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ABSTRACT

The work is devoted to the catalytic hydrodearomatization of gasoline fractions to reduce
the content of benzene and polycyclic aromatic hydrocarbons and the catalytic oxidation of carbon
monoxide in motor vehicle exhaust gases. At hydrodearomatization of gasoline fractions of LLP "Atyrau
Refinery" on 0.2% Rh-Pt/ALO, bimetallic catalyst, the benzene content of the stable catalysate LG
fraction decreased from 3.23 to 0-0.03% and the content of aromatic hydrocarbons decreased from
55.04 to 28.40% and benzene was completely removed of the fraction Straight-run gasoline AVT with
the decrease of aromatic hydrocarbons from 9.93 to 5.04%. CO oxidation with 100% conversion over
metal block Pt-Co/Al O, catalysts begins already at 100°C, the optimal volume rate for the oxidative
conversion of CO is 80000-100000 h~'. Tests on a pilot plant showed complete removal of monoxide
from the exhaust gases of internal combustion engine.

Keywords: Benzene, Aromatic hydrocarbons, Hydrodearomatization, Oxidation,
Carbon oxide, Exhaust gases.

INTRODUCTION

Motor transport is one of the largest air
pollutants. The problem of exhaust gases purification
of motor vehicles is one of the most important
problems of humanity, attracting the attention of
the public and scientists of the leading countries of
the world. The cause of pollution is the low quality
of fuels, which produce toxic substances in the
exhaust gases during combustion. The composition
and quantity of toxic exhaust gases depends on the
quality of fuels. In Kazakhstan, about 3 million tons
of harmful substances, such as carbon monoxide,

hydrocarbons, oxides of sulfur and nitrogen etc. are
emitted daily into the atmosphere.” The level of air
pollution in many industrial cities of Kazakhstan
exceeds more than®'™ times the existing standard
limits due to emissions from motor vehicles, boilers
and factories. This problem is acute for many
industrial cities of the world.

The quality of fuels largely depends
on the hydrocarbon composition. Monoaromatic
compounds present aromatic hydrocarbons in fuels:
benzene, toluene, xylene isomers and polyaromatic:
naphthalene, tetralin and other condensed aromatic
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compounds. The product of incomplete combustion
of benzene is benzpyrene - a strong carcinogen.
During burning of 1 liter of gasoline, 81 pg
benzpyrene is produced in the exhaust gases and
in case of liter of diesel fuel - up to 170 pg. High
carcinogenicity of benzene makes it necessary to
limit its concentration in the composition of gasolines.
According to the standards of gasoline EURO-55,
the content of benzene must be less than 0.1% and
aromatic hydrocarbons 11-30%. During the operation
of low-quality fuels and oils in addition to harmful
emissions into the atmosphere there is a rapid wear
of machinery parts due to carbon deposition from
polycyclic aromatic hydrocarbons the service life of
machinery decreases by 30%. Reducing the amount
of aromatic hydrocarbons in automotive fuels will
extend the service life of machines.

Decrease in the proportion of aromatic
hydrocarbons in oils and petroleum products can be
achieved by various methods, one of the main catalytic
processes is hydrodearomatization of gasoline
fractions in the presence of highly efficient catalysts,
in which process the operational characteristics
of petroleum fuels, oils and raw materials for
petrochemical refining are improved.?3

Scientists from many countries are engaged
in the problem of hydrodearomatization of oil products
- USA, Great Britain, France, Germany, Japan,
Russia, China, Poland etc.*'® The main development
trends in the field of hydrodearomatization of
automotive fuels and the development of catalysts
based on platinum metals are aimed to reducing
the cost of catalysts (decrease of the content of
noble metal, selection of carriers and modifiers)
and increasing their stability and resistance to sulfur
compounds. In addition, hydrogenation processes
are carried out on metal oxide catalysts, where
Co, Mo, Ni, Cu, W and other transition metals are
used as the metal. The most effective and selective
catalysts for hydro-dehydrogenation reactions are
catalytic systems based on platinum group metals,
primarily Pt, Pd, Rh and Ru. By varying the nature of
the carrier and modifier uniform distribution of metals
in the pores, optimal acidity and stability against
sulfur-containing compounds have been achieved.
In literature of the last years on catalysis, there is
significant interest in the process of hydrogenation
of aromatic hydrocarbons, which largely explains
the practical use in the production of environmentally

