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bstract

The performance of silver-loaded zeolite (HY and HZSM-5) catalysts in the oxidation of butyl acetate as a model volatile organic compound
VOC) was studied. The objective was to find a catalyst with superior activity, selectivity towards deep oxidation product and stability. The catalyst
ctivity was measured under excess oxygen condition in a packed bed reactor operated at gas hourly space velocity (GHSV) = 15,000–32,000 h−1,
eaction temperature between 150 and 500 ◦C and butyl acetate inlet concentration of 1000–4000 ppm. Both AgY and AgZSM-5 catalysts exhibited
igh activity in the oxidation of butyl acetate. Despite lower silver content, AgY showed better activity, attributed to better metal dispersion, surface
haracteristics and acidity, and its pore system. Total conversion of butyl acetate was achieved at above 400 ◦C. The oxidation of butyl acetate

ollowed a simple power law model. The reaction orders, n and m were evaluated under differential mode by varying the VOC partial pressure
etween 0.004 and 0.018 atm and partial pressure of oxygen between 0.05 and 0.20 atm. The reaction rate was independent of oxygen concentration
nd single order with respect to VOC concentration. The activation energies were 19.78 kJ/mol for AgY and 32.26 kJ/mol for AgZSM-5, respectively.

2008 Elsevier B.V. All rights reserved.
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. Introduction

The choice of the volatile organic compound (VOC) emission
batement technique depends on the characteristics of the efflu-
nt to be treated, such as the nature of VOC, its concentration
nd its flow rate [1]. Catalytic oxidation that can be effectively
pplied in a wide range of VOCs concentrations and waste gas
ow rates presents an interesting solution for VOCs elimina-

ion [2]. The catalytic process permits the oxidation reaction to
ccur at a significantly lower temperature than that required by
hermal oxidation processes. There are two types of catalysts
hat can be used in catalytic oxidation, i.e. metal oxides and
upported noble metals [2,3–5]. The selection between a metal
xide or a noble metal is generally influenced by several fac-
ors such as the nature of the gaseous stream to be treated and
he presence of contaminants. However, it is generally accepted
hat noble metals are more active than metal oxides but the lat-

er are more resistant to poisoning [6]. Pt and Pd are the most
ommon noble metals used for total oxidation of VOCs [7] and
sually, they are supported on an oxide such as Al2O3 or SiO2.

∗ Corresponding author. Tel.: +60 4 599 6409; fax: +60 4 594 1013.
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n general, platinum exhibits higher activity than palladium for
he total oxidation of VOCs [8].

Oxides of transition metals such as copper, chromium, man-
anese and nickel can tolerate higher levels of poisons but the
ctivity shown by these oxides are usually lower than that of
oble metal-based catalyst [4]. Silver has recently gained much
nterest for low temperature NOx reduction [9] and CO oxida-
ion [10]. Thus, it could be a suitable catalyst for many redox
eactions like VOC oxidation. Pioneering works by Cordi and
alconer [11] led to the conclusion that Ag/Al2O3 catalyst was
ery active for the complete oxidation of VOC to CO2 and H2O.
OC was hypothesized to diffuse along the alumina surface and

eacted at the silver sites, where oxygen is adsorbed. As the oxi-
ation occurred at high temperatures, VOC reacted in parallel
n silver and alumina sites. Recently, Beak et al. [12] studied
arious transition metals such as Mn, Fe, Co, Ni, Cu, Zn and
g for catalytic oxidation of toluene and methyl ethyl ketone

nd silver showed the best activity among the tested catalysts.
hus, it is of great scientific interest to study the performance of

his metal in the complete oxidation of a wider range of organic

ubstances.

The choice of the support is also important with �-alumina
eing the most widely investigated. An important property
ointed out by several researchers is that the hydrophobicity of

mailto:chbhatia@eng.usm.my
dx.doi.org/10.1016/j.jhazmat.2008.01.012


ardou

t
s
a
c
i
c
[
a
T
p
C
m
a
a
m
r
c

e
a
c
a

E
o
b
l
a
w
a
o
a
o
t
z

2

2

C.T. Wong et al. / Journal of Haz

he support [12,13]. The advantage of using a more hydrophobic
upport is that water vapor, both from the atmosphere and formed
s a reaction product, will have lower tendency to adsorb on the
atalyst, particularly at low reaction temperatures. The compet-
tive adsorption between the organic and water molecules on the
atalyst’s active sites always results in lower catalytic activity
12,14]. Recently, zeolites have gained much interest to be used
s supports or even as catalysts for oxidation reactions [6,15].
he merit of zeolite-based catalyst is that the active metal com-
onents can be exchanged with the existing cations in the zeolite.
onsequently, better metal dispersion is obtained down to nearly
olecular level [13,16]. This property, coupled with the size

nd shape features of the zeolites, allow the materials to be used
s an effective catalyst in many reactions. However, different
etal exchanged zeolites will have different behaviors in the

eaction system due to differences in the metal dispersion, pore
haracteristics, hydrophobicity, Si/Al ratio and surface acidity.

