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Abstract: The combustion of methyl methacrylate (MMA) over a commercial
Pt/p~alumina catalyst was investigated, in the lean air mixtures specific for the
depollution applications. The experiments were performed at temperatures
between 150 and 360 °C, with MMA concentrations of 460 to 800 ppmv and
the gas flow rates between 200 and 300 mL min™. The results evidenced a
negative influence of MMA concentration on the combustion kinetics. A kin-
etic model of the combustion process was developed, based on the Langmuir—
—Hinshelwood mechanism, assuming the surface reaction between adsorbed
oxygen atoms and adsorbed MMA molecules as the controlling step. The rate
expression included the inhibition effects of MMA and water adsorption on the
process kinetics. The MMA combustion process simulations evidenced the
significant influences of the bulk gas to catalyst particle mass transfer, on the
overall kinetics.

Keywords: fixed bed reactor; kinetic model; Langmuir-Hinshelwood; light-off
curve; gas—solid mass transfer.

INTRODUCTION

The continuous release of the volatile organic compounds (VOC) into atmo-
sphere has an important impact on the air quality, due to the VOCs intrinsic toxi-
city, or to their contribution to the formation of photochemical smog.'

The methods recommended for the VOCs removal from gaseous effluents
depend both on the pollutants nature and on their concentrations. In the case of
the gaseous effluents containing low VOC concentration, there are often used the
methods based on VOCs combustion. This can be conducted thermally in the
absence of catalysts (homogeneous combustion) or in the presence of a solid cat-
alysts (catalytic combustion). The catalytic combustion presents several advent-
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760 BANU et al.

ages, compared to the thermal combustion: lower reaction temperature and
consequently smaller additional amount of the necessary fuel, the negligible rate
of the nitrogen oxidation and the total carbon oxidation to carbon dioxide if the
catalyst has an appropriate activity.

Methyl methacrylate (MMA) is an organic compound liquid in normal con-
ditions (n.c.), having the chemical formula CH,=C(CH;3)-COOCHj;, the normal
boiling point 384 K, the melting point 225 K, the density (n.c.) 939 kg m, the
flash point 282 K and the autoignition temperature 708 K.> MMA is one of the
most important monomers in the polymer industry used in the production of cast
acrylic sheets, acrylic emulsions and resins. Data published by the USA
Environmental Organization are evidencing that the MMA emissions to air, water
and soil, from industries in USA, are approximately 0.46 % of its production.’
Even if the compound by itself is not likely to cause environmental harm at the
levels usually released in the atmosphere, it has an important contribution to the
formation of photochemical smog in synergy with other VOCs existent in air
(http://www.epa.gov/chemfact/methy-fs.pdf).

Among the materials featuring the catalytic activity for VOC’s combustion,
the most investigated are the supported noble metals, the supported transitional
non-noble metals and the transitional metals oxides.*’ So far, the supported
noble metal catalysts are the most used in practical applications, as the result of
their high activity and the relatively good resistance to deactivation. In this class,
the most frequently used are Pt and Pd supported on jalumina. The review
papers describing VOCs combustion techniques over the supported noble metals
catalysts were published by Liotta et al.' and Diehl et al.,® respectively. The com-
bustion reactivity of different classes of VOCs on these catalysts, decrease in the
order: alcohols > aromatics > ketones > carboxylic acids > alkanes.®’

The performances of the catalysts in VOC combustion are usually evaluated
using the VOC conversion—temperature curve (light-off curve), built experiment-
ally at given operating conditions, in continuous laboratory reactors. For the irre-
versible reactions, such as VOC combustion, the conversion—temperature curve
has a sigmoidal shape (S-shape). In the first temperature interval, corresponding
to the partial conversion of a reactant, the conversion is strongly increasing with
temperature, mainly due to the rate constant increase with temperature. In the
higher temperature zone, corresponding to the high conversion values (where the
reactant is practically consumed), the curve presents an asymptotical stabilization
trend toward the horizontal line corresponding to the total conversion. Duprat'
examined the possibility to evaluate the apparent reaction order and the limit-
ations of the mass transfer steps from the shape of the light-off curve.

No significant and systematic data were published regarding the mechanism,
the kinetics and the relative reactivity for the catalytic combustion in the class of
oxygenated compounds. Sawyer and Abraham'' investigated the oxidation of
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ethyl acetate over Pt/)~alumina catalyst, identifying the small concentrations of
ethanol, acetic acid, and diethyl ether, as the intermediary oxidation products.
The authors developed the reaction pathways explaining the formation of these
partial oxidation products, examining the reaction over the alumina support
without Pt. The tests evidenced that Pt has almost exclusively the role of catal-
yzing the deep oxidation reaction.

