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ABSTRACT
The catalytic incineration of benzene over Al2O3 supported metal catalysts in the

temperature range of 150–4000C was investigated employing a fixed bed flow reactor. The
efficacies of six different catalysts were tested for the catalytic incineration of aromatic
hydrocarbons and Pt-Rh was found to be the most active. The use of Pt-Rh allowed nearly
complete oxidation of benzene at 3000C within a short contact time. The experimental results
showed that increase of weight % Pt-Rh in the catalyst increased the rate of oxidation with
1% Pt-Rh showing the best results. Ceria (CeO2) has been reported to be a good oxidation
catalyst. Experiments were carried out with Pt-Rh catalyst further moderated with CeO2. The
results showed significant improvement in the incineration of aromatic hydrocarbons like
benzene.
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INTRODUCTION
Industrial waste gases and vapors from

chemical and petrochemical plants contain
different types of hazardous volatile organic
compounds (VOCs)1. Organic compounds that
having vapor pressure and less latent heat of
vaporization, so that these are easily vaporized
at ambient temperature and pressure are called
volatile organic compounds (VOCs). Volatile
organic compounds emissions are associated
to many industrial processes and are considered
as major atmospheric pollutant because of their
acute toxicity. VOCs may be avoided by
eliminating the use of solvents. Most of the
VOCs contribute to the photochemical
formation of various secondary pollutants in the
atmosphere2. Therefore, stringent environ-
mental  regulations have been developed and

to reduce the VOC emissions or control the
same by proper treatment3. The destruction of
VOCs implies thermal or catalytic oxidation.
Thermal incineration is the most common
method to remove VOCs from industrial
emissions, but requires high temperatures,
usually above 10000C for complete oxidation.
This requires high fuel consumption, the use of
high temperature-resistant materials, and
generation of secondary gaseous pollutants like
NOx etc. Cost analysis of similar processes
indicate that thermal incineration technologies
is only feasible for the higher emission rates of
gases enriched with or the higher VOC
contents4. The catalytic combustion is a much
more attractive process for all emission
conditions. Catalytic combustion offers
environmental advantages, since it operates at
much lower temperatures avoiding formation
of nitrogen oxides and other secondary* Author for correspondence
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pollutants. Three specific requirements of such
catalysts may be mentioned here. Firstly the
catalyst should be able to oxidize different
organic chemicals, which makes the VOCs.
Secondly, in most cases VOC concentration is
quite low, the catalyst should be able to oxidize
the same at a relatively high space velocity.
Third and the last requirement is the ability to
operate at lower temperature. Although the
oxidation process itself is exothermic, but the
low concentration makes the heat release quite
significant, thus requiring external source of
heat to maintain the temperature and lower
temperature of operation makes the system that
much less energy intensive. Pt-Rh supported
on alumina or on other metal oxides are
conventional catalyst for such applications and
have received wide attention5,6.  The
characteristics of support material also play an
important function in supported noble metal
catalysts. Specially in case of incineration of
relatively high concentration of VOC the
exothermicity may cause sintering of support
system specially metal oxide catalysts7.

 Noble-metals deposited on inorganic
substrates are broadly used for oxidation of
VOCs removal from industrial emissions.
Several patented trade catalysts are available,
but details of these catalysts interms of its
operation under different conditions are not
available. This is specially important for non-
halogenated compounds VOCs for which very
little information is available8. Oxides of the
transition metals are also used, mainly oxides
of chromium, cobalt, copper, nickel and
manganese9.

During the last decade, several research
groups have studied the influence of the
operating conditions on the performance of
catalytic combustors10,11.  Tichenor and
Palazzolo12 studied the catalytic oxidation of
single component and their mixtures; they made
a ranking of destructibility of the contaminants
depending on their nature. Barresi et al.13

showed that in the case of aromatic
hydrocarbons, the reaction rate of one

component will be  influenced by the presence
of aromatic species. Most commonly, noble
metal catalysts like palladium or platinum are
used because they exhibit a high specific
activity. Hiam et al. and Schwartz et al14,15

studied the oxidation of several hydrocarbons
on a pure platinum or palladium wire. Different
support materials and structures have been
tried in order to improve the catalyst
performance16,17.  More recently, mixed
transition metal oxides have been used as a
catalyst. These catalysts require higher reaction
temperatures for oxidation, but are unlike
platinum and palladium catalyst these are
reported to reduce NOx formation. Rhodium
although a noble metal is reported to suppress
the formation of NOx. Thus a combination of
Platinum and Rhodium provide a unique
combination of high reaction rate a lower
temperature with low formation of NOx gases.
Further the presence of CeO2 in the catalyst is
reported to promote the oxidation reaction
further.

