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1. Introduction

ue to presence of unique properties ferrites
becomes a material of interest for the last few

recent years. Ferrites are noted to have potential
applications as storage for electronic, microwave for high
resistivity property and also for magnetic applications under
high frequency. Ferrites are also noted for application in
memory devices, telecommunication devices, ferrofluids,
transformer cores, recorders and others. In recent times,
spinel ferrites are also noted for applications in biomedical
devices, waste water treatment and catalysis of compounds.
*) Spinel ferrites can be three types normal spinel, inverse
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Nano domain Al substituted Zinc ferrite was prepared by chemical route
using Ethylene Diamine as ligand. High purity precursors nitrate salts of
Zinc, Fe(*™), AI(") were utilized along with citric acid which acts as both
fuel and complexing agent. Two different molar ratios of Zn(*"):(Fe'"):Al(*")
is 1:1.5:0.5 and 1:1.25:0.75. After ensuring proper mix of the solution
Ethylene diamine was added dropwise to form a gel like mass with proper
pH control. Before annealing, thermal analysis was carried to determine the
crystallization/phase transition zone. Drying was carried in several stages.
Initially, gel like mass was obtained after drying at 40°C while pH was
about 7. Drying of gel was carried in oil bath at about 90°C and powdered
mass obtained was grinded followed by auto combustion at 150°C for
60 minutes before annealing at 150°C, 350°C, 650°C, 950°C for 2 hours
to ensure the phase formation. Crystallite size, lattice strain and lattice
parameters were studied from XRD analysis.

spinel and random spinel ferrite type. Spinel in general
represented by AB,O, where A is divalent metal and B
trivalent metal ions respectively. A cations are having one
eight of the tetrahedral holes occupied while B cations are
having one half of octahedral holes occupied while A-O
coordination is tetrahedral one while B-O coordination
is octahedral one. The tetrahedral sites are occupied by
divalent metal cations like Mg”, Co™, Zn", Cd", Cu"”
while octahedral sites are occupied by trivalent cations
like Fe’*, Dy, AI’", Gd*", Eu’" and others. " In case of
inverse spinel, A site is occupied by trivalent cations and
B site is occupied by both divalent and trivalent cations. In
several cases of spinel ferrites, an intermediate degree of
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inversion among cation site distribution occurs. Due to such
inversion among cationic distribution both sites are found
to be occupied by both divalent and trivalent cations. Spinel
ferrites are ferrimagnetic ordering where magnetic moments
of A and B site cations are all aligned parallel to each other
leading to net magnetic moment. " Development of
magnetic tunability depend on selection of cations and their
distribution at A sites and B sites respectively. Since Zn"
and Fe" ions can be distributed over both A and B sites, Zinc
ferrite can be represented by (Zn, ;Fe;)[Zn;Fe, ;0,] where
portion occupied by round brackets indicate atom position
at A sites where as those occupied by square brackets as B
sites and O is called the inversion parameter. The inversion
parameter 6=0 for conventionally prepared spinel while the
value can reach upto 0.22 for as quenched samples. Nano
spinel zinc ferrite exhibits mixed spinel category where the
degree of inversion depends on the synthesis process. "
In recent years spinel based oxides are noted to be effective
for photocatalyst application specially in UV region. This
particular oxide is noted to have some advantage over metal
oxide semiconductors which are generally put to use for
such applications. A particular case is for Titania as catalyst
which is found to be difficult for removal from treated fluid
flow thus limiting the application in major scale. Moreover,
during catalysis reaction, small crystal size, high surface
area of titania undergo some agglomeration thus inhibiting
the application. Many industrial applications like alkylation
reactions, methylation reactions, CO, reduction, alcohol
decomposition, hydrogen peroxide decomposition and others
are noted to be carried effectively by using spinel ferrite as
potential catalyst. """ Various routes have been carried for
synthesis of ferrite nanoparticles like co-precipitation, sol-
gel, micro-emulsion, ball milling, PVP capping as agent for
synthesis, hydrothermal method and so on. '**!

