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ABSTRACT

A series of Fe,0,(83%)-Zr0,(7.5%)-A1,0,(7%)-Ce0,(2.5%) catalysts
were synthesized with co-precipitation method in different aging times (0
to 6 hours) using the metal nitrate precursors. Physicochemical properties
of the prepared catalysts characterized with X-Ray Diffraction (XRD),
Field Emission Scanning Electron Microscopy (FE-SEM), EDX, Nitro-
gen Adsorption-Desorption, Thermal gravimetric analysis (TGA) and
H,-Temperature programmed reduction (H,-TPR) analyses. The catalytic
performance of the synthesized catalysts was also evaluated by the steam
catalytic cracking of the Vacuum bottom (VB). The results showed that
increasing the aging time improved the textural properties of the catalysts
in the oxygen adsorption capacity from steam, as well as the control of
the catalyst surface area to produce a higher quality liquid product. When
Cat-6 (catalyst with aging time of 6 h) was used as the catalyst, the yield
of gasoline cut (boiling point range 27-225), diesel cut (boiling point range
200-320) and VGO cut (boiling point range 320-450) production was 25.3
mass %, 47.7 mass % and 33.8 mass %, respectively. Furthermore, Cat-6
showed higher performance in the partial oxidation of VB.
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over Al203-ZrO2-CeO2/Fe203 Catalysts: Effect of aging time on textural properties of catalysts, Journal of Oil, Gas and
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1. Introduction

The shortage of hydrocarbon reserves and
light crude oil, as well as the rising global
demand for the light fuels, have forced the global
petroleum industry to pay more attention to the
upgrading process. Furthermore, large amounts
of atmospheric and vacuum distillation residues
are produced in refineries which also increase as
crude oil resources become heavier. As a result,
one way of producing valuable light fuels is to
convert and upgrade these residues [1-3].

* Corresponding Author Email: ramin@modares.ac.ir

Generally, heavy oil (including vacuum bottoms)
upgrading is based on the carbon rejection and
hydrogen addition which are mainly performed
by the thermal cracking, catalytic cracking, and
catalytic hydrocracking processes [4-7].

To improve the H/C ratio in the cracking
process, the addition of H, as a hydrogen
source is necessary. Although adding hydrogen
can inhibit coke formation and help convert
heavy components into lighter components (in
processes such as thermal/catalytic cracking or
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hydrocracking), hydrogen production is known as
an expensive process. Therefore, it is desirable to
use alternative sources of hydrogen. Atmospheric
steam is one of the inexpensive sources of
supplying required hydrogen for this reaction. The
steam catalytic cracking process allows hydrogen
transfer from steam to hydrocarbons, resulting
in the reduced alkene production and increased
H/C ratio [8]. Subsequently, the formation of
hydrogen-free radicals and their addition to
the hydrocarbon-free radicals on the catalyst is
carried out to prevent the polycondensation or
polymerization reactions. So far, numerous studies
on the steam cracking have been reported [9, 10].

Metal oxides due to their high surface area,
high concentration and strength of acid sites
can be used in the oxidative cracking process
of residues as an oxygen carrier to recover and
release oxygen under the redox conditions. Oxides
of intermediate metals are eligible and can be
used because of their multivalent properties
[11-13]. Iron oxide is inexpensive and has a high
potential for the oxidation of heavy hydrocarbons
which are used as the lattice oxygen source in this
process. The upgrading process is also completed
by decomposing the steam into active oxygen and
hydrogen species on the catalyst. Oxygen species
react with heavy hydrocarbons to produce lighter
hydrocarbons and CO,. Hydrogen species are also
added to the lighter hydrocarbons [12].

The production of valuable and light products
from residues in the catalytic atmospheric steam
cracking process, using the iron oxide-based
catalysts has been a proposed option in several
studies [12, 14, 15].

