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Abstract. Thermally stable macroporous CaSiO;, Fe’*- and Ni**-doped (0.5 to 5 mol%) ceramics
have been prepared by solution combustion process by mixing respective metal nitrates (oxidizers),
fumed silica. Diformol hydrazine is used as a fuel. The combustion products were identified by their
X-ray diffraction and thermal gravimetry/differential thermal analysis. Single phases of B-CaSiO, and
a-CaSiO, were observed at 950 and 1200 °C, respectively. The phase transition temperatures of com-
bustion-derived CaSiO; were found to be lower compared to those obtained via solid-state reaction
method. It is interesting to note that with an increase in the calcination temperature the samples be-
come more porous with an increase in the pore diameter from 0.2 to 8 pm. The electron paramag-
netic resonance (EPR) spectrum of Fe** jons in CaSiO, exhibits a weak signal at g = 4.20 + 0.1 fol-
lowed by an intense signal at g = 2.0 = 0.1. The signal at g = 4.20 is ascribed to isolated Fe** ions
at rhombic site. The signal at g = 2.0 is due to Fe’" coupled together with dipolar interaction. In
Ni**-doped CaSiO; ceramics the EPR spectrum exhibits a symmetric absorption at g = 2.23 = 0.1.
This deviation from the free electron g-value is ascribed to octahedrally coordinated Ni** ions with
moderately high spin—orbit coupling. The number of spins participating in resonance and the para-
magnetic susceptibilities have been evaluated from EPR data as a function of Fe’* as well as Ni**
content. The effect of alkali ions (Li, Na and K) on the EPR spectra of these ceramics has also been
studied.

1 Introduction

Porous materials are of significant interest due to their wide applications in, e.g.,
catalysis, separation, lightweight structural materials and biomaterials [1-5]. Since
the discovery of the ordered mesoporous silica [1], a lot of porous materials have
been synthesized using surfactants as a template. However, most of these mate-
rials are unstable on the removal of the surfactant and the porous skeleton col-
lapses easily when heated above 400 °C. Therefore, new methods of synthesis
which give higher stability are desirable.
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As a part of our program on porous materials [5], we describe here a sim-
ple and quick method of preparing thermally stable macroporous CaSiO;, Fe**-
and Ni**-doped CaSiO, ceramic powders. The main advantage of this method is
the ability of maintaining the porous structure even at elevated temperatures;
moreover, the pore diameter increases upon heating. High thermal stability of
porous materials can combine the porous structure with traditional ceramic sci-
ence and technology, leading to wide applications. The demand for CaSiO,-based
materials is currently expanding, in particular, with respect to metallurgy com-
panies working for aircraft, and in the context of the problem of replacing as-
bestos which is hazardous to health [6, 7]. In addition to this, CaSiO; is also a
mineral that has many uses in numerous branches of national economies over
the world. The growing demands for CaSiO, in recent years are evidenced by
the steady increase in its production worldwide [8].

The study of transition metal ions (viz., Fe** and Ni**) in macroporous
CaSiO; ceramics by electron paramagnetic resonance (EPR) technique gives in-
formation on the structure of macroporous CaSiO,. The variations in the com-
position may change the local environment of the transition metal ion incorpo-
rated in macroporous CaSiO;, leading to ligand field changes which may be
reflected in EPR spectra. Further, in recent years, the transition metal ion dop-
ing in these materials gained importance because of interesting spectroscopic
properties exhibited by them and their suitability for various technological ap-
plications.

In the present study, the synthesized powders have been well characterized by
using X-ray diffraction (XRD), thermal gravimetry (TG)/differential thermal analy-
sis (DTA), scanning electron microscopy (SEM) and EPR techniques. We have also
prepared alkali-doped CaSiO, ceramic powders. We also consider the effect of iron
and nickel content and that of alkali ions on spin Hamiltonian parameters as well
as the site symmetry around transition metal ions in CaSiO; ceramics.

