
Abstract
Transformation of ethylbenzene can provide valuable isomers as a raw material for the petrochemical industry. This 
work explored the transformation of ethylbenzene (EB) over nanozeolite Y with the Si/Al ratio of 5. Fe ion exchange 
was carried out to modify the acidity of zeolites. The influence of platinum was investigated by the introduction of Pt-
Al2O3. XRD, SEM, ICP, BET, FTIR, 27Al MAS NMR, NH3-TPD, and TG tests were applied for the characterization 
of physicochemical properties of prepared nanocatalysts. The slight decrease in the surface area of synthesized Fe-Y 
nanocatalysts indicated that the major part of iron was deposited in the catalyst structure.  The addition of iron to the 
nanocatalyst structure resulted in increased strong acid sites and decreased weak acid sites. Reduction in weak acidity 
led to a lower coke formation rate and higher stability of FeY nanocatalysts. Results illustrated that the intensity of 
Lewis acidity decreased for all prepared nanocatalysts by increasing the iron content while the number of Bronsted 
acid sites increased. The addition of platinum-Al2O3 to the FeY nanocatalysts illustrated higher EB conversion and the 
same catalyst stability as FeY nanocatalysts. Nanozeolite Pt/Fe-Y composed of 0.1 wt.% platinum and 1.0 wt.% iron 
was obtained to be effective catalyst for EB transformation reaction. The prepared catalyst indicated adequate degree 
of EB conversion (61%) as well as 77.2% EB isomerization, 3.3% EB disproportionation, 1.4% EB dealkylation, 
3.1% EB cracking, 14.8% EB hydrogenation and 0.2% EB transalkylation. 
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Introduction 
Para-xylene (PX) is considered an important intermediate 
in producing fibers, films, and resins. This isomer is 
mainly produced through C8 aromatics resulting from 
naphtha reforming and steam cracking. This isomer 
has more than an 80% demand rate while only 25% 
is present in the xylene equilibrium mixture [1-5]. 
Therefore, the conversion of other isomers, including 
ethylbenzene, into this valuable isomer is of great 
importance in the petrochemical industry. PX can be 
separated through adsorption or crystallization, in which 
the residual mixture enters the xylene isomerization unit 
to gain more PX [6-8]. The C8 aromatics isomerization 
processes are different due to the way of EB conversion. 
EB can be converted to xylenes by isomerization or to 
benzene and ethylene by dealkylation. EB isomerization 
is a complicated reaction of bifunctional catalysis that 
depends on catalyst acidity adjustment [9-12].
EB isomerization over bifunctional catalysts can occur 
through the formation of traces of ethylcyclohexanes 
(ECHE) through hydrogenation of EB, acidic 
isomerization of reactive ECHE to dimethylcyclohexanes 