In the present Al substituted Zinc ferrite was prepared
using Ethylene diamine as ligand. Negligible research
is carried till date on synthesis and characterization of
Al substituted Zinc ferrite using the ligand as a novel
chemical route via complexation reaction.

2. Experimental Method

In the present article AR grade high purity precursors of
Zinc ¥, AI’", Fe’" nitrates were utilized along with citric
acid. 2 molar ratios of Zn*":Fe’":Al'" having 1:1.5:0.5
and 1:1.25:0.75 were prepared while citric acid molar
ratio was equal to the total molar ratio of metal salts. Cit-
ric acid plays the dual role of fuel and complex forming
agent. Appropriate amount of nitrate salts were added to
the beaker along with optimum amount of distilled wa-
ter. By means of magnetic stirring saturated solution was
prepared and citric acid was added. Ethylene diamine was
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added dropwise into the resultant solution under stirring
conditions. With addition of ethylene diamine the solution
becomes highly viscous gel like mass at pH of about 7.
This transformation was carried at temperature of about
40°C. Gel was dried at 90°C in oil bath followed by grin-
ding of dried gel in agate mortar pestle for autocombus-
tion at 150°C for 60 minutes. Auto combustion reaction
results in flappy blackish brown mass and it was made to
undergo annealing at 150°C, 350°C, 650°C and 950°C
for 2 hours to obtain the desired phase. A part of sample
obtained after autocombustion was put for thermal analy-
sis by DSC-TGA (Perkin Elmer, Diamond Pyris) to study
crystallization/annealing zone. Phase analysis was carried
by XRD (Rigaku, Ultima III) followed by lattice parame-
ters and lattice strain calculation from XRD data.

3. Result and Discussion

3.1 Thermal Analysis
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Figure 1. DSC-TGA of gel sample after auto combustion
at 150°C having AI’* 0.5 molar ratio using Ethylene
diamine as ligand
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Figure 2. DSC-TGA of gel sample after auto combustion
at 150°C having AI’* 0.75 molar ratio using Ethylene
diamine as ligand

From DSC-TGA analysis it is evident that drastic
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weight loss occurs in two stages upto 200°C followed
by flat weight changes. For both samples 1 &2, initial
10% weight change is observed till 140°C while 50%
weight change is noted from 140 to 200°C with a sharp
exothermic reaction noted at about 180°C. Weight losses
are attributed to water of crystallization along with slight
combustion reaction indicated while slight weight change
is noted from 300°C to 400°C. The possible reaction at
about 180°C would be the decomposition of complexing
agent assisting the Al substituted Zinc ferrite formation.
For both samples decomposition of complex initiates at
about 150°C and stops at 200°C.

