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Abstract

Three MoNiFe/Al,03 catalysts were prepared by one-step and two-step impregnation methods in
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this paper. The structure and property of the catalysts were characterized by XRD, Raman, H,-TPR,
FT-IR of pyridine adsorption, NH3-TPD and FT-IR of CO absorbed. The effect of preparation condi-
tions on the catalytic performance of MoNiFe/Al,0; catalysts was investigated with vacuum resi-
due as reactant. The MoNiFe/Al,O3 catalyst prepared by one-step impregnation method with Mo-
NiFe organic acid solution exhibited higher hydrodesulfurization activity, residual carbon remov-
ing activity and hydrodemetallization activity, whose activity was significantly superior to that of
the MoNiFe/Al,0; catalyst prepared by two-step impregnation method.
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T s AV e I S AR A 0 95 O v B e v BRI R A AT B, R RV I S AR A
BIERNE R RS NI S BRI, BB BRAE RIEEI AL [2] [3] [4]

T s AV JEh T S A e A 7R ) TE 2 B 3 T LR FF R m (S MR e 1, SEBLE I i A, B
PEAZ B R o 75 B AR K B AL FI[5]. BA—78 300 J3 li/4E it 3k s PR VS Jih I8 oA, AR KT #E
3000 MEMEAL . BRI, i s PR VS Joh I S AR AR R A s B2 T 1) s PR 23 S s AT A, B )
2R

T s RS Y I AU A TR £ 22 LA MoNi Bk MoCo it & B4 0y, AR N ERAK(6].  H ATk iE R
T ESEATIE CREFE MEAR MO N, Qe BRI AL R A S LR FE () — A 27 1) . Fe AR —Fl R
WiE S E, T2 N T SR AR B . A SCRRIRIE[7], Fe FHTRRALA T Mo Bt W I PRAE (AL 5
TENNE A S A BRI FEH  fEE NS, 545 Mo-Ni fiE{L7IAHLE, Mo-Ni-Fe {467
HRDHRIE

Fe MIIIN, o7 T AL ME SR AINEE M, A SC 32 B FOAN R 1 il 4% 2% 465 MoNiFe/AlLO; ik
FAE SR AR BE A2, dEIE XRD. Raman. H,-TPR. NH5-TPD Fi1 CO W B S5 A7 £1 /N5 A S AR AL 751 25
FIFNME AT 7 RAE, RA GRS HEE T AL 0 &5 R A R & 1 o
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MoNiFe-1/ALO, ffE {1k 77l K be— K, T MoNiFe-2/AlOg A IS K2 F UK o B T A0 71 B 45 FH 24435 AlLOs,
A AL i #% A MoNiFe. MoNiFe-1 F1 MoNiFe-2.
2.3. LTI

PR 7] 2 THI TR AR FH TE e R B £ A e i 5, i AR 35 [ #AvH 22 =] 11 Niicolet 550 R 41 A i
1. 14k 77 XRD FAELER 2% Panalytical 23 &) /) X’Pert Pro & X-SF £k RATHHMY L #E47. #4677 Raman
FAFLEH:E HORIBA Jobin Yvon /A ][] LabRAM HR-800 s e 4 & 61 FiE4T . AL FIFE T F+
T8 5 (Ho-TPR) FIAE 7 T B (NH3-TPD) SR AIE 1T 35 [E 27 7 /4 & 1) Auto chem 2920 4k 220 Bt A% 347 .
TEAL T CO W B A £ b e A AF 5 [ 44 L A =] 1Y Niicolet 6700 {8 37 21 A kAT .
2.4. fEFIES

KR AR A JE R, E (A BG4 BT VY, RN R A% 1 B, TREREE R
EVFN KR 2 BToR.

Table 1. Properties of feedstock
= 1 FERMER

T JE L
W(CCR), % 17.81
w(S), % 3.31
w(Ni +V), ugg* 230
>500° CHEMYE, % 92.8

Table 2. Evaluation conditions of autoclave

F 2. BEETNFENY

TiH AT
T2
SRR BENC 430
% F1IMPa 15
SR [R]/min 60
FAFR L viv 13:1

3. &R5Ve
3.1. fELFTRAE

3.1.1. LRI XRD FR4E

1T ON=HA LTI XRD &, ME R BUE =R E#0 HBLT JE T p-ALOs FIFERT S
g (260 = 37.5°, 46.0°, 67.0°) [8] [9], #RI%A K I 4@ 43 (PR AEAT S04, 156 IH SR AN TR 1) 8 2 A il 4% 1 =
PR, S JEA o ERA AlLOs b HULY, WA RKAEVIEIRE.

