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Catalytic oxidation of organic pollutants
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The paper presents the results of the measurements of the catalytic activity of V,0,/TiO, and MoO,/TiO,
catalysts (8,10,12 and 15 wt % of V,O, or MoO, on TiO, — anatase, respectively), prepared in our laboratory,
in the complete oxidation (combustion) process of chosen volatile organic pollutants of the air such as
methanol and n-butyl acetate. The activity of these catalysts was compared with the activity of industrial
catalysts: supported platinum — Pt-p (0.15 wt % of Pt on y-ALO,) and MCA (15 wt % of CuO and 6 wt
% of ZnO on y-AlO,). The investigations were carried out in the kinetic region (powder of the catalysts
with the diameter in the range of 1.02 — 1.2-10* m) and for the chosen catalysts also in the diffusion region
(the grains of the catalysts having the diameter of 2.5-10° m). On the basis of the obtained results the analysis
of the process was performed.

It has been stated that reaction rate is well-described by the first order equation in relation to the methanol
or n-butyl acetate concentration. On the basis of the obtained results in the kinetic region for all the applied
catalysts the parameters of Arrhenius equation were determinated.

The comparison of the results for the kinetic region with the results for the diffusion region for the chosen
catalysts allowed the calculation of the effective coefficients of diffusion. The parameters of Arrhenius
equations as well as the effective coefficients of diffusion show a good correlation with the values obtained
for the catalytic combustion of other organic pollutants of the air.

The measurements were carried out using a flow tubular reactor. The flow rate of the reaction mixture was
kept constant 20 dm*/h (5.56-10° m?/s) in each test, using the space velocity of 20 s™. It has been stated that
the use of the applied catalysts led to the almost total oxidative destruction of both pollutants. Only H,O
and CO, were found as the final products of the reaction. The complete oxidation of the methanol process
runs at the lower temperature than that of the complete oxidation process of n-butyl acetate. The most active
at the combustion of methanol was the Pt-p catalyst. It demonstrates a comparable activity to molybdenum
— titanium catalysts and the slightly lower activity than vanadium - titanium catalysts in the combustion
of the n- butyl acetate process. The MCA catalyst was less active than the others in the oxidation of both
compounds. The structures of the catalysts were tested using the X -ray analysis (XRD), infrared spectroscopy
and scanning microscopy (SEM).

The results of the investigations show that V,0,/TiO, and MoO,/TiO, catalysts, especially the most active
of them the 8% V,0,/TiO, catalyst can be used in industrial systems for the purification of the air and
industrial waste gases with VOCs, replacing the more expensive noble metals supported catalysts.

Keywords: catalytic oxidation of methanol and n-butyl acetate, V,0/TiO, and MoO,/TiO, catalysts,

macrokinetics of oxidation process.

INTRODUCTION

Different volatile organic compounds are emitted to
atmosphere from various industrial plants. Among them
there are hydrocarbons and also the organic compounds
containing sulphur, nitrogen, oxygen and halogens. The
type and the amount of the pollutants influence the method
which is applied for their removal from the gas effluent
streams. There are many different techniques for VOCs
removal, such as adsorption, absorption, biofiltration,
thermal incineration, and catalytic combustion (complete
oxidation). For many years the catalytic combustion meth-
ods have been the ones to be the most often applied to
reduce the emissions of volatile organic compounds from
stationary sources® 2. They can be used effectively in a
wide range of pollutants concentrations and waste gas
flow rates. Furthermore, when the gases contain only
hydrocarbons and oxygen-containing organic compounds
only non-toxic H,O and CO, are the products of the
reaction. Additionally, these methods are cheaper than
other technologies. It is the reason why at many scientific

centres of the world the further investigations of the cata-
lytic combustion of different organic compounds proc-
esses are conducted. The aim of these investigations is to
obtain the active, cheap and resistant to the poisons cata-
lysts for combustion processes.

Two types of the catalysts are used in catalytic oxida-
tion: supported noble metals or metal oxides. Among
noble metals, Pt and Pd are the most frequently used for
the complete oxidation of VOCs*~3, usually supported on
different carriers. The catalysts based on the metal oxides
as an active components, contain oxides such as: CuO,
Mn,0;, Fe,0;, Co,0;, NiO, MgO, ZnO, Cr,0,, CeO, or
their mixtures® - 13, These catalysts are manufactured in
the form of different grains, pellets as well as supported
on an oxide, mainly Al,O;.