Butyl acetate (BA) is generally used as a solvent in a vari-

ty of coating resins including epoxies, urethanes, cellulosics,
crylics and vinyls. The major applications for these surface
oatings are wood furniture and fixtures, containers and closures,
utomotive refinishing and maintenance and marine coatings.

m
z
v
a

Fig. 1. Schematic of th
s Materials 157 (2008) 480–489 481

ster compounds are generally reported to be the most difficult
rganic solvent to completely oxidize [17] and little work has
een reported on the catalytic oxidation of butyl acetate in the
iterature. As such, the quest for investigating the performance
nd behavior of zeolite catalysts in butyl acetate oxidation is a
orthwhile effort. The objective of this research was therefore

imed at demonstrating the catalytic performance and behavior
f silver exchanged zeolites in the complete oxidation of butyl
cetate. The kinetic model to represent the oxidation behavior
f butyl acetate over silver-loaded zeolites is also proposed. For
he purpose of comparison, zeolite Y and ZSM-5 are used as the
eolite support materials.

. Experimental

.1. Catalyst preparation

Ion-exchange method generally results in a strong

etal–support interaction and better dispersion of metal in the

eolite [16]. Hence, this method was applied to incorporate sil-
er within the two tested zeolite supports, i.e. HY (Si/Al = 80)
nd HZSM-5 (Si/Al = 280) in the present study.

e reactor system.



4 ardou

g
l
b
p
m
e
l
p
T
b
i
p
i
r
b

2

s
s
i
w
t
t
a

B
t
w
s
t
o
(

G

w
v

v
e
c
s

T
P

P

W
F
G
F
F
O
R
P

y
a
c
m
d

X

w
o

H
e
g
u
p
n

3

3

p
2
w
w
T
T
o
i
i
w
t
d

F
u
p
f
w

82 C.T. Wong et al. / Journal of Haz

The zeolite powder samples were supplied in their hydro-
en form from Zeolyst International, USA. Silver metal was
oaded on the zeolites using ion exchange method as described
y Canizares et al. [16]. In this procedure, 10 g of the zeolite
owder was added to 20 ml of 0.05 M AgNO3 solution. The
ixture was then stirred at room temperature for 24 h. The ion

xchange process was repeated until maximum possible equi-
ibrium exchange was achieved. All the above procedures were
erformed in the dark due to the sensitivity of silver to light.
he suspension was then filtered and dried at 80 ◦C, followed
y calcination at 550 ◦C for 6 h. Before the catalysts were used
n the reactor, they were converted into pellet using a hydraulic
ellet making press. The pellets were then crushed and sieved
nto particle sizes of between 250 and 300 �m. The particle size
ange was selected to limit the pressure drop across the catalyst
ed as well as particle diffusion during the reaction [18].

.2. Experimental setup

The activity of the catalysts was measured in a 9.3 mm i.d.
tainless steel reactor of 450 mm length fixed in an experimental
etup as shown in Fig. 1. The temperature in the reactor was mon-
tored using a K-type temperature probe. Three sets of the probes
ere placed on the inlet, outlet and the centre of the catalyst bed

o monitor the temperature change along its length. About 5 ◦C
emperature difference was observed within the reactor in the
xial direction.

Feed gas supplies were obtained from Malaysia Oxygen
erhad (MOX). Nitrogen gas was purged in the VOC satura-

or to generate the VOC vapor continuously. The purified air
as simultaneously used as the makeup gas for a simulated air

tream. The feed gases were pre-mixed in the mixing chamber
o obtain homogeneous gas mixture before entering the reactor
r by-passing it to the outlet point. The gas hourly space velocity
GHSV) was measured at inlet conditions and is defined as

HSV = Q

Vcat
(1)

here Q is the inlet volumetric flow rate, ml/h and Vcat is the
olume of the catalyst bed, ml.

