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Hydrodesulfurization of thiophene
over Mo/AC catalyst presulfided by ammonium thiosulfate
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Abstract: Through the impregnation of Mo/AC catalyst with an aqueous solution of ammonium thiosulfate
(ATS), the ex-situ presulfided Mo/AC-ATS catalyst was prepared; the influence of activation temperature and
time on the catalytic performance in the hydrodesulfurization ( HDS) of thiophene as a probe reaction was
investigated. The result indicated that under the optimized activation conditions, viz. , 300 C and 0.5 h, the
conversions of thiophene over the presulfided Mo/AC-ATS catalyst are 34% and 42% higher than those obtained
over the Mo/AC catalysts sulfided with traditional DMDS and CS, sulfiding agents, respectively. The XPS,
TPR-MS and TEM results demonstrated that the presulfided Mo/AC-ATS has a high content of Mo*", which

may contribute to its high activity in HDS.

Key words: hydrodesulfurization; presulfidation; ammonium thiosulfate; sulfiding agent; activiated carbon;

thiophene

TN U SR A A ) R R YRS T A= SRR
AR R R, A A BRI A P Y
i, DRI Y L y-AL O, 2 H TR I A
J5R (HDS ) i A7) 28 A, (5 by A5 35 4 AR =22 8] 77
TESEAHEAEH], B B A e 4 B 1 2
Co-Mo-S™)  FE—& B B 1 51 1 A A 136 1k 1 ik —
A, I, PG IS Y HDS A AR 2R 51 E T
IRZTEH 2T Wb RHE S Bk B Bk
(4 b 2 i AR, A B AR o AR R R R OB B 2 Y
CoMo HEALFIA B AR Ay 25 fE M 1, FL AT B AL 5
A Z AL AH B AR T, A R T HEAR R i B ,
[N R A RTINS

Wim B H: 2014-10-14; fEEIBHA: 2014-12-15,

CoMo NiMo H A LU fb A A7 76 A4 H A 5 = 9 i
PR R K 28 S A A G i Ak 5 2 AT R AR T
B AHFE RIS R AN TR Ak AR AR X g
T Ak B AR IS VE e R T B BUAAIR 75 e N
Pori o BRI, FE 0 &8 G 2k A v 5 B sk 28 AR 1 25 o
TR A5 B A A% Gem Ak ) — B 3 i
(DMDS) .CS, % H,S “&ge M b a0 ) wroe
DAE AR Sk A8, B AR R £ ( ATS) R B Ak, il
7T Mo/AC-ATS #4M s AL AL 7], R G LT
A% (XPS) 3% 5T H 85 ( TEM) FIFRE FHR A J5 5 5
TEIFH ( TPR-MS ) % F BEXHEE AL ) 08 17 T R AE, LU
BEWY HDS 1E AHREN ROV, 9T 1 16 AT B A fE A

EETHE . FRARBAIES (21473231) ; H EBE BRI %6 F %10 ( XDA07020400)
BER{EE . 257458, Tel: 03514046547, E-mail ; Ixk@ sxicc. ac. cn; jK#E, E-mail: yzhang@ sxicc. ac. cn,
AR SR SCHL TR B Elsevier MY i#t 7 ScienceDirect | i JZ (http : //www. sciencedirect. com/science/journal/18725813) ,



2 4

T E % GRACHIAREE BB ALY Mo/ AC HiE AN ZUBBRHERE R B 203

[ X 50 4 b A A 700 356 M 1) 5 i), O 5 4% 5 i Ak 7
DMDS F1 CS, AL T T X% LLAF5T

1 SEEERAY
1.1 EEFFHE

M2 1EE e AR 4,40 ~60 H,110 CTHEF 6 h
B R A AR RS R 3R 5 — 2 VR B I AR R
KRR A =75 4 h, 110 TR T4 ,450 C &
AT RRE 4 h, & 1AL F AR 28 Mo/AC,
Mo & R 16% (LA MoO,11) . T B Ak 4 4k 71
Mo/ AC-ATS Wil % . ATS M s Ak, i 45 i 7
P S/ Mo Wiy &k 3 (AT ES IROCHR[8]) o
1.2 &5 HDS HEEITFM

AL PEM ZE A 6 mm B AN 4 8] 72 R 2
N e AT AL I 1.2 g AL )
(40 ~60 H), TFOYAET, TG A A AL ) 2800 SRS
b, AR 32 mL/min, JE /1 1.0 MPa, A%
2 AR B O — B ], o R R
3 C/min, ZJ5 1 h BEZERNEE , Z20E LR
SR, 15 AL B [E 2 7 0. 5 h, %835 fh st fa] 1) 52
ey, 3% AT 4E 35 7E 300 €, X PRS2 6 At Ak 7] Mo/
AC I5 A6 B 43 38 A B & & 2 000 pe/g 1)
DMDS/TF-HEF1 2 000 pg/g ) CS,/ T4t , B fk i [a]
AR o B T 0 1.2 f5 . A
H:1=260 °C,p=1.0 MPa, H,/oil ({AFH L) =200,
Jiitas i (WHSV) =6 h™' , KrWemy s T 1E T ic
LB 5 iR 760 wg/ g WK, BN = 9 v i i A
TR A LC4 B33 LA A T, BURE I R
F/0Fa0E 8 hy OV JE MEALHIR FIE O be il S, &
S BT IR T TR,

