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Abstract

A series of manganese oxides loaded on an active magnesia support was prepared by the calcination aC60m8gdesium carbonate
impregnated with manganese nitrate solution. The extent of loading was varied between 16.55wt.% and 61.34@t % Mnsamples
obtained were characterized for the crystalline phase structure by X-ray powder diffractometry, the surface area by BET-analysis of nitrogen
adsorption isotherms and the®, decomposition activity by oxygen-gasometry of the reaction kinetics at 2640

The results revealed that treatment of the Mn/Mg mixed oxide system with increasing amounts of manganese oxides followed by calcinations
at 400-800C brought about an increase in the catalytic activity of the resulting solids, whilst the opposite effect was observed in the surface
area of these solids. This treatment resulted in an increase in the particle size of MgO and a decrease in both the activation energy of sintering
of the investigated system and that necessary {@.Hlecomposition reaction.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction expressed as MnQled to the formation of thermally stable
solids that were active towards8, decomposition. These
Mixed oxides have long attraction since they are widely authors claimed that incorporation of manganese oxides into
used and fined many applications in several fields relatedalumina increased the degree of dispersion of the catalyti-

to adsorption, refractories, catalysis, and solid sfate3]. cally active species and thereby hindering their grain growth.
The performance of mixed oxides in various applications Active magnesia is considered to be the most convenient
depends on the nature of the individual oxidd$ their support material for a wide variety of transition metal oxide
respective ratio§1,5-8], their method of preparatidi®], catalysts depending upon magnesia is inexpensive and rela-
thermal treatmerfil,5-8], and the doping with some foreign tively stable over the temperature range of interest for most
cations such as Ih, Ag*, Mg?t, and Zrf+ [9-14]. catalytic reaction$s,16—21]. MgO support is capable form-

Manganese containing catalysts exhibit considerable ac-ing a solid solution with some transition metal oxides due to
tivity in oxidation—reduction reactior$,15]. The unloaded  facile diffusion of transition metal ions (T) into MgO sup-
manganese oxides, although having excellent activity, areport[22,23]. The oxide solid solution which are based MgO
liable to a very rapid drop in their activity on enhanced containing T are of special interest and are dependent on the
sintering due to heating for prolonged time at moderate role of electron configuration of T and the site a symmetry,
temperature$l5]. Loading the manganese oxides on to a T-T interaction, and also the participation of the matrix it-
suitable support could solve this problem. Deraz €6al.0] self in the catalytic steps. It has been found that the activity
have been reported that the loading an alumina surface withper T ion varies with T concentration in a way that depends
manganese in amounts varying between 3.7 and 13.4 wt.%,0n the type of reactiof24—27]. The NiO/MgO system con-

stitutes very interesting model since NiO and MgO form
ideal solid solution over the whole molar fraction rargg].

* Tel.: +20-2-3371718: fax:+20-2-3370931. There are many factors that affect the diffusion of Nions
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[28,29]. Also, the calcination temperature and atmosphere of the X-ray beam useds the full-width half-maximum

in contact with solid substrates affect on the composition of (FWHM) of diffraction peak, and the diffraction angle.

the NiO/MgO solid solutiorj30]. It has been reported that a The lattice parameterof MgO phase present in the tested

9.7 mol% of NiO in the NiO/MgO catalyst has high activity solids heated at various temperatures was based on the small

and selectivity as well as excellent stability in g@&form- shiftin its diffraction lines and determined from the equation

ing of methane[30,31] and partial oxidation of methane [32].

