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Abstract

Potassium and antimony mixed oxides were obtained by calcination of the commercial potassium-antimony tartrate trihy-
drate K(SbO)C,H,O4.3H,0 at temperatures ranging from 300 to 800 °C. The structure varied with temperature as revealed
by XRD characterization. The modifications occurring during the calcination process were also studied by FT-IR and DRS
spectroscopies, along with by thermal analysis (TG/DTG). The solids were tested in 2-propanol decomposition at 200 °C,
used as probe reaction for the investigation of acid-basic and redox properties. The catalytic activity was function of the
calcination temperature and the best 2-propanol conversion was achieved with the tartrate precursor calcined at 500 °C that
crystallizes forming KSbO; as main phase along with K 5,Sb, 7O ,4 as secondary phase. Under N, the activity reached
the maximum after 10 min, 80% of 2-propanol conversion was the highest value, over the sample calcined at 500 °C, but
rapidly decreased with time on stream and almost declined after 1 h. In the presence of air in the reaction mixture, 85% of
2-propanol conversion was achieved at 200 °C, after 20 min under stream, with the most active sample. By increasing the
calcination temperature above 500 °C, the conversion decreased, especially for the sample calcined at 800 °C showing the
worse conversion, although the stability over time increased, likely due to the achievement of stable crystalline phases and
crystallite sizes. In all cases, the 2-propanone selectivity was close to 100%. This behaviour confirmed the occurrence of
a dehydrogenation reaction involving the basic sites typical of KSbxOy oxides along with the redox couple Sb(V)/Sb(III).

Keywords KSbxOy mixed oxides - 2-propanol conversion - Dehydrogenation - 2-propanone formation

1 Introduction

Antimony oxide is widely used in catalysis. It exhibits, in
the metallic or oxidized state, excellent catalytic properties.
It exists in three phases, such as antimony trioxide (Sb,03),
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kacimimohammed @fsr.ac.ma antimony tetroxide (Sb,0,) and antimony pentoxide (Sb,Os)
549 L. F. Liotta [1]. The Sb,O5 compound does not exist above 525 °C, only
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Sb,0; and Sb,0, are formed [1]. Sb and their oxides were
used as catalysts or promoters in much researches. For
instance, antimony oxides are an essential catalyst mate-
rial, in particular, for selective oxidation of substituted
aromatics and the ammoxidation of paraffin to unsaturated
acids and corresponding nitriles, as well as the oxidation of
alkanes [2]. In addition, one may cite several catalyst for-
mulations such as magnetic nano-CoFe,O, supported Sb
which demonstrates a high catalytic activity for the one-pot
three-component coupling reaction of amines, 1,3-dicarbo-
nyl compounds and nitro-olefin [3]. The TeMO (M =Mo,
V and P) catalysts were promoted by Sb for oxidation of
isobutene and toluene, in where the activity was explained
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by probably entering of antimony into lattice of phase [4, 5].
Tin—antimony oxides catalyst presents a good selectivity to
hydrocarbons oxidation when the temperature is relatively
higher, related to the segregation of antimony to the surface
[6]. On the other hand, referring to the work carried out on
Sb modified vanadia on titania, the antimony might reduce
the surface acidity [7]. Moreover, antimony oxide promoter
of vanadia and ceria displays high performance catalytic
dehydrogenation of alkylbenzenes in the presence of CO,
[8, 9], and on titanium oxide for propane dehydrogenation
[10]. Furthermore, the use of Sb-Palygorskite composite
showing an exceptional catalytic activity of P-nitrophenol
hydrogenation, due to inhibition of nanoparticles aggrega-
tion of antimony [11]. The Sb supported zeolite catalyst is
more active in conversion of syngas to dimethyl ether [12],
and Antimony (1-D) nanostructured porous nanofibers sup-
ported Pt was also investigated in oxidation of methanol in
DMEFCs technology [13]. One can also refer to the work on
composite of SnP-(Sb—Sn0,) as active material for oxygen
evolution reaction [14]. In addition, the use of antimony as
promoters of V,0s/TiP shows a high selectivity to phthalic
anhydride in oxidation of o-xylene [15]. The V-Sb—O mixed
oxide on Al,O3, TiO, and Nb,Os has been also investigated
in selective oxidation of H,S and propane ammoxidation
reaction to acrylonitrile [16—19]. Furthermore, Sb,05 added
to silica supported gold nanoparticles leads to high activity
in CO conversion [20]. Besides, the addition of antimony
to catalyst compounds can give an excellent activity at low-
temperature with good sulphur resistance [21]. One quantum
chemical study demonstrates that the antimony promoted
V,05/Ti0, is the best catalyst in this sense compared to
selenium and copper [22]. It can also improve the catalyst
oxidizing property and surface acidity that are beneficial to
enhance activity and the selectivity [23].

