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ABSTRACT

An experiment has been carried out to study

ﬁ!e influence of hydrogenating site of bi-functional and

of nbutylamine on the hydroisomerization cyclohexane and n-heptane. The observed data show that a high

activity of hydrogenating ste of bi-functional cataly.

st, rmmmmmmb&mmvofm -

zation reaction and n-butylamine acts as catalyst poison, which reduces the isomer products,

L INTRODUCTION

Hydroconvension is probably the most ver-
satile of modern petroleum processes. The versatility
has been achieved by the development of specific
families of catalysts, of processing schemes designed
to allow these catalysts to functions efficiently, and
optimal refining relationships between hydroconver-
sion and other refining processes. (6)

Hydroisomerization is one of the hydroconver-

sion processes using a bi-functional catalysts, con-
taining both metal site or hydrogenating site, and
acid site or isomerization/cracking site. The best
choice of this bi-functional catalysts for a specific
objective requires a particular balance between these
two typical active sites. (4)

The kinectic of hydroconversion processes
with respect to the variety of feedstock characteris-
tics gives rise to an interesting case to study, i.e. hy-
droisomerization of paraffin wax and influence of
catalyst acidity on the hydrocracking, 2)

In order to obtain more information about
hydroconversion, an experiment has been carried out
to study the influence of metal site of bi-functional
catalysts and of n-butylamine on the hydroisomeri-
zation of cyclohexane and n-heptane at operating
conditions : Temgeratu.re : from 370 to C Pres-
sure : 30 kg/em* and H,/HC ratio : 8 mole/mole

using Ni-W and Ni-Mo catalysts supported on the
same acidity ofSi]imAhmim.Andbonmhydm-
genation to cyclohexane has been used as molecule
model to deteminethaactlﬂtyofhydmm‘l
of these two bi-functional catalysts. !

Experiment was carried out by using a micro-
catatest unit, operated in a continous system. Gas and

liquid product samples taken from gas and liquid sam-
plers, respectively, were analyzed by using a Gas- i
Liquid Chromatography.

II. EXPERIMENTAL

Three types of molecules models have been
used as feedstock, i.e. benzene, cyclohexane and
n-heptane. The purity of these molecules is higher
than 99.5% mole. The !
purity 99.5% by volume has been g By thy 3.
periment. Two bi-functional catalysts i.e. Ni-W and
NiMo catalysys supported on the same silicate alumine,

were used in this experiment,

Experiment was carried out in a micro cata- -
test unit, without gas recycle, operated at high tempe-
rature mdprmwlthlconﬂnoommm'
volume and inside diameter of the reactor are 220 cc

and 19 mm, respectivelly. ‘
The temperature of inside reactor is measured on the

* npqamuann»wuucmmammm&mu.u—mlmnm.m
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3 (three) zones: i.e. reactor-zone, catalysts-zone and
the product-zone, and these reactor temperatures are
regulated and recorder. The flow-sheet of this micro
catatest unit is shown in the Figure 1.
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g — Condensar R — Contant tube
FT — Ges meter .T1 - Batch
P — Pump T2 - Sample
PVC — Pressureregulator  TIC — Temperature regulator
P1 — Pressure gauge ‘TR — Temperature recorder
PS — Pressure safety valve V  — Separator

Figurs 1. Catatest Unit

Gas and Liquid product samples were taken
from gas and liquid sampler respectively and these
productc are then analyzed by Gas-Liquid Chroma-
tography. The operating conditions of this experi-
ments are shown on the Table 1.

7&1.wmdmhﬂm.

" rate constant (k), then the Arrhenius-equation can

of cyclohexans and n-heptans.
Type of reaction
Operating contions
= Hydrogen- Hyd-oiso-
nation merization
Temperature °c | '200°-350° 370- 400°
Pressure kg/em?2 15 30
Hzfl-lc mole/mole B 8

M. RESULT AND DISCUSSION

data on hydroisomerization of
cyclohexane and nheptane using Ni-Mo and Ni-W
catalyst supported on silicate-alumine will be dis-

cussed into two following subjects :

- Activation energy
- Influence of n-butylamine

A. Activation energy
Activation energy of reaction can be calcu-
lated by using the following Arrhenius equation,

k = Ae~E/RT :
The initial reaction rate (r,,) is proportional with the

be written as follows,

k = Aa"E"(RTor

Bk 3log A
2303R T e

The slope (tgy) of the straight line log 1, = f(1/TK)
is equal to tg ¢ = -E/2,303R, than the activation

energy of reaction (E) can be calculated.
'Log 1, against 1/TK for benzene hydrogena-
tion, hydroisomerization of cyclohexane and n-hep-
tane are shown on the Figure : 2,3 and 4.
Data on the Figure 2,3 and 4 show that :
Activation energy of hydrocarbon hydroconversion
are as follows : ;
* Hydrogenation of benzene to cyclohexane
are 17.282 and 20/982 kcal/mole for Ni -W/*
A1,03 - §i0, and Ni - Mo/A1,03 - Si0, ca-
talysts respectively.
* Hydroisomerization of cyclohexane to
thylcyclopentane and of n-heptane to
heptane, are 23.004 < 26.987 and 24.78 <
26.228 kcal/mole for Ni-W/A1,03 SiO, and
Ni-Mo/A1,03-8i0, catalysts respe o

