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Abstract

Mn/Fe mixed oxide solids doped with /D3 (0.32—1.27 wt.%) were prepared by impregnation of manganese nitrate with
finely powdered ferric oxide, then treated with different amounts of aluminum nitrate. The obtained samples were calcined
in air at 700-1000C for 6 h. The specific surface area£$) and the catalytic activity of pure and doped precalcined at
700-1000C have been measured by using &isorption isotherms and CO oxidation by. @he structure and the phase
changes were characterized by DTA and XRD techniques. The obtained results revealed {Datinfkeracted readily
with Fe,O3 to produce well-crystallized manganese ferrite (MgBg at temperatures of 80C€ and above. The degree of
propagation of this reaction increased by®¢-doping and also by increasing the heating temperature. The treatment with
1.27wt.% AbOs followed by heating at 1000C resulted in complete conversion of Mn/Fe oxides into the corresponding
ferrite phase. The catalytic activity aSgeT of pure and doped solids were found to decrease, by increasing both the calcination
temperature and the amount o£8k; added, due to the enhanced formation of MgBgphase which is less reactive than the
free oxides (MaOs and FeOzs). The activation energy of formatiod\E) of MnFeO, was determined for pure and doped
solids. The promotion effect of aluminum in formation of MaBg was attributed to an effective increase in the mobility of
reacting cations.
© 2002 Published by Elsevier Science B.V.
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1. Introduction [1-10]. The spinel crystal structure is only formed
when the ionic radius of the cation (M) is less than
Most divalent metal oxides (MO) interact with about 1A. Ifitis >1 A, then the electrostatic coulomb
Fe,Os yielding the corresponding ferrite with the forces are insufficient to ensure the stability of crystal
formula MFeQ4 [1]. Ferrites are important materials  [11]. However, the spinel structure can be classified
due to their several applications in the technological into: (i) Normal spinels in which M ions occupy
and the catalytic field—6]. Transition metal ferrites  the A sites and F¥ ions occur on the B sites. (ii)
have a cubic spinel structure, in which oxygen ions Inverse spinels in which KT ions occupy the B sites
form a face centered cubic lattice and two different in- together with half F&" ions, the other half being on
terstitial sites occupied by the cations are of two kinds the A sites. (i) Random spinels in which both?f1
as tetrahedral or A sites and octahedral or B sites and Fé* ions occur on the A and B sites. Ferrites can
be prepared by ceramic or co-precipitation techniques

* Tel.: +20-2-3371718; fax:+20-2-3370931. depending on their end u$g, 7]. Deraz[12] reported
E-mail address: nmderaz@yahoo.com (N.-A.M. Deraz). that solid—solid interaction betweea-Fe,O3 and
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Mn,0Og, resulted from thermal decomposition of man- carried out using a Philips diffractometer (type PW
ganese carbonate, to produce manganese ferrite 0c-1390). The patterns were run with Fe Kadiation
curred at temperatures of 900 and above. However, at 36kV and 16 mA with scanning speed in 2§
it has been shown that 4® or ZnO-doping enhanced  2° min~1,
the formation of copper and manganese ferrites by in-  The specific surface areag&) of different mixed
creasing the mobility of thermal diffusion of the react- solids precalcined at 700-1000 were determined
ing cations through the early ferrite filfii2]. Several from N, adsorption isotherms at196°C by using
authors reported that the rate of the solid state reactiona conventional volumetric apparatus. Before carrying
between FgO3 and various transition metal oxides out the measurements, each sample was degassed un-
depends on both the contact area of the reacting par-der a reduced pressure of F0Torr at 150°C for
ticles and their mobility through the early ferrite film 3 h.
[12-20]. The catalytic activity of pure and doped mixed
The present work reports a study of the effect of solids preheated in air at 700—100D was estimated
addition of AbO3 on manganese ferrite formation at by following the kinetics of CO oxidation by £at
different temperatures. The techniques employed were 350°C over each solid by using a static method and
DTA, XRD, N2 adsorption at-196°C and catalysis  a stoichiometric mixture of CO andOat a pres-
of CO oxidation by Q at 350°C over the investigated  sure of 2 Torr. The product of the catalytic oxidation
mixed solids preheated at different temperatures. (CO,) was removed from the reaction mixture by
freezing in a liquid-nitrogen trap. A 400 mg of fresh
catalyst sample was employed for each catalytic ex-

