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Abstract

The dispersion of supported Pt and Pt—Ir reforming catalysts have been studied, after treatment with oxidative and
reducing atmosphere. Methylcyclohexane dehydrogenation reaction in the absence of hydrogen was used as a test
reaction. An attempt was made to relate the behavior of the catalysts upon subject to reaction, to the dispersion of the
same type of catalysts upon treatment with similar atmosphere and temperatures which appeared in literature. The total
conversion of reaction can be explained by a change in metal dispersion. Thus, methylcyclohexane dehydrogenation
reaction appears to be a really “structure sensitive” reaction.

The toluene yield increases as the oxidation temperature increases over the studied catalyst RG-402, RG-412, RG-
422 and RG-432 respectively and reached a maximum value at 550°C. Above 550 the conversion decreases due to the
effect of catalyst sintering.

No significant change were observed for reduction temperature range 400-600°C for the above studied catalysts.

The selectivity order for the studied catalysts and for reduction treatment experiments arranged as follows:

RG-422> RG-432> RG-412> RG-402
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1. Introduction

Naphtha reforming is usually called
“platforming” due to the use of catalysts based on
platinum supported on alumina. Pt/Al,O; catalysts
have been widely used as catalysts.

During the naphtha reforming a complex
reaction network takes place which includes both
desired and undesired reactions. The desired
transformations  are  dehydrogenation  of
naphthenes, isomerization and dehydrocyclization
of paraffins. Undesired reactions are the
hydrogenolysis and the cracking of paraffins that
produce light gases of negligible value and
decrease the overall liquid C** yield. Coking is
another secondary reaction which rate needs to be
decreased to prevent the premature deactivation of
the catalyst by the accumulation of carbon
deposits on the active sites.

In bifunctional reforming catalysts used for
catalytic reforming of naphtha to produce higher
octane number gasoline or aromatics, a careful
balance has to be maintained between the

hydrogenation—dehydrogenation function of the
metal part (Pt, and or Ir, Re, In, etc.) and the
acidic function (eg. Al,O; and chlorine). Many
papers had been published concerning Pt-
Re/ALO; 4 and Pt-Sn/ALO; B! catalysts.
Addition of the Iridum component is known to
lead to an improvement in the octane number
(more branched alkanes, cycloalkanes, and
aromatics) and lowers the rate of coke deposition,
resulting in an increased stability!™. The behavior
of an Ir-Pt reforming catalysts was found to be Pt-
catalyst like under n-heptane reforming
experiments. Relatively, little has been appeared
in literature concerning Pt-Ir loaded catalysts. In
reforming processes, addition of tin to
monometallic Pt/Al,O3 catalysts provides better
stability, mitigates the sintering effect, improves
selectivity by inhibition of hydrogenolytic effect
of platinum, and decrease isomerisation and coke
deposition, while aromatization is increased *%.
Two different effects caused by addition of a
second metal are suggested in the literature: one
geometrical, in which a physical dilution of
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platinum by a second metal takes place, and one
electronic, where the formation of alloys causes a
change in bond strength between the chemisorbed
hydrocarbon and the active metal %!,

Acquiring high metal dispersion of active
phases on the surface of reaction is the key point
in preparing a high active catalyst. Researchers,
found that the surface area and porosity alone
ﬁglnnot explain the metal dispersion on the catalyst

Methylcyclohexane (MCH) dehydrogenation
has long been used as a model reaction to probe
catalytic performance of catalysts '®1. As one of
the most effective catalysts for this reaction,
Pt/AlL,O; has been extensively studied ™. This
reaction has gained a renaissance because it is
considered an efficient method to store and supply
H, through a reversible hydrogenation-
dehydrogenation cycle 12,

In the previous work, the study of
methylcyclohexane dehydrogenation reforming
reactions showed that the former can be used to
estimate platinum dispersion in the catalysts,
whereas the distribution of products in the latter
gives indications on the degree of deactivation of
a catalyst and how it will perform in the industrial
process [ 19221

In the present study, four types of reforming
catalysts with different Pt dispersion were used.
Dehydrogenation of methylcyclohexane in the
absence of hydrogen at 450°C was chosen as a
model reaction for the comparison of the state of

Table 1,
Catalysts Specifications

metal function upon oxidation and reduction at
different temperatures.

2. Experimental Work
2.1. Methods and Materials
(i) Catalysts

Four types of catalysts were supplied from IFP
(Institut Francais du Pétrole) had been used in this
work, with platinum varying around the industrial
metallic loading (0.35-0.6wt.%). The properties of
these cylindrical extrudates catalysts are shown in
Table 1.

The spectroscopy grade methylcyclohexane
(Fluka) used in this investigation was more than
99% in purity and was passed over a bed of
molecular sieve (BDH, type 5A) to remove
impurities, notably, water and sulfur containing
species.

