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The system Coit+xFes—2,TixOs has been studied with a view to investigating the cation distribution and to

correlate the catalytic behavior of spinel with electrical and structural properties.

To investigate cation distribu-

tion, techniques like X-ray diffraction, electrical conductivity, and thermo emf. have been used. The catalytic
evaluation was carried out in the temperature range of 473—673 K using benzyl alcohol as a probe molecule. Our
results show CoFe2O4 to be better catalyst for benzyl alcohol decomposition compared to Co2TiOq or pure oxides of

the system.

Oxidic spinels shows interesting electrical, magnetic,
and catalytic properties. In these compounds, the
properties are controlled by the nature of ions, their
charge, and the site distribution amongst tetrahedral
and octahedral sites. Several workers!™® have re-
ported solid spinel solution of ferrites by substituting
ions at tetrahedral and octahedral sites.

Ferrites have been used as efficient catalysts for the
decomposition of alkenes,4% hydrogen peroxide,8? and
alcohol.89)

We have studied CoFe204-Co2TiOs with a view to
investigating the cation distribution and the effect of
substitution on the tetrahedral and octahederal sites
with reference to catalytic behavior.

Materials and Methods

The different compositions of the system were prepared by
coprecipitation techniques.!® A. R. grade soluble chlorides
viz. CoClz - 6H20, TiCls (15% solution), and FeCls - 6H20 were
used to get Co2*t, Fe3t, and Ti¢* ions in solution.

An aqueous solutions containing these ions in the required
molar proportion were prepared by dissolving above salts in
distilled water. The corresponding hydroxides were precipi-
tated using 109% NaOH and maintaining the pH between 9.0
and 9.5. The precipitate was heated on water bath at 360 K
for 3 h. and was then oxidized by adding calculated amount of
30% H202 (100% vol) with constant stirring. The precipitate
was filtered, washed and dried in vacuum cryostat at 350 K
for 2 h.

To measure electrical conductivity and thermoelectric
power, pellets were prepared using 2% poly(vinyl acetate)

solution as binder. The pellets were heated slowly in air (275
K min—1.) to remove binder and then sintered at 1173 K.

The compositions of the product were checked by chemical
analysis and were found to be in agreement with the theoreti-
cal values. The particle size was determined from XRD
analysis and was found to be approximately 4 pm.

X-Ray powder patterns were recorded on diffractometer
(Siemens D-Crystalloflex) using Cu K radiation with Ni-
filter. X-Ray patterns of all the compositions indicated for-
mation of single spinel phase. To measure the intensity, area
under different 4 k I peaks were determined and the values
obtained in relation to the peak area for 311 reflection was
taken as 100. To calculate relative integrated intensity, 7, of
given h k I reflection, following formula!l) was used where
notations have their usual meaning,
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i

The atomic scattering power values for various ions were
taken from International Table.!2 To determine cation dis-
tribution and it’s variation with compositions, the intensity
ratios oo/ 1400, To20/ Is40,1422/ Ls00, Lsoo/ I122 for different possible
models were calculated and compared with the observed inten-
sity ratios.

DC resistivity measurements were carried out using LCR-
Markoni bridge. The flat faces of each pellet were coated
with thin layer of conducting silver paste and resistivity as well
as thermo emf. measurements were carried out from room
temperature to 673 K.

Each composition of the system has been investigated for its
catalytic activity in the temperature range of 473—673K. 3.0
g of the powdered catalyst was packed in a 25 cm long quartz

Table 1. Cation Distribution, Lattice Constant, Activation Energy (AE) and Thermoelectric
Coefficient (a) of the System Coj+xFez—2,TixO4
Compositions Cation distribution Lattice Activation Thermo
(x) A-site B-site constant energy/eV emf.coeff(a)
0.0 Fe?* Co?tFedl 8.368 0.52 —40.00
0.2 FedtCoZh Co2FedtTidh 8.382 0.60 —10.00
0.4 FedtCoZt, Co*FedtTis, 8.395 0.68 +155.00
0.6 Fed!,CoZt Co? Fedt Tish 8.405 0.73 +198.00
0.8 FedhCoZt Co?'Fedt Tidh 8.410 0.79 +225.00
1.0 Co%} Co?'Tith 8.423 0.83 +255.00
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Table 2. Comparison of Intensity Ratios for the Compound Co1.sFeosTiosO04
Cations at Tuso] Loz Iz0/ Isao Tuz2/ Isoo Iz20/ Isoo

~ A-Site B-Site Obsd Calcd Obsd Caled Obsd Calcd Obsd Caled
Co?t, FedhCoZtTith 5.1 1.20 0.75 1.20
Co2tFed, Fedl, Co2t Tith 422 422 064 0.64 059 058 158 1.59
CoZhTis} FedtCoZ}, 435 0.59 0.53 1.45
CoZtFedtTish FedtCo?! Tish 4.00 0.45 0.69 1.85

reactor with 10 mm internal diameter. The reactor was
equipped with thermocouple to monitor the temperature of
the catalyst bed. The vapours of benzyl alcohol were passed
over catalyst and the products were condensed using conven-
tional techniques and were analyzed by gas chromatography.
The products were further confirmed by GCMS.

