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Catalytic Properties of Layered and Pillared Buserite

She-Tin Wong ( EiE§E ) and Soofin Cheng* { #ZY )
Department of Chemistry, National Taiwan University, Taipei, Taiwan, R.0.C.

The catalytic properties of Na-buserite and Keggiun ion-pillared buserite (abbreviaied as KPB) in the oxi-
dation of ethane, were investigated with varied mixtures of ethane and air. Na-buscrite Na,Mn,,0,6xH,0 is
a layered manganese oxide, KPB was prepared by the introduction of aluminium Keggin ions,
[AL 30, (OH),.(H,03 1,17 into the interlayers. Pillaring of the interlayers increases the active surface arca
participating in the reactions, as indicated by greater conversion over KPD than over a Na-buserite catalyst.
In an oxygen-rich environment, complete combustion of ethane is achicved at temperatures = 350 "C over
KPB, and the structure of KPB is retained. The structure of KPB is less stable than that of Na-buserite in an
oxygen-poor environment, and it disintegrates at large conversion. This phenomenon is ¢xplained in terms
of the oxygen deficiency in the interlayer at a large reaction rate. Similar effects were absent from an oxy-
gen-rich environment. The variation of the product selectivity of Na-buserite and KPB catalysis is dis-
cussed in terms of the presence of interlayer reaction sites.

INTRODUCTION

Na-buserite is a non-stoichiometric manganese oxide,
formulated as NasMn056-x 0.1 The non-stoichiometric
nature of the oxide implics that the surface may contain
chemically reactive oxygen,” Todorokite, nsutite and Na-
buserite form the major components of manganese nodules
that occur abundantly in both marine and fresh-water sedi-
ments. Manganese nodules are proved as effective as some
commercial catalysts and adsorbents in reactions such as
oxidation, reduction, decomposition and demetallation.’
Therefore Na-buserite can be a cheap source of catalyst and
catalyst support in the near future.

Na-buserite has a layercd structure with edge-sharing
MnOs octahedra.*® The interlayer free spacing of dehy-
drated Na-buserite is about 1.9 A, i.e. the diameter of the in-
terlayer Na® ions. This small interlayer spacing precludes
most reactions from occurring in the interlayers. The lay-
cred structure is thermally stable under 500 "C in both oxi-
dative and reductive environments.” In order to improve the
thermal stability and the active surface area, aleminium
Keggin ions, of formula [AL2O.(OH)u(H20).2]' %, are intro-
duced into the interlayers. This introduction can be done
successfully via hexylammonium ion-expanded buserite.”
As the Keggin ion has a diameter about 8.6 A,*” its presence
greatly improves the accessibility of the interlayers. The
Keggin-ion pillar is stable to iemperatures greater than 500
°Cin air® The Keggin ion-pillared buserite {abbreviated as
KPB) prepared is stable at temperatures greater than 600 °C

in both oxygen and nitrogen environments.”

Whereas various pillaring procedures were developed
to convert densely layered metal oxides into microporous
materials of high surface area, little work is reported on their
catalytic behaviours.”> Our objective was to examine the
catalytic properties of Na-buseriie and KPB samples in the
oxidation of ethane. The results provide understanding of
the local environment of the active sites in the catal ytic resc-
lions.

EXPERIMENTAL SECTION

In the preparation of KPB from Na-buserite, hexy-
lamine was vsed as a swelling agent, and buscrite expanded
with hexylammonium ion was then used for the ion-ex-
change reaction with the aluminium Keggin-ion solution.
The residual hexylammonium ions in the product were re-
moved by calcination at 300 “C. Further details on the pil-
laring procedure are publishcd.s

Powder X-ray diffraction (XRD} patterns were ob-
tained on an astomated powder diffractometer (Philips PW
1840), employing Ni-filtercd Cu Ko radiation. BET surface
areas were measured volumetrically with Ny as adsorbate.
Oxidation-reduction behaviours of the catalysts were stud-
ied on a thermogravimetric analyzer (Du Pont 951 TGA),
with a heating ratec 10 “C/min. The flow rates used were =
100 mL/min except for ethane, which was 23 mL/min.

