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Abstract

Fe/CeO, nanoparticles (NPs) were synthesized by simple co-precipitation method Iron chloride hexahydrate
(FeCl3.6H,0) and cerium chloride (CeCl,-5H,0) as precursor in the presence of polyvinylpyrrolidone (PVP)
surfactant and ethylene glycol agent. The samples were characterized by high resolution transmission electron
microscopy (HRTEM), field emission scanning electron microscopy (FESEM), X-ray diffraction (XRD) and
electron dispersive spectroscopy (EDS) in different temperature. The XRD results showed that Fe-doped CeO;
was single-phased with a cubic structure. The particle size of as-prepared sample was in the range size of 15-
45 nm and annealed sample was around 22 nm in diameter at 800°C for 3 hours. The TEM studies showed the
17 nm squared-like shaped nanosized particles. EDS shows peaks of iron and cerium with less impurity in
prepared samples and Fe/Ce ratio was also decreased with increasing annealing temperature.
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Introduction

Metal oxide NPs are of great interest for researchers from a broad range of disciplines, including magnetic
fluids, data storage, catalysis, and bioapplications [1-28]. Nanostructured materials have reached significant
impact in practical applications due to general improvement of catalytic, electrical, optical and electrooptical
properties [29-36]. Technology of solid oxide fuel cells is currently the most relevant field where CeO; found
applications [37]. It was found that ferromagnetic and photocatalytic properties as well as grain growth
stabilization at higher temperatures can be significantly improved by doping CeO, nanocrystals with transition
metal elements such as Fe [38]. CeO. nanocrystals and their solid solutions that are substituted with Fe3* ions
have been prepared by various methods such as sol-gel [39], hydrothermal synthesis [40], conventional
mixed-oxide method [41] and ball-milling process [42]. Among them, the sol-gel method has been widely
used due to synthesis at low temperatures, the fabrication of homogeneous compounds with high purity, and
the easy control of the reaction conditions [17]. In this paper, FeCe magnetic nanocomposites were
synthesized using iron chloride and cerium chloride precursors in presence of PVP surfactant. Structural and
surface morphological properties are discussed by XRD, HRTEM, FESEM and EDS analyses.

Experimental detail

Iron-cerium NPs were synthesized by a simple synthesis according to the following manner. Firstly, 3.1 g
CeCl>-5H;0 and 3g PVP surfactant was dissolved in 50 mL pure water and then 3 g FeCl3.6H,0 was added to
the solution with stirring at room temperature. After 10 min, 20 mL ethylene glycol was slowly added to the
orange-colored solution and synthesis temperature was increased to 90°C. The color of solution changed from
milky color to red color by adding iron precursor. The pH=3 was maintained during the synthesis. The product
were evaporated for 2 hours, cooled to room temperature and finally calcined at 800 °C for 3 hours. All
analyses were done for samples without any washing and purification.

The specification of the size, structure and optical properties of the as-synthesis and annealed NPs were
carried out. X-ray diffractometer (XRD) was used to identify the crystalline phase and to estimate the
crystalline size. The XRD pattern were recorded with 28 in the range of 4-85° with type X-Pert Pro MPD, Cu-K¢:
A = 1.54 A. The morphology was characterized by field emission scanning electron microscopy (SEM) with type
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KYKY-EM3200, 25 kV and transmission electron microscopy (TEM) with type Zeiss EM-900, 80 kV. The Fe and
Ce elemental analysis of the samples was performed by energy dispersive spectroscopy (EDS) type VEGA, 15
kV. All the measurements were carried out at room temperature.

Result and discussion

XRD analysis was used to identify crystalline phases and to estimate the crystalline sizes. Figure 1 shows the
X-ray diffraction patterns of the powder after heat treatment at 800 °C for 3 hours. The exhibited peaks
correspond the cubic structure. The mean size of the ordered FeCe NPs has been estimated from full width at
half maximum (FWHM) and Debye-Sherrer formula as follows [43]:
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where, 0.89 is the shape factor, A is the x-ray wavelength, B is the line broadening at half the maximum
intensity (FWHM) in radians, and © is the Bragg angle. The mean size of as-prepared samples was around 17
nm from this Debye-Sherrer equation.
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Figure 1. XRD patterns of annealed FeCe samples