[19,30]. Consequently, loading manganese oxides on to an

active magnesia would be expected to modify the structural, @ = dv h? + k2 + 2

surface, and catalytic properties of the supported solid.  \yherea is the lattice parameter for the diffraction linedat

The present work was directed towards an investigation spacing 1.106 A.

of the role of th_e calc_ina_ltion ter_nperature, manganese Con- - The gpecific surface areas(S) of various catalysts were

tent on the solid-solid interactions, surface area and cat-getermined by the conventional volumetric apparatus. Dry-

alytic properties of Mn/Mg mixed oxides. The techniques g nitrogen was used as the adsorbate at liquid nitrogen

employed were XRD analysis, the adsorption of nitrogen temperature, on initially degassed samples at’Gstor 2 h.

at —196°C and studies of the catalytic decomposition of  1he catalytic activity of the various catalysts was deter-

H20; in agueous solution at temperatures within the range yined by studying the decomposition 0b®& of known

20-40°C. concentration diluted to 20 ml with distilled water. The re-

action kinetics were mentioned by measuring the volume of

) oxygen gas liberated at different time intervals until equi-

2. Experimental librium was attained.

2.1. Materials
) ) 3. Results and discussion

Four samples of manganese oxides loaded on active mag-
nesia were prepared by impregnating a known amount of 31 xRrp investigation
finely powdered magnesium basic carbonate with different
amounts of manganese nitrate dissolved in the least quan- Preliminary examination showed that magnesium basic
tity of distilled water necessary to make a paste. The speci- .o honate subjected to calcination at 400-8D&onsisted
mens thus obtained were dried to constant weight a® 00 mainly of MgO. The X-ray diffractograms of Mn/Mg mixed
for 24 h and then heated in air at 400, 600 and 8D0re- solids calcined in air at 400, 600, and 8@ were deter-
spectively for 6h in each case. The amount of manganesenined. The crystalline phases produced are summarized and
employed, expressed as Mg, varied between 16.55 and  giyen inTable 1. It can be seen froffable 1that: (i) The
61.34wt.%. The prepared solid samples were designatedierma) treatment of mixed solids in air at 40D leads to
as MgMn-I, MgMn-Ii, MgMn-Ill, and MgMn-IV and con-  {he formation of MgO andy-MnO,. The relative intensi-
tained 16.55, 28.40, 44.24, and 61.34Wt.%Jdp, respec-  fies of the diffraction lines of MgO decreases and those of

tively. All chemicals involved in the preparation of various \jno, increases by increasing the amount of manganese
catalyst samples were of analytical grade as supplied by Pro-oyige present. (i) An increase of the calcination temper-

labo Company. ature of the various mixed solids up to 60D led to the
. appearance of a mixture of MgO, M3 (partridgeite),
2.2. Techniques and MgpMnOy. In other words, the rise in calcination tem-

perature to 600C led to both complete disappearance of

An X-ray diffractograms of the different mixed solids v-MnO, which was converted entirely into M@ (par-

thermally treated in air at 400, 600 and 8@ were ob-  yjqgeite)[33], and solid—solid interaction between a small
tained by using a Philips Difractometer (type PW 1390). portion of MrpO3 and magnesia yielding M§InO4 accord-
The patterns were run with iron radiation without filter-6. ing to:

1.9373A) at 36 kV and 16 mA with scanning speed ina26

2°min~%. AMgO + Mn,03 + 30, 25 2Mg,MnO,

The particle size of MgO present in the investigated
solids calcined at different temperature, was based on X-ray (iii) The heat treatment of mixed solids at 800D led to for-
diffraction line broadening and calculated by using Scherrer mation of MggMnQOg together with MgO, MpOs, Mn5Og,
equation[31] and MgMnO4 phases. The formation of MYInOg
B took place according to: 12MgO+M@3+1/20, 800°C
= 2MgeMnQg; (iv) treatment of Mn/Mg mixed oxides sys-
pcose tem with increasing amounts of manganese oxide brought
whered is the average particle size of the phase under in- about a measurable increase in the degree of ordering of
vestigationB the Scherrer constant (0.89)the wavelength ~ the resulting magnesium manganate compounds at 600
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Table 1

The crystalline phases present in the thermal products of Mn/Mg mixed oxide solids calcined at 4@D—-800

Catalyst Calcination temperature C) Crystalline compositich

MgMn-I 400 MgO (j), y-MnO, (d)