2 Material and Methods
2.1 Calculation of Stoichiometry

The starting materials used for the preparation of CaSiO, in the present study were
of AnalaR grade. Calcium nitrate Ca(NO;),-4H,0 and fumed silica (SiO, 99.9%,
surface area of 200 m*g) were the sources of Ca and Si. The stoichiometry of
the redox mixture used for combustion was calculated using the total oxidizing
and reducing valencies of the ingredients which serve as numerical coefficients
for the stoichiometric balance, so that the equivalence ratio (¢,) is unity and the
energy released by the combustion is maximum [9]. According to the concept
used in propellant chemistry, the valence of C is +4, H +1; divalent metal ions,
+2; trivalent metal ions, +3, and so on; and O, —2. The valence of nitrogen is
considered to be zero. On the basis of these considerations, calcium nitrate has
an oxidizing valence of —10 and diformyl hydrazine (DFH) a reducing valence
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of +8. The total valence of SiO, is zero. For the preparation of CaSiO,, the
required mole ratio of Ca(NO,),-4H,0 to SiO, to DFH becomes 1:1:1.25.

CaSiO, ceramic powder is prepared by dissolving calcium nitrate and DFH
(C,HN,0,), as a fuel for combustion synthesis, which was prepared in our labo-
ratory by the reaction of formic acid and hydrazine hydrate as described in ref.
10: in a minimum quantity of water in a cylindrical petri dish of 300 ml capac-
ity. To this end, fumed silica was added and dispersed well using magnetic stir-
rer for 30 min. The heterogeneous redox mixture was rapidly heated in a muf-
fle furnace maintained at 500 = 10 °C. DFH is a good fuel like other N-N
bonded hydrazine derivatives, e.g., carbohydrazide (CH), tetraformal trisazine
(TFTA), oxalyl dihydrazide (ODH), maleic hydrazide (MH), which are known
[11] to decompose to give NH,, N,, CO, and HNCO. These gaseous products
along with oxides of nitrogen formed by the thermal decomposition of metal
nitrates are hypergolic (spontaneously bursting into flames) at 350-500 °C. The
redox mixture when heated at 500 °C boils and thermally dehydrates forming a
honeycomb-like gel, which ignites to yield voluminous CaSiO, powder.

The theoretical equation assuming complete combustion of the redox mixture
used for the synthesis of CaSiO, may be written as

4Ca(NO,), + 4Si0, + 5C,H,0O,N, — 4CaSiO,(s) + IN,(g) + 10H,0(g) +
10CO,(g) ~ 7 mol gases/CaSiO;.

Different mol% of iron- and nickel-doped CaSiO, have been prepared by using
the stoichiometric formula (50 — x)Ca(NO;),-4H,0 + 50SiO, + x(A(NO,),-3H,0)
(0.5 <x <5 mol%, A = Fe or Ni) following the procedure described above. In order
to investigate the effect of the alkali size on EPR signals, we have also prepared
10 mol% of alkali-doped CaSiO; ceramics.

The phase evaluation of the synthesized powders was examined with the help
of X-ray powder diffractometer (Philips PW 1050/70) using Cu Ko radiation with
a Ni filter. In addition to this, TG/DTA was also performed using a Netzsch
simultaneous thermal analyzer. The surface morphology, size distribution of the
grains of the sample was examined on a JEOL (JSM-840A) scanning electron
microscope. The EPR spectra were recorded at room temperature on a JEOL-
FE-1X EPR spectrometer operating in the X-band (about 9.2 GHz) with a field
modulation frequency of 100 kHz. The magnetic field was scanned from 0 to
500 mT and the microwave power used was 5 mW. A powdered glass specimen
of 100 mg was taken in a quartz tube for EPR measurements.