The catalytic activity was determined under different process

ariables as tabulated in Table 1. The reactor was operated under
xcess oxygen condition at different temperatures and feed con-
entrations at GHSV of between 15,000 and 32,000 h−1. In this
tudy, the VOC conversion and corresponding carbon dioxide

able 1
rocess variables in the catalytic oxidation study

rocess variables Unit Value

eight of catalyst g 0.23
eed flow rate ml/min 117–250
HSV h−1 15,000–32,000
eed VOC concentration ppm 1,000–4,000
eed O2 concentration % 18.3–19.6

2/VOC molar ratio – 95.5–98.0
eaction temperature ◦C 200–500
ressure atm 1.7
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ield were the main process parameters. The reaction was oper-
ted under steady state in which all process variables remained
onstant with time at any given point in the reactor before any
easurement was made. The fractional conversion (XVOC) is

efined as

VOC = Ninitial − Nfinal

Ninitial
(2)

here Ninitial is moles of VOC present initially and Nfinal is moles
f VOC present after the reaction complete.

The VOC concentration was monitored using an offline
ewlett Packard, Model 5890 series II gas chromatograph

quipped with an FID and Hewlett Packard 3396 Series II inte-
rator. The separation of the gaseous products was achieved
sing a HP Plot Q capillary column (Divinyl benzene/styrene
orous polymer, 30 m long × 0.53 mm i.d. × 40 �m film thick-
ess).

. Results and discussion

.1. Catalyst characterization

The silver loading content was analyzed by inductive cou-
le plasma (ICP) using the standard method of analysis and
.5 wt.% silver was found to be loaded in AgY zeolite while it
as 3.2 wt.% in AgZSM-5 catalyst. Thus, protons in HZSM-5
ere more readily exchangeable compared to those in Y zeolite.
he SEM micrograph of AgY and AgZSM-5 are shown in Fig. 2.
he SEM image reveals bright and dark contrast under a sec-
ndary electron detector and quantum back scattered electron,
.e. QBSD detector. It is known that elastically backscattered
ntensity is a function of the incident angle of the electron beam
ith respect to the metal planes [19]. Therefore, Fig. 2 indicates

hat the bright fields in the image are silver-rich regions and the
ark fields are zeolite support regions.

The TEM images of AgY and AgZSM-5 are shown in
ig. 3. The TEM image showed both catalysts with uniform
ni-dimensional pore structure at different orientations. A small
ortion of AgY porosity disappeared as the beam of TEM
ocused, showing low stability of this material when bombarded
ith high-energy electrons. Still, most of the pore structures
ere retained even after prolonged exposure to the beam. How-

ver, AgZSM-5 did not encounter the same problem.
Fig. 4(a) shows the XRD pattern of AgY. From the XRD peaks

t 2θ = 38 and 44, it is clear that the metallic silver phase was suc-
essfully formed [12]. The intensity gradually increased as the
ilver loading increased as observed in AgZSM-5 (Fig. 4(b)).
he structure and crystalline structure of ZSM-5 was not sig-
ificantly changed as the characteristic peaks in the region of
θ = 20–25◦ were still maintained.

.2. Role of the silver in VOC oxidation
Catalytic oxidation of organics involves the use of a solid
atalyst. The role of a catalyst is basically to allow the reaction
o proceed via an alternative pathway or mechanism those results
n the lower activation energy. Consequently, the reaction rate
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ig. 2. SEM image at magnification of 5000× of (a) AgY and (b) AgZSM-5.

s accelerated and corresponding change to the pre-exponential
actor usually result. Therefore, the overall change to the rate
f reaction would be a combined effect of a reduction in the
ctivation energy and the value of the pre-exponential factor of
he reaction.

In order to study the role of silver in oxidation of butyl acetate,

lank runs were carried out to provide the background data
Table 2). It was found that no conversion took place within the
nvestigation temperature range for the experimental run without

able 2
ackground data on the role of silver in butyl acetate catalytic combustion

atalyst Butyl acetate conversion (%)

300 ◦C 400 ◦C 500 ◦C

o catalyst 0 0 0
ZSM-5 0 5 14
gZSM-5 69 97 100
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o

Fig. 3. TEM image of (a) AgY and (b) AgZSM-5.

