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I HE MoS, 2 A AL 0] R H B A 1R & B R B TR & B T i A 4L 570 0 2 1 AT 3%
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2.1 (LRI

FFR SRR AL IR R R R BE 4 % . BRI Sio, KLHE % 80-100 H , BET [ A 280
m?/g. AR M (NH,),MoS, £ K:MoS, 53 /5 Ky P R 5 AL 7 46 20 53 (O BT IR 4 ). 3X 6
AR Bk e SOk B T i BUE R & F 7 E B (NH) MoS,-DMF IR T 8 ik Sio,
2 K.COs il SiO, by IXHEHE T T4, 473K M#k 6 h, 723 K BB 2 h, F A REATH
&R XBEFRIT N MoS,/Si0; & MoS,/K.CO,/SiOs. #f 7 38 M 5 (Bl 52 71 3 (NH) ;MoS, J&
F 113 KCOu) il 8 Z i FEFRIE A KoCO3/Mo0S,/Si0,. K;MoS,/SiO, {1 % R4 T E R K:MoS,
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-DMF {EHOR R Sio, Bk b, FREEERHAABREST8 KRR 24 h . HUAREEN
R &N 1.0 MPa, 568 K, CO/H,=1(v/v), GHSV 2700 h—. {42l iy TAE S a4k
W E TR E /D 16 h RS TEH S I 5 8 AL -
2. 2 R}

XRD iR 7E— & Rigaku Ru-200A 7 5§ _E#4T, B Cu-Ko 4R, XPS M B 7 VG
Escalab Mark- I 538 /% F 47, I Mg-Ka(1253. 6 eV, 10 kV, 20 mA) B &, UHV 1X
10~"Pa; BX SiO, 7E 103. 6 eV(BE) Y Si(2p)I§, BKTE 225.7 eV i S(2s)4E RS .. H, #1 CO,
A B H,-CO R & S ML) LAY F AR I B (TPD) 3L % —% TPD-GC A & R4 Li#4T
TPD Eic#IBE KN ERE) 673 K, FHEHEEN 10 K/min. HE IR LR RSB
e &AM # Ar SFRP T #4T. ’
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3.1 XRD F{E ,

Bl la—g R —RFI TSR LRSS LAY XRD XE R dXSEETR,
Si0, HE K FIAE 7R MoS;-K,CO, PR R 7E 20=29. 8°F1 30. 8°4b, i BB M ATH 18, HHHX
1% ik & MoS;, Si0,, K,CO4y, MoS,/SiO; fil K,COs/Si0, ] XRD E A B, XH P FHIEEA
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Fig. 1 XRD patterns of the functioning catalysts.
2) MaS,/Si0, (0. 32/1 wt/wt)

| b) K.CO3/Si0; (0. 15/1);

| ¢) KiCOy/MoS; (0. 24/1)

| d) MoS,/K,C0;/Si0,(0. 32/0. 15/1);

| ¢) K.COs/MoS,/Si0; (0. 15/0. 32/1) ;

‘;‘ 1) K;MoS,/Si0,(0. 28/1) ;8) K:CO;;

'h) MoS:/KCl/Si0(0. 32/0. 16/1)

'1) KCL; j) MoSy/KF/Si0;(0. 32/0. 12/1).
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FRFE 8RS, WARPETF KCOsSi0;, —iER. XFENMFIEBARTET KLCO 5
MoS, 4> 2 R EAVER , &M EL R E T K.CO;s B, MoS,, 4 5] F K:SiO; (3K H K.C0; 5
Si0, By EE ) B9 F“Mo-S-K"HERE S #H.  #ELL KoMoS, S BT IR 4 B JR AT 4E M B ik % L
SRIUEDX A~ LI 1-6), 3 —2F X — T

5 K,CO;s BRI IR £ ANE , KCI B iERYIR R 7E KCLIR B A2 9 we o BT, B E)] KCl
HHAY XRD FEAEME. & 1-h friR, XEiE 5 B4 5 KCl,MoS; DL K& SiO, #H M i 48 H
HALBEMARX R EE JC 08 AL, PLRT KO HR R S5 BOE Sio, Bk b, 5 sio, M REHA
Sy Z AR R AR EAE . '