(DMCHE), and finally, dehydrogenation of DMCHE to 
xylenes [13]. 
Zeolites are widely used in chemical processes such as 
isomerization because of their special physicochemical 
properties such as large surface area, pore volume, 
adjustable acidity, and high catalytic stability [14-
17]. Large pore size zeolites result in the conversion 
of EB to xylene, whereas medium-pore zeolites lead 
to disproportionation and dealkylation of this isomer. 
Various zeolite catalysts with different acidic structures 
and properties have been studied in ethylbenzene 
isomerization reactions in the literature [18-21], except 
the Y nanozeolite. Y zeolite indicates a faujasite (FAU) 
molecular sieve with a three-dimensional tetrahedral 
framework and a pore diameter of 7.4 Å [22].
Moreau and coworkers studied the Ethylbenzene 
Isomerization on Bifunctional Platinum Alumina–
Mordenite Catalysts. The transformation of ethylbenzene 
was carried out on intimate mixtures of 0.5 wt% Pt/Al2O3 
(75 wt%) with a platinum dispersion of 100% and of 
HMOR zeolites (25 wt%) with Si/Al ratios between 6.6 
and 180. Best result for EB isomerization obtained 
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to be 67.9% over PtA-HMOR catalyst with Si/Al = 120 [23]. 
Bhavani et al. [24] investigated the Hydroisomerization of 
ethylbenzene over bimetallic bifunctional zeolite catalysts. 
They revealed that Ni addition up to 0.3 wt.% over 0.1 wt.% 
Pt/H-β and 0.1 wt.% over 0.1 wt.% Pt/H-MOR increases 
the ethylbenzene conversion, isomerization selectivity and 
sustainability of the catalysts.
Tsai et al. [25] studied the effects of modification of H-ZSM-5 
on its catalytic performance in the conversion of ethylbenzene 
(EB). They reported that the methods of silica chemical 
vapor deposition and 5,6-benzoquinoline adsorption can 
inactivate the external surface of ZSM-5, thus suppressing 
disproportionation and transalkylation side reactions with 
which isomerization selectivity and xylene yield increase at 
the expense of EB conversion and p-xylene yield.
In this paper, for the first time, the bifunctional nanocatalysts 
constituted of Pt/Al2O3 (PtA) and Fe ion-exchanged Y zeolite 
with different amounts of iron were used to investigate the 
ethylbenzene isomerization reactions. The main emphasis 
was on reducing unwanted side effects, including EB 
disproportionation and transalkylation by optimizing 
nanocatalyst acidity through iron loading and the effect of Pt 
particles on the improvement of catalyst efficiency in the EB 
isomerization process.

Materials and Methods
Catalyst Synthesis
Nanozeolite Na-Y (Si/Al = 5) was prepared through 
hydrothermal synthesis [26]. The 500 ml of NH4NO3 
solution (1 mol L-1) was prepared and used for ion exchange 
20 g nanozeolite Na-Y support at the temperature of 85 ºC for 
10 h. The H-type of catalyst was achieved by calcination of 
NH4-Y powders through calcination at 550 ºC for 12 h in the 
presence of air (5 ml min-1). 
Fe (III) chloride hexahydrate (FeCl3.6H2O) was used as a 
Fe precursor to prepare Fe-Y nanocatalysts. In this regard, 
a specified amount of nanozeolite Y powder was added to 
the iron solution (100 ml solution/ g zeolite) to obtain Fe-Y 
nanocatalysts with 0.2, 0.5, and 1 wt.% of iron which are 
abbreviated as 0.2FY, 0.5FY, and 1.0FY respectively. The 
ion exchange process was conducted at 80-90 °C for 24 h 
while stirring at 500 rpm. After the filtration and washing 
with distilled water, the prepared nanocatalysts were dried at 
100 °C for 12 h.
For the preparation of PtA sample, γ-Al2O3 support was ion-
exchanged with hexachloroplatinic acid solution (1 mol.L-1) 
followed by calcination at 550 °C in the artificial air for 4 
h (heating rate of 3°/min). The final PtA-FeY nanocatalysts 
were provided by physically mixing two components (PtA 
and FeY) for 6 h.

Catalyst Characterization 
ICP-AES analysis was used to investigate the elemental 
analysis of nanocatalysts. The textural characterization of 
the prepared nanocatalysts such as surface area (SBET) and 
pore volume (Vtotal) was performed at P/P0=0.99 and 77 
K through nitrogen adsorption on a gas adsorption analyzer 
(Micrometrics, ASAP 2010).
X-ray diffraction (XRD) was performed on a D8 Advanced 
Bruker AXS diffractometer with CuKα radiation at 40 kV 