atalyst. The result indicated that the thermal oxidation occur-
ing on the wall of the reactor was negligible. In the presence
f HZSM-5 support in the reactor, almost no conversion was
etected below 350 ◦C and at 400 ◦C; only 14% conversion was
chieved. These conversions were attributed to thermal oxida-
ion and that catalyzed by sites other than silver. These sites
ere likely to be acid sites that have been widely reported in

he literature [6,18]. It could be deduced from the result that
he thermal combustion was also negligible below 350 ◦C and
tarted to be significant at 400 ◦C. Any improvement in the con-
ersion beyond that caused by thermal oxidation when the metal
xchanged HZSM-5 was used could therefore be attributed to
he positive effect of the metal. In this study, the incorpora-
ion of silver onto HZSM-5 was found to markedly improve
he conversion with significant conversion of 69, 97 and 100%,

espectively achieved at 300, 400 and 500 ◦C. This result sug-
ested the dominant role of metal sites in the oxidation process
f butyl acetate.
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Fig. 4. XRD image of

.3. Catalyst activity of AgY and AgZSM-5

For the purpose of comparison, the oxidation of butyl acetate
as studied over two silver-supported catalysts, namely AgY

nd AgZSM-5. This was based on one of the objectives of this
tudy that was to determine the better catalyst for the oxidation
eaction with respect to the metal content, acidity of the catalyst
nd zeolite structure. Previous result showed that more silver
as exchanged into ZSM-5 as compared to the Y zeolite. The

x situ characterization could give different results compared to

hat obtained in in situ characterization. However, in this study,
n attempt was made to characterize ex situ the types of acid
ites in the catalysts. This was justified based on the fact that
yridine which is a base will have specific electronic interac-

w
c
i
w

Y and (b) AgZSM-5.

ions with acid sites in the samples. The interaction is specific
o the chemical properties the materials and should be inde-
endent of working temperature or the presence of other feed
omponents such as oxygen and VOC under its normal working
onditions. The analysis was done on the exact form of the cat-
lysts (undergone complete preparation steps and sieved to the
esired particle sizes) that would be used in the reaction. Thus
he question of active site availability and accessibility should
ot arise.

In the present study, the activity of the catalysts was measured

ithin 5 h time on stream and during this period, no significant

atalyst deactivation was observed. However, the study on activ-
ty decay beyond this time was not within the scope of the present
ork. Fig. 5 shows the butyl acetate conversion with time at
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ig. 5. BA conversion as a function of time at three different temperatures
CBA = 1000 ppm; GHSV = 15,000 h−1) on (a) AgY and (b) AgZSM-5.

hree different temperatures (300, 350 and 400 ◦C) over AgY and

gZSM-5 catalysts. The conversion increased with an increase

n temperature. Almost 100% conversion was obtained at 400 ◦C
howing high catalytic activity of both catalysts. Despite having

T
f
f

Fig. 6. Infrared spectra of pyridine-adsor
s Materials 157 (2008) 480–489 485

igher silver loading, AgZSM-5 showed a relatively lower activ-
ty. This result indicated that active metal content alone could
ot result in a good catalyst. Other contributing factors are such
s metal dispersion, available surface area, exchange site and
ther type of active site that could catalyze the reaction such as
cid sites [6,8].

In order to identify the active site that contributed to the acid-
ty of the two tested catalysts, the catalysts were examined using
TIR spectroscopy after pyridine adsorption. The samples were
xposed in excess of pyridine for 1 h after being degassed at
00 ◦C overnight, followed by desorption of physically adsorbed
yridine at 200 ◦C under vacuum. Scanning of the IR spectra
as done in the wave number range of 1400–1700 cm−1. Fig. 6

hows the infrared spectra of pyridine adsorbed on the catalyst
n the region 1700–1400 cm−1. Pyridine bound to Brønsted acid
ites is associated with an infrared absorption band at 1597 cm−1

nd that bound to Lewis acid sites is associated with a band at
446 cm−1 [6,18] while peaks at 1638 cm−1 represents strong
rønsted acid sites [19].

It could be concluded that acidity in zeolite was mainly con-
ributed by Brønsted acid and Lewis acid sites [19]. The IR
pectrum in Fig. 6 shows that both types of acid sites presented in
gY. AgZSM-5 with predominantly Lewis acid sites, since the

dsorption band attributed to Brønsted sites was low. However,
he number of strong Brønsted was higher in AgY, suggesting the
igher overall acidity of the material. Lower Si/Al zeolites such
s the Y zeolite possessed higher acidity as aluminum atoms
ere associated with acid sites which could be in the form of
rønsted and Lewis acid sites [20].