3 Results and Discussion
3.1. XRD

The phase evaluation of the solution-combustion-derived, as-formed and calcined
powders of CaSiO, was carried out by powder XRD and is shown in Fig. 1.
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Fig. 1. Powder XRD patterns of porous CaSiO; ceramic powder: a as-formed, b 500 °C (3 h),
¢ 700 °C (3 h), d 950 °C (3 h), e 1100 °C (3 h), f 1200 °C (3 h).

As-formed CaSiO, powder shows peaks corresponding to CaSiO, and CaO, on
calcination the powders start crystallizing and give rise to a single phase 3-CaSiO,
(3 h at 950 °C). The peak corresponding to CaO disappears at 950 °C. There-
fore, the samples calcined at 950 °C are fully crystallized and no impurity can
be detected indicating a single phase of B-CaSiO,. The peak positions were in
agreement with literature [12, 13] and Joint Committee on Powder Diffraction
Standards (27-0088). However, on further calcination (1200 °C, 3 h) a new phase
is formed which may be attributed to a-CaSiO,. These formation temperatures
were lower than those obtained by the conventional solid-state reaction method.
Yoshizawa et al. [14] reported recently in their preparation of CaSiO, by a sol—
gel method that a new phase change occurred at 1200 °C while heating the gels
at various temperatures and they attributed this to the conversion of B-CaSiO,
to a-CaSiO;.

Figure 2 shows the phase evaluation of the 1 mol% iron- and nickel-doped
CaSiO; by XRD. Here also one can clearly notice that at 950 °C the iron- and
nickel-doped CaSiO, exhibits the B-phase, whereas the phase transformation from
B-CaSiO; to a-CaSiO, occurs at 1200 °C. The phase transition temperatures of
solution-combustion-derived CaSiO; powder were found to be lower compared
to the powder obtained in a solid-state reaction method [12, 15].
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Fig. 2. Powder XRD patterns 1 mol% Fe**-doped (left) and 1 mol% Ni**-doped (right) porous CaSiO,
ceramic powders: a as-formed, b 500 °C (3 h), ¢ 950 °C (3 h), d 1100 °C (3 h), e 1200 °C (3 h).

In the present study, we will concentrate on (-CaSiO,. Figure 3 shows the
XRD patters of 1 mol% iron-doped LiCaSiO,, NaCaSiO, and KCaSiO, samples
calcined at 950 °C. It is interesting to observe that as the size of the alkali in-
creases, the intensity of the XRD peaks decreases. The nominal composition of
the ceramic powders was confirmed by the energy-dispersive spectroscopy tech-
nique.

The particle size of CaSiO, powders was estimated from the full width at
half maximum of the diffraction peak of the powders, using Sherrer’s formula
[16]. It was observed that the average particle sizes of the studied samples are
in the range of 29-50 nm.

3.2 DTA

DTA of as-formed CaSiO, was carried out on a Netzsch STA 409 simultaneous
thermal analyzer, at the rate of 10 °C/min. The weight loss and phase changes
have been studied from room temperature up to 1300 °C. The thermograms for
solution-combustion-derived CaSiO, sample are shown in Fig. 4. The TG/DTA
is similar to that of the CaSiO, gel reported in ref. 17. In the present study, the
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Fig. 3. Powder XRD patterns 1 mol% Fe** ions in lithium-doped CaSiO, (a), sodium-doped CaSiO,
(b), potassium-doped CaSiO; sample (c¢) calcined at 950 °C.

TG curve shows about 10% weight loss at about 100 °C which can be attrib-
uted to the vaporization of adsorbed water. The exothermic peak at around 891.4
°C is attributed to starting the crystallization of CaSiO,, as confirmed by XRD
analysis. The second and third endothermic at about 530 °C with weight loss of
about 20% and 745 °C with the weight loss of 10%, respectively, may be re-
lated to the elimination of the nitrate groups bounded to Ca and Si. The exo-
thermic peak at 891.4 °C in the DTA curve is due to the phase transformation
of B-CaSiO,.

