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Preparation of MoS, Nanocatalyst and Its Application in Hydrodesulfurization
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Abstract: The MoS, nanocatalyst of 3-5 layers and surface area as high as 71 m?/g was synthesized via a chemical reaction between mo-
lybdenum carbonyl and chalcogen. The hydrodesulfurization (HDS) of n-dodecanethiol and dibenzothiophene (DBT) was studied over the
MoS, nanocatalyst. Compared with the commercial MoS, with lower surface area of 3 m%g, the MoS, nanocatalyst showed much higher
activity. 100% conversion in HDS at temperatures of 200 °C for dodecanethiol and 280 °C for DBT was achieved under p(H,) = 3.0 MPa.

Key words: molybdenum disulfide; nanocatalyst; hydrodesulfurization; n-dodecanethiol; dibenzothiophene

Received 13 December 2011. Accepted 17 February 2012.

*Corresponding author. Tel: +86-10-62757792; E-mail: yuankou@pku.edu.cn

T it R PR 8 R S AR ) B IR R ORI SO,
ST TN ARG GUR . BRI kR i, b T
W HET, 0 T4 T A AU AR A I T AR B R
TR L. RPN O S < BR VbR A, BER BEh
TS AE 10 pg/g LR UL Se il (AR A 2 AR
2| 50 pg/g AN, 0 04T VR B B i, BT 53k st ot o
1) K JFBEWy (DBT) S & mid). — 28 JF HEmy (1 s
(320 °C) Ak T~ 58 3l 1) 15 2 e [ (160~360 °C) 2 W .
KEAA DI SRS MR N, H R S PRI,
IR BRI O I 225K, 75 B Je i B AL 7).

A G (HDS) A& i s ARz —. H
B Tk o I ) HD'S A A4k 751 LAy P 48 A0 45 BlhE R

BONBAR AL ), BL Mo B W IRIBR Ak 4l i P41
g5, LLNi B Co WY B 4L # o Bh /). & WL A
Co-Mo/y-Al,03, Ni-Mo/y-ALO; #1 Ni-W/y-Al,0 451231,
IR T, MoS, Bl A A T TG R0 10 A
ANTF B 2K, AR A A4 77 55 28044 A7 7 1R A B AR DL &
AR B XoF A0 A0S M A7 16 JLART BE e, I LA T 3%
K A A R AR IE 3 2 TR A A 4 R TR b L kA,
FH T A TR P A 50 e HR AR v LR TR ) Ak L
EOE YRR AT, N e A AU S R, A e
TR R AL A A 1),

HDS f# 14 71 (1) MoS, ¥% ¥4 #H 18 % H Rim-Edge
P TR g B L0 BRI O, MoS, A Flg PEAT, #R 4k



1028 etk

E S

Chin. J. Catal., 2012, 33: 1027-1031

7E MoS, [T F. B 5 T00J2 FH S J2 11 4% 1) Rim
A7 DA B v ) 5 43 30 2 6 Bdge 47, B & & A C-S
Affrhn, FE O C-S AL, 4, LEZ AR
T X AFAE 1 Co-Mo-S-IT &5 Ky T LU 2 45 4 T
K AFTE ) Co-Mo-S-1 1Y 45 #4) H A7 AN [7] () HDS ¥
PE UL 1 Sy 450 7R 40 70 Sk F 90 BE 6 ML B, <l
3 "MoS, b B 51 T 8 5T # 1 24 B0 A
Rim-Edge HLEL _EF&, MoS, i a2, K& 71
A5 00 LA KA [ B35 P A7 4D 25 25 B 4 A 90 1 3%
PE. W AR A MoS, Fr 2 I R BEGiR /N Z 4K [,
TS T A by (A P Pt 19 Rim Rl Edge A7 211 EL
R 2 ROR A v, A4 e 10 70 110 e £ 2850 2 8 3 1 .

LB B A S I A R e e 2 TR R N, Tl
b R R 4 (300~400 °C, 4~8 MPa) | AF
I R R IR B, T E AR R AT 0 AR AN AN AE AT
S LR, AR AR, X AR A AL B R
TR S PE RS £ 402K Mo, il 4b A T g 2
ZEK.

AR SCR) T B S AH R TR AR RN B T gl oK
MoS, {4k 5, KH G #4007 X S AThT (XRD).
%A HLBE (TEM) R XS 28 0% 1 BB (XPS) 554
RPN HEAT T RAE, ISR N2 h %5 T
e R B IR IR EYy HDS SN R AL PE B

1 XWEsn

1.1 ELFIRE &

2 JSCIR[10] 6 & fi A0 370, JF A B ek, AT
T v PR 98 A A 0 2 AR R, A (R 9 B ) 3
JEE R, B O R AL R K 0.264 g (1 x
10 mol) Mo(CO)s Al 0.064 g (2 x 10 mol) J+ £ &%
FERET 35 ml WA VA VR TS IR AT S R S mil b)
TR R Ny AR AR RS R, R TR
1500 r/min. ¥ #) 5 & 3 B0 o0 &, B B2 WAk,
HIE BEREBESE 3 Ik, TRl T 40 ml 1E Pk, RI43
Fl| MoS, 44K RL ¥ 1 1F P 73 HGHK (0.025 mol/L).
1.2 MoS, #K i F B FRAE