Udalova et al. have studied the mixed oxide
Co-Mo-Bi-Fe-Sb-K catalyst in the partial oxidation of
propylene to acrolein. According to their report, the intro-
duction of potassium into the studied phases decrease deep
oxidation activity, but even small amounts of these elements
raise the selectivity of the catalyst [24]. Indeed, Sb(III) ions
can substitute for Bi(IIl) ions in the bismuth molybdate
structure. Being the radius of Sb>* (0.9 A) smaller than that
of Bi** (1.2 /DX), antimony ions distort this structure consid-
erably and this distortion affects the properties of catalysts
containing bismuth molybdates. The introduction of equal
amounts of K and Sb has the most favourable effect on the
selectivity of the catalyst and this effect is likely to be due to
the fact that potassium reduces the antimony-induced acidity
of the catalyst [24].

The antimony oxides, despite their wide structural varie-
ties, have been rarely tested in the energy production reac-
tions. They have attracted attention in reactions such as the
synthesis of polyethylene terephthalate fibers (PET). As a
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matter of fact, 90% of the world’s production of PET has
been achieved via antimony based catalysts [25].

Furthermore, antimony was used in photocatalysis.
Indeed, S-doped Sb,0; and leaded oxide (PbO) oxide show
a good catalytic photodegradation of 4-phenylazophenol
and methyl orange under visible-light [26]. Unsupported
and supported antimony oxides were also used as catalyst
of the esterification of glycerol. In both case their activity
and selectivity were correlated to the fact increase of Lewis
and Bronsted acidic sites [12, 27]. The amount of the acid
sites was also correlated to the Sb loading.

The main goal of the present work is the simple synthe-
sis of mixed oxides of potassium and antimony prepared
by decomposition and calcination of potassium and anti-
mony tartrate K(SbO)C,H,0.3H,0. The resulting catalysts
were characterized by different techniques including the
evaluation of acid-basic and redox properties by 2-propanol
decomposition.

2 Experimental
2.1 Catalyst Preparation

KSbxOy mixed oxides were synthesized as herein reported.
Briefly, the precursor, K(SbO)C,H,04.3H,0 (research
grade), was calcined at various temperatures in the range
300-800 °C under air in oven with heating ramp of
10 °C min~!, keeping 2 h at each temperature. The result-
ing solids were characterized by several techniques, before
testing in 2-propanol decomposition, as described below.

2.2 Characterization Methods

The synthesized solids were characterized by XRD at room
temperature using a Brucker 5005 diffractometer equipped
with copper anode (Koo=1.54184 A) and a monochromator.
The data were collected with a step size equal to 0.02°, from
20=3°-60°. The crystalline phases were identified by using
JCPDC and/or PDF database files and the mean crystallite
sizes were determined by Scherrer equation.

Fourier Transform Infrared (FTIR) was used to character-
ized the changes in precursor structure with the temperature
increasing. The spectra have been recorded in transmission
mode; using a Jasco 4600 spectrometer with an Attenuated
Total Reflection (ATR) module (Pro-One) equipment at a
resolution of 4 cm™! and range from 4000 to 400 cm™".

