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Abstract

The Cd.Fe2 SO4 nanocrystalline synthesized by the Co-precipitation techniques
based on different in initial molar concentration (pHsuspension). The structural and
magnetic properties of the products were determined and characterized in detail by X-
ray diffraction (XRD), High Resolution scanning Electron Microscope (HR-SEM),
Fourier Transform Infrared (FTIR) and vibrating sample magnetometer (VSM). The
results suggest the grain size in the range of 7.8:22.4 nm as the calcination
temperature increases from 405 to 650°C respectively with different in initial molar
concentration (pH suspension) for all techniques. X-ray analysis showed that the
samples were cubic spinel structural ( kind of inverse spinel oxide). The crystallinity
is improved with the increases calcination temperature for all techniques and that
proved by the FT-IR and XRD results and compound purity fabricated. HR-SEM
analysis showed that nanoparticles size and the shape based on the initial molar
concentration (pH suspension) and the calcination temperatures and also indicates
that degree of agglomeration for all samples. VSM analysis showed that all the
coercivity values were low enough to emphasize that the ferrite was a soft ferrite or
super-paramagnetic behavior for most samples. Magnetic nanoparticles with smaller
particle size (14 nm), compared to those prepared (22 nm) using sodium hydroxide
precipitating agent. In addition, we found that the saturation magnetite nanoparticles
was influenced by the obtained particle size. The determined saturation magnetization
of the generated magnetite nanoparticles was found to be ca.61.3, 65.1 emu/g for
those prepared using NaOH precipitating agents respectively. AFM showed surface
roughness of the nanoparticles.

Keywords: Magnetite nanoparticles; Calcination process; Co-precipitation method;
Cd Fe2S 04 Nanoparticles; Ferrite; Magnetic properties.
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1.Introduction

Ferrite types with chemical composition variance and the spinal crystal structure are
magnetic ceramics (such as Co ferrite, Zn ferrite and Co Zn ferrite) of great
importance in the manufacturing of insulators and electronic industrials. The physical,
chemical and magnetic properties of ferrite are depends on various parameters such

as processing conditions, calcination temperature and time as well as on their
chemical composition [1,2]. The properties of these materials mainly depend on their
shape, size, and structure, which are strongly determined by the fabrication processes

[3.4].

There are several different fabrication techniques used to produce ferrites such as sol—
gel, combustion methods, hydrothermal, mechano-chemical and refluxing, However
most of them cannot be economically applied on a large scale because they required
high vacuum system, complicated experimental steps and high reaction temperatures,
but co-precipitation method is considered to be economical technique for ferrite

production [5-13].

The aim of the present work is to the synthesis of Cd Fe2SO4 Nanoparticles are
prepared by Co-precipitation method for its manufactured. The structural and
magnetic properties of nano-crystalline cobalt zinc ferrite can be controlled by
adjusting the synthesis route in the initial mixtures. The synthesized nano- crystals
have been characterized by XRD, HR-SEM, AFM, vibrating sample magnetometer
(VSM) and FT-IR, provided below are the investigation details.

The cubic inverse spinel structure of Cd Fe2S04 is unique. It might be an N or P type
semiconductor. It has the minimum resistivity between iron oxides because its tiny
band gap (0.1eV) [3]. Because of the alternating Fe2+ and Fe3+ lattice interrupted by
oxygen atoms that allow for electrical interaction, magnetite is ferromagnetic [4].
Furthermore, surface alteration of magnetite nanoparticles can raise not only their
solvent stability, but also their interfacial features and avoid particle aggregation [5].
Magnetite nanoparticles have exclusive properties, including decent magnetic,

electric, great surface area, broad surface-to-volume ratio, and simple separation
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under an external magnetic field, catalytic, respectable chemical activity and

susceptibility to oxidation, bio compatibility and low toxicity properties [6].

2.Experimental Materials

Ferric sulfate (Fe2(SO4)3.5H20) and Cadmium sulfate (FeSO4.7H20) were
purchased from Alpha Chemika, India. Sodium hydroxide were acquired from
pharmaceutical chemicals company, In a typical co-precipitation method: 2.02 g of
ferric sulfate and 1.45 g of ferrous sulfate were dissolved in 75 mL distilled water
under magnetic stirring at temperature 40 °C until complete dissolution. To this,
sodium hydroxide solution was added dropwise under magnetic stirring until reaching
a value of pH from 7 to 10. The mixture was then cooled to room temperature. The
black precipitate (magnetite) was collected through centrifuging at rotation 3000 rpm.
The product was washed times with deionized water till reaching a value of pH 7 and
then dried for 8 hours in an electric oven at temperature 80 °C. At the same
circumstance, this procedure was repeated using ammonium hydroxide solution

(25 %) as a precipitation agent instead of sodium hydroxide.

