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Abstract :

This review focused on the development of supported catalysts for deep hydrodesulfurization of gasoline in recent

decades from aspects of active components. carriers, modified methods and so on. Desulfurization effects and the corresponding

problems of catalysts were also analyzed. It was pointed out that matching hydrodesulfurization catalyst function and acid

catalytic function to minimize sulfur content and octane number loss due to saturation of olefins by modifying or developing new

catalytic materials was the main challenge and research trend in this field.
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Fig.1 The new catalyst design technique about restrainting
sintering of the noble metal
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Fig.2 Schematic of triangular prism and tetrakaidecahedral
structures in phosphide

H AT A B A 40 e £k 7003 1S BIR T 5 ity o &5t At i
FH S T 70 P RIF 5 R0 R A2 T PR AT L T
(A LA A 3 B A A 700 100 285 A % A L 28 55
FAREOR MM . XFSE I L 0 EURS Y 32 AT S5 R
JLAR B2 6 A, XE S 7E T DBT & 4, 6-DMDBT 26k
Or T E B AL A W LR L A3 [ 47 BEL A4 A AT o 13X 1
BRI AL & W0 A6 JE B Ak W 4 8 i 4k R B HDS,
HDN 5 & & G b ¥ JS 0 A7 76 2 14 Al 42 0
Tl A8 32 A2« WP DA S5 8 IR AT 0 M B 5 VO TR
R AL 1 S e R 0 A ) [) B B LR o B A Rt A
TR R T B R O AR Ak 0 i Ak 500 8 T0HORS i o
OPAEE D (N d s R R A i W B it = 3 (12 N T T R
JE L 54 R B 0 R R S5 AR TE L 4 R B e
AT 45 ) S ) = A AR S5 4, PR T = A A
R H e 4 T Tl Ak RN A A 1 ik R T R U
AR/ LT A 1 TR) B L 55 4 J OB B I e
FATN X B RR 25 H L B 2 R E T 4
& G A R T 22 R AT 60 0 G e A
VR R R DI RE AR T Oy B 2, ML Ah, i
FHHEPAN MoC/AL Oy fil MoN/AL O, 1R %5 5 75
WEWY FI H, BYIR A& AU B AL 2R T 3 2 BR i 7
VR AR R B9 — A~ B R, R iR A R
Z AR TP HRESHR.

2 HK

1% 56 19 Jin S0 ke Ak R IR R v-AL Oy, Hi Ay
R Z2 AL A5 A B 1R 14 T 2 PR AR VBT Y AR R T LA
R Ze g kAl Ll o HDS i Ak 700 (9 B % FH G 2 14
EL 20 B A FLAE 43 A A/ (<35 n) WO FLAR L 5 42 )R
T2 53 (A AR T A5 AN B G 8 A6 e il LB OR
AN i Tl A2 A 1 K

AR E RS 4R B Tt ALO, A H &
R TiO, M ZrO, , WF 58 & B, TiO, 1 ZrO,
I MoS, Ak iy i & A 1% PR 2 AL O, gk
3~5 %, IR B v PR VA R T 4 8 S A Ak R AR

BTN, i L. Coulier™® WA 4 H 1F Y I (K 7]
figse TiO, A& BEA W REHE TiO, &7 wi ik e
AT, HEALER Al A Co Ni —EEXF MoS, i
2 B FRIFE R S DT 52 5 T W Wy 19 0 1 1 R A i
BEPk . W PR 4330 H O R TR AL W, e R e S N B
VIR 2 A T ol R i 1 4 43 43, T B Lk 45
£, T. Klicpera & #LLL MgO by 28 44 19 i &8
AT A BEMY HDS 16 M2 DL AL O 314 1 i £k 551
1.5~2.3 5,0 MgO #/K 5 &£ w k. 6w b
S — Tl Ll 3R I RR Y A L T M A 4y R A AR 4 b )
BE AR L, A& KB RhSX/C J& RhSX/
Al O, BEWY HDS HMERY 4.4 45 35 M LR B/
SRR 3% .S, H. 1. Guojun 2521 g 78 IR 3% — Bk
S A T ORALAR HE K b R T A R L AR R Ay
LA (CMC-1), I 5 Co-Mo/AC (3 ) K Co-
Mo/AL O, [ BEMy i HDS 5% P 1E bk, 25 5% & M
Co-Mo/CMC-1 i PRI & T 5 b4, H 493 K
SN BE T B E My ) e A Mk T 9506, 1k 553 K
T Co-Mo/AL O, A E %,