Specific surface areas (BET method) of the catalysts were
acquired from the N, adsorption isotherms at — 196° C. The
samples were previously treated in situ under vacuum at
200 °C for 2 h. The measurements were performed with a
Coulter Omnisorp 100 CX apparatus.
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TG/DTA analyses were carried out in order to identify
the structural changes occurring in the catalysts after pro-
gressive heating. All experiments were performed with
a Labsys™ Evo (1F) Setaram instrument under air flow
(60 ml min~!) by using 15 mg of sample heating from room
temperature up to 800 °C with heating rate of 10 °C min~".

The UV-Vis—NIR diffuse reflectance spectra were
performed on a Varian UV-VIS-NiR spectrophotometer
equipped with an integrated sphere over the 200-2400 nm.
The spectra were collected at room temperature using PTFE
(polytetrafluoroethylene) plate as reference material.

The morphology of the catalyst was studied by Scanning
Electron Microscopy (SEM) and Energy Dispersive X-ray
spectroscopy (EDX) analyses, using a Jeol JISM-7000F FE-
SEM, Japan.

2.3 2-Propanol Conversion

The conversion of 2-propanol was performed at atmospheric
pressure and at 200 °C, in a silica fixed bed microreactor.
Prior to the tests, the catalyst (100 mg) initially calcined
under air at a given temperature (300-800 °C) was treated
under nitrogen at 60 mL min~", at 400 °C for 1 h in order to
clean the surface and remove any adsorbed species (except
the solid calcined at 300 °C that was pre-treated at 300 °C).
Then the reactor was cooled down to the reaction temper-
ature and 2-propanol at a partial pressure of 1.2 kPa was
flowed by a saturator fed with N, or with air at a total flow
rate of 60 mL min~!. The 2-propanol conversion reaction
was carried out in isothermal conditions, at 200 °C, versus
time, during 90 min. In order to get insights into the catalyst
reusability, after performing a first run at 200 °C under N,
as carrier gas, a regeneration treatment at the same reaction
temperature was performed flowing for 1 h air 60 mL min~",
then, after purging 30 min with pure N,, the reactor was fed
with 2-propanol in N, for a second run. The reaction prod-
ucts were analysed on-line by using: (i) a ATI Unicam 610
chromatograph with a flame ionization detector equipment
and a 4 m packed column with Chromosorb PAW coated
by 15% of carbowax 1500 for the 2-propanol, 2-propanone,
propene and ether separation, and (ii) a Shimadzu GC-8A
equipped with a column of silica gel and TCD detector for
analysis of gaseous species, such as CO/CO,. The reaction
features were defined as follows:

IPA,

m

—IPA

Conversion = 2 % 100 1)

in

Fraction of IPA converted to product
IPA,

m

Product Yield = x 100

@

ProductYield
—X

Product Selectity = -
Conversion

100 ?3)
The experimental data of catalytic tests were registered
using a PowerChrom 280 data acquisition system.

3 Results and Discussion
3.1 Materials Characterization
3.1.1 XRD Analysis

Figure 1 shows the XRD patterns recorded after calcination
of the precursor K(SbO)C,H,04.3H,0 at different tempera-
tures. The signals of the sample heated at 60 °C belong to
the structure of the precursor, suggesting that at this low
temperature no decomposition occurs. The sample calcined
at 300 °C (Fig. 1b) shows a mixture of two phases, KSb;05
(JCPDC 74-2380) and K,CO5 1.5H,0O (PDF #73-0470),
while that calcined at 400 °C (Fig. 1¢), shows peaks related
to KSb;05 JCPDC 74-2380) [28] along with blending uni-
dentified phases (likely ascribable to organic compounds and
carbonaceous species). According to TG/DTA analysis (see
Fig. 3), during calcination at 400 °C the sample became
initially black due to carbon formation, then turning to white
colour after total oxidation of residual species. Based on the
crystalline phases detected by XRD, it can be concluded that
in the samples calcined at 300 and 400 °C, the Sb valence
is mainly 4 3. The calcination of the K(SbO)C,H,04.3H,0
precursor at 500 °C reveals the formation of KSbOj; as pre-
ponderant phase along with K, 5,Sb, (7O »4 as secondary
phase, according to the peaks at 20 28.2, 34.2, 49.2 and
51.6° (JCPDS 70-0653) [29]. Such secondary phase disap-
peared by calcining above 500 °C. Reddy and all [28]. sug-
gested that the formation of K,O (JCPDC 47-1701) can also