Bas> on these observeed activation energy, the ordet
of activity of these two bifunctional catalysts is NiW
/A1,05-810, Ni-Mo/Al,03-Si0, for benzene hy
drogenation and hydroisomerization of cyclohexant
and n-heptane.
High activity of inetal site of bi-function
talysts become extremely active for hydroi
zation reaction. It is suggested as follows :
Metal site may dehydrogenate the hydre
to an unsaturated hydrocarbon which
to the acidic site where chain branching ¢

logrc,: =



Activation energy (E)
Enj_w = 24.780 keal/mole
"ENI—MD = 26.228 kcal/mole

Activation energi (E) 1
Eniew = 2.004kealimole |

-,

ENI—MO = 26.987 Iu:allmnlc -' ¥ . ;

log x 102 mole/mole feedstock”
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Figure 4 Arrhenius plot of Hydroisomerization yelo
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somerization occur, and the isomerized
ntedhydmwbonmomhmktoﬂn
whmitishydrogmtadtothohmm‘ ¢

The published data (1,7) are agree with these experi-
mental dats.

B.  Influence of n-butylamine
The experimental data on the influence of

n-butylamine on the hydroisomerization of cyclo-

honmmdn-heptmatthcoponﬂngwnﬂﬂnm:

Temperature = 380°C and H,/HC ratio = 8 mole/

mole, are shown on the Table 2

Data on the Table shows that :

By addition of n-butylamine into feedstocks the

isomer products decrease as follows,

* Product ratios methylcyclopentane/ben-
me)ofcycbhenfuhordrohomamﬂonm
70,49 and 74.34% mole on fresh feedstock
for Ni- ~S8i0, and Ni-Mo/.

§i0, umolglpecg\%ly. Nzoa. .

* Products of n-heptane hydroisomerization %
m:3l.86md45.10%mohonftﬂtm e ¢
stock for NI-WA.IZO3 and Ni-Mo/ A
AL,03 810, catalysts R




Table 2, Influence of n-butylamine on the hydroisomeri

zation of cyclohexane and n-heptane.
Type of catalysts
Influence of :
n-butylamine Ni-w/ Ni-Mo/
Alzos-slo, ¥ mzos-sioz
Cyclohexane feedstock
. * Before addition 1.83 1.52
. * By addition 1.29 1.13
" * After addition : 1.36 1.29
N-Heptane feedstock
* Before addition 7.25 5.72
* By addition 231 2,58
* After addition 3.24 3.32

After addition of n-butylamine into feedstock the
isomer products increase as follows. .
Product ratios (methylcyclopentane/benzene) of
cyclohexane hydroisomerization are 7432 and
84.87% mole on fresh feedstock for I'«H-W/Alz03-
Si0, and Ni-Mo/Al,03-8i0, catalysts respectively.

Products of n-heptane hydroisomerization are
44.69 and 58.04% mole on fresh feedstock for Ni-W/
pectively.

Base on these experimental data show that in
hydroisomerization, nitrogen containing feedstock
over bi-functional catalysts, hydroisomerization is
partially suppressed _because ammonia and amines
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mine acts temporary poison.
Ni-W/Al,0,-Si0, catalysts is less resist to n
lamine poison comparred with m.uom,os
catalyst.
Lost activity of bi-functional catalyst in the pre
of organic nitrogen compounds due to the
nitrogen compounds inhibit the acid site of catalyst.
These data are agree with the previeous data
(3.5). '

IV. CONCLUSION

Base on the observed data show that:

* high hydrogenating site of bi-funtio
catalyst tends to increase the cataly

activity o{ hydronomorlution reaction, !.i.

Ni-W/ALy 03 catalyst is more active

than Ni-Mo/AIQ 3-5i0, catalyst.

* By addition of n-butylamine into feedstock,
the isomer products of cyclohexane and
n-heptane hydroisomerization decrease. And

n-butylamine compound acts as a temporary
poison of acid site of bi functional emly:t.

Nomenclature

A = Pre-exponential factor
= Rate constant
E = Activation energy, kcal/mole
R = Gaseous constant
I, = Initial rate
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