friendly fuels. In refinery industry both catalysts based
on metals of group VIl and sulphide are used, but in
the case of latter benzene and aromatic hydrocarbons
are hydrogenated under more severe conditions.

When burning in the cylinders of an internal
combustion engine of one ton of fuel, the amount of
emitted carbon monoxide into the atmosphere is from
150 to 800 kg, depending on the mode of operation,
type of engine and its adjustment. One of the most
effective ways of utilization and neutralization of harmful
exhausts of motor transport is the catalytic oxidation of
toxic components to carbon dioxide and water.2

Modern catalysts for the neutralization
of harmful impurities in industrial gas emissions
can be divided into three main groups: containing
noble metals; consisting of transition metal oxides;
mixed catalysts including oxides of d-elements and
platinum group metals. But the catalysts with noble
metals remain the most active and are widely used
for industrial purification of waste gases, despite the
high cost of platinum metals.

The actual task is to replace the noble
metal catalyst system with cheaper oxide catalysts,
in particular oxide catalysts based on transition
metals, valencies, which differ in the variety of
the composition and the corresponding starting
compounds. The question of the nature and
interaction of the active components of the catalysts,
as well as the mechanism of the catalytic reaction
is discussed. The results of numerous studies have
shown that catalytic systems based on cobalt have
catalytic activity at low temperatures because of its
unique activity for the oxidation of CO'®. Investigation
of the effect of aluminum oxide on the Co,0,/y-Al,O,
catalyst?®?! of various synthesis methods have
shown that the catalyst obtained by the impregnation
methods has a high activity. It was shown by XRPD
method that CoAl,O,, Co,0,, Co and Al,O, phase are
present in Co/Al,O, catalysts depending on the Co
content.’®"* The catalysts obtained by the combination
of noble metals, in particular Pt and Co oxides, have
shown high activity in CO oxidation.?*2*

The present work is devoted to topical
aspects of environmental catalysis: study of the
catalytic hydrodearomatization of gasoline fractions
of LLP "Atyrau Refinery" to improve the quality
of Kazakhstan gasoline by reducing the benzene
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content in them and removing carbon monoxide in
exhaust gases by catalytic oxidation to carbon dioxide.

MATERIALS AND METHODS

The materials used are H,PtCl.. 6H,0
(TU 2612-034-00205067-2003, Russia), RhCl,.3H,0
(MRTU 609 1833-64), Co(NO,),.6H,0 (GOST 4528-
78). Pseudoboehmite is used to produce y-Al,O,
(SKBT LLC, Russia).

Catalysts were investigated by electronic
microscopy measurement (TEM and SEM),
thermoprogrammed reduction (TPR) on «Chromatech-
Crystall5000» (catharometer). XRD was carried out on
the diffractometer DRON-4-07 with Co-Ko radiation,
Russia. Analysis of the initial substances and reaction
products was carried out by gas chromatography
«Chromatech-Crystall 2000M» (FID), Russia.

EXPERIMENTAL

Catalyst Preparation

The y-AlL,O, support for two types of
catalysts was prepared from pseudoboehmite by
calcination at 650°C for 2 hours. Specific surface
area of the aluminum oxide was 170 m?/g. Catalysts
for hydrogenation are prepared by impregnation
method on moisture capacity with a small excess
of water of aluminum oxide with solutions of
H,PtClI,-6H,0 and RhCl,.3H,0 with further reduction
by hydrogen at 250°C for 4 hour.

