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Abstract

Bimetallic Pt-Re supported nanocatalysts for naphtha reforming were prepared by impregnation
and microemulsion techniques with water/surfactant (W/S) ratios of 0.3, 0.5, 0.66, 0.72, and 1
on gamma alumina. The catalysts were characterized by ICP-AES, BET, NH3-TPD, CO chemisorption,
TPR), and TEM. The nanocatalysts were assessed in terms of their activity and products' yield in
a fixed bed micro reactor for n-heptane reforming as model compound. The catalysts produced
with microemulsion technique have smaller particles with very narrow particle size distributions
and the reducibility of nanoparticles increased. The nano-particles synthesized by the proposed
microemulsion technique increased catalyst activity (g HC/g cat. hr) and the yields of benzene and
toluene, from 26.94, 4.36% and 16.92% to 50.04, 5.60% and 21.75%, respectively. The yield
methane decreased from 2.65 to 0.99%. During 360 hrs continues reaction, the catalyst prepared
with microemulsion (water to surfactant ratio of 0.3) showed 5% deactivation whereas the catalyst
prepared with impregnation showed 30% deactivation.

Keywords: n-Heptane Reforming; Pt, Re, Microemulsion; Deactivation; Activity; Yield.

1. Introduction

Catalytic reforming is one of the processes aiming to increase the octane number of virgin
naphtha. Catalytic reforming is the main route of hydrogen production in refineries and is an
important route for aromatic intermediates production (benzene, toluene and xylenes). Side
reactions (hydrogenolysis and hydrocracking) produce light gases such as propane and
butane. There has been a continuous effort in catalyst development for the production of
aromatics from the naphtha 1,

Alumina support has important industrial applications in the petroleum industry in reforming
and hydrotreating processes [21. The naphtha reforming reactions occur through bifunctional
catalysis. Reactions, such as paraffin cracking and isomerization, are catalyzed by materials
with acidic properties. The metal dehydrogenates the saturated hydrocarbons (alkylcyclopentanes
or paraffins), producing more reactive olefin compounds. Therefore, the reaction to produce
aromatic compounds is bifunctional since it uses both the metal and the acid sites [31, In the
catalytic reforming processes, platinum is the active component which disperses on the
surface of y-aluminum as support. The catalyst acidity promotes by addition of chlorine [4-61,
In the late 1960s, the monometallic catalysts were replaced by bimetallic Pt—Re/ Al,O;—ClI
catalysts [71, which were promising catalysts for low pressure operation. Bimetallic catalysts
improved the length of the operation cycles due to their higher coking deactivation resistance,
higher selectivity to aromatic compounds, and lower gas formation [8l, Acidic alumina in
combination with one or two noble metals dispersed on it, can catalyze all the important
reactions of reforming. Till now Pt-Re/Al203 is well known among the bimetallic catalysts [7-81,

The wet impregnation method has traditionally been used to prepare bimetallic reforming
catalysts. However, their final catalytic properties are strongly dependent on the preparation
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method employed; therefore, important changes have been observed in the catalytic behavior
for the impregnated catalysts, e.g., the order of the metals addition in the case of bimetallic
catalysts [8l, It seems necessary to do studies to improve the catalysts performance through
employing different methods of synthesis. In this sense, the sol-gel method and the micro-
emulsion technique have been reported as an alternative to produce better catalysts [8-101,

It is well documented that the metal particle size of the catalyst is a parameter of impor-
tance for some reactions. Microemulsion, a novel technique for catalyst preparation, enables
the control of metal particle size with a narrow particle size distribution, regardless of metal
content. Briefly, a microemulsion consists of nanosized water droplets surrounded by an oil
phase, stabilized by a surfactant. The size of the metal particles formed in water-in-oil (W/0)
microemulsion is controlled by changing the micelle size (the water-to-surfactant (W/S) ratio) [°].