700 N ® KSb305 * KSbO3

600 0 KaC031.5H,0  + Ko 51Sb2 6706.26
2- 500+ .o ’
~ * *
> *
= 4001, | . i
c

()

[ -
E 300 M@M

Fig.1 X-ray diffraction patterns of K(SbO)C4H,04.3H,0, decom-
posed at different temperatures: 60 °C (a); 300 °C (b); 400 (c);
500 °C (d); 600 °C (e); 700 °C (f); 800 °C (g)
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occur at this temperature. However, no signals correspond-
ing to this phase were detected, although we cannot exclude
its presence as amorphous phase.

Above 600 °C, all the diffraction patterns (Fig. 1 e-600,
f-700 and g-800 °C) match with peaks assigned to the
KSbO; structure (JCPDS 49-0165). Thus, starting from
500 °C, the Sb valence is mainly equal to+5.

3.1.2 FTIR Spectroscopy

The FT-IR spectra of the K(SbO)C,H,04.3H,0 calcined at
different temperatures are displayed in Fig. 2a, b). In Table 1
the wavenumber and relative peak assignments are listed.
The spectrum of the sample treated at 60 °C shows bands
located at 3588, 3483 and 3390 cm™! belonging to hydroxyl
groups and the adsorbed water. The bands 2888, 2856, 1341,
1305, and 1268 cm™! are assigned to C—H stretching [30].
The stretching of COO— from tartrate appears at 1650 cm™",
while the bands associated with C-O (from CHOH) of the
tartaric acid appear at 1130 and at 1074 cm™~! [31]. The fre-
quencies at 628, 610, and 540 cm™! characterize the banding
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20 4 1337 1140
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A 313
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Fig.2 FT-IR spectra of K(SbO)C,H,04.3H,0, decomposed at differ-
ent temperatures: 60 °C (a); 300 °C (b); 400 (c); 500 °C (d). 600 °C
(e); 700 °C (f); 800 °C (g). Panel a displays the entire range from
4000 to 450 cm™'; in panel b the enlarged range 1550—450 cm™ is
shown
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Table 1 Wavenumber and FT-IR peak assignments

Wavenumber (cm™) Stretching peak assignments

3588, 3483, 3390 O-H

2888, 2856, 1341,1305, 1268 C-H

1650 COO~

1130, 1074 Cc-0

852, 813, 722-3131, 1444, 1375, 1061 K-O(KSb and K,CO;)
878

630, 610, 540 Sb-0, O-Sb-O

vibration of (Sb—O) and O-Sb—O bridge functional group
of oxide. The FT-IR spectra of the sample calcined above
60 °C show that the intensity of the signals, in the region
2000-450 cm™!, decreases as the calcination temperature
increased and the organic matter is decomposed. The spectra
also indicate the formation of potassium carbonate between
300 and 400 °C. Their characteristic bands have been
observed at 3131, 1441, 1375, 1061 and 878 cm™', while
features at 852, 813, and 722 cm™" are due to K-O stretching
[32]. For samples calcined at T > 600 °C only Sb-O stretch-
ing bands were detected according with the formation of
KSbxOy oxides and total oxidation of the organic precursor.

3.1.3 Specific Surface Area and Crystallite Size by XRD

In Table 2 the specific surface values, calculated by BET
method, and the mean crystallite sizes of the main phases,
determined by Scherrer equation, are listed for samples
calcined at different temperatures. The sample calcined at
300 °C showed the highest specific surface area, equal to
41.7 m?/g. Then, by increasing the calcination tempera-
ture, the specific surfaces decreased up to 11.2 m%/g, that
is the lowest value registered after calcination at 800 °C.
At the same time, the crystallite values of the main phases
increased from 13 nm, for the phase KSb;05 formed at
300 °C up to 59 nm for the phase KsbOj after calcination
at 800 °C.

