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Abstract

A kinetic study of hydrodesulfurization (HDS) of benzothiophene (BT) over NiO-MoQ,-
Al,Oy catalyst was carried out using a differential fixed-bed reactor operated at atmospheric
pressure and in a temperature range of 275 to 325°C.

The rate equations of power-law expression and Langumuir-Hinshelwood type expression
were obtained as follows ;

Power-law expression,

¥ =kPul g5
Langmuir-Hinshelwood type expression,

kPP gy

T 1+ KprPrr
The mechanism of HDS of BT over NiO-MoO;-Al,O; catalyst were discussed on the basis

of the latter rate equation.
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Kawaguchi B3 2 — v N4 40 HDS 24 555 & TFAMEELCF A4 7
:J%ﬁmb,¢ﬁ717®Iﬂﬁéﬂ%@%@@ﬁﬂod%@k%ﬂbfﬁkb,CJFM&%
MﬁJ%MMT%%§MTMém SRR e o S A T D,

AWGEE 5 — v F oA 00 HDS BRER B3 2 7ebil, SRR & — v Fob 4 i
aimfﬁ),#OJAJJ/i)%MmMWfMﬁ% tchHH v I v BT &
%ﬁ>%%?w%thThHL,WOMdkAu%m%ﬁkmeTmeS%!}ﬁuﬁ
e L DTh B,

2. = L

21 EBEBELIURBHZE

BT @ HDS i febt 2 B 1 o @ ik o mHW&MMLAMGKWQMmtO:mﬁ
ik BT OBGEEChHL 75 ABEREYRGT, £ TAT v L ABTHR IR TS, K
RN L.Sem, £X 15em x5 v v AB-cHh, BRE TN L tOMDMWMJ*
A LT BGE R T £1°C RSN THHE L /e KFER J O HE L Matheson B
BEABLEOL, TrE . T —v—7 A THIELCHEM Lo RIEHEBRDOSHICILIR G
EHA TR N T 77 —DOMICERE L MEGTTRE v Y v 2 e (VALCO - #1)
BT »T2e BDBED 5 201U = v DC-650, 2,5m % 190°C -THiv, # 4 ) v —h A
W~ Yy A B L

7ok, BT WX n-~ev v IQBML, ~1 207 4 — 4 —T—EHlE TG L,

22 B %

RPIECH e NiO-MoO,-AlLO; Bt NALCO 78 NM 502 (2.8% NiO & 14.0%
MoO, % &ts) THYH, FE@EA, WA IOEE IR TH 2710mYg, 0.55cem?lg & L
)MMﬂ@Mff%é<«vy Fkoy NALCO St 2 FLek ol U, SR Lico b,
285 p T 450°C,  ZIREMIBEN L 7 v v — 2 g fREE L M,MJL%LTtMM&zm%Kﬁﬁ
L, 400°C -¢2MMIKRERIG LD, WL © LIEE, 5% Ol K FE %A & KETT i
LT BT o HDS L7,

3.1 GEGER OWET

NiO-MoO,~ALO; fililic X 5 BT o HDS 1Tt % ML BRI 0 8 % i 4 5 fo i,
i OREORELIC 15 BT OBMRENME Uico FHEE2H L md, M1 X9, 20-60 mesh
OB O IR R B O S B L T E D Z E b o foe & O CLAR O R Tk 9548
mesh O fEEOfREE S € BT o HDS o )52l Lo

32 BRSEEDRE
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Fig. 2 Relationship between contact time,
W/Fr and conversion Prr=86.0x
1073 atm, Pr=0.933 atm

Fig. 1 Influence of catalyst particle
size upon conversion at 350°C.
W/Fp=10.5g-hr/mol, Pr=10.957
atom, Ppr=>5.8x1073 atom

Table 1 Range of partial pressure of reactants in the kinetic study of benzothiophene
hydrodesulfurization. W/rp=10.5 g-hr/mol, Total pressure=1atm

Pu(atm) Py(atm) Ppy(atm) Pirx(atm)
variable variable constant constant
0. 233-0. 934 0-0. 700 3.3x107* 31 x 1072
constant constant variable v(\rml)lg
0. 467 ). 467 16X 1073 5. 71 x 1072
{ !
9. 9x10-* 6. 54 % 1072