R FHARM B, 3 0 B TC 5 A8 L Y At R
PERE, FLBR T HoA & e R m A L FLIE B AP iR B A
S B4 R BT M AT R A RN R S N L R YT BB R M R
A R R A b 5 RS Y S AR b G e 3 R 24k
JRE I HEAT AT AT T B (ROND PR FF . W
Y. Gao'™ DLER ik R 5 Fn ik 7 1 A A Ak 70 2% 1k £ 3%
Co-Mo-Ni, Z5 % & ¥, FCC M BB 1 200 pg/g
M| 115 pg/g. Ml & & M 44.2% B 5] 20.5%,
RON {4512k 0.5 4~ A7, i Ak 7 BB AR 2 32 17 2 000
ho B8SRT 25 88T i AR 240 7 R ) B 1R 4 R AR
N ASEH BT AL W 7E ZSM-5 AR 0 4 A e fh v e
SERE] L FCC IR MG AL W) B e ALy 86.300, H
r AL Tk T D S Wy 1) A Ak R R A B 100 U6, B I L 1E
Wy HE ik W8 Wy 0 R - W Wy 11 7 Ak 3 43 51l R 96.6 %6
78.8%.85.8% 1 81.4% . G. M. Dhar™" % ) 7E
CoMo/SBA-15(Co [T & 43 8N 3%, Mo Jit it 73 £
8% ) L MEMY B HDS i 1 f 5 & AH . CoMo/
Y-ALO; B 2.0~2.54%, 345t SBA-15 J& F /4L
Si0. , 5t 5 Mo 90 i V5 I 1 e Ak 3 7 ok o 2 A
[ T & SiO.,

FCC {5l 7E HDS 3o 72 rh BB s e S 48 Ak i 32
M I 1 S R T 7 i e S e (R & (B TE AR
4t HDS 4k 5] Co-Mo/v-Al, Oy 13X Fh 5 JL-F A
SR A AR B — i R A R B AR S M LB R
U 1) S5 A A M R Y A R R — R R 0 Y R)
G. Shi"”"' #F ¥ T CoMo/v-AL O, 1k & SiO, .
MCM-41,SBA-15 4+ i 7 # 1) Co-Mo 1 Ni-Mo



4 AL T R R AL R

AR TR i U B A% R T 0 e 1 B R S A A RO
RIER Co-Mo/v-Al O, AL Fb , HoAth 4 1 7] #B 2
A e ) W o A R e B A S A A L i
A AP T o S0 08 T AL s 8 R 3 i 1 = e 1 5
g0 Bk & B Co-MCM-41 Fil Co/Co-MCM-41 5
Co/MCM-41 # bt B A 58 i W2 1, B 5 4% Co/Co-
MCM-41 5 Co-Mo/y-Al, O, 454 43 Fl T 15 515,
M) HDS i B2 5 & B AS AU BR T K 43w ifi
HLRAE AR5y 1-C s e A il 1 S 8% © e, DA TG JkE A
TRk . T IR Si/AL T MCM-41
PEREM L L F. J. Méndez”" & W T — £ ¥ NiMo/
AI-MCM-41, & BAE N 180 min Ji WE My A9 5% b K
NiMo/(Si/A1)-MCM-41 (40) > Ni Mo/ (Si/Al)-
MCM-41 (20) > NiMo/Si-MCM-41, i 1& 48
HDS fi## 4k 7] NiMo/Al, O, By %1k % 5 NiMo/(Si/
AD-MCM-41(20) #1245 , 354 HIH BT P4 7 1 . —
ENLEAERT AlMBASHTEZMNOH”
R 7 A DT 5 356 4 A A5 380 B 4 19 0 AT, 53— J THT A&
T &8 5 #k 2z B /R ) R BE AR T NiL Mo
TG F A 5L DTS5 350058 4 0% 2 P BRI

