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Abstract

Nanostructured zinc-copper mixed ferrite was synthesized using sol-gel method. XRD patterns of different compositions of
zinc copper ferrite, Zn;_»nCu,Fe;04 (x = 0.0, 0.25, 0.50, 0.75), revealed single phase inverse spinel ferrite in all the samples.
With increasing copper concentration, the crystallite size increases from 30 nm to 50 nm. The surface morphology of all the
samples studied by the Scanning Electron Microscopy showing porous structure of particles throughout the sample. The
prepared samples were also analysed by XRD, FTIR, TEM. Catalytic activity of the prepared samples were studied on
lanthanum oxalate decomposition by Thermogravimetric methods (TGA). The rate constant ‘k’ has got the highest value with
x=0.75 and 5 mol% concentration and highest value is attributed to high copper concentration and also due to ion pairs as a
result of mutual charge interaction i.e. besides the one component sites Cu’* —Cu®, Fe'* —Fe** | there will be also the mixed
sites Cu’* —Fe* as well as Cu®™ —Fe**. In other words, the increasing activity of mixed oxides is attributed to enhanced
concentration of active sites by creating new ion pairs. With increasing Zn content increases particle size thereby providing
comparatively less surface area for the catalytic activities due to large ionic radii of Zinc. Catalytic activity of ferrite
powders changes remarkably due to the changes of the valence state of the components of the ferrites, responsible for

catalytic activities and that oxidises the carbon monoxide released from Lanthanum oxalate
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Introduction

Ferrites have wide range of applications in integrated circuitry,
transformer cores, magnetic recording etc"” The study of ferrites
because of their novel properties and technological applications
are immensely important when the size of the particles
approaches to nanometer scale, due to the fundamental
differences in their magnetic and electronic properties compared
to the bulk counterparts. Nano oxides due to their electrical
properties have been found to be good catalysts, as compared to
their corresponding normal oxides. *

NiysMysFe;0, M = Co, Cu) ferrite nanoparticles synthesized
using citrate precursor method annealed at temperatures 400°C,
450°C, 500°C and 550°C, display cubic spinel structure upto
450°C and at temperature higher than 450°C display a tetragonal
structure suggesting that nucleation/growth mechanism is
different at temperatures above and below a critical temperature
in this range4. Further NijsM, sFe,O, ferrite doped with 0.1 and
0.4 mol of Cu behaves as a catalyst * and comparative analysis
of the two catalysts indicated that the catalyst doped with 0.4
mol of Cu showed the better performance. The nickel
substituted copper ferrite nanoparticles (Ni,Cu; Fe,0,), where
x = 0.0, 0.2, 04, 0.6, 0.8, 1.0) were found to have better
catalytic activity as compared to the corresponding metal
oxides®. A study on the thermal decomposition of the mixtures
of lanthanum oxalate hydrate and transition metal nano oxide
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compounds (TMNOCs) viz. CuO, Fe,0;, TiO, and Cr,O; of 5
mole% ratio has been carried out and the results reveal that
other than CuO, the oxides have a retarding effect on the
decomposition rate’.

The Zn** substitution in ferrites i.e Cobalt—zinc ferrite nano-
particles Co;ZnsFe,O4 observed variation in crystalline size
and on the structural properties of ferrite nanoparticles®. The
Ni,_,Cu,Fe,0, ferrites prepared by sol-gel method and sintered
at high temperature show the effect of copper doping on the
structural and magnetic properties of nickel ferrites, due to
formation of single phase spinel ferrite structure’. Ferrospinels
of nickel, cobalt and copper and their sulphated analogues
prepared by co-precipitation route proved to be good catalysts
for the benzoylation of toluene'’.

Properties of Crystalline Copper Zinc nano ferrites having cubic
spinel structure are affected by several factors such as the
chemical composition, electronic configuration, ionic radius,
synthesis techniques etc. Copper ferrite (CuFe,O,) has been
widely used as a potential catalysts for various applications,.
Magnetic and electrical properties of Copper ferrites changes
appreciably with chemical component and cation distribution
e.g. bulk CuFe,0, has an inverse spinel structure where B sites
are occupied by 85% of Cu®* cations, where as ZnFe,0, being
normal spinel Zn®* ions preferentially occupy A sites and
simultaneously Fe** ions are displaced from A sites for B sites.
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Zn-substitution results in change of chemical composition and a
different distribution of cations between A and B sites. Hence
the magnetic and electrical properties of spinel ferrites changes
with replacing cations'.