SEM analysis was used for the morphological study of NPs of samples. With increasing temperature size of the
particles decreased from 30 nm to 22 nm. Figure 2(a) shows the SEM image of the as-prepared FeCe NPs
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prepared by this method. In this figure, the particles prepared with formation of clusters. Figure 2(b) shows the
SEM image of the annealed FeCe NPs at 800 °C for 3 hours. The particle size of as-prepared samples was
measured in the range size of 15-45 nm and crystallite size of annealed nanocrystals about 22 nm in diameter.
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Figure 2. SEM images of the (a) as-prepared (b) annealed FeCe NPs at 800 °C
The transmission electron microscopic (TEM) analysis was carried out to confirm the actual size of the particles,

their growth pattern and the distribution of the crystallites. Figure 3 shows the as-synthesized TEM image of
FeCe NPs with average diameter of 17 nm prepared by chemical reduction route.
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20 nm

Figure 3. TEM image of the as-prepared FeCe NPs

Figure 4 shows the size measurement of 100 randomly selected particles. By fitting it with a log normal curve
leads to a measured mean diameter of 17 nm with standard deviation of about
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Figure 4. Particle diameter histogram of as-prepared Fe-Ce NPs
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Energy dispersive spectroscopy (EDS) of FeCe samples prepared by wet synthesis is shown in Figure 5 which
confirms the existence of Fe and Ce with weight percent. EDS was used to analyze the chemical composition
of a material under SEM. EDS shows peaks of iron and cerium with fewer Bromide and sodium element for as-
prepared samples, according to our previous study [15]. The weight percent of C and N elements was
decreased by increasing temperature from room temperature to 800 °C. The samples were not washed and
purified to prevent oxidation. It can be seen that the Fe/Ce ratio is 0.68 and 0.15 for as-prepared and annealed
one respectively. It is realized that the Fe diffused into the CeO, matrix are decreased by increasing annealing
temperature because of atomic interaction.
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Conclusion

Fe-doped ceria NPs have been successfully synthesized using iron chloride and cerium chloride in the
presence of CTAB surfactant. XRD spectrum shows cubic structure of the samples. From SEM images, it is clear
that with increasing temperature the size of the NPs decreased with less agglomeration. TEM image exhibits
that the as-synthesized FeCe NPs with an average diameter about 17 nm with good uniformity. The EDS
spectrum showed peaks of iron and cerium with less impurity and Fe/Ce ratio was also decreased with
increasing annealing temperature.

References

[1] Akhtari, F,; Zorriasatein, S.; Farahmandjou, M,; Elahi, S. M., Structural, optical, thermoelectrical, and magnetic
study of Zni14CoxO (0 < x < 0.10) nanocrystals. Int. J. Appl. Ceram. Technol 2018, 15, 723-733. DOL
10.1111/ ijac.12848.

[2] Akhtari, F.; Zorriasatein, S.; Farahmandjou, M.; Elahi, S. M., Synthesis and optical properties of Co?*-doped
ZnO Network prepared by new precursors. Mater. Res. Express. 2018, 5, 065015-065024,
DOI:10.1088/2053-1591/aac6f1.

[31 M Farahmandjou, N Golabiyan, “Solution combustion preparation of nano-Al,Os: synthesis and
characterization”, Transp. Phenom. Nano. Micro. Scales., 3 (2015) 100-105.

104


https://doi.org/10.1111/
https://doi.org/10.1111/
javascript:void(0)
javascript:void(0)

To Physics Journal Vol 3 (2019) ISSN: 2581-7396 http://www.purkh.com/index.php/tophy

[4] Farahmandjou, M., Synthesis of ITO Nanoparticles Prepared by Degradation of Sulfide Method. Chin. Phys.
Lett. 2012, 29, 077306-077309, DOIL: 10.1088/0256-307X/29/7/077306.

[5] Farahmandjou, M.; Golabiyan, N., Synthesis and characterization of Alumina (Al,O3) nanoparticles prepared
by simple sol-gel method. Int. J. Bio-Inorg. Hybr. Nanomater. 2016, 5, 73-77.

[6] Jurablu, S.; Farahmandjou, M.; Firoozabadi, T. P., Multiple-layered structure of obelisk-shaped crystalline
nano-ZnO prepared by sol—gel route. J. Theoretical. Appl. Phys. 2015, 9, 261-266. DOI: 10.1007/s40094-
015-0184-6.