In catalytic experiments in which a small conversion
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was intended, Na-buserite or KPB sample (< 0.05 g) was di-
luted with $i0; (= 0.2 g) before use. The sample was pre-
treated at 370 °C in an air flow with an inlet flow rate 16
ml/min overnight. The molar fraction of air in the reactant
mixture of ethane and air was fixed at 66.7 (oxygen-poor)
and 99.4% (oxygen-rich), and the reaction was carried out at
temperatures in the range 200 - 370 "C. The products were
analyzed both on- and off-line by gas chromatography (GC)
with thermal conductivity detector (TCD) facility. The re-
actor effluent from oxidation of ethane in an oxygen-defi-
cient environment was monitored continuously with a quad-
rupole mass spectrometer (Thermolab 300D),

The ethane reactant stream was purified through a mo-
lecular sieve trap, and GC analysis showed that the propor-
tion of impurity ethene was negligibie. No CO, was de-
tected.

Carbon analysis was done on an elemental analyzer
{Perkin-Elmer 2400) with an accuracy 0.3%.

RESULTS

BET surface areas and porosity

The BET surface areas of Na-buserite and KPB fresh
catalysts are 57 and 142 m’/g, respectively. The porosity of
the catalysts was determined by N adsorption-desorption
isotherms, The pillared compound showed an apparent in-
crease in microporous condensation at a small partial pres-
sure of Nz, and a slight hysteresis, which corresponds to a
mesoporous structure. Typical isotherms of Na-buserite and
KPB, pillared at 50 and 70 *C, are shown in Fig. 1.

Thermal stability of the catalysts
The thermal stability of Na-buserite and KPB catalysts
under oxidation and reduction environments has been de-
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Fig. 1. Adsorption-desorption isotherms of N; on (a)
Na-buserite, (b} KPB, ion-exchanged at 50 °C,
and (¢) KPB, ion-exchanged at 70 °C.
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scribed separately.” Schemes I and H summarize the phase
transformations of these two catalysts in gaseous environ-
ments of O, N2 and Ha. Both catalysts are thermally most
stable in oxygen and least stable in hydrogen. In an N envi-
ronment, Na-buserite decomposed into Mn:0; and hol-
landite structures at about 373 °C, and Mn,Os was further
reduced to Mn;Oy at = 529 °C. The reductipn was acceler-
ated when a mixture of Hy/N2 (1:9) gas was used as carrier
instead of Nu. In the presence of Ha, reduced phases of
Mn:0;, Mn;0; and MnO were observed at 282, 347 and 426
“C, respectively. In pure O, or air, Na-buserite was oxidized
and formed NazMnsOy and cryptemelane at = 560 "C. The
structure of the pillared derivative KPB was stable until 600
*C in an environment of either N, or Q.. No oxygen uptake
or disintegration of the structure was detected. Beyond
these temperatures, the pillared structure collapsed and
Mn;0;4 (or MnxOs) was formed from the buserite structure.
In the environment of Ha, only the reduced phases of MnsQ,
and MnO were identified at 334 and 448 °C, respectively;
the reduction of Mn;0, to MnO is largely incomplete even at
600 °C.*

When Na-buserite was reduced under ethane with a

Scheme I Transformation of Na-buserite
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flow rate similar to that in the calalytic runs, the DTG pro-
file showed two prominent peaks due to loss of weight at
383 and 592 "C; they are correlated with the formation of
Mn304 and MnQ, respectively. The peak due to the forma-
tion of Mn.(; is less prominent, but can be chserved at 260
"C. These results indicate that ethane acts as a reducing
agent although its reducing power was not as great as that of
hydrogen.

Oxidation of ethane

In this catalytic work, the conversion is defined as the
fraction of ethane carbon converted to product carbon; for
this calculation we assumed that coke formation on the cata-
lyst surface is negligible, as was confirmed by carbon analy-
sis of the used catalysts. In order to examine the catalytic
behaviour and to characterize the active centre, the reaction
was effected with varied proportion of oxygen,
(i} Oxygen-rich environment

The oxidation of ethane over Na-buserite and KPB
catalysts was carried out with 99.4% of air in the reactant
mixture. The contact period used is 1.5 x 10™ g min mL™",
The conversion over both catalysts varied insignificancty
with duration on stream, except at the initial stages of reac-
tion on the KPB catalyst. Fig. 2 shows the variation of con-
version and selectivity over the KPB catalyst with duration
on siream at 340 "C. The conversion decreased gradually
with duration on stream, then reached a steady state after 6
h. In the case of Na-buserite catalyst, CO; was the only
product at cach reaction temperature, and also for KPB cata-
lyst in the steady state except at 370 "C at which a minor
proportion of CO was observed throughout the reaction (4 -
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Fig. 2. Variation of selectivity and conversion with du-
ration on stream over KPB catalyst in an oxygen-
rich environment at 340 °C (contact period = 1.52
x 10 g min mL-1).
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8%). In the initial stages of reaction, also ethene (340 & 370
") and CO (340 °C) were observed. According to Fig. 2,
CO persisted to a longer duration on stream than ethene, and
a maximum was observed for CO selectivity at the time that
ethene selectivity was minimal.

