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Abstract : Two types of CoMo/zeolite as well as NiMo/ 7 ~Al:O; were prepared and their activities and selectivities of low-temperature
dibenzothiophene(DBT) hydrodesulfurization(HDS) were studied in high pressure fixed bed reactor. The HDS activities of CoMo/zeolites
were higher than that of NiMo/ 7 -AlOz at temperatures below 225C while they were lower than that of NiMo/ 7 -ALOs at temperatures
higher than 275C. The main products from NiMo/ 7 ~Alz:0s were biphenyl and cyclohexylbenzene. The product distribution of CoMo/zeolite
catalysts was different from that of NiMo/ 7 ~ALOs. It is speculated that DBT is converted to alkylcyclohexane over zeolite based catalysts
through both alkylation and hydrogenation reactions. The crystal structure of molybdenum was MoOs in fresh zeolite support while

mixtures of MoOs and MoS; were observed in the aged catalyst.
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Fig. 1. Schematic diagram of experimental apparatus.

Table 1. Experimental Conditions

Operating variables Level

Catalyst weight (g) 02, 05

Temperature (T) 225 - 300

Contact time (g-cathr/ml feed) 5-20

Hy/DBT ([mol/hr]/{mol/hr]) 400

DBT in n-heptane (mol%) 05

Total pressure X 10° (Pa) 10 - 30

Standard Condition

Temperature (TC) 225

Total pressure X 10° (Pa) 30

Contact time (g-cat.hr/ml feed) 10
15¢/hr2 4X7F 5 FejFo] 3B o] FHujz HAq
AT AE A& AT

S22+ thiophene 53 %2 model compoundd] H]3}
g3o] oyn ¢z 2384 ¥ DBT(dibenzothio-
phene)E& AHEES o™ DBT7F A&o)A] mdelmz &ai7ts
3 FE2Z n-heptanes AME3te] A3t ALg3YT. £
Ao xo] 22z WA TFZAE Table 19 YeRlATh

BAe gas chromatograph(Schimadzu GC-17A)& o] &3}
FID(Flame Ionization Detector) #413l% 29, column %37
EZ+¥ 1% OV-101 chromosorb WE A&tk =3 uke
o FNEAHR HMYRE 4™ EFAs] Astd GC-MS
(Hewletpackard GC-MSD)E AH2d%28 Table 29 GCY
Z2Az21E¢ YA

Zojo] EHEAMS 9389 XPS(X-ray Photoelectron spestro-
scopy)®t XRD(X-ray Diffraction, target : Cu Kea )& Al&3}
o F£9 ZAAYYE ot on, BET surface analyzer
(Micromeritics Co.)& AHg-3te] Zoj9} &9 TUdL &4
stk =g 2Xd F5F0 ¥E& €7 $dstd AA
(Atomic Absorption Spectrophotometer)$t 1.C.P.(Inductively
coupled plasma)& o] &35t Y2¥AH & st

A 2 Az Eojo EW9AS Table 3o Yehfidch



Table 2. Operating Conditions of Gas Chromatograph

Items Contents

Solid support Chromosorb W A/W
Stationary phase 1% OV-101 DMCS
Column size ID. 3mmX4m ss.
Oven temperature 130C

Injection port temperature 160°C

Detector FID

Carrier gas Nitrogen(99.99%)
N; flow rate 30 ml/min

N pressure 1.9 kg/cm’

Alr pressure 05 kg/cm®

H: pressure 06 kg/cm®

Chart speed Smi/min

Range 10

Attenuation 256

Amounts of samples 0.1310

Table 3. Surface Area and Amount of Impregnated Metals

Catalvsts Surfac;z area | Cobalt | Molybdenum | Nickel
: (m7/g) (wt%) (wt%) (wt%)

7 -AlOs 2135 - - -

HZSM-5 3485 - - -

NaY -zeolite 72718 - - -
NiMo/ 7 -AbOs 123.1 - 6.11 276

CoMo/NaY 3734 260 6.07 -
CoMo/HZSM-5 2496 264 6.16 -

EHH L NaY-zeolite?t 74 Zloo HZSM-5, 7-AbQ; &
o7 F940 Hith AL EE channel 725 7HA 1
RolM FAE el y-ALOl widl FAAHo] o =7
Uehts Aoz aiXe = gloh =3 AA 2 ICPd 98 #
A" F49 4& Table 390 Yelich