4K 4y G o 1 A A IO L i L
e b 2 T AR 1 R A5 AR AR B AT AR A A e
IR A R 2 B AL T 0 TR AR 1 SBCA R s L (R L
TE 25 F0 R 3 B b By e A M R, LM B A
SRR TN L B S BT R T A R XL
DIRE AR B FLE A1 . B AT R T A L4+
B, R I T A E R R R TR K. Q
Huo™ &M T —FH 8N4 L A (M-L), 5% i
) LA CALEMSU-2 S L4+ 2 AL O, AL, 3%
R TG R B HDS . 5 #4 Ak L 54 1k B A A 1 o
BEfRREPERE . 5Lk A 2RI 3D LA F ot
WE LI Kok, EAYE BT & FIES 2%
LA fb B RE (98 K 2 4, 25 0 98 ok Bk, 98 Ok
S oeod A AR PR BB T i R R AR > A R T
5%

3 B AL B IO

R AR ) 1 e T A AR 1 B R ) e
P L 3T R K R oM O vk R AT A
3.1 Hikms
3.1 HEAuE EAARm st R AR
ALY AL AT F 0 B A AL 4 F O AT oo s £ T
RS N Ky e R N = R T

WL R A EARY A 2r0, .Si0, X TiO, 5
AL O, #1782 GBI 3% 77 1 7] LI AR 4 Jm 1 1

A5 AL O, Z 1l B 18 J7 . AT 35 51 2 8 HDS
HALTEE B, 2205 %S B3 Ti0,-ALO, &
G Co, Mo J& 4k 77 1 b 26 1w AL, FL 25 F1
S LAY BE B R TIO, & R A5 0w s
4 R HP 5 R IR B A TS L H (L RS KL IR
BB TE PR ORI M B ME 8 R . sk gk B DY D
CoMoNi/Al O,-SiO, A fEF K FCC VI rY &
B B 442.3 pg/g MR E] 29.2 pg/g. ¥k
AR AL 0.7 AN BAAL L1 500 h g PR IR 5 3 W 1%
AT AT R AT M AR e M . B 4 s S A an
MgO AT LS AL O, #478E & tE" , 2 & )5 5
A B R P A Bl fefE R T DR R 55 XoF 410 o 9 A A R
F14) 552 Wi B2 37 KXo o S 08 6 3 2 1 5 ) DA T 2 v
T AR B M B R A S LR AR R 5
J3E S AR T TP

kv R A 0 BB VR R A P T R M AR B R
PR BE A0 SRR e 2 0 L R S AR IR B R R
AR QR IE S 2525 L NiMo/ Al O;-HZSM-5
HEAEFIXT FCC yl (408 4 VRR AR 2 18 40) I &
T 3 R 1 S R PR AT A LB 25 R R L IR R
i B S BN T D 0 0 S A o A 5 S B 7 A IR
T SE B AR R AR AE . RS E ) % WL
REZEE Ay F 06 % AL O, B9 vEVE AT T 1
B IR AR X ¥ HDS 2 8 v 4 F 1 A0 = 4K
WA T W F B HE . CoMo/Si-SBA-15-Al,0, >
CoMo/MCM-41-Al,O; > Co-Mo/kaolin-Al, O, >
Co-Mo/Si-ZSM-5-Al, 0, , H # CoMo/Si-SBA-15-
Al Oy J2 A BICME 22 v ik £ 5 i 19, 31X R AR 2
TR I Mo B Ak B & 48 55 20K A H A 58 B AR
1. W5 A 5 U2 0 A Ok f w0 43 0
AT bR T ORE v IR AL A TR I FLAR N LK T
i B BN, B oy BR e 1) i 140 38 B Bl A AL 4
T 7K IR M 2 R G DT R K b e T M b
PEfE. A. Duan %V KBl L-MCM-41 & & 4> F
BT T v T Bk A B A L R L4 T i MCM-
41, BfE XA THAA TN Z%fLIE R L-SBA-
15 40 70 6 584K AL O, Wi/ L.SBA-15 Fl Al-
SBA-15 7 FCC {53 19 HDS i H i3 PE 47 T
L, 459 W], L-SBA-15 B4 1R & 09 &5 % .
INE S A AL TN 55 A AL P R L LA A PR S T R Be A
R FLH P F 2 9L IE A S R
3.2 Mkt BRESCE ATk ok gk AR
Hb 2% T 1B 2% A I el A Oy vk o A 1
P ) AR AR Z S R B