Fumoto et al.[16] studied the catalytic cracking
of heavy oil with steam on a composite catalyst of
iron, zirconium and aluminum oxide. They found
that after the reaction under atmospheric steam,
the structure of hematite was partially preserved.
Funai et al. [17] reported that increasing ALO,
content to 7 mass % in FeOx-based catalysts
improved the oxidative cracking and increased
the yields of lighter hydrocarbons. They stated
that oxidative cracking of atmospheric residues
(AR) under steam is efficiently performed on the
Zr0,(8.3)-AL,0,(7.0)-FeO, catalyst. In the previous
studies [3, 17], several catalysts of iron oxide,
zirconia, aluminum oxide and cerium oxide (FeO -
Al,0.-Zr0O,-CeO, catalysts) or shortly FeO -based
catalysts, have been applied for the catalytic
cracking of the heavy oil [3, 17].

Zirconium dioxide has high thermal and
mechanical stability, as well as significant activity
in producing active oxygen and hydrogen species
from steam [1]. The loading of ZrO, on FeO,
results in the increase of catalytic activity and
the promotion of oxidative cracking. The cracking
process is performed with the active oxygen
species provided from the iron oxide and steam
decomposition on zirconium dioxide [15, 17].

The activity of the Zr-FeO, catalyst should
be increased by inhibiting the phase transition
from Fe,O, to Fe,0,. ALO, has been found to be
inexpensive and stable under the steam conditions.
Thus, aluminum oxide is a suitable additive for
the FeO -based catalysts to prevent the phase
transfer and peeling of ZrO, [17]. Also, CeO,-ZrO,
composite solid as a catalyst is a good choice in
terms of oxygen storage and release capacity
under the redox reaction and ease of conversion
of Ce*/Ce* which leads to the increased catalytic
activity [10].

One of the methods of the preparation of
iron oxide-based catalysts is the co-precipitation
synthesis. Aging time is an important factor that
significantly influences the precipitation synthesis
method. Mirzaei et al. [18], stated that the aging
of the precipitates obtained by the precipitation
synthesis results in a phase shift of the catalysts
towards  thermodynamically more  stable
structures. Hutchings et al.[19, 20], highlighted
the importance of aging time and also its effect on
the catalytic activity. Kniep et al.[21] investigated
the effect of aging time on the microstructure
of Cu/ZnO catalysts. Khoshbin et al. [22] stated
that increasing the aging time leads to a great
effect on the activity of the Cu0-ZnO-Al,0,/
HZSM-5 nanocatalysts and also an increase in the
crystallinity of the nanoparticles.

Aging time is an important factor that
significantly influences the precipitation synthesis
method. It will also result in a series of changes
in the properties of the prepared catalysts and
improve their catalytic performance. To the best
of our knowledge, the effect of aging time on the
physicochemical properties of Al O,-ZrO,-CeO,/
Fe,0, catalysts has not been investigated. In this
study, the effect of aging time on the chemical-
physical properties of iron oxide-based catalysts
(Fe,0,-Al,0.-ZrO,-Ce0,) was investigated. The
crystallinity, morphology, surface area and
pores volume of the synthesized catalysts were
investigated by X-Ray Diffraction (XRD), Field
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Emission Scanning Electron Microscopy (FE-SEM),
Energy Dispersive X-ray (EDX), N, adsorption/
desorption isotherms, Hydrogen Temperature-
Programmed  Reduction (H,-TPR), Thermal
Gravimetric Analysis (TGA) techniques. The steam
catalytic cracking process was also performed
according to the previous studies in the fixed bed
reactor under the same operating conditions [3].
Finally, the performance of the catalysts in the
catalytic cracking process was evaluated.

2. Research Method
2.1. Materials

To synthesize metal oxide catalysts (CeO,-
Zr0,-Al,0,-Fe,0,), Fe(NO,),.9H,0, AI(NO,),.9H,0,
ZrO(NO,),.xH,0 and Ce(NO,)..6H,0 precursors
were purchased from Merck (Germany). Also,
ammonia solution (25%) as the precipitant was
purchased from Merck company.