Balakrishnan et al. [11-12]1 pointed out that reforming catalyst with higher surface area and
metal dispersion using the sol-gel method, which were more resistant to coke deactivation
than those conventionally synthesized. They suggested that the large surface area and big
pore sizes obtained by the one-step sol-gel method can be responsible for the resistance to
deactivation when the catalysts are tested in the n-hexane conversion due to prevention of
pore blocking. [131,

In this study naphtha reforming catalysts were prepared by microemulsion technique with
W/S ratios of 0.3, 0.5, 0.66, 0.72 and 1 on gamma alumina and their activity, selectivity and
stabilities compared with the catalysts prepared through traditionally impregnation method [9-101,
Fundamental studies in the structural and surface characteristics of impregnated and micro-
emulsion catalysts will certainly contribute to the better understanding of their different catalytic
properties. The catalysts were characterized by Brunauer-Emmett-Teller method (BET),
temperature program reduction (TPR), ammonia temperature-programmed desorption (NH3-TPD),
CO chemisorptions, transmission electron microscopy (TEM) and at the end were applied to
n-heptane reforming reaction for naphtha reforming in the fixed bed microreactor at 500°C
and 1 bar during 360 hr test.

2. Experimental
2.1. Catalysts preparation

The support used was a commercial high-purity y-alumina (Cyanamid Ketjen CK300). Main
impurities were Na (5 ppm), Fe (150 ppm) and S (50 ppm). The extruded alumina pellets were
sieved, and the 35-80 mesh fractions was separated and dried at 70°C for 8 hr then 120°C
overnight, and calcined at 300°C for 3 hr under flow of air (60 cm?3/ min.gr). The specific surface
area of this support was 212 m2g~!, the pore volume 0.52 cm? and the average pore radius
10 nm.

The Pt-Re/Al203 catalysts were synthesized in a reverse microemulsion using a nonionic
surfactant Triton X-100 (Aldrich), 1-butanol as the co-surfactant, n-hexane as the continuous oil
phase and an aqueous solution as the dispersed phase. The concentration of Pt and Re were
adjusted using aqueous solutions of H2PtCle and HReO4 (Merck), in order to have a 0.3 wt%
of Pt and 0.3 wt% Re on the final catalysts. The W/S molar ratio was varied from 1.0 to 0.3.
After vigorous stirring, a microemulsion was obtained (15 min). NaBH4 was added in excess
to improve metal nanoparticle formation in the core of the micelles by reducing the metal
oxides [9-10]1, The reduction of metals takes place according to the following equation is accom-
panied by a solution color change from yellow to black [14-151,

H2PtCle + NaBH4 +3H>0 — Pt + H3BO3 + 5HCI + NaCl + 2H:

Then, the appropriate weight of Al203-Cl was added under stirring. During the stirring,
tetrahydrofurane (THF), an emulsion destabilizing agent, was added drop wise (0.33 ml/min).
The mixture was left to stirring overnight and then sample was filtered and washed several
times with water and ethanol. Next, the catalyst was dried at 120°C and calcined at 370°C for
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3 hr and slowly exposed to an oxygen atmosphere during the cooling step. The catalysts
prepared by means of this protocol were denoted as MEC2-MECs.

The Pt-Re/Al203 control catalyst was prepared by wet impregnation of H2PtCle and HReO4
aqueous solutions. The amount and concentration of the solutions were adjusted in order to
have a 0.3 wt% of platinum and0.3 wt% rhenium on the final catalyst. This catalyst was dried,
calcined according to above procedure. The catalyst prepared by this method, denoted as IMC;.

The compositions in all calcined catalysts were verified by ICP-AES. The catalysts nomen-
clature and properties are listed in Table 1.

Table 1. Chemical composition and chlorine content of the catalysts

catalyst Targeted composition, % wt. Measured composition, % wt.
Pt Re Cl Pt Re Cl

IMC; 0.3 0.3 0.8 0.290 0.290 0.78
IMC; 0.3 0.3 0.8 0.258 0.285 0.44
IMC3 0.3 0.3 0.8 0.240 0282 0.45
IMC4 0.3 0.3 0.8 0.255 0.272 0.58
IMCs 0.3 0.3 0.8 0.272 0.288 0.58
IMCs 0.3 0.3 0.8 0.267 0.272 0.43

2.2. Catalyst characterization

Morphology of all catalysts (IMCi and MEC2-MECe¢) were characterized by Volhard-
Charpentier method, BET, TPR, NH3- TPD, CO chemisorptions, and TEM, according to
procedure reported in references 8 and 15.

