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ABSTRACT

The catalyst Pt-Ta supported on f-alumina was prepared hy 1mpregnation with solulign contaning eompounds
of HPCl; and Ta:0; . The Pt concentrayon was kept constant at 0.2 wt% while the concentration of the
tantalum was 0.4 wi%. The activity and selectivity of catalyst were determined under eonditions at 450-300 *C
and 13-30 atm., with moler ratin HyC;He=5 and YVH=1.5mL/ far converted n-heptane. The results showed
thst in the presence the catalyst is stable and has much higher selectivity for aromatizatinn reactinn. It was
shown that Ta medifies the acidity of support, resulting to higher select vity for aromatization. and modifies the

properties of the Pl catalysi,
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INTRODUCTION

The reforming of naphta is a process in which the naphta
octane number increases by increasing the concentration
nf branched paraffin isnmers and mamly of aromatics [1].
The overall process invelves several reactions which are
promoted by a bi-functitnal camlyst [2]. Catalytic
reformiug reactions proceed by hi-funclional catalyst such
as platinum for hydrogenation, dehydrogenation and the
active sites on the surface of the support fe.p. activate
alumina) such as the acid and basc sites for the
1somerization, cracking and eyelivation reactions [3]. The
PYALO; as a bi-functianal reforming catalyst has been
used since 1955 m oil industries [4]. Later Pt was
promoted with other metals rallad bi- or multi-metalic
cataiysts which are Pt-Re [5-11], Pt-Sa [12-18], Pt-Pb
[13], Pt-Ge [19], Pt-Ir [20], Pt-Nd [21-22], Pt-WO, [23]
and Pt-Nb [24]. The mnst intercsting feature of bi-
metallic caalysts, which distingshes them from the
mono-metallic PUy-ALOs systems, 15 the mprovement in
reforming staliluy. One of the theorics put furward is to
explain the mmprovement in stability of the alloy model
which attributes the allny to a modification of catalyst
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praperties of platinum when platinum is mixed
with a second metal [7]. The role of the sccond
metal has been the focus of much atteniion.
Jassens and Petersen [9] suggest that Re iateracts
with Pt 1o reduce the activity of metal funciion.
Bertolaccim and Peflet [25] fmund that Re
promotcs the hydrogenolysis of coke precursor
thereby reducing coke formation. Baccaud ct al
[26] has shown that So may preserve activity by
poisoning the more acidic sites in the alumuna
support. However, Pt-3n intcractions resulting in
the formation of cnoke oo the metal surfice of
small ensemblcs that do nnt favor coking have
alse been suggested to reduce deactivalion [12,
15,27 28].

Pt-Tafr-Al:O; has nat been the subject of
sufficient rescarches. The present  research
reports the stady of the performance ic. the
activity and selectivity of the catalyst for the
catalytic reformuag of n-heptane,
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EXPERIMENTAL METHOD
Catalyst preparation

The catal yat studicd was 0.2 wt%%. Pt and 0.4 wi%.
Tz on y-alununa. The chinring content of catalyst
was adjusted to 1 wit% by addition af HC1 (0.1 M).
This was prepared by depositing the active
maicrials in appropriate content rates on to ¥-
alumina (surface area 270 m*/g and pore volume
of 0.65 cm¥g) by impregnation method
Impregpatinn  solution centained chinroplatinic
acid, tantalum pentoxide, In oprder to insure
uniform dispersion of metallic components on
support {y-alumina), the impregpation mixhire
was maintained in contact with the support for a
period af abaut 7 hours at a temperature of about
6(-°C. Then the catalyst sample was dried for 24
hiwrs at 120 °C fnilowed by calcinations in air at
400 °C for 7 hnurs. The calcined catalyst was
purged with N; and finally reduced with flowing
H; at 500 °C for 7 hours.

Catalyst testing

12 grams of the catalyst was Inaded into a 220 cc
reactor {Geomecanique, catatest unit, and mode!
BL-2). The amount was reduced hy heatiag it ina
hydrogen streamn at a constant finw rate fram 25°C
up tn 500 °C for 7 hours. The catalyst was sulfide
in a gas flow consisting of 600 ppm H:5 in H; at
500 °C and { atm. for 15 minutes. This was
fullowed by cooling it far 7 hours by H, at room
temperature. The aext step was to heat the catalyst
at canstant rate from room temperature to 300 °C
by flowing hydrogen. The temperature was kept
constant for 2 hours hefore feeding the n-heptanc.
Total hydrocarbon conversion afler 2 hours was
taken as a measure of catalyst activity, iolal
conversion, ligind yicld and selectivity. These
toms were calculated from gas chromatngraphy
(Varizn 3 600 star) using a 60 mm capillary, 250 o
diamcier L.phase DB-1, detector, FID, and
integrator variant 4 400 carrier gas He.