High grade quality hydrogen and Nitrogen and
oxygen gases with a purity of 99.99% were used
in this work. The nitrogen was further purified by
passing over a Cu bed at 400°C, to remove traces
of H2 and O2. Then passed over molecular sieve
to remove traces of water. Traces of O2 and H20
in H2 gas were removed by a Matheson deoxe
unit and a silica gel column respectively. Traces
of water in the process gases were removed by a
Matheson model 450 drier.

Catalyst Pt %ontent (Plrr())moter M_etal _ Slérface Area Chloorine Content
wt.% PPM Dispersion  m“/g wt.%

RG-402 0.6 None 64 158 1.02

RG-412 0.35 None 65 162 1.00

RG-422 0.6 500 74 182 1.11

RG-432 0.35 500 80 196 1.09

(ii) Catalyst Activity Test

The catalyst activity test experiments were
performed in a laboratory fixed bed type reactor
with a continuous flow system at atmospheric
pressure. The flow diagram of the laboratory
reaction unit is shown in Fig. 1.

The flows of gases were measured by
calibrated rotameter and controlled by a needle
valve. The flows of gases used were: oxygen-free
nitrogen (90 ml/min), nitrogen (114 mil/min) and

hydrogen (88 ml/min). Nitrogen was used for
heating the reactor bed from room temperature to
reaction temperature. Then the treatment gases
were introduced to the reactor according to the
conditions of experiments.

Methylcyclohexane was fed by the calibrated
syringe pump at a rate of 6ml/h into the preheater
section then to the evaporator section of the
reaction zone. Methylcyclohexane vapor was then
fed to the reactor containing the catalyst bed by
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incoming hydrogen as well as the diluent nitrogen
gas.

The reactor was a vertical mounted pyrex tube
of 2 cm inside diameter and 35 cm long
surrounded by a well insulated jacket heater. The
temperature was measured by using Ni/Cr
thermocouple and controlled by a temperature
controller. Reaction period of 30 min were
employed in all experiments to ensure the
attainment of steady state conditions. A fresh
catalyst was used in each experiment. 1.5 g of
each catalyst was charged between two layers of
inert materials (quartz chips-to serve as a
preheating section). The average size of the
extruded shape catalyst granules was 1.5 mm in
diameter by 4 mm in length.

Rotameter

Deoxo Unit Drier

Cu Bed

v

Drier

o

The effluent gases from the reactor were
passed through the condenser, which was
maintained at about 0°C by ice cubes.

The collected liquid products were analyzed by
gas-liquid ~ chromatography  (INTERSMAT
INSTRUMENTS) equipped with stainless steel
column of 3.2mm diameter and 2 m long filled
with 10% SE-30 on Chromosorb W and using a
flame-ionization detector.

Methylcyclohexane dehydrogenation reaction
yields toluene, benzene, methylcyclohexenes,
metylhexadiens and cracked product in the
collected liquid phase. It was found that the major
products from the dehydrogenation of MCH were
hydrogen and Toluene.

] ]
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Fig. 1. Catalyst Test Apparatus.

3. Results and Discussion

The conversion of MCH to toluene was used
as an indication of the extent of dehydrogenation
reaction. This reaction was known to be a highly
endothermic reaction . Inspection of effluent
gases from condenser was carried out periodically
and only traces amount of benzene were detected.

The effect of different oxidizing and or
reducing atmosphere on MCH dehydrogenation

reaction for catalysts listed in Table 1 was
investigated in this study to see whether this
reaction represent the metal dispersion state of the
catalysts investigated.

3.1. The Effect of Oxidizing Atmosphere

The effect of oxidation treatment on the
conversion of MCH to toluene at 450°C was
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studied over the temperature range 400-600°C and
over the four catalysts are shown in Fig.2.

As shown in Fig.2, the catalytic activity
increases and toluene yield increases as the
temperature increases and reach a maximum value
at 550°C. Then toluene yield dropped severely at
600°C for both Pt and Pt-Ir catalysts. This
behavior was observed for supported Pt catalysts,
where at temperatures >600°C the catalysts can
be sintered in a short time up to a value never
obtained in hydrogen atmosphere 1,

Various investigators have reported increases
in platinum dispersion upon treatment of Pt/Al,O3
in oxygen containing atmosphere at temperatures
400-580°C, whereas at higher temperatures
sintering occurs. Most of these studies indicates a
maximum dispersion at temperatures 500-580°C
(17221 except the work of Hassan et al. ¥ who
observed a decrease in metal dispersion on
increasing oxidation temperature.

Increases in Pt dispersion predicted by most of
the investigators was achieved wherever the

catalysts containing chlorine or not. Lietz et al. 1/
had related the increase in metal dispersion to the
state of platinum in the catalyst (soluble or
cr%/stalline form) as suggested by McHenry et al.
%% for chlorine containing catalysts.