2.3. Catalyst activity test

One gram of each catalyst (diluted with 4 g quartz) was charged in an inconel fixed bed
reactor of 2.54cm internal diameter, forming a bed of 54cm height. The catalyst was reduced
in situ with hydrogen (60 mil/min) for 4 h at 500°C and sulphided with 0.2 wt. % dimethyl
disulphide (DMDS) at same temperature for 90 min. The reforming of n-heptane was used as
a test reaction. In each test run, n-heptane (Merck, 99.9%) was supplied to the reactor and
the reaction was carried out for 6 hr at 500°C, 0.1 MPa , and molar ratio of H2/n-heptane
=7.5. The reaction products were analyzed in a HP 5890 SERIES II Gas Chromatograph
equipped with flame ionization and thermal conductivity detectors. Product yields were
obtained from the chromatographic data. The yield of product i is the percentage of n-heptane
converted into this product and is calculated as [*1:

%C,100X
S %C

where X is the total conversion; Cithe i compound concentration in the reaction products;
>%Ci the sum of Ciproducts of reaction (n-heptane is not included).

For each experiment, the sum of all the G yields was in agreement with the n-C7 conversion,
pointing out an adequate carbon balance. Moreover, the repetitiveness of the n-C7 reforming
reaction test was quite good with a variance lower than 4%.

C. Yield = (1)

3. Result and discussion
3.1. Characterization

The chlorine content and elemental compositions of the calcined catalysts, measured by
Volhard-Charpentier [16]1 and ICP method, are given in Table 1. The measured metal loadings
were found to be slightly lower compared to the targeted values. The discrepancies may be
due to poor homogeneity of microemulsion or particles sticking to the walls of the flasks and
some mistake due to weighting. As shown, the chlorine content in the catalyst prepared by
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microemulsion technique is lower than the targeted value. This can be due to the formation
of solution salt and disappearance by washing.

The size of the particles and morphology of the surface of the support were also observed
using TEM images. The TEM images of the catalysts made by impregnation and microemulsion
techniques are shown in figure 1.
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Figure 1.TEM images of IMC; and MEC,- MECs catalysts.

TEM images of these catalysts show some black spots correspond to the platinum-rhenium
particles. Figure 1 also depicts the size distribution of the metal particles, which is determined
using the population of the total metal particles of each catalyst based on data taken from
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different TEM images (six images were presented here). According to TEM images of catalysts,
microemulsion technique produced small particles which are uniformly dispersed on the
support. This figure shows that metal nanoparticle size distributions for the catalysts prepared
with microemulsion method (MEC2-MECe¢) are better than that of the catalyst prepared with
impregnation method (IMC1). TEM images demonstrate the uniformity of the crystallites in Cs
catalyst and the metal particles size within a narrow range can be observed through this
catalyst. According to Figure 1, the average particle sizes for IMC: and MEC2-MECe catalysts
are about 2.2, 2.05, 2, 1.96, 1.90 and 1.80 nm, respectively.

Table 2 shows the effect of the synthesis method on the particle size and dispersion of the
catalysts. Data of the metal loadings obtained by ICP are also given on this table. As shown
small differences between designed and the actual metal loadings can be seen.

Table 2.Metal loading, dispersion, and acidity properties of the catalysts

. . . o
particle size (nm) Dispersion? (%) H/Pt Total acidity
sample imb c
co ratio mmol NHs/gr
TEM CO chem. TEM
chem.
IMC, 2.00 2.20 63 54 2.40 0.34
MEC; 1.92 2.05 66 57 2.73 0.36
MEC3 1.83 2.00 69 58 2.99 0.38
MEC4 1.75 1.96 72 60 3.04 0.41
MECs 1.64 1.90 77 62 3.05 0.46
MECe 1.59 1.80 79 66 3.22 0.48

a Determined by CO pulse chemisorption assuming a 1:1 CO:Pt stoichiometry.
b Determined From the H2 consumption values of TPR profiles. c Determined by NH3-TPD

According to the data obtained from CO chemisorption tests, metal average particle sizes
are between 1.44 and 2.60 nm. These data confirms that using microemulsion technique for
preparation of Pt-Re bimetallic catalyst especially at low water to surfactant ratios, leads to
better dispersion of metal particles on the support. MECs catalyst prepared with microemulsion
method (W/S = 0.3) comprise 16% higher dispersion compared to IMC: catalyst prepared
with impregnation. These results can be compared with those obtained from TEM. As can be
seen in Table 2, TEM results show slightly larger particle sizes than those obtained by CO
chemisorptions. One possible explanation lies in the experimental errors of both techniques
and also to the possibility that CO chemisorption is a more sensitive technique than TEM;
therefore, the amount of CO adsorbed is large, giving higher dispersions and smaller particle
sizes.

