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INTRODUCTION

In the field of material science, development of nano-
materials is the main interest currently pursued intensively
since nanomaterial has been proved to posses beneficial
characteristics compared to the material with larger particle
size, such as higher homogeneity and larger surface area which
increase the availability of the active sites. Due to superior
performance, many nanomaterials have been developed and
applied in wide range of applications, such as catalysts'?,
sensors®, soft magnetic materials’®, microwave absorbers”*,
colour imaging”'® and inductors'""2.

In recognition of important roles of nanomaterial, a large
number of researches has been devoted and focused on two
main aspects, e.g. development of synthetic method and
development of various materials which satisfy the continuous
growing of utilization. Currently, several methods for prepa-
ration of nanomaterial exist, including co-precipitation'*', sol-
gel'>'® soft mechano-chemical'’, hydrothermal'®' and
precipitation®*'.

Among the methods mentioned above, sol-gel technique
is the most widely applied since this method is acknowledged
to offer several advantages in terms of the processing and the
characteristics of the product resulted. Sol-gel process can be
carried out at ambient temperature using simple apparatus. In
addition, since the sol-gel method involves dissolved substrates,
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NiCoFe, O, nanomaterials (with x = 0.1-0.3) have been prepared using a combination method of sol-gel and freeze-drying. Preparation |
of material was carried out by dissolving nitrate salts of iron, nickel and cobalt in egg white solution and then the sample was stirred |
throughly using magnetic stirrer. The sample was subjected to calcination treatment and subsequently characterized using the techniques
of X-ray diffraction for both qualitative and quantitative analysis such as Rietveld and Debye-Scherrer methods, infrared spectroscopy |
and scanning electron microscopy. The results of X-ray diffraction characterization indicated that the catalysts consist of various crystalline |
phases, with NiFe,O, superimposed to CoFe,O, is a major phase. FTIR analysis confirmed the existence of both Lewis acid and Brgnsted- |
Lowry acid sites. The sample was found to display relatively surface morphology and according to the scanning electron microscopy data |
and Scherrer equation, the particle size of the material is in nano scale, 15-46 nm. |
|

Keywords: Nanomaterial, Sol-gel and freeze-drying, Bronsted-Lowry and Lewis acid sites.

the mixing of the substrate in atomic or molecular level can
be achieved, resulted in very homogeneous product.

Some researchers have reported succesfull preparation of
nanomaterials belong to ferrites compounds using different
methods. Derakshi ef al."* reported application of co-precipi-
tation method to synthesize ferrites material with the particle
size of 32 nm. In another study'?, it was reported that ferrites
material with the particle size of 45 nm was obtained using
sol-gel method, followed by sintering treatment at temperature
range of 900-1200 °C, while Lazarevic et al."” applied soft
mechanochemical method to obtain ferrites material with
particle size of 40 nm.

Recently, global consideration on green chemistry, the
material researchers have changed their ideas to use all
chemicals on preparing material stuffs which is both amenable
to environment and economically reasonable products without
diminishing its characteristics***’. Maensiri et al.” have been
able to obtain nano-particle of NiFe,O, spinel using ovalbumin
solution as non-toxic and economical chemical even the particle
size still varied in the range of 60-600 nm. Another study on
preparing CeO, using egg-white solution, Maensiri et al.”* was
able to synthesize plate like clusters of CeO, which has the
particle size of 6-30 nm in diameter”. Other researchers**
have also been able to obtain nanomaterial by using freeze-
drying method due to evaporating its solvent without destruc-
ting the formed network.
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In this paper, we report our result in order to obtain nano-
catalysts of NiFe,Co,O4 (x = 0.1-0.3) using freshly egg white
solution as capping agent and freeze-drying due to both elimi-
nating its solvent and preventing the precursors' network
formed and also to inform the effect of Ni/Co ratio on its charac-
teristics.