3.3 SEM

The size, morphology and distribution of the as-formed as well as calcined at
900 and 1200 °C CaSiO, powders were examined on a JEOL (S-150 Cambridge)
scanning electron microscope and are shown in Fig. 5. The SEM images exhibit
some interesting results. Note that with the increasing temperature (see Fig. 5)
the samples become more porous and the pore diameter increases from 0.2 to 8
pm. The as-formed sample shows uniform distribution of particles; however, the
samples calcined at 950 and 1200 °C exhibit particles that are a little bit ag-
glomerated; the average agglomerated particle size of calcined CaSiO, is in the
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Fig. 4. TG-DTA of porous CaSiO; ceramic sample.

Fig. 5. SEM images of porous CaSiO, ceramic powders: a as-formed, b calcined at 950 °C for 3 h,
¢ calcined at 1200 °C for 3 h.
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range of 1-10 pm. With doping there is not much change in the morphology of
the samples.

3.4 Porosity Measurements

The density of as-prepared and sintered CaSiO, was determined by the liquid
displacement method. The percentage of porosity was calculated from the meas-
ured apparent density (D,) according to the following equation [18]:

Porosity = (1 — D,/Dy)- 100,

where D; is the theoretical density (2.91 g/cm?®). It is interesting to note that the
porosity increases significantly with the calcination temperature, which can be
seen clearly from the SEM studies. The calculated porosity values are 17.5% and
31.6% at 950 and 1200 °C, respectively. It is observed that the porosity increases
significantly on calcination, which can also be seen clearly from the SEM mi-
crographs.

3.5 Measurement of the Surface Area

The surface area is one of the important parameters used to characterize powder
samples. The surface area (m?/g) of powder samples is related with other pa-
rameters such as the particle size, shape, and surface area textures. The surface
area determination involves admitting an adsorbing gas (nitrogen) to a known
weight of a sample [19]. The surface area of the CaSiO,; samples prepared by
the combustion process was measured by a NOVA 2000 surface analyzer. The
Brumauer-Emmete—Teller (BET) equation [19] describes the physical adsorption
of a gas on a solid and is utilized in obtaining the surface area. The surface
area of the as-formed, 950 and 1200 °C calcined samples were 31.93, 0.585 and
3.48 m?*g, respectively. The large surface area (31.93 m?/g) of as-formed sam-
ples is due to the uniform distribution of particles as observed in SEM micro-
graph. On heating the sample at 950 °C, the surface area decreases to 0.585 m?/g
which might be due to the growth in particle size or agglomeration. On further
calcination at 1200 °C the surface area increases to 3.48 m?/g, which is due to
the swelling of agglomerated powder particles.

3.6 EPR Study of Fe&’" Ions in Porous CaSiO;

No EPR signal was observed for the undoped powders, indicating that no para-
magnetic impurities were present in the starting materials. When various mol%
of Fe’* ions were added to CaSiO, (Fig. 6), the EPR signals become observ-
able in all investigated samples. The spectra of all investigated samples consist
mainly of a weak resonance signal at g =~ 4.20 = 0.10 followed by an intense
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Fig. 6. EPR spectra of various mol% of Fe** ions in porous CaSiO, ceramic sample.

signal at g = 2.0 £ 0.1, which is a characteristic of Fe** ions. Figure 7 shows
the EPR spectra of 1 mol% of Fe** ions in lithium-doped, sodium-doped and
potassium-doped CaSiO, samples. The EPR spectrum of Fe** ions in alkali-doped
samples also exhibit a weak resonance signal at g = 4.20 = 0.10 and an intense
signal at g = 2.0 £ 0.1; further it is interesting to observe that the signal inten-
sity is decreasing as the size of the alkali increases.