The unit conversions for ethane oxidation over Na-
buserite and KPB catalysts are compared in Fig. 3 at reac-
ticn temperatures 300, 340 and 370 *C. The unit conversion
over KPB catalyst is greater than over Na-buserite at any re-
action temperature,

Complete oxidation of ethane was intensified and
nearly complete conversion was achieved over KPB catalyst
at 350°C when the contact period was increased to 1.6 x 10
g min mL".

(i) Oxygen-poor environment

The oxidation of ethane over Na-buserite and KPB
catalysts was carried out with 33 molar percent of air in the
reactant mixture. Fig. 4 shows a typical plot of conversion
versus reaction temperature over Na-buserite and KPB cata-
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Fig. 3. Comparison of the unit conversion of Na-buserite
and KPB catalysts in an oXygen-rich environ-
ment.
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Fig. 4. Variation of conversion with reaction tempera-
ture over Na-buserite and KPB catalysts.
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lysts, with fixed contact periods 4.3 x 10 and 5.8 x 10™ g
min mL", respectively. The reaction temperature was var-
ied in steps 10 or 20 "C. When the same contact period was
used, the calculated conversion per unit area (percentlmz)
over KPB catalysts was slightly smaller than over Na-
buserite, especially at reaction temperature = 260 "C (Fig.
5). However, gradual deaciivation was observed at tempera-
tures 2 300 °C on both catalysts. For example, decreases of
20% (300 ° C, after reaction period 17 h) and 15% (320 °C,
after 8 h) were observed during the reaction for KPB and
Na-buserite, respectively.

Fig. 6 shows a plot of In (Rew) versus 1/T; Rans and T
are the initial rate (s™) of ethane consumption and tempera-
ture (K} of reaction, respectively. The reaction temperature
was varied between 200 - 320 °C. As the reactant concentra-
tion was kept constant, the activation energy (E,) was calcu-
lated from the slope as 85 + 5 kJ mol™ for both cataiysts.
Under oxygen-rich conditions, a similar value (90 + 5 kJ
mol) of E, was obtained for the oxidation of ethane over
KPB catalyst between 200 - 350 *C.

Fig. 7 shows the product selectivity as a function of
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Fig. 3. Comparison of the unit conversion of Na-buserite
and KPB catalysts in an oxygen-poor environ-
ment.
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conversion over both catalysts. The conversion over each
catalyst was varied by altering the reaction temperature
from 210 - 330 °C at a fixed contact period. CO; is the main
product over Na-buserite even when the conversion is small
(Fig. 7a). The ethene selectivity is small and CO selectivity
is almost zero. Ethene and CO selectivities were observed
in significant quantity over KPB catalyst (Fig. 7b).

Large alterations in the catalytic activities were ob-
served at reaction temperatures 340 and 370 " C for KPB and
Na-buserite, respectively. When the reaction temperature
was increased from 300 to 340 °C, there was a greatly in-
creased conversion over KPB catalyst to 16 - 17%. Based
on the product yield, O, conversion approached 111% for
KPB catalyst at this stage. Within about 8 h of reaction at
340 °C, the conversion decreased gradually with period on
stream. However, the conversion decreased abruptly to
(.53% beyond that (Fig. 8). Regeneration in flowing air at
370 °C did not improve significantly the performance of this
catalyst. In the case of Na-buserite, the catalytic activity
was found to decrease at 370 “C, relative to that at 340 " C.
The XRD patterns of these catalysts before and after cata-
Iytic oxidation of ethane appear in Fig. 10.
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The conversion of the catalysts carried out in various
experiments were reproducible, within 6% deviation for Na-
buserite and 10% for KPB. For Na-buserite, the selectivity
of CO, and ethene at a given condition {conversion) was re-
produced within 4% (separate batch of preparation) or 2%
{same batch) of deviation. For KPB, only onc preparation
was chosen for the catalytic experiment, and the product se-
lectivity was reproduced within 2% of deviation.