The butyl acetate conversion against reaction temperature is
hown in Fig. 7. Both AgY and AgZSM-5 catalysts exhibited
igh catalytic activity in the oxidation of this organic with the
50 value (temperature at which 50% conversion was achieved)
or butyl acetate oxidation was 230 ◦C for AgY and it was 280 ◦C
or AgZSM-5. It could be concluded from the results of acidity

bed on (a) AgY and (b) AgZSM-5.
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ig. 7. Comparison of the performance of different zeolite supports
gY and AgZSM-5 on combustion of butyl acetate (CBA = 1000 ppm;
HSV = 15,000 h−1).

haracterization that strong Brønsted acidity appeared to play
n important role in determining the catalytic behavior of the
atalysts. In particular, a higher activity was expected due to
ts larger number of strong Brønsted sites, especially in AgY.

hile the mechanism of VOC oxidation on the metal site is well
escribed in the literatures [2–4], it is reported elsewhere that the
xidation of VOC could also be initiated by the chemisorption
n Brønsted sites and acidity plays an important role in VOC
xidation process [5,15]. In the presence of both types of active
ites, the activity of the catalyst was greatly enhanced.

Among the two catalyst tested, AgZSM-5 gave lower cat-
lytic activity at low temperature. At 150 ◦C, there was no
onversion of butyl acetate but once the reaction temperature
as increased above 200 ◦C, the oxidation activity markedly

mproved. This result might be explained by the fact that due
o capillary condensation, water vapor formed could easily
lock the micropores of Ag/zeolite preventing the occurrence
f oxidation at low temperature. In view of this observation, a
ydrophobic support should be preferable to minimize the pore
lockage by water vapor on the catalyst surface.

The surface area and pore accessibility of a catalyst may be
ne of the factors that result in the better performance of AgY
s compared to AgZSM-5. Y zeolite has larger pore size than
SM-5 (7.4 Å versus 5.5 Å). As there was a least resistance for
iffusion of reactants/products in and out of the larger pores
n AgY catalyst, higher catalyst activity was achieved. During
xidation of butyl acetate, the catalyst was observed to become
arker at high temperature (above 400 ◦C), which indicated the
eposition of carbonaceous material. The problem was more
oticeable in AgY compared to AgZSM-5.

In catalytic oxidation of VOC, the completion of the reaction
s equally important as the by-product could be significantly
azardous as the original substance. Therefore, this aspect of
he reaction was also studied by measuring the carbon diox-
de yield during the reaction. Fig. 8 shows the comparison of

he carbon dioxide yield in the oxidation of butyl acetate over
gY and AgZSM-5. Increasing carbon dioxide yield with higher

eaction temperature suggested favorable result with respect the
ompleteness of the reaction. AgY also showed better yield at

E

(

ig. 8. Carbon dioxide yield in the oxidation of butyl acetate over AgY and
gZSM-5 (GHSV = 32,000 h−1; CVOC = 1000 ppm).

ll the temperatures tested. The oxidation performance of silver-
oaded zeolites in present study was better than the work reported
y Ojala et al. [21] where noble metal, mono- and bimetallic
latinum and palladium supported on �-Al2O3-La and �-Al2O3-
e were tested. They reported that 100% conversion of butyl
cetate was only achieved at 500 ◦C and the carbon dioxide
ield was only about 60%. In addition, T50 of butyl acetate over
fresh catalyst was around 280 ◦C. Silver-loaded zeolites have

he potential to be used as effective oxidation catalysts like noble
etal over butyl acetate.

.4. Kinetic study

The dependence of the rate of butyl acetate oxidation on the
artial pressure of butyl acetate and oxygen was tested using the
ower law rate Eq. (3) as given below

−rv) = ksP
n
v Pm

o (3)

n which (−rv) is the rate of reaction, mol/h gcat, ks is the reac-
ion rate constant; Pv and Po are the partial pressure of VOC
nd oxygen, respectively. The n and m are reaction orders and
he n value was estimated by varying the VOC partial pressure
etween 0.004 and 0.018 atm. Similarly, the reaction order m was
btained by varying partial pressure of oxygen between 0.05 and
.2 atm. The rate of VOC decomposition can be obtained under
ifferential reactor mode when the conversion was kept below
0%. The rate it can be expressed in term of the VOC conversion
XVOC), flow rate (FVOC,in) and weight of the catalyst, Wcat in

q. (4) treating the reactor operated under differential mode [22]