2.2. Catalysts Synthesis by Co-Precipitation
Method

The steps of preparing catalysts using the co-
precipitation method are illustrated in Figure.S.1
in the supplementary data. Initially, the iron
nitrate, aluminum nitrate, zirconium nitrate and
cerium nitrate salts (as precursors) were weighed
according to the desired mass fraction of the metal
oxides. The catalyst is based on the hematite iron
oxide (-Fe,0,), which comprises 7 mass % aluminum
oxide, 7.5 mass % zirconium oxide, and 2.5 mass
% cerium oxide. The metal salts were dissolved
in the deionized water at a concentration of 1 M
and they were stirred for 30 min to complete the
mixing. Then, 1 M ammonia solution was added
to the solution by the syringe pump at a flow rate
of 0.7 ml/min. Ammonia injection was carried out
at an ambient temperature and under complete
mixing for 21 minutes (until the pH of the solution
increased from 1.20 to 7.5). Then, the solution was
entered in the aging step. At this step, in order to
investigate the influence of the aging time, the
aging process was performed at 0, 2 and 6 hours.
The resulting samples were washed thoroughly
and dried for 12 h at 120 °C. Finally, the calcination
was performed in the furnace at 600 °C for 2 hours
(under air flow rate=50 ml.min?). The resulting
catalysts were named Cat-0 (aging of 0 h), Cat-2
(aging of 2 h) and Cat-6 (aging of 6 h).

2.3. Catalyst Characterizations
XRD (X-Ray Diffraction) analysis of Fe,0.-AlLO.-
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Zr0,-CeO, catalysts was performed at an ambient
temperature on Bruker diffractometer D8 Advance
with a Cu K radical ( = 0.154 nm) source operated
at a voltage 40 kV and an electric current 30 mA.
The scans were performed in the range of 2=10-
90 with 0.04 s? step size. The diffraction peaks
of the crystalline phase were compared with the
JCPDS database.

The assessment of the Fe O,-Al0,-ZrO,-CeO,
catalysts microstructure and morphology was
performed by FE-SEM analysis in S4160-HITACHI
apparatus. Also, with this equipment, EDX analysis
was performed for the elemental analysis and
metal distribution. To improve the electrical
conductivity of both analyses, the catalysts were
coated by a thin layer of gold.

The N, adsorption/desorption isotherms of the
catalysts was obtained by the nitrogen adsorption
measurements at -196°C (77 K) on a Belsorp-mini
Il sorption analyzer [23]. The textural properties of
the samples were obtained using BET (Brunauer-
Emmett-Teller) and BJH (Barrett-Joyner-Halenda)
methods [24].

Reducibility of Fe,0,-Al,0.-Zr0,-CeO, catalysts
was examined by H-TPR analysis with BELCAT-
Japan apparatus. This device included an online
TCD (thermal conductivity detector). The 0.1 g
catalyst was loaded in a U-type quartz tubular and
then to remove the moisture in the catalyst, it was
preheated with a rate of 5 /min up to 400. It was
then cooled to 120 °C and heated to 850 °C under
the atmospheric hydrogen.

The amount of coke formed at the end of the
catalytic cracking process on the spent catalysts
was obtained by TGA. TGA analysis was performed
onaSTABAHAS503A. By increasing the temperature
(under air flow) from the ambient temperature to
600 (rate of 10°C. min?), the weight of the spent
catalyst was changed by the burning coke.

2.4. Catalyst Performance Test

The vacuum bottom (VB) used in the process
was obtained from the Tehran Refinery. The basic
properties of the feed are presented in Table 1
below.

As shown in Figure.S.2 in the supplementary
data, a fixed-bed reactor (internal diameter =
10 mm) was used for the catalytic cracking of
VB with the atmospheric steam. To reduce feed
viscosity, 70 mass % of toluene was mixed with
VB. According to the previous studies [12, 25],
toluene is considered as an inert component in the
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cracking process. VB-Toluene mixture was injected
into the feed stream-line through a syringe pump.
Water was also injected into the same stream-line
via a syringe pump. Preheating was performed at
350°C. In this process, N, was used as the carrier
gas at a rate of 25 cc/min.