The oxidation catalysts are model systems
of the catalytic phase applied to the basis - metal
block installed in automobile catalytic converters. The
y-AlLO, support was prepared from pseudoboehmite
by calcination at 650°C for 2 hours. The oxidation
catalysts were prepared by impregnation method
on moisture capacity with a small excess of water
of aluminum oxide with solutions of Co(NO,),-6H,0
or H,PtCl,-6H,0+Co(NO,),-6H,0 with further
calcination at 300-1100°C for 1 hour in air. The
cobalt content in the catalysts is 10%, 15% and 20%,
content of Pt is 0.5%.

The work consists of two sections: catalytic
hydrodearomatization of gasoline fractions to reduce
the content of benzene and polycyclic aromatic
hydrocarbons and the neutralization of carbon
monoxide from vehicle exhaust gases.
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Testing of catalysts in the process of
hydrodearomatization was carried out in an autoclave
- an apparatus for carrying out hydrogenation
processes during heating and under pressure
above atmospheric by the firm Amar Equipment Ltd
(India). Catalysts for CO oxidation were investigated
in a flow-through catalytic installation with a tubular
reactor of the integral type Finetec-4100 (China).
In the experiments, the hydrogen pressure,
temperature, and space velocity were varied.

RESULTS AND DISCUSSION

Hydrodearomatization of benzene fractions

Two gasoline fractions of LLP “Atyrau
Refinery” were subjected to hydrogenation: Straight-
run gasoline AVT (0.37% benzene) and Stable
catalysate LG (3.23% benzene). Bimetallic catalysts
Pt-Rh/ALO, were used as catalyst, which showed
the best results in the hydrogenation of benzene -
100% conversion and 100% yield of cyclohexane in
previous research.?®

Three Rh-Pt(8:2)/Al,0O, catalysts were
tested with different content of the active phase:
0.2, 0.5 and 1.0%. Fig. 1 presents data on the
hydrodearomatization of the Stable catalysate LG
fraction. The reduction of benzene content proceeds
from 3.23 to 0.11 on 0.2% of the catalyst, and over
catalysts with 0.5, 1.0% benzene is absent. Reducing
the amount of aromatic hydrocarbons from 55.04%
in the original gasoline to 28.4%. The best catalyst
is 0.2% Rh-Pt(8:2)/AL0,.

60 55,00 55,00 55,00

50
% 4,7 -
@ 2,5 mBenzene initial, %
-39 28,4 .
g u Benzene after, %
” m Aromatics initial, %
m Aromatics after, %
10
3,23 3,23 3,23
P ° me

0,2%Rh-Pt/  0,5%Rh-Pt/  1,0%Pt-Rh/
A1203 A203 A1203

Fig. 1. Hydrogenation of fractions of Stable catalysate LG
on 0.2% Rh-Pt/Al,0,, 0.5% Rh-Pt/Al,O, and 1.0% Rh-Pt/Al,O,
catalysts at 50°C and 4.0 MPa

Pilot tests on hydrodearomatization of

two gasoline fractions were carried out on the best
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catalyst. Fig. 2 presents data on the group composition
of the initial and after hydrodearomatization of the
Stable catalysate LG on 0.2%Rh-Pt/Al,O, in a pilot
plant at 50°C and 4.0 MPa.
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Fig. 2. Group composition of hydrocarbons of Stable
catalysate LG before and after the reaction on 0.2%
Rh-PY/Al,O, catalyst

The results of 5 experiments are presented,
between the data of which there are small
discrepancies that fall within the experimental error
- 1%. Benzene in all experiments removed by 100%,
aromatics content decreased from 41.47 to 22.49
wt.%. Amount of paraffin hydrocarbons decreased
from 15.18 to 9.26% and amount of isoparaffins
increased from 32.47 to 42.49 wt.% (Figure 2).

