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Abdract A seriesdof supported Mo-based catalyds for methanethiol synthessfrom high H,S containing syngas were
invedigated by kinetics and XPS, ESR characterization. The activity eva uating results show that upon the potass unt
proroted Mo-based catadyss, the methanethiol will become dominant product of the reaction, and the activity
sequence of several Mo-based catdyds for the reaction is as follows: KoMoOs/ GO/ 9O, > K:MoOy/ SO, > MoOs/
KoQOs/ 90, > KoMoSy/ SO, > MoSy/ KoQOs/ SO,. In the ESR characterization of the catayds used the reonant
dgndsad* oxo-Mo (V)" and’ thicoMo(V)” can be detected. The XPS characterization indicates that mixed vaence
Mo ecies Mo** , Mo>* and Mo®* and three kindsof S ecies $ ™ |, (S—9?  and S exig in the catdyds. Asa
proroter GoO was introduced into Mo-based catalyds. It was observed that the addition of GO leads to decrease of
the amount of oxo-Mo (V)" in the catalyss, but increase of the anount of thio-Mo (V)" , which may be connected
with* Mo-S K’ phase or* G-Mo-S K’ phase, mearwhile @O in the catalys was found to enhance the formetion of
", but inhibit the formation of (S—)?" . It wasfound a that the methanethiol synthess isfavored if the peak
intendty ratiosof (Mo** +Mo®")/Mo®* and &/ (S—S)?" are kept a about 0.75 and 1 level repectively. A
possble mechaniam about the reationship of CH;SH formation with* Mo-S K’ phase was proposed.
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KMoS,  (NHs) oMoS, [3]  .MoS/ K00y 90, 2 HS 0 21% :
(NH)MoS;  DMF KeQOs KeMoS/ SO 1
90, (BET area=179 nf/ g) [ KMoS/ 90, KMoS, H.S , H.S
DMF S0, (BET area=280 nf/ g) . KMoOy/ MBS 0.025% (42.5%)
S0,  KMoO, 90, ;KMo GO/ 90, ? HeS '
KeMoO; @ (NOs) - 6H,O 90, Mooy ' o MRS 1.0%.
KoQOy/ SO,  K,Q0;  (NHs) MO - 4H:0 5%, 0-02%.
89.8%: H,S 2.1%
90, 110 2h 500 4. o719, | &
1.2 mg-h™ L g (ca) " L.
, (80 100 H,S
) 0.5nL, 12 h , MoS/ KOs/
8h H.S 90, K.MoS/ 90, ,
( ) @ MoSy/ K,y SO, ,
102 , @X-103, 2 KMoS/ S0,
m, 120 ,
, ., 2m, 70 ’ oMo
3.
1 H:S MoSr KeOOs/ SO, a
Table 1 Hfect of H,Sinfeed syngason the performance of MoS/ K,Q0s/ SO, catays?
S o SHectivity/ % (CO, omitted) Yield/
Cortent/ Comversion/ Hycrocarkon Alcotol Thiol [mg-h"* g (ca) "]
% % c Gs c G G G G Aloohol CHsSH
0 0.5 10.9 4.7 55.4 25.1 3.7 Trace Trace 11.7 Trace
0.025 0.7 2.9 131 27.7 12.4 3.3 9.7 0.8 8.6 1.1
0.05 0.7 3.6 16.4 23.7 115 2.6 10.7 1.5 6.6 1.4
0.1 0.9 36.5  23.7 2.3 7.4 1.2 7.7 1.2 3.3 3.5
2.1 0.8 2.5 316 0.1 — — 2.2 3.6 Trace 4.5
2 Reaction conditions: 295, 1.0 MPa, 3000 h"!, n(C0) n(Hy) n(N») =1 1 0.5, m(MoS) m(K,Q03 m(90,) =0.32 0.15 1.
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2 H.S K:MoOy/ SO, 2
Table 2 Edfect o H,Sin feed syngason the performance of KoMoS,/ SO, catays®
H,S ® SHectivity/ % (OO, onitted) Yidd/
Content/ Qonverson/ Hydrocarbon Alcotol Thiol [mg:h™* g (ca) ']
% % G Ga G & G G Ga Aol CHesH
0 0.5 25.3 9.3 31.7 22.6 11.4 Trace Trace 8.2 Trace
0.025 0.8 24.0 18.5 16.9 13.0 4.4 13.4 10.4 7.6 4.5
0.05 0.9 21.2 19.6 9.8 8.3 0.9 29.0 11.4 5.8 6.9
0.1 1.1 18.2 18.6 57 5.3 0.9 37.6 14.0 3.3 10.3
1.0 1.2 4.2 0.3 0.02 0 0 89.8 5.6 Trace 39.2
2.1 3.2 1.6 0.01 0.03 0 0 97.1 1.1 Trace 89.0
2 Reaction conditions: 295, 1.0 MPa, 3000 h™%, n(Q0) n(Hp) n(Np) =1 1 0.5, m(KMoS) m(90,) =0.28 1.
3 a
Table 3 Resutsdf activity assaysfor methanethiol over Mo-based catalyss®
Catdyst m m area/ Converson/ Hydrocarbon Thiol CHySH/
(nf-g7 ) % o) G G o) G [mghtg ()]
MoQOs/ SO, 5/20 56.1 0.3 64.3 25.5 10.2 — — —
MoQs/ KoCOs/ SO 5/2/20 — 17.5 3.5 0.15 0.15 9.2 0.1 210
MoQs/ K,COs/ SO, 5/3/20 53.8 29.8 2.2 0.1 0.1 97.7 — 370
MoOs/ K,COs/ SO, 5/ 4/ 20 — 22.6 1.7 0.1 0.1 98.1 — 280
KoMoO4/ 9O, 4/ 20 — 37.6 1.1 0.1 0.1 98.8 — 470
KoMoOs/ 9O, 5/20 67.2 46.0 0.7 0.1 0.1 9.1 — 580
KoMoO4/ 9O, 6/ 20 — 39.8 0.8 0.1 0.1 9.1 — 500
KoMoO4/ GO/ SO, 5/0.4/ 20 113.5 51.2 0.1 0.1 0.1 99.3 — 680
KoeMoOy/ 0O/ 30, 5/ 1/ 20 109.2 56.5 1.4 trace trace 98.1 — 760
KoMoO4/ GO/ SO, 5/1.4/20 109. 2 49.5 0.8 0.1 trace 98.8 0.1 650
MoS/ 90" 0.321 — — 43.9  56.1 — — — —
K:MoS/ 90,° 0.28/1 51.1 3.2 1.6 0.1 — 97.1 1.2 100

#Reaction conditions: 295
taken to express that of K,0Os. ° Taken from Ref. [4].
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Figure 2 ESR gectrad the reacted Mo-based cadyds
(a) KiMoOy/ 90, (5/20); (b) KMoO4J @O/ S0, (5/1/20); (c)
KoMoO4/ 0O/ SO, (5/ 1.4/ 20)
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(a) KMoOyJ 30, (5/20); (b) KMoOJ @O/ 90, (5/1/20); (c)
KoMoOy/ 0O/ SO, (5/1. 4/ 20)
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Figure 4 S(2p) XPS ectradf the reacted Mo-based catalyss '
(a) KMoO/ SO, (5/20); (b) KaMoOJ @O/ S0, (5/1/20); (c)
KMoO4 0O/ S0, (5/ 1.4/ 20)
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Figure 5 Mechanism proposed for the formation of methanethiol over the MoS,- K* catdysgsfrom H,S containing syngas
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