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INTO BENZENE BY USING REFORMING CATALYST *
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ABSTRACT

Az the Wmmqmmmmmmmmrmwm the conversion of
:hmh}-:ﬁ-ambm:mmmmm:mhukmfmﬂmrmPMm important role. An experimenr
hos been carried out fo study the reaction rate of normal hexane and methyicyelopentane into benzene by
using reforming cotalyat,

L INTRODUCTION I EXPERIMENTAL

The rapidly ingreasing demand for aromatic Pure grade of normal hexane and methyleyclo-
hydrocarhon as petrochemical feedstock has promoted  pentane were used as feedstocks.

refiners to seek methods of improving yields of these The purified hydragen, with oy e thas

yatusle products, 0,5% by vol and bi-metallic reformer catalyst were
Catalytic reforming of naphtha is one of the  Ysed in this experiment.

aromatic production from petroleum (1) As parafTins

and naphthenes are wsvally the major component of unit, without gas recycle, operated at high temperature

the naphtha feedstock (), high conversion of these pressure with a contineous system. The volume

paraffing and naphthenes to sromatle plays an fmpor- g o diameter of the reactor are 200 cc and

tant rofe, 19 mm respectively. The reactor temperature is regu-
lated automatically.

Expertment was cairied out in a micro-catates|

In order to obtain @ better understanding
about the sromatization of normal hexane and Ce— Gas and liquid product sumples were taken
ring naphihenes, an experiment has been carried out  from pas and kiquid sampler respectivelly and analysed
to study the reaction rate of normal hexane and me- by using Gas-Liquid Chromatography.
thyl cyclopentane into benzene, with the operating
conditions : lemperature: from 4507 10 490°C, preg- 1L RESULTS AND DISCUSSIONS
sures : from 140 6 30 I:g."m: and H,/HC ratio : from iy Risothier Ricga
4 1o 12 mole/mole, using reforming catalyst,

A Catatest unit opérated in a contineous sys- Activetion energy of conversion of n-hexane
lem was used in these experiments. Gas and liquid and methyleyclopeniane is calonlated by using tha
product semples taken from gas and liquid samplers  Tollowing Arrhenius equation
respectively were analysed by using gas liquid chroma- Ky = A ~ERT
tography.

® Fresanted Papor an vha :'.-I"'EI AFPCHE, Bangkok, Thalland,
Octobir & — 10, 1984,
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constant (ky) Figure | shows a phtni-ingru-ghn
1TUK, where its stope is cqual to -E/2 308 R, And the
activation energy of conversion of nhexane and me-
thylcyclopentane (o benzene, 3 methylpentane, 2 me-

300 thylpentane and n-hexane are 37.756, 21,196, 31 073,
H0.612 and 25.975 keal/mole respectivelly,

The rate of n-hexane and methylcyclopentane
canversion can be written as follow, (3) :
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Figure 1 : A plot of log r,, agsints 10°/T°K Fijgure 2 : A plot of log Py againts log Py
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Figure I shows a plot of log 1, agsinst log Py for n-
hexane and methyleyvolopentane aromatization. The
slope is equal to the total orders of the reaction rate
(e + #) and is found to be (o + # )= 0,361 and
40,486 for aromatization of n-hexane and methyley.

clopentane respectivelly,

IT ihe I""]_l2 is kept constant, the above mte
equation becomes :
s
o =¥4 P+ Of

tog 1, = log Pyye +10g kg

Figure 3 shows a plol of log T, Bgainst fog PIH: for n-
hexane and methyleyclopentune aromatization. The
slopes are equal fo the partial orders of the resction
rate with reapect to hydrocarbons (o6 ) Le. o= 0,969
and 0,441 for the aromatizstion of n-hexane and me-
thylcyclopontane respectivelly.
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Figure 3 : A plot of log r,, againts log Pyyc

And the reaction order with respect to hydro-
gen pressure (B ) of n-hexane and methyleyclopentane
aromatization are £ =.].330 and -0,927 respectivelly.

By substitution the experimental rate "0} to
the empirical following rate equations

. RT, -1.330
om A‘.-e-h T34 Fﬂﬁ. D.E-'EFPH: 3

= An g2l %/RTp, . IJ,HIPHE 0,927

the frequency factors A’ and A™ can be calculated,
and leads A'= | 68.10% and A™ = 3.65.107,

Then the aromatization rate of n-hexane and
mathyleyclopentane into benzene will be as Tollows :

3T, 754/ RTp 0.9 1,330
e = 1.63.10% ; g l;"’HE 5

2L 1%RTp  0ddln D927
= 3.67.10% Rlppc? Pu,
respectivelly.