Table 2 Dependence of reaction rate upon partial pressure of bydrogen and benzothiophene

| EHect of £ onr Effect of Ppr on r
" 3 W/Fp=10.5g-hr/mol, W/Fr=10.5g-hr/mol,
Reaction o | Ppr=3.3x107% atm Pru=0. 467 atm
temperature (*C) gy, r 104 T Parxa? X107
L (atm) (mol/g-hr) , (atom) (mol/g-hr)
0.233 0.128 1.6 0.198
| 0. 467 0. 326 | 3.3 0. 326
275 i
0. 700 0.576 5.0 0. 442
0. 937 (0. 688 6.7 0.512
0. 233 0. 262 1.6 0. 318
300 0. 467 0.512 3.3 0.512
' 0. 700 0. 794 | 5.0 0. 692
0. 934 1.024 6.7 0. 749
I 0.233 0. 362 1.6 0. 357
- | 0. 467 0. 752 | 3.3 0. 666
e 0. 700 0.973 5.0 0.789
! 0. 934 1.293 6.7 0. 947

W s & LTl Y 2 B d 0 LB 2 B,

R UGS X B MBS T BB T RIc L D LD 2 DT E B,
7=Fprx Xpp/ W ¢)

2o, 7 bk BT oAEECch D, Fer HMEEEICHMBBCEG L BT oxasg, W
Wit E Tk, Xer X BT OliiEE (-) <Th 5,
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F 2R, Yok, KESREREHRS A S 2 TTicy, BT 4R x4+ (HX) 5E%
Ba TR »Toe & OFSE, RIGEEICTFROBIGERE S VT KESER L0 BT 5 ED
BRI N e RS A
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) RKECEWL, Pui=—%FEL L0 Prr=—5%80%&H0L 2T ab 24 Ldbzwkh, (2
KOKES LV BT DRSS EF D, K3, 410 Pep=-—5Fd L Pu=—2E0%MT (3) &
DEMEL I LA RA2RT, M3, 4hoEBEOME, Tibb BRI ERDEELETD
LEDTRERER IR T, COFKR, MGEEEKESECH L TzE—RTHY, BT S
WHLUTHI0.68 KThHDHDT, MOM&)AML%%%LI%BI@EES@«%&%%L
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Fig. 3 Determination of reaction order with respect to hydroger



5-+log r(mol/g.hr)
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1.2
1.0F
0.81
0.6
4 Table 3 Reaction order in power law model,
o r==Fk Py*Pgrb, by the method of least-
squares
OAZr— ’ Reaction Reaction order
temperature (“C) a b
0 L ) i i L 275 1. 248 0. 696
0.2 0.4 06 0.8 1.0 300 0.933 0. 637
3-+log Pyr (atm) 325 0. 912 0. 699
Fig. 4 Determination of reaction order with respect Average L 031 0.677

to benzothiophene

(4) SRKOKFEOUFT Kawaguchi 5P 234 L NiO-MoO-ALO, Rl coF4 7 =
v HDS oW e —8 L, X5 fbopgEEs CoO-MoO,~ALO; Jfilil F7s X COF 4 7 =
VO HDS THh EDRkBEL—FKT 550, Lo, (4) RNoNEEEBwWw X5 OGEE
HLETLERRNTH O, SUSEICHT 2 MITERRDO A, LB, Lo TRETI X
O BOGHEERE O R i g B B 6R U 7 Langmuir-Hinshelwood (L-FH & WEC) T o KIS HE B R0 FF
LR W G
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DEFEZ BN, Thbb, RIGEET BT s LT,
' Ry KprPay

"1t KyrPor ©
TREhbd, LT, 6) R& 6) KL W RAPE LI B,
7,:k3KHTPB’1'PII: k PBTPH (7>
1+ KprPprr 14 KprPpr
() K% 8) RegH’mL,
Palor_1 4 (o\p,, ®

(8) KOFMAKRFTH L, HTRFINDS LH5CCTRO ERECKVTS (8) R s
L, NiO-MoO,-Al,O, Bfitizc X% BT @ HDS 1z (7) X L-H BoOKGEEXTtEHE R
Ho bbb te, () ROBMWITIOEEEH kOT7vavArey PEREIKRT, Thib
BadoEE{lb=31 ¥~ LT 12.3keal/mol 238 54, BT o HDS o @M EHXIG
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Fig. 6 Dependence of reaction rate upon Fig. 8 Arrhenius plot

partial pressure of benzothiophene.
W/Fr=10.5 g-hr/mol, Pu=0. 467 atom
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L O BT oW fw s %7,
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