MgMn-II 400 MgO (j), y-MnO; (d)

MgMn-1I 400 MgO (j), y-MnO, (d)

MgMn-IV 400 MgO (j), y-MnO; (d)

MgMn-I 600 MgO (j), MnpO3 (partirdgeite, d), MgMnO; (t)

MgMn-II 600 MgO (j), MnxO3 (partirdgeite, d), MgMnO,4 (m)

MgMn-Iil 600 MgO (j), Mn;03 (partirdgeite, d), MgMnO4 (d)

MgMn-IvV 600 MgO (j), MOz (partirdgeite, d), MgMnOy (j)

MgMn-I 800 MgO (j), MnOs (partirdgeite, d), MgOs (t), Mg2MnO4 (M), MgsMnOg (t)
MgMn-II 800 MgO (j), MnxO3 (partirdgeite, d), MeOg (t), Mg2MnOy4 (d), MgsMnOg (m)
MgMn-Iil 800 MgO (j), Mn;03 (partirdgeite, d), MgOs (t), Mg2MnO; (j), MgeMnOg (d)
MgMn-IvV 800 MgO (j), MnxO3 (partirdgeite, d), MeOg (t), Mg2MnOy (j), MgeMnOg (d)

2 d: dominant, j;: major, m: minor, and t: trace.

and 800C. These results could be attributed to enhanced The observed increase in both the lattice parameter and
increase in the mobility of magnesium and manganese ions.the particle size due to increasing the amount of manganese

oxide present in the tested solids might be attributed to
3.2. Particle size and lattice parameter analyses dissolution of some of manganese oxides in the lattice of

MgO forming MnO-MgO solid solution having the formula

The effect of the concentration of manganese oxides andMn.:Mgi_,O. In fact, the ionic radii of Mg" and Mr#*

calcination temperature on the lattice parametend the  are 0.65 and 0.80 A, respectivgB2]. So, the dissolution of
particle size of MgO have been investigated and the resultsa@ small amount of manganese oxide in the lattice of MgO
obtained are given ifiable 2. Itis clear fronTable 2that: (i) should be normally accompanied by an expansion in its lat-
The lattice parameter and particle size of MgO phase presenttice with subsequent increase in the lattice parameter and the
in the investigated mixed oxide solids calcined at 400, particle size of MgO phase. The decrease in the extent of
600, and 800C increase by increasing both the calcination augmentation of the lattice parameter and the particle size of
temperature and amount of manganese oxide present. thid1gO phase due to increasing the heat treatment in the range
increase was more pronounced for the mixed oxide solids of 400-800°C could be attributed to solid—solid interactions
calcined at 800C. (ii) The extent of increase in the lattice between Mn and Mg oxides at temperatures of 8D@&nd
parameter and the particle size of MgO phase decrease proabove to produce magnesium manganate compounds.
gressively by increasing the calcination temperature of the The computed values of the particle size of MgO present
investigated solids. The maximum increase in the particle in the different mixed oxide solids calcined at 400, 600,
size and the lattice parameter of MgO phase due to treatmen@nd 800°C allowed the calculation of the activation energy
with increasing amounts of manganese oxide attained 91,0f sintering of MgO via direct application of the Arrhenius
49, and 17% and 26,4102, 188 x 1072, and 13x 107°% equation
for the solids calcined at 400, 600, and 8@) respectively. Es

d=A exp(——)