H T HGE N L TR ST R G R
Hsm R L AL TiL Zr 55 2% 5 8 0 A Bl T Bt



55 5 3]

56 A A A P i U AL B 2 R A A R ) F 5 0 5

G. M. Kumaran ZF7% Mo, CoMo f1 NiMo 171 %%
TR Si/Al LAY AL-SBA-15 I 45 58 & 8, Al 1
BT Mo B 43 #0RE . T3S Jm 1 BE Wy (1) HDS
TP, ZEHRIOY K Ti 824 3 MCM-41 (1) & 4L h
Jei s 7SI ALIE 19 53 A0 A A S AR ) TR 1
A 1 i, b T RRURFL AR RS/ 5 8 A 5 A R T
v, IR R PR B SRR B T I e i A
B AR BT SRR S R A B U AR
.

3 o A 2 A ) B v DA R B AR AR B TE ROk
O R VA 7 = = s Ml [ - AN
ZSM-5/SAPO-11"", 5 ML MR A 1 W Ff 43 7 B o
(85 FH A b LA B G A BB TR A B A S e
1B 5 R I J7 86 5 U 5 43 - T AU — Fh 254
HAT T Z A FLRGE BE 0 TR 1 43 A . X il T 4
PP 8% BB A L @i RAE M . B, Lia %7l
% T HE 58 HDS fiEfk 7] CoMoS/v-AlL O, , 1Z i 1k
F L P 3 P 2 43 B0 M A7 A BB S R R AR R B O
TEARTE H SEM LI 3) 5 7R 9 25 A9 36 1 41 43 ) 43
A ANTE AR Y Co F1 Mo B 43 43 LT —#E,
Y10 A A6 %A AR R URL 1) R 2 L AL G2 1) CoMoS/
Y-AL Oy 1 Co H1 Mo TV i Ak 70 550 b7 A% 8% v 43
RN 5] AN S5 R R W], B 5e A Ak Ak 5 35 b 47
L SN 0 A I A A AT P S T S A A P A
FH L M 26 B0 H B 3 FCC 343 A9 in 0106 A 766 1 2
Bk

3 Egg0.2 5EEEHAEBE LN Co5 Mo WA
(0.2 FEERMEEHR 0.2 mm)

Fig.3 Co and Mo distributions of cross section of Egg-0.2
and Hom-U CoMoS/¥-Al, O; catalysts
extrudates by EDS analysis

PR T 2 9 Ak AL 2 O 2 A i L e ol
B PRI 7 1 X BRIk T LA ARAR B 2 R
FLAR T e A R AR L B O Y A ) PR iR B ) 22
AL 10 L AL ik F i Ah TS B B, FERE (AR
3.2 ERINF B

SN 3 3 Bl 3R A TR IS L S A A
AR S T 13 790 BE Al TR P 50 G 3 T 5 R

IFR e MR B T Bl . 5 G0 Ak R 5 b DL NiL Co
PR B B 5 6 PR 4L 20 1 Mo W i B[R] 4
KA HDS AL 6 M. BRuk 2 4h, B ar s w H m
B PLV,