and 40 mA in the range of 2θ = 5º-50º to investigate the 
structure and crystallinity of nanocatalysts. 27Al MAS NMR 
was recorded on a Bruker Avance III (11.7 T) spectrometer 
operated with 130 MHz frequency and a spinning rate of 14 
kHz. Perkin Elmer system 2000 spectrometer was applied 
to measure FT-IR spectra. Before the test, 10 mg of zeolite 
powder was pressed into a 16 mm diameter self-supporting 
wafer. The pyridine adsorption test was applied for 
estimating the Brönsted and Lewis acidity in the synthesized 
nanocatalysts.
The morphology of prepared nanocatalysts was investigated 
through Scanning Electron Microscopy (SEM) images 
recorded on Leica Cambridge S360.
NH3-TPD was measured on a chemisorption analyzer 
(Micrometrics, ChemiSorb 2720). Before the test, 100 mg of 
the powdered sample was pretreated in the presence of helium 
(30 ml/min) at 500 °C for 1 hour. The samples were then 
saturated in the presence of ammonia (30 ml/min) at 25 °C                                                                                                                      
for 20 min. 
A thermogravimetric (TG) experiment was used to determine 
the amount of coke formation in the nanocatalysts after 
the reaction. The test was recorded on a Pyris Diamond 
instrument with 100 ml/min airflow at 750 ºC. 50 mg of each 
powder was pretreated in the N2 flow of 100 ml/min at 150 ºC                                                                                                                     
until no weight loss was observed. Finally, desorption of 
ammonia was conducted at 100-600 °C.

Catalytic Performance
To investigate the EB transformation reactions, the prepared 
nanocatalysts were tested in a single-pass stainless steel 
fixed-bed reactor (i.d., 1 cm; length, 60 cm). The schematic 
of the experimental setup is displayed in Figure 1. 
About 1 g of 100-500 µm mesh-sized nanocatalysts was 
used for the activity test. EB was injected into the plug flow 
reactor through a dosing system (ELDEX, 0.002 - 80 ml/
min), and the feed gas mixture was delivered by a calibrated 
mass flow meter (BROOKS-SLA5800). The reaction was 
performed at the temperature of 400 °C, the pressure of 8 bar, 
and WHSV space velocity of 2.5 g EB g-1 h-1 of nanocatalyst. 
The composition of final products was analyzed at the time 
on stream (TOS) of 1h using an online three-column gas 
chromatograph equipped with a 25 m FFAP capillary column. 

Results and Discussion
Characterization of Fe-Y nanocatalyst
Structural Characteristics 
XRD patterns for the parent and Fe ion-exchanged Y 
nanozeolites are indicated in Figure 2, and the patterns 
revealed that all prepared samples indicated FAU type 
structure at 2θ values of 6, 10, 12, 15, 18 and 21 [27]. The 
effect of Fe incorporation on the nanocatalyst structure was 
studied. It was anticipated that Fe oxides would obviously 
be detected. However, it should be considered that no peaks 
ascribed to iron oxides were determined for FY nanocatalysts 
(0.2FY, 0.5FY, and 1.0FY). Proper distribution of iron in the 
pores and nanocatalysts surfaces and differences in the signal 
intensity of the Y zeolite and iron oxide are the main reasons 
for the impedance in detecting oxide peaks [26, 28-30].
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Fig. 1 Schematic of experimental Setup.

Fig. 2 XRD spectra of the (A) parent HY, (B) 0.2FY, (C) 0.5FY, (D) 1.0FY.
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According to the peaks shown in Figure 2, all the samples 
indicated a similar crystalline structure to zeolite Y. The 
slight intensity reduction of some peaks could be attributed 
to a higher iron oxide absorption coefficient for X-ray 
radiation [31, 32]. As shown in Figure 1, there are no shifts 
in the peak position to the high 2θ values, which reveals no 
defects ascribed to the dealumination of catalysts through Fe 
ion exchange [33]. 
The slight decrease in crystallite size of modified 
nanocatalysts can be interpreted by the fact that the presence 
of iron particles has caused some influence on the crystallinity 
of Y zeolite [34]. These findings are in agreement with the 

XRD results. 
SEM images of the parent and ion-exchanged Fe-Y 
nanocatalysts are presented in Figure 3. The morphology of 
synthesized Y powders demonstrated hexagonal crystallites 
with an average crystal size of 30 nm. The distribution of 
the crystals in the parent and modified Y nanozeolites was 
uniform, and no agglomeration was observed. It can be seen 
that Fe addition did not influence the catalyst morphology. 
The invisibility of the metal particles on the catalyst surface 
indicates that most of the iron particles are embedded in the 
zeolite cavities and channels.