Table 2 also shows the results of NH;- TPD tests. As shown on this table, acidity of the

catalysts prepared with microemulsion method are higher than that of the catalyst prepared
by impregnation method in spite of lower chlorine ion levels (Table 1). The acidity of the
support and the changes in the coordination spheres of aluminum have important roles in the
catalytic behavior. Also, it is possible to observe that existing different aluminum phases which
affect the acidity of catalyst supports are dependent to the synthesis method [2], It seems that
microemulsion procedure promotes the presence of these aluminum species which increase
the acidity.

Table 3 presents the surface morphological characterization results for the pure and Pt-Re
doped Al203 in both microemulsion and impregnation methods. Results of BET surface area
(Sser) in Table 3 show that in all cases the metal incorporation reduced the specific surface
area of the catalysts when compared to the bare support. Lower Sger and pore volume of the
catalysts indicates some pore blockage due to Pt-Re loading on the support. However, data
on this table show that the amount of pore blockage is lower in the case of the catalysts
prepared by microemulsion technique especially at low water to surfactant ratios. The decrease
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of Sger and the pore volume for the catalysts prepared by microemulsion are lower than IMC;
catalyst prepared with impregnation method. This is due to the uniform and small metal
particles size produced through microemulsion technique. Furthermore the Sger of MEC2-MECs
gradually increases from 198 to 209 m?/g because the average particle sizes of these catalysts
are linearly depending upon their respective W/S ratio (1-0.3). The MECe catalyst with lower
W/S ratio has smaller particle size and consequently less pore blockage, higher dispersion,
Seer and pore volume. This is in agreement with the results reported by Abbasi et al. [17],

Table 3. Textural properties of the catalysts

Sample Preparation W/_S SgeT pore volume Ayerage pore

procedure Ratio (m2/g) (ml/g) diameter (A)
IMC, Impregnation ------ 180.23 0.37 77.0
MEC; Microemulsion 1.00 198.15 0.40 79.2
MECs3 Microemulsion 0.72 199.17 0.42 82.8
MEC4 Microemulsion 0.66 202.61 0.43 85.3
MECs Microemulsion 0.50 204.73 0.42 89.4
MECe Microemulsion 0.30 209.43 0.47 91.9
Support = -mmmmee- e 212.40 0.52 99.8

The reducibility of the catalysts in H2 atmosphere was determined by TPR experiments. The
TPR spectra of the calcined catalysts are shown in figure 2. TPR peak temperatures and the
TPR area for all samples are presented in Table 4. In the TPR spectra of the catalysts, the low
temperature peaks appeared in (220-360°C) are typically assigned to reduction of platinum
oxides, weakly interacting with the support. The second peaks (300-470°C) are assigned to
reduction of small rhenium oxide species and platinum oxide in its neighborhood. This H2-TPR
diagram is fairly similar to analogous ones reported in the literature for similar systems [18-21],

According to figure 2, the reduction peaks of MEC2-MECs catalysts synthesized by micro-
emulsion technique shifted to higher temperature compared to the catalyst prepared with
impregnation method (IMC:); indicating lower reducibility for small particles. According to the
TEM pictures, the deposition of small and uniform metal nanoparticles of these catalysts
(especially for the MECe (1.5-2 nm)) led to a higher interaction with y-alumina, and made the
reduction steps of these small particles harder than bigger particles produced through
impregnation [22],
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Figure 2.TPR curves for calcined catalysts
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In TPR spectra, the peak area is assigned to hydrogen uptake of each catalyst. The results of
Table 4 show that for IMC: and MEC2-MECs catalysts, the hydrogen uptake for first and second
steps increases by decreasing the metal particle size. This suggests higher reduction degree
for small metal nanoparticles synthesized by microemulsion technique [23],

Table 4. Hydrogen consumption and TPR results of catalysts

First TPR Second TPR

TPR area TPR area
Calllsis %ﬁffj;fg Ig:fl(_EOR?O First peak second peak
IMC, 220 310 107.6 88.2
MEC; 279 434 198.8 147.8
MECs 295 439 218.2 150.0
MEC4 330 440 228.3 180.8
MECs 343 455 233.2 188.9
MECs 360 470 238.9 198.5