P — LB IR e 2R B 80 8k 1, &ad THR
AL B HER RN AR AL O, & AR SR A TAE A2l
SETE B B 40 B R 3h 3 35 7E AL O, Rk i,
VDT A S T 7 Y B N TR ES T Mo I
W ALY 5 AR A AR A AT e 8 EL
A A BTG M T A TT R & A S M . B
Dhandapani-* 4§ ) P HE 88 i Ak 50 550k A L 26
P Ol Ak 500 A I OB I PR R .V — Y
PLEAL YL A A F AL R b B2y S8R T 19
BH & S BTGP L. Long™ ™ & 34y 120
SRR VO SR 5 E W 2R A W B4
J1i8sE 5 VO 58 My ] 1 5 1 FH 77 B R G E )
HTE AL BE T AZ 3 T HDS [0 B9 3E 47 . & & R T
BZM V.0, I YIEE. 48 i + 4 )8 W&
ARG 19 1 790, & AT 18 WA AT e 1 300 10 1R 1 B T 42 155
HDS/HYDO ik £ 4. A B 465 1] 1% 4t 44 1k 71
CoMo/v-AL O, HEiN Fe K, Mg 4 J& B 7] JH T 2k
PEIZAE AL 25 0 R I 4 s T — o B R
Hey-Al Oy A e ] M 5T, 400 3975 428 i &0 A
T v SR T M EL B R i 435K 0.5 %0 1Y Fe
i) CoMo/v-Al, O, Ak 57 AT R 500 v 1) & Bt Bt o
SRR 50 pg/g VLT EREE Rk 1~2 A~
L JREATRE RS Co M VIII E L E K Fe 5
Co-Mo Wi ¥ 4 J@ 2 6] 2 i U [R) 4 FH » DT 52 i
TP 4 5 A [ 5 1) A B AR L A AR R 2 B
BAER NG G M. Sl OB TS AL R %
B Ga ALY 5 AL O, BYE & % H etk Ay 438 .
I HACR R4

W A FIRE M Co R &9, E IR Co
BT AL o 38 F A B T 2 B RRE Y Coo Se PR AT
A HTF Co-Mo-S T PEH L TE i . # LAY % A 7
BREZCOW FFER(CA L%, L N 48R
A o CA I BUAAR, T~ W, & T #AE Fiiig
TE 1R R 1 T AT Ak B 0 1 7K s T I Sy AR 1Y)
. D. Q " HER B EAS KR T CoMo/Beta-
MCM-48, I A CA FE R G5 Lm0 K CA 1Y
WIS T FCC & HDS fi# 4k 1 1 il 1% i J5E
BT Mo-CA &AWL B ik i 5 3 MoS, 4
BORE I 32 5, B W T T 2 19 Co-Mo-S 16 #E . X.
Lin"" % HZSM-5 HE47 45 17 1 28 3R CA b 3, ik
TTEME G R B CA i ) T 8% B Th 25 7340 BROY 1501
Zahh ALY Rl DT EE BT B 8 R O 78 YR BT R 3



6 A AL T A A AR 529 &

H-E A AL ) Rl 3 ZE 0 FLE , ASAUAT DU R P B
R — A 38 A RR B L i L AT LA L/B (Y Lt fA
AT 8 5 A A 700 X6 5 4 ) 3 6 L 5 4 R B 1Y) T
PE AL RS L R T R B A

4 Hh5EE
SO B A 5 0 B ) B M T o X A
R 0 0 1L O B E S0 A T 98 7 A 7

X bR 7 4 0 3 6 A e [ R TR A4 A 70 2 K 0 A
[1) R4 A S 8 A A R0 AT 9 A — K A5 O
A3 3 iRV K e kL 2 R Tk A 1 R L B R
BHANAN KA B 5 43 1 R A W0 bR S5 A W] i e A
A 750 BT T I P14 3 3 A R e A ), A
AR 22 2E B AR e A R BT R Ak R 2 i
P AL FH IR 10 S BR HE AR B T B—AF  Y
K-