Data on the hydrodearomatization of an
initial Stable catalysate LG and after the reaction at
0.2%Rh-Pt/AlLO, in a pilot plant at 50°C and 4.0 MPa
were presented in Fig. 3. For Straight-run gasoline
AVT benzene in all 5 experiments was removed by
100%, the aromatics amount decreased from 9.93
t0 5.03 wt.%. The amount of alkanes decreased from
31.98 to 6.15%, amount of isoparaffins increased
from 32.52 to 57.70 wt.% (Figure 3).

Thus, the pilot tests of the synthesized
catalyst showed following results: after the catalytic
treatment benzene in gasoline is absent, and the
content of aromatic hydrocarbons is almost reduced
by half. In addition, the paraffin content decreases
with iso-paraffins increase, which indicates that the
synthesized catalysts, in addition to hydrogenation,
carry out the process of hydroisomerization of
normal paraffins to branched iso-paraffins with a
high octane number.
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Fig. 3. Group composition of hydrocarbons of Straight-run
gasoline AVT before and after the reaction on 0.2%
Rh-P/AlO, catalyst

Gasoline fractions of Stable catalysate LG
and Straight-run gasoline AVT, processed in the course
of hydrodearomatization, were investigated for the
value of octane number in LLP "Independent Center
for Petroleum Products Examination ORGANIC". The
data for the analyzes are given in Table 1. Octane
number by the Research method (RM) after treatment
of the stable catalysate did not change and was equal
to 94 units. And octane number by the motor method
(MM) increased from 82.6 to 82.7. This suggests that
the hydrogenation treatment of gasoline does not
reduce octane number.

Table 1: Octane number of gasoline fraction LG
Stable catalyzed and AVT straight-run gasoline
before and after catalytic treatment

Gasoline Octane number RM Octane number MM

LG stable catalysate

Initial (sample 1) 94 82,6
After experiment (sample 2) 94 82,7
Straight-run gasoline AVT

Initial (sample 1) 60 50
After experiment (sample 2) 60 50

Electron microscopic study of Rh-Pt/ALO,
catalyst has been carried out. Fig. 4 shows images
of SEM and TEM microscopy. A uniform distribution
of the active metal particles over the catalyst surface
is observed, which is well viewed in SEM photograph
(Fig. 4, image 1). In the TEM image (Fig. 4, image
2), 0.2% Rh-Pt (8:2)/Al,0, is represented by fine
particles 2-2.5 nm in size and a small amount of
more dense and large particles 5 nm. Diffuse rings
corresponding to Pt v Rh° metals represent by
microdiffraction patterns of particles. Apparently,
the high activity of the catalyst is due to the uniform
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distribution of nanoscale particles on the surface of
aluminum oxide.

1 2

Fig. 4. EM images of Rh-Pt/Al,0,. 1 — SEM, 2 -TEM
(zoom 160 000)

CO oxidation

The process of neutralization of carbon
monoxide in exhaust gases is aimed in its oxidation to
carbon dioxide. During the process of neutralization
of carbon monoxide in exhaust gases taken from the
internal combustion engine KG-690 of firm "KIPOR",
the prepared metal block catalysts were tested. Catalyst
testing temperatures ranged from 25 to 500°C.

The block platinum-cobalt catalyst was
tested as the one that showed the most activity
in early studies?® during the oxidation of carbon
monoxide. It was shown that starting from 100°C,
the CO is completely converted (100%) and removed
from the exhaust gas with a content of 0.036 ppm
CO. It has been tested the effect of temperature on
carbon monoxide conversion by using this catalyst
(Table 2). There is practically no CO oxidation at
25°C, this process starts from temperature 100°C,
and at 300°C carbon monoxide is completely
converted into carbon dioxide.

