DEHYDROCYCLIZATION OF NORMAL HEPTANE TO

TOLUENE USING BI-METALLIC REFORMING CATALYSTS "

by

AN, Masution, M.Sc,

Dehydrocyelization of nheptane and the influence of benzene on this reaction has beem carried out
with bi-mgtallic reforming catalyst at the operating temperatuce - (from 450° to 490°C), pressurs (from 10 ro
30 kgfem®™ |, flafflydrocarbon (from 4 fo 12 mole/mole] by using @ Cararest wnit apparafuL

INTRODUCTION

The rapidly Increasing damand for aromatic
lrydrocarbon as petrochemical feedstock has promo-
ted refiners to seek mathods of improving yields of
these valuable products.

Catalytic reforming of naphtha s one of the
sromatic production from petroleum (1 ). As paraffing
are usually the mayor componént in the naphtha
feedstocks; thus high conversion of purailing fo @ro-
matic plays an important rola.

With the rapid devolopment an the Indoneaian
industry, the demand of aromatic hydrocarbons for
petrochemical feedstock will Increage, 5o in several
years to come, 2n Aromatic Centre will build in Indo-
mesia,

In order to obtaln more mformation abowt
conversion of pamffine to sromatic hydrocarbon, sn
experiment has been carrled oul fo sfudy. the reaction
mte of nommal heptane dehwdrocvelization and the
influence of beniene hydrocarbon in this reaction
with the operating temperatures :© from 4507 to
490°C, pressures © from 10 10 30 kgiem? and Hy/HC
mtio from 4 to 12 mole/mole by using 2 bi-metallic

reformming catalyst,

A micro-catalvile actbvity (Caratest) unit ope-
rated in & contineous system was used in these experi-
ments. Gas and lguid product samples taken from gas
mnd biquid samplers respectively wiere analysed by
uging d Gas-Liquid Chromatography.

EXFERIMENTAL

Pure grade of normal heptane and benzens
were Used as [eedstocks.

The purified hydrogen, containing impurity
less than 0,5% by vol and hi-metallic reformer cata-
lyst were used in this experiment.

Experiment was carmied out in 3 microcatatesi
unit, withowt gas recyele, operated at high tempers-
ture and pressure with a continnous system (Figura 1)

The volume and inside diameter of the reactor
ara M) ce and 19 mon respectively, The reactor tem-

perature is regulated automatically.

Gas and liquid product samples wers faken
from gas and Liguid sampler respectively and these
products were then analysed by wsing Gas-Liquid
Chromatography.

*|  Prusarted snd prooseding ot the Third Peckfic Chamical Enginearing Congrem, Secuil Kores, Mey 8 — 1%, 1083,
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RESULTS AND DISCUSSION

Rate of nheptanc dehydrocyclization with
various temperatures, pressures and Ho/HC ratio are
sét up on the Toble 1,2 and 3,

Activation energy of n-heptane dehydroeycli-
zation i3 calculsted by using the following Arrhenius

equation,
ky=A4 «E/RT
As the rate (rg) is proportional to the rate

constant (kg ), the Arrhenius =qml:lr.m cun be writren
as fiollows ¢

otk = AcHET
Figure 2 shows a plot of log 1, against 1/T for

nhepline dehydrocyclization. The slope is equal o
—E/2303 R and leads E = 33,688 keal/mole.

The rate of n-heptane dehydrocyclization is
written a8 follows,

4
I, = kipﬂjﬂm FHE
If Hy/HC ratio is kepl constant, the rate be-

comes,
o
o T L"Evp'l'l[ ®

ar log 7, = [0+ @) log Pr+logks
Figure 3 show a plot of log r,, againts log Pr

for n-heptane dehydrocyclization. The slope is equal
1o (o€s ) = —0.5041.

IT the FH is kept constant, the above mia
squation bu,um:l
fp=ky PETHI:;

or 1':"3 rl:r = H]ﬂﬂ, FCTHlﬁ- 4 }ugkq

Figure 4 shows a plot of log r,, againts log
P{:?Hm for n-heptane dehydrocyclizstion.
The slope &5 equal 1o o = 0,8007,

The resction order with respect to hydropen
pressure of n-heptane dehydrocyelization is caley-
lated as follows :

8 =(-0.5041) — (0,5007) = — 13048

By substitution the experimental rates (15) 1o
the following rate equation,
33 6BA/RT

Th=Ae

O.ROOT —1.3048
PeaHis Py
the frequency factor (A) can be calculated. and Jeads
A=0.86.107
The rate equation of n—heptane dehydrocyelization
becomes;
—33638/'RT 085007 |.3048

,=0.86.107 ¢ Hig  PH,

Based on the experimentul data of the rate

equation of n—heptane dehydrocyelization to toluene
shows that the rate will be faverable on the following
opesating conditiong

High temperalure
Low potal prassure
« - LOw Hz,lll IC mtio.