Z £ X #

(1] sbzrgr, FAL, BEZ, F. FCC A M PRy A A LL]]. & XFFH: ARFAFM]K, 2001, 25(6): 78
80.
Shan Honghong. i Chunyi. Zhao Boyi. et al. Distribution of sulfur in FCC gasoline and desulfurization with catalytic
cracking[J]. Journal of the University of Petroleum:Natural Science Edition,2001, 25(6): 78-80.
[2] Hinnemann B, Norskov ] K, Topsge H. A density functional study of the chemical differences between type I and type 11
MoS;-based structures in hydrotreating catalysts[J]. Journal of Physical Chemistry B, 2005, 109(6) :2245-53.
[3] Topsoe H. The role of Co-Mo-S type structures in hydrotreating catalysts[J]. Applied Catalysis A: General, 2007, 322
(16): 3-8.
[4] Gonzdlez-Cortés S L. Comparing the hydrodesulfurization reaction of thiophene on y-Al, O; supported CoMo, NiMo and
NiW sulfide catalysts[J]. Reaction Kinetics and Catalysis Letters, 2009, 97(1): 131-139.
[5] Daudin A, Brunet S, Perot G, et al. Transformation of a model FCC gasoline olefin over transition monometallic sulfide
catalysts[J]. Journal of Catalysis, 2007, 248(1): 111-119.
[6] Toba M, Miki Y, Kanda Y, et al. Selective hydrodesulfurization of FCC gasoline over CoMo/Al; O sulfide catalyst[]J].
Catalysis Today, 2005, 104(1): 64-69.
[7] Badawi M, Vivier L, Duprez D. Kinetic study of olefin hydrogenation on hydrotreating catalysts[J]. Journal of Molecular
Catalysis A: Chemical, 2010, 320(1) . 34-39.
[8] LiuZ, Zhang L, Jiang J. et al. Advancement of hydro-desulfurization catalyst and discussion of its application in coal tar
[J].Chemical Engineering and Science, 2013,3(1): 36-46.
[9] Cheng Q, Xu S, Wang X, et al. Ionic liquid-coated nickel phosphide catalysts for selective hydrodesulfurization[ ] ].
Chemical Engineering & Technology, 2013, 36(2): 228-232.
[10] Oyama S T. Novel catalysts for advanced hydroprocessing: transition metal phosphides[]J]. Journal of Catalysis, 2003,
216(1) . 343-352.
[11] Shu Y, Lee Y K, Oyama S T. Structure-sensitivity of hydrodesulfurization of 4,6-dimethyldibenzothiophene over silica-
supported nickel phosphide catalysts[J]. Journal of Catalysis, 2005, 236(1):112-121.
[12] Wu W, Wu Z, Feng Z, et al. Adsorption and reaction of thiophene and H,S on Mo, C/Al, O; catalyst studied by in situ
FT-IR spectroscopy[ J]. Physical Chemistry Chemical Physics, 2004, 6(24) :5596-5602.
[13] Wu Z, Li C, Wei Z, et al. FT-IR spectroscopic studies of thiophene adsorption and reactions on Mo, N/v--Al, Oy
catalysts[J]. Journal of Physical Chemistry B, 2002, 106(5) :979-987.
[14] Bataille F, Lemberton J L, Michaud P, et al. Alkyldibenzothiophenes hydrodesulfurization-promoter effect, reactivity,
and reaction mechanism[J]. Journal of Catalysis, 2000, 191(2):409-422.
[15] ki A, Riuwk, RIKE%,F. AU E TR H & 0 B A B4R R 2 e 2606 F ], A4S 4R, 2005, 26(12) .
1047-1052.
Zhu Quanli, Zhao Xutao, Zhao Zhenxing, et al. Peparation of supported molybdenum carbide catalyst using n-hexane
and hydrodesulfurization activity[J]. Journal of Chinese Catalysis, 2005, 26(12):1047-1052.
[16] Furimsky E. Metal carbides and nitrides as potential catalysts for hydroprocessing[J]. Applied Catalysis A General,
2003, 240(1-2) :1-28.
[17] Ramirez J, Cedeno L, Busca G. The role of titania support in Mo-based hydrodesulfurization catalysts[J]. Journal of

Catalysis, 1999, 184(1): 59-67.