Benzene is a typical VOC, used in many
industries, such as chemical, petrochemical,
paint and coating industries18. Several catalysts
have been used for the total oxidation of
benzene19,20. Papaefthimiou et al.21 studied the
catalytic oxidation of benzene on different group
VIII metals supported on alumina. Pt and Pd
were the most active catalysts. In this study
the oxidation benzene has been studied using a
combination of Pt-Rh and CeO2, particularly
to lower the temperature of operation for a very
high degree of destruction.

 The activity of a catalyst depends on
the internal structures, particularly on the pore
structures and the effective surface area in
addition to the chemical composition itself. The
characterization of the catalysts by BET
apparatus with N2 adsorption system was used
to relate the activity with the surface area and
average pore size of catalyst. In addition to this,
X-ray diffraction method was used to determine
the structure of the catalyst deposit on the
alumina support system.
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MATERIAL AND METHODS
Catalyst Preparation And Characterization

The 2mm dia. alumina spherical particles
(-al2o3, purchased from sorbead india ltd)
were first calcined in air at 800oC for 12 h.
The noble metal catalysts Pt, Pt-Rh and Pt-
CeO2 on alumina were prepared by excess
solution impregnation method. The platinum and
rhodium catalysts were prepared by
impregnation of -Al2O3 in chloroplatinic acid
(MERCK, Germany) and rhodium trichloride
(MERCK, Germany) as the noble metal
precursor. The samples were oven dried at
100oC for 24 h and followed by calcinations in
air at 500oC and 400oC respectively for 3 h. In
similar way the Pt-Rh and Pt-CeO2 on alumina
catalysts were prepared by sequential
impregnation method. The noble metal catalysts
prepared were then reduced at 400°C for 2h,

with a 5°C/min rise from room temperature
under a flow of 20% H2 in N2 mixture, and
then stored in desiccator for later use.

The catalyst characterization was
carried out at three different stages. Initially
for the fresh calcined alumina support particles
before catalyst deposition; secondly after the
catalyst deposition, calcination and reduction;
finally after incineration for a period of 24 h to
check the condition of spent catalyst. The
surface area, total pore volume and pore size
distribution of the support and the catalysts
were determined by nitrogen adsorption
at 77K using a surface area analyzer
(Micromeritics, ASAP 2010). All the samples
were degassed at 473 K for at least 5 h in high
vacuum prior to analysis. The specific surface
area was calculated using the BET method.
The total pore volume was derived from the

Fig. 1 : Experiemental setup
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amount of N2 adsorption at a relative pressure
close to unity, assuming that the pores were
totally filled with the liquid adsorbate. The
average pore size (Dp) was estimated from
the pore volume, assuming a cylindrical pore
geometry by using the equation Dp = 4Vliq/S,
where Vliq is the volume of liquid adsorbate
contained in the pores and S is the BET surface
area. The morphology of the catalysts was
determined by scanning electron microscopy
(SEM) (Cambridge Stereosca 360).
Catalytic Oxidation

A packed-bed reactor was used to
evaluate catalyst activity for the oxidation of
benzene. The experimental setup is shown in
Fig. 1. The air was pre-heated to a temperature
in the range of 100-200°C in the preheater.
Preheater consists of a SS tube packed with
12mm dia stainless steel balls. The incinerator
consisted of a vertical tubular reactor of 3cm
diameter and 100cm long. The reactor column
was partly filled with alumina particles of 2mm
dia as packing material. The height of packed
bed was adjusted within the range of 3-12cm.
An opening was made at the top of the
incinerator for the gas exit. The gases coming
out from the incinerator are cooled to ambient
temperature using a copper coil dipped in water
and the cooled gases coming out of incinerator
are analyzed using online gas analyzer (IMR,
USA). The feed was inserted just below the
distributor plate of the reactor so that the hot
air coming from the preheater gets in contact
with the liquid feed and vaporizes the feed
stream with direct contact. The experiments
were carried out at varying catalyst bed
temperatures, different flow rates of air and
benzene and different bed height (by varying
the amount of the inert support material and/or
catalyst particles).

The reaction temperature usually was
increased from low to high, and was decreased
again to low temperature in some cases to
check consistency. The primary oxidation
products were found to be CO2 and H2O only.
That is, under experimental conditions carbon
monoxide and other partial oxidation products

were virtually undetectable. Thus, the
conversion was calculated based on the total
hydrocarbon remaining after oxidation. The
carbon balance between reactants and
products were carried out and the maximum
difference was within ±5% which is quite
normal. A blank test was conducted using
alumina without any catalyst loading.

