hydrocarbons from biological sources; PCT/US, 2012/
055340[ P]. 2012 —-09 — 14.

WAL BRI, LAl R TR S E Y CBETIRRAIBT S0 R [T ] AL Lok J ,2012,32(7) 39 - 42.

Chang Chun, Chen Lili, Yang Anli. Advances in bio-based platform chemical-Levulinic acid[ J]. Modern Chemical Industry,
2012,32(7) :39 —42. (in Chinese)

Zhang Q, Zhang Q, Wang T, et al. Hydrodeoxygenation of lignin-derived phenolic compounds to hydrocarbons over Ni/Si0O,-Zr0O,
catalysts[ J]. Bioresource Technology, 2013,134.73 - 80.

TREGR SRR, BREIR, 5 KA B R TR I 5 2 P B A WAL I ) 52 RO el ] 980 181 b A0 52 oy <Al JBE X = I 1Y) 5
M [J]. KPFHAE2FHR, 2007,28(7) : 805 —809.

Xu Minggiang, Zhang Suping, Li Tingshen, et al. Catalytic liquefaction of hydrolytic lignin in supercritical ethanol solution( II )
effect of reaction time, ratio of solvent/HL &atmosphere on reaction[ J]. Acta Energing Solarls Sinica, 2007, 28 (7) :805 — 809.
(in Chinese)

Kansal S K, Singh M, Sud D. Studies on TiO,/ZnO photocatalysed degradation of lignin [ J]. Journal of Hazardous Materials,
2008,153(1 -2): 412 -417.

Limosin D, Pierre G, Cauquis G. Etude electrochimique de quelques composed dimeres modeles de la lignine [ J ].
Holzforschung, 1985, 39(2) .91 -98.

Coscla C J, Schubert W J, Nord F F. Investigation on lignins and lignification. XXIV.'"" The application of hydrogenation,
hydrogenolysis, and vapor phase chromatography in the study of lignin structure [ J]. Journal of Organic Chemistry, 1961,
26(12): 5085 -5091.

Pepper ] M, Steck W. The effect of time and temperature on the hyddrogenation of aspen lignin[J]. Canadian Journal of
Chemistry, 1963, 41(11) . 2867 —2875.

Xu W, Miller S J, Agrawal P K, et al. Depolymerization and hydrodeoxygenation of switchgrass lignin with formic acid[J].
ChemSusChem, 2012, 5(4) :667 - 675.

Torr K M, van de Pas D J, Cazeils E, et al. Mild hydrogenolysis of in-situ and isolated Pinus radiate lignins [ J]. Bioresource
Technology, 2011, 102(16) ; 7608 - 7611.

Tang Z, Zhang Y, Guo Q. Catalytic Hydrocracking of pyrolytic lignin to liquid fuel in supercritical ethanol[ J]. Industrial
Engineering Chemistry Research, 2010, 49(5) : 2040 —2046.



513 TR g G AR WAL S A AR R AR S 179

57

58

59

60
61

62

63

64

65

66
67

68

69

70

71

72

73

74

75

76

Horacek J, Homola F, Kubickova I, et al. Lignin to liquids over sulfided catalysts [ J]. Catalysis Today, 2012, 179 191 -
198.

Yan N, Zhao C, Dyson P J. Selective degradation of wood lignin over noble-metal catalysts in a two-step process [ ]J].
Chemsuschem, 2008, 1(7) :626 —629.

Zhang X, Zhang Q, Long J, et al. Phenolics production through catalytic depolymerization of alkali lignin with metal chlorides
[J]. Bioresources,2014, 9(2) :3347 -3360.

Tuck C O, Pérez E, Horvath I T, et al. Valorization of biomass: more value from waste[ J]. Science, 2012, 337 695 —699.
Yang Y, Gilbert A, Xu C C. Hydrodeoxygenation of bio-crude in supercritical hexane with sulfided CoMo and CoMoP catalysts
supported on MgO: A model compound study using phenol[ J]. Applied Catalysis A: General, 2009, 360(2) : 242 —-249.
Laurent E, Delmon B. Influence of water in the deactivation of a sulfided NiMo/vy-Al, O, catalyst during hydrodeoxygenation[ J].
Journal of Catalysis, 1994, 146(1) . 281 —285, 288 —291.

Bunch A Y, Ozkan U S. Investigation of the reaction network of benzofuran hydrodeoxygenation over sulfided and reduced Ni-Mo/
Al, 0, catalysts[ J]. Journal of Catalysis, 2002,206(2) :177 —187.

Bui V N, Laurenti D, Afanasiev P, et al. Hydrodeoxygenation of guaiacol with CoMo catalysts. Part I: promoting effect of cobalt
on HDO selectivity and activity[ J]. Applied Catalysis, B: Environmental, 2011,101(3 -4) . 239 —245.

Bui V N, Laurenti D, Delichere P. Hydrodeoxygenation of guaiacol Part Il support effect for CoMoS catalysts on HDO activity
and selectivity[ J]. Applied Catalysis, B: Environmental, 2011, 101(3 —4) ;. 246 - 255.

Eillott D C. Historical developments in hydroprocessing bio-oils[ J]. Energy & Fules, 2007, 21(3) :1792 - 1815.

Bejblova M, Zamostny P, Cerveny L, et al. Hydrodeoxygenation of benzophenone on Pd catalysts[ J]. Applied Catalysis A .
General, 2005,296(2) :169 - 175.

Zhao C, Kou Y, Angeliki A L, et al. Highly selective catalytic conversion of phenolic bio-oil to alkanes[ J]. Angewandte Chemie
International Edition, 2009, 48(22) . 3987 -3990.

Gutierrez A, Kaila R K, Honkela M L, et al. Hydrodeoxygenation of guaiacol on noble metal catalysts[ J]. Catalysis Today,
2009, 147(3 -4) . 239 - 246.

Ohta H, Kobayashi H, Hara K, et al. Hydrodeoxygenation of phenols as lignin models under acid-free conditions with carbon-
supported platinum catalysts [ J]. Chemical Communications, 2011, 47(44) :12209 - 12211.

Laurent E, Delmon B. Study of the hydrodeoxygenation of carbonyl, carboxylic and guaiacyl groups over sulfided CoMo/vy-Al, O,
and NiMo/vy-Al, O, catalysts. | : catalytic reaction schemes[ J]. Applied Catalysis A-General, 1994, 109(1): 77 -=79.
Portjanskaja E, Stepanova K, Klauson D, et al. The influence of titanium dioxide modifications on photocatalytic oxidation of
lignin and humic acids [J]. Catalysis Today, 2009, 144 (1 -2) . 26 - 30.

Yakovlev V A, Khromova S A, Sherstyuk O V, et al. Development of new catalytic systems for upgraded bio-fuels production from
bio-crude-oil and biodiesel [ J]. Catalysis Today, 2009, 144(3 -4) .362 - 366.

Zhang X, Zhang Q, Chen L, et al. Preparation of Ni/SiO,-Zr0O, catalyst and its catalytic performance for hydrodeoxygenation of
guaiacol[ J]. Chinese Journal of Catalysis, 2014, 35(3) : 302 - 309.

Zhang X, Wang T, Ma L, et al. Production of cyclohexane from lignin degradation compounds over Ni/Zr0,-SiO, catalysts[J].
Applied Energy,2013,112:533 - 538.

de Miguel Mercader F, Koehorst P J J, Heeres H J, et al. Competition between hydrotreating and polymerization reactions during
pyrolysis oil hydrodeoxygenation[ J]. AIChE J. , 2011, 57(11) :3160 —3170.