Fig. 3 SEM micrograph of different sample; (A) HY, (B) 0.2FY, (C) 0.5FY, (D) 1.0FY.

The elemental analysis and textural properties of nanocata-
lysts are presented in Table 1. The introduction of Fe ions 
into zeolite Y slightly reduced the surface area from 786.23 
m2/g for the nanozeolite H-Y to 782.65, 774.58 and 763.89 
m2/g for 0.2FY, 0.5 FY and 1.0 FY, respectively.  The very 
slight decrease in the surface area of synthesized Fe-contain-
ing nanocatalysts indicated that the major part of iron is in the 
catalyst structure and a small amount of it is on the surface of 
the samples. This is because the entry of iron species into the 
micropores of the catalyst will occupy the empty space and 
consequently decrease the surface area. Kondru et al. [35] 
reported the BET surface area of zeolite HY reduced from 
433 to 423 m2/g after adding Fe ions. The results align with 

the findings of Aravindhan et al [36], which noticed that the 
introduction of large amounts of active metal into the nano-
zeolite Y cavities reduces its surface area. The total volume 
of synthesized nanocatalysts is also shown in Table 1. 
The slight decrease in the pore volume of the Fe-modified 
Y nanocatalysts in comparison with the parent nanozeolite 
HY was in line with the results of the surface area analysis. 
The main reason for this phenomenon can be attributed to 
the smaller size of the iron ions located into the nanozeolite 
Y, which prevents micropore damage or pore blockage.   
According to all characterization data, it can be obviously 
inferred that the attachment of iron to Y zeolite was 
successfully achieved by the ion-exchange method.

Table 1 Elemental composition and textural characterization of different nanocatalysts samples.
Sample Crystallinity (%) Si/Al SBET (m2g-1) Vtotal (cm3g-1)
HY 99.88 5 786.23 0.264
0.2Fe-Y   99.53 4.91 782.65 0.255
0.5Fe-Y  98.45 4.78 774.58 0.248
1.0Fe-Y 98.21 4.72 763.89 0.237
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27Al MAS NMR Spectroscopy
In Figure 4, the 27Al MAS NMR spectra for prepared Y 
nanocatalysts are shown. In the synthesized nanozeolites, 
aluminum is located not only in the tetrahedral framework 
(AlIV) (58 ppm) but also in the octahedral position (0 ppm) 
as extra framework aluminum (AlVI) [37]. Al was found to 
be mainly tetrahedrally coordinated in all samples. It can be 
seen that the intensity of the line at 59 ppm slightly decreases 
with an increase in the amount of Iron content, while no 
significant changes were observed at 0 ppm (extra-framework 
Al). It should be noted that extra-framework Al species have 
not replaced the loss of framework aluminum in Fe-containing 
nanocatalysts. This theme shows that part of the Al aluminum 
framework was transformed into NMR invisible Al species.

Fig. 4 27Al MAS NMR spectra of the (A) HY, (B) 0.2FY, (C) 
0.5FY, (D) 1.0FY.

A

B

C

D

AlIV

AlIV

FT-IR Spectroscopy
According to the FT-IR spectrum of the parent and FeY 
nanocatalysts (Figure 5), no changes were happened to the 
zeolite structure through ion exchange and impregnation 
processes. The double ring-opening vibration at 565 cm−1 
in the FT-IR spectrum of nanozeolite Y is characteristic of 
faujasite zeolites [38]. The T-O bending vibrations of internal 
tetrahedral in H-Y nanocatalyst can be distinguished by 
absorption bands around 500, 465 and 450 cm−1 [39]. The T-O 
bands attributed to symmetrical and asymmetrical stretching 
appeared at 1020 and 792 cm−1 [40]. The bands related to 
OH groups of water (3189 cm-1) and C-O-H bend of water 
(1401 cm-1) disappeared completely after calcination of Fe-
modified nanozeolites at 500 °C. The absorption band that 
appeared at 1640 cm-1 could be attributed to the OH bending 
vibration [40, 41]. All absorption bands observed for the as-
synthesized nanozeolite Y agree well with the IR spectra of 
zeolite Y reported in the literature [26, 42].