The Fe’* (3d°) ions in crystals have orbitally nondegenerate °S ground state
[20-26] and exhibit zero-field splitting (ZFS) due to spin—orbit and other inter-
actions [27-30], whereas an isotropic g value close to the free-ion value of
2.0023 is expected. However, a g-value very much greater than 2.0 often oc-
curs; in particular, an isotropic g-value at 4.2 occurs and these large g-values
arise when certain symmetry elements are present [20-23]. The theory of these
large g-values is usually expressed by the spin Hamiltonian [31]

= upBgS + D[S? — S(S + 1)/3] + E(S2 — S2), (1)

where S = 5/2. Here D and E are the axial and rhombic ZFS parameters.

The effective local symmetry of the ZFS Hamiltonian at the site of the Fe’*
ion may be characterized by the ratio E/D = A, where 4 may vary between 0
and 0.33 [29, 32-35]. A = 0 corresponds to the axially symmetric case (D # 0,
E = 0). An increase in A represents a deviation from axial symmetry toward
orthorhombic symmetry. Gaite and Michoulier [36] computed a relationship be-
tween g and A that allows to obtain information on the deviation from the axial
symmetry of the site from the observed resonance fields.
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Fig. 7. EPR spectra of 1 mol% of Fe** ions in lithium-doped CaSiO; (a), sodium-doped CaSiO, (b),
potassium-doped CaSiO, ceramic sample (c).

When Fe3* impurity complexes are situated in the crystal field with a large
axial component, the free-ion °S state splits into three Kramers doublets |+1/2),
|£3/2) and |+5/2) with separations usually greater than the microwave quan-
tum. Normally, the selection rules permit EPR transitions in the |+1/2) doublet
with g = 2.0 and g = 6.0 [20, 21]. In a large number of other systems, for ex-
ample, glasses and other Fe**-containing materials, a symmetric and isotropic line
at g = 4.0-4.2 is observed. Castner et al. [36] explained it as arising from the
middle Kramers doublet containing an admixture of different Itmj) states, which
are caused by the presence of a rhombic term E(S? —S?) in the Hamiltonian.
According to the diagram of Gaite and Michoulier [36], A should be close to
zero to observe g = 6.0, i.e., the crystal field Hamiltonian and thus the ZFS one
for this Fe*" ion should exhibit nearly axial symmetry. In the present study we
have not observed the g = 6.0 resonance line because of a relatively large amount
of iron present in the samples. It is reported in literature that the resonance at
g = 6.0 is observed only in samples with a very low amount of the iron content
[38, 39]. The g-values observed in the present study indicate that the iron ions
are in the trivalent state and the site symmetry is distorted octahedral.

In the present study, we observed a weak resonance signal at g = 4.20 + 0.1,
and an intense signal at g = 2.0 = 0.1. The features of the observed EPR spec-
tra can be qualitatively explained as follows. From the crystallographic point of
view, CaSiO, belongs to the pseudo-wollastonite structure (monoclinic with the
C2/c space group) [40]. It is known that the wollastonite crystal structures con-
tain single chains of tetrahedral (SiO,)*" silicate. As in other single-chain sili-
cates, two of the four oxygen anions in each tetrahedron are shared between two
Si** cations to form the single chains, and the other two oxygen anions of each
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tetrahedron are bonded to divalent Ca** cations. These divalent cations bond to
six (or sometimes seven or eight) oxygen anions, forming octahedral coordina-
tion. In the present case, the Fe’* occupies Ca?* sites, which might have resulted
in the distorted octahedral symmetry. It is also evident from EPR, the intense
resonance peak for Fe** at g = 2.0 can only occur if the Fe’* ions are located
in a site where the crystal field interaction energy is less than the magnetic
Zeeman energy. This case would correspond to iron located in a site with a higher
symmetry. On the other hand, the resonance at g = 4.2 is due to an environ-
ment where the interaction energy between the surrounding ligands and the Fe’*
ion yields the ZFS energy larger than the Zeeman energy. This case would cor-
respond to iron in a relatively low symmetry site [41-43]. Therefore, the signal
at g = 4.2 is ascribed to isolated Fe3* ions in orthorhombic site. The resonance
signal at g = 2.0 is due to two or more Fe*" ions coupled together with dipolar
interaction [38, 44].