When a control catalytic run was carried out with 5i0;
as the catalyst, using a contact period 5.5 x 10” g min mL",
the results showed that SiO; is inert in ethane oxidation re-
action. As 1o the partial oxidation product, ethene, the
amount oxidized to COz is negligible at 300 and 340 °C. At
370 °C, however, a maximum 11% of ethene formed in the
reaction was converted to CO:,

20

Conversion f percent
=

* T
o] 5 0 18 2D 25

Duration on Stream / h
—#— KPR  —S— Ne-Buserite

Fig. 8. Variation of conversion with duration on stream
over Na-buserite and KPB catalysts in an oxy-
gen-poor environment at 340 *C (contact period
= 1.41 x 104 g min mL).
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Fig. 9. Mass-spectrometric analysis of the reactor efflu-
ent from an oxygen-deficient environment.
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(iii} Oxygen-deficient environment

The oxidation of ethane over Na-buserite in the ab-
sence of air was followed with a mass specirometer. The re-
action temperature was increased from 40 to 300 °C atarate
5 °C/min, then beld isothermally at 300 °C. Fig. 9 shows the
variation of signal intensity with reaction duration for the
reactant and product. CO; (mass/chazge = 44) starts to ap-
pear after = 40 min of reaction, which corresponds to a tem-
perature of = 190 °C, whereas the level of background oxy-
gen (mass/charge = 32) remained nearly unchanged. Water
(mass/charge = 18) also appeared in a similar range of tem-
perature. The amount of ethane consumed in the reaction
resulted in no perceptible alteration of the ethane signal in-
tensity, due to the large excess of inlet ethane. The signals
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Fig. 10. XRD patterns of (2} Na-buserite (b} KPB (c)
KPB, after reaction in an oXygen-poor environ-
ment at 340 °C (contact period = 1.41 x 107% g
min mL') (d) Na-buserite, after reaction in an
oxygen-poor environment at 370 “C (contact
period = 1.57 % 10° g min mL!), and (¢) similar
to {d) but with contact period = 1.41 X 10 g
min mLL.
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for ethene and CO were not identified separately, due to
overlapping of the large signal from the ethane fragment
(mass/charge = 28),

The conversion of ethane determined by GC is much
smaller in an oxygen-deficient environment, than in either
oxygen-poor or -rich environment. With a contact period
4.3 x 10™ g min mL", the results from GC analysis showed
that the steady-state conversion was less than 0.05% at ail
iemperatures. At the final stage of reaction at 320 °C, air
was introduced into the ethane stream at the same molar ra-
tio as in part (ii). The conversion increased to 7.3% within 7
min of reaction, and decayed gradually on stream (by 1.2%
in 2 h). Water droplets deposited on the wall of the trap
downstream. The reaction products were similar 1o that of
part (ii}, with 96% CQ,, 3% ethene and 1% CO.

Carbon analysis

Carbon analysis on as-synthesized samples of Na-
buserite and KPB (after calcination in air at 300 °C for 2 h)
showed that deposition of carbon was negligible on both
samples during the preparation steps. On used catalysts, the
carbon content was less than 0.3%,

Catalyst characterization

We measured the XRID patterns of Na-buserite and
KPD catalysts before and after oxidation reactions in vari-
Ous oxygen contents to examine the structural change,

When oxidation of ethane was carried out under the
oxygen-rich environment at reaction temperatures 300 - 370
°C, the structure of both KPB and Na-buserite used catalysts
remained intact. However, in an oxygen-poor environment
(Fig. 10), structural disintegration was observed at a large
conversion. The diffraction peaks of the used catalysts are
weak, because they were diluted with 810, before use; these
patterns of the used catalysts are therefore presented in an
expanded form.

In the case of the fresh catalyst, the first diffraction
peak was observed at d = 7.1 and 13.8 A for Na-buserite and
KPB catalysts, respectively (Figs. 10a & b). Figs. 10c and
10d are the diffraction patterns of the used Na-buserite and
KPB catalysts after reaction at 370 and 340 °C, respectively.
The structure of both catalysts disintegrated during ethane
oxidation under the oxygen-poor environment. However,
the reaction conditions for this to occur were more severe
for Na-buserite. The peaks from fresh Na-buserite and KPB
catalysts diminished and new peaks (besides Si0; peaks)
were observed at d = 2.44, 2.74, 1.57 and 3.05 A. Fig. 10e
shows the XRD pattern of another used Na-buserite catalyst
under the same reaction conditions as KPB catalyst in Fig.
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10d. This catalyst deactivated directly at 370 *C without un-
dergoing the process of structural disintegration, The XRD
pattern of this catalyst shows peak atd =7.1,6.7and 2.35 A,
besides Si0, peaks.