Table 1. The virgin vacuum bottom (VB)

Characteristic Value
Viscosity (cSt) at 37 °C 352

Density (g/cm?) at 15.5 °C 0.998
n-Heptane insolubles (mass %) 007.5
CCR (mass %) 17.4
Nitrogen (ppmw) 287
Sulfur (mass %) 3.83

Ni (ppmw) 20

V (ppmw) 60

Boiling point (°C) 566

In this process, 3 g of the catalyst was used.
Before starting the process, steam and nitrogen
were injected into the system for 20 minutes at
500 °C for the pretreatment and steam treatment.
The feed entered the reactor at a volumetric flow
rate of 0.15cc/min (mass flow rate of VB = 0.045g/
min). Fwater/FvB is the ratio of water mass flow rate
to VB mass flow rate which is 13.3 and weight
hourly space velocity (WHSV) is 0.9 kg___/kg_ .h.
The heat required by the reactor was supplied by
a conventional furnace. The furnace temperature
was controlled by a thermocouple located on the
reactor outer surface and a K-type thermocouple
was used to monitor the temperature of the
center of the catalyst bed. The experiment was
performed for 1 hour at a constant temperature
of 500. Products from the cracking process were
discharged from the reactor by the carrier gas
and eventually fed into the cooling system which
includes a two-stage condenser at 0 °C. In this
section, lighter products were introduced into the
flare and heavier products were liquid.

For the evaluation of the liquid fraction products,
a GC (Agilent 5973 model) device was used for
analyzing the GC-MASS. A temperature program
was used to separate the liquid compounds in the
samples. The column temperature was initially set
at 40 for 2 minutes. Then it reached a temperature
of 280 (with rate of 5 /min) and held at this
temperature for 5 minutes. The sample volume

was injected with 0.2 | and the temperature of
the injection chamber was set at 280. Due to the
unchanged amount of toluene in the products, the
composition of liquid product was calculated and
normalized by the deletion of toluene.

For the evaluation of liquid fraction products,
a GC (Agilent 5973 model) device was used for
analyzing the GC-MASS with dimensions of 88cm
(w) * 56cm (d) * 50cm (h). The composition of
liquid product was identified and quantified by
GC-MS results, using the area normalization
method. For liquid products three different cuts
were considered according to the division of
resources [12, 14, 15], including gasoline (27-
225°C), gasoil (200-320°C) and VGO (320-450 °C).
A temperature program was used to separate the
liquid compounds in the samples. The column
temperature was initially set at 40°C for 2 minutes.
Then, it reached a temperature of 280°C (with rate
of 5°C /min) and held at this temperature for 5
minutes. The sample volume was injected with 0.2
pl and the temperature of the injection chamber
was set at 280°C. Due to the unchanged amount
of toluene in the products, the composition of
liquid product was calculated and normalized by
the deletion of toluene.

3. Results and Discussion
3.1. Characterization of Iron Oxide-Based Catalyst
3.1.1. XRD Analysis

X-ray diffraction analysis was used to
guantitatively investigate the effect of aging time on
the crystallinity of the catalysts. Figure 1 shows the
XRD patterns of Fe,O, and Fe,0,(83%)-Zr0,(7.5%)-
AlL0.(7%)-Ce0,(2.5%) catalysts synthesized at
different aging times. For Fe,O,, the iron oxide
hematite (-Fe,0,) diffraction pattern was assigned
to standard number 33-0664 (hematite, JCPDS
No. 33-0664). Synthesized Cat-0, Cat2, and Cat-
6 catalysts, with 2theta value of 24.1, 33.2, 35.6,
40.9, 49.5, 54.1, 57.5, 62.4, 64.1, 72.0, and 75.5
correspond to the iron oxide hematite structure.