Fig. 5 FTIR spectra of different samples; (A) HY, (B) 0.2FY, (C) 
0.5FY, (D) 1.0FY.

The IR intensity peak at 3466 cm-1 characterizing the Brönsted 
acidity was increased for all Fe-Y nanocatalysts compared to 
parent HY nanozeolite, which is similar to literature [39, 41] 
and corresponds to NH3-TPD results. 
It can be seen overall that the main zeolite bands are still 
present in the parent H-Y nanozeolite after modification with 
iron which confirmed that ion exchange of the H-Y nanozeo-
lite with Fe ions did not affect the zeolite structure.
Results obtained from the pyridine adsorption are given in 
Figure 6. The adsorption data are illustrated in the range of 
1400-1600 cm-1, where the vibration peaks corresponded to 
Brönsted and Lewis acid sites at 1543 cm−1 and 1450 cm−1, 
respectively. 
As illustrated, nanozeolite HY contains Brönsted and Lewis 
acid sites. Peaks around 1491 cm-1 are related to both Brönst-
ed and Lewis acid sites. In Fe-Y nanocatalysts, the amount of 
Brönsted sites (1543 cm−1) is significantly increased, where-
as the opposite for Lewis acidic sites that happened (1450 
cm-1) is observed. The results also show that the intensity of 
Lewis acidity has decreased for all prepared nanocatalysts, 
and an increase in the iron content increased the number of 
Bronsted acid sites.
Considering out-of-frame iron species, which contain only 
a small amount of acidic sites, the results show that the iron 
species are embedded in the catalysts framework structure.

Fig. 6 IR spectra of pyridine adsorption for; (A) HY, (B) 0.2FY, (C) 
0.5FY, (D) 1.0FY.

Acidity 
Figure 7 indicates the NH3-TPD measurements of the 
parent HY and Fe ion-exchanged catalysts. The ammonia 
desorption band for HY-Nanozeolite in the region of 200-
600 °C can be deconvoluted into 150-230, 270-410, and 450 
°C centered peaks which are assigned to weak, medium, and 
strong acidity, respectively [43]. 
The amount and strength of acid sites of the nanocatalysts are 
given in Table 2. 
The relative intensities of the abovementioned sub-peaks 
changed significantly through Fe loading. The data indicate 
that in iron-exchanged nanozeolites, the ammonia desorption 
is reduced at low temperatures due to the degradation of 
weak and medium acidic sites. On the other hand, an increase 
of iron content in the nanocatalyst structure increased the 
Brönsted acid sites due to the formation of new Brönsted 
sites derived from extra-framework aluminum species.
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Table 2 Acidity sites of different nanocatalysts samples.

Catalyst
Acidity sites (mmol NH3 g

-1)
Total

Weak Medium Strong
HY 0.35 0.51 0.42 1.28
0.2FY 0.29 0.47 0.58 1.34
0.5FY 0.24 0.49 0.65 1.38
1.0FY 0.19 0.39 0.81 1.39

Fig. 7 NH3-TPD curves of different sample; (A) HY, (B) 0.2FY, (C) 0.5FY, (D) 1.0FY.

The quantification results of NH3-TPD (Table 2) demonstrated 
that the number of acidic sites on Fe-containing Y nanocatalysts 
changed through Fe-exchanging. The highest amounts of 
medium acid sites (0.51) and strong (0.75) acid sites were 
observed in the nanocatalysts 0.5FY and 1.0FY, respectively. 
By increasing the amount of iron in the nanocatalyst structure, 
ferrocene molecules react more with weak acid sites and reduce 
the number of such sites while forming strong acid sites.
Brönsted sites as main places for catalytic reactions [44] are 
usually present in the catalyst pore structure. On the other 
hand, Lewis acid sites play a key role in the coke formation 
in catalysts [45,46]. While enhancing in Brönsted acid sites 
leads to adverse side reactions, a decrease in weak acidity 
is necessary to reduce coke deposition and increase catalyst 
stability.

