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ABSTRACT

Interactions between hydrodesulfurization of thiophene and hydrodenitrogenation of pyridine and
the kinetic analysis were studied over Ni-W/y-Al, O3 catalysts and this study was made at temperatures ranging
from 473-673 K and at total pressures ranging from 10-25 x 10° Pa.

Hydrodesulfurization of thiophene was inhibited by presence of pyridine at all temperatures studied,
and the rate of pyridine hydrodenitrogenation was slower than that of thiophene hydrodesulfurization in
the operating conditions. Pyridine hydrodenitrogenation was also inhibited by the presence of thiophene
at low temperatures but was enhanced by the thiophene at temperatures higher than 613 K.

Thiophene reaction rate was determined by multiple linear regression analysis using Langmuir-Hinshel-
wood-Hougen-Watson model and the result was given to be r = kPTpH/(HKTPT + KPPP)Z. At each tempera-
ture, reaction rate constants and absorption equilibrium constants were determined and the activation energy
was 12.98 kcal/gmol from Arrhenius plot.
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Table.l Model for thiophene HDS reaction

rate equation

Mode!  Rate equation Comments

k PyPy Two sites: C(H,S & H,S on one,

1* ———— H, on the other
(1 +KePyr + KgPO" (low coverlxc) surace rxn rds (or
H, weakly adsorbed)

k PrPy

2 As for 1 but wnh higher surface
C1+KePy + KPO™ 1 +(KaPy)™)

coverage of

K Py (Py)”

3 Sites of same kind; competitive
(14 KrPy + KePg + (KyPy) )=t

adsorption
between C.H,S & H,.

swlace rxn rds.

« m= 1 for one-point adsorption of thiophene .

m=2 f{or two-point adsorplion
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Table 3. Rate equation best fitting thiophene
HDS kinetic data

Model Temp. k Kp Kp
250 'C 0.0193 86.376 76.622
1 270 'c 0.0254 71.272 51.207
290 'c 0.0381 81.560 36.836
250 'c 0.0136 17.74 18.086
2 270 'c 0.0201 14.317 16.318
290 'c 0.0311 12.03 14.49
250 'c 0.001 77.11 63.08
3 270 'c 0.0024 157.84 50.15
290 'C 0.003 97.19 46.-5
250 'C 0.00075 15.28 19,27

4 270 'C 0.0015 26.398 13.03

290 'C 0.0022 21.117 12.59

-3.0
—3.% \'
~-4.0 F

e AN

1.7 1.8 1.9 2.0
1 /Tx10(K)

Fig.8 Arrhenius plot for rate constant
k=3.2x10° exp(-12.98/RT)
(gmole/g cat. hr bar?)
Kp=6.1 1072 exp(5.87/RT)( bar ")
Kp=0.69(3.38/RT) (bar™)
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