Spinel ferrites are found to have semiconducting properties of n
or p-type'’. With a view to understand the conduction
mechanism in mixed Cu-Zn ferrites, the semiconducting
properties as a function of composition and temperature, the
results for such a study towards lanthanum oxalate
decomposition are presented in this paper. The aim of this work
is to present an economical method of preparation of Cu-Zn
ferrite by the citrate precursor method and to achieve sintering
at lower temperatures. The present work also highlight on
preparation of zinc ferrite nanopowders and replacing zinc sites
by copper by self combustion method following by thermal
treatment and to study the catalytic activity on lanthanum
oxalate decomposition to CO and CO,. The changes in the
phase composition of materials after the catalytic test were also
the focus of investigation. The relationship between parameter
of synthesis, phase composition, particle size, microstrain and
catalytic behavior of ferrite materials has been discussed.

Material and Methods

Preparation of lanthanum oxalate: Oxalates of La(IIl) was
prepared as per our early work' using High purity AR grade
La(NOs;); and ammonium oxalate solution and finally dried at
100°C to a constant weight. Four samples with chemical
compositions as ZHF3204, Zl’l()‘75Cl.1()A25FezO4, ZHOAS()CU()AS()F3204,
and Zng,sCug7sFe,O4 were prepared using Zn(NO;),-6H,0,
Cu(NO;),-3H,0 and Fe(NO;);-9H,0 as starting materials all
being analytically pure.. Citric acid (AR Grade) used as
chelating agent. The gel was calcined at 700°C for 6 hours in a
furnace to obtain the flake type materials. The flakes were
thoroughly grinded in agate mortar to get the powdered form of
material . The prepared samples have been referred to as S1, S2,
S3, and S4, respectively

Preparation of mixture: Mixtures of lanthanum oxalate was
prepared with S1, S2, S3, and S4, in three different mole
percentage i.e. 2, 5, and 10 Mol% by grinding and mixing them
in an agate mortar. The mixtures of uniform mesh size were
subjected to Thermogravimetric study using SCHIMADZU
DTG 50 thermal analyser using linear rising temperature
technique with 5°C min™' as rate of heating.

Results and Discussions

X-Ray Diffraction Analysis: The observed XRD patterns of
nano catalyst samples (figure-1) are in good agreement with the
JCPDS card 82-1042 (table-1). The XRD pattern shows single
peak corresponding to each diffraction angle; hence, it shows
the single phase of inverse spinel zinc copper ferrite. XRD
patterns indicate the crystallite size of the mixed ferrites
increases on increasing the Copper concentration.
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X- ray diffraction diagrams for various types of prepared
Zn- Cu Ferrites

Table-1
XRD patterns of prepared Zn-Cu Ferrite The average
particle diameter was found to be 30 nm which agrees well
with that estimated from XRD data

Zn-Cu Ferrite Position | d spacing d spacin
20,deg observed, A | JCPDS,A
ZnFe,0, 29.913 2.986 2.9851
33.158 2.5517 2.5457
36.877 2.4366 2.4347
42.841 2.1102 2.1108
53.142 1.7229 1.7234
56.664 1.6239 1.6248
62.21 1.4918 1.4925
Zn ¢5Cu 29.9547 | 2.9821 2.9851
025F€:04 35.3146 | 2.5408 2.5457
36.9433 2.4324 2.4347
42.8465 2.1100 2.1108
53.21 1.7209 1.7234
56.6971 1.6230 1.6248
62.2277 1.4914 1.4925
Zn 5Cu ¢sFe,04 | 30.3572 | 2.9435 2.9851
35.6702 | 2.5163 2.5457
37.393 2.4042 2.4347
433111 2.0884 2.1108
53.7481 1.7049 1.7234
57.102 1.6125 1.6248
62.6886 1.4813 1.4925
Zn (,5Cu 30.1933 2.9591 2.9851
075F€:04 35.5827 | 2.5223 2.5457
37.2095 2.4156 2.4347
43.1625 2.0952 2.1108
53.5478 1.7108 1.7234
57.0276 1.6144 1.6248
62.6281 1.4828 1.4925
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This is due to the decrease in the densities of nucleation centres
in the doped samples which results in the formation of larger
crystallite size'. The average crystallite size was determined
with the use of the Scherrer’s equation.

