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Abstract: 0.2Mn2O3/Al2O3 system was prepared by the impregnation method using finely powdered Al(OH)3 and a 
calculated amount of Mn(NO3)2 dissolved in the smallest amount of distilled water followed by drying and calcination at 
400-600°C. Six doped solids were prepared by impregnating powdered Al(OH)3 Solids with different amounts of 
Zn(NO3)2 or (NH4)6Mo7O24.4H2O followed by drying, then impregnating with Mn(NO3)2. The doped solids were calcined 
at 400-600°C. The dopant concentrations were 0.75, 1.5, and 3 mol% ZnO or MoO3. The structural characteristics, 
surface and the catalytic properties of pure and variously doped solids were examined by using XRD, N2 adsorption at-
196°C and isopropanol conversion carried out at 140-280°C using a flow technique under atmospheric pressure. The 
obtained results revealed that the pure solids investigated and those doped with 0.75 and 1.5mol% ZnO or MoO3 calcined 
at 500°C, consisted of a mixture of nanosized MnO2 (Pyrolusite) and Mn2O3 (Partridgeite phase) together with -Al2O3. 
Increasing the calcination temperature of the variously doped solids to 600°C led to the complete conversion 
MnO2(Pyrolusite) to nanosized Mn2O3 (Partridgeite phase). The crystallite size of manganese oxide phases varied 
between 3 and 56 nm. All surface characteristics of the system investigated were much affected by calcination 
temperature and dopant concentration. Isopropanol conversion carried out over pure and doped system calcined at 
different temperatures proceeded via dehydration and dehydrogenation yielding propene and acetone, respectively. The 
activity and selectivity of the various solids were much affected by the reaction temperature, calcination temperature and 
dopant concentration. 
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1. INTRODUCTION 

 Oxide solids can be considered as cheap, environmental 
friendly and active catalysts for a variety of chemical 
reactions such as oxidation reaction [1,2]. Manganese oxides 
are reported to be among the most efficient oxide solids for 
catalytic oxidation reactions [3-10]. For example, MnO2 and 
Mn3O4 were found to be the active and stable catalysts for 
the combustion of organic compounds [11,12]. This behavior 
is attributed to the variable electronic structure and oxidation 
state in a variety of compounds (MnO2, Mn2O3, MnO and 
Mn3O4), which shows good redox properties [8]. The 
catalytic properties of manganese oxides are also due to their 
oxygen storage capacity in the crystalline lattice [13,14]. 

 The interaction of transition metal oxide with the support 
as well as with other components constituting the catalyst 
has a significant influence on the structure definition and the 
catalytic activity [13,15,16]. The most often used supports 
for transition metal oxide catalysts are oxides such as Al2O3 
[17]. In previous studies, the structural characterization of 
pure or supported manganese oxide catalysts showe the 
presence of MnO2 or mixed MnO2/Mn2O3 solids as the 
active catalytic components [13,14]. Increasing dispersion of 
MnOx on the support surface leads to a significant increase  
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in the catalytic activity [18,19]. Manganese oxide dispersion 
depends on the Mn-precursor, loading, preparation method, 
thermal treatment and the presence of foreign ions [13, 18]. 

 Loading manganese oxide on to an alumina surface led to 
the formation of thermally stable solids, which were active in 
H2O2 decomposition [20-24]. Furthermore, Mn-oxide/Al2O3 
catalyst with 15%MnOx loading had higher catalytic 
performances towards methane combustion than Mn-oxide 
supported on TiO2 and SiO2 [8]. The high activity of Mn 
oxide/ -Al2O3 has been attributed to the increase of active 
sites involved in catalytic reactions [8]. 