As shown in Figure 1, all iron oxide-based
catalysts synthesized with different aging times
exhibit a pattern similar to the iron oxide hematite
structure. The peaks of ZrO,, ALO, and CeO, metal
oxides cannot be visualized in X-ray diffraction
analysis due to the high dispersion in Fe, O, matrix,
low content, or amorphous structure [26, 27]. The
crystal size of the catalysts with the aging times
of 0h,2 h,and 6 h are 31 nm, 31.1 nm and 43.9
respectively (Table 2).
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Figure 1. XRD patterns of Fe203-Ce02-Zr02-Al203 catalysts with different aging times: 0 h (a), 2 h (b) and 6 h (c)

Table 2. Textural properties of the catalyst synthesized at different aging times

SamPEI Sger” SExtb Smic Vi (Cms-g_l) Vmicd Vimeso® .cr¥5tal
size’ (nm)
Cat-0 75.2390 72.0724 3.1665 0.179759 0.0007 0.179 31
Cat-2 62.0233 57.0563 4.9670 0.179644 0.0017 0.177 31.1
Cat-6 59.9557 54.3913 5.5644 0.174332 0.0021 0.172 43.9

2BET Surface Area (m%.g?)

bt-Plot External Surface Area (m2.g?)
¢ t-Plot Micropore Area (m2.g?)
4t-Plot Micropore Volume (cm?3.g?)
VA, (cmg)

f Calculated using the Scherrer Formula at = 33°

Increasing the aging time during the co- crystals (Cat-2 and Cat-6) to nucleate and stick
precipitation synthesis leads to the agglomeration together (according to the mechanism of ostwald
of nanoparticles and consequently reduces the ripening), thus increases the size of the crystals [28].
specific surface area. The aging time causes the In the co-precipitation synthesis of the catalysts,
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pores are released by the release of nitrates and
NOx in the calcination process. Nitrate of metals
is constant in all the synthesized catalysts and
therefore the volume of pores will not change
much [28, 29].

According to the comparison between the
diffraction patterns obtained from Cat-0, Cat-2,
and Cat-6 catalysts, it is clear that by increasing the
aging time, the intensity of the peaks decreases.

3.1.2. FESEM Analysis

The morphology of the Fe, O,-Al,0,-ZrO-CeO,
catalysts at different aging times was specified
using the FE-SEM analysis, as shown in Figure
2. The SEM image shows the randomly shaped
a-Fe,0, catalysts containing Zr and Al which was
prepared by the co-precipitation method [30].

Also, EDX analysis of the catalysts are shown in
Figure 2. According to this Figure, all the materials
used in the preparation of iron oxide-based
catalysts (Fe, Al, Zr and Ce) are observed in EDX
analysis. Furthermore, EDX analysis shows high
dispersion and uniform morphology for the Fe,O.-

I @ cato

Al,O,-ZrO-Ce0, catalysts, which is an effective
parameter in catalytic performance.

3.1.3. N, adsorption-desorption Analysis

Figure 3 shows the N, adsorption-desorption
isotherms and the pore size distribution of Fe O,-
AlO,-ZrO,-CeO, catalysts. According to the IUPAC
standard, the isotherms of all catalysts with
different aging times are of type IV, indicating the
mesoporous properties of the catalysts [14]. The
hysteresis loops of catalysts with different aging
times at the relative pressure of p/p=0.7-1.0
are a Hl-type hysteresis loop. In the adsorption-
desorption isotherms diagram a sharp increase
at relative pressure p/p°=0.70-0.99 due to the N,
capillary condensation inside mesoporous [31]
can be observed. As can be seen from Figure 3,
the pore size distribution of the catalysts with
different aging times shows wide distribution with
large pore size (about 10 to 15 nm). For the Cat-
2 and Cat-6 catalysts, the pore size distribution
curves change to a larger pore size than the Cat-0
(aging of 0 h) catalyst.

16% OK
5% AIK
5% ZrL
4% Cel

70% FeK

8% OK
3% AlK

3% Zrl

Figure 2. FESEM images and EDX analysis of Fe203-Ce02-Zr02-Al203 catalysts with different aging times: 0 h (a), 2 h (b), and 6 h (c)
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Figure 3. N2 Adsorption/Desorption isotherms of Fe203-Ce02-Zr02-Al203 catalysts with different aging times: 0 h (a), 2 h (b) and

6 h(c)

The specific surface areas of the Cat-0, Cat-2 and
Cat-6 catalysts are 75.2 m2.g?, 62.0m2.g* and 60.0
m2.g? respectively (Listed in Table 2). As shown
in Table 2, by increasing the aging time, the pore
volume of the catalysts decreases. Also, increasing
the crystal size due to the agglomeration of
particles can be the main reason for the reduced
BET surface areas.