In the 70s a new generation of the catalysts for the
purification of effluent industrial gases, mainly with nitro-
gen oxides, has been developed™. The new catalysts were
obtained by supporting chosen transition metal oxides
(V,05 and MoO,) on TiO, (anatase). The methods of the
preparation of such catalysts were described in the litera-



ture'®. These catalysts have high activity in the selective
catalytic reduction of nitrogen oxides with the ammonia
process (SCR process) and furthermore at the tempera-
tures higher than 300°C they are resistant to sulphur ox-
ides'™ 4. Additionally, they are cheaper than other cata-
lysts!4 15,

That is why it was interesting to determinate the activity
of theV,0; — TiO, and MoO; — TiO, catalysts also in the
catalytic combustion of volatile organic compounds proc-
esses. Waste gases from industrial plants very often con-
tain both organic compounds and nitrogen oxides. In the
case of high activity of vanadium — titanium and molyb-
denum - titanium catalysts also in the oxidation of VOCs,
they could be applied for the removal from industrial
gases of such pollutants together with nitrogen oxides.

THEORETICAL BASIS

The process rate over porous catalysts also depends on
the rate of mass and heat transfer from the stream of the
gas to the external surface of the catalyst and inside its
grains. To investigate the combustion of the organic com-
pounds process it is necessary to consider the chemical
reaction together with the mass transfer when the process
occurs in the isothermal conditions or the chemical reac-
tion together with the mass and heat transfer in the non-
isothermal conditions.

The kinetics of the reaction of the catalytic combustion
of organic pollutants in the air is well described by the
first order equation in relation to the concentration of the
pollutant!, Thus, the reaction rate can be expressed by
the equation:

di
rozco'f:kv'co(l_a) (1)

Usually the rate constant of reaction k, is given by the
Arrhenius equation:

k = A exp (- E/RT) = A exp (- B/T) (2)

The heterogeneous catalytic reaction in the kinetic re-
gion should be carried out using the powder of the cata-
lyst, the size of which must be early determined experi-
mentally. It can be done by determining the process rate
for the particles of the catalyst having different dimen-
sions, whereas the other parameters of the process such as
the temperature, the flow rate of the reaction mixture, the
inlet concentration of the reagents in the gases and the
effective coefficient of the diffusion are kept constant!’.
When the increasingly smaller grains of the catalyst are
applied, the process rate increases to the maximum value,
which is obtained for such dimension of the catalyst grains
for which the process runs in the kinetic region. Further
decrease of the catalyst grains does not accelerate the
process rate.

In the industrial reactors the catalysts in the form of
porous pellets or blocks are usually used. In that case the
real rate of the process depends not only on the reaction
rate, but also on the rate of external diffusion (mass trans-
fer of the pollutant from the stream of the gas to the
external surface of the catalyst) and on the rate of internal
diffusion (mass transfer inside of the porous grain of the
catalysts). Most often the rate of the external diffusion is
higher than other stages of the process and mainly de-
pends on the turbulency of gas flow in the reactor. It has
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been assumed that when the linear velocity of gas flow is
of 0.2 m/s and more, the external diffusion does not in-
fluence the total process rate of the heterogenous catalytic
reaction'’”. When the process is only controlled both by
the internal diffusion and the chemical reaction, its rate
is described by equation:

r((x,T)z T, M (3)
For the first order equation of the reaction rate, the
spherical shape of catalyst grains and when the process

occurs at constant temperature, the effectivity coefficient
n is described by the equation:

3t v
n (DSI tanhq)sl CD.\'I (4)

where:
@, — the Thiele's modulus

kV
D, =R, e D7f 5)

When the values of Thiele's modulus @, and the rate
constant k, are known, then the effective coefficient of the
diffusion can be calculated from the formula:

R; -k
D,‘ — 0 v
o (Dfl (6)

Figure 1 shows the relation between 7 and &, which
was used for the calculation of D,.
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Figure 1. The relation between of n and @, for the first
order reaction