As the rate of n—heptane hydrocracking in-
creasa &t high operating temperature (2) and the rate
of coke deposit on the catalvst surface will increase at
low total pressure and low hydrogen 1o hydrocarbons
ratio (3}, so those three operating conditions have an
optimil value,

An other equation of the rate of n—heptane
dehydrooyclization can be written as follows

Without benzene addition,

koo g BH; PosHgg By
{1+ Kooh g Poony g * Ky Prty)?
With benzene sddition

YeoH e K, Poony Pu,
““qu 670t s, R o)
K )
CgHs Fegng

'* K, P, Y Reom Poon

Il n—hepiane is sufficiently strongly adsarhed
comparred (0 hydrogen, s that (K¢ i Pﬂ?lllﬁj it

rp=ks

much greater than (] + KH-, I‘uz} and the l.'r||"|‘3}{':i




equution can be weltien as follows;

P
e C
[:21 6Hg B sHg 1
KeoHyg  PopHyg

Figure 5 show u plot of (rj/r)" against
EcﬁHﬁ."Pc?Hm}wlth operating tempaerature : 450°;

4709 and 490YC, for n—heptane dehydrocyclization.
The slope is equal to fﬁcﬁ}[ﬁmc?ﬂm} and
leads mﬂﬁﬂﬁmﬂ?ﬂlﬁ} for operating temperature

450°%; 470% and 490°C are 1.6490; 13503 and
1.1764 respectively.

Figu:r4ahm191ntuf]q{lfc6[{ﬁfﬂc1ﬂm}

against (1/TL The slope Is equal to - (AH/2303 R)
and lead AL = 9,268 Kcal/mole. And the calculated
frequency factor (A,) s obtained A, =0.26.10 .

Based on the experimental data show thai the
congtant adsorption rate of benzene is higher com-
parred fo0 n—heptang, and the difference head of ad-
sorption of those two hydrocarhons is A H = 9268
kcal/maole.

As’ the adsorption of n-hepians feedstock
and henzene is competitive (1) and the constant ad-
sorption rate of benzene & higher than the constant
adsorption rute of n-heptane, the raie of n-heptane
dahydrocyclization will decrease by presence of ben-
zene or other aromatic hydrocarbons (4L

By development the structure of active metal
site of M-metallic reforming catalyat, the negative
effect of benzene and other aromatic hydrocarbons
on the rite of n—hepiane dehydrocyelization can be
reduced.,

COMNCLUSION

Base on the cxperimental dats show :

The rate of n—heptane dehyvdrocyelization is,
—33688/RT 08007 -13048

1, =086.107 ¢ P, P
. c;
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The ratio of the adiorption constant rate bet-
ween benzens and n—heptane at operating tempera-
ture = 450", 470" are 1,6490; 1.3503 and 1.1764 res-
pectively, which can be written as following equation

K¢
COENG ot OIGHRT
His

It suggest that the mte of n—heptane dehydre
cvclization to toluene has an optimal operating condi

tion ; i.e. temperature, pressure and yvdrogen to hy-
drocarbon ratlo for a ghven catalyil.

Benzene and other aromatic hydrocarbons can
reduce the rate of n—heptane dehydrocyclization.

NOTATION

A and Ay = are the frequency factors;
Cgtly and CoHy . = are benzene and normal heptane
respectively,

E = is activation energy-keal/mole

H,, HC and H,/HC = are hydrogen, hydrocar-
bons and the mole ratio between Hy and hydrocar-
bons respectively.

kq. ko, kg, kg and ke = are the rate constants.
Ky, d = are the constant
Hy RogHg 304 Koghy g =3
ahgorption pate of hydrogen, benzene and mormal
heptane respectively.
P P'“:. Pcﬁuﬁ and ?ﬂ?llm = aré the total

pressure and préssure of hydrogen, benzeng and nor-
mal heptane respectively kg/em?.

foe [ @0d r9 = are the reaction rates or the
rate.

R =isa gaseous consiant

T = is absolute temperature — K

(o<+ @), e and P =are total order and
order with respect to hydrocarbon and hydrogen of
reaction respectively,

Alic gy . Al yy and All=are the ab-

sarption heat of benzene, normal heptane and their
difference.
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Influence of temperature on the rate of n-heptane de-
hydrocyclization I_'r_ll:l“ gr-molefour gr-oatalyst) w
P = 20 kg/em® and Ha/HC = 4 mole/male.

Table |
™c 45" 470° 470" a90°c
r 5746 10862 11006 19639

]

Influence of pressure on the rate of n—heptane dehy-

drocyclization Ir,lﬂ"’ gr-mole/hour gr-catalyst) at
T=450"C and H,/HC = 4 muole/mole.

Table 2
p kgfom? 10 20 20 0
£ [2584 1086 11006 6958

Influence of H4/HC on the rate of n—heptana dehy.
drocyclization {rﬂ.ll:l'q' gramole/hour gr-catalyst) st

T =450°C and P = 20 kafem?,
Table 3
H,/HC 4 4 5 12
maote/mole
ry 10862 11006 972 485
18

Influence of benzene pressure with operating  various
temperatures un the rate of . heptane dehydrocyeli-
u@n l'rn-lllﬁ' gr-mole/hour greatalyst)ai P= 20 kg/
em=and H,/HC = 4 mole/male.

Table 4
Benzen P =
¢ o partinl pressure, CeHy ky":ml
1.58 233 306 3.50
450" 1= O L1568 360
470" 22875 8029 241.1 932
4007 355731 24937 7428 2037
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Figure 1
CATATEST UNIT

Working pressure : 150 bars-Working temperature : 550%C
Liquid flow : 750 cc/h—Contact tube capacity : 220 em

o D50 .

T1

|
;@)
|

|

L O s

E — Condenser R — Contact tube

FI Caas meter Ti — Batch

HC — Manual valve T2 Bample

P — Adjusiable low pump TIC — Temperafure regulator
PCY — Pressure repalator R Temperature recordar
F1 — Pressure gauge v — Separator

PV — Pressure safety valve
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