3.2. Reaction

Table 5 shows the results of catalysts activity and the different products' yield in n-heptane
reforming reaction. The activity (gHC/gcat.hr) of proposed catalyst synthesized by micro-
emulsion technique with minimum water to surfactant ratio (MECs) was 50.04 compared to
26.94 for traditionally impregnated catalyst (IMC1). The MECs catalyst is two times more
active, and it is due to small and uniform particles size and consequently the dispersion of
metal particles on the support produced through microemulsion technique [14:24],

Table 5. Catalysts' activity and yield of different products in n-Heptane reforming reaction

o Yield (%)
Catalyst Gy Methane/

(g HC/g cat. h)  Benzene Toluene C-C;  Methane propane H.
IMC; 26.94 4.36 16.92 20.70 2.65 0.39 4.66
MEC; 30.96 4.54 17.64 19.48 1.62 0.38 5.48
MECs 37.43 4.79 18.61 17.78 1.22 0.35 5.61
MEC4 40.54 5.10 19.82 16.32 1.18 0.28 5.87
MECs 48.37 5.48 21.27 14.61 1.01 0.27 6.39
MECs 50.04 5.60 21.75 10.96 0.99 0.20 6.92

Furthermore in case of MEC2-MECs catalysts prepared by microemulsion technique, the
activity of catalysts increased from 30.6 to 50.04 respectively, because the average particle
sizes of these catalysts decreased linearly depending upon their respective W/S ratio (W/S
decreased from 1 to 0.3). The catalysts with lower W/S ratio, have smaller particle size, less
pore blockage, higher Seer and pore volume and higher percentage dispersion which can be
responsible for their higher catalyst activity [8:13],

According to Table 5, the MEC2-MECe catalysts also show an increase in hydrogen yield due
to the smaller particle size of platinum oxides which increased the dehydrogenation reaction.
Comparing the product yields for IMC: and MECs catalysts, it can be seen that, benzene and
toluene yields increased from 4.36% and 16.92% to 5.60% and 21.75%. Higher benzene and
toluene yields in the case of MECs catalyst may be due to the small and uniform particle sizes
of MECe catalyst synthesized through microemulsion technique. In a similar research, Bilone
and Helle mentioned that there is a causal relation between the dividing of the platinum surface
into small ensembles of contiguous platinum atoms and the enhancement of the selectivity for
mild dehydrogenation [25],
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On the other hand, the observed increase in benzene production in microemulsion catalysts
corresponds to the increase in the amount of surface platinum as corroborated by CO chemi-
sorption (Table 2), which suggests benzene production occurs mainly on Pt [26],

The changes in selectivity and yield of benzene and toluene can be explained if we keep in
mind the metal-support strong interaction in microemulsion catalysts occurred. This inter-
action can be connected with the peculiar activity of the metal-support boundary (adlineation)
sites suggested by Hayek et al. [27]1, where the adlineation of the defect of the support and
the metal sites at the surface may be an important factor, which is promoted by the acidity of
the support surface. Therefore, platinum in the adlineation sites is electron deficient and has
a very strong effect in the selectivity and yield of benzene and toluene [26],

In microemulsion catalysts, the acidity is higher than impregnation catalyst. This acidity
partly is due to high dispersion of active phase (Pt) as shown by CO chemisorptions in Table 2 [26],
The weak acidity is the main part of the total acidity according to NHs3-TPD spectrums
(spectrums are not shown here). The production of toluene and benzene depend on the
activity in dehydrocyclization reaction. Dehydrocyclization requires sites of lower acid strength
than those needed for cracking [*1. This also causes the production of methane (Ci) and Co-
C4 are lower in microemulsion catalysts compared to impregnation catalyst [28],

As shown in Table 5, the decrease in the metal particle size is effective in inhibiting the
hydrogenolytic activity of the Pt-Re ensembles (a site composed of a large humber of conti-
guous active metal atoms). The MECe catalyst synthesized through microemulsion technique
with smaller Pt-Re ensembles has a methane yield of 0.99% compared to the IMC: catalyst
with methane yield of 2.65%. This is logical, since hydrogenolysis occurs better on a large
ensemble [22], It must be taken into account that methane is produced mainly from a hydro-
genolysis reaction catalyzed by the metal sites, while propane is formed by a bifunctional mecha-
nism controlled by the acid function of the catalyst. So for catalysts synthesized by microemulsion
technique, the methane production reduced more than the production of propane and methane
to propane ratio decreases or remains almost constant. These results confirm our suggestion
about the catalysts performance which emphasized by other researchers [, 26-28],

