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Auto chem. 112920 | i#17, 84L& 40 mg, A
10% H,/90% Ar ({RFR3 80 WIRG B I, K
Wi 50 mL/min, FFJE#H #E 10 C/min, D5
(TCD) KMFEEF 5. X GFEM AR AT (XRD) 7347
TE H A F 2% D/max-RA B X I 48y AR AT 594X 1 i
17, Cu Ko 1, HLH 40 KV, HL3E 100 mA | 450 [H
20 =10° ~ 80°. X YWl T HETE ST 56 (XPS) {E VG
MultiLab 2000 4% _F#47, Lh Al Ko Sfy X-GF 255 5+
U, JEAE N 20 eV, LASRTH V5 YRk C 1s 455 fiE
(284.6 eV) HNIEHETTR ML GHE. 28
QTP THE ML (H,-TPD 5 NH;-TPD ) 7 Micro-
meritics Auto chem. 112920 F 347, ¥4 /LF (100
mg) 7E AT 350 CR AL BE 2 h f5, DI
Ar (B{ He) @iM4 0.5 h, SRE¥RHI % 50 C (5
100 C), 3l A (B ) WM 30 min, 7E Ar
(8% He) 0% 49 30 min J5, i 10 C/min F2/5 T+
JBERM (B L LA TCD il 5 5
1.3 L RE T

PEAL TR P RE DA >R P 181 5 PR B . AL )
BEHE 8 mL, [ W IEJE 200 ~280 °C, K74 MPa,
AR AT 1.5 b, &/l 600. S i i
EFIHE L, PP THE 2 350 °C, fHilk 4 h, 28
Ja R IR EE . JBURE A BURE S BOh 4% 1 SR PR
BErE . PR JBURH S A B S i o O, 7
WAV BE Iy 8 )5 AR o3 B WRAH P )R ] Agilent
6890N S AH @ IEAL /3 #r, DB-WAXETR(30 m x 0. 25
mm x 0. 50 pm) BAEH:, S IHEKMNE (FID). <
=R - Agilent 6890N (HP) B4 AR 354X 73
ffr, HP-MoleSieve 5A (30 m x 0. 53 mm ) #1 HP-Plot
ALO,(30 m x0.53 mm) & EFE, 43 513% 3% TCD i
FID il &5
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2.1 EEFIH AR

R 1 AL A, P A 4 4R 700 A9 Lo 3R T AR X AE
150 m’/g 7idy, X il Fe 58 Mo Bh7I 9 AXF Ni/
AL O, fHEA 9] i B2 TR SIS S35

&1 FEEAFIH AR

Table 1 The textural properties of different catalysts

BET Surface area Pore volume Average pore diameter
Sample

m’/g em’/g nm
Ni 154.8 0.683 15.25
NiFe 155.1 0.620 14.04
NiMo 155.7 0.620 14. 84
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Fig. 1 H,-TPR profiles of nickel-based catalysts
a: Fe(5% )/y-ALO,, b: Mo(5% )/y-Al, 0,
2.3 XRD 4%
HH I 2 AT, AR 5R ) XRD 3% & v H B
NiO FI y-AL O, AT 5 0. fNA Fe 5¢ Mo Bl J5,
NiO A7t e B AR HL 9 Ak, 2R B By il A 18
13 NiO B B S . 35 18 v IR RO B Fe, 0,8
MoO,, H1AH XoJ 1o 14 17 5 0, 3xX ] g2 i T 51 Ay Fe
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Fig.2 XRD patterns of different catalysts
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fEALTR) XPS RALLE R AN 2 TR, HEALF] Ni/
y-AL O£ 856.0 eV A HH Ni2py,, (MASAEVE, A
NiO(855.0 eV ) Fil NiAl,0,(857.0 eV) Z[0]'*, %
W] Ni 5 4fk ALO, BA—E AT EAR, X5 TPR
ZESRAAMI A, IA Mo J5, Ni2ps,, 10 1] 5 AE v 1
$0.2 eV, A2 Ni (LR T Mo, Ni ¥t
e Mo, LAZK Ni (50240 i 25 BE /N, [T
15 Ni2p,, (945 & B84 ™' Wi A Fe J5,
Ni2p,, WL 1] BB AR S T 0.2 eV. K] Mo, Fe
#AS NUZEMBEAEM, SUEIE N SNE G T2
(LIRS

=2 BEEUNE XPS SITER
Table 2 XPS analysis of nickel-based catalysts

E,(eV) Ni/Al
Sample ) A
Ni2p;,, Nominal atomic ratio ( Bulk) Surface atomic ratio ( XPS)
Ni 856.0 0.097 0.232 2.392
NiFe 856.2 0.102 0.263 2.578
NiMo 856.2 0.102 0.329 3.225