SR LR s AL, KF(—FRha5 580 B AR IR R ARTE R Fr R TR]. an (8 1-j B 7, BR4E KF
ANEEF] 12 we)iBt, WA B MAY KF AW FFIER, 188 KF T ek 5 REBEHAH 5 R A KR
WAHEEA. Fric® ey XRD & (] 1-) B 20=29. 8 1 30. 8B4~ AT 5 IA 4 “Mo-S-K”#H )
AAIE I U T 15 9 MoS,KF [H] % A= 4525 ) 4 16 P B9 L IR 4.

bR XRD RAE BT R M THI . PHESE 0 KCD 5 MoS, Z [0 R & 4 3 5 # 51k
A TR PRSP £ (30 K.COs 1 KF) 5 7% MoS, A4 2 I ER BB MHEIER, £RHH
“Mo-S-K"#H. B R BX Bk AN & RSB IEYER TN 2 8 KO B 8 1K & (MoS,/KCI/
Si0,, 0.32/0.06/1, wt/wt), &A= 96 % (C M) LI FRIZAK, i K.CO; 1 KF
BMEBIIE &, MoS,/K,CO;/Si0, (0. 32/0. 15/1, wt/wt) Fl MoS,/KF/Si0,(0. 32/0. 12/1, wt/
wt), HERKELFTYRIE/ BB E 558 16. 6/83 20 26.3/73.7, gULW LAENIRERY
HHELE RS Mo-S-K A FVIHELR.

3.2 XPS RIE

EHTHI/AESHEAR EWMNR N EE XPS %ﬂé’:&ﬂﬁﬁnﬂ‘i 1. }}\JX_.—H%-IU‘
B JEREM MoS; 7 161. 4 eV(BE) &b H BL S AU ) S~ (2p)XPS %, [ B 7E 162. 5 eV (BE)
HE - BHRE, BEYTIEARTIS-S1 1 (2p)-XPst); BEEMMA RN, [S-s]
(2p)-XPS J W R W5, BRBMARMEAFIRERIS- S KEMEM. [S-SI 4 M
FHEWMAIRA1H Raman 3 3500 & 20— X R . £ 8 KsMoS,, MoS;-K,COs, I MoS, %
WA TR0 TAES#EAT L, PB4 520 cm~'(s)F1 586 cm™'(m) Raman j¥ i 7 43
o AFEIAHR wa ()-S5 F 0 ()-S5 B9 S-S MR BNBE; T 370— 402 cm = (m) F1 444-450 cm~!
(w) I =] 43 B3 & F 3 X Mo-S) FAfF 20 (Mo-S-Mo) Yy S2~ M Fh. X 77 T B9 45 SR 4% 55 Sci 4l
] ’

FR T K.COs/MoS, 1K % 5, Fr HH|%E BH Mo-S-K ARG RABMIERRLY, U
(NH,):MoS-K,CO; B K:MoS, F B IS B 5 ), Mo(3d) XPS ¥ 7E-K Y 228. 5 fi] 231. 6 eV
(BE) 4b th BL W PMFAENE , T8 RA2 B35 05 Mot (3d5/2) Fl Mo**(3d3/2), X —# R KM,
ELERET Mo TEE—FMINZE, Mo*; HEFREH Mot BBEIMA S 68, 10 Mo**(3d5/2)
=229 eV, BMK 0.5 eV, XATHE S LA KN HAEFIS- S WEEFEEINEKE.
BE Bk B RV 0 BB 38 0, Mo (3d) 55 6 BE AR RE B D38 K5 FE BRI BB Y K.CO,/Mos,
(0.24/1, wt/wOtk £, Mo(3D)XPS i B = Mg, BilsE RX P LFHR SN AW HWF,
Mo'* FI Mo®t.