FAH o 2% molybdenume FElE sttslr] Yste XPS
2 fresh Zo9} aged i“}] 2 A& Fig 39 deErd

t}. Fig. 2% CoMo/NaY Zvuj4olA molybdenum®l 3d XPS
spectra®  YER AE whEAe molybdenum® AEE
Mo® HHET 4oy #eF aged Zujol e Moo
Mo® Hel7} £A5te] +47F HEl9) molybdenume presulfiding
T Félgo]- %% AAE Aoz meolnh
Ljﬁ_ d molybdenum® A& FuiE o}sl7] Ysto
XRDE }%3}04 Magen o] Z4E Fig. 3% Fig. 49l
ehlch Fig. 3& CoMo/NaY £9E fresh AFele} aged
FEA Z-3 A9Y molybdenum® A-$ fresh Zojo A
MoO; HElZ EAaA o aged ZrjAtolME MoOs9} sulfided
Hef]l MoS:2 EA3hith,
w2t XPS AR ol A fresh Zuie] +67F HEle) Mo MoOs
19, aged ZulAtolM +67F= MoOs, +47FH= MoS,9lS ol
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Fig. 2. Molybdenum 3d XPS spectra of CoMo/Y-zeolite.
a) Aged CoMo/Y-zeolite, b) Fresh CoMo/Y-zeolite
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Fig. 3. XRD patterns of CoMo/Y-zeolite(target CuK o ).
a) Aged CoMo/Y-zeolite, b) Fresh CoMo/Y~zeolite
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Fig. 4. XRD patterns of CoMo/ZSM-5(target CuKa).
a) Aged CoMo/ZSM-5, b) Fresh CoMo/ZSM-5

Table 4. The Rate of Hydrodesulfurization Over Prepared

Catalysts
HDS conversion (%)
Catalyst
200 225C 250C 215
CoMo/NaY 213 38.0 56.6 69.1
CoMo/HZSM-5 16.8 353 50.2 64.8
NiMo/ 7 -ALOs 16.1 314 579 792

2 Asgol O &L BAFH oA FF AEF Zof
24 FEaws Aoz ZEHy 25T olddME 23]¥
ggdrrl 28 golAE A2 Yeti gt

33 DBTS MEEE 87 Yt WHES GC-MSE &
A3 ABE Table 59 Fig. 59 UehiAth Table 59 Fig.
6% 2 NaY-zeolite®2 HAIE AH&3 Zvjo A= biphenyl¥
Aol 74 weron cyclohexylbenzendl MAE 1.1% 7H¥
Aot gt o y-ALE BAR AT E3Zujd
= DBT7} biphenyl® cyclohexylbenzeneo 27+ A&7t =
=4 v8]A NaY-zeolite® BAZ3 ZFojo A& alkylbenzene,
alkylcyclohexane, alkylbiphenyl %ol A4® Aoz wof &
A5 dojukth= AS & & k. ZSM-5F AR
Zu|d| A= DBT7F A9 %% alkylbenzeneo 2 H3E L
o} biphenyle] 3%z 4% AAHEe™ alkyleyclohexane©l
76% AEZ AAMol HUT cyclohexaned A¥ HAHA &
& Aoz Hol dZFLo] NaV-zeoliteS BAE AEE
ool MEeh o Bol dojt Rez Amdth NiMo/ry
~ALOs ZwAFel e DBT7F BPE 91.2%, CHBZ= 88% &
Btk 282 CoMo/ y -AlOs Evldel A= Moorooka, S
9} Harmin, B.C.ol ¢3¥ DBT7} BP¢ CHBZT H3s =
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Table 5. The Selectivity of Catalysts for HDS of Dibenzothio-

phene
Selectivity | CoMo/ | CoMo/ | NiMo/
NaY | ZSM-5 |7 -AlkOs
Products (%) (%) (%)
Biphenyl 66.8 30 91.2
Cyclohexylbenzene 11 88
Methyl benzene
Dimethyv! benzene
1-Ethyl-2-methy],
1-Ethyl-3-methyl,
1-Ethyl-4-methyl,
- - -1 4-dy 7
Alkyl 2-Ethvl-1,4-dimethyl benzene 35 %0 _
benzene | Propyl benzene
1,2-Diethy! benzene
Diethvimethyl benzene
1,1-Dimethylpropyvl benzene
2-Ethyl-1,4-dimethyl benzene
1-methyl-3-propyl benzene
Alkyl- 1-Ethyl-2-methyl, 12 76 ~
cvclohexane| 1,4-Dimethyl cycloxane - '
Methyl-biphenyl 180 ~ ~
Alkyl- Dimethy!-biphenyl ’
bipheny! | 1,1-Diphenyl ethane 49 - -
1,1-Diphenyl propane 34 - -
Others 1.1 34 -
100 P —
% 0 | mCoMo/Y |

