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Research process of sulfidation of hydrotreating catalysts
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Abstract: The research progress of sulfidation of hydrotreating catalysts is reviewed. The mechanism of sulfidation
is described. The methods for adjusting the sulfidation of the active components are introduced. The effects of the
sulfurizing agents on the sulfidation are also discussed. The existing problems and the development prospects of

sulfidation of hydrotreating catalysts are pointed out as well.

FE36 EFH3H
2016 3 B

Key words: hydrotreating catalysts; sulfurizing agents; sulfidation process

WAL S AR I 4 — e LA BR R ()
B o, DU R (80 B . PRI R,
Bl B VB S SR AN g s A T
JE B S B DG S (9 T = 1, 46 e T 4 20
PERE s IRREAS M SR ML ALST) A I P BE . SR
RN BB HE LT PR 75 P2 20— JBR 5 R
FRE Ay T AR A, 32 i 00 T A A L A
KU AR AR A AEBALA 58 A1
Bl PG AN S AEAR AL P, 7]
PEBE N AL BEAE AR A BT HR LRSS AL o

AT T A TR G A D A | R AL Y
Jrid R E DT 2R aR T I A AR B B AL BT 5
ARBU, 95 0 AT AR 5 i 1 P i 5L, 6%
IS AL B A AT S T B

1 miLHE

L1 SHSELFmRLRE

HUIN SUBEBT A P TR FR5 P2 o — R T 4R
IRZIRER AR, 2 il e A2 I MoOs , 2R 5 1
BRALFIRIME T, 28 4L A2 B MoS, . MoO; [ £k
A AR e s R 47 -

0, 0, S S S S S
N\ //0 +HS N\, 7 wms N\ / s N\ g/
MO MO, MO, —2*— MO
s \\ , \\ P \\ J \\
o 0 0 Y o 0 o S
(I (1) V) (V)
S s -s lfs ‘75
0, * 0, S S
\\/MO//\ \\/MO\ S \\/MO\ S \\/MO\
o o N N ¢ %
(i) ) () ()

MoO, 5 H,S A%k 0 -8 Z8#k i MoO,_, S,
KRBT H, 206 MoO,_ S, i EUBL KR4 B M T
M MoS, _, O, il 7 Tt E 4 25 71 85 , S Bk B AL
MoS, ", b T o 3B JEE S H, , ZE B 4L MoO,
F et A e A T G M 2 P AL S MoO), , 5 8k
SR AR A A B B T U 87 AL 2o i 1) Mo,
Ak, 7 RE 5 A A 42 25 1 PR 414 O B A B
JF, o TR P A A 2 Wk AR U L 72 s R A
SRR AL AL O, B it Mo -0 -Al
554 T R 4R EL A Y, AR HC R AL , AT B
S T R R PR
1.2 BHUSELFGLERE

SETF AT AL 7 45 R F et B A e 1Y

I FE A HE:2015 -08 - 11
EE&WE : ISR EARHIF L 55 2% £ 1019 45 (14CX06112A)

PEB R X (1988 - ), L0, AL AR s XU RG (1962 - ) 5 1L, 0%, W58 77 1) S (A AR5 AR 700 7, 3 TR 22 A, 0532 - 86981716, cgliu

@ upc. edu. cn,



2016 T3 B

Vi) R, e 3 1 R A T A i B ) B T e AR 2
IR R AT

120 ~ 260C . >300C
(NH,),MoS, MoS,

> 300°C

MoS, (amorphous ) MoS, ( crystalline)

A 75 A A ) — e R P At A BH 12 6 4 S i AR
PR, N Bk MoS, 127 \ R {R[ Mo, (S,), 177 I =2
R [ MosS (S,) 177 f 5 2™ . U & 8 4H R
(ATTM) sl FR A5 20 2 9. IS PER
SR, ATTM 15 56 73 fiff Ji MoS, , 73 fiff il B2 7 120 ~
260°C ; & I B B I8 (> 300°C) , 4 JiE - A 4k 2L
FEBRE MoS, 128 4% 78 Sy 45 i B2 # 2 ) oS, , fieJ
HHIE A 0 2R Gk