SEM Analysis: Figures-2(a),(b) and (c) show the SEM images
for all the prepared samples of ferrites. The SEM show
formation of the aggregated particles and also some vacant
spaces within them. Porosity is located at the junctions of the
aggregatess. It is evident that the grains of the Zn-Cu ferrite are
very rough, and allow adsorption of oxygen on the surface. The
results of the XRD and SEM pictures indicate all the samples
are well crystalline-nano sized spinel ferrites.
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JEOL SEI  15.8kV x38,008 100nm WD11nm

. e -
JEOL SEI  15.BkY x3B,000 100nm WD1lmm

Figure-2
SEM micrographs of (a) Zn; (Cuy.cFe;0y, (b)
Zn 75Cuy 25Fe,04, and (¢) Zny,5Cuy75Fe;0y
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FT-IR Analysis: FT-IR spectra of the synthesized ferrite nano
particles measured in the frequency range of 400- 4,000 cm™ are
shown in Figure- 3. Two distinct bands at 410 and 630 cm’l, are
characteristic features of ferrospinels, and are attributed to the
stretching vibration due to interactions between the oxygen
atom and the cations in tetrahedral and octahedral sites,
respectively. The difference between the two’s is due to the
changes in bond length (Fe-O) at the octahedral and tetrahedral
sites. A sharp absorption band at around 630 cm™ is due to the
intrinsic vibrations of the tetrahedral groups and the other band
the octahedral groups. There are two weak and broad
absorptions around 1450 and 1680 cm™ corresponding to the
presence of small amount of residual carbon in the samples
indicating that the residual carbon has mostly burnt away during
the self-combustion process. The band positions of these
absorptions indicate that this carbon is in the form of complex
carbonates. Three distinct peaks are obtained at 1618 cm™ (-
C=0), 1316 cm (C-0) and 795 cm’ (La-O) suggest the
presence of the oxalate ion. The IR spectra of the products after
TG at 490°C suggests incomplete decomposition as evident
from peaks obtained at 1432, 1100, 1000 and 858cm™!. A small
peak at 1100cm™ concurrent with diminution of oxalate peak
suggest a carbonate like decomposition intermediate. A
prominent peak at 1432cm™ is due to the carbonate ion"’.

Thermal analysis: Thermogravimetric curves for lanthanum
oxalate and its mixture with samples S1, S2, S3 and S4 shows
significant increase in fractional decomposition a with respect
to pure lanthanum oxalate although the decomposition
temperature remain undisturbed i.e at 653K (figure-4). Mixture
of lanthanum oxalate with S1 has low value of fractional
decomposition o at the start of the decomposition compared
with that of lanthanum oxalate but after attaining the
temperature 683K the o value increases significantly till the
completion of the reaction (Figure-4). However the
incorporation of Cu in the Zn lattice the mixture of lanthanum
oxalate with S2,S3 and S4 make the decomposition process
facile with less value for decomposition temperture i.e 648K.It
is found that Zng 75Cuq5Fe;0, is the ideal composition showing
highest value for o although the decomposition curves are
indistinguishable in the graph. Under high resolution (figure-5)
the trend follows the order S2>S4>S3.The Derivative curves are
also shown in figure-signifying the temperature corresponding
to the highest rate of decomposition o, to be 659K.

Samples prepared with three different mole percentages of
spinel ferrites S2 show trends with no remarkable change in
fractional decomposition a. But at low concentration of catalyst
(2 mol%), has highest o values than the others but as the
temperature gradually increases upto 663K, 5 mol% and 10
mol% show equal activities but after that 10 mol% gets the
higher value of fractional decomposition a till the completion of
reaction (figure-6).

Kinetic analysis: The catalytic activity of mixed metal spinel
ferrites of the Cu— Zn at the same temperatures was found to be
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greater than that of Zn ferrite. The completion of reaction takes
place in one step in case of pure lanthanum oxalate and so also
its mixture with mixed metal spinel ferrites of the Cu— Zn,. For
comparative study all the data are analysed for the one step
process.

The kinetic parameters for the decomposition stage were
determined using Coat-Redfern equation".
log g(a)/T*=log(AR/PE)-E/2.0303RT 1)

Where A is the pre exponential factor,  the heating rate, E the
activation energy, R the universal gas constant and T the
absolute temperature. log g(a)/T* is calculated for each possible
rate controlling mechanisms using various solid state models
and plotted against 1/T (figure-7 and 8), using best fit model for
the reaction. The value of g(a) with highest coefficient of linear
regression analysis, r gives the idea about the best fit
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mechanism. The best fit model F; i.e. the third order law is
chosen for the entire temperature range 643-723K in order to
compare all the data.