In the investigations of the kinetics of the catalytic
combustion (total oxidation) of hydrocarbons and others
organic pollutants of the air the tubular reactor is usually
applied. The design reactor equation has the form!®:

M _ . Tdia
FOV ’ 0 V(G,T) (7)

After the integration of equation (7) we get

— for the kinetic region
m

e
-In (1 - o)y = FOV k ®)
— for the diffusion region
e
n (1 @)y = 7~ 0k 9)
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When the measurements for the powder and for the
grains of the catalyst are carried out at the same tempera-
ture and under the same flow rate of gases we obtain

~In(l-a),,

" =0, (10)

On the basis of the experimental results, using equation
(10), the effectivity coefficient n can be calculated. When
its value is known, the Thiele's modulus &, is
determinated from Figure 1.

EXPERIMENTAL

The laboratory samples of the investigated, vanadium-
titanium and molybdenum-titanium catalysts were obtained
by the impregnation of the support — TiO, (anatase, BET
surface area 62.5 m?%g) with an aqueous solution of am-
monium metavanadate NH,VO; or ammonium
paramolybdate (NH,);Mo,0,,, in appropriate concentra-
tion to get loading in the range of 8 — 15 wt. % of V,0,
or MoO,. After the impregnation the mixtures were dried
at the temperature of 110°C and next were calcinated in
air for 5 hours at the temperature of 350°C. The catalyst
powder was pelletised and subsequently crushed to obtain
the powder having the particle size fraction with an aver-
age diameter of 1.02 — 1.2-10* m (for the investigations
in the kinetic region) and the grains of the catalysts with
the diameter of 2.5-10°m (for the investigations in the
diffusion region). According to this procedure the vana-
dium-titanium and molybdenum-titanium catalysts con-
taining 8, 10, 12 or 15 wt. % of active components i.e.
V,0; or MoO; were prepared. Using the same method of
preparation the catalyst containing 10 wt. % of V,0; or
MoO; on TiO, in the form of hydrogel as support (BET
surface area 260 m?/g) were obtained. These catalysts
were signified by the letter H. The industrial Pt-p and

MCA catalysts were manufactured by the chemical plants
in Poland.

The investigations of the activity of the tested catalysts
were carried out using the experimental set-up,
schematically shown in Figure 2.

The feed air from the high-pressure air cylinder (7) was
divided into two streams. One stream was passed through
the glass spheres packed column (3). To the top of the
column the liquid methanol or n-butyl acetate was intro-
duced. In the column the air was saturated with the va-
pour of one of these compounds. The temperature of the
saturator was held constant using the water bath. The
second stream was pure air. Both streams were directed to
the mixer of the gases (4), where they were mixed. The
total volume flow rate of the air-VOC mixture was meas-
ured by a gas flowmeter (14). Using the control needle
valves (18), the proper contribution of the total air stream
and the desired concentration of the pollutant in the
mixture were obtained. The mixture of the gases was in-
troduced into the tubular quartz glass reactor (1) in the shape
of a U-pipe (the outer diameter of the pipe of 9-10° m and
the inner diameter of 6:10° m). It was heated by an elec-
tric furnace (5). The catalyst bed was placed in the reac-
tor on the grate from the quartz wool (8) and was covered
with a plug of quartz wool, as the protection against the
fine catalyst grains getting blown out with the stream of
gases. The reaction temperature was controlled by the
thermocouple placed in the middle of the reactor inside
the catalyst bed. The sampling ports were fitted at the
inlet and outlet of the catalytic reactor.

The measurements were performed as follows. After the
placement of the catalyst sample (usually 5-10 kg) in the
reactor, it was pre-heated to the temperature up to 100°C.
Next the feed air and the feed liquid methanol or n-butyl
acetate were turned out to the saturator. The required
concentration of VOC in the mixture of the gases and the
temperature of the reaction were chosen. When the con-
centration and the reaction temperature were constant,
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Figure 2. The experimental set-up: 1 — tubular reactor, 2 — catalyst bed, 3 — packed column (saturator), 4 — mixer of the gases,
5 — electric furnace, 6 — air purification system, 7 — high-pressure air cylinder, 8 — grate from quartz wool, 9 — tank
of methanol or n-butyl acetate, 10 — tank of the liquid from column, 11 — surge tank, 12 — peristaltic feed pump,
13 — mercury gauge, 14 — flowmeter, 15 — thermocouple, 16 — millivoltmeter, 17 — reducing valve, 18 — needle valves,

