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Preparation of Zeolite-Supported Mo Catalysts by Chemical Vapor Deposition(CVD)
Method and Their Catalytic Activities for Hydrodesulfurization

Masatoshi SUGIOKA, Katsuyoshi TAKAHASHI, Shin-ichi NAKAYAMA and Takao
KOBAYASHI

Abstract
Zeolite - Supported molybdenum catalysts were prepared by chemical vapor
deposition ( CVD ) method using Mo(CO), and their catalytic activities for the
hydrodesulfurization of thiophene were examined at 400°C. It was revealed that Mo
(CO):/ NIY followed by sulfiding with H,S showed higher catalytic activity than
commercial CoMo/ALO, catalysts. There is a possibility of use of Mo(CO),/Ni’Y as
highly active second generation hydrodesulfurization catalyst for -petroleum

feedstocks.
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Table 1 Effect

20
Pulse number ’

HDS of Thiophene over Mo(CO)s HY Catalysts at 400°C

of Carriers and Preparation Methods on Activities

of Supported Mo Catalysts

Cat.wt. = 0.05g , React.Temp. = 400°C

HDS Activity (%)

Catalyst Preparation Method
Initial Activity” Steady Activity®
MoO,/HY Impregnation 50 18
Mo0O,/ ALO, Impregnation 15 15
Mo (CO);/ NaY CVD 10 12
Mo (CO),/HY CVD 77 48
a) : Conversion at 1st pulse , b) : Conversion at 20th pulse

CVD : Chemical Vapor Deposition
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FFEN, €451 FOMANIICRIEREINTE ST, Lichi>T Mo DSEEIR L b &%
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Rl EOBMHUKMEORLEE LD, LA TMonbE DRI N T en EEZ
5h5,

512, Mo(CO)s/HY iz 4 7 = » HDS RISISH U TREIWIEM AR A, € OpbiiiEs:
¥ Mo(CO)ERFFS ¥ RO HY DMEBEIZ b RS S HEBIN B Z ENbh -1, K2iIZHY
D RTALERIREE & Mo (CO).HF51% D AbiiIEYE & DBAE AR T A%, 300~400°C THIALEE L 7= HY ic
Mo(CO)EfEFRFEE 7 & FITHOMBIERNB SN E I Enbh»tce 2O &3 HY £ F
IZMo(CO)ERNRINIBRES § 2 70iCi, HY Rl OB KBEOR b EELHRTITH S =
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Fig.2 Effect of Evacuation Temperatures of HY on Activity of
Mo(CO)s,HY Catalyst
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Mo(CO)s/ HY i3 F 4 7 = © D HDS RIS U TV EME R T I EARHO N &1 5 12,
UL LIRS, ZOROHEE OV ZEEIC U TEENRA IETT 28RS 5, 22T,
EPHE T 20809 2 SRIBHS, S SICEESMELBERT 2201, Hr O MeY ¥4 54 b
(Me=Ni, Co, Cu, Ag) Iz LT Mo(CO) % 1BF L7t 4 3R L, F4+ 7 = > HDSEH:E#
e CORR, E2ITRT LAY, CoY ot LT Mo(CO) A48 LT btk Fid
BHONIEM - 7hs, CuY BLUNIY TRIEHOMENEBD SN, FE3ITRT LI
Mo(CO)/NiY i3 & CITEEHETH Y, ZDEMHIIMo(CO)/HY DFEML D B EXbh
270 BT, NiYZH S5 UH/KFEEITL L TMo(CO), 4K L THELL 72 Mo (CO),/Ni°Y fi
WTREAISRT LI, SSIHNRE L HDSIERAB OIS 2 Edibh o1z, '

Table 2 Tiophene HDS Activities of MeY and Mo(CO), MeY Catalysts
Cat.wt. = 0.05g, React.Temp. = 400°C

HDS Activity (%)

Catalyst
Initial Activity® Steady Acti,vity'”

AgY 45 38
Mo(CO), AgY 42 48
CuY 42 28
Mo(CO);/CuY 58 36
NiY 63 29
Mo (CO),/NiY 83 70
CoY 28 B
Mo(CO);/CoY 31 ’ 28
NiMo,”Al,0, 50 45