 Doping with certain foreign ions, like Li2O, Na2O, K2O, 
ZnO, MoO3 and CeO2 effected measurable changes in the 
surface and catalytic properties of a large variety of catalysts. 
For example, doping with ZnO of CuO/TiO2 calcined at  
600 ˚C resulted in an increase in the catalytic activity in 
isopropanol or ethanol conversion [25]. However, solid-solid 
interaction between Co3O4 and Fe2O3 took place at 
temperatures from 800˚C while ZnO doped samples could 
produce CoFe2O4 at 740˚C [26]. Doping NiO/TiO2 system 
either with MoO3 or CeO2 followed by heating at 300 or 
500˚C brought about a considerable increase in the catalytic 
activity for iso-propanol conversion reaching a maximum 
limit in the presence of 2 or 4 mol% dopant oxide [27]. The 
previous solids were highly selective for isopropanol 
dehydration yielding propene (90-98%) with trace amounts 
of acetone from dehydrogenation of iso-propanol at 
temperatures < 250˚C [27]. The treatment of Co3O4 with 



28   The Open Catalysis Journal, 2011, Volume 4 Ibrahim et al. 

small amounts of ZnO (2-8wt%) followed by calcinations at 
500 and 700˚C exerted a progressive measurable decrease in 
the crystallite size of Co3O4 phase [28]. 

 Doping Mn oxides with Li2O, Na2O, MoO3, V2O5, CeO2 
and La2O3 have been investigated in previous studies 
[7,20,29-31]. It was found that La2O3 doping of 
Mn2O3/Al2O3 calcined at (400-700˚C) greatly increased the 
catalytic activity towards CO- oxidation and H2O2 
decomposition [7]. Doping Mn/Al mixed oxides system with 
ceria enhanced the catalytic decomposition of H2O2 [32]. 
This is due to the generation of the optimal electron mobility 
at the surface, which was necessary to enhance the redox 
pathway of the reaction [32]. On the other hand, doping of 
manganese oxides with MoO3 or V2O5 conducted at 400˚C 
and 600˚C brought about considerable decrease in the 
specific catalytic activities towards CO oxidation by O2 and 
H2O2 decomposition [31]. MnOx/Al2O3 catalysts deactivated 
by SO2 was used for the selective catalytic reduction of NO 
with NH3 at low temperatures [33]. 

 The dehydration of alcohols to give ethers and olefins is 
a well-known acid- catalyzed reaction as well as the 
dehydrogenation to aldehydes or ketones over basic 
catalysts. Mixed oxide catalysts are more active in 
dehydrating alcohols than single oxide catalysts. The 
chemical composition, calcination temperature of mixed 
oxides, and doping with foreign ion are among the factors 
affecting the performance of the catalyst towards the 
conversion of alcohols [25,27,29,30,34-40]. Treatment of 
0.1Mn2O3/Al2O3 with Na2O (3 or 6 mol%) followed by 
heating at 500˚C led to the formation of (Na0.2MnO2), with 
subsequent decrease in the BET surface area and an effective 
increase in the catalytic activity towards conversion of 
ethanol and iso-propanol [30]. 

 The present work reports a study on the effect of ZnO 
and MoO3 (0.75,1.5,3 mol%) on the surface and the catalytic 
properties of 0.2Mn2O3/Al2O3 precalcined at 400, 450, 500 
and 600˚C using XRD, adsorption of N2 at-196 ˚C, and 
catalysis of isopropanol conversion at temperatures between 
140 and 280˚C. 

2. EXPERIMENTAL 

2.1. Materials 

 Manganese oxides supported on alumina having the 
molar composition 0.2 Mn2O3/Al2O3, was prepared by the 
wet impregnation method using finely powdered Al(OH)3 
solid with solutions containing known amount of Mn(NO3)2 
dissolved in the smallest amounts of double-distilled water 
making a paste to avoid any possible sedimentation and to 
ensure the homogeneity of the samples. The paste was dried 
at 120°C, then calcined at 400, 450, 500, and 600°C for 4 h. 
The doped solid samples were prepared by treating known 
amounts of Al(OH)3 with solutions containing different 
amounts of Zn(NO3)2.6H2O, and (NH4)6Mo7O24.4H2O dried 
at 120 °C. The obtained doped alumina samples were treated 
with solutions containing fixed amounts of Mn(NO3)2. The 
obtained solids were dried at 120°C, then calcined at 400, 
450, 500, and 600°C for 4h. The dopant concentrations were 
0.75, 1.5, and 3.0 mol% ZnO and MoO3. The chemicals 
employed were of analytical grade and supplied by BDH 
Company. Analar isopropanol was supplied by Merck. 