3.1.4. TPR Analysis

The H,-TPR profiles of the iron FeO -based
catalysts with the aging times of 0, 2 and 6 h are
shown in Figure 4. There are two main peaks
related to Fe,O, reduction in these profiles [32].
The first peak refers to the reduction of hematite
to magnetite [33], and the second peak refers to
the reduction of magnetite into zero-valent iron
[34]. As can be seen from Figure 4, the patterns
obtained from TPR analysis change with the
prolonged aging time. Therefore, the reduction
peaks corresponding to Cat-6 (aging time of 6 h)
shifted to higher temperatures. This is likely due
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to an increase of interactions between the Fe,
Al, Zr and Ce species in the solid solution and
subsequently restraining the reduction of iron
oxide [35].

3.2. Comparative Performance of the catalysts

Steam catalytic cracking of the vacuum bottom
(VB) was performed on FeO -Based catalysts by a
partial oxidation mechanism (Figure 5).

In this process, Fe,0,(83%)-ZrO,(7.5%)-
AlL0.(7%)-Ce0,(2.5%) catalysts with different
aging times of 0 h (Cat-0), 2 h (Cat-2) and 6 h
(Cat-6) were used. As shown in Figure 6, products
such as gasoline, diesel, and VGO were produced
in the process. The distribution of liquid products
was investigated using the GC/Mass analysis.
For the unaged catalyst (Cat-0), 12.8% gasoline,
22.2% diesel and 69% VGO were produced. For
the catalyst with 2 h aging (Cat-2), the amount of
gasoline, diesel and VGO produced in the partial
oxidation process was 12.9%, 33.7% and 56.9%,
respectively.
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Figure 4. TPR analysis of Fe203-Ce02-ZrO2-Al203 catalysts with different aging times: 0 h (a), 2 h (b) and 6 h (c)

Peyman Taghavi Eishkooh et al. / Steam Catalytic Cracking of Vacuum bottom

a)  Cap-(]  se—
b Cap-2  se—

676°C

3 364°C
=
©
o=
=2
)
o 704°C
o
'_
334°C
(c)
100 200 300 400 500 600 700 800

Temperature (°C)

MeOy
H
0? Catalyst
H,O
MeOy ,

O;

Heavy oil

Light oil
CO,
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Increasing the aging time to 6 h increased the
production efficiency of gasoline and diesel. Also,
the composition of aromatic content in liquid
products is shown in Figure 7. As can be seen, the
distribution of aromatic content in liquid products
increases by increasing the aging time.

The mass fraction of gaseous products in the
steam catalytic cracking of vacuum bottom (VB)
process on Fe,0,(83%)-ZrO,(7.5%)-Al,0,(7%)-
Ce0,(2.5%) catalysts with different aging times are
shown in Table 3. These gaseous products include
alkanes, alkenes, hydrogen and carbon dioxide. In
the partial oxidation mechanism with metal oxide
catalysts such as FeO -Based catalysts, the amount
of carbon dioxide production is very important.
These catalysts produce carbon dioxide due to
the presence of lattice oxygen species in their
structure [36, 37]. As shown in Table 3, CO, content
decreases by increasing the catalyst aging time.
According to BET analysis and Table 3, in fact, by
increasing the aging time, the surface area of the
catalysts in the steam catalytic cracking process is
controlled to produce a higher quality product and
reduce the CO, formation. As mentioned above,
the first peak with weight increase in TGA profile
of the Cat-0 and Cat-2 is due to the easy release of
oxygen from oxygen carriers and its reaction with
carbon to produce CO,. As previously discussed in
the TGA analysis (Figure 8), there was no increase
in weight for the Cat-6 catalyst (which is related to
lattice oxygen regeneration). Therefore, increasing
the aging time controls the partial oxidation
reaction and higher quality liquid products can be

obtained.