Papaefthimiou ef al.'>" showed that ethyl acetate is less reactive than but-
anol and benzene when they were oxidized over Pt/alumina and Pt/TiO, catal-
ysts. The authors found that doping the TiO, support with W®" has a positive
effect on the activity of Pt catalysts for benzene and ethylacetate oxidation. The
proposed ethylacetate oxidation mechanism is assuming that, in a first step,
ethylacetate is cracked into smaller organic molecules on the support and that
these are subsequently oxidized to CO, on the Pt surface. In the case of Pt/TiO,
(W®") catalyst, in addition to CO,, acetic acid is a major byproduct, while acet-
aldehyde is also formed at low ethylacetate conversions. The presence of acetic
acid is explained by its lower oxidation reactivity on Pt, as compared with etha-
nol and acetaldehyde. Several authors emphasized that, beside the reaction of the
molecules adsorbed on the Pt surface, a significant role in the enhancement of the
surface reaction kinetics could also play the reaction of the VOC molecules, ads-
orbed on the alumina support in the proximity of the Pt particles, either by the
direct interaction with the adsorbed oxygen, or by a spillover effect.>"* Ethyl-
acetate combustion over a CuCeZr/ZSM-5 catalyst was investigated by Li et al.'®
The authors reported good activity and stability to the deactivation phenomena of
this catalyst, observing that ethanol was the only intermediate product. Mitsui et
al.” studied the acetaldehyde combustion over Pt supported on SnO,, ZrO, and
CeO,. The SnO, supported Pt catalysts showed the highest activity, despite low
BET surface area. The authors also found that the catalytic activities of ZrO, and
CeO,-supported metal catalysts were improved by the reduction treatment in H,
atmosphere, whereas the catalytic activity of the SnO,-supported samples was
significantly degraded.

The deep oxidation of the short chain alcohols (methanol, ethanol, i-propa-
nol and n-propanol) over Au/jalumina catalysts was studied by Deng et al.'” The
mechanism postulated for methanol combustion assumes that O, is firstly acti-
vated on the gold cluster and then the activated oxygen spills over the Al,O; sur-
face and reacts with the adsorbed methanol. Depending on the gold concentra-
tion, the identified intermediates in the ethanol combustion were acetic acid and
acetaldehyde. Good activities for the methanol combustion was evidenced by
Cimino et al."® for a catalyst prepared by Pt electrodeposition on a Fecralloy
foam support and by Nair ez al.,"” respectively, for a mesoporous LaMnO; perov-
skite. For the isopropanol combustion the intermediary product was acetone,
whereas for n-propanol combustion the formation of propylene and propanal was
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762 BANU et al.

observed. In the methyl-isobutyl-ketone (MIBK) the combustion over a Pt/
-AlLO; catalyst, Tseng et al.” identified only some trace amounts of acetone and
carbon monoxide as the incomplete combustion products. The same authors dev-
eloped the alternative kinetic models for the MIBK combustion, among which
Mars and van Krevelen and Langmuir—Hinshelwood (LH) models were found as
most feasible. For the same process, conducted over a Pt/#Al,O; catalyst, Banu
et al.*' developed a kinetic model based on LH mechanism with the dissociative
adsorption of oxygen, and Arzamendi e al.”> proposed a kinetic model based on
Mars and van Krevelen mechanism.

Liang and Fang® investigated the combustion kinetics of a VOC mixture
containing butanone, xylene, toluene, hexane, and benzene over a Lag ;Sry3MnOs
perovskite-type catalyst. The authors are claiming that the proposed kinetic model
predicts the temperature required for the catalytic oxidation of multi- component
organic waste gases.

The aim of this work is to investigate the combustion of MMA in the pre-
sence of air, over a commercial Pt/alumina catalyst, at low concentrations, spe-
cific for the depollution applications. The study brings new data regarding the
MMA reactivity and process kinetics. From our best knowledge, there are no
studies published so far, regarding the MMA combustion over Pt/alumina catalyst.