19 — control valve, A,B — sampling ports



the samples of the gases at the inlet and outlet of the
reactor (after cooling it to ambient temperature) were
taken from the sampling ports using a syringe. The con-
centration of methanol or n-butyl acetate in the gas mix-
ture was determined using a gas chromatograph CHROM
5, equipped with the FID detector (Porapack QS column
at 110°C). On the basis of the obtained results the degree
of the conversion (combustion) was calculated, using the

formula:
¢, —¢

e (1)

The change of the volume flow rate of the gaseous
mixture, as a result of the reaction, was insignificant. It
was smaller than 0.4% for the concentrations of the tested
organic compounds. It allowed to assume that
F, =F, = const and it accounted for the application of

the above equation to the calculation of the conversion
degree.

The investigations of the activity of the obtained vana-
dium-titanium and molybdenum- titanium catalysts and
industrial Pt-p and MCA catalysts in the catalytic com-
bustion of methanol or n-butyl acetate processes were
carried out, using the constant flow rate of the reaction
mixture 20 dm?h (5.56:10° m?/s) in each test. The cal-
culated space velocity was 20 s!. The inlet concentration
of methanol in the stream of the reaction mixture was in
the range of 0.469 — 1.125 mol/m® (15 — 36 g / m?),
whereas the concentration of n-butyl acetate in the range
of 0.121 - 0.198 mol/m® (14 - 23 g/m?). In the reactor
whose cross-section in the reaction zone was of 2.83-10¢
m? and the applied flow rate of the reaction mixture was
5.56-10° m%s, the calculated linear velocity of the gas
flow was near 0.2 m/s (exactly 0.197 m/s). Taking into
account the opinion of the authors!” it has been assumed
that under such conditions the external diffusion does not
influence the total rate of the investigated processes. For
the experiments in the kinetic region the powder of the
catalysts (the size of the particles in the range of 1.02 —
1.2-10* m) were used. It was found experimentally that
over such fine grains of the catalysts the process occurs in
the kinetic region. The measurements in the diffusion
region were performed using the grains of the catalysts
with a diameter of 2.5-10° m.

RESULTS AND DISCUSSION

Initially, the influence of the size of the catalyst grains
on the methanol combustion process rate (destruction
degree) over the MCA catalyst and on the n-butyl com-
bustion process rate over the 8% V,0; /TiO, catalyst,
were determined. The aim of these measurements was to
find the dimensions of the catalyst grains, for which the
process runs in the kinetic region. In these investigations
the grains of the catalysts with the diameter in the range
of 1.02 + 1.2:10*-2.5-10°m were applied. The tempera-
ture and the inlet concentration of the pollutant in the
gases were kept constant during each measurement and
were 260°C and 20 g/m? respectively, for the combustion
of methanol, whereas for the combustion of n-butyl ac-
etate were 185°C and 18 g/m?. In both tests the same flow
rate of the reaction mixture, equal to 5.56-10° m3/s was
applied.
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The function oo =f(R,)), obtained for the combustion of
methanol over the MCA catalyst is shown, for example in
Figure 3.
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Figure 3. The relation between the conversion degree of
methanol and the dimensions of MCA catalyst
grains (t = 260°C, ¢, = 20 g/m?, F,, = 5.56-10°

m3/s)

It is seen from the plot in Figure 3 that for the catalyst
grains with the diameter of 1.8-10“*m (sieve fraction of
1.62 — 1.80-10* m) the destruction degree of methanol
was near 0.98 and it did not increase when the smaller
grains were used. It indicated that over such fine catalyst
grains the process rate was constant and the methanol
combustion process took place in the kinetic region. The
same result was obtained for the combustion of n-butyl
acetate over 8% V,0,/TiO, catalyst. On the basis of the
obtained results in further measurements in the kinetic
region the powder of the catalysts with the diameter in the
range of 1.02 — 1.2-10* m, were applied.