Based on the experimental data of the empi-

rical rate equation of n-hexane and methylcyclopen-
tanie into benzene shows that rale will he favorable on

the following operating conditions : high temperature,
low total presure and low H,/HC ratlo.

As the mte of n-hexane (or puraffins) hydro-
cracking increase at high operating temperature (4)
and the rate of coke deposit on the catalyst surface
will increase at low total pressure and Jow hydrocar-
bons ratlo (5) so those three operating conditions
have on optimal value,

i Reaction Mechanisn

By products (iso-hexanes) of n-hexane aroma.
tization show that (Table 1}

- By increasing the operating temperature from
450" to 490°C the ratigs betwaen ;

- 2 methyl pentane and 3 methyl pentune

. 2 {two) methyl chains and I{one ) methyl
chain.

Increase from 129 10 | 44 mole/mole and
from 0,054 to 0,092 mole/maole respectivelly,
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- But these ratios are nearly constant by ins
uﬂﬂmthﬂpﬁ‘!ﬁﬂiprﬂ:mﬂ {from 10 to
30 kg/em ‘jdeIIHCnIJ.n {from 4 to 12
maole/mole).

mimgnfmmnhﬂlnuduh)‘
gscts of nhexane dehydrocyclization with the
wting temperature suggests that the high yield of:

« The isomerization of the infermediate mole-
cule of the pimer carbonium lon (n-hexyl
on) into the high isomerized carbonium ion.

. The decyclizetion of the intarmediate mole-
cule of the cyclic carbondum ion (methylcy -
cloamyl ion) into 2 methyl and 3 methyl
amyls fong.

By products (normal and iso-hexanes) of me-
welopentane aromatization show that  (Table 1)
- n-hexane has g high yield and low sctivation

energy of fommation, ie. 394 : 44 4 mole %

‘on the total hexane products,

. The matio between } methyipentane and 3
methylpentane is nesrly constant by increas-
ing the operating temperature from 4507 1o
490YC ic. * 1,60 mole/molc

'ﬂ:hgih}m:lrlhypmdnﬂn[n—hnmmﬂﬂln
tivation energy of n-hexune formation from the
mmatization of methyleyclopentane it suggest that
mer ion of methyleycloamyl will be & major intar-
malecule In the reaction mechanism of this
r cniane sromatization. (7 )
iﬂuhwmzmh,ﬂp:mmmdﬂmﬂﬂ—
abtained as by products of the aromatization
| 8-hexane and methylcyclopentane into benzene are
pout the same - 12, 1,29 - 1. 44 mole/mole and 1.58:
z ; . Thus it seems that the methyleyelo-
hﬁﬂbﬂim}ﬂrlﬂtﬂm&dﬂhmhﬂkhth&
sction mechanism of n-hexane conversion into ben-
= (3)
ﬁ'muuﬁmufn-hummdmﬂ:yl—
ane (x) conversion with various operating
5 (mole/mole).

¢ Contribution TSEE

Table 1

Temperature (°C ) 450%  470®  490°C
2IDMC,/IMCs +3MC; 0054 0070  0.092
IMC/IMC 129 136 1.4
MCe/IMCe +3MC™) 079 om o067
M famc ™) 16 158 160
Total Pressures M:mz'j 10 20 3o
22DMC,/IMCg + 3MC, D055 (0054 0051
IMC4/3IMC; 133 131 128
H4/HC ratio (mole/male) 4 B 12
22DMC,/IMC; + 3MC;. 0054 0036  0.059|
IMC/IMC; 129 131 131
V.  CONCLUSION

Based on the exparimental doto show that :

. The resction rate of the aromatization of
hexane and methylcyclopentane are a5
Foalliovies
-3

e | 63,108 T.734/RT

0,56 -1 330
% Pcﬁ :"'PHI

-21,196/RT
Spr=ast10% TR

0441 0,927

*Puc" Py,

2. The Iree operating conditions i.e, tempera-
ture, preégsure and ratic have an op-
timum value for the converslon of the n-
hexane and methylcyclohexane into ben-
zene for a given catalyst,

3. Tt suggests that the methylcycloamyl ion
25
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Erofmatization,

V. NOTATION

A A" and A™ = are the frequency factors,

Ce = is normal hexana,

E = s activation enerpykeal 'mole.

HI' HC and Hz.l'l-lE = are hydrogen, hydrocarbons
and the mole ratio between
H, and HC respectively.
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