EXPERIMENTAL

The liquid methyl methacrylate monomer used in the catalytic combustion study was a
high purity product of Merck. As the combustion catalyst we used the commercial 0.5 wt %
Pt/y-alumina ESCAT 26, produced by the former Engelhard company (now BASF) having the
main characteristics given in Table 1. The commercial pellets of Pt/alumina catalyst were
crushed and sieved to particles having the size smaller than 250 pm (average size of 75 um),
which were used in the combustion experiments. The previously published data demonstrated
that, for the combustion of other organic compounds having close reactivity with MMA,
working with particle size in this interval insures the negligible influence of the internal dif-
fusion on the process kinetics. Ordonez et al.** found experimentally that the kinetics of the
benzene combustion over 0.5wt % Pt/palumina is not influenced by the internal diffusion
when the particle size is inferior to 500 um. Also, the previous research in our group demon-
strated that, for the combustion of methyl isobutyl ketone over 0.5wt % Pt/jalumina particles
smallzesrzéthan 250 pum, the internal diffusion has a negligible influence on the process kin-
etics.”™

TABLE I. Pt/alumina catalyst grains characteristics

Pore volume, cm’/g 0.573
Pore size range, nm 5-25
Average pore diameter, nm 23.6
Specific surface area (BET), m’/g 97.02
Diameter of catalyst pellet, um <250
Density, kg/m’ 650
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The combustion reactor consists of a quartz tube having the inner diameter of 4 mm,
heated by a controlled electrical furnace. In order to limit the axial temperature gradients, the
catalyst was diluted with the inert beads of quartz (0.025 g Pt/ #alumina and 0.075 g of quartz
beads). To monitor the reaction temperature, we used a Pt/Rh thermocouple (approximately 1
mm outer diameter), positioned in the middle of the catalyst bed. The air-MMA vapour mix-
ture was generated bubbling a stream of dried air through a vessel containing the liquid MMA,
placed in a thermo-regulated bath. The input MMA concentration was attuned by the bath
temperature and by the dilution with a second air stream, by-passing the bubbling vessel. The
air flow rates were controlled by the electronic mass flow regulators.

The reaction mixture composition at the reactor outlet was measured by an on-line gas
chromatograph (Varian CP-3800 GC with methanizer, Flame Ionization Detector and Thermal
Conductivity Detector), provided with a 5 A molecular sieve column for N,, O,, CO, CH, and
a Hayesep Q column respectively for CO, analysis. The calibration of the chromatograph for
the carbon oxides was performed by an etalon gaseous mixture provided by Linde Group,
whereas for MMA concentration the calibration was based on the measured carbon dioxide
concentration resulting from total MMA combustion. Further details regarding the experi-
mental procedure are given by Bosomoiu ef al.*® and Manta et al.””**

The calculation of MMA conversion was based on both the MMA and CO, concentra-
tions measurements at the inlet and the outlet of the reactor respectively. Periodical measure-
ments of MMA conversion, in the identical working conditions, have not evidenced a sig-
nificant catalyst deactivation during the experimental tests. As oxidation products, beside car-
bon dioxide, only the negligible concentrations of carbon monoxide were detected, so that the
total combustion selectivity to carbon dioxide was found in all experiments. The accuracy of
the measurements was evaluated from the carbon balance around the reactor, calculated using
the measured flow rates and concentrations of carbon compounds respectively. The carbon
balance evidenced a maximum error of 8 % for all the experiments.

Catalytic activity tests

Before the combustion tests, the catalyst activity was stabilized passing an air stream at
400 °C, for 24 h, followed by an air stream containing MMA for approximately 20 h, at
300 °C. The preliminary combustion blank tests demonstrated that the reactor internals did not
have a significant catalytic activity in the MMA oxidation. The consistency of the experi-
mental data was demonstrated by the duplicate experiments, modifying the temperature both
in upward and downward directions. The conversion-temperature experimental points, given
in Fig. 1, demonstrate a suitable reproducibility of the MMA conversion measurements.
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764 BANU et al.

RESULTS AND DISCUSSION

A number of conversion—temperature curves were constructed keeping cons-
tant the MMA feed concentration and varying the gas flow rate in the interval
200-300 mL/min. The flow rate interval corresponds to the weight space velocity
values, WHSV (mass flow rate to catalyst weight ratios) in the interval 560-850
h™'. As expected, the increase of the flow rate leads to the decrease of MMA
conversion, an effect more pronounced on the intermediary conversion and in the
temperature interval (Fig. 2). As the observed influence of the gas flow rate on
the reactant conversion is relatively low, a limitation effect of the gas to separate
the mass-transfer step, from the overall process kinetics, is suspected. Therefore,
the influence of this step was included in the process calculations.