Table 2: CO oxidation on 10% Co0-0.5% Pt/

AlLQ, at different temperatures (volume rate
25000 h)

Process
temperature,°C

CO content in exhaust, ppm
before catalyst after catalyst

25
0,036 0,035
100 0,012
250 0,003
300 0,00
450 0,00

The volume flow rate of the process at a
temperature of 300°C ranged from 20 000 to 150 000 h'.
According the data of Table 3 maximum values of
conversion of CO (99-100%) at 80 000-120 000 h.
In general, we took for the optimum the volume flow
rate of 80 000-100 000 h'.

Table 3: CO conversion on platinum-cobalt catalyst
at various volumetric flow rates at 350°C

Volume flow CO content in exhaust gases, ppm Conversion, %

rate, h! before catalyst  after catalyst

20 000

0,036 0,035 94

50 000 0,011 97
80 000 0,005 99
100 000 0,00 100
120 000 0,005 100
150 000 0,007 98

Three most active catalysts with Co content
of 10, 15 1 20 % were tested in a pilot plant in the
process of oxidation of carbon monoxide in exhaust
gases. Data on oxidation of carbon monoxide
for these 3 samples of metal block catalysts are
presented in Table 4.

Studies were conducted in the temperature
range of 50-250°C and volume flow rate of 10 000 h'.
The process does not proceed at all at 50°C
and the content of carbon monoxide (in mg/m?)
remains unchanged. With temperature increase, the
conversion of carbon monoxide increases from 8.7%
and at 250°C reaches 100%, i.e. CO is removed
completely. When comparing the efficiency of the
used catalysts, it is possible to distinguish 20%
Co-0.5% P/AIL,O, (Table 4). Carbon monoxide is
almost completely oxidized to CO, at 250°C, the
content of which increases from 9 to 9.3 vol.%.

Thus, according to the results of pilot tests,
a more than 5-fold decrease of the concentration of
carbon monoxide was obtained in the neutralization
process at temperatures close to the exhaust gas
temperatures on the vehicle, on which measures of
the composition of gases was carried out.

Table 4: Oxidation of carbon monoxide on 3
samples of catalysts on a pilot plant

Catalyst Temperature,°C CcO

mg/m? conversion, %

10% C0-0.5% PYALO,

50 2527 0,0
100 2276 8,7
150 1157 56,3
200 123 95,7
250 0 100
15% Co-0.5% Pt/Al,O, 50 2527 0,0
100 2186 12,1
150 1543 44,3
200 409 89,8
250 0 100
20% Co0-0.5% PY/ALO, 50 2527 0,0
100 2107 12,4
150 1335 41,6
200 577 78,5
250 0 100
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Thermoprogrammed reduction (TPR) of
the platinum-cobalt catalyst samples has been
carried out in order to study their activity. This gives
information about the forms of oxygen that are active
in the process of CO oxidation.

In the work' it was established by XRD
method that CoAl,O,, Co,O,, Co and AL,O, phases
are present in Co/Al,O,. It was shown that the spinel
CoAl 0, is low active in the oxidation of CO and the

most active are cobalt oxides.

TPR spectra of 10% Co/Al,O, catalyst
calcined at different temperatures of 25-650°C
are presented in Fig. 5. Heating was carried out
in a linear mode up to 1200°C and subsequent
thermostating at this temperature until the curve
completely left on the zero line. Conventionally, the
spectrum can be divided into 3 areas: | - up to 550°C,
Il - 550-900°C, IIl - above 900°C.