3.1.4 Thermal Analyses

In order to obtain supplementary information on the struc-
tural change of antimony potassium tartrate (K(SbO)
C,H,04.3H,0), thermo-gravimetric and differential ther-
mal analyses (TG/DTA) were carried out under air flow,
as shown in Fig. 3. The mass loss takes place in three main
steps. The first one is located between ~ 150 and 250 °C with
a broad endothermic peak centred at 185 °C, corresponding
to a mass loss of 6% that is associated with the removal of
water from the sample. The resulting solid remained stable
until 300 °C. Then, at 350 °C a strong modification occurs
with a further mass loss, of around 30% at~450 °C, that was
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Table 2 Specific surface area values and crystallite sizes of samples calcined at different temperatures

Calcination temperature (°C) 300 400 500 600 700 800
Sper(m*g™h) 41.7 375 24.8 16.1 14.2 11.2
Crystallite size (nm) 13.0 (KSb;05) 18.0 (KSb;05) 23.0 (KSbO5) 37.0 (KSbO;) 45.0 (KSbOy) 59.0 (KSbOs5)
In parenthesis the corresponding crystalline phases are reported
[ 40
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Fig.3 Thermogravimetric analysis of K(SbO)C,H,0,.3H,0

attributed to the exothermal oxidation of the tartrate along
with of residual carbon species. According with the XRD
characterization, at 400 °C a mixed oxide of potassium and
Sb(1I) antimony, with formula KSb;0s, is formed, then at
500 °C KSbOj; as main phase along with K 5;Sb, ¢,O¢ 5,
as secondary phase was detected. By further increasing the
temperature, an additional and gradual mass loss is regis-
tered from 500 °C to 800 °C up to the final weight value
of ~57%. Such step is accompanied by a tight endothermic
peak at 630 °C likely associated to the crystallization pro-
cess of the KSbO; phase.

3.1.5 UV-Visible Spectroscopy (DRS)

The UV-Visible diffuse reflectance spectra of selected sam-
ples prepared by decomposition of K(SbO)C,H,O4.3H,0 at
different temperatures are displayed in Fig. 4. The parent sam-
ple exhibits high optical transparency, reaching almost 80%,
with maximum absorption wavelengths below 260 nm (at 251
and 224 nm, respectively). It is worth noting that the electronic
band structures of metal oxides are directly related to their
constituent elements and their structural arrangement. More-
over, light absorption due to electronic transitions from the
valence band (VB) to the conduction band (CB) may occur. In
these mixed oxides, the VB and CB are predominantly formed
from O 2p and Sb 4d orbitals, respectively [33]. After calci-
nation, the obtained spectra show two large absorption peaks
with maximums at around 244 and 314 nm for the material
calcined at 400, attributed to the presence of KSb;Os. Then,

L) L] L] L] L]
200 250 300 350 400 450 500
Wavelenght (nm)

Fig.4 UV-VIS-PIR DRS of K(SbO)C,H,0,)-3H,0, treated at: 60 °C
(a); 400 °C (b); 500 °C (c); 600 °C (d); 700 °C (e)

bands at 244, 290 nm and at 244, 286 nm, were detected for
the calcined samples at 500 and 600 °C, respectively. Such
bands were ascribed to the presence of the K 5,5b, ¢70¢ 26
and KSbOj crystalline phases. The absorption of the material
calcined at 700 °C, corresponding to KSbO;, shifted to the UV
range with a maximum peak around 240 nm.

3.1.6 SEM

Figure 5 shows the SEM images of samples calcined at various
temperatures. The parent compound treated at 60 °C (Fig. Sa),
presents irregular crystallites of different sizes. The sample
calcined at 300 °C shows a dense structure (Fig. 5b), turning
after calcination at 500 °C and at 800 °C, (Fig. 5c, d respec-
tively) towards an irregular surface constituted by agglomer-
ated flakes and irregular lumps. According with the literature,
this morphology is typical of KSb;Os, K 5;Sb, ;04 56, and
KSbOj; phases [28]. In Table 3 the elemental composition as
a function of the calcination temperature is displayed. An evi-
dent decrease of the carbon content occurs by increasing the
calcination temperatures.
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Fig.5 SEM micrographs and EDS analysis of samples prepared at various temperature 60 °C (a), 300 °C (b), 500 °C (c) and 800 °C(d)
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Table 3 Chemical composition