Results and Discussion

X-Ray diffractometer patterns of all the compositions
showed single spinel phase. The results of X-ray analy-
sis are given in Table 1. From table it is observed that
all the compositions of the system possess cubic sym-
metry. The lattice constant increases linearly from
CoFe20s to Co2TiOs obeying Vegard’s law. The
increase in lattice constant from CoFe204 is due to
replacement of Fe3* by slight bigger Co?* and Ti*t ions
at octahedral site.

The cation distribution between two sites in the sys-
tem has been arrived at by X-ray intensity calculations.
The observed and calculated intensity ratios for differ-
ent models for the composition x=0.6 is given in Table
2. From table, it is observed that the model with Tit*
at B-site, Co?* both A- and B-sites while Fe3t distrib-
uted equally between A- and B- site shows better agree-
ment. Our results on cation distribution are in close
agreement with the values reported earlier on CoFe204
and Co2Ti04.1314)

Electrical Properties: DC resistivity of the com-
pounds of the system Coi+xFer—2xTixO4 measured as a
function of temperature varied between 108 and 107
ohm-cm. The plot of logp vs. 103/ T showed a linear
nature obeying Wilsen’s law.

p=p, exp (AE/KT).

High values of resistivity indicate that elements with
stable oxidation state are present at B-site.

From Table 1, it is observed that with subsequent
replacement of Fe3* by Co2* and Ti4* activation energy
increases. This is due to the fact that Ti4* (d9) orbitals
have much lower energy i.e. they are very stable and are
much more contracted than Fe3t d-orbitals. Also as
concentration of Fe3* ion decreases in the lattice, the
mobility of charge carriers decreases resulting in the
increase in the activation energy.

Thermoelectric coefficient values of the series varied
between —40.00 and +255.00 pV K~1. The compounds
with x 0.2 are n-type while 0.4 x 1.0 are p-type

(Table 1) semiconductors. p-Type semiconductivity of
cobalt rich compounds can be attributed to the forma-
tion fo Co?*/Co3* ion pairs but unfortunately the pres-
ence of Co?* ions could not be detected from X-ray
intensity calculations as the concentration may be very
small.

Catalytic Studies: Decomposition of benzyl alcohol
has been reported by several workers using pure metal

Table 3. Catalytic Performance Data for
the Decomposition of Benzyl Alcohol

Catalyst Conversion % Selectivity
bed temp/K % Benzaldehyde Toluene
Catalyst: CoFe204
473 2.3 75.85 22.59
523 5.68 63.55 27.50
573 18.66 50.78 35.72
623 32.04 39.8 40.17
673 49.62 27.09 45.00
Catalyst: Coi2Fe16Ti0.204
473 2.0 83.0 12.5
523 5.5 68.5 14.05
573 14.02 60.0 25.0
623 24.01 43.85 25.0
673 36.0 33.17 31.0
Catalyst: Coy.4Fe1.2Ti0.404
473 1.77 90.43 4.56
523 2.78 77.99 11.75
573 11.76 65.08 18.46
623 21.05 52.39 24.79
673 30.35 40.31 31.04
Catalyst: Co1.6FeosTi0.4O4
473 1.0 90.2 4.0
523 2.5 77.59 20.4
573 10.05 68.5 14.2
623 54.0 54.0 23.0
673 27.0 43.75 29.0
Catalyst: Co1sFeo.4TiosO4
473 0.52 95.0 4.0
523 2.0 80.0 9.7
573 10.5 70.5 15.5
623 16.5 58.0 26.5
673 24.05 45.39 28.0
Catalyst: Co2Ti1.004
473 0.442 97.62 2.26
523 1.83 85.47 7.52
573 8.0 72.73 13.86
623 14.0 60.99 20.83
673 22.45 47.02 26.43
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oxides and various zeolites.!5718) However literature
survey indicates that not much work has been reported
where spinels have been used as catalysts for the decom-
position of benzyl alcohol.

Decomposition of benzyl alcohol mainly yields benz-
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Fig. 1. Plot of % conversion of benzyl alcohol vs.
temp over different compositions of the system
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Fig. 2. Plot of aldehyde (——) and toluene (——)
selectivity of pure oxides vs. temp of the system
Cor+xFer—2,T1,04.
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aldehyde and toluene.