mV
12000 1
10000 1-Co25°
2-Co 300°
8000 3- Co400°
4-Co 550
6000 5-Co 650n

4000

2000

0 200 400 600 800 1000 1200 1400 1550

Fig. 5. TPR data for 10% Co/Al O, calcined in air

at 25-650°C

In | area of the TPR, the most active oxygen
of cobalt oxides obtained in the decomposition
process with a linear increase in temperature is
reduced by hydrogen. Oxygen of these oxides is
the most active in CO oxidation reactions. As the
temperature rises, the oxygen content drops in Il
area till 0 at 800-850°C and the temperature of
maximum of oxygen reduction shifts in this area from
350 to 550°C. In Il area, the oxygen peaks are more
blurred, their total amount (square of peaks) changes
little up to 750°C, then begins to fall and decreases
strongly at 950-1100°C. In Ill area, the amount of
oxygen in range of 750-800°C varies slightly and
at 950-1100°C almost reaches its maximum. The
peak of oxygen of this area corresponds, according
to data of XRD to spinel - cobalt aluminate.
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The presence of spinel CoAl,O, is shown by
XRD data. The diffractogram of samples of 10% Co/
AlLQ, catalysts (Fig. 6) shows clear intense reflexes
typical for Co,O, (ASTM 73-1701). It should be
noted that CoAl,O, spinel (ASTM-3-896) possesses
a close set of reflexes. Only the reflex at 4.6558,
which is characteristic for two of them only for Co,O,,
distinguishes both of these compounds: 4.67, 2.86,
2.44,2.02,1.55 and 1.43.

21072

<«
Q
]
)

1.2169

1.271

F 2.0183

10 15 20 25 30 35 40 45

Fig. 6. XRD data of 10% Co/Al,O,

The curves of TPR of 10% Co + 0.5%
Pt/ALO, catalysts are presented in Fig. 7. In all three
conditional areas there is a shift in temperature
ranges associated with the presence of platinum,
which can additionally activate hydrogen in the
gas mixture of TPR. Perhaps, there is a spillover
process of hydrogen activated by platinum. Probably,
platinum contributes to the preservation of cobalt in
the form of catalytically active oxides, rather than the
formation of low-active alumino-cobalt spinel.

50 55 60 65 70 75 80 8 90 8 100

mV
140001

- Co/Pt 25°C
- Co/Pt 300°C

120001

- Co/Pt 400°C
- Co/Pt 550°C
- Co/Pt 650°C
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5
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4000

20004

100 300 500 700 900 1100 1300 1500

Fig. 7. TPR data for 10% C0+0.5% PY/ALO, calcined in air
at 25-1100°C
Thus according to the TPR data, the oxygen
of spinel CoALQ, is the least active in the reaction
with hydrogen. Platinum at temperatures up to



MASSENOVA et al., Orient. J. Chem., Vol. 35(1), 351-357 (2019)

650°C contributes to the preservation of the active
cobalt oxides and prevents the formation of cobalt
aluminate.

CONCLUSION

In the process of hydrodearomatization of
gasoline fractions of LLP "Atyrau Refinery", it was
shown that on the bimetallic catalyst 0.2% Rh-Pt
(8:2)/A1,0, the benzene content at hydrogenation
of fraction of the Stable catalysate LG decreased
from 3.23% to 0%, and the amount of aromatic
hydrocarbons decreased from 55.12% to 22.6%.
In the case of hydrodearomatization of Straight-
run gasoline AVT of LLP "Atyrau Refinery" on the
same catalyst and under the same conditions as
the Stable catalysate, the benzene is completely
removed from 0.37% to 0%, and the amount of
aromatic hydrocarbons decreased from 9.93% to
5.03%. Apparently, the high activity of the catalyst is
due to the uniform distribution of nanoscale particles
on the surface of aluminum oxide.
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The optimal process parameters has been
selected for further pilot tests of cobalt-platinum
catalysts based on metal blocks on oxidation of
carbon monoxide in a laboratory flow installation. The
oxidation of CO with 100% conversion on metal block
catalysts begins already at 100°C. The optimum
volumetric flow rate for the oxidative conversion of
COis 80000 - 100 000 h'. Tests on a pilot plant also
showed the complete removal of CO from exhaust
gases. According to the results of pilot tests, a more
than 5-fold decrease in concentration of carbon
monoxide was obtained at temperatures close to
the exhaust gas temperatures. It was shown by TPR
method that platinum contributes to the preservation
of the active cobalt oxides and prevents the formation
of inactive cobalt aluminate.
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