; Calcination 60 °C 300 °C 500 °C 800 °C
of the materials treated at temperature
various temperatures by EDX
analysis Elements Wt% Atom% Wt% Atom% Wit% Atom% Wt% Atom%
C 11.24 27.28 8.09 22.01 4.12 14.24 1.68 5.86
o 28.57 52.07 23.77 48.54 20.11 52.17 20.93 54.91
K 12.31 9.18 19.68 16.44 10.78 11.44 17.21 18.48
Sb 47.87 11.46 48.45 13 64.99 22.16 60.18 20.75
Total 100 100 100 100 100 100 100 100
4.1 Catalytic Activity Under N,
Figure 6, panel (A) displays the catalytic activity, in
100 @A) (B) terms of propanone formation (%) versus time on stream
1 s00-c I'run Il run after regeneration (90 @in) registered at 200 .°C, in tl}e presence of N, as
80 500°C carrier gas, for samples calcined at different temperatures.
2-propanone was the main product formed by the dehy-
< 60- drogenation of 2-propanol. The activity of the samples,
E o depending on the calcination temperature, was quite high
g 40. c 600 °C in the first minutes of the reaction, reaching the maximum
S 300 °C~, after 10 min, but rapidly decreased with time on stream
o and almost declined after 1 h. 80% of 2-propanol conver-
20- sion was the highest value achieved with the sample cal-
cined at 500 °C. It is likely that in absence of any oxygen
0 coming from the gas phase, the Sb (III) species formed

0 20 40 60 80 180 200 220 240 260
Time (min)

Fig.6 a (I run) Catalytic activity at 200 °C versus time on stream, in
the presence of N, as carrier gas, for catalysts at different calcination
temperatures; b II run performed in the same condition after regen-
eration at 200 °C 1 h under air flow

4 2-Propanol Conversion

In order to investigate the acid-basic and redox proper-
ties of the catalysts calcined at different temperatures, the
2-propanol decomposition reaction was carried out using
a mixture of the alcohol (at a partial pressure equal to
1.27 kPa) diluted in N, or air. It is generally accepted that
dehydration to propene occurs on acidic sites, whereas the
base and/or redox sites are responsible for dehydrogena-
tion to 2-propanone [34, 35]. Considering that the selec-
tive alcohols oxidation to ketones and aldehydes is a key
technology in the chemical industry, providing important
intermediates for pharmaceuticals and fine chemicals [36],
we have considered worthy of investigation the 2-propanol
conversion, as probe reaction for the assessment of the
acid-basic properties of the catalyst [37].

by reaction with 2-propanol cannot be re-oxidized to the
pristine Sb (V) sites, therefore, further adsorption of the
2-propanol on the surface of the catalysts blocks the basic
sites, poisoning the surface of the catalyst [38]. In order
to confirm such hypothesis, after the first catalytic run
(Fig. 6a), the catalysts were regenerated at 200 °C for 1 h
flowing air 60 mL min~', during such step CO, evolution
was registered. Then, after purging 30 min with pure N,,
the reactor was fed with 2-propanol in N, for a second
run. As it is shown in Fig. 6, panel (B), the catalyst almost
regains its initial activity suggesting that the deactivation
was due to the poisoning of the active sites by deposition
of unreacted C,H, species or due to the reduction of all
Sb(V) active sites to Sb(III) by 2-propanol. In all cases,
the 2-propanone selectivity was close to 100% during all
the reaction time, even when after high activity during in
the first minutes of the reaction, all the Sb (V) sites are
reduced to Sb (IIT). Such finding confirms that the strong
basic sites typical of KSbxOy oxides [39] also contrib-
uted to the dehydrogenation reaction of 2-propanol, but in
absence of air, they got saturated.