3. Results and Discussion
3.1. X-ray diffraction
Figure 3.1,3.2&3.3 displays the XRD patterns of the Cd Fe2SO4 nanoparticles

synthesized by solutions of sodium hydroxide . The characteristic reflections of the
synthesized nanoparticles appeared at 20 values of 30°, 35°, 43°, 53°, 57°, and 62°,
crystalline lattice planes of (220), (311), (400), (422), (511), and (440), respectively,
which are in accordance to the JCPDS card No. 88-315 (14-16) . The crystal phase
structure of the Cd Fe2S0O4 is cubic and no characteristic peak of impurities are
detected. The average of the prepared magnetite nanoparticles; was estimated by
using Scherer’s equation and it was found to be 22 and 14 nm, respectively Where: D
is the mean size of the crystallite (nm), K is the shape factor of the crystallite
(dimensionless), A is the x wavelength (nm), B is the line broadening at half the
maximum intensity (FWHM) (radians), and diffraction angle (degrees). Interestingly,
the results revealed that both precipitating agents generated pure magnetite
nanoparticles; however, sodium hydroxide precipitating agent gave magnetite

nanoparticles with smaller crystallite size.
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Figure 3.1,2,3 XRD patterns of magnetite nanoparticle samples prepared by using
sodium hydroxide precipitating agents. The surface morphological structure of the as
magnetite nanoparticles were examined using the scanning electron microscopy
technique images of the magnetite products exhibited that both samples are composed
of spherical particles. However, the magnetite nanostructure product prepared using
sodium hydroxide precipitating agent was more homogenous and regular sphere

particles.
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3.2 Morphological studies of prepared sample

The surface morphological structure of the Cadmium ferrite nanoparticles were
examined using the scanning electron microscopy technique images of the magnetite
products exhibited that both samples are composed of spherical, cubic, and irregular
particles with an average particle size of 20 nm particles. However, the magnetite
nanostructure product prepared using sodium hydroxide precipitating agent was more
homogenous and regular sphere particles . While the magnetite is notable that the
magnetite nanoparticles synthesized using sodium hydroxide was more homogenous
and dispersed compared to those prepared using sodium hydroxide precipitating agent.
Consequently, NaOH opted as the optimum precipitating agent for our current

preparation method for magnetic ferrite nanoparticles.
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3.3. Optical studies

prepared samples with variable concentration of Cadmium ferrite nanoparticles
prepared samples with variable concentration of was studied by uv analysis and it is
found that the excitation spectra of prepared and shows broad excitation centred at
280 nm (near UV-blue region). The emission spectra with variable concentration
of show strong peaks at 380 nm (blue region). Spectrophotometric determinations of
peaks are evaluated . Using this absorption throughout the violet (302 nm) and intense

blue (300 nm) of the spectra were achieved. Efficient blue light emitting diodes (LEDs)
were fabricated using on near ultraviolet excited LED lights. Also useful for sensing

application such as biological and chemical sensing.
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The chemical structures of the as samples were identified by using FTIR range 4000
to 400 cm™' . The FTIR magnetite products are presented in Figure samples, it can be
seen that the broad characteristic at 3340 cm™ could be assigned to O of physically
adsorbed hydrogen bonded water molecule . Moreover, the spectra also revealed an
band at 1521 cm™! | which can also be correlated to the bending vibration of bonded
water molecules, the iron oxide lattice . The vibrational absorption bands535 cm™! and
656 cm’™! | are attributed to the stretching vibration modes of the Cd Fe-O bonds in
tetrahedral and respectively . The stretching band in ferrites with the frequency bands
near 554-568 cm™ and 415-432 cm! which refer to the tetrahedral and octahedral
clusters in ferrites form, FT-IR spectra of magnetite nanoparticle samples vibrational
absorption bands at 538 , are attributed to the stretching vibration O bonds in
tetrahedral and octahedral sites.