3.1.2. A8 Raman FRIE
2 N =FiE4k )70 Raman 3% B, M AT DLE H = R8I0 Raman i85 B JE 5 AL, #SHBL T DY
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AN FRRAEIE, 425162 T 950 cm . 860 cm ™. 320 cm i A 210 cm . £z T 950 cm ™t Al 320 cm Ak fRHRIE
WY 8 T\ AR BC A7 () Mo=0 (4R EhIE ; 47T 860 cm™ &b A4S AL I A Ja& T DU T A BT 457 f) Mo=0 {145 iz
Zhie; AT 210 ot ALFRFAEIE AR T\ EAAECAL () Mo-O-Al i 4EHR BN [10] [11] [12]. Hr \EARRD
BLI Mo R REFITEMEA, T fEA6TT] MoNiFe HAT 5 K\ THARBC ALK Mo=0 Z4ERahIE, Wit
HA B2 R BEPER .
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Figure 1. XRD patterns of the catalysts
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Figure 2. Raman spectra of the catalysts

2. fE1LF] Raman & &

3.1.3. LTI H-TPR FRAE

JIE HpeTPR X =R AL AR RV AT TRFFE, 53w 3 fros. MWEHRT LA, =FEfk
FUPRIIE SR U4 B HE AR 3, 7 380°C T HY B 1AL 711K MoOg i Ji U4 [13] [14],  FLId SR I BN AL
MoNiFe > MoNiFe-2 > MoNiFe-1, $iI7E=F {7, AL MoNiFe 1f¥] MoO; 5 %14 )5, MoNiFe
BERH AR, HI55 T MoOs 5#EAEME 2RI EAER, A BT MoO; k5 .

3.1.4. EAFINERERT
SERSoE £ SR U BT NH-TPD 3 = Bl i AR AU BRIEEAT T F9C, % 3 R 4 B . EALAIAZLSh
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100, {4671 MoNiFe [IAHMT L AMNR RN 129, MoNiFe-2 fEALFIIAER L AMRE N 121, #4057 MoNiFe
B i A AR /e, e L BoA s 20 ANR &
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Figure 3. The H,-TPR profiles of the catalysts
3. I H-TPR 3EE

Table 3. The acid amount of the catalysts
= 3. BALTIR O SNER B IR

AL MoNiFe MoNiFe-1 MoNiFe-2

X ALAMNR = 129 100 121

K 4 DAL NHS-TPD 5 &1, AR AT LA Y, = A HEALTRIARAE 230°C BRI L 1 — N2 P U,
LU PG TR RN 47 MoNiFe > MoNiFe-2 > MoNiFe-1. 4L 7] MoNiFe JFLA5 5 K [ 2 it bt 06 T
M, IR S R, 5 2L E R R AR 2 A — B
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Figure 4. The NH;-TPD profiles of the catalysts
4. HELFT NHa-TPD i&[E
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Figure 5. The in-situ FT-IR spectra of CO absorbed on
reduced catalysts
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3.2. EAFIFEMEIEMN

DAVE R R A JEORE, SR w5 R 2% MoNiFe. MoNiFe-1 fi1 MoNiFe-2 =F i {b 7T iH VP4, oF
MeE RN 4. WNEHEIETTUIE L. LUEILT] MoNiFe 4% 5 ik % ~h3EnE, H HDS. HDCCR 1 HD
(Ni + V)47 100, 1f#4k75 MoNiFe-1 [ HDS & 89, HDCCR A4 84, HD (Ni+ V)~ 96, {17 MoNiFe-2
fJHDS >4 92, HDCCR 4 89, HD (Ni + V)>}y 98. 5K F MoNiFe 13 HLER 7 1 — 25 1% i5ti2: il 4 X 44 771) MoNiFe
FA o R I0 UG AR om0 B e AN 2 0 <46 Jeg vt 2k D Sk v R FH 9 2925411 4% 1) MoNiiFe-1 H1T MoNiFe-2
AT XAEHT MoNiFe EZERHAVLERIIIMN, HISS T &BA 0 SEAKAMEAER, B 7 AR
R = AEEY R, WEA BT AR RE e .

Table 4. Evaluation results of the catalysts

4 BUFIHNER

miH MoNiFe MoNiFe-1 MoNiFe-2
AR 2 I o 2
HDS 100 89 92
HDCCR 100 84 89
HD(Ni + V) 100 96 98

4, gEip

K MoNiFe A HLERIZ 1t — 4 15 1502 1 4% (1) MoNiFe/AlLOs 4677, I T B m rmaE . b
SRR R ERE, B RAR TR H PR FT AT % FI P F MoNiFe/ALOs AL X2 H T RHAVLERIR
BUR AT LAE 55 &R S8R RIPA EAE R, (R LyE 408 5 T8 IR AR, A7 B A A
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