One of the major gas products in the steam
catalytic cracking of the vacuum bottom (VB)
process is hydrogen. It has been reported that
hydrogen generation leads to increased coke
formation [38]. As shown in Table 3, the mass
fraction of hydrogen produced using the Cat-0,
Cat-2 and Cat-6 catalysts was 17.84%, 21.12% and
28.03%, respectively. In spite of the significant
increase in the hydrogen content with increase of
aging time, the amount of coke deposition over
samples was the same. According to the obtained
results in Figure 7, it can be concluded that the
increase of hydrogen content in Cat-6 is attributed
to hydrogen transfer reaction and the increase of
aromatic content in the liquid products.

3.1.5. TGA Analysis

Toinvestigate the coke depositionin the catalytic
cracking process, TGA analysis was performed on
catalysts with different aging times. In the partial
oxidation process on FeO -based catalysts, the
role of lattice oxygen is very important. In other
words, TGA analysis indicates the amount of
oxygen species (reduced oxygen) of FeOx -based
catalysts in the partial oxidation process (without
steam) [7]. In TGA analysis, the reduced oxygen
from catalysts in the catalytic cracking process is
regenerated under the air flow. Figure 8 shows the
TGA and DTG curves. The weight loss observed in
the zone-1 of Figure 8 is related to the removal of
moisture in the spent samples.
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Figure 7. Content of aromatic compounds produced over Fe203-Ce02-Zr02-Al203 catalysts
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Table 3. Distribution of gaseous products during steam catalytic cracking of VB over synthesized catalysts

Gas composition (mass %)

Catalyst CO; CH,4 C,Hs C3Hsg CyH4 C3Hs H,
Cat-0 32.39 18.97 10.71 7.31 5.00 7.77 17.84
Cat-2 28.85 19.38 10.76 7.48 4.77 7.62 21.12
Cat-6 27.61 17.59 9.11 6.21 4.50 6.95 28.03

Zone-1 Zone-IL! Zone-ITI 0.20
100.00 - — ) CHED—
; E ) Cat-2 —
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Figure 8. TGA analysis of Fe203-Ce02-Zr02-Al203 catalysts with different aging time: 0 h (a), 2 h (b) and 6 h (c)

The weight increase of the spent Fe-Al-Zr-Ce
unaged catalyst (Cat-0) observed in zone-2 is due
to the oxygen replenishment in the catalyst. As can
be seen, in the Cat-2 (aging time of 2 h) and Cat-
6 (aging time of 6 h) catalysts, there is no weight
increment and retained their lattice oxygen. In
other words, increasing the aging time in the co-
precipitation synthesis of the catalysts leads to
an increase in the adsorption property of oxygen
species from steam in the steam catalytic cracking
process.

Asthe analysisin Zone-2 shows, the cat-6 retains
the oxygen lattice. In fact, this property causes
catalyst 6 to produce more aromatic products
(high quality liquid product) and consequently has
a higher amount of hydrogen gas than Cat-2 and
Cat-6.

Zone-3 in the TGA and DTG curves shows the
weight loss of the spent catalyst due to the coke
removal at high temperature. The coke removal
percentages of Cat-0, Cat-2 and Cat-6 catalysts

were 9.15%, 8.93% and 9.31%, respectively.

4. Conclusion

The results of XRD analysis showed that the
iron oxide hematite structure did not change by
increasing the aging time of FeOx-based catalysts.
Also, EDX analysis shows the presence and
dispersion of other oxide metals in the catalyst.
The results of BET and TGA analysis showed that
increasing the aging time controls the production
of CO, in gaseous products and the stability of
lattice oxygen in the catalyst. Consequently,
the partial oxidation process led to increased
production of liquid quality products. The gasoline
and diesel yields over Cat-6 (aging of 0 h) are
25.3% and 47.7%, respectively. The Cat-6 catalyst
also increased hydrogen production in gaseous
products and subsequently aromatic formation.
Finally, increasing the aging time improved the
performance of the steam catalytic cracking
process over FeOx-Based and showed well

32 Journal Of Oil, Gas and Petrochemical Technology 8(1): 23-35, Winter and Spring 2021

(@) |



Peyman Taghavi Eishkooh et al. / Steam Catalytic Cracking of Vacuum bottom

regenerability in partial oxidation of VB.
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