For all the applied catalysts the influence of the tem-
perature on the conversion degree of methanol and n-
butyl acetate for the kinetic region (using the powder of
the catalysts) was determinated.

For example, in Figure 4 the functions o = f(t) for the
combustion of methanol over wanadium-tytanium and
industrial catalysts are shown.

It has been noticed that in the complete oxidation of
methanol the most the Pt-p catalyst was the most active
one. Among the other tested catalysts the 8% V,04/TiO,
catalyst demonstrated the highest acitivity. The less active
was the MCA industrial catalyst. The comparison of the
results for the V,04/TiO, and the 10% V,0,/TiO, (H)
catalysts indicates that supporting vanadium oxide (V) on
carrier TiO, in the form of hydrogel, having higher spe-
cific surface area than TiO, anatase, leads to the improve-
ment of the catalytic properties of the vanadium- titanium
catalysts.

On the basis of the results of the investigations in the
kinetic region, for each catalyst the temperature at which
the conversion degree of methanol or n-butyl acetate over
this catalyst reached the 0.9 value, was determinated. This
temperature was taken as a measure of its activity.

The results are presented in Table 1.

The data in Table 1 for the combustion of n-butyl ac-
etate over the applied catalysts indicate that in this proc-
ess the vanadium-titanium catalysts were the most active
ones. The molybdenum-titanium catalysts and the indus-
trial catalyst Pt-p had almost the same activity, higher
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Figure 4. The influence of the temperature on the combustion degree of methanol for vanadium-

Pt-p and MCA catalysts (the kinetic region)

Table 1. The comparison of the activity of the catalysts for

trx:OAf)
methanol n-butyl acetate

Catalyst £l £C]
8% V205 / TiO» 170 200
10% V205 / TiO> 210 220
12% V205 / TiO, 200 210
15% V205 / TiO> 185 205
2|_O|)°A1 V205/T|02 185 210
8% MoO3 / TiO, 235 230
10% MoO; / TiO, 245 245
12% MoOQO; / TiO, 230 245
15% MoQ; / TiO, 240 245
10% MoOQO; / TiO, 235 220

H)
MCA 230 270
Pt-p 135 240

than the MCA catalyst. Among all the tested catalysts the
most active in the catalytic combustion of n-butyl acetate
was the 8% V,05/ TiO,. It should be noticed that the use
of the catalysts based on metal oxides resulted in almost
total (o0 = 0.98 + 0. 99) purification of the air with metha-
nol or n-butyl acetate at the temperatures 30 — 50°C higher
than the ones given in Table 1.

On the basis of the results of the measurements in the
kinetic region for all the applied catalysts the A and B (E/
R) parameters of Arrhenius equation were calculated. For
all the catalysts in the coordinate system Ink +1/T the
linear plots were obtained. For example in Figure 5 the
plot for the combustion of n-butyl acetate over the
8%V ,0,/TiO, catalyst is shown.

The Arrhenius equations, describing the rate constants
of the combustion reactions for the tested catalysts are
listed in Table 2.

The investigations in the diffusion region were carried
out for the MCA catalyst for the combustion of methanol
and n-butyl acetate and for the 8% V,04TiO, in the
combustion of methanol. For example the influence of the
temperature on -In(1-ot) in the combustion of methanol
with the use of the powder and the grains of MCA is
shown in Figure 6.
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Figure 5. The relation between Ink and 1/T. The combustion
of n-butyl acetate over the 8% V,04/TiO, catalyst
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Figure 6. Functions -In(1-a) = f(t) for the combustion of
the methanol over MCA in the kinetic and diffu-
sion region

The measurements were performed using the same flow
rate of the reaction mixture (20 dm¥/h). It has been noted
that the internal diffusion has an influence on the process
rate, especially at higher temperatures. At the same tem-
perature the process rate in the diffusion region is much
lower than in the kinetic region.