EXPERIMENTAL

Catalysts preparation: Solid NiCo,Fe, O, was prepared
by dissolving solution of Fe(NO;);-9H,0, Co(NOs);-6H,0 and
Ni(NO;);-6H,0, respectively in 100 mL egg white solution.
Then, these solutions (by Fe/Co ratio variation, x = 0.1 to 0.3)
were mixed and stirred, until homogenous solution is obtained
and then freeze-dried. Furthermore, the precursor was calcined
at 600 °C for 6 h (increased by 2 °C min™).

Catalysts characterizations: A small amount of catalyst's
sample (50-100 mg) was prepared and put it on sample
holder. X-rays power diffraction pattern of NiCo,Fe,..O, were
recorded from 20 = 10 to 90° on a Philips diffractometer Model
PW 1710 using CuK, radiation at a step 0.02° per second.
Diffractogram then analyzed qualitatively by comparing to
ICCD-JCPD files and quantitatively by using Rietveld
method”. Particle sizes is also determined using Debye-Scherrer
method”.

Scanning electron microscopy analysis: 0.1 g of catalyst's
sample is put on sample holder containing Cu sticking tape,
then sample is coated by thin layer of gold or other conducting
materials®™*.

Acid sites analysis of catalyst: After heating on 120 °C,
sample is inserted in vaccum®. Then, liquid pyridine is
fluidized into crucible located inside of vaccumized dessicator.
After contacting for 24 h, catalyst's sample is taken out from
dessicator and allowed on air for 2 h. Finally, a small amount
of sample is mixed to KBr powder (sample/KBr ratio = 1/9)
and is ready to analyze by putting it on quartz cell of FTIR
spectroscopy’'2.

RESULTS AND DISCUSSION

Acidity analysis: In this study, Fourier transform infrared
(FTIR) spectroscopy was applied to identify the functional
groups present in the sample. With the main interest is the
existence of Brgnsted-Lowry and Lewis acid sites, since the
acidity is acknowledged as a prime characteristic which
determines the performance of a material, for example the
catalytic activity. The application of this spectroscopic tech-
nique in this study and interpretation of the spectra produced
were based on similar studies on various catalyst samples
reported by others*°. The FTIR spectra obtained for the three
samples investigated are presented in Fig. 1. The spectra are
practically similar in terms of the absorption bands, with only
some minor differences in the relative intensities of some
bands, depending on the composition of the sample. The band
at 3385.06, 3379.28 and 3373.49 cm™ of NiCoo, Fe; 04,
NiCoy,Fe, 30, and NiCoysFe; 70, materials respectively refers
to O-H stretching vibration which is usually happened at the
range of 3500-3200 cm™. It can be implied that wavenumber
of O-H stretching vibration shifted to the relatively lower band
with increasing Co-content. In finger print region, peaks appeared

at 586.36, 613.36 and 586.36 cm™' for NiCog,Fe; 0, NiCoq,
Fe 30, and NiCogsFe,;0, materials, respectively which is
indicating that stretching vibration of M <> O types such as
Co < O, Fe <> O and Ni <> O modes occured. Other peaks
represent bending vibration of M <> O types such as Co <> O,
Fe <> O and Ni <» O modes appeared at 563.21, 567.07 and
561.28 cm™ for NiCoy Fe; 90,4, NiCog,Fe; 0, and NiCoy s
Fe, ;04 materials, respectively'™***’, In general, stretching
vibration happened in a range of 613-580 and at 428-420 cm™
is catagorized as strong or weak stretching vibrations, respec-
tively®®. So, it can be stated that metal in NiCoFe,,O,
spinel structure is located on tetrahedral sites. The existence
of Brognsted-Lowry acid sites is displayed by the absorption
bands located both at 1469.75, 1473.61 and 1469.75 cm™ and
also at 1421.53, 1436.96 and 1421.53 cm™', for NiCoy 1Fe; 904,
NiCoy,Fe, 30, and NiCoysFe, 0, materials, respectively. While
the existence of Lewis acid site is displayed by the absorption
bands located both at 1616.34, 1608.63 and 1612.49 cm™ and
also at 1516.05, 1527.62 and 1521.83 cm™ 33,39. Based on
the relative intensities of the bands and wavelength locations,
it can be inferred that the Lewis acid sites is more prominent
than Bronsted-Lowry acid sites. According to this acidity type,
it can be inferred that the samples investigated are suitable for
process requiring both Lewis and Brgnsted-Lowry acid sites,
such as dehydrogenation, Fischer-Tropsch, deNO; and other
catalytic reactions®.