3.5 Magnetic properties

Fieit(G)
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Moment(mermu}
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3.5 VSM for 450,550,650°C.

Figure 3.5 shows the hysteresis loop for all samples. Table 1 lists different parameters
such as saturation magnetization (Ms), remanent magnetization (Mr), the ratio of
remanent magnetization to saturation magnetization (Mr/Ms) and coercivity. The
saturation magnetization for all samples by two techniques produced at 450 C,550
and 650 C where show that the saturation magnetization increases from

7.6503:155592 emu/g to 3.8978 :16.539 emu/g.
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This may due to replace ion on the tetrahedral A-sites, causing the decrease of
magnetic moment in the sublattice MA, resulting in the increase of total magnetic
moment according to Neel’s equation two sublattice model of ferrimagnetism, the
magnetic moment per formula unit in pB, nBN(x) is expressed as:

nBN(x) = MB (X) - MA (X)
Where MB and MA are the B- and A-sublattice magnetic moment in uB respectively.
Therefore, increase of calcination temperature for samples the saturation agnetization
increases. This may be because increase in the lattice parameter, the exchange
interaction between A and B sites gets higher resulting in strengthening of A-B
interaction and weakening of B-B interaction, which leads to increase of saturation
magnetization. There is positive relationship between grain size and coercivity He
in the single domain region according to equation:

Hgc=—-—hD2
where g and h are constants and ‘D’ is the diameter of the particle, this may be

because the thermal effects. But the multi domain region there is inverse relationship
between grain size and coercivity Hc according to equation:

ac=+bD,
where a and b are constants [22-24].

So, the coercivity reduction with increase in the initial molar concentration (pH
suspension) and the calcination temperature, which can be attributed to the reduce in
anisotropy field for all techniques, which in turn reduces the domain energy. These
refer to results which the coercively values reached in first technique from 166.09 to
9.992G .

3.6 AFM analysis

3.6.1 450°c
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3.6.3 650°C

AFM images of CdFe2SO4 are presented in Figure 3.6. 1,2,3. Based on these images,
nanoparticles below 100 nm were verified for these materials. Looking closer
CdFe2S04 presents smaller nanoparticles in a range of 20 to 50 nm, while the
consisted of domains higher than 50 nm. The smaller particles observed for the
particles could be due to the size-modulator effect of CDs .which could act as a
nanoreactor for ferrite synthesis, preventing the particles growing during the ferrite

synthesis (nucleation process).
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4. Conclusions
In the current work, CdFe2S0O4 nanoparticles were controllably prepared in great

yield by co-perception at relatively lower temperature using two precipitating Agent
NaOH . The results revealed that sodium hydroxide precipitating agent was the
optimum precipitating agent for obtaining magnetite nanoparticles with smaller
particle size and greater saturation magnetization value.

This preparation approach could shed light on synthesis of cadmium ferrite
nanoparticles with different particle sizes for different applications.

The conclusions can be drawn from study of Cd Fe2SO4 using precipitation
techniques as following:

 The crystallite size depend on the initial molar concentration (pH suspension) and
the calcination temperature, where the grain size for first technique in the range of of
8 nm to 22 nm when the calcination temperature increases from450 to 650°C
respectively.

* The crystallinity of Cd Fe2SO4 nanoparticles might be improved by increasing
calcination temperature but, the crystallinity better than at 650°C.

* HRSEM indicates a reliance of particle size and the shape on the initial molar
concentration (pH suspension) and the calcination temperatures. The particle size
increases but a nanoparticle has a higher agglomeration with the calcination
temperature increase.

* Hysteresis loop shows a reduction in corecivity with the initial molar concentration
(pH suspension) and the calcination temperature for all techniques to approximate
superparamagnetic behavior.

* All the coercivity values were low enough to emphasize that the ferrite was a soft
ferrite or super-paramagnetic behavior.

* All laboratory results reveal that the initial molar concentration (pH suspension) and
the calcination temperature play a major role to change its structural and magnetic

properties.

5. References
1. H. Kavas, M. Gilinay, A. Baykal, M.S. Toprak, H. Sozeri,B. Aktas, Negative

Permittivity of Polyaniline-Fe304Nanocomposite, Journal of Inorganic and

Organometallic Polymers and Materials, 23 (2013) 306-314.