The observed relation Dbetween metal
dispersion and catalytic activity had also been
proved by Aben et al. P9 for benzene
dehydrogenation, Dautzenberg and Platteeuw ]
for n-Hexane dehydrocyclization and
isomerization, and Lee and Kim @ for
cyclohexane hydrogenation. It is clearly appeared
from above discussion that the Pt-—Ir catalysts
behave like Pt catalysts as found by Ramaswamy
et al. ™ on working with catalysts of low Ir
content (Pt/Ir=10:1). The Pt—Ir catalysts used in
this investigation are within this ratio (Pt/Ir=14:1
to 8:1). Granam and Wank ™! had approached to
a quite different behavior on working with higher
Ir content catalysts (Pt/Ir=1:1) after relating metal
dispersion to oxidation temperature.
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Fig.2, Effect of 1h Oxidation Treatment on MCH Dehydrogenation Reaction at 450°C.

3.2. The Effect of Reducing Atmosphere

As shown in Fig.3, the supported Pt and Pt-Ir
catalysts are reduced with pure hydrogen at
different temperatures followed by MCH
dehydrogenation reaction at 450°C. A constant
MCH conversion was observed for both supported
0.6%Pt RG-402 and 0.6%Pt/Ir RG-432 catalysts
at different reduction temperatures and as shown

in Fig.3. This indicates that, reduction at
temperatures 400-600°C have somewhat no effect
on metal dispersion as indicated by Smith et al.
and Dautzenberg and Wolters 1,

Reduction of reforming catalysts at different
temperatures  characterized by  hydrogen—
chemisorption as an indication of metal dispersion
had been the subject of many published works.
Graham and Wank ™ observed a monotonic
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decrease in dispersion upon increasing of
reduction temperature for 1% Pt and 1%Pt-1%Ir
catalysts. While, Dautzenberg and Wolters ™
found that crystalline growth does not occur to
any extent on reduction at different temperatures
for supported 0.4-2%Pt catalysts. Smith et al. !
also claimed that, increasing of temperature of

reduction (from 500 to 600°C) did not seems to
influence the amount of sintering on working with
light metal loading, and that particle rounding
appeared to be the major change.

Increasing of Pt content from 0.35-0.6 wt.%
was appeared to have a slight effect on catalytic
activity as shown in Fig. 3.
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Fig.3, Effect of 1h Reduction Treatment on MCH Dehydrogenation Reaction.

3.3. Selectivity and Product Distribution

In this study, only the product distribution over
the studied reduction temperature was presented
here. Product distribution shows that the main
reaction is  dehydrogenation.  Concerning
dehydrogenation, the selectivity order for the four
commercial catalysts is, RG-422> RG-432> RG-
412> RG-402 and as shown in Figs.4 to 8. In this
case the evaluation of selectivity with temperature
is more interesting; as it was observed that the
reaction rate is not controlled by the Pt dispersion
[17, 20, 22]

Liquid product selectivity is shown in Figs. 4
to 8, where both catalysts give somewhat similar

product distribution. A different behavior was
observed for supported 0.35%Pt RG-422 and
0.35%Pt—Ir RG-412 catalysts as shown in Fig.6.
Minimum MCH conversions were observed at a
reduction temperature of 500°C. Hassan et al. !
had obtained a somewhat similar trend for metal
dispersion (indicated by H,- chemisorption) upon
reduction at different temperatures (300-800°C)
for 0.2-2%Pt catalysts. The authors had no data
observation at a reduction temperature of 500°C,
and a minimum dispersion was obtained at 400°C.
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Fig.4, Selectivity of Products after 1h Reduction at 400°C Temperature and of MCH Dehydrogenation Reaction
at 450°C.
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Fig.5, Selectivity of Products after 1h Reduction at 450°C Temperature and of MCH Dehydrogenation Reaction
at 450°C.
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Fig.6, Selectivity of Products after 1h Reduction at 500°C Temperature and of MCH Dehydrogenation Reaction
at 450°C.
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Fig.7, Selectivity of Products after 1h Reduction at 550°C Temperature and of MCH Dehydrogenation
Reaction at 450°C.
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Fig.8, Selectivity of Products after 1h Reduction at 600°C Temperature and of MCH Dehydrogenation Reaction

at 450°C.

4. Conclusions

e Methylcyclohexane conversion increases as
the oxidation temperature increases and
reached 71.7, 76.2 79.5 and 82.9 wt.% for
RG-402, RG-412, RG-422 and RG-432
catalysts respectively at 550°C. Above 550
%C the conversion decreases due to the effect
of catalyst sintering.

e Increasing Pt content from 0.35 to 0.6 wt.%
was appeared to have a little effect on
catalytic activity for both Pt and Pt/Ir
catalysts.

e No significant change where observed for
reduction temperature range 400-600°C for
the above studied catalysts.

e The product distribution of the reduction
treatment experiment shows that the main
reaction is dehydrogenation. The selectivity
order for the studied catalysts is as follows:

RG-422> RG-432> RG-412> RG-402

From these experimental observations, it
appears that, such reforming catalysts as subjected
to MCH reaction are structure sensitive and this
reaction can characterize metal dispersion.
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