The influence of MMA feed concentration on MMA conversion is illustrated
in Fig. 3. As observed, the increase of MMA concentration is inducing a decrease
of conversion (e.g., a negative reaction order of MMA). The observed negative
order kinetics could be explained by the hindering effect, induced by the strong
adsorption of MMA molecules, on the oxygen adsorption on the same Pt active
centres (favoured by the presence of m-electrons of double bonds and electron
doublets of oxygen atoms). This hindrance effect is raised with the increase of
the MMA concentration.
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Formulation of a kinetic model for MMA combustion

The MMA combustion stoichiometry is described by the equation:
C;3Hs — COOCH; +60, —55C0, +4H,0; AHp =—2600 kI mol ™! (1)

The structure of MMA molecule includes a carbon-carbon double bond, a
carbon—oxygen double bond and two oxygen atoms rich in electrons. These
characteristics favour the adsorption of MMA molecule on Pt surface. By the
analogy with the adsorption of olefins and aromatic rings, it appears plausible to
postulate that the adsorbed MMA molecule on Pt consists of n-complexes, ori-
ented in parallel with the metal surface.*** As in olefins oxidation, the next sur-
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face step could be the transformation of this mt-coordinated MMA-Pt species into
di-c species, followed by the C—C scission and reaction with adsorbed oxygen.
The oxygen atoms of carboxylic group are also expected to be adsorbed on Pt
surface, forming the species subsequently involved in the surface oxidation of
MMA molecule. In parallel, MMA hydrolysis can also occur on the alumina sup-
port, giving methanol and acrylic acid. This hypothesis is supported by the find-
ings of Papaefthimiou er al.® who demonstrated the occurrence of hydrolysis
step, during the process of ethyl acetate combustion over Pt/TiO, catalyst. The
authors postulated that the oxidation of the hydrolysis products occurs in the
adsorbed state, mainly on the Pt surface, but also on the support zones near the Pt
particles, by the oxygen atoms, migrating from Pt by the spill-over effects.
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Fig. 3. Influence of feed MMA concentration on the conversion at two gas flow rates: A — 300
mL min"; B — 200 mL min™' (in the legend of the diagram, D, is the gas flow rate and c,, is
MMA feed concentration).

To deduce a MMA combustion rate expression, the application of the clas-
sical LH formalism involves the following steps and equations.*

i) The MMA and oxygen adsorption on the active sites, supposed to occur
close to equilibrium states (fast steps):

A+ X EKaax, g, =0 )
Pab
Ko Oox
0, + 2X+——20X, K, = > 3)
Po, Ux
i) Global surface reaction of adsorbed reactants (slow, rate controlling step):
AX+12 0X —5 PX+4WX, 1, =k 0,0, (4)

In the above equations, the molecules of MMA, CO, and H,O were denoted
by A, P and W respectively. Also, by X and JX are denoted the free active site
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766 BANU et al.

and the active site blocked by the adsorption of a molecule or atom J, whereas the
fractions of total sites represented by X and JX are denoted by &« and 6y,
respectively. K, and Ko are the adsorption equilibrium constants of MMA and
oxygen, respectively.

iii) The products desorption, supposed to occur close to equilibrium is as
follows (fast steps):

P—X P +X, Kp=—= PP (5)
Kp aPX
WX WX, K== 2w (6)
KW QWX
Kp and Ky are the adsorption equilibrium constants of CO, and water, respect-
ively.
The overall balance of active sites is defined by the equation
Ox +0ax +60x +hbx +Oyx =1 (7

In this equation, the active sites fractions blocked by adsorption have the
expressions:

Ox =Ky pybx, J=APW and fox =6x Kopo, ®

By the combination of the relations (7) and (8):

1
0X:
1+ KA pa T\/Ko Po, tKp pp tKw Pw

Assuming the overall rate of the surface combustion steps, 74, equal to the
rate of the controlling step, rs, one obtains:

K'Ka pa+Ko Po, (10)
2
(1+Kp pa+\Ko Po, +Kp pp +Kw pw)

The rate constant (£’), and the adsorption equilibrium constants (Kj), are
temperature dependent, following the expressions:

©)

I"AEI"S:

' aJ

K=k E ) k -k
=kyexp| ——— |; =Kjgexp| —
0CXP| “ Ry I RI0EXP| TR

J :J=A,W,0,P (11)

E’ — activation energy of the surface reaction; AH,; — adsorption enthalpy change
for species J; R —gas constant.