80 NiMo/?‘—Alumina‘
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Fig. 5. Selectivity of dibenzothiophene HDS.

Table 6. First Order Rate Constant of Sulfur Compounds

Compound TP BT DBT BNT

First order rate constant 5,000 2,900 220 580

Y-zeolite 4ol = BP7F 66.8%, CHB7F 1.1%2 €2 3hukgof
98 AAEo] 31%°lH CoMo/HZSM-5 ZujifolA+= BP7}
3%, 18l3 &g}t whgol o MAZo] 936%Lt 2RSS
t} o] 23E 2d ALedolE ©A A9 dA3uE 54
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Fig. 6. Change in HDS activities of various catalysts with
time in stream.
(225°C, 30x10°Pa, W/F = 10g * cat./mol feed)
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t X protonl®E o] &u¥H HZSM-57 @A A&
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T o
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HEE A7 dojds B 7t ok 9 Fig. 79 Fujg
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*747}9%‘”‘“’% FUAREY AEE 7Hd o BKHol ¢
Ao &R oy 220T~225T9 AL Dz A}
€9 zeolite®] hydrocrackings &% ¢Z 88t A wFo) S
A7tes AFggol y-ALOE HAZ AHESEE ALEUY
o =4 Yepd Ao 1245101 20T o4 £xdAE= &
AR AEE Ze y-ALOE BAR AMEE NiMo/y -
2 —‘?'4?—0] sulfide 1 thiophened EZ 4
DBTEEP “H-r A2 AA vhEoME =L
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Fig. 7. Effect of temperature on DBT conversion.
(30X10° Pa, W/F = 10g - cat./mol feed)
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FASEHAN  ojyle) 47 @7EE0]  dihydrodibenzothio-
phened] FEdo] H F A9 weARE AR 27
biphenyl¥} cyclohexylbenzeneo] Bctz <A o},

AEHIEE FAZ AHEPS 49 WAHE Bxzre v
SHIIEFS FF8 2 DBT7F &v) F9o| F&5o] r-
complex® 43 F 29 o|F Aol INFHT 79
F27F #7Fs o] dihydrodibenzothiophened F7H2 A og =
FZNA e st dAHY ALTolE A9 LA st
§ 24 Yo g 2& 27tAY weAZE wil akyi-
cyclohexanes F4ste Aoz ALz €oh A F2% dihydro-
dibenzothiophene®] F7Hgd o] F47F 750 cyclohexyl-
benzeneo] A H,S7F AAslo] Fo] AT, 7]
Al 471 #7bElo] byphenyl€ 8AetY 1 & 97sug
o] <dojuf alkyleyclohexaneo] AAFC. FWs Azs
dihydro-dibenzothiophene®] &R 23R <Agu o] o
olt}A alkyl biphenylo]l AR H.S7F Hold UrtAL,
biphenylol 4512 H,S7F 9014 Uzt alkylbenzene S A
et osle] gAl 47F #IHE o alkyleyclohexaned A
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Fig. 8. Mechanism of hydrodesulfurization of DBT over
NiMo/ 7 -AbQ;s catalyst.
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2 ge] gojub ANE B¥7l o &S RoFL 3L
oy, £3] ZSM-58 BAE AHEE FuldA LZshig A%
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Nomenclature

AB : Alkylbenzene

ABP : Alkylbiphenyl

ACH : Alkylcyclohexylbenzene
CHB : Cyclohexylbenzene
BNT : Benzonaphthothiophene
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Fig. 9. Mechanism of hydrodesulfurization of DBT over CoMo/
zeolite catalyst.

BT : Benzothiophene
DBT : Dibenzothiophene
HDS : Hydrodesulfurization
TP : Thiophene

W/F : Contact Time
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