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Abstract

Catalytic hydrogenation is a common chemical production process, which is with green and effi-
cient features. However, the catalysts are prone to be sulfur-poisoning in the process of catalytic
hydrogenation with sulfur-containing compounds. With the further increase in the yield of poor
high-sulfur crude oil, as well as the urgent need in the industry for some hydrogenation products
of organic sulfur compounds such as benzothiophenes, finding suitable sulfur-resistant hydroge-
nation catalysts has become a hot topic of concern. Firstly, the mechanism of poisoning of catalysts
with different sulfides (including hydrogen sulfide, sulfate and organic sulfur) were described in
this paper. Then, according to the deactivation mechanism of the catalyst, the latest progresses of
various sulfur-resistant hydrogenation catalysts were discussed. At last, the current sulfur-resis-
tant hydrogenation catalysts were analyzed and forecasted.
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Reaction condition: 180°C, 13% H in the feed gas, volume space velocity =
1 x 10* 1. H, conversion (O,/H, = 2), 2. H, conversion (Oo/H, = 0.55), 3. H,
conversion (change O,/H; = 0.55 to 2), 4. H,S in the feed gas (O./H, = 0.55),
5. H,S in the feed gas (O,/H, = 2).
Figure 1. Transient H,-O, reaction activity and H,S concentration

profiles for 5% Pd/Al,O5
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1. Fresh, reductive, 2. Operated in O,/H, = 0.55 at 180°C for 18 h, 3. Sample
in 2 treated in pure N at 300°C, 4. Operated in O/H, = 2 at 180°C for 34 h, 5.

Fresh, oxidative state.

Figure 2. XPS spectra of Pd(3d5/2) for 5% Pd/Al,O; catalysts
& 2. 5% Pd/Al,O; L5 Pd(3d5/2) XPS
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1. Operated in O,/H, = 2 at 180°C for 34 h, 2. Operated in O./H, = 2 at 80°C
for 32 h, 3. Operated in O,/H, = 0.55 at 180°C for 20 h, 4. Operated in O,/H,
= 0.55 at 80°C for 18 h, 5. Operated in industrial device for 2000 h, 6. Oper-
ated in industrial device for 7300 h.

Figure 3. XPS spectra of S(2p) for 5% Pd/Al,O3;, DH-2 and CN-101
catalysts
[& 3. 5% Pd/Al,05, DH-2, CN-101 f&{LFIRY S(2p) XPS KiLE

2.2. WREREL(E{ELTIhEN IR

SO, MAEE 2 AR 85, HISFEAN SO, S A B SO,y P BB BR 25 UAR T Ak 1 2 1
R T AT 50, SEELFIRTE . Weng Z5[5]1 % 7 —Fh I T ALK AL Cu-KICeO,, fE
A 1 L/min (17 400 ppm [ SO, B S5 5644~ g CO, (17~ 2 M E A 35 1« BRI, FEIR
&9 313°C~359°C AL B A Blr it MR fEm T 359°C i, K #4x5 SO, A K,S0,, iz T
AR, &R KIE. /N E6l@E XPS 1 XRD v:M%E T Co-Moly-Al,Oz. Ni-Mo/y-Al,03.
Co-Mo-K/y-Al,O5 S5 AL 7 5 BB £ (M [ B, I 4x & B F (A 0 i R 2R A0 IR R BLHEE M52, 2
Co-Mo RMHEAFIF AT Niv K SRS T I, BRER ML SN B R A 1 K AR IR #h Ak S v+
IYBIE, TEEAR KSOs & Ni Ik, A% K. Ni ] Co-Moly-ALO; AL FIFR B Eh Ak S M M. & K
R AL

K,0+50, 9 5K,S0,
TR ER T BT, 2 B SR AT AR5 P r o, AR T TR M AR A 77 A B SR TR, DA T s A 751 230
2.3. AEGMEGALEEELTIhENIE
AU Y5 LB RE R . BENy M AT AE Y DR A R AL g i CS,. COS 25[1]. iR R, A
MU AR AL = SR AR HyS, LA R 85 [7] [8]. Liu Z5[7]RIE R A it 2+ COS
225 H, RMAE HoS, AT ik R AR5 . 1 Mellor Z5[819 9 mnif N 7E K S A i A s
SRR RN, 3 AR 7 23
COS+H,0(g) - H,S+CO,
{E 3% B RN NAEMRE T AV ML T RIS 52N, WA HLE P AR AL 31
M. ERDR S FRNR S, HEMmes. S e sy IR vIiE Ly +

(=)



W

T RAEMATN G SR IE T O R AR, O PN B B & F 2R MR- 2 LB, B2 TR B ik
TEEP (U be ) (T RE D IR IS T 5, SRR - SR B, £ — EREE RS R A Y R AN
Wiz, DL sy e 2 [ ¥ S-Pd 4, AT AE Pd 2% 23 A IR B H (PR R o 481 — B 5 it ol A 451
rhEE ML LA 4.