To simplify the kinetic expression and to diminish the number of the
unknown parameters, the adsorption terms corresponding to carbon dioxide and
oxygen were neglected. Also, considering the high oxygen excess, the partial
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pressure of oxygen is assumed constant along the catalyst bed, equal with that in
air. In these conditions, the rate expression (10) is simplified to the form:

kKa pa \
A= 53 k=K KA Ko Po (12)
(1+ KA pa +Kw pw) 2

To diminish the correlation between pre-exponential and exponent para-
meters, the Arrhenius expressions (11) were used in the equivalent forms:

k=k(T, yoxp| 2| Ky =K, (T, ex MMy 2L 1y aw (13)
a p R 5 J J\{g p R 5 T T 5 s

a

where F = E’-AH, »—0.54H, is an apparent activation energy and 7, is the
average of working temperatures.

The unknown parameters of the rate expression (12) are k(7,), Ka(7T),
Kw(T,), E, AH, » and 4H,y. The estimation of these parameters was done using
the function “Isqcurvefit” of the Matlab package. A heterogeneous model,
accounting for the interfacial concentration and the temperature gradients and
assuming the ideal flow of the gas phase, describes the combustion process in the
experimental reactor. The gas phase composition along the catalyst bed was
calculated from the MMA balance equation, written in the hypothesis of the gas
phase plug flow through the catalyst bed and considering the concentration
gradients between the bulk gas and catalyst particle:

dér _avkg
dm  pped

& — the reaction extent; m — mass of catalyst contacted by the reaction mix-
ture; Ca and Cas — gas concentrations of MMA in bulk gas phase and at the
surface of catalyst particle respectively; a, — external particle surface area per
unit of catalyst bed volume; kg — gas to particle mass transfer coefficient; pyeq —
catalyst density in the bed.

The interfacial concentration and temperature gradients were evaluated from
heat and mass balance equations around the catalyst particle:

(CA—=Cpg); m=0,£,=0 (14)

ay kG (Ca —Cas)=7A(PasT5) Poed (15)
ayon (Ts =T)=(-AHR ) A (PAS-Ts) Fhed (16)
an — gas to particle heat transfer coefficient; AHg — reaction enthalpy (heat of

reaction).

Eq. (15) represents the condition of equality between the MMA flow rate
transferred to the surface of solid catalyst and the transformed rate in the pores of
catalyst, reported to the volume unit of catalyst bed. Analogously, Eq. (16)
represents the condition of equality between the heat flow rate transferred from
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768 BANU et al.

the surface of solid catalyst to the gas phase and the rate of heat generated in the
combustion process, reported to the volume unit of catalyst bed.

For the calculation of the gas- particle mass transfer coefficient, we used the
relation proposed by Nelson and Galloway®' for fine particles:

2 1/3

25+ 5
[1—(1—5)1/3} |

Sh= z ; £=03] ——<—1|Re"? S (17)
71/3—tanh§ (1_8)
1-(1-¢)
Re=Pel. g - T g Kol
Mg PgDa Dy

The particle to gas heat transfer coefficient was calculated from the heat and
mass transfer analogy involving the following relations:™

i ZL:]{_chzn (18)
Re Scl/3 u
C
= pp23; pr= —”i be (19)
U Pg Cpg g

Jjp, ju — Chilton—Coburn analogy factors for mass and heat respectively; u —
superficial gas velocity; p, — gas density; c,, — specific heat of the gas; Pr, Re, Sc,
Sh — dimensionless groups of Prandtl, Reynolds, Schmidt and Sherwood, res-
pectively.

The physical properties of the gas mixture were calculated using the data
published by Reid et al.** To limit the distorting influence of the axial tempe-
rature gradients, the estimation of the parameters involved in the rate expression
(12) was performed using the experimental points corresponding to the MMA
conversions smaller than 0.4. These conversion values, obtained over a catalyst
diluted in the mass ratio catalyst:inert of 1:3, are supposed not to be significantly
influenced by the axial temperature gradients. The calculations revealed that, in
the operating region corresponding to the data used in the parameter estimation,
the calculated gas-particle concentration gradients are relatively important, parti-
cularly at the temperatures above 180 °C, achieving the values up to 9 % reported
to bulk gas phase concentration (Fig. 4A). The maximum value of the calculated
gas—particle temperature gradient is around 2.5 K, which is at the limit of signi-
ficance (Fig. 4B).