2. Experimental periment. The carbon monoxide and oxygen gases
_ were produced via the dehydration of formic acid by
2.1. Materials concentrated pBO; and thermal decomposition of

KMnQy, respectively. These gases were purified by
Pure mixed oxide solids were prepared by impreg- passing them through KOH solution and ovee.

nating equimolar proportions of manganese nitrate
tetrahydrate and-Fe,Og3, then dried and subjected to
thermal treatment in air at 700—1000 for 6 h. Three 3. Results
doped mixed solid samples were obtained by treating
known amounts of both manganese nitrate tetrahy- 3.1. Thermal behavior of pure and alumina-doped
drate anda-Fe,O3 with calculated amounts of alu- manganese nitrate/ferric oxide
minum nitrate non-hydrate dissolved in the minimum
amounts of distilled water then dried and calcined in  The differential thermal analysis curves of pure and
air at 700-1000C. The amounts of aluminum, ex-  different doped mixed solids are givenkig. 1. Three
pressed as ADs, were 0.32, 0.64 and 1.27wt.%. All  sets of endothermic peaks were observed in the DTA
the employed chemicals were of analytical grade and curves of various mixed solids, the first set of peaks is

supplied by Fluka company. weak and broad, locating at 5G. The second set of
peaks is strong and sharp, having maximum at°Z0
2.2. Techniques The third set of peak is weak and broad extending

between 800 and 95C. The first set of peaks corre-

Differential thermal analysis (DTA) of the various spond to the desorption of physisorbed water of man-
specimens was carried out using Perkin-Elmer ther- ganese nitrate tetrahydrate. The strong endothermic
mal analysis apparatus. The rate of heating was keptpeaks at 300C indicate a complete thermal decompo-
at 10°Cmin~! and the mass of solid specimen was sition of both the employed manganese and aluminum
40 mg in each run. The measurements were carried outnitrates into MaOs and AbQOs, respectively, with
in a current of N flowing at a rate of 50 cRmin—?. simultaneous formation of nitrogen oxides. The last

An X-ray investigation of the different mixed solids  set of peaks for pure and doped mixed might indicate
preheated in air at 700, 800, 900 and 10G0was solid—solid interaction between the thermal products
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Fig. 1. DTA curves of equimolar proportions of manganese nitratecafiebO3 and those treated with various amounts of aluminium nitrate.

of manganese/iron mixed solids and/or transformation of solid—solid interaction between Mn/Fe mixed ox-

process of one of the produced product. ide solids and/or phase transformation process of
Since the weight of pure and doped mixed solids one of the resulted products. These findings will be

was constant in each DTA run, the area of various confirmed later by XRD measurements.

endothermic peaks for the different solids could be

looked as a measure of the amount of solid under- 3.2. X-ray investigation of the thermal products of

going a chemical change. Inspection of the DTA pure and Al2Oz-doped mixed solids

curves of the different investigated solids are given

in Fig. 1 and reported that addition of the increasing  The crystalline phases of pure and doped mixed

amounts of aluminum nitrate led to an increase in solids precalcined at different temperatures were

the area of all investigated peaks to an extent propor- determined from XRD measurements. XRD investi-

tional to the amount of Al(N@)s. This indicates an  gation revealed that the ferric oxide solid employed

increase in the amount of physisorbed water and stim- in the present investigation consisted entirely of the

ulation of the thermal decomposition of manganese well-crystallized o«-FeO3 and remained thermally

nitrate in the presence of aluminum nitrate. How- stable even by firing in air at 100C. The thermal

ever, alumina-treatment brought about an increase treatment of pure manganese/iron mixed solids in air
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at 700°C did not conduct any solid—solid interaction