3.2 XRD Analysis
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Figure 3. XRD plot of x=0.5 Al molar ratio substituted
Zinc Ferrite at a) 150°C, b) 350°C, ¢) 650°C and d) 950°C
for 2 hours using EDA as ligand
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Figure 4. XRD plot of x=0.75 Al molar ratio substituted
Zinc Ferrite at a) 150°C, b) 350°C, ¢) 650°C and d) 950°C
for 2 hours using EDA as ligand
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XRD analysis (Figure 3 & 4) exhibits crystallographic
planes after annealing at 150°C, 350°C, 650°C and
950°C for 2 hours soaking period. At lower temperature
having fixed soaking period, peaks noted are broad
with humps indicating slight amorphous nature. With
increase in temperature peak intensity rises indicating
better crystallinity. Prominent peaks are noted along
(22), (311), (400), (511) and (440) planes which have
thermodynamic stability for growth. Crystallite size is
estimated using scherrers formula and got compared
with JCPDS card No 82-1048. Crystallite size is noted
to be about 8.31nm, 5.45nm, 13.21nm and 16.29nm for
x=0.5 mole AI’" substitution at 150°C, 350°C, 650°C
and 950°C for 2hours respectively. Increase in crystallite
size is due to enhanced diffusion of atoms across grain
boundaries due to thermal activation. All of the peaks got
indexed with ZnFe, 5 Al O, (Figure 3) and with ZnFe, ,;
Al 50, (Figure 4) in the temperature range of 150°C to
650°C for 2 hours soaking. In case of ZnFe, ; Al,O, at
higher temperature of 950°C minor amounts of Fe,O,
peaks are noted (peak indicated as 1,2,4,5) in Figure 3
while peak no 3 is for FeO as analyzed by XRD after
verifying with JCPDS data card of respective individual
elemental oxides of the synthesized compound. From
Figure 4 it is noted that for higher mole fraction of Al
substitution only Fe,0,is formed for 2 small peaks
(peak indicate as 16, 17) while no FeO is formed in this
case. Similar to the case of x=0.5 mole fraction of Al*’
substitution, substitution with x=0.75 mole fraction also
exhibits increase in crystallite size with temperature
for fixed soaking period of 2 hours respectively.
Crystallite size is noted to be about 6.33nm, 6.47nm,
10.50nm, 16.69nm for 150°C, 350°C, 650°C and 950°C
respectively. For both case, strong crystalline peaks
are noted with increase in temperature. Moreover, with
higher Al substitution (x=0.75) for the same Ethylene
diamine ligand having same soaking temperature and
soaking period higher purity of the compound is noted
in compare to lower Al substitution (x= 0.5). Using
Williamson hall analysis crystallite size is estimated to
be 3.38nm, 11.9nm, 20.8nm, 17.86nm for annecaling at
150°C, 350°C, 650°C, 950°C for 2 hours with 0.5 molar
AI’" substitution. In case of 0.75 molar AI’* substitutions
for similar temperature and soaking condition crystallite
size calculated using Williamson hall plot is observed
to be 4.85nm, 15.38nm, 25.64nm and 66.67nm

respectively.
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Figure 5. Plot of fCos8/A and Sin6/A for sample with x=0.5Al substitution using EDA as ligand at A) 150°C & B)

350°C for 2 hours
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Figure 6. Plot of fCos0/A and Sin6/A for sample with x=0.5Al substitution using EDA as ligand at A) 650°C & B)
950°C for 2 hours

It is observed from the plot of fCosB/A Vs Sin6/  These above plots indicate that the particle size does not
A (Figure 5 & Figure 6) values of R” is close to unity.

. . . . represent scatter in observation or in other words narrow
Thus the plot is close to linearity suggesting that the

particle size would be towards monodispersive nature.  particle size distribution is possible.
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Figure 7. Plot of BCos0/A and Sin6/A for sample with x=0.75A1 substitution using EDA as ligand at A) 150°C & B)
350°C for 2 hours
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Figure 8. Plot of fCos0/A and Sin6/A for sample with x=0.75A1 substitution using EDA as ligand at A) 650°C & B)
950°C for 2 hours

It is observed from the plot of BCos0/A Vs Sin8/A (Figure
7 & Figure 8) values of R” is close to unity but in one
case the deviation is far away from unity. Observations of
plot close to linearity suggest that the particle size would
be towards monodispersive nature. One major deviation
observed in linearity may be due to higher Al substitution
in Zinc ferrite and size difference between AI'* (0.53A) and
Fe'" (0.64A) ions. Higher proportion of AI’" substitution
may leads to prominent size distribution difference and
strain effect on the matrix of the compound.
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Figure 9. Variation of grain size Vs temperature for
ZnAlFe, ;O, using EDA as ligand along with comparison
of Scherrers and Williamson Hall data
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Figure 10. Variation of grain size Vs temperature
for ZnAlysFe, ,s0, using EDA as ligand along with
comparison of Scherrers and Williamson Hall data
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Both Figure 9 & Figure 10 exhibits variation of grain
size with temperature using EDA as ligand. Both higher
and lower substitution of AI'" exhibits almost same trend
for both Scherrer and Williamson hall plot. The nature of
graph is following the same trend which is noted for grain
size growth with increase in temperature due to enhanced
diffusion.
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Figure 11. Variation of lattice strain for ZnAlFe, ;O,
using EDA as ligand with temperature
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Figure 12. Variation of lattice strain for ZnAl;sFe, ,;0,