DISCUSSION

The interlayer free spacing of a dehydrated Na-
buserite is about 1.9 A. This spacing is too small for reac-
tants 1o access, thus reactions occur exclusively on external
surfaces. For KPB the interlayer free spacing is increased to
8.6 A by the introduction of aluminium Keggin-ion pillars.
Therefore, by comparing the catalytic data of KPB catalyst
with that of Na-buserite, one can study the effect of the in-
terlayer spaces in the KPB catalyst on the reaction.

For KPB catalyst, if the interlayer surface sites are
freely accessible to the reactants and the active sites are dis-
tributed homogeneously as in the case of the externaf sur-
face of Na-buserite, the conversion per surface area (unit
conversion) and product selectivity would be comparable to
that of Na-buserite under similar reaction conditions. This
is however not the case observed here. The unit conversion
over KPB catalyst in an oxygen-poor environment is
slightly smalier than that of Na-buserite. The smaller unit
conversion is nalikely due to coke formation in the inter-
layer during ethane oxidation, because the amount of carbon
present in the used catalyst is negligible. Both KPB and Na-
buserite have similar activation energies in this reaction.
Therefore, the smaller unit conversion on KPB is not attrib-
uted 1o limitation of diffusion occuring in the interlayer
cither. That the activation energies of both catalysts are
similar indicates similar natures of active sites on KPB and
Na-buserite. The reason for the smaller unit conversion is
likely that aluminium Keggin-ion pillars have no contribu-
tion in catalytic activity although their surfaces are counted
as part of the total surface area,

For oxidation of ethane in an oxygen-rich environ-
ment, the unit conversion for KPB was greater than that of
Na-buserite. The unit conversion for KPR at 300 °C for ex-
ample corresponds to a rate about 1.4 x 10° s, compared
with about 3.5 x 10 s™* for Na-buserite. The greater rate of
reaction in KPB is likely due to an effect of heat transfer.
The heat produced during oxidation of ethane in an oxygen-
rich environment is greater on KPB than on the Na-buserite
catalyst. The excess heat if trapped in the porous sample
may cause an increased rate of reaction.

The product selectivity of KPB catalysts in an oxygen-
poor environment {C;Hg : Oz = 1: 0.42) revealed a mikd oxy-
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gen deficiency in the interlayer. In order to oxidize fully
one mole of ethane, 3.5 mol of dioxygen is required. If the
supply of dioxygen by diffusion into the interlayer active
sites cannot meet the demand, especially at a large rate of re-
action, less oxidized products are favoured under this condi-
tion. Thus, significantly greater ethene and CO selectivities
were obtained over KPB than Na-buserite catalyst, In a se-
quential reaction pathway, this mild oxygen deficiency in
the interlayer that restricts the further oxidation of C;H, or
CO does not affect the rate of ethane consumption. Accord-
ingly, the calculated value of E,, which was based on the rate
of disappearance of ethane, was unaffected by oxygen defi-
ciency.

When the interlayer of KPB was exposed to an ex-
iremely oxygen-deficient environment during the oxidation
reaction, the most serious consequence was the reductive
disintegration of the buserite layer structure to lower Mn ox-
ides. This effect was observed when the rate of reaction
over KPB catalyst in an oxygen-poor experiment was in-
creased rapidly to 16,3% as the temperature was raised from
300 to 340 "C. Based on the results of Na-buserite, the ex-
pected conversion of ethane over the KPB catalyst at 340 °C
was 2.86%. If ethane were completely oxidized to COy, the
O; conversion would be = 25%. Thus, the surfaces of KPB
are not oxygen-deficient. The structure of Na-buserite re-
mained intact under similar reaction conditions. Therefore,
the reduction process that caused the disintegration of the
KPB structure is likely to begin in the interlayer and results
in the local collapse of the pillared structure, which leads 1o
an increased active surface area and ease of accessibility to
these sites. The correspondingly greatly increased conver-
sion leads to further oxygen deficiency in other parts of the
interlayer and the cycle becomes repeated. The oxygen con-
version over 100% (111%) at this stage clearly indicates that
the oxygen supply was 1otalty consamed in the reaction in
addition to some oxygen contribution from lattice oxygen.
Accompanying the consumption of lattice oxygen, the
ethene selectivity decreased also. Lattice oxygen is hence
clearly involved in the formation of ethene, The KPB cata-
lyst after structural disintegration showed a sudden deacti-
vation at a longer duration on stream {Fig. 8), due to com-
plete consumption of the reactive lattice oxygen with the
formation of stoichiometric lower Mn oxides. XRD analy-
sis on the used KPB (and Na-buserite} catalysts after struc-
tural disintegration showed the presence of Mn,Q,,.