The activation energy, E and pre-exponential factor A were
calculated from the slope and intercept respectively of the Coat-
Redfern equation and the plausible mechanism and the

corresponding kinetic and thermodynamic parameters are
presented in table-2(a) and (b) using equations.

AH*=E-RT (2)
AS*=R[In (hA/kgT)-1] (3)
AG*= AH*-T AS* 4)

AH*, AS* and AG* are the enthalpy, entropy and free energy
change of activation respectively.h is the plank’s constant and
kg is the Boltzman’s constant.

8 d 8
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(a) (b) (0
Figure-3

FTIR spectra of (a) Zng75Cug,sFe;04 (b) Lay(C;04)3+ Zny75Cug,sFe;04( Product after TG) (c) Lay(C,04)3+
Zn 75Cuy 25Fe;04(5 mol %)
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Figure-4
o-T curves for decomposition of Pure lanthanum oxalate(Red), lanthanum oxalate mixed with ZnFe,04(5 mol % )-(Green),
Zn0.75Cu0.25Fe204(5 mol%)- (Blue) Zn0'5Cu0'5Fe204(2 mol%)- (ViOlet), Zn().zsCU(].75Fezo4(10 mol%)-Blue
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Enlarged a-T curves of Figure-4
Table-2(a)
Arrhenius parameters for the decomposition of various samples using Coat-Redfern equation
Samples E(£0.05),Kjmol logA(+0.02),s™" k*(+0.05),s" AH* AS* AG*
KJmol'K™! jmol™ Kjmol!
Lay(C,0,); Pure 135.523 10.26 0.3307 -130.044 -63.41 -87.242
Lay(C,0,);+F1 146.609 11.16 0.3474 -141.131 -46.18 -109.959
Lay(C,0,); +F2 147.681 11.29 0.3854 -142.202 -43.69 -112.711
Lay(C,0,); +F3 144.024 10.96 0.3512 -138.545 -50.61 -104.383
Lay(C,0,); +F4 145.384 11.11 0.3872 -139.905 -47.14 -108.085
Table-2(b)
Arrhenius parameters for the decomposition of various samples using Coat-Redfern equation
Samples E(20.05),Kjmol logA(0.02),s’ | k*(x0.05),s" | AH* JmoI'K" | AS* jmol’ | AG* Kjmol”
La,y(C,0,); +F4(2mol %) 163.650 12.65 0.479 -158.171 -17.56 -146.318
Lay(C,0,); +F4(5mol%) 145.384 11.11 0.3872 -139.905 -47.14 -108.085
Lay(C,04); +F4(10mol %) 161.678 12.45 04331 -156.199 2148 -141.700
0.9
o /
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Figure-6
o-T curves for decomposition of lanthanum oxalate mixed with ZnFe,04(5 mol % )-(red), Zny 75Cuy 5Fe,04(5 mol %)-
(Green) Zn0,75Cu0,25Fe204(2 mol%)- (ViOlet), Zn0,75Cu0,25Fe204(10 mol%)-Blue
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Figure-7
Variation of -log g(az)/T2 against 1/T using F3 mechanism for the various samples La,(C,0,);+ZnFe,04(5 mol%)-Red,
LaZ(C204)3-Green, Laz(C204)3+Zn0.75Cll0.25F8204(5 mol%)-Blue Laz(C204)3+Z110_5C110_5F6204(5 mol%)-Star
Laz(C204)3+Z110.25C110_75F6204(5 mol % )-Star

CE - o
3.0 Py
S M
Feg =
A
L - Yy |
54 A
gy |
b
572 - &
52 F
r Vs
. A
il F Yol
5 - %
- w AR
Tt A
> Y 4
ga.s .
o P
1
46 - /
44 -
//f
42 ol . . . .
0.00135 0.0014 0.00145 0.0015 0.00155 0.0016
1/1, K?
Figure-8

Variation of -log g(m)/T2 against 1/T using F3 mechanism for the various samples Zng ;5Cug,5Fe;04(2 mol % )-Red,

7Zn 75Cuy,5Fe;04(5 mol %)-Green, Zn, 75Cuy ,5Fe;04(10 mol % )-Blue

The rate of the reaction was determined corresponding to the
highest value of fraction decomposed i.e 0y, and the
corresponding temperature Ts in the DTG plots (figure-9)
whose value is 675K.The rate constant k has got the highest
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value for S4 almost same as that of S2 with 5 mol%
concentration and highest value may be attributed to high
copper concentration.
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DTG plots(T vs do/dt) of different samples Lanthanum Oxalate(a),Lanthanum Oxalate+ZnFe,04(b), Lanthanum
Oxalate+Cuy 5Zn 75Fe,04(c), Lanthanum Oxalate+ CugysZngysFe;04(d), Lanthanum Oxalate +Cug75Zng 3sFe,04(f)