N.-A.M. Deraz/ Thermochimica Acta 401 (2003) 175-185

the formation of manganese ferrite to an extent pro-

between ferric and manganese oxides as indicatedportional to the amount of dopant oxide added. The

from the XRD investigation which showed the pres-
ence of well-crystallized MgO3 (Partridgeite) and
a-Fe O3 phases only at 700C. On the other hand,
new diffraction lines beside those of MD3; and

presence of 1.27wt.% AD3 in the mixed solids
preheated at 100 resulted in complete conver-
sion of ferric and manganese oxides into manganese
ferrite. (v) The aluminum oxide treatment resulted

a-Fe 03 phases were detected in the patterns of pure in a small shift in the position of diffraction lines

mixed solids precalcined at 800-100D. The newly

of the investigated oxides precalcined at different

detected lines characterize the manganese ferritetemperatures.

(MnFeQq4, Jacobsite) spinel phase.

X-ray diffractograms of pure and doped mixed
solids preheated in air at 700, 800, 900 and 1UDO
are given inFigs. 2-5. Inspection of these figures
revealed that: (i) Solid—solid interaction between
a-Fe O3 and MnpOg3 to produce MnFgO4 takes place
at temperatures starting from 800. (ii) The addition
of small amount of dopant oxide (0.32 wt.% 28l3)
followed by heating at 700C resulted in an early
formation of manganese ferrite. (iii) The augmenta-
tion in the calcination temperature of various mixed
solids up to 1000C led to an important increase in
the amount of MnFg04 produced with subsequent

The enhancement effect of alumina-doping in
manganese ferrite formation is better investigated by
comparing the peak height of some diffraction lines
characterized fora-FeoO3, Mn,O3z and MnFeOy
phases. This conclusion is reached from the fact that all
diffraction lines of various phases are sharp and only
their relative intensity (14) alter by changing both
the extent of A)O3 added and precalcination temper-
ature of the investigated solids. The relative intensity
of key-lines or characteristic lines of manganese fer-
rite and those of unreactedFe,O3 and MnpO3 are
located at ‘d’ spacing of 2.56, 2.69 and 2.72A, re-
spectively. The choice of these lines is based on the

decrease in the extent of both the unreacted portionsfact that they are not in common with the diffraction

of a-Fe03 and MnOs. (iv) Al,03-doping enhanced

lines of a-F&03, Mn20O3 and MnFeQ4 phases.

1/1,(a.u.)

11 ! 3 1
1 1 1 1 1 i3
80 70 60 50 40 30
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Fig. 2. X-ray diffractograms of Mn/Fe mixed oxide solids precalcined at°T0Lines (1)a-Fe0s, (2) MnyO3 [Partridgeite], and (3)

MnFe&Og.
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Fig. 3. X-ray diffractograms of Mn/Fe mixed oxide solids precalcined at°80Lines (1)a-Fe0s, (2) MmO [Partridgeite], and (3)
MnFe&O;4.
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Fig. 4. X-ray diffractograms of Mn/Fe mixed oxide solids precalcined at°@0Lines (1)a-Fe0s, (2) MmOz [Partridgeite], and (3)
MnFe&O;4.
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Fig. 5. X-ray diffractograms of Mn/Fe mixed oxide solids precalcined at 2@0Q.ines (1)a-FeO03, (2) MnO3 [Partridgeite], and (3)
MnFeO4.