Catalyst
E—

CsHsCH20H CsHsCHO+2H*
CsHsCH2OH +2H* ———— CsHsCHs+ H:O

Results of benzyl alcohol decomposition over various
compositions of the system Coi+xFe;—2,TixO4 are listed
in Table 3. From table it is observed that conversion
of benzyl alcohol on CoFeO4 is always greater at all the
temperatures compared to other catalyst compositions.
The conversion of benzyl alcohol vs. temperature for the
various compositions of the system is reported in Fig. 1.
Further from Fig. 1 it is observed that conversion of
benzyl alcohol decreases from CoFe204 to Co2TiOs.
The decreases in the catalytic activity from cobalt-ferrite
to cobalt titanate can be explained on the basis of cation
distribution in the spinel.

CoFe204 being an inverse spinel, Fe3* ions are present
both, tetrahedral as well as octahedral site. Since Fe3t
can hop between +2 and +3 states, provide more active
centers for the catalytic reaction. Therefore CoFe204
is more active. Subsequent replacement of Fe3*t by
Co?* and Ti4* ions, an equivalent amount of Fe3* ion is
replaced by Co?* at A-site while at B-site, it is substi-
tuted by Ti** ion. Thus B-site of the spinel system is
occupied by the ions with stable oxidation state (Tit*
and Co?*) with increase in concentration of X which
favors the formation of benzaldehyde, a dehydrogena-
tion product.

With decrease in the iron(III) concentration in the
spinel, toluene selectivity decreases and aldehyde selec-
tivity increases indicating that ions at tetrahedral site are
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Fig. 3. Plot of % conversion vs. activation energy for
the system Co+xFez—2,T1,04 at 673 K.
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responsible for the reduction of benzyl alcohol. Sim-
ilar results have also been reported by Onchuku!® in the
investigation of decomposition of hydrogen peroxide
using Cu-Ni-ferrite system.

100~

90

8o

70

60~

500

% Benzaldelyde selectivity
9% Toluene selectivity

40

30

0 . L.z 1 1 !
450 500 550 600 650 700

Temp/K

Fig. 4. Plot of % benzaldelyde and toluene selectivity
over x=0.0, 04, and 1.0 for the system
C01+xFez——2xTixO4.
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Fig. 5. Plot of % benzyl alcohol conversion vs charge
carrier of the system Coj+xFes—2,Ti,O04.
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The above observation is further supplemented by
Fig. 2 which gives toluene selectivity over pure oxides of
the system i.e. FeaOs, Co203, and TiO2. From Fig. 2 it
is observed that FexO3 and Co20:; yield maximum
toluene while TiOq gives mainly benzaldehyde.

The substitution of Co?* and Ti4t results in the
increase in the activation enetgy of the system from 0.52
eV (CoFez04) to 0.83 eV (Co2TiOy). Further from Fig.
3 it is noted that CoFez0y is the most active catalyst with
the highest percentage conversion (49.62%) over any
titanium containing compositions. The change in acti-
vation energy greatly influences the catalytic activity.
The catalytic activity is due to transfer of electrons/
holes from catalyst surface to substrate and is reversible.
Hence greater the value of activation energy more will
be the energy required for electronic transitions result-
ing in decrease in catalytic activity i.e. decrease in per-
centage benzyl alcohol decomposition.

From Fig. 4 it is observed that aldehyde selectivity
increases and toluene selectivity decreases with increase
in value of x. CoFexO4 indicated 75.85% benzalde-
hyde selectivity at 473 K while at the same temperature
Co2Ti0O4 showed 97.62% selectivity (Table 3).

It is well known that n-type semiconductors are
always more active and selective towards dehydration of
alcohols due to rapid migration of electrons while p-type
semiconductors are active and selective towards dehy-
drogenation due to migration of holes.2® The effect of
nature of charge carriers on the catalytic activity of
spinels is shown in Fig. 5. CoFezO4 (=40 pVK™?) is
most active for dehydration due to Fe3tz2Fe?*+e~ hop-
ping process (Table 3) where electrons are predomi-
nently the charge carriers. As the concentration of
iron(III) decreases in the lattice (x} 0.4) the holes
become predominent charge carriers result in decrease
in overall catalytic activity.

Conclusion

Thus from X-ray intensity, electrical conductivity and .
thermo emf measurements the probable cation distribu-
tion of the system Coj+cFer—2,TixOs is suggested as
Co2tFeit JCotyFeir, Titt] O3. Further it is observed
that CoFezO4 is most active catalyst towards benzyl
alcohol decomposition while Co2TiO4 is most selective
dehydrogenation catalyst.
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