In Fig. 7 the activity registered after 10 min of time
on stream versus the calcination temperature of the cata-
lysts, is shown. The crystalline phases detected by XRD
at the different temperatures are marked. The best dehy-
drogenation activity was achieved when the precursor was
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Fig.7 Variation of the activity after 10 min at 200 °C under reaction
stream in the presence of N, as the carrier gas as a function of the
catalyst calcination temperature
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Fig.8 Catalytic activity in the presence of air at 200 °C versus time
on stream for catalysts at different calcination temperatures

calcined at 500 °C. At this temperature, two crystalline
phases were detected, KSbOj; as preponderant phase along
with K, 5,Sb, 470 » as secondary phase. According to the
XRD characterization, starting from 500 °C the Sb exists
as Sb(V), as main oxidation state. The highest catalytic
activity registered for the sample calcined at 500 °C is
likely due to the best compromise between Sb oxidation
state (V), specific surface area and likely exposed basic
sites as well as to the proper crystallite size of the KSbO;
phase (see Table 2). The decreased surface and crystallite
growth occurring by increasing the calcination tempera-
ture above 500 °C are likely responsible of the declined
activity. This behaviour confirmed the occurrence of a
dehydrogenation reaction involving the strong basic sites
typical of KSbxOy oxides [39].

@ Springer

4.2 Catalytic Activity Under Air

The catalytic activity was also evaluated in the presence of
air, the trend of propanone yield (%) versus time is displayed
in Fig. 8 for catalysts calcined at different temperatures. An
almost stable conversion was attained during all the reac-
tion time differently from what observed in presence of N,
(see Fig. 6). This finding suggests that the alcohol acts as
the reducing agent and the oxygen present in the air is able
to regenerate the Sb(V) active sites. The best conversion
(~85%) was achieved with the sample calcined at 500 °C,
while samples treated at T <500 °C were less active, likely
due to the presence of Sb(III) species and according to a
poor basicity due to the presence of undecomposed organic
matter. On the other hand, by increasing the calcination
temperature up to 600-700 °C the 2-propanol conversion
decreased with respect to the sample calcined at 500 °C,
although at such high temperatures the crystalline phase
present is always KSbO; containing Sb(V) active species.
However, in spite of the favoured Sb oxidation state, at high
calcination temperature a decrease of the specific surface
area and likely of the exposed basic sites along with an
increase of crystallite size occurs, causing a decreased activ-
ity, especially for the sample calcined at 800 °C that shows
the worse conversion. Except for the sample calcined at
300 °C, a stable conversion over time was registered for the
other samples, likely due to the achievement of stable crys-
talline phases with stable crystallite size. Independently on
the calcination temperature, the 2-propanol is converted to
2-propanone confirming the active roles of basic and redox
sites in the reaction.

5 Conclusions
From the results the following conclusions might be drawn:

e Calcination of potassium-antimony tartrate trihydrate
K(SbO)C,H,0¢.3H,0 in the range of temperature 300—
800 °C produced KSbxOy mixed oxides with different
crystalline phases, KSb;O5 prevailed below 500 °C,
while KSbO; was formed at T > 500 °C.

e The highest catalytic activity registered for the sample
calcined at 500 °C is likely due to the best compromise
between Sb oxidation state (V), specific surface area and
likely amount of exposed basic sites as well as proper
crystallite size of the KSbO; phase.

e The conversion of 2-propanol over KSbxOy mixed
oxides produced 2-propanone with selectivity close to
100%, independently on the calcination temperature and
atmosphere of the reaction, N, or air, suggesting that the
active role in the reaction is played by the basic sites and
as well by the presence of Sb(V)/Sb (IIT) redox couple.
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e Under N, the activity reached the maximum after 10 min,
but rapidly decreased with time on stream and almost
declined after 1 h. After regeneration of the catalysts
under air flow at 200 °C, the initial activity was gained.

e The presence of air in the reaction mixture favoured the
re-oxidation of Sb(III) to the active Sb(V) ions, guaran-
teeing the regeneration of the redox couple.

e Based on the preliminary catalytic properties of KSbxOy
mixed oxides discovered in the present study, additional
investigations are in progress to assess their activity in
other reactions, as the oxidation of long-chain alcohols.
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