XoF LA Al A5 R AR AL AR AL TR S P 25 55, R Bl
ToAHRREAS B 5 AR RIS 2T R A I 4l
15 G VA 43 FEAHR L 2 Sy B S TSR 1R 5 o
Wi Co—Mo =S AH; [Al I, B T Ak 25 4 AL 57 b Mo
P ST +4 4, BB R 1T 5 2 09 Z B A A1
1) Mo FIEHES 257, BT, B Ak A5 Ak 1) A A AL S
P AL ELA B i i T T e

2 FEmAERNTE

A S A AL T B M2 A — R AR
ZR ZIRER M RTARAR , 76 SRR e B AN Tkt 0
5 AL O, ki Mo -0 —-Al #4548 B A 5
VR, BRAR LR AL | AT S GG PEAN e . hy
TG PR 1B AL B, ST EAT T ORI
9T TAE,
2.1 BHERERAEREROLFAR

AR, R B 22 () A 9 3 TE T = A AR 7] %) il
HH Bl AH B, nAr B RR. 2 K 2 R
(EDTA) EJE = Z B (NTA) % 4 WL /A& AE % B
BT P 2EL 205 2 P 4 A 40 2 T B B AT ) L, i 55
T SRR A AR e, A
HLBCHAHT LAE R B0 Co BT Ak, A T 9 72 3 1 20
SMBRAGIE BT PEARZS 2 I M R v 1 i
) F 5 PRI B

Rinaldi 25" "7 DU 4 2 o 45 45 371 2R L35 35t
24 Mo/y —AL O, fALH], IF X A TG PEEAN o
WFE B, AR R , i T 5 Mo Joi Bt ek 55 7%
PELL 535 20 AR i AR B AE A, AT S 2 42 R MoS, 1Y
OB R B I BB IE . Lelias 25 & BA
¥ EDTA 2t )5 1% NiMo -EDTA/v -Al, 0, 1BEAL 5
FRIME IS I 208 0 3% P4 05 1.6 i, Mliguel 4517 R

XEF NSRRI AR R 43

FAFY 1 R 2952 51 vk 1l £ NiMoCA/SBA -15 {1671,
IR pH IR e i FE T 44 A6 770 4 R A% 52 il
SREW], INANTERR IS |, 15 R4 53 70 AR 4 1 Dt P
TETHPEIR I A RS ik 25 32 S IR DR I RE DA
(B 2o i P U ols R T d 4 E i I LT
2.2 BiFIMUEELERE

H AT, 2 AR A A 8 A Y i v Bl ) 32
454 JE (Na K 55) B+ 48 (Mg .Ca %) F&
&)@ (La,Ce %)™ T A B £ 4:)8 (Cu Zn %)
AR VI IGE (F 45) M4 B e , it 5%
B A Y RS E A N e eI I =R (¥4 a0
AR

Mey 205 30 K 8 J5 1 CoMo/y —AL O, i
A7) B A I Y R M, AR [F] A Tl CoMo/y —
AL Oy AL BA 55 e 1 im0 E A 105 1 R A1 A Jds
ST PR, DT 2 B A 265 v 1 o A B 435 e
Villarroel 257 5@ 514y 23515 T M I B #% 48 (Mn .
Fe Cu.Zn 5§) 5 Mo/y —Al, O, #4057 52 4 J& Wi 7
5 Mo Hefii A0 Z (8] B B R/ TR I &0 52 0z i)
SEMR 25 RERY, 1 AN 1B 54 R AR REAE 7 A6 i T
{3 DBT By hisi o
2.3 RAFHBHME

A AR 790 i B B T A AL SIO,
TiO, \ZrO, FITE MRS o B T XRS5 EERN
J NP5 55 5 AT T e 08 AR R bk 55 28k 1A 5 9
20 53 () B AR ELAE T, AT e 22 1) 1 BTG PR AH o

Klimova %“8] DL A 2 A & 1 Mo/ AL O, -
MgO #EAL T i T A b MgO 1 A 7S MoS, gk
AN K, DT e B B A A R A R
Okamoto 251" ~*' 1) Co(CO),NO HHTIR{A K H CVD
HOAR ] & BEAY Co —Mo AL, I 5 8 Bk M T
(8i0, \Ti0, \Zr0, (AL, 0,) XJBEMy HDS F1 T 45 il
SN PR WIFTE A SR B FE L i 45 254, Si0, |
Ti0, \Zr0, Z i iy fiE AL i PEBE UL T ALLO,, CVD -
Co/MoS,/Si0, AL BHA B Z 1) 11 2 CoMoS #H,
Cortés —Jacom 252" % B L — 48 Ak Bk 40 K 45 o 2 1
[ Co —Mo Ak 50 i in &0 BB 176 14 2 Tll y - AL O,
ALY 1.35 ~ 1. 70 1%, XPS RAEZE R KD, Co fiE
T 2 54 MoS, 11 M ALJE 3 £ 19 Co —Mo -S
A, DATIT R0 R 658 vy o At T