Na-buserite required more severe conditions to disin-
tegrate its structure i.e. a much greater contact period at 370
°C. Under these conditions, the calculated conversion of O,
was nearly 100%. This result is consistent with the sugges-
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tion above that reductive disintegration of the layered struc-
ture of buserite required an environment strongly deficient
in (O;, With less severe conditions such as those used for the
KPB catalyst, the structure of Na-buserite did not disinte-
grate, but deactivated directly. The cause of this deactiva-
tion may have been the thermal transformation of Na-
buserite to Mn20; and hollandite, as the XRD pattern of the
used catalyst is similar to that of Na-buserite heated in N; at
similar temperatures.’

In an oxygen-rich environment, CQ; is ultimately the
favoured product on Na-buserite. In the case of KPB cata-
lyst, oxygen deficiency products (CO and ethene) were also
obtained at the initial stages of reaction at 300 and 340 °C.
At 370 °C, the interlayer of KPB was slightly deficient in
oxygen due to a greater consumption of oxygen at large con-
versions, and CO (ca. 4 - 8%) was produced throughout the
reaction period.

As mentioned above, Na-buserite is a non-
stoichiometric oxide. Reactions done on manganese nod-
ules, such as decomposition of alcohol and oxidation of CO,
showed that lattice oxygen was involved in the oxidation.?
In addition, previous experiments on dehydrogenation of
cyclohexane or cyclohexene on MeO, surface indicated that
lattice O” was involved.'*"” Therefore, the lattice oxygen is
expected to act as the surface-reactive species responsible
for dehydrogenation of ethane. From the results for an oxy-
gen-deficient environment, the lattice oxygen was also
found responsibie for CO; formation. Thus the active sites
in oxidation of ethane are probably lattice oxygen, and they
are maintained by adsorption of oxygen in the reactant gas
stream, Irreversible removal of the reactive lattice oxygen
from the buserite structure leads {o deactivation, and the
eventual formation of lower Mn oxides. Moore et al.'® have
calculated the mass percentage of "active” oxygen in solid
oxides and hydroxides of manganese that reacts with iron
{II) ion; according to their method, the "active” oxygen was
calculated as 15.0, 10.14, 7.0 and 0% for Na-buserite,
Mn;0s, MnyO; and MnO, respectively. These values indi-
cate that various Mn oxide species have varied content of re-
active lattice oxygen, so to explain the variation in conver-
sion observed for Na-buserite and its reduced phases.

However, other surface-adsorbed oxygen species, such
as O and Oy, cannot be excluded from contributing to oxi-
dation of cthane.”® For example, 05 has been suggested to
act as an active site during the dehydrogenation of 2-
propanol on MnQ), surfaces.*

From these results, the reaction sequence in the cata-
Iytic oxidation of ethane is proposed schematically as fol-
lows:
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CH + 0y—— CO,

|

CHy —— CO

The byproduct, water, is omitted in this scheme. In an oxy-
gen-poor environment, ethene, CO and CO, were observed
even at small conversion. Therefore, they are likely formed
through parallel pathways on the surface of Na-buserite and
KPB catalysts. Dissociative adsorption of ethane was sug-
gested to be the limiting step in the oxidation reaction.” As
CO,; is the predominant product over Na-buserite, the sub-
sequent oxidation of adsorbed ethyl species to CO; is ex-
pected to proceed readily. However, in an oxygen-deficient
environment, such as in the interlayers of KPB, the ad-
sorbed ethyl species have a relatively greater tendency to
form ethene and CO. The presence of a maximum for
ethene and CO selectivities in Fig, 2, and the increased CO:
selectivity as conversion of ethane increased in Figs. 7(a)
and (b), indicate that the sequential oxidation pathway also
OCouIs.

CONCLUSION

The KPB catalysts gave a greater conversion of ethane
than Na-buserite in both oxygen-rich and -poor environ-
ments. Interlayer aluminium Keggin-ion pillars do not con-
tribute to the activity in ethane oxidation; rather, the pres-
ence of these pillars increases the active surface area. In an
oxygen-poor environment, reductive disintegration of both
catalysts occurred at high conversion. KPB, which has a
higher surface area, disintegrated under less severe reaction
conditions than Na-buserite. Therefore, KPB and Na-
buserite are suitable for catalytic oxidative reactions only in
oxygen-rich environments in which their structures remain
intact.
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