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To clarify the effect of sulfur compound addition on catalytic activity and catalyst deactivation, hydrodesulfur-
ization (HDS) of coker gas oil (CGO) was carried out over demetallation catalysts, metal tolerant desulfurization

catalyst and desulfurization catalysts.

The initial HDS constant and catalyst life were slightly improved by the

addition of 1000 ppm of dimethyldisulfide (DMDS), probably by the prevention of coking on the catalyst surface.
The CHsS radical formed via thermal decomposition was important in the suppression of recombination of heavy

hydrocarbon radicals which results in coke or coke precursor formation.

The addition of small amounts of sulfur

compounds to the CGO is expected to reduce coke formation during the early stages of HDS.
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FEA500 cm® D F — b 7 L — T RIBEHRE USSR L 720 K
IBERNE S FE TG L 2R, KELATH OMBHRE S 623K
TLEALTHEEODMDS %9 5 & & bIC TPtz T
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=S ETHREL 7z, 73 FIVIIOHEIERE % 300 rpm T iz
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Table 2 Properties of Coker Gas Oil (CGO)

X o Density at 208 K [g/em?] 0.9410
F72, WML 7 DMDS I EIRORIEL ZDF FMHH L 720 Sulfur content [wt%] 1.88
L 72 RS 2EE O/ % Fig. 11273 ArEDMiE10.0 g Nickel content [ppm] 2.0
ZHFE L 720, DMDS (2 24B5 MRS ¢ 72, oz g _Yanadiumcontent  [ppm] 8.0
Table 1 Chemical Composition and Physical Properties of Catalysts
Catalyst name
CDS DM1CQ CDS-DM5 CDS-R25HC HT-D7 CDS-LX5
Chemical composition [wt%]
MoO; 33 45 10.0 14.0 18.0
CoO — — 1.0 3.7 —
NiO 0.7 3.0 0.6 — 4.0
Physical properties
Pore diameter [nm] 17.0 15.5 14.0 9.5 6.0
Surface area [m%g]® 160 220 225 220 250
Pore volume [em®/g]? 0.52 0.51 0.53 0.77 0.83

a) obtained by N2 adsorption.

b) obtained by Hg porosimetry.
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@) Pressure control valve
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@ High pressure pump
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Fig. 1
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i) 10%NaHCO; solution
@ Product oil
@ Ribbon heater

Experimental Apparatus for HDS
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Table 3 Experimental Conditions for HDS of CGO
(a) without DMDS

Catalyst weight [g] 10
Hydrogen pressure [atm] 40
Reaction temp. [K] 623-663
Reaction period [h] 24
LHSV® [h™'] 0.2-1.3
Hy/oil ratio [Nm*/m?] 600
(b) with DMDS

Catalyst weight [g] 10
Hydrogen pressure [atm] 40
Reaction temp. [K] 623-663
Reaction period [h] 24
LHSVY [h™ 0.7-1.3
Ho/oil ratio [Nm*/m’] 600
DMDS content [ppm] 500, 1000

a) LHSV: liquid hourly space velocity.
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Fig. 2 Relationship between Sulfur Removal Ratio and Reaction
Period
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Fig. 3 Relationship between 1/LHSV and xa/(1-xa)

12 —
A A 0 623K
0 | A W643K
_ A
= A A663K |
vg 8 A
2 L] " -
8 6 | n
2 . "
5] i < o
P 4 <o <o o
2
2 <o Catalyst ; CDS-DMICQ
0 , .
0 5 10 15 20 25

Reaction period [h]

Fig. 4 Effect of Reaction Temperature on HDS Rate Constant
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Fig. 5 Effect of DMDS Addition on HDS Rate Constant over HDM
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Fig. 6 Effect of DMDS Addition on HDS Rate Constant over HDS
Catalyst
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Fig. 7 Effect of DMDS Addition on Rate Constant and Catalyst
Deactivation Factor over Catalysts

Table 4 Activation Energy for HDS over Catalysts

Catalyst name Activation energy [kJ/mol]

CDS-DM1CQ 80.0
CDS-DM5 74.5
CDS-R25HC 84.5
HT-D7 82.8
CDS-LX5 86.4
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DTHRVWEEZ NS, T2, 22 TELNLRP TN
I AV F—1F, ik L 724,6-DMDBT CTHll%E€ & L7z (105~
147kI/mol) £V H/hELLHoTn59 Tk, RiffETo
BEEBIREAEGYWORETHEREEATVRDL-OTH
D, TNEZET L EBMEICE -T2,

3.3, RISHOMEOMIRICRIFT DMDS FMORE
CGO DB % 24 h T o 7%, fiEX LD ML, Vv 7 AL —
2R E VT, Ny U TG ERE Lz, 2 Ol % T
TR L7z SO X 9 IHITLE L 72 i Al o R RE &
WE L, AT 5 REEICKIZT DMDS RO Z ME L
720 FOFEFR%E Table 512K L7zo KA O R IME
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Table 5 Effect of DMDS Addition on Surface Area of Catalyst
after 24 h HDS

Catalyst name

Surface area [m%/g]

without DMDS with DMDS
CDS-DMI1CQ 62 94
CDS-DM5 88 103
CDS-R25HC 94 116
HT-D7 98 124
CDS-LX5 113 136

Table 6 Effect of DMDS Addition on Coke Content on Catalyst

after 24 h HDS

Catalyst name

Coke content [wt% |

without DMDS with DMDS
CDS-DMICQ 10.3 7.8
CDS-DM5 9.6 6.4
CDS-R25HC 9.7 6.7
HT-D7 8.2 53
CDS-LX5 7.7 5.1
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1424 h T COMMISHED 3% BERE AR, FHENE
FBALHETFIIIRAR10% FENS S o7z, TOJERKIL, DMDS
OFIMC LD, R LICHER T 2 a— 2 825 L7270
LEZHND, ThbL, DMDS OFMAAEE, Milkoifk
Bo DN b & ) b B CRAELIZCHS - TV
FEEETOFEHEEIIEL DL T—27 5DV IEEORIEMED A%
HLzbneEZ SN,
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EEHIEAHHICEL L EZ LN,

I
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