The peak heights of some diffraction lines of table suggests that AD3-doping much enhances the
a-Fe03 (d = 2.69A), MnOs (d = 2.72A) and conversion of MaOs3 into MnFe0;4 via a solid—solid
MnFe04 (d = 2.56A) phases for pure and vari- interaction witha-FeOs at different temperatures.
ously doped mixed solids precalcined at 800, 900 and In addition, the thermal treatment of the mixed solid
1000°C were determined and given irable 1. This sample doped with 1.27wt.% 403 at 1000°C for

Table 1
Effect of Al,O3-doping on the heights of some diffraction lines @fFe,03, Mn,;O3 and MnFeO,4 phases for Mn/Fe mixed oxide solids
precalcined at various temperatures

Dopant Calcination Peak height (a.u.)
concentration (wt.%) temperature °C)

a-Fe0s (2.69 A; 100%) MnOs (2.72 A; 100%) MnFgO; (2.56 A; 100%)

0.00 800 136 135 12
0.32 800 84 84 18
0.64 800 60 52 26
1.27 800 44 40 37
0.00 900 36 36 46
0.32 900 30 26 68
0.64 900 25 20 85
1.27 900 15 12 102
0.00 1000 28 28 144
0.32 1000 20 16 150
0.64 1000 10 8 186

1.27 1000 0 0 199
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Fig. 7. The relationship betweelpnhasd!standares@nd calcination
temperatures for the doped solids.

6 h led to the disappearance of the unreacted portionsmo_loo@C are given irTable 2. It is seen from this

of both a-FeO3 and MnOs phases. However, the
change oflphasélstandard (the ratio between the peak
height of the lines at “d” spacing of 2.56 A relative

to manganese ferrite phase for pure mixed solids and

those treated with AlO3) is plotted versus both the

table that Ab}Os-treatment of MaOs/Fe,O3z mixed
solids followed by calcination at 700-1000 re-
sulted in significant decrease in their BET-surface
areas to an extent proportional to the amount of alu-
minum oxide added. The maximum decrease in the

precalcination temperature and the amount of dopant Sset of Mn/Fe mixed oxide solids due to doping with

added to the mixed solids and is shownFhigs. 6

1.27 wt.% AbOs3 attained 53% for the sample precal-

and 7. It is seen from these figures that the increase qjneq at 1000C. The decrease in th&eT of mixed
in both the amount of dopant added and the heat ,yiqe solids due to doping with ADs at 700-1000C

treatment of various solids investigated resulted in
a progressive increase in the value Igfasdlstandard
indicating a progressive increase in the extent of
produced MnFg0O,4 phase.

3.3. Qurface areas of variously doped solids

The BET-surface areasdSr) of variously doped
Mn,03/Fe0O3 mixed solids precalcined at 700-—
1000°C were determined from nitrogen adsorp-
tion isotherms measured at196°C. The values of
Sser for various mixed solids preheated in air at

could be attributed to the sintering process. The
sintering process might take place according to the
collapse of the pore structure and/or grain growth
process together with possible phase transformation
[21]. Phase transformation which predominates at
high temperatures (700-1000) is a major factor
leading to a considerable decrease in the surface area.
The confirmation of this speculation finds a support
from XRD measurements which showed that the ther-
mal treatment and/or AD3-doping of Mn/Fe mixed
oxides enhanced the formation of manganese fer-
rite. The conversion of-F&0O3 into MnFe0O4 via a
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Table 2
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Effect of Al,Os-treatment on both surface areS€r) and specific catalytic activityk] for Mn/Fe mixed oxide solids precalcined at

different temperatures

Dopant Calcination SsET kx10* Calcination SsET kx10*
concentration (wt.%) temperature °C) (m2g™1 (min~Im=2) temperature °C) (m2g™ (min~Im=2)
0.00 700 50 15 900 34 9

0.32 700 45 11 900 28 5

0.64 700 35 7 900 22 4

1.27 700 30 5 900 20 2

0.00 800 41 12 1000 26 6

0.32 800 37 8 1000 21 3

0.64 800 29 6 1000 19 2

1.27 800 23 3 1000 17 1

solid—solid interaction with MpO3 might be accom-
panied by decrease in ti8geT of the treated system.