TE C(1s)-K(2p) X, 284.7 eV fbAY XPS & 5 A& K.COs Ffk R _EXEWM B, Zwsn]
BRI TSR (CO/M) T, FETHILFIRES CH, WFh; 7 293 1 295 eV LAY MIE,
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Table 1 XPS binding energies of functioning catalysts (eV)

® 1 THERLNE XPs Bk

Catalyat SI2T  SI(28) sy s Mo(3d) c(ls) K(2p)
(wt/wt) 1 1 | I | CH, CH,0 CO%~ 1 1
MoS; - ~ 1614 162.5 - ~  225.7 228.5 2316 — 2840 — - - -
MoS;/K:003/Si0,®
0. 32/0. 15/1 103.6 154.6 161.3 162.2 169.3 225.6 228.4 231.5 — 284.5 —  — 293.2 295.6
0. 32/0. 25/1 103.6 154.2 161.7 162.7 168.6 225.9 228.7 231.9 — 284.7 —  — 293.1 295.9
MoS;/KQ1/Si0;®
0.32/0. 16/ _ -103.6 154.6 161.4 1623 — 5.6 228.5 231.7 — 284.4 — ~ 293.5 296.0
K:C0y/MoS; . ’ o
0. 24/1 - —  161.4 162.2 168.6 225.7 228.5 231.6 234.7 284.7 —  — 292.9 295.6
K:MoS, - — 1614 162.3 (w) 225.3 228.2 231.3 — 284.8 —  — 292.5 295.2
K;MoS,/SiO: .
0.28/1 - 103.6 154.2 161.2 _.mN.N. 168.5 225.2 228.0 231.1 - Nw.a. 7 - — 292. 8 295.6
KOs - _  _ = = = = 284.0285.7 289.6 293.1 295.7

@Si(2p)(103. 6 eV, BE) was used for the reference;
(@Derived from the precursors of (NH,);MoS,/K.CO;(or KC1)/SiO;.
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EAS K kR BN AT, MAENAES KT Mk R, 85 K0, 1 KCL fE#Ea ik 5, #
HEXF AN g, BATSIEE T KT (2p3/2)F1 KT (2p1/2). XM F LA MBI &4 4B aE
K.COs iR EE, 7E 290 eV LA B B —A CUs) g, XBHKME CO~ WHMMFLE. FHBHE, &
K.COs (R TAESMLFER L, FRMMBIX A, XBRARY, K BRETHERST
AR K.CO, LS.
3.3 TPD FHIE

B2 R H, 5 TR TESEAR LR FHR B R (TPD) WL 5 5. X 243 & 7]
R, Hy X SR FRHA 2 E 4 4 TPD i, WEAMARNRE LG JLRHERM AL, &
Mo'+-8%-, [S-ST-%. XULIGHRTE 473—623 K ZjA), IR RS, RIH NP FHR AT e
#HEMBR Y. EREB A IMA, B SERAE /N, JLUARR G R BT RN
HE (S 2-b, 2-¢); FHEBIF KC B IIA IR B B0 S TR B X 5Bk R
SRS, P EELEGYE, MPEN KA BENERERTYHRENERFLR
— B H. B MoS, R b H, (BT AR A (LE 2-0, 7£ 400 K 1 556 K b &%
— A4, H7E 338 K BB, X 5 HAH MoS, KERMHAIERE R, FinABRIKERRENIL
HaER. FERR KT B R (K.L0,/MoS; f1 KC1/MoS,) I H, Wt Bt TPD i #7 AL,
A N PRAERY K.COs FI 484 KCI T AT BIFHI 4 515 MoS, A EAR MR EAr e B £ B Rt
B . MBI R BT K.C0; 5 MoS, Z A A RMAEER , JBM Mo-S-K HERL&AH, K
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Fig. 2 TPD spectra of hydrogen from Fig. 3 TPD spectra of CO from the
the functioning catalysts functioning catalysts

a) MoS;/Si0;(0. 32/1 wt/wt); b) MoS;/K,C0s/5i0.(0. 32/0. 05/1) ;

¢) MoS,/K,C0s/Si0:(0. 32/0. 20/1) ; d) MoS;/KC1/Si0.(0. 32/0. 03/1);
e) MoS,/KCl1/Si0.(0. 32/0.16/1); f) MoS,;

8) KoC0O3/MoS,(0. 24/1); h) KCI/MoS2(0. 32/1).