Catalyst Performance
The EB isomerization reaction takes place on a bifunctional 
catalyst substrate, whereas the EB dealkylation and 
disproportionation reactions largely depend on the acidic 
part of the catalyst [47]. Therefore, the balance between 
the acid and metal sites of the prepared nanocatalysts is of 
great importance in the EB isomerization process. Xylene 
isomerization catalysts comprising MFI molecular sieves 
always show some side reactions. Some methyl transfer 
(xylene disproportionation that forms TMB and methyl 
transfer to EB forming methylethylbenzenes (MEB)) 
happens, presumably at channel intersections as mentioned 
above. Also, for EB dealkylation catalysts, hydrogenation 
of the ethylene intermediate is not 100%. Thus, some ethyl 
transfer to xylenes occurs, which leads to xylene loss via the 

formation of dimethylethylbenzenes (DMEB) [48]. 
The EB transformation mechanism (Figure 8) is started by 
ring protonation (A→B) over a Bronsted acid site (S1). 
However, in this case, before the first ring cleaves, a second 
aromatic comes, and a bond begins to form.  
The EB transformation mechanism (Figure 8) is started by 
ring protonation (A→B) over a Bronsted acid site (S1). 
However, in this case, before the first ring cleaves, a second 
aromatic comes, and a bond begins to form.  
Several things are happening at the same time with 
intermediate N. EB transformation mechanism can be 
explained as; Protonation of the ring of the first EB is 
occurring; the bond to the ethyl side chain to the first EB 
begins to weaken; before the ethyl side chain leaves, a 
bond to the second EB begins to form; the bond between 
the ethyl side chain of the first EB breaks, and benzene 
(E) is liberated as the first byproduct; This leaves a ring 
protonated positively-charged diethylbenzene carbonium ion 
(F) as the zeolite framework charge compensating ion; This 
intermediate decomposes (F → S1), which regenerates the 
Bronsted acid site (S1), and diethylbenzene (G) releases into 
the gas phase as the second byproduct.
The conversion of ethylbenzene was performed using 
synthesized nanocatalysts containing 20 wt.% of FeY and 80 
wt.% of Pt/Al2O3 (0.5PtA). The influence of catalyst acidity 
changes on the performance of Fe-Y and bifunctional PtA/
FeY nanocatalysts is shown in Figure 9. Based on the results, 
the decrease of Lewis acidity during the ion exchange process 
with iron and enhancement in the Brönsted acidity in FeY 
nanocatalysts, inferred from FTIR and NH3-TPD analysis, 
significantly increased the conversion of EB (Figure 9 A).



M. Rasouli et al. Journal of Petroleum Science and Technology 11(2): 30, 2021 2-128

Fig. 8 Mechanism of EB transformation over PtA-FY catalysts. 

Fig. 9 EB conversion over; (A), FY catalysts and (B), PtA-FY catalysts

Moreover, incorporation of PtA to FeY nanozeolites demon-
strated higher EB conversion than the FeY acid nanocatalysts 
(Figure 9 B).
The increase in the percentage of the Fe ion on the nanozeolite 
Y causes an increase in the selectivity to disproportionation 
as well as dealkylation and cracking. The main reason for 
this increase can be ascribed to unwanted reactions such as 
EB dealkylation and disproportionation at acidic sites of 
nanocatalyst, as well as the increase in Brönsted acid sites, 
which is the main driving factor of the isomerization reaction 
[49]. Platinum has been recognized as an effective agent 