Similar results have been reported that the abrupt de-

crease in thé&get of V205—-Al203 system due to the
calcination at 400—750C could be attributed to the
formation of the spinel structure of VAD, [22].

The data ofSgeT measured for the pure and doped
mixed oxides calcined at different temperatures al-
low the calculation of the apparent activation energy
of sintering (AE) by plotting logSset versus 1/T
adopting direct application of the Arrhenius equation
[23]. The slopes of the plots obtained allow determi-
nation of the values oA Es which were 33, 29, 25 and
22 kJmot ! for pure and mixed oxides treated with
0.32, 0.64 and 1.27 wt.% AD3, respectively. These
results clearly indicate thahEs decreases consider-
ably by increasing the amount of AD3 added. In
other words, AdOs-doping facilitates the sinterability
of the treated solids to an extent proportional to the
amount of ApOs present. These results offer an evi-
dence for the promotion effect of AD3-doping in the
manganese ferrite formation.

3.4. Catalytic activity of pure and doped
mixed solids

Catalytic activity of pure and doped mixed solids
preheated at 700-100Q was determined for each
solid specimen via oxidation of CO by,Gat 400°C
under a static conditions. A 400 mg of each solid sam-
ple activated by heating at 40C under a reduced
pressure (P= 107°) for 2 h before carrying out the

plots of log P°/P (P° initial pressure of the reacting
gases C@Q-1/20,, andP the pressure at tint¢against
timet enabled the calculation of the reaction rate con-
stant (k) for each catalyst sample by calculating the
slopes of these plots. The magnitudeka$tands for
the catalytic activity of each solid. In order to account
for the decrease in thgset of different catalyst sam-
ples, the reaction rate constant per unit surface area
(k) was calculated and the data obtained are given in
Table 2. This table shows that the specific catalytic ac-
tivity (k) decreases progressively as a function of both
amount of AbO3 added and precalcination tempera-
ture of the investigated solids. The maximum decrease
in the specific catalytic activity due to doping with
1.27 wt.% AbOs followed by calcination at 700, 800,
900 and 1000C attained 66, 75, 78 and 83%, respec-
tively. The rise in the calcination temperature from 700
to 1000°C brought about a decrease of 2.5, 3.7, 3.5
and 5-folds in the for pure and mixed oxides treated
with 0.32, 0.64 and 1.27 wt.% ADs, respectively.

Free MnO3 and FeOs are active solids for the
catalysis of CO oxidation by ©[12]. These solids
exhibit higher catalytic activity than manganese fer-
rite [12]. So, the conversion of Mi®3; and FeOs
into MnFe0O,4 is expected to be followed by a de-
crease in the catalytic activity of the mixed oxides.
Consequently, the observed decrease in the values
of k due to doping and/or raising of the calcination
temperature of the tested solids could be attributed to
the formation of manganese ferrite. In other words,
the observed decrease in the valuestasf the in-
vestigated solids could be taken as a measure for the

catalytic reaction. The results showed that the catalytic propagation of the solid—solid interaction between
reaction proceeds according to a first-order law. The Mn,O3 and FeOs yielding MnFeO4. These results
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offer a further evidence for the role of alumina-doping sults clearly indicate the role of AD3 as an effective

in stimulating the ferrite formation. material in stimulating the solid—solid interaction be-
tween MnpO3 and FeOj3 to yield MnFeO, phase.
The enhanced formation of ferrite phase due to the

