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Abstract—Temperature-programmed desorption(TPD) was carried out over the sulfided Mo/C, Co/C and
Co-Mo/C catalysts, and heats of adsorption of thiophene and hydrogensulfide were obtained from TPD spectra
by varying heating rate. It was studied the relationship between these heats of adsorption and the activity
for hydrodesulfurization(HDS) of thiophene which was measured in a microflow reactor at atmospheric pres-
sure and 325C. The synergistic HDS activity was well explained by correlating it with the difference in
heat of adsorption between thiophene and hydrogensulfide.
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Fig. 1. Schematic diagram of TPD and HDS reaction ap-

paratus.
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Fig. 2. Temperature profile in presuifiding step.
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Fig. 3. Typical TPD curves of thiophene and hydrogensul-
fide[ f=20°C/min, r=Co/(Co+Mo)].
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790 ge]Al €] 9.3 o) TPDZ Aolc}. B9 F2he|
F2 54 ¥4 A, 350 FAHUE A5
TPD =233} ghAeture] TPD FAHA L) Alo)&

Faigich 2gold TE F5o &A= %59 TPD
Z4do| 3, A Aol g FAloln, D Tl A%

i

35t ast M333 H4S 19954 8%

»D 0> e Q

moep0ga
R
g g

—CooCco
o@gniN-g
Soxgus

2 x Ln Tm - Logd

108 e 195 208 21 z13 22
1/'lm x 10E3

Fig. 6. 2 Ln(T.)— Ln(B) vs. 1/T, of thiophene.

3
o op o

dy o
m

:Y
b
rE

s 3% vehle FAelch TPD
4ol Wig Hleds) FAAL T
£ 77 gestel T,& Aok Se%
, 15T, 20T, 25C/mino.2 3 AZ-2 o
o} Fig. 50l viehaich. 52 4£(B)7}

E.<i
= =2
5 Tool 3748 B 5 ek o) FHERYH

A

2

of

=3
3]

o S g

oy T W o o> &

N
-



ekl

A% CoMol Zuholxl oz fats

2o ezt 433

Table 1. Conversion and heat of adsorption of thiophene and hydrogensulfide

" Conversion AH of thiophene AH of hydrogensulfide Difference
(kcal/mol) (kcal/mol) (kcal/mol)
0.00 0.035 11.2 311 —-19.9
0.14 0.106 74 93 —-19
0.27 0.162 14.7 118 +3.1
0.50 0.328 18.3 10.8 +75
0.72 0.194 12.0 12.6 -06
0.85 0.163 94 12.1 —-2.7
1.00 0.082 14.5 15.6 -1.1
*r=-Co/(Co+Mo)
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Fig. 7. Hydrogensulfide TPD curves with different heating
rates for Co-Mo/C catalysts(r=0.5, A: 10°C/min,
B: 15°C/min, C: 20°C/min, D: 25°C/min).
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Fig. 8. 2-Ln(T,)—Ln(B) vs. 1/T, of hydrogensulfide.
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Fig. 13. Relationship of HDS conversion and the differ-
ence of heat of adsorption between thiophene and
hydrogensulfide.
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ARBI|Z
A :preexponential factor for associated rate con-
stant, k
A’ :preexponential factor for associated equilibrium
constant, K

C :gas phase concentration(mole fraction) of desor-
bing species [dimensionless]

E; :desorption activation energy for associated rate
constant, k [cal/mol]

AH: heat of adsorption for associated equilibrium con-

stant, K [cal/mol]

: carrier gas flow rate [mol/sec]

: rate constant [sec™!]

: adsorption rate constant [sec™']

: desorption rate constant [sec™']

: reaction order for desorption

: current temperature [KJ

55 F s

B

: temperature at peak maximum [K]

: initial temperature [K]

: time [sec]

:volume of the solid phase in the catalyst bed
[em?*]

B :linear rate of temperature rise [K/min]

v.. :sites(of a given kind)/(cm® catalyst) [mol/cm®]

9, :initial surface coverage [dimensionless]

8, :surface coverage at peak maximum [dimension-

<7

less]
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