in the EB to xylene conversion process, and the zeolites 
containing this noble metal have been extensively studied 
in EB transformation reactions [50, 51]. The distribution 
of the reaction products using prepared nanocatalysts was 
compared at EB conversion of 35% and is given in Table 3.
The introduction of PtA into Fe-Y nanocatalysts led to an 
increase in the selectivity to isomerization and hydrogenation 
while diminishment occurred in the selectivities to other side 
reactions. One of the main reasons for the decrease in the rate 
of dealkylation and disproportionation reactions can be due to 
ethylene hydrogenation. The lower rate of disproportionation 
reaction can also be attributed to the lower concentration of 
benzylic carbocations. It has been reported by Gnep et al. 
[52] that if hydrogen is activated with metal, it will react 
with benzylic carbocations, and subsequently, it reduces the 
selectivity of disproportionation. It could be concluded by 
Moreau et al. [53] that disproportionation, dealkylation, and 
transalkylation of EB can take place on the acid catalyst, the 
hydrogenation of EB over metal catalysis and, isomerization 
and cracking of EB can take place over bifunctional 
catalysis. According to the data given in Table 3, it can be 
stated that the increase in Fe loading enhanced the amount of 
hydrogenation, which can be concluded by the fact that iron 
particles may act as hydrogenation agents. With the constant 
amounts of PtA, EB isomerization has been increased by the 
increase in Fe loading (from 58.5% in PtA/0.2FeY to 77.2% 
in PtA/1.0FeY) which is due to the synergistic effect of 
platinum and iron.
PtA-FeY nanocatalysts are found to be efficient catalysts for 
EB isomerization reactions. The EB isomerization process 
contains a series of consecutive reactions; hydrogenation of 
ethylbenzene to reactive ethyl cyclohexane intermediate at the 
Pt sites, the isomerization of ethyl cyclohexane over the acid 
sites, and finally dehydrogenation of dimethylcyclohexane to 
the xylene isomers. It could be reported by Silva et al. that 
in the case of Pt-containing bifunctional catalysis, the effect 
of platinum on the thermodynamic equilibrium of xylenes 
(ATE) can be neglected [49].
The results obtained from the quantitative coke rate 
deposition (Table 4) show that the rate of coke formation in 
FeY nanocatalysts is much lower than the amount deposited 
in the parent HY nanocatalyst. Given the important role of 
the Lewis acid sites in coke deposition [42,48], it can be 
concluded that the reduction of these sites by the addition of 
iron leads to a decrease in the amount of coke formed in the 
nanocatalyst and ultimately increases its stability.
A comparison of the results related to the conversion 
EB (%) and the distribution of products (wt.%) in the EB 
transformation process using synthesized nanocatalysts and 
the results presented in other studies is given in Table 5. 
Although it is difficult to compare the results due to different 
laboratory conditions directly, it can be observed that the 
conversion and isomerization of EB using P/1.0FY catalyst is 
higher than the other presented catalysts. From the test results, 
PtA-1.0FY nanocatalyst indicated the highest EB conversion 
and EB isomerization toward other nanocatalysts during 15h 
of time on stream (TOS), which is due to the suitable balance 
between metal site and acid function of nanocatalyst.
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Table 3 Distribution (wt.%) of the reaction products at EB conversion of 35%.

Catalysts
Distribution (wt.%)
Isoma Dispb Dealkc Crackd Hydroge Transalkf

H-Y 0.1 48.3 31.7 2.6 0.1 17.2
0.2FY 0.9 43.5 33.2 1.1 2.1 19.2

0.5FY 1.2 41.8 33.6 1.8 2.5 19.1

1.0FY 2.1 40.9 34.4 1.8 2.6 18.2
P/0.2FY 58.5 17.5 4.8 8.6 8.8 1.8
P/0.5FY 69.3 9.8 3.4 4.6 12 0.9

P/1.0FY 77.2 3.3 1.4 3.1 14.8 0.2
Isomerization 
b Disproportionation
c Dealkylation
d Cracking 
e Hydrogenation
f Transalkylation
Table 4 Coke quantity and deposition rate for EB transformation over different nanocatalysts samples.
Nanocatalyst Coke deposited (wt.%) Coke deposition rate (wt.%/h)
HY 7.51 0.50
PtA/0.2FY 4.22 0.28
PtA/0.5FY 3.98 0.26
PtA/1.0FY 3.38 0.22