1.3 fEAFIPRLE

TPR-MS 5256 7E TP 5080 "% 4% 5 OminiStar
GS320 Sl A _E b AT, BE AL 2 HUR 50 me, 38
A 10% H,/He i )5S, M 4 30 mL/min, <,
&S % B OminiStar GS320 Ji i X A% | FH ik
10 C/min, HEIRTFZE 1000 T, B RS+ H,S
(34) \H,0(18) H,(2) 1 S0,(64) 1) m/z 55,

X SO RIS (XPS) 43 H R P& [F Kratos
A Axis Ultra DId Y6340, HESEER SR T
BN, LA AL K ofE(1486. 6 V) 1E MR G,
IS FERHEE 3107 Pa LR, T 150 W, LA C 1s
(284.8 V) TEIEVE A AR, X iy L0 5| A 1 i g
M sh TR E, ffi ] XPSPEAK Version 4. 1 8 ik
1T XPS JSE (LA (S BSCHR[ 13 ] 19 4r W R ) |

SR A 7 PRI B T ARV

54 L (TEM) P A B 10 BOULTES 5 045
EH A Jeol 23 Al 4E 77 1y JEM-2010 HL45 |- #E47, 45
YEHLFE A 200 KV,

2 ZR5vHe
2.1 TPR-MS &%

F 1 A a5 9 TPR-MS &, A 1
AL AR EE AL R R, X T R A AL ) H, Y
THFEIEAF7EAR B 1) I BE Y 1R, U W] Mo Wi i) 348 )i
G3A TEAR B AR EE X ], 7K AE 100 °C ZHif 1 BE T
g I F AR A SO R, B/ 1 RS, TR
200 ~400 CHFFE H,S SO, & H,0 R , I Bt
TR IX TR X I — G H A H, BT FE , 32 A TR Ak fi Ak
FBR A IR v 3 EE & HEAE 200 ~ 400 T,

K‘,,AQE/\¥
/ e, H,S
1 1 1 ‘“ | [ 1

100 200 300 400 500 600 700 800 900 1000
Temperature ¢/C

K1 mis e e TPR-MS 3[4l
Figure 1 TPR-MS
profiles of the presulfided Mo/AC-ATS catalyst
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Figure 2 Mo 3d XPS spectra of the fresh catalyst,
the catalyst after H, activation and the used
catalysts after HDS tests
a: Mo/AC-ATS (fresh) ; b: Mo/AC-ATS after H, activation;
c: Mo/AC-ATS used catalyst; d: Mo/AC-CS, used catalyst;
e: Mo/AC-DMDS used catalyst
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Table 1  Surface components determined by XPS of the fresh catalysts,
the catalysts after H, activation and the used catalysts after HDS
Catalyst Mo 3d,,, E/eV FWHM E/eV " Relative percentage/ % S**/Mo
Mo/AC-ATS 229.4 0.85 47 1.8
(after HDS) 230.7 1.66 19
232.3 1.89 34
Mo/AC-CS, 229.2 0.89 43 1.5
(after HDS) 229.9 1.42 17
232.5 2.33 40
Mo/AC-DMDS 229.4 0.79 31 1.4
(after HDS) 230.7 1.82 27
232.3 2.00 42
Mo/AC-ATS 229.3 1.28 38 1.1
(after activation) 232.5 1.32 47
230.7 1.48 15
Mo/AC-ATS 232.7 1.36 100 0.3
(fresh)

* . full width at half maxium
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Figure 3 TEM image of catalysts
(a): Mo/AC-ATS used catalyst; (b): Mo/AC-CS, used catalyst; (c): Mo/AC-DMDS used catalyst
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Figure 4  Effect of activation
temperature on the catalytic activity of Mo/AC-ATS
t=260 C, p=1.0 MPa, V(H,)/V(oil) =200, WHSV=6h"'
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Figure 5 Effect of activation
time on the catalytic activity of Mo/AC-ATS
t=260 C, p=1.0 MPa, V(H,)/V(oil) =200, WHSV=6h"'
a: Mo/AC-ATS-300 C-0.1 h;
b; Mo/AC-ATS-300 C-0.5 h;
c: Mo/AC-ATS-300 C-3 h;
d: Mo/AC-ATS-300 C-5 h;
e: Mo/AC-ATS-300 C-8 h;
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Figure 6 Effect of sulfiding agents on the
catalytic activity of Mo/AC catalysts activated at 300 C
t=260 C, p=1.0 MPa, V(H,)/V(oil) =200, WHSV=6h"'
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