3.6.1 Calculation of Number of Spins Participating in Resonance

The number of spins participating in resonance can be calculated by comparing
the area under the absorption curve with that of a standard (CuSO,-5H,0 in
this study) of known concentration. Weil et al. [23] gave the following expres-
sion which includes the experimental parameters of both sample and standard

— Ax (Scanx )2 Gstd (Bm )Std gsztd [S(S + 1)]std Psi({lz [Std] (2)
Asld (Scanstd)2 Gx (Bm )x g% [S(S + 1)]x R‘:/Z ’

where A is the area under the absorption curve which can be obtained by dou-
ble integrating the first derivative EPR absorption curve, Scan is the magnetic
field corresponding to unit length of the chart, G is the gain, B, is the modula-
tion field width, g is the g-factor, S is the spin of the system in its ground state,
P is the power of the microwave source. The subscripts x and std represent the
corresponding quantities for the transition metal ions in ceramic sample and the
reference (CuSO,-5H,0), respectively.

Table 1. Number of spins (V) participating in resonance and susceptibility () as a function of Fe**
content in CaSiO, ceramic powders.

Fe’* (mol%) N (10%/kg) 2 (1072 m’/kg)
0.5 0.12 0.3
1.0 0.13 24
1.5 1.28 3.1
2.0 2.38 6.2
3.0 5.51 14.6

5.0 10.36 27.5
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Table 2. Number (N) of Fe’* ions participating in resonance and susceptibility (7) as a function of
alkali content in CaSiO, ceramic powders.

Alkali N (10%/kg) 7 (1072 m¥/kg)
Li 1.61 4.12
Na 1.57 4.05
K 1.24 3.23

Table 1 lists the variation of N with the iron content in CaSiO, ceramic pow-
ders. It is observed that N increases monotonically with iron content increasing
up to x =5 mol% indicating that there is no cluster formation in this system.
The variation of N for 1 mol% Fe*" ions in lithium-doped, sodium-doped and
potassium-doped CaSiO, samples are presented in Table 2. Note that, as the al-
kali size is changed from Li to K, the number of spins participating in reso-
nance decreases considerably.

3.6.2 Calculation of Paramagnetic Susceptibility from EPR Data

The EPR data can be used to calculate the paramagnetic susceptibility of the
sample by the formula [45]

_ Ng*igJ(J +1)

3k, T ’
where N is the number of spins per cubic meter and the other symbols have
their usual meaning [20-23]. N can be calculated from Eq. (2) and g is taken
from EPR data. The paramagnetic susceptibilities have also been evaluated with
respect to iron content as well as the alkali content and are presented in Tables
1 and 2. We chose to determine the spin susceptibility from EPR because this
technique has several advantages over a static measurement, where a diamag-
netic contribution must be subtracted.

3.7 EPR Study of Ni** Ions in Porous CaSiO,

The EPR spectrum of Ni?* ions in CaSiO, ceramics exhibits a symmetric ab-
sorption at g = 2.23 + 0.01. Figure 8 shows the EPR spectra of various mol%
Ni** ions in CaSiO, ceramic powders. Figure 9 shows the EPR spectra of 1 mol%
of Ni?* ions in lithium-doped, sodium-doped and potassium-doped CaSiO, sam-
ples. The spectrum can be understood in the following way. The Ni** (3d®) has
the *A,(F) ground state in octahedral symmetry [20-23] and the degenerate °F
ground state splits as a consequence of crystal field. Using the spin Hamiltonian
= gupBS, with S =1, and an isotropic g-factor, an isotropic line is obtained
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Fig. 8. EPR spectra of various mol% of Ni** ions in porous CaSiO; ceramic sample.