[7] Zarinkamar, M.; Farahmandjou, M.; Firoozabadi, T. P., Diethylene Glycol-Mediated Synthesis of Nano-Sized
Ceria (CeO,) Catalyst. J. Nanostruct. 2016, 6, 114-118, DOI: 10.7508/jns.2016.02.002.

[8] Farahmandjou, M.; Khalili, P., Morphology Study of anatase nano-TiO; for Self-cleaning Coating. Int. J. Fund.
Phys. Sci. 2013, 3, 54-56, DOIL: 10.14331/ijfps.2013.330055.

[9] M., Ramazani, Farahmandjou, M. Firoozabadi, T.P, “Fabrication and Characterization of Rutile TiO;
Nanocrystals by Water Soluble Precursor”, Phys. Chem. Res. 2015 3, 293-298, DOL
10.22036/pcr.2015.10641.

[10] Khoshnevisan, B.; Marami, M. B.; Farahmandjou, M., Fe3*-Doped Anatase TiO, Study Prepared by New Sol-
Gel Precursors. Chin. Phys. Lett. 2018, 35, 027501-027505. DOL:10.1088/0256-307X/35/2/027501.

[11] Khoshnevisan, B.; Marami, M. B.; Farahmandjou, M., Solgel Synthesis of Fe-doped TiO, Nanocrystals. J.
electron. Mater. 2018, 47, 3741-3749. DOIL 10.1007/s11664-018-6234-5.

[12] Jafari, A,; Khademi, S.; Farahmandjou, M., Nano-crystalline Ce-doped TiO, Powders: Sol-gel Synthesis and
Optoelectronic Properties. Mater. Res. Express. 2018, 5, 095008, DOI:10.1088/2053-1591/aad5b5.

[13] Farahmandjou, M.; Khalili, P., Study of Nano SiO,/TiO, Superhydrophobic Self-Cleaning Surface Produced
by Sol-Gel. Aust. J. Basic. Appl. Sci. 2013, 7, 462-465.

[14] Jurablu, S.; Farahmandjou, M.; Firoozabadi, T. P., Sol-gel synthesis of zinc oxide (ZnO) nanoparticles: study
of structural and optical properties. J. Sci. Islamic Republic of Iran. 2015, 26, 281-285.

[15] Farahmandjou, M.; Dastpak, M., Fe-Loaded CeO; Nanosized Prepared by Simple Co-Precipitation Route.
Phys. Chem. Res. 2018, 6, 713-720. DOI: 10.22036/pcr.2018.132220.1486.

[16] Farahamndjou, M., The study of electro-optical properties of nanocomposite ITO thin films prepared by e-
beam evaporation. Rev. mex. Fis. 2013, 59, 205-207.

[17] Dastpak, M.; Farahmandjou, M.; Firoozabadi, T. P., Synthesis and preparation of magnetic Fe-doped CeO;
nanoparticles prepared by simple sol-gel method. J. Supercond Nov. Magn. 2016, 29, 2925-2929. DQOIL:
10.1007/s10948-016-3639-3.

[18] S Motaghi and M Farahmandjou, “Structural and optoelectronic properties of Ce-Al,Os nanoparticles
prepared by sol-gel precursors”, Material Research Express 6 (4), (2019) 045008. Doi: 10.1088/2053-
1591/aaf927

[19] M. Zarinkamar, M. Farahmandjou, T.P. Firoozabadi, “One-step synthesis of ceria (CeO;) nano-spheres by a
simple wet chemical method”, J. Ceram. Proc, Res. 17 (2016) 166-169.

105


https://link.springer.com/journal/40094
http://dx.doi.org/10.22036/pcr.2015.10641
https://doi.org/10.1088/0256-307X/35/2/027501
https://doi.org/10.1007/s11664-018-6234-5
https://doi.org/10.1088/2053-1591/aad5b5
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://doi.org/10.1088/2053-1591/aaf927
https://doi.org/10.1088/2053-1591/aaf927
javascript:void(0)
javascript:void(0)

To Physics Journal Vol 3 (2019) ISSN: 2581-7396 http://www.purkh.com/index.php/tophy

[20] S. Motaghi, M. Farahmandjou, “Structural and optoelectronic properties of Ce-Al,Os nanoparticles
prepared by sol-gel precursors”, Mater. Res. Express, 6 (2019) 045008, https://doi.org/10.1088/2053-
1591/aaf927.