R, HpS FIA LR A HE A 7 TG AL 32 B T3 St O a5 &, I8 R T LRI R0
AR R h 3 B2 I 7 56 T s PErh O, ARG Ak 77 1 BU 2 T T S A5 A 70 R0

3. MM ELTIMRER

MR R (AL TE AUHLEE, 7T ORI BRAEAL 0 9 = KK T AL L AL T LA i A
FARITR B R Eh A HEAL T o (EINESR A N RE JEERIA ST, B A 2 BT SO, AL SO; VIR £ 78
S AL DL, DR AR S LER AT LIORE R BRI S8 1A 70 20 DA i Bt 280 X 8 e A 70 AN A LR P e
TP R

3.1. MRS M LT

it B A S SR AN AR B P s i 2L R e R JEAT I B B (HDS) B il T 20 iy
FEFHRIEALT, 51— Mo & A DRSS RS, Bl ol vhw ke T2 b el i
AL FTANFI R, HDS T2 rh i & i s 2R okl o A HLIR S48 HoS B, BRI ;
A 5 A /0 B P 0 et BE ) B - (AR AS B B B PR 3 T 32 66 7 B “ PR

3.1.1. #A%lh HDS SR MS L

AR CBEME N B RS, FNSER. BMESBSHSMENY, X T DA ERn
A AT R S T SRR FE R S T = AR KB BR AL . B 55 e[ 10]. T B A TR Cid
B, BT R 0 77 O Aok D o T A AR R I R Ok a ), Rl R B A
(1 SR A SRR b o DRI R H B 8 HDS AL M55 2 2

HDS A6 1 s SHLEE 32 B R R A WL IR HoS B 25, & 1 [L1ER T UM HLERTE
I BT AR s

CH,SSCH, + Pd pd —=
| |
Support
CH,  CH, TH3 TH3
§ ....... S ; = S S
: : | |
Td Td Td Td
Support Support

Figure 4. The mechanism of the poisoning of the catalyst by
dimethyl disulfide
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Table 1. Some typical hydrodesulfurization reactions
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DAMEW 5], WEWYZE B-WBR. C-S HEWIZLZ J AR T sl T 0, RImEmy i U6 () = 4 9
PUZMENT o A58 N A L B, 3 BIMEy HDS W= R T ZIf[12]: A& N
BEWY HDS ¥ =P dE T &A1 T4 [13], J5MIBEN HDS FI& A — & SV hn SR J5 JF 3 st s —
RBEEIFIAB . MK 5. KZHCEEFENRRTFE L,

— NSRS BT 2 N VIB ISR, 2 UL Mo AT W R EPEZE 4y, T B A 751 22 I VIR )ik
WL B Cov Ni %%, BIFAIRISAHEEHHD A S G2 E AT HDS BUR, Bl Tl =, |
TS — B Co-Mo MIBRALIITEMEAILT, I L&A B2 AR I AL LEIm i 4> A FH - Ni-Mo
BRAL I E AL FI[14] . B — S8 Pd V31 bt (AL 70 o PNALES [15]45R F 8 AL AR 41 Co-Mo-S
TEAL 7 RS R AL I B AT I AL B, BRVE K 4,6- — W SEZRIFEMY . @i TEM RALEW, BEE AL
&I Mo RFEEME L, MAAFIRSRSL, W BRI R. FR, 2l b B () L AR Ak
FRTE VR S 30%. 2R YT PT[16]) 45 AE B8 IR P 78 T AN FIRLEE R M L35 Ni-Mo fiEfb7f+ Ni
5 Mo &&MKX R, BHK IR T (280°C~320°C)fkfE: Ni/Mo 4 0.68 (mol), HAKIEE T (160°C~240°C)
e NifMo 4 0.27 (mol). & W55 [171R IR BHER % T CeO, MEN) PA/ALO; INE it 4 7], 45K %
B, CeO, Mt FHULIRZS PAIALO; AL IWIIRIE T2 R 26%. il N CeO, I EHLIEE T Pd 5
Ce RETHMEAE, A Ce® BONH ANFET B R AWy W RS ot

BTGNS R, SRR . BAC IR A A SR VR R — 2 A AR R 5
T MNTHIRR S . AR 18] %1 4 1) Ni-Mop-N fELFITE 360°C, 3 MPa [k fF FkATEmy A, %
fhERik 95%; FIREMALFII TR, ARk 97.5%; 1M T34 0.01%KIMEM IZEINE, Fiux
N 81%, HARKE AT ] B3, i BA A A0 R B A B N EUBL R e 0 5 05 AR ). T I U 4 e
T LB A E A B A A B RE ), IS B TE )T o 2R TN WA [19] A ] T —
MOP/TiO,-ZrO, fiE4k7, 7E n(Ti)n(Zr)H 2. Mo fi#& )y 20%F, MOoP/TiO,-ZrO, {44 71 i 2 i 2 R
e, BUBREEATIA 99.34%.

ARARTE AT P S S RS R AL 00 SRR i L A B A U (AR, 1 — e FE R LB 5 R R M,
AL I 28 s P e B R A TR B B B A 2 R AR . ALOs 1y —Ffis WL I & Ak 77 3 4 [20], 4D
HT Co. Niv Mo %A L5 Al,Oq A H.AFE F A8 4548 4 770 AR I S i Bt A5 R AUAIG .- STO, AT THO, 152 8 WL
AL . FFCRIA[21], BT EAEH, ALO; ik fak & B G gy, 1M Si0, 212 —F
EW LA, 1E HDS RS EAGTIA & B m s M 5k . Tanaka[22]554 1 BL TiO,-AlLO, %k

()



W

(b)

Figure 5. Mechanism of C-S bond cleavage in thiophene over sulfided CoMo/
Al,O3 and related catalysts
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