using EDA as ligand with temperature

Figure 11 & Figure 12 exhibits lattice strain variation
for both Al substituted (x=0.5) and (x=0.75) mole
fraction on Zn-ferrite matrix with annealing temperature
for fixed soaking period of 2 hours. For x =.5 mole Al
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substituted Zinc ferrite strain decreases with temperature
due to relaxation a general observation. But for x=0.75
mole Al substitution, lattice strain variation with
temperature is irregular type and compare to previous
case (Figure 7A) strain factor increases. The above result
is in correspondence to XRD phase formation and R’
value noted from PCos6/A and Sin6/A plot of samples
synthesized and analysed by XRD at various temperature.
The value of R” is quite regular with close to unity for
all case for x=0.5 mole Al substitution but for higher
substitution, the value is sporadic in one case while close
to unity for other cases. The exact values of lattice strain
for ZnAlFe, s0, is about 0.076, 0.036, 0.011 and 0.02
respectively with increase in annealing temperatures
150°C, 350°C, 650°C and 950°C finally. Similarly for
ZnAly;sFe, ,0, using EDA as ligand, lattice strain is
noted to be about 0.00815, 0.0465, 0.0388 and 0.0682
respectively with increase in annealing temperatures
150°C, 350°C, 650°C and 950°C.
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Figure 13. Variation of Lattice constant for ZnAlFe, ;O,
using EDA as ligand with temperature
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Figure 14. Variation of Lattice Constant for
ZnAlysFe, ,s0, using EDA as ligand with temperature

Figure 13 & 14 reveals the variation of lattice constant
for Al substituted Zinc ferrite (x=0.5, 0.75) using EDA as
ligand with similar temperature variation. For both case
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lattice constant variation is similar trend having constant
value throughout irrespective of AI’* substitution (x=0.5
mole fraction, x=0.75 mole fraction) noted to be around
8.40A. Actual values of lattice strain calculated from
BCosb/A and SinB/A, strain is calculated while d spacing is
noted from JCPDS along with planes of direction. Using
the formula from Braggs Law lattice constant is calculated
as d = aV(h? + K + I?) where a is the lattice constant
of the required crystal structure, h, k, I are the planes of
orientation. From calculations, it is noted that there is
minor reduction in lattice constant as AI’* get substituted
for Fe'" in the matrix of Zinc ferrite. Cationic radius of
Al =0.53A while that of Fe'" = 0.64A which indicates
clearly that substitution will leads to minor reduction in
lattice constant. The exact values of lattice constant for
x=0.5 mole AI’* substitution with fixed EDA as ligand
are noted as 8.37A, 8.34A and 8.35A for ascending order
of four different annealing temperatures. Similarly, for
x=0.75 mole AI’" substitution lattice parameters are noted
as 8.34A, 8.32A, 8.31A and 8.30A for ascending order of
four different annealing temperatures.

4. Conclusions

Al substituted Zinc ferrite having x=0.5, .75 molar ratio
of stoichometry ZnAlFe, O, is synthesized using Eth-
ylene diamine as ligand by complexation reaction at about
180°C followed by annealing 150°C, 350°C, 650°C and
950°C for 2 hours. Thermal analyses by DSC-TGA are
carried to determine the complexation reaction while the
crystallite size is estimated to be about 5.45 to 16.69nm
for all cases by Scherrers formula. From strain calculation,
plotting of sinfB/A and Bcos6/A indicate coefficient of re-
gression R” to be close to unity for most cases. In case of
0.5 molar fraction of AI'" substitution R” is close to unity
with negligible deviation and such is possible with particle
size having monodispersive nature. Similar observation
is observed for 0.75 mole AI’" substitution with only one
deviation in linearity at lower temperature of annealing.
Grain size is noted to be increasing with temperature for
both Scherrers and Williamson-Hall calculations for both
molar AI’* substitutions. Strain induced at lattice within
the matrix is found to be decreasing with increase in tem-
perature for both molar substitutions. Lattice constant is
found to be nearly constant for molar ratio variation of
0.5 and 0.75 at Fe site. In reality there is slight decrease in
lattice parameter since AI’* radius is smaller than Fe'" at B
site.
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