RESULTS AND DISCUSSION

I. Effect of reaction temperature nn activity
and selectivity

LI Activity

Activity penerally means how well a catalyst does
its joh with respect to reaction rate, temperatune
and space Vvelacity. When this fact is taken intn
account, a specific reaction activity may he related
to rcaction rate. The higher the reaction rate, the
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higher the activity of the catalyst. For cxample,
gates identifies the activity of acompper-nickel
allny caialyst for the dchydrogenation of
cyclohexane by pinttlng reaction fate vs. the
percent of copper ainms in the catalyst. Ref'merj,r
engineers almost always refer i the achwt},r in a
relative sense i.e. one catalyst may be more ar less
active than annther catalyst. In addition, a caialyst
may be less active after six months and less
operative than when it was fresh. For motor fucls,
reforming activity is generally represented hy the
tcmperature required to produce 4 piven oclane
number reformat. The ower the remperature, the
more active the catalyst,

One of the activity factors retated o the
caialyst is its percent of the change in
n-hepiang; the activity may he retated to the
reaction rate. For engines, full activity s usually
defined based on temperaturz degree that ix
needed. If lower temperature degree is a requisite,
the catalyst is more active. Therefore, we can say
that the circumstance of reactinn progress until it
reaches the halance which expresses the catalyst
activity. Here the catalyst activity is calculated as
follows: W
Catalyst activity=1{{) - unconsumed pormal heptane (1)

Measurements of ecatalytic ' activity and
determinatinn  of selectivity parameters have
been performed at vanous temperatures (400-500
°C). The conversion of n-heptane as a functinn nf
temperature at different pressures 15 showo in
fig.1.
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Fig. 1. Eifeet of temperature on conversion % al
different pressure. I
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2.1. Selectivity

In eatalytic reforming, seleetivity of catalyst
means the pereent of the desired produet yielded
from the feedstock, [o motor fuel reforming, a
high yield of reformat at the desired octane
nutnber is a good selectivity. In BTX reformizg 2
high yield of total aromaties or of a desired
specific aromatie is also a good scleetivity,
Selectivity of a catalyst means producing
desirable produets that arc often middie
compouods. They are, in turn, used to yield some
produets that bave less energy, because in the
pracess of catalytic reforming different reactions
ocenrs. Some of them are desirable and some are
undesirable.  Seleetivity of eatalyst means
conducting a reaetiop toward the considered
reaction. Selectivity ean be defined as the
proportion of the desired product shown as Wi 1o
the tolal rate of the transformation of the primary
substance shown as W:

W
St 2
- {2)
Sothat: W=X,r,~%,ry & W=S,; (3)

Here r, stands for the reaction rates existing

in the formation of the primary desired product

and r; stands for the transformation of the

primary substancc. In this piece of research
selectivity is calculated hy the following
equation:
Selectivity pereent Requisite product 100 {4}
Changng percent

The selectivity percent of aromatizatin,
naphthenic, and istmerization have been shown
in figores 2, 3, and 4.

Fig. 2. Effect of temperaiure on selectivity percent of
arcitatisation, al different pressures.
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Fig. 3. Effect of lernperature on selectivity percent of
naphthenic, ai different pressures.

Fig. 4. Effect of temperature on selectivity percent of
isomertcation, at different pressures.

CONCLUSION

The additinn of a second meta] {tantzlum) to Pt
in reforming eatalyst was known to reduce
eoking and increase total eonversinn {activity)
and selectivity. The results of the study showed
that the reforming reactions require at least two
different tunctions. The first is 2 metal used to
convert the naphtenes to  aromaties by
debydrogenation process and paraffin (o olefins
hy  dchydrogenation  and  bydrogenolysis
processes. | is penerally acknowledeed that the
metal componcnt  also  contibuies to
dehydrocvelization  and  isomerization, The
second funetinn is an aetd used to catalyze
isomenzation. cychzation and hydrocracking.
‘These two functions and cnvironmentzl variables
contribute to the reforming reactions. They may
also have spme other effects that have not tieen
known yet The consequence is that catalyst-
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metal function and the acid function are
necessary and both contribute i the above
mentioned processes sometimes individually and
sometimes collectively. This catalyst is mghly
active at higher tcmperatures and relatively
comstant at different pressures. The catalyst is
highly selective for n-heptane aromabzation at
500 °C and 15 atm. Maximum isomerization is
43 at 450°C and 15 atm. Selectivity fir
isornerizatiin and aromatizatinn of n-heptane are
controlled by the acidic function of catalyst,
therefnre the acid Amction nf this catalyst
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depends on the sccind metal Ta added o Pr.
Cyclization and aromatizatinn produced by a hi-
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acidic funetinn. | ||
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