)| ! - ! =
® N NG
N VoA

JEEAYA

4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumbers (cm ™)

Fig. 1. FTIR spectra of pyridine absorbed on three samples with different
compositions investigated in this study, (a) NiCoo,Fe; 40,4, (b)
NiCog,Fe; 504, and (c) NiCogsFe; ;04

Characterization using scanning electron microscopy
analysis: It is well acknowledged that surface characteristic is
an important factor to determine the performance of solid
material in the process involving the surface, such as catalytic
reaction. In this respect, the samples investigated in this study
were characterized using scanning electron microscopy analysis
technique and the scanning electron microscopy analysis
images obtained are shown in Fig. 2.

As can be seen from Fig. 2, SEM images demonstrated
that the surface morphology of the samples are quite different,
suggesting the effect of composition. In micrograph (a) shows
that the NiFe, yCo, 0. sample has an intact structure, marked
by contiguous and smooth surface and also has a cubic structure
(Fig. 2a). These cubic structures were well distributed. So it
can be said the cubic grains were homogeneous formed. The
other samples, NiFe, sCo,,0, and NiFe, 7C0,304, on the other
hands, display disrupted surface structure, transforming the
surface into porous structure characterized by the existence
spherical grains and having agglomeration in to some extent.
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Fig. 2. SEM images of NiFe,Co,O4 samples investigated; (a) x = 0.1, (b) x = 0.2, and (¢) x = 0.3

A porous structure increases the surface area accessible to acid
sites of material, leading to increased probability of acid-base
reaction occured. It is then expected that freeze-drying will
facilitate the formation of porous structures. Since micrographs
of those samples display cubic grains which are minimal con-
sisted of a couple cubic particle so it is hard to measure and
determine definitely its particle size using scanning electron
microscopy. Furthermore, the particle size of NiFe, Co,Os is
determined by using Debye-Scherrer equation to difractogram-
data representing the main peak of spinel structure®.

X-Ray diffraction analysis: To investigate the crystalline
nature of the samples, the X-ray characterization was carried
out and identification of the peaks in diffractograms was carried
out qualitatively by comparing the diffraction lines of the
samples with those in standard from The powder diffraction
files*. X-ray diffraction analysis showed that the major phase
obtained for the sample isspinel NiFe,O4(PDF-10-0325) and
spinel CoFe,O4(PDF-22-1086). The X-ray diffractograms for
the samples, together with some standards related to the pre-
dicted phases of the samples are presented in Fig. 3.

Fig. 3 showed that the diffractograms are practically similar,
suggesting that the composition has no effect on the crysta-
llinity of the samples. The main phases observed are NiFe,O,
and CoFe,0,. However, other crystalline phases are also
identified, in such as NiO (JCPD file no. 47-1049) and Ni,O;
(JCPD file no. 14-0481) as minor phases. Furthermore, it has
to be noted that crystalline phases of NiFe,O, and CoFe,O,
have a similar spinel crystal structure and its peaks is a slightly

NiFel1.7C00.304

NiFel1.8C00.204

NiFe1.9C00.104
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Fig. 3. X-Ray diffractograms of the samples: (a) NiFe;4C00,04, (b)
NiFC[ gCO()_zO4 and (C) NiFC]_7C00 304, with references of NiFCzO4
and CoFe,O4 (*), Ni>Os(+) and NiO (o) data

different. So it can be implied that both spinel crystalline phase
structures are superimposed.