[21] S. Behrouzinia, D. Salehinia; K. Khorasani; M. Farahmandjou, “The continuous control of output power of a
CuBr laser by a pulsed external magnetic fiel” Optics Communications, 436 (2019) 143-
145,https://doi.org/10.1016/j.o0ptcom.2018.12.016.

[22] M. Farahmandjou, S. Motaghi, “Sol-gel Synthesis of Ce-doped o-Al203: Study of Crystal and
Optoelectronic Properties”, Optics Communications, 441 (2019) 1-7,
https://doi.org/10.1016/j.o0ptcom.2019.02.029.

[23] A. Jafari, S. Khademi, M. Farahmandjou, A. Darudi, R. Rasuli, “Structural and optical properties of Ce3+-
doped TiO2 nanocrystals prepared by sol-gel precursors”, Journal of Electronic Materials, 2018, 47(11),
6901-6908, https://doi.org/10.1007/s11664-018-6590-1.

[24] A. Khodadadi, M. Farahmandjou and Mojtaba Yaghoubi, “Investigation on synthesis and characterization
of Fe-doped Al;O3 nanocrystals by new sol-gel precursors”, Mater. Res. Express 6 (2019) 025029.
https://doi.org/10.1088/2053-1591/aaef70

[25] A. Khodadadi, M. Farahmandjou, M. Yaghoubi, “Investigation on synthesis and characterization of Fe-
doped Al;O3 nanocrystals by new sol-gel precursors”, Mater. Res. Express 6 (2019) 025029,
https://doi.org/10.1088/2053-1591/aaef70.

[26] B. Khoshnevisan, M. B. Marami, M. Farahmandjou, “Fe3*-Doped Anatase TiO, Study Prepared by New Sol-
Gel Precursors”, Chin. Phys. Lett. 35 (2018) 027501-027505, https://doi.org/10.1088/0256-
307X/35/2/027501.

[27] M. B. Marami, M. Farahmandjou, B. Khoshnevisan, “Solgel Synthesis of Fe-doped TiO, Nanocrystals” J.
electron. Mater, 47(7) (2018) 3741-3748, https://doi.org/10.1007/s11664-018-6234-5.

[28] Farahmandjou, M.; Soflaee, F., Polymer-Mediated Synthesis of Iron Oxide (Fe2Os) Nanorods. Chin. J. Phys.
2015, 53, 080801-080809. DOI: 10.6122/CJP.20150413.

[29] Farahmandjou, M.; Soflaee, F., Synthesis and characterization of a-Fe,Os nanoparticles by simple co-
precipitation method. Phys. Chem. Res. 2015, 3, 193-198, DOI: 10.22036/pcr.2015.9193.

[30] Farahmandjou, M., Magnetocrystalline properties of Iron-Platinum (L10-FePt) nanoparticles through phase
transition. Iran. J. Phys. Res. 2016, 16, 1-5, DOL 10.18869/acadpub.ijpr.16.1.1.

[31] Shadrokh, S.; Farahmandjou, M.; Firozabadi, T. P., Fabrication and Characterization of Nanoporous Co
Oxide (Co304) Prepared by Simple Sol-gel Synthesis. Phys. Chem. Res. 2016, 4, 153-160, DOL
10.22036/pcr.2016.129009.

[32] Farahmandjou, M.; Honarbakhsha, S.; Behrouziniab, S., PVP-Assisted Synthesis of Cobalt Ferrite (CoFe;04)
Nanorods. Phys. Chem. Res. 2016, 4, 655-662, DOI: 10.22036/pcr.2016.16702.

[33] Farahmandjou, M., Synthesis and Structural Study of L10- FePt nanoparticles. Turk. J. Engin. Environ. Sci.
2010, 34, 265-270. DOIL 10.3906/muh-1010-20.

[34] Farahmandjou, M.; Honarbakhsh, S.; Behrouzinia, S., FeCo Nanorods Preparation Using New Chemical
Synthesis. J. Supercond. Nov. Magn., 31(12) 2018, 4147-4152, Doi: 10.1007/s10948-018-4659-y.