Table 2 whered is the particle size of MgO calcined at temperature
Lattice parameter and particle size of MgO phase present in various T, Athe frequency factor of Arrhenius equation dads the
Mn/Mg mixed oxide solids calcined at 400-800 activation energy of sintering process of MgO. This equation
Catalyst Calcination Lattice Particle can be converted into the following form:

temperature°C) parameter (A) size (A) E
MgMn-| 400 4.2005 70 Ind=1InA - R_'Is'
MgMn-I| 400 4.2028 85
MgMn-Il| 400 4.2063 98 Plotting Ind against 1/Tin the range of 400-800C for
MgMn-IV 400 4.2116 134 different solids as given ifrig. 1, a straight line is obtained
mgmj:l 288 22122 1(1)8 whose slope determines the value Bf The computed
MgMn-ll 600 4:2169 130 values ofEg were found to be 25, 22, 17, and 15kJ/mol
MgMn-IV 600 4.221 164 for MgMn-I, MgMn-Il, MgMn-lIl, and MgMn-IV, respec-
MgMn-| 800 4.2168 180 tively. These values indicate that increasing the amount of
MgMn-Ii 800 4.2188 189 manganese oxides in the system up to 61.34wt.% brought
MgMn-IIl 800 4.2205 195

about a decrease s of 40% demonstrating that the man-

MgMn-IV 800 4.2223 210 S . . .
9 ganese species increased the sinterability of the magnesia
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Fig. 2. Variation of Sget as a function of calcination temperature for

Fig. 1. Variation of Ind with 1/T for various Mn/Mg mixed solids. : - ‘
various Mn/Mg mixed solids.

support i.e. manganese oxides when present over the rang‘gurface of the tested solid. In fact, XRD measurements re-

16.55-61.34wt.% facilitated the sinterability of Mn/Mg vealed that the formation of magnesium manganate com-

mixed ox@e solids. Thus, the sintering process is normally pounds increased to an extent proportional to the amount of
accompanied by grain growth of a catalyst support, thereby manganese present. Similar results have been reported by

reducing the specific surface area of the investigated systenberaz in the case of Mn/Al mixed oxide solifs
[3]- ' '
3.4. Hydrogen peroxide decomposition activity
3.3. BET surface area
Preliminary experiments showed that MgO calcined at
400-800C showed no measurable catalytic activity for
H»O, decomposition conducted at temperatures up ta40

The specific surface area of the various solids was de-
termined via BET-analysid34] of nitrogen adsorption
isotherms measured at196°C. The effect of the calcina-
tion temperature and the extent of loading on the specific
surface area is better represented by plotting the values of
Sset for the different adsorbent as a function of both the
calcination temperature and the amount of manganese oxide

present in the system. The results obtained are illustrated 80 800°C
graphically inFigs. 2 and 3which clearly indicate that the 50
specific surface areas of the MgO-supported manganese 40

oxides decreased on increasing both the calcination tem-

Y

perature from 400 to 80CC and the amount of manganese R4
oxides present. This decrease was more pronounced for the g 600
mixed solids containing 61.34 wt.% M@3 and calcined at g 0
800°C. v 50
The decrease in the specific surface area of given porous
solids due to an increase in the calcination temperature could 400%C
be attributed to grain growth of their particl§s 35]. The ool
fact that the particle size of MgO phase increased by in- 80

creasing both the calcination temperature and the amount
of Mn oxides present. However, another factor cannot be VI &
overlooked is the effect of solid—solid interaction between
the manganese and magnesium oxides. Conversion of a por-
tion of the magnesia into magnesium manganate compoundrig. 3. variation ofSser as a function of MpOs content for various
via the interaction with MpO3 might decrease the specific  Mn/Mg mixed solids calcined at 400, 600, and 8@) respectively.

Mn203 content,wt®/



N.-A.M. Deraz/ Thermochimica Acta 421 (2004) 171-177 175

Table 3

Activation energy for catalytic decomposition op6, over various mixed

oxides calcined at 400, 600, and 8@ 30l 800°C

Catalyst Calcination Ea (kJmot?t) Reaction 201
temperature°C) temperature °C)