Figure 3 compares the percentage n-Heptane conversions for all the catalysts during 360
h continues synthesis. According to this figure, the catalysts prepared with microemulsion
experience higher n-Heptane conversions as compared to the catalyst prepared with impreg-
nation method. All catalysts suffered a deactivation rate. A 90% initial conversion was
observed for MECs catalyst with a residual conversion of 85% after 360 hours continues
reaction showing 5% catalyst deactivation. Whereas, for the IMC; catalyst an initial conversion
of 75% and residual conversion of 45% were obtained, showing a higher catalyst deactivation
(30%). Higher resistance to deactivation was found for the catalysts prepared with
microemulsion (MEC2-MECes) compared to traditionally impregnated catalyst (IMCi).
Microemulsion catalysts with higher surface area and higher metal dispersion were more
resistant to coke formation than that prepared by conventional impregnation method. The
large surface area and big average pore size for MECe catalyst can be responsible for its’” higher
resistance to deactivation and prevention of pore blocking [11-13, 261 Small particles are less
sensitive to coke formation than larger particles also has been previously suggested by
Beltramini et al. [30],

Figure 4 shows the TPO traces of the carbon deposited on the used catalysts at the end of
the reaction of n-Heptane. It can be seen that on the IMC: catalyst after the n-Heptane
reaction, the coke is mainly burned at about 490°C which can be attributed to the burning of
carbon on the support, with a shoulder at about 400°C that could be due to the coke depo-
sited on the support, in the vicinity of the metal. This phenomenon was previously observed
by Duprez et al. [311, They reported that this coke results from a continuous slow migration
of carbonaceous fragments from the metal to the support. In microemulsion catalysts (MEC:-
MECe) were observed a remarkable decrease of the coke content. This is due to the fact that
coking is a structure-sensitive reaction and that microemulsion technique decrease the
effective size of Pt and Re ensembles thus inhibiting the formation of coke on the metal
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function. In the case of the microemulsion catalysts the lower coking rate in comparison to
the IMC: catalyst is related to a lower formation rate of coke precursors. After dehydrogenation,
olefinic compounds undergo dehydrocyclization reaction on weak acid sites of microemulsion
catalysts [311,
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Figure 3. n-Heptane conversion profiles of IMC1 Figure 4. Temperature programmed oxidation of
and MEC2- MEC6 catalysts coke deposited after n-heptane reaction (360 h
on stream)

Table 6 reports the variations of pore size and BET surface area and CO chemisorption of
IMC: and MECe catalysts after the n-Heptane reforming reaction within a time period of 360 h.
According to this table the particle size, pore size, and BET surface area of MECs catalyst didn't
show a sensible change. The stability of the catalyst may be attributed to extent of increasing
the metal-support interaction due to decreasing the particle size, which prevented metal site
agglomeration or sintering. This matter has been mentioned by other researchers [22],

Table 2.Textural properties, and cluster sizes of IMC; and MECg catalysts after 360 h n-Heptan reforming
reaction

BET surface Total Average Particle size
Catalyst area pore volume pore (nm)
(m?/g) (ml/g) diameter (A) CO chem.
IMC Before reaction 180.00 0.37 77.0 2.00
1
After reaction (@ 170.50 0.33 73.8 2.2
MEC Before reaction 209.43 0.47 91.9 1.59
6
After reaction (@ 206.50 0.46 91.5 1.62

@ after coke removal
4. Conclusion

The bimetallic Pt-Re/Al203s nanocatalysts were synthesized by impregnation and microemulsion
methods with W/S molar ratio of 0.3, 0.5, 0.66, 0.72 and 1. According to Seer, the nano particle
synthesized by microemulsion has more active sites for reaction. CO chemisorptions results
and TEM images showed that the microemulsion technique at lower W/S molar ratio produce
small and uniform nanoparticles and consequently increase the dispersion of nanoparticles on
the alumina supports. According to TPR profile, these Pt-Re nanoparticles were reduced at
higher temperatures due to increasing metal-support interactions. It was also found that
activity and selectivity of the catalysts are dependent to the synthesize method. The proposed
Pt-Re nanocatalyst synthesized by microemulsion technique increased the catalyst activity,
the yield of benzene, toluene. Also the yields of undesirable products like methane decreased.
In addition the catalyst deactivation rate decreased significantly.
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