Note: the amount of coke deposited was calculated after TOS of 15h by the weight loss of nanocatalysts upon the Thermogravimetric 
analysis. The coke deposition rate was determined in order: Total coke quantity (wt.%)/15h  

Table 5 The EB conversion and products distributions over different nanocatalysts samples.
Catalyst EB conversion (%) Isomerization (%) Reference
PtA/HMOR120 35 60.1 [52]
2PtA-EUO(75/25) 60 47 [13]
B2 77.9 43.8 [50]
M2 73.2 41.4 [50]
2PtA/28NaHMOR10(95/5) 35 71.3 [54]
Pt/Al2O3-ZSM-5 35 2 [55]
Pt/Al2O3-Ferrierite 35 18 [55]
Pt/Al2O3-ZSM-22 35 40 [55]
Pt/Al2O3-EU-1 35 17 [55]
Pt/Al2O3-Mordenite 35 68 [55]
P/1.0FY 61 77.2 Present study

Conclusions
FeY nanocatalysts containing Pt (PtA-FeY) were synthesized 
through physical mixing of FeY nanocatalysts and Pt/
Alumina, and they were characterized for EB transformation 
reactions.
The morphology of synthesized Y powders demonstrated 
hexagonal crystallites with an average crystal size of 30 nm. 
The introduction of Fe ions into zeolite Y slightly decreased 
the surface area.
The very slight decrease in the surface area of synthesized 
Fe-containing nanocatalysts indicated that the major part of 
iron is in the catalyst structure and a small amount of it is on 
the surface of the samples.
The balance between the acid and metal sites of the prepared 
nanocatalysts illustrated the great importance in the EB 
isomerization process.
Characterization data have demonstrated that Fe ion exchange 
to the nanozeolite framework reduces the Lewis acid sites 

while forming new Brönsted acid sites. 
The introduction of Fe ions into zeolite Y slightly decreased 
the surface area from 786.23 m2/g for the nanozeolite H-Y to 
763.89 m2/g for 1.0 FY. 
Exchanging the acid sites of Y nanocatalysts with iron caused 
an increase in the selectivity to disproportionation and 
dealkylation and cracking while significantly increasing the 
nanocatalyst stability. 
Moreover, the introduction of PtA into Fe-Y nanocatalysts 
leads to an increase in the selectivity to isomerization and 
hydrogenation. At the same time, diminishment has been 
occurred in the selectivity to other unwanted reactions. 
The decrease in weak acidity reduced coke formation 
and increased the stability of the optimized nanocatalyst. 
Ultimately, P/1.  0FY catalyst indicated to be more efficient 
than other prepared nanocatalysts with 61% conversion and 
77.2% isomerization of EB. 
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Nomenclatures and Abbreviations
C: Cylinder
NV: Needle Valve
PI: Pressure indicator
GC: Gas Chromatography
GCS: Gas Collector System
MFC: Mass Flow Controller
MFM: Mass Flow Meter
NRV: Non-Return Valve
FT: Feed Tank
PRV: Pressure Regulator Valve
R: Reactor
TIC: Temperature Indicator & Collector
SP: Syringe Pump
3WV: 3-Way Valve
PX: Para xylene
MX: Meta xylene
OX: Ortho xylene
EB: Ethyl benzene
SEM: Scanning Electron Microscopy
BET: Brunauer–Emmett–Teller
XRD: X-ray diffraction
FTIR: Fourier-transform infrared spectroscopy
ICP: Inductively coupled plasma
TPD: Temperature-programmed desorption
NMR: Nuclear Magnetic Resonance
TG: Thermogravimetric Analysis
FAU: Faujasite
DMCHE: Dimethylcyclohexane
ECHE: Ethylcyclohexane
DMEB: Dimethylethylbenzene
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