a) : Conversion at Ist pulse , b) : Conversion at 20th pulse
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Fig4 HDS of Thiophene over Mo(CO)s/NiY and Mo(CO)/Ni°’Y
Catalysts at 400°C
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Fig.5 Comparison of HDS Activity of Mo(CO)s/Ni’Y Catalyst
with that of NiMo,”ALO, Catalyst
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MEIEDF A T 2 OIKFALBRBRRITIS N U T B E 2R EAH O M E 57, 25
T, JOROEEEFKIEELY SN ITT 5012 HY B L ONPLY 1203 L 72 Mo(CO). DM
BIRARY bV EBEE U1, #RER6, TITRT, Mo(CO)/HY M T3, K6IKRT & iz
Mo (CO)i3 HY DERHKEREE & B5EhICHE R LTl U, BtKBEORINIE 7 o — Kz
5N, BALALERS T3 HY Rl EOMMKBENBUEET 5 ENibh -1, F72, HY F
ICBFE L 7c Mo (COD 3 BALALER B MoS, ICB L 2L AITEL LTV B bD EEZ o h 3,
L724%> T, Mo(CO)./ HY DEALALER I fE S REHEDOEILIE S XD (1) ~(2DD L 5 IZEZ 3
T ENTES,

Mo(CO)s + nH'O"Z — Mo (0" 2), + (n/2)H, + 6CO (@D
Mo (0" Z2), + (n/2)H,S — MoS, —¥ifl{ta4 + nH'O Z (2)

CIT, (0 D3 T4 METF, H O Z3KHEBMKEEEEET, ‘

COLHIT, HY IZMo(CO)s% CVDEETIRE S ¥, £ DRLKFETHILAES 3 &, HY O
A== = VN F 1IHERE EIC MoS, VB8 U 7o il & ] UIRBEO MM & 720, F4 7 =
~ ® HDS RIGI<H U TRV AEER AR T 3 b0 EE 2 oh 5,

72, K7IZMo(CO)./NiY MR TOMRE TS, HTOIRRRY FbizdE TR
WA, NIY 2/KFETCT B SH7c LB HOKEREE DV R L, Mo (CO), 372 12 iR U 7= Bk Bt
LHCHEERT S 2 Entbh -7, & ORI A fid & Bt KBRS O TN EREE A
U, BMKBRENHOEEYT 5 2 &b o - 12,

PEoZ&&bh, Mo(CO)./ NIY i D SHBIBIH TI2, DX D (3)~(5)DERIEIRR - T
WEHDEEZI SN B,

Ni*" (0" Z), + H,—»Ni’ + 2H' 0 Z (3
Ni* + HO Z + Mo(CO); = Mo"" (0 Z) + (n/2)H, + Ni’ + 6CO 4
Mo"" (O 2), + Ni* + H,S — NiMo#d + nH O Z (%)

b BL, Mo(CO)/ HY DHALE TEHEOIKE(LEERBE LT 3 E B b 3 NiMoS M YEI
A MDR—R—r —OHIZESH L, HDONIMoSHDEEIZT L v 25 v NEg &5 At fg
LIcRRRBIZZ > T 3709, E@OHDSHERERT LOEEZ SN 3,
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3. 4 Mo(CO)/EFS5A Ml FTOF + 7 x v D HDS RiSHE

HKFRIC L7 MeY 4 5 4 Ml ETOF A+ 7 = HDS RISHEHEE B & iz 4 3 72512,
IKFRIC L 72 NIY (NPPYO S il L F 4 7 = L ORABILZR RS b LRI U7, R
ZMBIRYT . JORRE NOYMIE LIcF A7 2 L ARBEICEEHY o FA T = LARE S
1BE SRR, BRMKBEEEE 74 7 = VAR HEERALTF 4 7 = B0 C—SkEL0—if
MR L, RIUKFEEEERKT 22 Ehbh -7,
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Transmittance

1 | B 1 | - ¢ 1
— 9,

LamI&&ﬂlﬂ»3&«ﬂ&%0&ﬂﬁ2ﬂﬁfL&mlﬂ“lL&OLSM 1,400 1,300
Wavenumber (cm™?)

a) NiY reduced at 450°C,
Thiophene Adsorption followed by Evacuation at b) 25°C, ¢) 120°C, d) 200°C, e) 300°C, f) 400°C

Fig.8 Infrared Spectra of Thiophene Adsorbed on Ni°Y
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Mo(CO),/HY # 7213 Mo(CO)./Ni"Y fifi b= HDS ik & AH H91 12 Ni°Y it |- & [RA% 75
TR bDEEL 5N 5,
L72h35 T, Mo(CO)/ Ni°Y il ETOF+ 7 = o @ HDS RIGiZ Ll F iR 4 b8 1o it - <ot

T9sb0EEZ SN B,
DS C-S bond

Mo(CO) . /NiY 5 cleavage
CHS+H—>  H' S=C=CH-CH=CH,(a)
2H 2H , Ni-Mo-s
i Y
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Butene isomers
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;* C:~C; hydrocarbons (6)
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COBBIIENT, FAT7 2 B BRUTHE-> TER LA BBESICRET S, 747 = AB
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Fig.9 A Model of HDS of Thiophene over Mo(CO)s/Ni’Y Catalyst
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