which corresponds to the |My= 0) and |M;= +1) magnetic dipole transitions.
Owing to the moderately high spin—orbit coupling, the isotropic g-factor of octa-
hedrally coordinated Ni?* deviates from the free-electron value (g, = 2.0023) in
the framework of the ligand field theory, it is given by the relation [23, 46]:

_,
g=8 -

First derivative of absorption

1
0 250 500
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Fig. 9. EPR spectra of 1 mol% of Ni** jons in lithium-doped CaSiO; (a), sodium-doped CaSiO, (b),
potassium-doped CaSiO, ceramic sample (c).
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Table 3. Number (N) of spins participating in resonance and susceptibility ( ») as a function of Ni?*
content in CaSiO; ceramic powders.

Ni>* (mol%) N (10%/kg) 7 (1072 m¥kg)
1.0 1.45 4.40
2.0 7.73 23.43
2.5 10.60 32.12
3.0 13.56 41.10
5.0 25.75 78.04

where A is the effective spin—orbit coupling constant and A is the energy differ-
ence between the ground state °A,,(F) and the excited state °T,,(F). Normally
the A value lies at about 8970 cm™' [47-49]. The observed g value (2.23) can
be used to evaluate the A value and the evaluated A value is 255 cm™!, which
is 76% of the free-ion value. A comparison with the free-ion value, 4 = —335
cm™!, suggests a certain amount of covalency. Owen’s ionic parameter, ¢ can
be evaluated by

2
g =2.0023- 284
A

The calculated value of & = 0.761 indicates that the bonding between the
Ni?* jons and the ligands is moderately covalent.

The number of spins participating in resonance and their paramagnetic sus-
ceptibilities have been evaluated as a function of nickel as well as alkali con-
tent and are presented in Tables 3 and 4, respectively. It is observed that the
number of spins participating in resonance increases with nickel content whereas
it decreases when size of the alkali increases.

4 Conclusions
Thermally stable macroporous CaSiO, ceramics have been prepared by the solu-

tion-combustion method. The effect of temperature on crystalline phase forma-
tion, amount of porogens and particle size of porous CaSiO; has been investi-

Table 4. Number (N) of Ni** ions participating in resonance and susceptibility (7) as a function of
alkali content in CaSiO, ceramic powders.

Alkali N (10%/kg) 7 (1072 m¥/kg)
Li 8.0 24.21
Na 2.32 7.03

K 0.91 2.76
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gated. Completely crystalline single-phase $-CaSiO, and a-CaSiO, ceramics have
been obtained at 950 and 1200 °C, respectively. The microstructure and mor-
phology were studied by SEM and it is interesting to note that with increase of
temperature the samples become more and more porous and the pore diameter
increases from 0.2 to 8 um. The calculated porosity values are 17.5% and 31.6%
at 950 and 1200 °C, respectively. The surface area of as-formed CaSiO, and
calcined at 950 and 1200 °C are 31.93, 0.585 and 3.48 m?/g, respectively. The
EPR spectrum of Fe*" ions in CaSiO, ceramics exhibits a weak resonance sig-
nal at g =4.20 £ 0.1, and an intense signal at g = 2.0 = 0.1. The signal at
g = 4.20 is ascribed to isolated Fe’* ions at orthorhombic site. The resonance
signal at g = 2.0 is due to two or more Fe*" ions coupled together with dipo-
lar interaction. The EPR spectrum of Ni’* ions in CaSiO, ceramics exhibits a
symmetric absorption at g = 2.23 = 0.01. The site symmetry around the Ni?*
ions is predominantly octahedral and the bonding between the Ni?* ions and
the ligands is moderately covalent. The N and y increase with iron as well as
nickel content and there is no cluster formation up to 5 mol%. Further it is
observed that as the size of the alkali increases, N and y decrease.
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