AR Fab 3 FPEAR TG R4y Ak AR Y O s D
FE—E R LA T PR 4 43 R AR 2 18] B A B AE
FH 832 0 T ARALE  (HARASRE AR AS I % #4875 1
i RAEATERE . 22 AARAS b i i & AR



<44 - LA, 48 T

TR I BIBRALE , ab B Z MR A T
3 mH

AL SR BRI R B 2 AT 4y
ARG (H,S R H,S 1 JFURM) AR BR AL 711
(CS, M WL AL Z BB ™ o WAL Rl
IR TN AL 70 B 0 T N AR
R R R R A S o 1 R S A =
A5 BV A A o A Al R 4R I S S L . 3T AR
K WA Wk T TR IR TAE,

3.1 SEFHAF

ARG DL H,S/H, Ry 3 B 5 il Fi R
SALFREE N 255 AT 2 DL Tolk e 4R Ak vh 2
AIZ R . R ST H,S/H, SR
SR B AL D R 5T B, 7E MoO; 5 H,S
&4 0-S &4z i MoO, S, (it B v, H, 230
MoO, _,S, i JFBE BRI/ 5 A i MoS, 0, , 25 i
SRSETF i, A RAL R MoS, " o {H i T35 A 5k
JEMEAUAR H  FERR AL MoO, F i 7 v AN W] s 4 3 £
P RIS MoO, , 55 2 A [a] 114 56 AH AR FH AR R i FR
il TS SEE AL FE W) MoS, By FE Ak, A e KAk
PE TG TR ST B

SRRl L A 0 B B AL T AR, Liu 265 R 58
BB SR (H,S/N) VR R AL, & BLAEAL 7]
T MoS, (i 2 14 HE B J2 B0 o HL A K BTk
R R (O R T A i N NE 7+ = | A A A (Ol | R
CoMoS AR , HA B &1 A 0B B T 1 A B 1 o
H I HR AL T A7 Dol R BRAE, B AR S e
ST
3.2 TR

WIRGALH B AR CS,. AL Z kY
(DMS .DMDS) FITEHLZ i fb Py 55, WA mAL ) i
THRET A% AIRR , 7Eds N A gs S AR AL s vh
B | I I £ I YA S

KEMFF A, K H CS, bl Lk H,S Sk
TE AL B o s R 2 R R CS, i
AT A A AR AR A A R T PR I DR L, F 5 A R A T
TREMTAE, Bussell & R ATHCHE" C ST ZE B
FEFW, MoS, fh Al A DO B2 9™ C 17 AE. TR A,
Berhault 257 42 MoS, fAHH Y S 0] Lk C B
H CEERARDMNE AL B A HEEAEH.
Wen 257 53 2 % 3 bR BRI AT 5% 42 1 05 M AR £
{7l C FEEILL CS R C, MFHEAELE, T L C, R

36 B5E3H

EH I — LS, B C & R psg i,
MoS, {H PEARHA S w6 1, HASEAFER S C 1Y
EPEA MoS,_ C,o {H CS, HALH b T B A 1k
RS, BT 32 2R o

UTARR , A TCHLBRAL R A F S 2 31 T R
BRI ICTE . Sk W SR AT (NH, ) .S 5 4
IR BB MO [ il 75 B AL 25 BT 9K 495 (NH,, ) , MoS,
e IR B R T, 1 PR A 205 AR 2 ) ) A A
P, RE S 4 DAL B R) 4 20 HOIR A, 48 i 1
FIFIZR . Ge % Hl Tang %™ LABLARBERR B2 B
T il S5 AL T AR 2 J Mo/ AL O HEAEFHI, A BLAR AT
BRIR B A RN S A S eI S AR A R AR
WA, S*™ BERE G AL IE FELL 5, i S°* AR AL I
PR 5 SR Z R A AR T, e BEaLAL , AT
FEB B v ) I B A O P A B