H,-TPD ¥ (B 2-g) I A B A ik R ) (B 2-o) B HILRIRIHFFAE; TR AN KCL KR,
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F KCl 5 MoS, Z A3 A K AROMELEH, KOWRARAEEXRBRE LR VIBRA"HR, Br
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e 3 friR, COFERTH R JLF LR LR TRE#E =4 TPD 1§, JLHE Sio; fRE W
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7EX ek & | CO BRI AL (B 5 Mo AR MFB X BB L E#E. EREHK =1
TPD g, {KiBI4E(363—383 MK IRA, HAE 33K ELGEER, "H % CO L
b 3E R B 6 55 {h 2 VR PR A R A B B . 503 — 513K B YIS BCBENY, FIREE 3 EH R e
SRAL 2 R B 4 G DL B, 7E S MoS, R &R | CO TR 39 TPD IS £ IR L. K.COs/MoS; fk R 7
496 K A —H R By i g, EDREANIE A T B AR MoS: B K, XA K.COs MABRKEE I
4 T MoS, 4 X —3%1E. KCI/MoS, £ 390 K 1 475 K FH M T, EIEHEH R MoS,
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Fig. 4 TPD spectra of H.-CO gaseous mixture from

the functioning catalysts

w - : LR F COM M, AR, XiT H fHk
< A S5 He B3, 2 W AE NGB, HHA
LRGN EERAG % CO REMATWE

B WEE 4 RE 3, TUEH, (CO+H)

D e U Ve TPD B I 5L B i B i 8 5 7 — o2 AL 300 s X 29

CO-TPD #A483E, My B WwAR, H(CoO+
H,) 1% Bt TPD i 7 8 He A % F g CO-TPD
TRk, eIt RN, F 0 H, TR IR
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a, b, c,d, e, f, g, h. are the same as in Fig. 2
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fir bW B, B R AL H TPR NS =Yy FE X 118 B R
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1, RATRER AL G H Mo FEU+H4 T, BRI S A EBRHRP I, £
0 2 33 B BY RO IUAR 4 BURR RN BB T RE YR, S RIS-ST. HMEBMH R
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FIVEN BA, [S-ST-REMF K E THE, H W TPD 14 b B2 516 1R 47
5, A RALME B MoS, b ¥ B RIZF MoS K™ b ¥ B RBMHAEH BN ER.
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Spectroscopic Characterization of MoS,-based Catalysts for

Mixed Alcohols Synthesis from Syngas

Lin Guodong, Yang Yiquan, Huang Haoping, Yuan Youzhu, Zhang Hongbin
(The State Key Laboratory for Physical Chemistry of the Sotul Surface and Institute of Physical Chemistry, Xiamen Unwersity, Xiamen 361005)

Abstract

Spectroscopic characterization, by means of XRD, XPS, and TPD methods, of the MoS,-K*/
SiO, catalysts for the synthesis of mixed alcohols from syngas has been carried out. The results of XRD
investigation show that a strong interaction takes place between the MoS,-component and the promoter
'K;COs, leading to the formation of a new, probably catalytically active, Mo-S-K phase. The XPS
investigation of the functioning catalysts indicated that the Mo-species are mainly in single valence
state, Mo*t, and sulfur in several oxidation states; S? (as sulfide), S~ or (S-S)2~ (as disulfide),
and S%* (as sulfate). TPD spectra of H;, CO, and CO-H, mixtrure on these catalysts were taken. Two
to four peaks(473, 513, 593, and 623 K) for hydrogen, three peaks(373, 523, and 623 K ) for
CO, and three peaks(373, 513,and 623 K) for CO-H,, were observed. With addition of alkaline
potassium salt(s), the concentration of the (S-S)?~ species at the surface of the functioning catalysts
decreased and so did the hydrogen adsorption on the catalysts, which is closely correlated with shifting
the selectivity from hydrocarbon (over MoS,) towards alcohols (over MoS,-K* catalysts).

Key words Syngas conversion, Mixed alcohol, MoS,-based catalyst, Spectroscopic

characterization.