955 W I A AT A YR B B 28 R A A R Y F 5 i 7

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Coulier L., Van Veen ] A R, Niemantsverdriet ] W. TiO,-supported Mo model catalysts: Ti as promoter for thiophene
HDS[J]. Catalysis Letters, 2002, 79(1-4): 149-155
Klicpera T, Zdrazil M. Preparation of high-activity MgO-supported Co - Mo and Ni - Mo sulfide hydrodesulfurization
catalysts[J]. Journal of Catalysis, 2002, 206(2);: 314-320.
Kaluza L, Vit Z, Zdrazil M. Support effect in the hydrodesulfurization of thiophene over rhodium sulfide[ J]. Reaction
Kinetics, Mechanisms and Catalysis, 2010, 101(1): 63-72.
Guojun S H I, Yu Z, HUANG Y., et al. Mesoporous carbon supported Co-Mo and Ni-Mo catalysts for
hydrodesulfurization[ J]. Chinese Journal of Catalysis, 2010, 31(8): 961-964.
Gao W Y. Ren L G, Zhang X L, et al. The preparation and application of a novel catalyst for gasoline
hydrodesulfurization[]]. Petroleum Science and Technology, 2014, 32(9): 1087-1094.
REF, FER, HARE, F.FCC A A £ ZSM-5 HdeFl Loy ZpLansg 2 []]. &b F R/ (B L), 2008,
24(2): 141-145.
Zhao Leping, Fang Xiangchen, Hu Yongkang.et al. The hydrodesulfurization path of FCC gasoline sulfides on ZSM-5
catalyst[J]. Acta Petrolei Sinica(Petroleum Processing Section) , 2008, 24(2): 141-145.
Dhar G M, Kumaran G M, Kumar M, et al. Physico-chemical characterization and catalysis on SBA-15 supported
molybdenum hydrotreating catalysts[J]. Catalysis Today, 2005, 99(3): 309-314.
Shi G, Shen J. Skeletal isomerization of 1-hexene over sulfided Co/Co-MCM-41 catalysts[J]. Energy & Fuels, 2008, 23
(1): 320-326.
Meéndez F J., Bastardo-Gonzdlez E. Betancourt P, et al. NiMo/MCM-41 catalysts for the hydrotreatment of
polychlorinated biphenyls[J]. Catalysis Letters, 2013, 143(1): 93-100.
Huo Q. Dou T, Zhao Z. et al. Synthesis and application of a novel mesoporous zeolite L in the catalyst for the HDS of
FCC gasoline[ J]. Applied Catalysis A: General, 2010, 381(1): 101-108.
Chen L H, Li X Y, Tian G, et al. Highly stable and reusable multimodal zeolite TS-1 based catalysts with hierarchically
interconnected three-level micro-meso-macroporous structure[ J . Angewandte Chemie International Edition, 2011, 50
(47): 11156-11161.
Liu J, Jiang G, Liu Y, et al. Hierarchical macro-meso-microporous ZSM-5 zeolite hollow fibers with highly efficient
catalytic cracking capability[ J]. Scientific Reports, 2014, 4(1) :1-6.
Zhang J, Wang G, Jin F, et al. Fabrication of hollow spheres by dry-gel conversion and its application in the selective
hydrodesulfurization of FCC gasoline[ ] ]. Journal of Colloid and Interface Science, 2013, 396(15): 112-119.
FRF, EHH. L FE M AR A Co-Mo/TiO,-ALO, 89 4l & 5 R 4E[]]. & 5w X ¥ FH. 8 XHF M,
2008, 23(4): 62-65.
Li Huifang, Hou Kaihu. Preparation and characterization of Co-Mo/Ti0O,-Al,O; catalyst or selective
hydrodesulfurization[ J]. Journal of Xi’an Shiyou University: Natural Science Edition, 2008, 23(4): 62-65.
W=, KD, IR F . F.FCC A b 3 M e SR AR AR AL F) 69 AF 4 2O AL R A [T ). B b R4l 54, 2010,33(7)
34-37.
Jia Yungang, Zhang Tiezhen, Sun Hongyu. Preparation and performance evaluation of selective hydrodesulfurization
catalyst for FCC gasolineU] Petroleum Processing and Petrochemicals, 2010,33(7) . 34-37.
A, R, ol FL & B £ AR EAA b e EBLAE A AW B ea[]]. B R A AL T, 2005, 34
(2): 105-108.
Han Xinzhu, Da Jianwen, Xu Xingzhong, et al. The influence of prepared factors on catalyst reactivity of
hydrodcsulfurization catalyst for FCC gasoline[ J ]. Chemical Engineering of Oil and Gas, 2005, 34(2): 105-108.
MR, R, B R FEAEAE NG AL/ SR E RS RS R R[] LT F R, 2014, 65(7): 2751-
2760.
Chen Zhiping. Xu Jian, Shi Gang, et al. Hydroisomerization and aromatization hydro-upgrading behavior of fluid
catalytic cracking gasoline[J]. CIESC Journal, 2014, 65(7): 2751-2760.
Fan Y, Shi G, Liu H, et al. Selectivity enhancement of Co-Mo/Al; O; FCC gasoline hydrodesulfurization catalysts via
incorporation of mesoporous Si-SBA-15[J]. Fuel, 2011, 90(5): 1717-1722.
Li T, Duan A, Zhao Z. et al. Synthesis of ordered hierarchically porous 1.-SBA-15 material and its hydro-upgrading
performance for FCC gasoline[ J]. Fuel, 2014, 117(2): 974-980.
Kumaran G M., Garg S, Soni K. et al. Effect of AI-SBA-15 support on catalytic functionalities of hydrotreating
catalysts: 1. Effect of variation of Si/Al ratio on catalytic functionalities[J]. Applied Catalysis A: General, 2006, 305