Shar s NAER A 2 Bl AL 7 2, X =
TR LB AL, A BLLL H,S/H, (CS, . DMDS Jy fii fk
70 4 g A TR AL 7 A7 R AEAR R DT (] (A 1k
Ao Z R LA L BALY) oL R ey
S5O T ISR e A AL T 3, PR A
BTG B /N FISAS AR, A5 21 5 )32 (9 T S A
IVAZES

4 i

UTAER , i T Il H A5 A A R
PRI FR) PR T8, {6l 750 2204 A 550 A B AR 75 5]
TRIFTARA R R . Ina AR s ot & 1k
MEAL TR BE Y B0k A4, 68 o T 3 1 9 At ) R T
FAAEET L

S E NS AE Ly G I ST AR AL A T
T RN, HI T Bk 248 i o A iR 5t
WAL S BAR LA B 5 PR Z R AR A
F X B —E R L T AL RE  (HARANRE AN
WA EAAR TR AL M o R AL R RE . F AT AOIESE
X AT S A A A B ] 2 A5 O A 25 D7 T
AR AE TR, X I AL TR (4 4 16 D e A7
TEREN] . Pt , ZEMARAS b Bess I U AL 70 1k 2
SRR , LA BIF 5 ) R L AL A g 7 A 511
AIBETE Lo

S 30k

[1] Pashigreva A V,Bukhtiyarova G A,Klimov O Vet al. Activity and
sulfidation behavior of the CoMo/Al, O; hydrotreating catalyst : The



2016 T3 B

(2]

[3]

[4]

(5]

(6]

(7]

r8

[

[9]

[10

L

[11]

[12

[

[13]

[14]

effect of drying conditions[ J]. Catalysis Today,2010,149 (149) .
19 -27.

Zhuangzhi Wu, Victoria M L Whiffen, Wei Zhu, et al. Effect of an-
nealing temperature on Co-MoS, nanosheets for hydrodesulfurization
of dibenzothiophene[ J]. Catalysis Letters,2014,144 (2) :261 —
267.

Yu Fan, Han Xiao, Gang Shi, et al. Citric acid-assisted hydrother-
mal method for preparing NiW/USY-Al, O, ultradeep hydrodesulfu-
rization catalysts[ J]. Journal of Catalysis,2011,279 .27 - 35.
Fiichtbauer H G, Tuxen A K, Li Z, et al. Morphology and atomic-
scale structure of MoS, nanoclusters synthesized with different sul-
fiding agents[ J]. Topics in Catalysis,2014,57 (1/2/3/4) ;207 -
214.

Marroquin G, Ancheyta J,Diaz J A 1. On the effect of reaction con-
ditions on liquid phase sulfiding of a NiMo HDS catalyst[ J]. Catal-
ysis Today,2004,98(1/2) .75 - 81.

Liu B,Chai Y M,Li Y P,et al. Effect of sulfidation atmosphere on
the performance of the CoMo/gamma-Al, O; catalysts in hydrodes-
ulfurization of FCC gasoline [ J]. Applied Catalysis A: General,
2014,471:70 -79.

Bezverkhyy I, Afanasiev P, Lacroix M. Promotion of highly loaded
MoS, / Al, O5 hydrodesulfurization catalysts prepared in aqueous so-
lution[ J]. Journal of Catalysis,2005,230:133 —-139.

Trakarnpruk W, Seentrakoon B. Hydrodesulfurization activity of
MoS, and bimetallic catalysts prepared by in situ decomposition of
thiosalt[ J]. Industrial & Engineering Chemistry Research,2007 ,46
(7):1874 - 1882.

Rinaldi N, Usman, Al-Dalama K, et al. Preparation of Co-Mo/
B, 0;/Al, 05 catalysts for hydrodesulfurization ; Effect of citric acid
addition[ J]. Applied Catalysis A General,2009,360 (2) :130 —
136.

Rinaldi N, Kubota T, Okamoto Y. Effect of citric acid addition on
the hydrodesulfurization activity of MoO;/Al, O, catalysts[ J]. Ap-
plied Catalysis A General ,2010,374(1/2) ;228 -236.

Lélias M A, Le E Guludec, Mariey L, et al. Effect of EDTA addition
on the structure and activity of the active phase of cobalt-molyhde-
num sulfide hydrotreatment catalysts [ J ]. Catalysis Today, 2010,
150(374) :179 - 185.