A =Surfacey;, ,,/Bulky,

e 2 AL, T AL R T Ni/AL (KT
Pk Ni/ AL, FIIASHEE 6 % 1AL Nio £ 20
TSR [H Fe B{ Mo B4l Afi Surfacey,,,,/Bulk_
sl CA) (EA B, e A Mo J5 A fEHEOR, X
W] Mo I A 15 5 22 9 NiO 52 82 75 fi Ak 7 3%
T, A A2 A Mo B30 5 i AL 700 7 5 A5 5
(g SR
2.5 H,-TPD &£ R
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°CBHIT) A — A~ i A% (420 CHHIE) . IR AT T
VR S W 4 i 2 T B B, 2 0 Ay 0 o
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W, ] U s Sy M RS A <5 s - S A 0 SR T 1 S AR
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TET 3 2 BB 1) S0 P/ 2, e Mo SRR AN
fedt T Ni SEAEAR I A 0 AR, $R e 1 AR
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Fig. 3 H,-TPD profiles of nickel-based catalysts
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Fig. 4 NH,-TPD profiles of nickel-based catalysts
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Fig.5 Acetic acid conversion as a function of temperature
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Fig. 6 Scheme of the reaction pathways in the hydrodeoxygenation of acetic acid
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Table 3 The products with temperature in acetic acid hydrodeoxygenation

Yield( % )
Sample Products

200 °C 220 °C 240 °C 260 °C 280 C

Ethanol 11.90 9.64 7.73 7.05 2.63

N Acelic ester 20.23 20.04 32.27 12.86 5.30

i

Methane 1.88 5.26 24.44 59.40 74.92

Ethane 0.09 0.15 0.38 0.75 0.73

Ethanol 40.96 28.96 7.14 4.99 4.09

Acetic ester 8.54 0.60 0 0 0
NiFe

Methane 44.98 65.02 86.95 82.61 81.41

Ethane 0.47 1.38 4.01 11.39 13.39

Ethanol 2.59 10.00 3.26 2.74 3.60

Acetic ester 6.11 0.81 0 0 0
NiMo

Methane 70.32 64.18 68.34 65.51 64.90

Ethane 24.25 24.22 26.38 31.34 31.51

pE e, HIS RN : NiMo > NiFe > Ni. £
3w

Ni/y-ALOs5| A Fe, Mo A J& i 15 fiE 1L 77 %
T 538 R NiO & i3 22 HAL T 20 IR, Rl
s T SRR, IS e 1 X SRR A U

Ni/y-ALO; I, A M T L8R C—O § I 2 A4 hl
S, AR A R I ST M R A i TR LT
240 CF LR Ao, M 32.3% 5 THsifE
ART C—C B H Be. A Fe, Mo J5H



51 Wk T4« Fe, Mo Wil %) Ni JEARALH I UM A1 BE AR ) 35

ST HEAERIR N RE ST, A AT C—O G 1L IF
AT C—C AT L. S50 Fe BhiiEE T
LI E, M Mo BRI i T AR A BR M, 15 m
QAT PERG R, S8 T SRR,

B R B P A A Rl B R PR 8] AR IR
HFe o Lo 1A

Xk

[1] RenJie(ff 7%), Zhang Huai-ke (7 {AF}), Li Yong-
wang (257K HE). J. Fuel. Chem. Technol. (#RFB}b 2%
) [J], 2009, 37(6): 769 —776

[2] Furimsky F. Appl. Catal. A: Gen. [J], 2000, 199
(2): 147 -190

[3] Abdu Y Bunch, Xueqin Wang, Umit S Ozkan. Appl.
Catal. A; Gen. [J], 2008, 346(1-2): 96 - 103

[4] Wang Wei-yan, Yang Yun-quan, Luo He-an, et al. Re-
ac. Kinet Mech. Cat. [J], 2010, 101(1) . 105 -115

[5] Bao Jian-guo(fuZE[E), Yang Yun-quan ( #7i8 %),
Wang Wei-yan( £ Jgi#E) , et al. J. Mol. Catal. ( Chi-
na) (4 FEfk) [J], 2009, 23(6) : 558 - 563

[6] Bao Jian-guo(fu ) , Gong Jian-yi (2B ), Yang
Yun-quan( 1538 £ ), et al. Petrochem Technol. ( £7iH
1) [J], 2010, 39(1): 42 -46

[7] Wang Wei-yan( F &), Yang Yun-quan (35 &),
Luo He-an(Z fI&) , et al. Journal of Chemical Industry
and Engineering (China) (fLT.244k) [J], 2010, 61
(1):73-79

[8] Mathias Snare, Iva Kubikova, Paivi Maki-Arvela, et al.
Ind. Eng. Chem. Res. [J], 2006, 45(16) . 5 708 -
5715

[9] Wang Xue-feng ( EZFHIE) , Wang Feng ( £ 4 ), Chen
Man-ying( B2 ) , et al. J. Fuel. Chem. Technol. (1}
Rk ER) [1], 2005, 33(5) : 612 -616

[10] Yang Jun(#; 3&),Chen Man-ying( Jfi#Z%) , Ren Jie
(£ 7). J. Chem. Ind. Eng. Pro. (China) (fk T3k
J&) [J], 2005, 24(12) . 1386 -1 389