Furthermore, quantitative analysis of NiFe,.«CoO4 (x =
0.1-0.3) materials using Rietveld method*® as shown in Fig. 4,
showed that spinel stucture of MM,Fe,O4 (M, = Ni and M, =
Coy) is formed with different weight percentage of its
crystalline phase obtained and unit cell parameters as shown
in Table-1. It can be implied that the relative crystalline phase
composition (wt. %) of the sample is affected by the increasing
of cobalt content.

However, the maximum crystalline phase of the spinel
structure formed was happened on Co/Ni ratio of 0.25. It means
that Co - addition into NiFe,O, spinel type due to the formation
of NiCo,Fe, O, (A'A’B,0, - type) spinel structure is limited

TABLE-1
RIETVELD REFINEMENT RESULTS OF NiFe, ,Co,0,(x = 0.1-0.3)
. Unit cell parameter Crystal Weight (%)
No. NiFe, ,Co,0, a( Iﬂ\) b( Iﬂ\) o« A) V( 10\3) X2 system NiFez,xC 0,0,
1 NiFe, ,Co,,0, 8.354 8.354 8.354 583.02 0.765 Cubic 67.4
NiFe, Co,,0, 8.354 8.354 8.354 583.03 0.847 Cubic 74.7
3 NiFe, ,C0y;0, 8,349 8,349 8,349 582.11 0.699 Cubic 63.3
TABLE-2
PARTICLE SIZE CALCULATION USING DEBYE-SCHERRER EQUATION
Catalyst 26 (°) hkl FWHM (B), radian Size of particle (D) (nm)
NiFe, ,Co,,0, 35.5 311 0.00326 44.8
NiFe, ¢Co,,0, 35.2 311 0.00605 24.1
NiFe, ;Co,;0, 35.46 311 0.00942 15.5
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Fig. 4. Result quantitative analysis of NiFe,,Co0,04 (y = 0.1-0.3)
diffractograms fitted using Rietveld method. The observed data are
shown by the (+) red sign, and the calculated data is shown by a
solid green line. The purple line (below) is the difference profile
between observed and calculated data. The vertical lines (green
and red) refers to point series of hkl

by Co/Ni ratio in this condition of preparation. This fact is
clearly supported by its cell volume as shown in Table-2 and
its density which is 5.240, 5.130 and 5.663 g cm™, respectively.
Consequently, wt. % of other crystalline phases formed which
is oxides of nickel (Ni,O;) and NiO as a minor phases was
also varied.

The particle size of NiFe, ,Co,0, (x =0.1-0.3) was calcu-
lated from the full width at half maximum (FWHM) of the

representative peak which is a strongest reflection crystalline
phase of using the well-known Scherrer formula®:

D=k AP cos O

where D is the crystallite size (nm), k is a constant with a
range of 0.9-1.0, lis the X-ray wavelength of CuK, = 0.154
nm, B is the broadening of diffraction line measured at half
maximum intensity (radian) and q is the Bragg's angle in
degrees unit. The results are shown in Table-2.

Conclusion

Using egg white solution and freeze drying method is
convinient for the synthesis of nano sized Ni-Co ferrites. X-ray
diffraction pattern confirm that crystalline phase of spinel
Ni-Co ferrites is obtained as much as 75 % at 600 °C. Particle
sizes of 15-45 nm were obtained by using Debye-Scherrer
calculation. The grain of nano sized Ni-Co ferrites particles is
well distributed and homogeneous as confirmed by SEM
analyse. FTIR spectra showed that the obtained Ni-Co ferrites
materials have Brgnsted-Lowry and Lewis acid characteristics
as required to catalysis application. The Ni/Co content affected
the formation of crystalline phase of Ni-Co ferrites. Further-
more, this simple, relatively low temperature preparation and
environmentally friendly method is a good alternative to obtain
nano sized of spinel Ni-Co ferrites.
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