4. Discussion treatment with alumina could result from an induced
increase in the concentration of the reacting species

Manganese ferrite can be prepared via solid—solid and/or increasing their mobility. Similar results have

interaction between MiO3 and FeOs3 [12,20]. The been reported that O-doping much enhances the

propagation of this reaction is controlled by thermal solid—solid interaction between M@s; and a-Fe03

diffusion of manganese and ferric cations through the to yield MnFeO4 [20]. Aluminum oxide can be dis-

ferrite film which covers the surfaces of grains of react- solved in the lattice of each of F®3; and MnpO3 at

ing oxides and acts as energy barrier. In addition, the convenient temperatures because of similarity of the

precursor compounds employed to prepare the man-ionic radii of A+, Mn3t and Fé+ ions. The dissolu-

ganese ferrite have some effects on solid—solid reac-tion of AI** ions in the lattices of MgO3 and FeO3

tion between ferric and manganese oxides. The resultssolids can proceed via substitution of some of host

obtained in the present work revealed that solid—solid Mn3* or Fet ions and also by location in interstitial

interaction between E®3; and MnpOs3 resulted from positions forming solid solution. The substitution pro-

the manganese nitrate took place at temperature start-cess can be simplified by the use of Kréger’s notion

ing from 800°C instead of 900C when the man-  [24] according to:

ganese carbonate is used as precursor compound in3 3t

our last investigatioi20]. In other words, the use of 5AlI203 — 3AI(Mn®™) + C.V.

manganese nitrate as precursor is promising route for , e

manganese ferrite preparation due to an early forma- 2A1203 — 3Al(Fe™) + C.V.

tion of the produced ferrite as a result of increasing of

the contact area of the reacting partidi&3]. The fact

that the increase in the temperature of heat treatment

of Mn/Fe mixed oxides in the range of 700-10@

for 6h brought about an increase in the extent of

MnFe,O4 phase. Moreover, the heating of manganese

and iron oxides at 100CC for 6 h was not sufficient

to effect the complete conversion of the reacting ox-

ides into MnFeQy, indicating the necessity of pro-

longed heating either calcination at temperature above

1000°C or doping with small amounts of foreign ox-

ides. It has been reported in our last investigation that

Li>O-doping MnpO3 favors its solid—solid interaction  aA|,0, + 2Mn3+ — 2Al1 4 4 2Mn?* + 10,(9)

with a-Fe03 to give manganese ferrif@0]. Indeed,

the addition of small amount of AD3 to the react- Al 4 is trivalent aluminum ion retained in an in-

ing solids followed by heating at 700—1000 brought terstitial position in MnOs lattice. The substitution

about a progressive decrease in the peak height of un-of some host M#+ and Fé* by A3t ions resulted

reacted oxides with subsequent increase in that of thein creation of cationic vacancies in both Mz and

produced ferrite and also an increase in the value of FeO3 lattices leading to an increase in the mobility

IphasélstandardtO an extent proportional to the amount  of the reacting cations (M and Fé*) which con-

of Al,O3 present, indicating an increase in the amount tribute directly in the formation of MnE€®, spinel.

of produced MnFgO,4 phase. However, the presence The location of APt ions in interstitial position of

of 1.27wt.% AbOj3 in the mixed solids preheated Mn,Os lattice brought about an increase of the con-

at 1000°C resulted in complete conversion of ferric centration of the reacting particles. Increasing of the

and manganese oxides to manganese ferrite. These reeoncentration and/or the mobility of reacting species

Al(Mn3*) and Al(FE™) are trivalent aluminum ions
located in the positions of host cations ftrand Fé+

of Mn,O3 and FeOs lattices, and C.V. is cationic
vacancy. These reactions indicate that the dissolution
of 3AI3* ions in the lattice of MpO3 or Fe03 is
followed by creation of one cationic vacancy in each
doped solid.