2.2. Techniques 

 X-ray powder diffractograms of pure and doped solids 
calcined in air at 400, 450, 500, and 600 °C were determined 
by using a diffractometer (type Bruker D8 Advance). The 
patterns were run with copper radiation (Cu K ) with second 
monochromator (  =1.5405 Å) for pure and doped solids at 
40 kV and 40 mA. The crystallite size of the investigated 
solids was calculated from the line-broadening profile 
analysis of the main diffraction lines using the Scherrer 
equation [41]: d = K  / 1/2 cos , where d is the mean 
crystallite diameter,  the wavelength of X-ray beam, K the 
Scherrer constant (0.89), 1/2 the full-width at half-maximum 
(FWHM) of the main diffraction peaks of crystalline phases 
present and  is the diffraction angle. 

 The specific surface area (SBET), total pore volume (Vp), 
mean pore radius (r-) and pore volume distribution ( v/ r) of 
the solid catalysts were determined from nitrogen adsorption 
isotherms measured at-196°C using Quantachrome NOVA 
automated gas sorbometer. Before carrying out the 
measurements, each sample was degassed under a reduced 
pressure of 10-5 Torr at 200°C for 3 h. 

 The catalytic activities of various solid samples calcined 
at 400, 450, 500 and 600oC were determined by using 
isopropanol conversion carried out at different temperatures 
varying between 140 and 280 °C. The catalytic reaction was 
carried out in a flow reactor under atmospheric pressure. 
Thus, a 100 mg catalyst sample was held between two glass 
wool plugs in a pyrex glass reactor tube of 20 cm long width 
1 cm internal diameter packed with quartz fragments of 2–3 
nm length. Argon gas was used as the diluent and the 
isopropanol vapor was introduced into the reactor through an 
evaporator/saturator containing the liquid at constant 
temperature 35°C. The flow rate of the carrier gas was 
maintained at 20 ml/min. Before carrying out such catalytic 
activity measurements each catalyst sample was activated by 
heating at 300°C in a current of argon for 1h then cooled to 
the catalytic reaction temperature. The reaction products in 
the gaseous phase were analyzed chromatographically using 
Perkin-Elmer Auto system XL gas chromatograph fitted with 
a 2m Porapak Q stainless steel column suitable for gas 
analysis. 

3. RESULTS AND DISCUSSIONS 

3.1. X-Ray Investigation of Pure and Doped Supported 
Solids Precalcined at Different Temperatures 

 X-ray diffractograms of pure and variously doped solids 
preheated at 400- 600°C were carried out. Fig. (1) shows the 
diffractograms of pure and doped solids precalcined at 
600°C. The crystallite size and degree of crystallinity of 
different investigated solids are given in Table 1. Table 1 
also includes the structure characteristics of the different 
phases present in the pure and the doped solids. 

 Examination of Table 1 shows the following: (i) Pure 
solids and those doped with 0.75 and 1.5 mol% MoO3 or 
ZnO calcined at 500 °C consisted of a mixture of MnO2 
(pyrolusite phase), Mn2O3 (partridgeite phase) and -Al2O3 
that having moderate degree of crystallinity. (ii) The solids 
doped with 3 mol% MoO3 or ZnO calcined at 500°C 
consisted of MnO2 (pyrolusite phase), and -Al2O3 only. So, 
MoO3 or ZnO doping of the system investigated stabilized 
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tetravalent manganese oxide. (iii) Increasing the calcination 
temperature of the pure and the doped solids to 600 led to the 
complete conversion of MnO2 to Mn2O3 and conversion of 

-Al2O3 into -Al2O3. The conversion of MnO2 into Mn2O3 

took place according to 2 MnO2  Mn2O3 +1/2O2 (iv) All 
manganese oxides present in pure and doped solids are 
nanosized phases measuring crystallite sizes varying 
between 3 and 56 nm. 