In Fig. 5A are presented the calculated conversion values versus the cor-
responding experimental ones, on the domain used in the parameter estimation
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calculations. The points evidence a good agreement between the calculated and
the experimental conversion values, this being a first argument for the adequacy
of the proposed kinetic model. Other arguments proving the model quality are the
relatively close to the 95 % confidence intervals of the parameter values and a
correlation coefficient close to unity (ro2 = 0.988). The calculated values of the
parameters involved in the proposed kinetic model are given in the Table II.
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Fig. 4. Gas — particle gradients for MMA concentration (A) and temperature (B) (in the legend
of the diagram, D, is the gas flow rate and c,o is MMA feed concentration).
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TABLE II. The estimated parameters for the kinetic model
Parameter ko / kmol kg™ s (E/R)/ K Ko/ bar”
Value 6.4607x10°-(140.0477)  1.2786x10*(1+0.0337)  4.5203x107-(1+0.071)
Parameter (AH g /R) | K Ky / bar’ (AH,4w/R) / K
Value 4.0739x10°(1£0.0677)  7.1186x107-(1£0.0363)  5.5954x10°(1£0.0337)

Beside the points used in the estimation calculations, there were also the
conversion values in all the points shown in previous conversion—temperature

Available on line at www.shd.org.rs/JSCS/

(CC) 2018 SCS.



770 BANU et al.

diagrams, calculated and compared with experimental data. These comparisons
are showed in the parity diagram shown in Fig. 5B.

This diagram can be separated in three domains. The first domain (I) is
including the conversion points involved in the estimation calculations, whereas
the second (II) and the third (III) domain contain the experimental points cor-
responding to higher conversions, not considered in the parameter estimation. As
observed, in the points of the intermediary domain (II), the calculated MMA
conversion is predominantly beneath the measured one. This result can be exp-
lained by the average temperature in the bed, slightly superior to the one used in
the calculations, as the result of the axial temperature gradients developed in the
catalyst bed. Nevertheless, on the domain of highest conversions (III), the cal-
culated values of MMA conversion are higher than the measured ones. This can
be explained by more important mass transport limitations occurring in experi-
mental combustion at these temperatures, particularly due to the internal diffusion.

CONCLUSION

This study evidenced that, for the feed concentrations typical for the depol-
lution applications, the complete MMA combustion over 0.5 wt. % Pt/yalumina,
diluted with the inert beads of quartz in the wt ratio 1:3, is achieved at tem-
peratures above 300 °C, for the weight space velocity values (WHSV) in the
interval 560 to 850 h™' and the concentrations between 400 and 800 ppmv. The
kinetic study evidenced a surface combustion mechanism obeying the Langmuir—
—Hinshelwood theory, which involves a surface reaction between the adsorbed
MMA molecules and the adsorbed oxygen atoms on the similar active sites. A
stronger adsorption of MMA molecules, hindering oxygen adsorption, is explain-
ing the negative apparent reaction order in respect to MMA. The laboratory
reactor simulations performed over the entire range of the conversion values
confirmed, by comparison with the experimental data, the adequacy of the pro-
posed kinetic model.
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N3BO
KHUHETHUKA CATOPEBAHA METUJIMETAKPUJIATA HA Pt/TJIMHULIA KATAJTU3ATOPY

IONUT BANU", CORINA MIHAELA MANTA? I0ANA STOICA'!, GEORGETA BERCARU' u GRIGORE BOZGA"
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CaropeBame MeTunMmetakpuwiata (MMA) Ha KOMepUHjaTHOM KaTaau3aTopy, KOju ce ca-
CTOjU Of IUIaTHHE W IIMHMIEe, HCIUTHUBAHO je Ha TemnepaTypama usmehy 150 u 360 °C, ca
KoHLleHTpauujom MMA on 460 no 800 ppmv u ca npoTokoM raca og 200 u300 mL min™".
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Pesynratu noka3yjy HeraTHBaH yTHIaj KOHLeHTpauuje MMA Ha KMHETHKY caropeBama. KnHe-
THUYKW MOJIENl caropeBama je 3aCHOBaH Ha MexaHM3My Jlenrmupa U XuHuensyna (Langmuir—
—Hinshelwood), koju npetnocrassba Aa je peakuuja usmely amcopdoBaHOT KUCEOHHMKA U afi-
copboBaHor MMA Ha MOBpIIMHM KaTa/lu3aTopa CIOPH CTylawm peakuuje. M3pas 3a dpsuny
odyxsaTta edexre HHxUOULIUje MMA M afcopnuyje Bojie Ha KWHETHKY Ipoleca.
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