The location of AP ions in interstitial position of
Mn,Os lattice is normally followed by transformation
of some of the host Mt ions into Mr¢* ions ac-
cording to:
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seems to be responsible for the observed enhanced efpure mixed solids and those doped with 0.32, 0.64 and
fect of Al,O3 in the formation of manganese ferrite 1.27 wt.% AbQOg, respectively. These values indicate
spinel. This speculation can be investigated via deter- that aluminum-doping decrease the activation energy
mination of the activation energy (AE) of the forma- of manganese ferrite formation to an extent propor-
tion of MnFeO4 phase at temperatures between 800 tional to the amount of aluminum nitrate added. The
and 1000C for pure and doped mixed solids. This maximum decrease in the valueslE due to doping
has been tentatively achieved from the results given in with 1.27 wt.% AbO3 attained 33%. This decrease in
Table 1, assuming that the height of the characterized AE values due to the doping process might reflect an
diffraction lines at 3.01, 2.56 and 2.12 A are a mea- effective increase in the mobility of reacting cations
sure of the amount MnE@©4 present in a given mixed  through both, whole of the reacting oxides and the
solids at a definite temperatufie This assumption  early-produced manganese ferrite film.

is based on the fact that the diffraction lines of pro-
duced MnFgO4 phase are sharp for the investigated
solids precalcined at 800—1000. In other words, the
rise in precalcination temperature and/or the amount
of Al,O3 added did not improve the degree of crys- These are the main conclusions that can be derived
tallinity of produced ferrite phase but increased its from the experimental results:

amount. The values oAE are determined from the

slopes of straight lines for plots of the peak height 1. The aluminum oxide doping was found to stimu-

5. Conclusions

of one previously line versus 1Afia direct applica-

tion of the Arrhenius equation. This test has been suc-

cessfully done at 800, 900 and 10@D, and the plots

obtained are given irFig. 8. The computed values
of AE obtained from the diffraction line at ‘d’ spac-
ing of 2.56 A are 138, 120, 105 and 92 kJ mbifor

o Pure

0.0.32wt °.Aly03
o .0.64wt “%AI703
©+1.27 wt®ls Alp03

507
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Fig. 8. Change of In peak height of the diffraction line of MaBa
(2.56 A) as a function of 1/®f pure and doped mixed oxide solids.

late the solid—solid interaction betweenFeO3
and MnpO3 to produce MnFgO, at tempera-
tures starting from 700C instead of 800C in
case of pure oxides. However, the treatment with
1.27wt.% AbO3 followed by heating at 1000C
brought about complete conversion of Mn/Fe ox-
ides into manganese ferrite.

. Observing the peak height of diffraction line at

2.56 A followed the formation of MnE&®, phase.
The decrease in the extent of the unreacted por-
tions of MnpO3 and a-Fe,O3, taken as a measure
of formation of manganese ferrite, was followed
by observing the peak height of certain diffraction
lines at 2.72 and 2.69 A, respectively. The rise in
both, the amount of AlO; added and precalcina-
tion temperature of mixed oxides were found to
an increase amount of manganese ferrite to extent
proportional to calcination temperature and dopant
oxide content.

. Increasing both the precalcination temperature and

the amount of AJO3 added decreased the specific
surface area and catalytic activity of pure and doped
solids. This decrease can be taken also as measure
of manganese ferrite formation.

. The stimulating effect of AlO3-doping in

MnFe Q4 formation was attributed to an increase
in the mobility of the reacting cations due to cre-
ation of cationic vacancies in the doped Mn/Fe
mixed oxide solids.
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5. The activation energy of formation of Mn§@, [10] M. Crisan, D. Crisan, Mater. Sci. Monogr. (Ceram. Powders)
was determined for pure and Al-doped mixed solids (1983) 429.
and found to be 138. 120. 105 and 92 kJ ridlor [11] E.W. Gorter, Saturation magnetization and crystal chemistry

. . . of ferromagnetic oxides, Philips Research Reports 9 (295)
pure mixed solids and those treated with 0.32, 0.64 (1954) 403,

and 1.27wt.% AJOs, respectively. [12] N.-A.M. Deraz, Ph.D., Zagazig University, Zagazig, Egypt,
1996.
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