3.2. Surface Characteristics of Pure and Doped Solid 
Catalysts Preheated at 400–600°C 

 The different surface characteristics of pure and doped 
solids precalcined at 400, and 600°C were determined from 
nitrogen adsorption isotherms registered at 196°C. These 
characteristics include the specific surface areas (SBET), total 
pore volume (Vp), pore volume distribution, and mean pore 
radius (r-). The adsorption isotherms, not given here, are of 
type II of the Brunauer classification. Figs. (2, 3) represent 
the pore volume distribution curve for some selected 
adsorbents. The values of different surface characteristics of 
the investigated adsorbents are given in Table 2. 
Examination of Table 2 shows the following: (i) The SBET of 
pure adsorbent suffered a significant decrease which attained 

34.5% upon increasing its calcination temperature from 400 
to 600oC. This decrease could be attributed to a possible 
increase in the crystallite size of the phases present and also 
to an effective pore widening. In fact, the r- value increases 
from 18 to 34  upon increasing calcination temperature 
from 400 to 600°C. (ii) MoO3 doping of the systems 
investigated followed by calcinations at 400°C resulted in 
limited changes in the SBET values. i.e. both increase and 
decrease in the SBET value. (iii) ZnO doping conducted at 
400 °C resulted in an effective decrease in the SBET value 
falling to a minimum value in presence of 1.5 mol% ZnO. 
The percentage decrease of the specific surface area due to 
doping with 1.5 mol% ZnO reached 31%. This decrease was 
accompanied by an increase in the r- value from 18.2 to 24.8. 
The percentage increase of r- value reached 36%. Thus, the 
observed decrease in the BET surface area of the system 
investigated due to ZnO doping at 400°C could be directly 
attributed to effective pore widening. (iv) MoO3 doping of 
manganese oxide supported on alumina calcined at 600°C 
effected a limited increase in the SBET reaching to 23.5%. 
This increase was accompanied by a decrease of 14% of r- 

value. (v) ZnO-doping followed by calcination at 600°C led 
to limited fluctuation i.e. both increase and decrease in the 

 

Fig. (1). X-ray diffractograms of the pure and the doped solids calcined at 600 oC 
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SBET value depending on the amount of ZnO added. The 
same trend was observed for r- values. 

 It is well known that MoO3 sublimes by heating at 
795°C, i.e. its vapor pressure reaches 1atm. [42]. Heating the 
system investigated at 600oC led to an effective migration of 
MoO3 species throughout the whole mass of the doped 
system leading to a creation of new pores whose existence is 
responsible for the measurable increase in the SBET and Vp of 
MoO3 doped system. Figs. (2, 3) depict pore volume 
distribution curves ( v/ r) of some selected solids. These 
solids are the ones doped with 1.5 mol% MoO3 calcined at 
400 and 600oC, respectively. It is seen from these figures 
that v/ r curves consisted multimodal distribution curves 
having maxima at 14, and 28 Å for the adsorbent calcined at 
400 oC and at 18, 36 and 45 Å for the solid calcined at 600 

oC. It can also be seen that the total areas of v/ r curves 
increased upon increasing the calcination temperature from 
400 to 600oC. These findings indicate that this thermal 
treatment led to a shift in the value of pore width towards 
longer values and also led to an effective increase in the 
volume of pores present. The same findings have been 
reached from the results given in Table 2 (the last two 
columns). 

 The observed changes in the structural and the surface 
characteristics of the system investigated due to increasing 
calcination temperature and doping either with ZnO or MoO3 
are expected to be followed by changes in the activity and 
selectivity on isopropanol conversion. 

3.3. Catalytic Activity of Pure and Variously Doped 
Solids 

 The catalytic activity of pure and variously doped solids 
were determined using the conversion of isopropanol at 
temperatures between 140- 280°C. 