A AL T A A 4R 9529 &

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

(2): 123-129.

Eak, As, HRE, F.TiMCM-41 £ 42484 FCC A M AR T ey tite st [J]. miatkdl 5, 2012, 43
(10): 5-10.
Jiang Linlin, Long Huayun. Jin Fengying.et al. Study on the catalytic performance of Ti-MCM-41 in full range FCC
gasoline upgrading[ J]. China Petroleum Processing Petrochemical Technology, 2012, 43(10): 5-10.

Zhang Q, Li C, Xu S, et al. Synthesis of a ZSM-5 (core) /SAPO-5 (shell) composite and its application in FCC[] ].
Journal of Porous Materials, 2013, 20(1). 171-176.

Liu B, Chai Y, Wang Y, et al. Weakening internal diffusion effect in selective hydrodesulfurization of FCC gasoline by
novel designed eggshell CoMoS/Al, O, catalysts[J]. Journal of Natural Gas Chemistry, 2012, 21(2): 194-199.
Dhandapani B, Ramanathan S, Yu C C, et al. Synthesis, characterization, and reactivity studies of supported Mo, C
with phosphorus additive[J]. Journal of Catalysis, 1998, 176(1): 61-67.

Long J, Zhu Y, Liu Y, et al. Effects of vanadium oxidation number on desulfurization performance of FCC catalyst[]].
Applied Catalysis A: General, 2005, 282(1): 295-301.

AW, TEH, Kks, F.FCC A bk 3 b & ALAAAE AL H 09 R & L4830 [J]. &L T, 2011, 40(2) . 133-139.
Ke Ming, Wang Xueying, Zhang Zhenquan, et al. Preparation and performance evaluation of hydrodesulfurization
catalyst for FCC gasoline[ J]. Petrochemical Technology, 2011, 40(2): 133-139.

de Leon J N D. Binary v-Al, Os-a-Ga, O, as supports of NiW catalysts for hydrocarbon sulfur removal[ J]. Applied
Catalysis B: Environmental, 2016, 181(2) :524-533.

Qi D, Duan A, Zhao Z, et al. Catalytic performance and sulfidation behaviors of CoMo/Beta-MCM-48 catalysts
prepared with citric acid for FCC gasoline hydroupgrading[J]. Journal of Porous Materials, 2015, 22(1): 127-135.
Lin X, Fan Y, Liu Z, et al. A novel method for enhancing on-stream stability of fluid catalytic cracking (FCC) gasoline
hydro-upgrading catalyst: Post-treatment of HZSM-5 zeolite by combined steaming and citric acid leaching[ J]. Catalysis
today, 2007, 125(3): 185-191.

(m#E EHAx2xk)