RESULTS AND DISCUSSION
Characterization of Catalyst

The results of the characterization of the
catalysts (both fresh and after use for a specific
period of time) BET surface areas, pore
volumes and average particle sizes are
presented in Table 1. It can be observed from
Table 1 that the surface area and the pore
volume of the catalyst did not change much
during the operation for 10 hour period of actual
study. It may be mentioned here that during
this period of operation the catalyst was
subjected to several cooling and heating cycles
and actual period of exposure of this catalyst
to the oxidation atmosphere at the temperatures
of operation is at 4 times more i.e., about 40
hours, because of the time allowed for
stabilization under a specific experimental
condition. The marginal increase in pore dia
for the used catalyst is mostly due to blockage
of some fine pores with consequent availability
of large pores only. However, the surface area
remaining constant indicates that this is quite
insignificant. The results of spent catalyst
showed negligible reduction in surface area or
pore volume of all the catalysts and support
material indicating that there was no carbon
deposition on the catalyst during the period of
incineration operation. N2 adsorption/desorption
isotherms of -Al2O3 and calcined catalysts
exhibited a shape of type IV isotherm with a
hysteresis of type H4. Both exhibited virtually
no micropores, but only mesopores. The SEM
images taken for the fresh and used Pt-Rh
catalysts as shown in figure 2 showed that most
of the surface is covered with active sites and
there was no evidence of coke deposition.
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Catalyst BET (m
2
/gm) T

50
oC T

99
oC 

  Fresh catalyst After 10h run     

Al
2
O

3
 147      145.2 468 834 

Pt  132      131 208 325 

Pt-Rh  121      120.3 185 300 

Pt-Rh-CeO
2
 114      114 160 270 

 

Table 1: BET Data

(a) Calcined Alumina (b) Pt on Alumina

Fig. 2 : SEM images of fresh and spent catalyst

(c) Pt-Rh on Alumina (d) Spent Pt-Rh on Alumina
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Catalytic Oxidation
Incineration of benzene was carried out

in the packed bed reactor for both the thermal
and catalytic mode. Initially to start the process
first the incineration was carried out in packed
bed mode with inert material alumina as packing
media. The combustion efficiency was
recorded with varying temperature of the
column.
Screening of the best catalyst

The catalytic combustion of benzene was
also carried out in the incinerator with different
catalysts like 5% CuO, 0.1% Rh, 0.1% Pt, 1%
Pt and 1% Pt-Rh. All the catalysts were
deposited on 2mm dia alumina spheres and the
catalysts were placed upto to a height of 3cm
in the incinerator over a bed 3cm of inert
packing material. The results of the
experiments are shown in figure 3 in the form
of combustion efficiney versus temperatures
of operation. From the results it can be noticed
that the Pt-Rh catalyst provide the best
performance out of all the catalysts. The
desired combustion efficiency is achieved at a
lower temperature of operation as compared

to other catalysts. Combustion efficiency of
99% and more has been achieved at a
temperature of 300oC.
Oxidation of Benzene using Pt-Rh/Al2O3

In view of the fact that Pt and Pt-Rh
shows the best performance results,
experiments were carried out with catalysts
containing varying amount of Pt and fixed
quantity of Rh. Three sets of catalysts were
made with 0.1% Rh and platinum content of
0.1, 0.5 and 1% respectively. The corresponding
results of combustion efficiency at different
temperature are shown in figure 4. It may be
mentioned here that all experiments were
carried out at constant space velocity condition
i.e., with constant catalyst bed and uniform flow
rate of combustion feed i.e., air and benzene.
It may be observed from the figure that with
the increase in loading of the platinum in the
catalyst the combustion efficiency increased
at a fixed temperature. This also indicates that
the increased amount of platinum in the catalyst
reduces the temperature requirement to achieve
the desired combustion efficiency. Further

 

    Fig. 3 : Screening of the Catalyst
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Fig. 4 : Incineration using Pt-Rh/Al2O3

study was carried out to evaluate the effect of
space velocity on the combustion efficiency at
different temperature of operation with catalyst
containing 1% Pt-Rh. The change in space
velocity was obtained by varying the catalyst
bed height.

 

Fig. 5 : Incineration using Pt-Rh-CeO2/Al2O3

Effect of addition of Cerium oxide to
Pt-Rh/Al2O3 catalyst :

The role of CeO2 as a promoter for the
oxidation reaction has already been mentioned.
Experiments were conducted with a catalyst
prepared in the same sequential deposit method.
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The main components in the catalyst are 1%
Pt-Rh and 5% CeO2 supported on Al2O3
particles. The results of experiments are shown
in figure 5. The figure 6 shown considerable
improvement in the performance of the catalyst.
There was 250C reduction in the temperature
of operation for the combustion of benzene.
This indicates the presence of CeO2 in the
catalyst, was able to bring down the energy
requirement for the particular catalyst.

CONCLUSION
From the above study it can be concluded

that incineration of VOC’s is one of the most
effective methods of controlling the air pollution
from several industrial emissions. It was
observed that Pt-Rh/Al2O3 is the best catalyst
among the series of catalysts used for the
incineration of benzene as a representative of
VOC. The addition of Ceria (CeO2) to Pt-Rh/
Al2O3 further enhanced the reaction and the
temperature for complete combustion was also
reduced by about 25oC compared with the Pt-
Rh catalyst.
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