3.3.1. Catalytic Conversion of Isopropanol Over Pure and 

Doped Solids Calcined at Different Temperatures 

 The catalytic conversion of isopropanol was carried out 
over different solids calcined at 400, 450, 500, and 600°C. 
The reaction proceeded via dehydration and dehydrogenation 
producing propene and acetone, respectively. This finding 
indicates that the investigated solids acted as bifunctional 
catalysts. 

 Fig. (4) shows the percentage conversion of the 
investigated alcohol as a function of reaction temperature for 
pure solids calcined at 400-600°C. It is clearly shown from 

Table 1. Structural Characteristics of Different Pure and Doped Solids Precalcined at Different Temperatures 
 

Degree of 
Crystallinityb (a.u.) 

Crystallite Sizea (nm) Phases Present Calcination Temperature (˚C) Solid 

MnO2 16 

Mn2O3 7 

MnO2 11 

Mn2O3 9 

MnO2, 
c Mn2O3, 

d 

-Al2O3 
400 0.2Mn2O3/Al2O3 

MnO2 14  

Mn2O3 14 

MnO2 30 

Mn2O3 56 
MnO2,

 Mn2O3, -Al2O3 500 0.2Mn2O3/Al2O3 

MnO2 14 

Mn2O3 12 

MnO2 18 

Mn2O3 46 

MnO2, Mn2O3,  

-Al2O3 
500 0.2Mn2O3/Al2O3+0.75mol%MoO3 

MnO2 16 MnO2 10 
MnO2, 

-Al2O3 
500 0.2Mn2O3/Al2O3+ 3.0mol%MoO3 

MnO2 13 

Mn2O3 13 

MnO2 3 

Mn2O3 31 

MnO2, Mn2O3, 

-Al2O3 
500 0.2Mn2O3/Al2O3+ 0.75mol%ZnO 

MnO2 11 

Mn2O3 13 

MnO2 3 

Mn2O3 28 

MnO2, Mn2O3, 

-Al2O3 
500 0.2Mn2O3/Al2O3+ 1.5mol%ZnO 

MnO2 13 MnO2 38 
MnO2, 

-Al2O3 
500 0.2Mn2O3/Al2O3+ 3.0mol%ZnO 

Mn2O3 46 Mn2O3 39 
Mn2O3, 

-Al2O3 
600 0.2Mn2O3/Al2O3 

Mn2O3 47 Mn2O3 41 
Mn2O3, 

-Al2O3 
600 0.2Mn2O3/Al2O3+0.75mol%MoO3 

Mn2O3 43 Mn2O3 40 
Mn2O3, 

-Al2O3 
600 0.2Mn2O3/Al2O3+ 1.5mol%MoO3 

Mn2O3 44 Mn2O3 41 
Mn2O3, 

-Al2O3 
600 0.2Mn2O3/Al2O3+ 3.0mol%MoO3 

Mn2O3 40 Mn2O3 32 
Mn2O3, 

-Al2O3 
600 0.2Mn2O3/Al2O3+ 1.5mol%ZnO 

aThe value of crystallite size of the phases present were calculated from the Scherer equation [41]. 
bThe area of the main diffraction peak of the main phase was taken as a measure for the degree of crystallinity of that phase. 
cMnO2 is pyrolusite phase. 
dMn2O3 is partridgeite phase. 
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this figure that the solid sample calcined at 400°C had the 
maximum activity which decreased progressively by 
increasing calcination temperature. The percentage 
conversion measured at 205°C, taken as a measure of 
catalytic activity, suffered a decrease of about 23% upon 
increasing the calcination temperature to 600°C. The high 
catalytic activity of solids calcined at 400°C could be 
attributed to: (i) the large specific surface area of the solid 
calcined at 400°C (c.f. Table 2). (ii) The extremely small 
crystallite size of the produced MnO2 (pyrolusite phase) and 
Mn2O3 (partridgeite phase) (c.f. Table 1). (iii) the relatively 
high value of surface acidity (Brönsted acid sites) [43]. (iv) 
the complete conversion of MnO2 into Mn2O3 upon heating 
at 600°C. Thus, the observed progressive decrease in the 
catalytic activity due to increasing calcination temperature 
within 400-600°C could be attributed to the effective 

decrease in SBET, the increase of crystallite size of MnO2 and 
Mn2O3 and the decrease of the surface acidity. 

