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Studies on Molybdenum Desulfurization Catalysts (Part 1)
Hydrodesulfurization of thiophene over
Molybdenum Oxide Catalyst
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(Received December 27, 1982)

Abstract

The hydrodesulfurization of thiophene over molybdenum oxide catalyst at 400°C
was carried out by use of a conventional pulse microcatalytic reactor. The complica-
ted activity changes of the catalyst against the pulse number were observed in the
hydrodesulfurization of thiophene. The activity changes against the pulse number
strongly depended on the reduction conditions of the catalyst.

A hypothesis in which molybdenum oxysulfide species were formed on the catalyst
surface in the hydrodesulfurization of thiophene were proposed. The following change
of the catalyst surface by reduction and sulﬁdat%on during the hydrodesulfurization was
assumed in this paper;

reduction sulfidation sulfidation
MoO; MoO;_x MoO,S, MoS,
oxide lower oxide oxysulfide sulfide
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2.1 RBEEBLLIURE

F o 7 = ORFEARRE IR E Y F v U v — ETHBE O ARULE Y AT e - T
o5t TCP (Tricresyl phosphate) #» % 4 5m (30~60 mesh) % 90°C T{EM L7,
RIEBIARAmMm o f vy 7 2B UFEETHY, BRFF 7= v 3 HF A2 e~ 77 708
BHEAD LD <A 27 r > ) v o T2ul HA LK, ¥4 7 = v ORBRGBERIZOF 47 = v D
HAZm= 5 A0 -HEBLD S EDI, Tok, BFETOF+ 7 = v OIRFALHRIE
VAR R 0.30 g, KUSIREE 400°C, % U ¥ — # AP 30 m//min(STP) o—E &M THrie - 7o.
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AR THE L LTHERLAZEmBbe ) 75 (MoOy) 13FIHEZE S —E#E% 600°C T 4
BMESP TER LD TH L, 2D D XEMRITIcL » MoOs THDH = L MR LT, F
* 7 = VIS IHLFEH SRR EY Lo AV, HA v b2 T 7 TOSTEANY
TERLEBABRETH -1
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B4«0BTRERLIOCRTBE CKERTAB LBy 77 v AR I 554 7 = v DK
FABBRIGC BT A v A A ERR L OBIGRER 1, 2 WiRd, Z0#EE MoO; »/KERTT
BERIORTBESELNT S L 2BHCHT A2 F4 7 = v ORREGERCET S &
Dbbhols, O ERRREIGCERT 2EI0BE Y 77 v ORITTIKEEL T OB DOBTRSUS
OREBETCKEREELRITTI AR LTS, SKEETLRE B L OCBITREYE 2
FRW R\ T, RREORBEIMIXESRALLY, WIFROBEIR-TLREDOHKER X
OB IRBERICITABRERERN W Ehbhote, 2O EEMLs Y 7 F v idK
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Fig. 1 Effect of reduction temperature of MoQO; on the activity
change of MoQ; catalyst in the hydrodesulfurization of
thiophene at 400°C, Numerical values in the figure repre-
sent the reduction temperature.
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Fig. 2 Effect of reduction time of MoQO, on the activity change of

MoQ; catalyst in the hydrodesulfurizatiton of thiophene at

400°C. Numerical values in the figure represent the reduction

time.
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DERLKRBLBEDOE NI VLY 7 F v OEN L0 L 5 BT 52T 5 7
BT, FEaORE T 4 BEIKERTOUE L 7z MoO; ok s X SEH CH~f, TOER»3E 1
KR, ShE D KERTREN ERET A Lichiv MoOs BAEBTEINL W ERcE ) 75
VI AL T B D Lo T B E Y T OB D 5 b b LE kB MoO, T
B, MoOs% 470°C TRFERTT 5 LAEHEBID TH 5 MoO, ik L, X5 500°C Ll Tk
FRTLTHIEBT) 77 VRETEBILEING EHFE IR T 5,7% 72 MoO; 2 5E CRERTT
T5 EBBEED Mo,0:; B LA &L BE IR TV B, AKFRIE - THBER O MoO; ot
HWEBATH - 1oy, 420~450°C € 4 BERIKSRERIC U o B 6 L 7o 7o Zhid MoOy o—
HAMESRER LD TH 5 MoO, KRBT ENcDTHLEE L LNB, &2 AM500C L ETET
T5 Lo EITEBA LIt s, 202 &L MoO; % 500C LLETKERTT 5 & MoO; 11
Mo0.Os 5\ i3 E Mo BIL IR TWbbDEFE 2 LR S,

Table 1 Identified species of MoO; reduced
at various reduction temperature by
X ray analysis. Reduction time=4hr.

Reduction
o Identified species
temperature(C)

420 MoO,
450 MoO;
500 MoO,, MoO;
520 MoO;, MoO;

550 MoO,
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% 7o MoO; DIKERTT T MoO, 23 ER T %88 113 Mo,O1, M0sOg, MosOys 70 & D fE % DI
(L BERGIERBRGIELE TS E VbR TW52 2 TFRbOIMLEREREROERERL
HE MoOs x (0<X=1) TEHT &, 450~500C TEBIT I h 7ol i: MoOsy TRTZ T E
Bo L1d o T, MoO; DKEBTICKWTETLREDEICL 0, 2R T X 5 70858 T MoO,
MDEILINTPL D EEZ b,

MoOs _450~500°¢, ¢ MoOQOs-x S00~-550€, ¢ Mo:0s # 5\ & Mo
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Fig. 3 Estimation of surface structure of Mo catalyst at the various
stages of the pulse number. Symbols (a)~(d) represent the
sampling position of catalyst for X ray analysis. MoO; was
reduced at 500°C for 4 hr.