The results were elaborated as follows. At first, on the
basis of the dependences -In(1-o)=f (t) obtained for both
regions the effectivity coefficient n can be determined.
Then, from the dependence in Fig.1 the value of Thiele's



Table 2. The Arrhenius equations.
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k =Aexp (-B/T)

10% MoOs / TiO, (H)

k =1.9776-10" exp (-10638 / T)

k=3.6316-10" exp (-7120 / T

MCA

k = 5.9874.10* exp (-7515/ T)

k = 3.3030-10? exp (-5138 / T

Catalyst
methanol n — butyl acetate

8% V.05 / TiO, k =1.4613.10% exp (-9826 / T) k =2.7819-10% exp (-4282 / T)
10% V205 / TiO, k = 3.9825.10" exp (-10085 / T) k =5.4176-10* exp (-7187 / T)
12% V,0s5/ TiO, k = 5.9720-10° exp (-8232 / T) k =2.9810-10° exp (-5718 / T)
15% V205 / TiO> k = 3.2522.10°% exp (-10573 / T) k = 1.0966-10° exp (-5031/T)
10% V205 / TiO, (H) k =1.4613.10° exp (-10499 / T) k = 2.9887-10% exp (-4529 / T)
8% MoO3 / TiO, k = 2.9810-10° exp (-6033 / T) k =6.6686-10 exp (-3876/T)
10% MoO; / TiO, k = 4.0238-10° exp (-6307 / T) k = 1.4841.10% exp (-4460 / T)
12% MoO; / TiO, k = 2.6834-10° exp (-8634 / T) k =1.0910-10° exp (-7993 / T)
15% MoO; / TiO, k = 1.2088-10" exp (-6776 / T) k = 4.9275-10? exp (-5328 / T)
)
)
)

Pt-p k =3.1856-10"°exp (-17312/T)

k =4.4471.10° exp (-5922 / T

modulus is estimated. The rate constant of reaction k, is
calculated using the Arrhenius equation for the tested
catalyst. Next, the effective coefficient of diffusion D is
calculated (equation 5).

For example, the results of the calculations for the
MCA catalyst are listed in Table 3.

Table 3. The results of the calculations. The combustion of
methanol over MCA (r, = 1800 kg/m?). Diffusion

region

T n oM Ky Der -10°

K] [] [] [1/s] [m?s]
423.15 1 - 1.00 -
438.15 0.67 3.00 1.65 1.15
453.15 0.55 422 3.51 1.23
468.15 0.53 4.25 10.53 3.64
478.15 0.50 4.75 17.09 4.73
488.15 0.44 5.45 42.80 9.01
503.15 0.43 5.60 46.81 9.33
518.15 0.43 5.60 52.76 10.51
533.15 0.42 5.75 83.13 15.71
548.15 0.41 5.85 93.96 17.16

As it can be seen from the results, the effective coeffi-
cients of diffusion calculated for higher temperatures (up
488.15 K) have the values in accordance with the values
given in literature!®. At lower temperatures the differ-
ences between the reaction rates in both regions are very
small. It makes the precise determination of the effective
coefficient of diffusion difficult and results in obtaining
too low values. Therefore, for the design calculations the
values calculated for higher temperatures of the process
should be taken.

The measurements and calculations chosen in this re-
search allow to obtain the kinetic data necessary to design
the reactors for catalytic combustion.

TESTS OF CATALYST STRUCTURE

The aim of the investigations of the structure of metal
oxides supported on the TiO, catalysts was to explain why
their high activity in the combustion of organic com-
pounds is so high.

In Figures 7 and 8 the SEM images of the surfaces of
the V,0; and 8% V,0,/TiO, catalyst, obtained with the
use of scanning electron microscope are shown.

Figure 8. The SEM images of 8%V,04/TiO, catalyst

It can be seen, that dispersion of vanadium oxide (V) on
the surface of the catalyst is high. The same results were
observed for other used catalysts.

In Figure 9 the IR spectra of the 10% V,0,/TiO,
catalyst is presented.

On the catalyst spectra the wavenumbers calculated for
the V,05 — TiO, system by the ZINDO/S method (using
the HYPERCHEM application) are marked by vertical
lines. A good agreement between the calculated and the
measured wavenumbers was obtained. On the basis of
these results it has been stated that the values of
wavenumbers correspond with pure compounds i.e. V,O;
and TiO, or the aggregates of these compounds.
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Figure 9. The IR spectra of the 10% V,0,/TiO, catalyst

For all the catalysts based on metal oxides, the X-ray
diffraction analysis was also applied. On the basis of the
obtained XRD patterns for the applied catalysts it has
been stated that these catalysts didn't contain any new
phase, which can be treated as a reason for their high
activity.