PAGE NO : 234



Zhuzao/Foundry[ISSN:1001-4977] VOLUME 28 ISSUE 6

2. O. Lemine, K. Omri, B. Zhang, L. El Mir, M. Sajieddine,A. Alyamani, M.
Bououdina, Sol-gel synthesis of 8 nm magnetite (Fe304) nanoparticles and their
magnetic properties, Superlattices and Microstructures, 52 (2012) 793-799.

3 .C. Boxall, G. Kelsall, Z. Zhang, Photoelectrophoresis of colloidal iron oxides. Part
2. Magnetite (Fe304), Journal of the Chemical Society, Faraday Transactions, 92
(1996) 791-802.

4. S. Sun, H. Zeng, D.B. Robinson, S. Raoux, P.M. Rice, S.X. Wang, G. Li,
Monodisperse MFe204 (M= Fe, Co, Mn) nanoparticles, Journal of The American
Chemical Society, 126 (2004) 273-279.

5. D.R. Ingram, C. Kotsmar, K.Y. Yoon, S. Shao, C. Huh, S.L. Bryant, T.E. Milner,
K.P. Johnston, Superparamagnetic nanoclusters coated with oleic acid bilayers for
stabilization of emulsions of water and oil at low concentration, Journal of Colloid
and Interface Science, 351 (2010) 225-232.

6. N.A. Zubir, C. Yacou, J. Motuzas, X. Zhang, J.C.D. da Costa, Structural and
functional investigation of grapheme oxide Fe30O4 nanocomposites for the
heterogeneous Fenton-like reaction, Scientific Reports, 4 (2014) 1-8.

7.Z. Zhang, J. Kong, Novel magnetic Fe304@C nanoparticles as adsorbents for
removal of organic dyes from aqueous solution, Journal of Hazardous Materials,

193 (2011) 325-329.

8.J. Xu, J. Sun, Y. Wang, J. Sheng, F. Wang, M. Sun, Application of iron magnetic
nanoparticles in protein immobilization, Molecules, 19 (2014) 11465-11486.

9.M. Herlekar, S. Barve, R. Kumar, Plant-mediated greensynthesis of iron
nanoparticles, Journal of Nanoparticles, 2014 (2014)1-9.

10. S. Thomas, D. Sakthikumar, P. Joy, Y. Yoshida, M.Anantharaman, Optically
transparent magnetic nanocomposites based on encapsulated Fe304 nanoparticles in
a sol—gel silica network, Nanotechnology, 17 (2006) 5565.

11. Anderson RD, Griffy KG, Jung D, Door A, Hulse JD, et al. (1995) Ganciclovir
absolute bioavailability and steady-state pharmacokinetics after oral administration of
two 3000-mg/d dosing regimens in human immunodeficiency virus - and
cytomegalovirus - seropositive patients. ClinTher 17: 425-432.

12. Andrei G, Snoeck, Robert N, Johan S, Marit LM, et al. (2000) Antiviral activity

of ganciclovirelaidic acid ester against herpesviruses. AntiviralRes 45: 157-167.

PAGE NO : 235



Zhuzao/Foundry[ISSN:1001-4977] VOLUME 28 ISSUE 6

13. Li M, Si L, Pan H, Rabba AK, Yan F, Qiu J, et al. (2011) Excipients enhance
intestinal absorption of ganciclovir by P-gp inhibition: assessed in vitro by everted
gut sac and in situ by improved intestinal perfusion. Int J Pharm 403: 37-45.

14. Yu CY, Cao H, Zhang XC, Zhou FZ, Cheng SX, et al. (2009) Hybrid
nanospheres and vesicles based on pectin as drug carriers. Langmuir 25: 11720-
11726.

15. Cordova M, Cheng M, Trejo J, Johnson SJ, Willhite GP, et al. (2008) Delayed
HPAM gelation via transient sequestration of chromium in polyelectrolyte

complex nanoparticles. Macromol 41: 4398-4404.

16. Ye YJ, Wang Y, Lou KY, Chen YZ, Chen R, et al. (2015) The preparation,
characterization, and pharmacokinetic studies of chitosan nanoparticles loaded

with paclitaxel/dimethyl-B-cyclodextrin inclusion complexes. Int J Nanomed 10:

4309.

PAGE NO : 236