[11] Wang Xin(E  Jik) ,Zhang Shun-guang( %% %) , Hou
Kai-hu(f#ZL3). J. Mol. Catal. ( China) (43T1#4L)
(11,2010, 24(2): 153 — 157

[12] Liang Shun-qin( Z2JIfi%E) | Gong Guang-bi ( £ 2 ),

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

(25]

[26]

(27]

(28]

Wu Jie (% 78), et al. J. Chem. Ind. Eng. Pro.
(China) (/L TikERE) [J], 2010, 29(9): 1 649 —
1 653

Zhang Yu-hong (5K £ £1.) , Xiong Guo-xing ( RE[E %) ,
Sheng Shi-Shan ( & tt:3% ), et al. Acta. Phys. Chem.
(WFfeEd) (1], 1999, 15(8) : 735 - 741
Zhang Cheng-hua (5K fE), Yang Yong(#% Bi), Tao
Zhi-chao (P #8) , et al. Acta. Phys. Chem. (Y¥ifk
2R [J], 2006, 22(11) ;1310 -1 316

Salagre P, G Fierro J L, Medina F, et al. J. Mol.
Catal. A; Chem. [J], 1996, 106(14) . 125 - 134
Hernandez-Huesca R, Merida-Robles J, Maireles-Torres
P, et al. J. Catal. [J], 2001, 203(1): 122 -132
Boudjahem A G, Monteverdi S, Mercy M, et al. J.
Catal. [J], 2004, 221(2); 325 -334

Conner W C, Falconer J L. Chem. Rev. [J], 1995, 95
(3): 759 -788

Braos-Garia P, Garcia-Sancho C, Infantes-Molina A, et
al. Appl. Catal. A; Gen. [J], 2010, 381(1-2); 132 -
144

Belatel H, Al-Kandari H, Al-Khorafi ¥, et al. Appl.
Catal. A Gen. [J], 2008, 346 (1-2): 96 - 103
Pestman R, Koster R M, Boellaard E, et al. J. Catal.
[J], 1998, 174(2); 142 - 152

Willy Rachmady, M Albert Vannice. J. Catal. [J],
2002, 207(2) : 317 =330

Willy Rachmady, M Albert Vannice. J. Catal. [J],
2002, 209(1): 87 -98

Rafael Alcala, John W. Shabaker, George W. Huber, et
al. J. Phys. Chem. . B [J], 2005, 109( ). 2 074 -
2 085

Ferrin P, Simonetti D, Kandoi S, et al. J. Am. Chem.
Soc. [J], 2009, 131(16); 5809 -5 815

Isao Takahara, Masahiro Saito, Megumu Inaha, et al.
Catal. Lett. [J], 2005, 105(34); 249 —-252

Wang Xue-feng( £ 34 ). Master Dissertation of Institu-
te of Coal Chemistry, CAS( " [ER}25 e 1L P8 4 Bk 2
WA 830 [D]. 2005

Masae Kimura, Toshihiro Miyao, Shingo Komori. Appl.
Catal. A; Gen. [J], 2010, 379(1-2) . 182 - 187



36 7 A (1 25 %

Effect of Fe, Mo Promoters on Acetic acid Hydrodeoxygenation
Performance of Niclel-based Catalyst

YANG Yong-ning"*, ZHANG Huai-ke'”, LU En-jing’, ZHANG Cheng-hua'’, REN Jie'’*
(1. Institute of Coal Chemistry, Chinese Academy of Sciences, Taiyuan 030001, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 10049, China;
3. Synfuels China Corporation Limited, Taiyuan 030032, China)

Abstract: A series of supported NiM/y-Al,0,(M = Fe, Mo) catalysts was prepared and characterized by nitrogen
physisorption, H, temperature-programmed reduction (TPR) , X-ray diffraction (XRD) , X-ray photoelectron spec-
troscopy (XPS), and H, or NH, temperature-programmed desorption ( H,-TPD or NH;-TPD) techniques. The
catalytic performances of the catalysts in the hydrodeoxygenation of acetic acid were systematically investigated in a
fixed-bed reactor. The dispersion and reduction of NiO in Ni/y-Al, O, catalyst was remarkably improved by addition
of Mo or Fe, which may lead to a high catalytic activity. Over Ni/y-Al, O, catalyst, the formation of acetic ester
was favoured at low temperature,, while the domain product was methane resulting from the C—C bond dissociation
at high temperature. The C—C bond dissociation capability of Ni/y-Al,O; catalyst was suppressed by addition of
Fe, and a high yield of ethanol was observed over at Ni-Fe/y-Al, O, catalyst and low temperature. A higher yield of
ethane was obtained over Ni-Mo/y-Al, O, catalyst as the surface acidity of the catalyst was improved by addition of
Mo.

Key words: Ni-based catalyst; acetic acid; Fischer-Tropsch syncrude; bio-oil; hydrodeoxygenation