−rv) = XVOCFVOC,in

Wcat
(4)
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Table 3
Experimental data for the combustion of butyl acetate under differential reactor mode

Temperature (◦C) AgY AgZSM-5

Po (atm) Pv (atm) −rv (mol/h-gcat) Po (atm) Pv (atm) −rv (mol/h-gcat)

300

0.20 0.004 0.0169 0.20 0.004 0.0239
0.15 0.009 0.0390 0.15 0.009 0.0521
0.10 0.013 0.0589 0.10 0.013 0.0749
0.05 0.018 0.0952 0.05 0.018 0.1139

350

0.20 0.004 0.0236 0.20 0.004 0.0361
0.15 0.009 0.0534 0.15 0.009 0.0769
0.10 0.013 0.0806 0.10 0.013 0.1241
0.05 0.018 0.1231 0.05 0.018 0.1897

400

0.20 0.004 0.0263 0.20 0.004 0.0523
0.15 0.009 0.0614 0.15 0.009 0.1109
0.10 0.013 0.0981 0.10 0.013 0.1668
0.05 0.018 0.1531 0.05 0.018 0.2657

Table 4
Reaction rate constants, reaction order, activation energies and pre-exponential factor estimated from power law model for oxidation of butyl acetate

Catalyst Temperature (◦C) Rate constant, ks
′ Reaction order Activation energy, Ea (kJ/mol) Pre-exponential factor, A

m n

AgY

300 8.31 0 1.03

19.78 469.74
325 8.86 0 1.04
350 9.25 0 1.09
375 12.80 0 1.02
400 17.40 0 1.06

AgZSM-5

300 6.59 0 1.02

32.26 5420.23
325 7.24 0 1.06
350 14.53 0 1.09

1.05
1.06

p
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f
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acetate oxidation where predicted data are plotted against exper-
imental data at different temperatures for AgY and AgZSM-5,
respectively. The rates of reaction for both catalysts were suc-
375 11.26 0
400 15.46 0

The nonlinear analysis was used to determine the reaction
arameters representing the experimental data [22]. The results
or oxidation of butyl acetate are tabulated in Table 3. By fitting
he data to Eq. (3), the reaction orders and rate constant could
e estimated and the results are summarized in Table 4. On both
ested catalysts, the reaction order with respect to VOC was close
o 1.0, while those of oxygen showed zero values. In agreement
ith findings by Garetto et al. [13] on propane oxidation on

upported Pt catalyst, the rate of butyl acetate oxidation process
howed higher dependency on the concentration of organic sub-
tance compared to oxygen. However, this relationship is only
rue under oxygen excess condition.

The apparent activation energy, Ea and pre-exponential factor,
of butyl acetate oxidation was obtained from Arrhenius plot as

hown in Fig. 9. The activation energy calculated from the plot
as 19.78 kJ/mol for AgY and 32.26 kJ/mol for AgZSM-5. The

ower value of activation energy correctly suggested the higher
ctivity of AgY compared to AgZSM-5. This was an interesting
nding bearing in mind that AgZSM-5 had higher silver loading.
hus, the exchange sites and pore characteristics of the zeolites

ere also expected to play significant roles in catalytic activity
f metal exchanged zeolites. The overall rate of reaction was also
ound to be influenced by the value of pre-exponential factor, but
o a lesser extent.

F
f

Fig. 10(a) and (b) show parity plot of rate of reaction of butyl
ig. 9. Arrhenius plot for determining activation energy, Ea and pre-exponential
actor, A.
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ig. 10. Predicted vs. experimental reaction rate of butyl acetate combustion at
ifferent reaction temperature on (a) AgY and (b) AgZSM-5.

essfully predicted by this model between 300 and 400 ◦C with
eviations within ±5%. With differences in the metal loading,
ore characteristics and hydrophobicity of the catalysts, no sig-
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. Conclusions

Silver metal was successfully loaded into the HY (Si/Al = 80)
nd HZSM-5 (Si/Al = 280) zeolites using ion exchange method.
he performance of silver-loaded zeolite for butyl acetate oxida-

ion was found to depend on the pore characteristics, acidity and
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ted high catalytic activity in the oxidation of butyl acetate with
he total conversion achieved at above 400 ◦C. Despite lower
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ore system. The main oxidation product was carbon dioxide.
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ysts. Under differential reactor mode, the reaction order, m with
espect to oxygen was found to be close to zero while the reac-
ion order with respect to VOC, n took a positive value close to 1.
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