 The role of calcination temperature in the catalytic 
activity of the heavily doped solids (doped with 3mol% ZnO 
or MoO3) was investigated and the results are illustrated in 
Fig. (5a, b) as percentage conversion of isopropanol as a 
function of reaction temperature. Similar to the pure solids 
the catalytic activity of heavily doped solids decreased 
progressively by increasing their calcination temperature 
within 400-600°C. The decrease was, however, less 
pronounced (about11%) as compared to that observed for the 
pure solids (23%). The observed decrease in the catalytic 
activities of heavily doped solids due to increasing their 
calcination temperature could also be attributed to the 
significant increase in the crystallite size of manganese oxide 
phase (c.f. Table 1), the decrease in their specific surface 
area and the decrease in surface acidity. 

 

Fig. (2). Pore volume distribution curve ( v/ r of 1.5 mol% doped MoO3 sample calcined at 400 oC. 
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 The role of dopant concentration on the activity was 
investigated via following the percentage conversion as a 
function of reaction temperature for the reaction carried out 
over the solids doped with 0.75, 1.5 and 3mol% MoO3 or 
ZnO and calcined at 500°C. The results obtained are 
graphically illustrated in Fig. (6a, b). It is shown from these 
figures that the increase in the dopant concentration resulted 
in a corresponding increase in the catalytic activity. The 
percentage conversions measured for the reactions carried 
out at 205°C attained 59.5%, 67.4%, 75.2% and 79.5% for 
the pure sample and the samples doped with 0.75, 1.5 and 
3mol% MoO3, respectively. The values measured were 59.5, 
68.9%, 75%, and 80.3% for the pure sample and the samples 
doped with 0.75, 1.5 and 3mol% ZnO, respectively. These 
findings indicate that MoO3 and ZnO doping resulted in 
almost the same increase in the catalytic activity. The 
increase in the catalytic activity of the system investigated 
calcined at 500°C due to doping either with ZnO or MoO3 

could be tentatively attributed to the significant decrease in 
the crystallite size of manganese oxide phases and also to a 
possible stabilization of MnO2 by heating at 500°C in the 
presence of 3mol% ZnO or 3mol% MoO3 (c.f. Table 1). 

 The role of reaction temperature on the selectivity of pure 
and variously doped solids calcined at 500°C was studied 
and the results obtained are graphically illustrated in Fig. 
(7a, b). The selectivity of pure and doped solids are mainly 
dependant on the reaction temperature. Generally, the 
dehydration selectivity decreases by increasing 
reactiontemperature falling to minimum values for the 
reaction carried out at 160°C. The decrease was, however, 
more pronounced for MoO3 doping. Then it increases 
progressively by increasing reaction temperature within 200-
280°C. On the other hand, it can also be seen from Fig. (7b) 
that the dehydrogenation selectivity increases progressively 
by increasing reaction temperature showing a maximum 
value at 160-200°C. The increase was, however, more 

 

Fig. (3). Pore volume distribution curve ( v/ r of 1.5 mol% doped MoO3 sample calcined at 600 oC. 
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pronounced for the solid doped with 3mol% MoO3. The 
dehydrogenation selectivity was found to decrease 
progressively by increasing reaction temperature within 200-
280°C falling to very small value. It is worth mentioning to 
that MoO3-doping resulted in a very significant increase in 
the dehydration selectivity and a sudden drop in the 
dehydrogenation selectivity. These findings could be 
attributed to the acidic nature of MoO3 leading to an 
effective enhancement in the dehydration selectivity with 
subsequent drop in the dehydrogenation selectivity. 

 

Fig. (4). Effect of calcination temperature on % of catalytic 
conversion of isopropanol carried out over pure 0.2Mn2O3/Al2O3 

 

Fig. (5). Effect of calcination temperature on % of catalytic 
conversion of isopropanol carried out over (a) 3 mol% ZnO doped 
0.2Mn2O3/Al2O3, and (b) 3 mol% MoO3 doped 0.2Mn2O3/Al2O3. 