MiguelAngel Caldersn-Magdaleno, Mendoza-Nieto J A, Klimova T
E. Effect of the amount of citric acid used in the preparation of Ni-
Mo/SBA-15 catalysts on their performance in HDS of dibenzothio-
phene-type compounds [ J]. Catalysis Today, 2014, 220/221/222
(3):78 -88.

Zenon Sarbak. Structural properties and HDS activity of NiMo cata-
lysts supported on lanthana modified zeolite type X and Y[ J]. Ca-
talysis Today,2001,65(2) :293 -299.

Ogawa Y, Toba M, Yoshimura Y. Effect of lanthanum promotion on
the structural and catalytic properties of nickel-molybdenum/alumi-
na catalysts [ J ]. Applied Catalysis A General,, 2003,246 (2) .
213 -225.

XEF NSRRI AR R

[15]

[16]

[17

[

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

.45 .

Wang D, Wei L,Zhang M, et al. Promoting effect of fluorine on ti-
tania-supported cobalt-molybdenum hydrodesulfurization catalysts
[J]. Applied Catalysis A General ,2007,317(1) :105 -112.

Mey D, Brunet S, Canaff C,et al. HDS of a model FCC gasoline over
a sulfided CoMo/Al, O5 catalyst: Effect of the addition of potassium
[J]. Journal of Catalysis,2004,227(2) :436 —447.

Villarroel M, Baeza P, Escalona N, et al. MD//Mo and MD//W
[MD = Mn,Fe,Co,Ni,Cu and Zn] promotion via spillover hydro-
gen in hydrodesulfurization [ J ]. Applied Catalysis A General,
2008,345(2) :152 - 157.

Klimova T, Casados D S, Ramirez J. New selective Mo and NiMo
HDS catalysts supported on Al,0;-MgO(x) mixed oxides[ J]. Ca-
talysis Today,1998,43:135 - 146.

Okamoto Y, Ochiai K, Kawano M, et al. Effects of support on the
activity of Co-Mo sulfide model catalysts[ J]. Applied Catalysis A
General ,2002,226:115 - 127.

Okamoto Y, Kubota T. A model catalyst approach to the effects of
the support on Co-Mo hydrodesulfurization catalysts[ J ]. Catalysis
Today,2003,86(1/2/3/4) ;31 —43.

Cortés-Jacome M A | Escobar J, Angeles C Chévez, et al. Highly dis-
persed CoMoS phase on titania nanotubes as efficient HDS catalysts
[J]. Catalysis Today,2008,130(1) :56 - 62.

EARAR, W RE, T R S BB T A Al R AL B 5T 0
[J]. T4k ,2012,20(9) ;13 - 19.

Berhault G,Mehta A, Pavel A C, et al. The role of structural carbon
in transition metal sulfides hydrotreating catalysts [ J ]. Journal of
Catalysis, 2001 ,198 (1) :9 -19.

Puello-Polo E, Brito J L. Effect of the activation process on thio-
phene hydrodesulfurization activity of activated carbon-supported
bimetallic carbides[ J]. Catalysis Today,2010,149 (3/4).316 -
320.

Bussell M E, Somorjai G A. Title: Radiotracer (/sup 14/C) and
catalytic study of thiophene hydrodesulfurization on the clean and
carbided Mo(100) single-crystal surface[ J]. Journal of Catalysis,
1987,106(1) :93 —104.

Berhault G,Mehta A ,Pavel A C et al. The role of structural carbon
in transition metal sulfides hydrotreating catalysts [ J ]. Journal of
Catalysis, 2001 ,198 (1) :9 - 19.

Wen X, Cao Z,Li Y,et al. Structure and energy of Moy, S, C, clus-
ters: A density functional theory study[ J]. Cheminform, 200738
(11) :23860 —23869.

SR B2 B, A UG AR R e ] A T ket [T ).
JeHLER Tl ,2007,39(5) :12 - 15.

Ge H,Li X,Qin Z,et al. Highly active Mo/ Al, O; hydrodesulfuriza-
tion catalyst presulfided with ammonium thiosulfate [ J]. Catalysis
Communications, 2008 ,9(15) ;2578 —2582.

Tang M, Ge H,Fan W et al. Presulfidation and activation mecha-
nism of Mo/Al,O; catalyst sulfided by ammonium thiosulfate[ J ].
Korean Journal of Chemical Engineering,2014,31 (8 ) :1368 -
1376. A