Table 2 Identified species of Mo catalyst
sampled at various stages of the

pulse number.

Sampling position# Identified species
(a) MoO,, MoO;
(b) MoO;, MoO;
(c) MoO,, MoO;
(d) MoO,

% Sampling position are represented in Fig. 3.
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VAR X OF F oAb OTFEYERT L LR TE D - 1

—7, BELREKEBLe ) 757y (Mo0s, 2H,0) iwX b5+ 7 = v OKEBRBEIG DB
Bire) 7 F U OFELYHE L, LS, ESCA, SEM 7t & 0FE 4 Ay THERIGD
WP TEKEBEY 77 RS L, MESRECEY 7T VRIS FEL TWA T E xR
BDTNBTOUIed - T, AP T X BT il e v 7 F v B X 0 F ik o
FHEXERTE o eny, TORERRIZINGOLEWRERESD 5\ I EE] Chll R fF
ELTWDlebtE2zbNb, FRESIEKELE) 7 F VLI D54 7 = v OKFBIK
GBI AMBEORT FHLOBABE 2ED L 5FELT5HY

MoOs » nH.0 - MoOs <
T~ MoS, (2)

Tiodd, HoREBbe ) 7 F Y oBT LT MoO; 13851 MoO, iw/KERTTEN S
By, AR L 7 MoO, 136iL &AL O THREIL THE > T\ 5 MoO; 2RI L 241 C MoS,
RE LT AL DEE LT WA, Fiedd 7 = v OKEMRBRGRCRG 5B ) 75 v O
oo, TRt sr()F 47 = v EAHLBIOIDF A4 7 = v OSRTERL
PR K E W L AFALD 2 Y OBENE LSO D,

(1) F47=vicksHik: MNL+QH%@§f—_ﬂ%&+QﬁmK%+Hﬁ (3)

(I #ifbxFEe sk a) CHS+H,—SH.S5+C-RIKE )

b)Y H,S+MoO;—MoS,;+H,O (5)

A5 MoOs ORI L T(1)DBEDF A+ 7 = Vit kX A% E 2 T 5535, KB4
T S DR L ERL T, MoO; ORERIT & FiLoBRICA F o b oFEx REL To¥
DX 5EE 2T, Tindb 450°C LUTF TRERIL S iclBbs v 77 v o kK45 12 MoOs D ikfE
THEETHOT, COBFREREFF 7 = v THRILIh THF o ETH 4 0 EFE 27,
F 72 450~500°C T MoOs & /KERITLT 5 & MoO; 13 MoO;s.x TEH INHERBIHCELTS
T EREIR LI, ZOERBIET A 7 = v OKFBRBE T A 7 = v B D IR
KETHILIhAF UM EILL, X5 0rF VIV F A 7 = v OKRE/BFE AR
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Fig. 4 Estimation of the structure change of MoO; surface by
the reduction and sulfidation in the hydrodesulfurization
of thiophene.
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Wb ARAKECHAL S, BRIt ) 7 F v e b 5 0 LE 2, 2D L S i
DRECTKERTEhcBLs) 77 vkt I h, A% 0L 0% ke 77 v gk
TEHERFAYEATR LI,

Fhe, ZOBMbE Y 77 v ok L AEEELEY v ARBUTK T A BIRE O ZL &R
WBIE S I 3 DRI ICIR L, Tt , KRR ICAIE T AR L o ABRREY MoOsx 235 4 7 =
VTR L I A F VR L L QR AKDOBERER AR L, O+ F YRAD 2 5L
{LARZETHRILI TR ) 7 F v B L B EER RSS2 RT3 0 2 E 2 7,

ek, ThbBbey 75 (MoOy), BB (MoOsx), #F vhifbdy (MoOxSy) &
IUBML=E ) 75 (MoSy) & OEMLFBIThFREMTHERETLHOTRR L, TRLHE
HAEMICHFE L CREBE AL D EE L BRD, LT, DHLBTERETEE B L OFL
OBEBTEOALFEERE L U THMERTECHFLET 200X »C, F4 7 = v OGBSI
S ABe ) 7T v BBEOEE I RELLDEE L LN,
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bt ) 77 v B F 4 7 = v OKBBERRIE T, MREENE OREZE L MoOs diksE
BILEMCE » TEMEET B Z bbb oo, 3T OBMIEBTLORR LB S /i
T 5T, MoOs DB & Gifbicft 5 o fEELoBBE AR Ui, Z0fER, MoO; 0
T—H{LOBRBC BT, EREICE ) 77 v D4 F UL OFERRET S LI L » T,
ARBETER S DB R LA BT A Z LT E T,

oS, FE L ILRE MoS, ZR 2 HMEOBFE CHLL, MoS, EHE L=V 757 v 4+ ks
BHERIRI-T o) - LDRKRIE, 7T VEIOY s e T e DRMALR ISR T R b
L, AFVERAIEIEBEERE L T I b OMBERIRICE L CEWEE AR T Z L b0
L TWAD el 5 TSI MoO; obfifbic s\ T MoO; i kst ¥ o FlbniFEeE+5 =
ERFEIL, £ O & KEABBER IG5 ABiE B 2 SEMIC R T 5 © L ZEHE L T 5,
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