X il Leeman PROFILE SPEC HiJ& HE & %5 55 1
RS 6 1% 4% (ICP-AES) Jll 22 Mo [¥] &, Elementar
Analysensysteme GmbH vario EL Jt 2 4 #7 1X (EA)
Woe S M. FE IR IE RPEvE sk 4 Wk, T il 5
AT 6 h Ja 45 M. FRIEX 0.0376 g 1 FF 5 T R Al

R, 1 5% IR AR 2 100.0 ml; HILrh 4.0 ml,
FH 5% RS2 2 254 100.0 ml &, H14 EA FE 5,
I 0.0467 g TIRFF &, Ny 97 306 FF

¥ MoS, 4l KR FH e 18 30 AL 4 3 B S,
FH AR GE S 4 K, il B8 T4 6 h J5 BCH I N,
R B HGEFE. B S AT MoS, 4K RL T I WA
B ity FF IR AT 924 R R BLO1S mI/min (138
RMANEA. A SEE B, T 3h ATHEZE 500
°C, fR £F 3h F| 4h, B -k #) % # . K M Rigaku
D/MAX-PC 2500 8 X 5} 2k 2 S AT S A AT 73 #r.

I A0 35 BF it 4 500 R ThORE 7S 3 by BCHS S TR AR
A SRR RE SO b, T TR B S A B A, A
WA K G A Tecnai F20 37 & 5 TEM _E X0

XPS I FE Ik FE 5 XRD £ 5 AH [\, SR Kratos
Analytical Ltd. Axis Ultra %! £ D8 % 1 RETE 4.

i 40 70 1 L R 11 BUR ) ASAP 2010 A2 Lt
2 AR s A 5
1.3 fENLFETEN

K 1151 MoS, 4h KL T I W6 4% 31 e Y &,
TN R BB R IR WE Wy, P RO Sl AN UG
JK 7124 3.0 MPa ] Hy, 1 h W FHIR & 200 °C, Fit $F 5%
4 500 r/min, KV 6 h. AR H G BT AE, B
WA 05 B AR S 7E Agilent-7890 A
TS A 6 1% - Agilent 5975 MSD 74 )5t 1% 16 ] 4% 1 i3k
17 5 PR S A HT

2 HR5UIE

21 EUFIMTEREAKF LR

ICP 45 SR W, Bkl i) MoS, FE & Mo ) it
Iy N 56.4%, B IR A 3 H0Ch 39.1%, S/Mo R
Lk o 2.07. 74k, B MoS, 1 LL R i f1 ok 71
m?/g, T # & MoS, I LR AN 3 m¥/g.
2.2 fEiFBIHE

IWPSE 8 e o o W N Sl =T O N o
MoS, flE{L 1) XRD #%. AT LA L, BriF 44Kk MoS,
HEATR B A W B R AT O 0, ERCE A EIR E. &
LR RE S, FES LT MoS, MR HEAT S 4. ik
ARERE S — 2 P MoS,.

Bl 2 Ok AR ST 2% 1 40K Mo, fi A4 771 AR
MoS, AL ¥ XPS K1 73 #7145 4L, nf LLFE H, 558
i 2% T W AR Y B MoO5 Il MoS, 2H 43 4H . H #



www.chxb.cn

/NI S5 40K MoS, A (K] £ Al B LA i I Bt B 2 £ 192 1029

(002) (100)
(103) (110)

@

Intensity

e b e b e b e e b e b

10 20 30 40 50 60 70 80
20(°)
Bl 1 BRERIEHHK MoS, B XRD i
Fig. 1. XRD patterns of MoS, nanocatalyst before (1) and after (2)

calcination.
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Fig. 2. XPS profiles of synthesized MoS, nanocatalyst (a) and com-
mercial MoS, (b).
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Fig. 3. TEM images and MoS, layers of MoS, nanocatalyst before (a, b) and after (c, d) reaction.



1030 i 1b

E S

Chin. J. Catal., 2012, 33: 1027-1031

B4 & MoS, 8 TEM BRFISH# TEM B R
Fig. 4. TEM (a) and HRTEM (b) images of commercial MoS,.
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Table 1 The HDS results of n-dodecanethiol on prepared MoS, nanocatalyst

. . Selectivity (%)
Temperature (°C)  Time (h)  Conversion (%)
2-Dodecene 3-Dodecene 5-Dodecene 6-Dodecene Dodecane

180 6 32 total 27.0 73.0

200 6 89.2 8.1 7.2 2.7 20.5 61.5

200 12 100.0 0 0 9.5 28.5 62.0
Reaction conditions: 0.10 mmol n-dodecanethiol, 40.0 ml heptane, 1.0 mmol MoS,, p(H,) = 3.0 MPa. HDS—hydrodesulfurization.
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Table 2. The HDS results of DBT on prepared MoS, nanocatalyst at different temperatures

Selectivity (%)

Temperature

Conversion

200 32.6 20.0
280 100.0 42.6 28.1

30.9 16.5
— — 5.9 23.4

Reaction conditions: 0.10 mmol DBT, 40.0 ml hepatane, 1.0 mmol MoS,, p(H,) = 3.0 MPa, 6 h. DBT—dibenzothiophene.
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Table 3 HDS activity of different MoS, catalyst samples

Temperature ~ Conversion Activity
Catalyst
(°C) (%) (mol/(mol-h))
Nano MoS, 280 100.0 1.6x107
Commercial MoS, 280 7.5 1.2x107*
MoSy/ALO; 320 86.0 6.6x10°

Activity = mol DBT converted/mol MoS, per hour.
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