The results of the investigations of the catalyst struc-
tures indicated that the tested catalysts didn't contain any
new phase, besides the pure oxides V,05, MoO; and
TiO,.The main reason for their high activity in the com-
bustion of organic compounds processes is probably a
high dispersion of active components on the surface of
the TiO, carrier.

CONCLUSIONS

— The catalysts obtained by supporting V,05 and MoO,
on the TiO, carrier demonstrate high activity in the cata-
lytic oxidation (combustion) of VOCs (methanol and n-
butyl acetate) processes. As the carrier for these catalysts
the titanium oxide in the form of anatase and hydrogel can
be used.

— The tested metal oxides catalysts were more active
than the industrial Pt-p and MCA catalysts in the combus-
tion of the n-butyl acetate process. They were also more
active (vanadium-titanium catalysts) and had the same
activity (molybdenum- titanium catalysts) as MCA in the
combustion of methanol. The most active in this process
was the industrial Pt-p catalyst.

— The applied catalysts worked effectively at low tem-
peratures under the load of 20 s'. The conversion degree
o = 0.9 of n-butyl acetate was achieved at the tempera-
tures in the range of 200 — 270°C, but for methanol in the
range of 170 — 245°C over metal oxides catalysts and at
temperature of 135°C over the Pt-p catalyst.

— The most active in the combustion of methanol were
Pt-p and the 8% V,0/ TiO,, whereas in the combustion
of n-butyl acetate the 8% V,0,/TiO, and the 10% V,0,/
TiO,.

— The reaction rate of the combustion of methanol or
n-butyl acetate in the air can be described by the first
order equation in relation to the concentration of an or-
ganic compound in the stream of gases.

— The measurements in the kinetic region of the rate
constant depending on the temperature (Arrhenius equa-
tions) can be used to design the catalytic reactor for the
catalytic combustion of methanol or n-butyl acetate over
the applied catalysts.

— The applied method for the description of the com-
bustion process controlled by the internal diffusion (over
the grains of the catalyst of 2.5 mm in diameter) describes
well the kinetics of this process in a real reactor, where
the pellet or blocks catalysts are usually used. The effec-
tive coefficients calculated on the basis of the tests in the
diffusion region for the MCA catalyst had the same values
as given in the literature.

— The traditional instrumental methods of the examina-
tion of the catalysts' structure didn't explain exactly the
reason for their high activity. The results of these analysis
indicated, that the catalysts contain only pure phases i.e.
V,05, MoOj; and TiO,. It has also been stated that the
dispersion of active components on the surface of the
carrier is high.

— The vanadium-titanium and molybdenum - titanium
catalysts, especially the most active of them the 8% V,0;/
TiO, catalyst can be applied in the industrial system for
the purification of the effluent gases and the air with
VOC:s, replacing the more expansive catalysts based on
noble metals.

Nomenclature

A — the pre-exponential Arrhenius factor, s!
or m3/kg-s

B=E/R — the parameter of the Arrhenius equation

¢y — inlet concentration of the pollutant, mol/m?

c — outlet concentration of the pollutant, mol/m?

D, — effective coefficient of diffusion, m?/s

E — the apparent activation energy, J/ mol

FOV — flow rate of the reaction mixture, m%/s,
dm?3/h

F, — flow rate of the post-reaction mixture,
m?/s, dm’/h

k=k,/p, — rate constant of the reaction determinated
for the unit mass of the catalyst, m*/kg,- s

k, — rate constant of the reaction per unit volume
of the catalyst grain, s!

my — mass of the catalyst, kg

R — gas constant, J/mol-K

R, — radius of the catalyst grain, m

7 — reaction rate, mol/m*s

(e T) — the process rate, mol/m?>s

s? — correlation coefficient

t — temperature, °C

T — temperature, K

o — conversion (combustion ) degree

n — effectivity coefficient

Ok — density of the catalyst, kg/m?

T — time, S

D, — the Thiele's modulus
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