Table 2. Surface Characteristics of Various Investigated Adsorbents 
 

Adsorbent Calcination Temperature (˚C) SBET (m2/g) Vp (ml/g) r- ( ) 

0.2Mn2O3/Al2O3 400 192 0.175 18 

0.2Mn2O3/Al2O3+0.75mol%MoO3 400 203.5 0.197 19 

0.2Mn2O3/Al2O3+ 1.5mol%MoO3 400 176.0 0.161 18 

0.2Mn2O3/Al2O3+ 3.0mol%MoO3 400 200.5 0.190 19 

0.2Mn2O3/Al2O3+ 0.75mol%ZnO 400 150.4 0.165 22 

0.2Mn2O3/Al2O3+ 1.5mol%ZnO 400 132.2 0.164 25 

0.2Mn2O3/Al2O3+ 3.0mol%ZnO 400 165.6 0.184 22 

0.2Mn2O3/Al2O3 600 125.9 0.215 34 

0.2Mn2O3/Al2O3+0.75mol%MoO3 600 147.8 0.253 34 

0.2Mn2O3/Al2O3+ 1.5mol%MoO3 600 155.1 0.264 31 

0.2Mn2O3/Al2O3+ 3.0mol%MoO3 600 155.5 0.229 30 

0.2Mn2O3/Al2O3+ 0.75mol%ZnO 600 131.0 0.213 33 

0.2Mn2O3/Al2O3+ 1.5mol%ZnO 600 114.9 0.181 32 

0.2Mn2O3/Al2O3+ 3.0mol%ZnO 600 119.0 0.192 32 

20

30

40

50

60

70

80

120 160 200 240 280

C
o

n
ve

rs
io

n
 o

f 
Is

o
p

ro
p

an
o

l%

Reaction Temperature, °C

400°C

450°C

500°C

600°C

 

 

40

50

60

70

80

90

120 160 200 240 280

C
o

n
ve

rs
io

n
 o

f 
Is

o
p

ro
p

an
o

l%

Reaction Temperature, °C

400 ºC

450 ºC

500 ºC

600 ºC

a

40

50

60

70

80

90

120 160 200 240 280

C
o

n
ve

rs
io

n
 o

f 
Is

o
p

ro
p

an
o

l%

Reaction Temperature, °C

400°C

450°C

500°C

600°C

b



34   The Open Catalysis Journal, 2011, Volume 4 Ibrahim et al. 

 

Fig. (6). Percentage conversion of isopropanol as a function of 
reaction temperature carried out over (a) pure and ZnO doped 
0.2Mn2O3/Al2O3 calcined at 500 ºC, and (b) pure and MoO3 doped 
0.2Mn2O3/Al2O3 calcined at 500 ºC. 

4. CONCLUSIONS 

 The followings are the main conclusions that could be 
drawn from the results obtained 

1. Pure and variously doped solids calcined at 400 oC 
consist of a mixture of MnO2, Mn2O3 and K-Al2O3 and 
turned to Mn2O3 and -Al2O3 upon heating at 600 oC. 

2. ZnO and MoO3 doping increased the thermal stability 
of MnO2 calcined at 500 oC. The crystallite size of 
manganese oxides in different solids calcined at 400-
600 oC varied between 3 and 50nm depending on 
dopant concentration and calcination temperature. 

3. The different surface characteristics of the system 
investigated were much influenced by calcination 
temperature and doing with either ZnO or MoO3. 

4. Pure and doped solids acted as active catalysts for the 
dehydrogenation and the dehydration of isopropanol. 
The doping process increased the activity to an extent 
proportional to the dopant concentration. This process 
modified the selectivity of the doped solids. 

 

Fig. (7). Dehydration selectivity (a), dehydrogenation selectivity 
(b) over pure, 3 mol % ZnO and 3mol % MoO3 doped 
0.2Mn2O3/Al2O3 calcined at 500ºC. 
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