MgMn-| 400 25 20-30 104 /

MgMn-II 400 19 20-30 o —

MgMn-Ill 400 14 20-30 £ 30l s00%

MgMn-IV 400 7 20-30 £

MgMn-l 600 32 20-40 € 201

MgMn-II 600 25 20-40 ‘.’9 100

MgMn-Iil 600 19 20-40 WX

MgMn-IV 600 12 20-40 —

MgMn-I| 800 40 20-40 401 400°C

MgMn-II 800 31 20-40 30

MgMn-IIl 800 15 20-40 i

MgMn-IV 800 18 20-40 201

0 30 50

However, the unloaded manganese oxides obtained after Mn;04 content,wt/e

thermal treatment of manganese nitrate at 4D@xhibited ) L _ . )

excellent catalytic activity for O, decomposition at tem- Fig. 4. Variation ofk for H,O, decomposition at 30C as a function
Y Yy 2 . p . ) of Mn;O3 content for various Mn/Mg mixed solids calcined at different

peratures starting from 2@. But the solid lost its catalytic  temperatures.

activity completely on heating in air at temperatures above

600°C. These results may be attributed to enhanced sinter- ) ) o

ing of the manganese oxide crystallites and clearly indicate Preésént. The maximum increase in they-c due to the

the necessity of using a catalyst suppft. Hence, the treatment with increasing amounts of Mn oxides attained

magensia is considered to be a convenient support materiaft>3: 192, and 283% for the solids calcined at 400, 600, and

for this reaction and manganese oxides and various mag-800°C, respectively. _
nesium manganate compounds represent the catalytically 1he €ffect of calcination temperature on the catalytic
active constituents of the investigated system. activity of the above various solids is better represented

The kinetic of O, decomposition in the presence of the PY Plotting the values okso-c for the catalysis of RO,
various solids calcined at 400, 600, and 800were mon- decomposition as a function of the calcination temperature.

itored by measuring the volume of,Qibrated at different ~ 1he results obtained are depictedHiy. 5, which clearly
time intervals at a fixed temperature until equilibrium was Indicates thatkse-c decreased on increasing the calcina-
attained. Such catalytic reactions were carried at 20640 t|0r_1 temperature of the different supported so_l|d catalys_ts.
and in all cases the reactions were found to follow first-order NS decrease was most pronounced for solid containing
kinetics. It was possible to determine the value of reaction 81-34Wt.% MnOs and calcined at 80CC.

rate constant (k) in the presence of a given solid catalyst

under specified conditions from the slopes first-order plots.
Such values of k enabled the activation energy) {& HoO, MgMn._IV
decomposition to be calculated the corresponding values be- 40}
ing listed inTable 3. It is clear from this table that th® ~ 30
for most solids calcined at temperatures ranging between = (
400 and 800C decreased. This confirms the observed in- Tc e MgMn._IIl
. . L. . = 30L
crease in the catalytic activity of these solids as a result of E
the treatment with increasing amounts of Mn oxides. How- Yo 20.-
ever, the magnitude of the catalytic reaction rate constant ,3 20_—— MgMn_ll
per unit surface ared) was considered in order to avoid [ \
the change in the value &gt of various catalysts. ‘0-__
The effect of manganese content on the catalytic activity 20 MgMn_1
of the different solids calcined at 400, 600, and 8Q0is i
well illustrated byFig. 4. This figure represents the rela- 101
tionship between the reaction rate constant per unit surface 50 550 455

area at 30C (ksg-c) as a function of manganese content o .
for solid catalysts calcined at different temperatures. Calcination temp ,'C

It is clear from this figure that initiallyzo-c increased Fig. 5. Variation ofk for H»O, decomposition at 30C over calcined at
progressively as a function of the amount of manganese different as a function of their calcination temperature.
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The observed decrease in the catalytic activity may be cination at 400-800C led to a progressive de-
discussed in the following terms: crease in the activation energy of® decomposi-
tion reaction. This decrease corresponds to the ob-

1. Conversion of Mn@into MnzOs by increasing the cal- served increased in the catalytic activity of such

cination temperature up to 60Q. It is well known that

: . - solids.
MnO, possesses the highest catalytic activity amongst
transition metal oxides towards B, decomposition
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