106


https://doi.org/10.1088/2053-1591/aaf927
https://doi.org/10.1088/2053-1591/aaf927
https://doi.org/10.1016/j.optcom.2018.12.016
https://doi.org/10.1016/j.optcom.2019.02.029
https://link.springer.com/journal/11664/47/11/page/1
https://doi.org/10.1007/s11664-018-6590-1
https://doi.org/10.1088/2053-1591/aaef70
https://doi.org/10.1088/2053-1591/aaef70
https://doi.org/10.1088/0256-307X/35/2/027501
https://doi.org/10.1088/0256-307X/35/2/027501
https://doi.org/10.1007/s11664-018-6234-5
https://ijpr.iut.ac.ir/search.php?sid=1&slc_lang=en&auth=Farahmandjou
https://ijpr.iut.ac.ir/article-1-2040-en.pdf
https://ijpr.iut.ac.ir/article-1-2040-en.pdf
http://dx.doi.org/10.18869/acadpub.ijpr.16.1.1
https://link.springer.com/content/pdf/10.1007/s10948-018-4659-y.pdf
https://link.springer.com/content/pdf/10.1007/s10948-018-4659-y.pdf

To Physics Journal Vol 3 (2019) ISSN: 2581-7396 http://www.purkh.com/index.php/tophy

[35] M. Farahmandjou, “Effect of oleic acid and oleylamine surfactants on the size of FePt nanoparticles”, J.
supercond. Nov. magn. 25 (2012) 2075-2079, doi: 10.1007/s10948-012-1586-1.

[36] S.A. Sebt, SS Parhizgar, M. Farahmandjou, P. Aberomand, M. Akhavan, “The role of ligands in the synthesis
of FePt nanoparticles, “Journal of superconductivity and novel magnetism 22 (2009) 849,
https://doi.org/10.1007/s10948-009-0509-2.

[37] Steele BCH. Appraisal of Ce1-yGd,O;-,,» electrolytes for IT-SOFC operation at 500°C. Solid State Ionics 129:
95-110 (2000). https://doi.org/10.1016/S0167-2738(99)00319-7

[38] Bao H., Chen X, Fang J., Jiang Z. and Huang W. Structure-activity relation of Fe;Os—CeO, composite
catalysts in CO oxidation. Catal. Lett. 125: 160-167 (2008). https://doi.org/10.1007/s10562-008-9540-3.

[39] Tessier F., Chevré F., Munoz F., Merrdignac Conanec O., Marchand R., Bouchard M. and Colbeau Justin C.
Powder preparation and UV absorption properties of selected compositions in the CeO-Y,03 system. J.
Solid State Chem. 181: 1204-1212 (2008). https://doi.org/10.1016/j.jssc.2008.02.034

[40] Higashi K., Sonoda K., Ono H., Sameshima S. and Hirata Y. Characterization of Rare-Earth-Doped Ceria
Powders Derived from Oxalate Coprecipitate. Key Eng. Mater. 25: 159-160 (1999). DOIL
10.4028/www.scientific.net/KEM.159-160.25

[41] Zhang T., Hing P., Huang H. and Kilner J. Densification, microstructure and grain growth in the CeO2-Fe2
O3 system (0gFe/Ce<20%)., J. Eur. Ceram. Soc. 21: 2221-2228 (2001). DOL 10.1016/S0955-
2219(00)00342-3

[42] Zhang TS., Ma J., Kong LB., Zeng ZQ., Hing P. and Kilner JA. Final-stage sintering behavior of Fe-doped
CeO2. Mater. Sci. Eng. B 103: 177-183 (2003). https://doi.org/10.1016/50921-5107(03)00198-3

[43] Scherrer, P. Bestimmung der Grosse und der Inneren Struktur von Kolloidteilchen Mittels Rontgenstrahlen,

Nachrichten von der Gesellschaft der Wissenschaften, Gottingen.Mathematisch-Physikalische Klasse 2: 98-
100 (1918).

107


javascript:void(0)
javascript:void(0)
javascript:void(0)
https://doi.org/10.1007/s10948-009-0509-2
https://www.sciencedirect.com/science/article/pii/S0167273899003197
https://doi.org/10.1016/S0167-2738(99)00319-7
https://www.sciencedirect.com/science/article/pii/S0022459608001163
https://doi.org/10.1016/j.jssc.2008.02.034
https://www.sciencedirect.com/science/article/pii/S0921510703001983
https://www.sciencedirect.com/science/article/pii/S0921510703001983
https://doi.org/10.1016/S0921-5107(03)00198-3