The higher catalytic activity is attributed to, creation of new ion
pairs Cu** —Fe* and Cu* —Fe** which increase the activities of
the mixed ferrites and these forms are also called the mixed sites
.These are present along with one component sites Cu** —Cu®,
Fe’* —Fe®* .The ion pairs are formed due to mutual charge
interaction.

C, 042— —C,04 +e (1)
Cu” +e — Cu* 2)
Fe** + ¢ — Fe** 3)
Cu® + Fe ** — Cu®*+ Fe** 4)

Role played by the spinel ferrites: In Zn,Fe; O, ,the ferrite
can be presented with the formula (ZnJ"Fe™| e
[Fe™* .xFe™ | \locuOu, as the spinel structure is preserved in the
range 0<x<1'®. Samples having higher zinc concentration there
is weak tetrahedral A-site and octahedral B-site super exchange
interaction. The conduction at lower temperature is due to
hopping of electrons between Fe’* and Fe®* ions, whereas at
higher temperature due to polaron hopping'’. In addition, the
increase of Zn content is associated with a decrease in copper
content. In turn the possibility of Cu* formation and Cu**<>Cu'*
hopping process and the number of holes involved will be
reduced. While heating CuFe,O, sample, the concentration of
B-site Cu** ions is increased at higher temperature. This
reaction gives n-type conduction because of interstitial cation
exchange given as

CuA2+ +FCB3+—>CUB2+ +FCA3+

(&)
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The conduction mechanism for CuFe,O, at lower temperature is
p-type depending on the relative concentration of Cu'* of Cu**
ions on A-site. Zinc content is increased, tend to decrease Cu
content at A-site .

Cup'" + Cup**— Cup® + Cup'* (6)
The Cu,,Zn,Fe,0, system has a cubic spinel configuration with
unit cell consisting of eight formula units of the form (Zn,Fe,_,)
A [CuyFe;,] B O, The Cu®* ions have a preference for the
octahedral sites and Zn”* ions have preference for the tetrahedral
sites'’. The increasing of particle size with Zn content can be
attributed to the large ionic radius of Zn** (0.84 A ) as compared
to the ionic radius of Cu** (0.79A ). Hence Zn>* replaces the
smaller Cu®* and change of catalytic activity of ferrite powders
is obtained because of changes of the valence state of
catalytically active components of the ferrite. The oxidation of
carbon monoxide released from lanthanum oxalate, by metal
ferrite as catalyst can be written in the following equations;

La,(C,04); — Lay(CO;3); +3CO — La,O(CO3), +CO, (7)
La,0(COs3), — La,0(CO;3) + CO, ®)
MF6204 +xCO — MF6204,X + XC02 (9)
MFe,04 + 0.5x0, — MFe,04 (10)

CO and O, diffuse to the surface of the ferrite and preferentially
adsorb on its surface. This is a chemisorptions process of gas
molecules and the oxygen in the ferrite transfer from the bulk to
the chemisorbed species. CO, is produced by the reaction of CO
and O, on the surface of the catalyst and then released from the



Research Journal of Material Sciences

ISSN 2320-6055

Vol. 3(2), 1-8, June (2015)

interface and leave sites for other CO and O, gas molecules
adsorption.

Conclusions

i. The mixed ferrite of copper and zinc behaves as n-type
semiconductor. ii. There is a decrease in transition of structure
from tetragonal to cubic as the Zn content in the ferrite
increases. iii. The conduction at lower temperature is due to
hopping of electrons between Fe®* and Fe®* ions, whereas at
higher temperature due to polaron hopping. iv. Formation of
single phase spinel structure is confirmed at very low annealing
temperature from XRD data, where there is no secondary
phases. The particle size decreases with increasing Zn
concentration probably due to the reaction temperature and
time. v. The lattice size increase with increasing Zn content,
which is due to large ionic radii of zinc in comparison to copper
ions. vi. The increase in Zinc content increases particle size
thereby providing comparatively. Less surface area for the
catalytic activities, hence Zn,sCug7sFe,Oy is the best suitable
catalyst out of the fours.
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