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Abstract  
 

The purpose of this study was to explore the impacts of different 

calcination conditions as a parameter on the structures of Iron-

Manganese oxide nanoparticles, which based on Al2O3 by using 

hydrothermal method. In present research different terms of times and 

high temperatures of calcination used to prepare the particles. The 

synthesized Nano-scale powder investigated by field-emission Scanning 

Electron Microscope (FESEM), X-Ray Diffraction (XRD) and Energy 

Depressive X-Ray (EDX or EDS). The observation showed the 

existence of various compound in samples such as Fe2O3, Fe3O4, 

MnFe2O4, Mn2O3, Mn3O4 and the crystals size was range between 20-

30 nanometers with spherical morphology.  Subsequently the results of 

surveys showed that the suitable time and temperature of calcination 

process to obtain the best structures of Fe-Mn magnetic nanoparticles in 

this research was in 1 hour and 700 ̊C.  
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Introduction 
Nano science is one of the most important research in modern science. Nanotechnology is beginning 

to allow scientists, engineers, chemists, and physicians to work at the molecular and cellular levels to 

produce important advances in the life sciences and health care[1-3]. Numerous chemical methods can 

be used to synthesize magnetic nanoparticles for medical imaging applications such as micro-

emulsions, sol-gel syntheses, hydrothermal reactions, flow injection syntheses, and electrospray 

syntheses. In present research we used hydrothermal method to obtain the Fe-Mn magnetic 

nanoparticles. Hydrothermal synthesis can be defined as a method of synthesis of single crystals that 

depends on the solubility of minerals in hot water under high pressure. The crystal growth is 

performed in an apparatus consisting of a steel pressure vessel called an autoclave, in which a nutrient 

is supplied along with water. The use of nanoparticle [NP] materials offers major advantages due to 

their unique size and physicochemical properties. Because of the widespread applications of magnetic 

nanoparticles [MNPs] in biotechnology, biomedical, material science, engineering, and environmental 

areas, much attention has been paid to the synthesis of different kinds of MNPs[4-5]. Industrial 

applications of magnetic nanoparticles cover a broad spectrum of magnetic recording media and 

biomedical applications, for example, magnetic resonance contrast media and therapeutic agents in 

cancer treatment. Magnetic nanoparticles are a class of nanoparticle that can be manipulated using 

magnetic fields. Such particles commonly consist of two components, a magnetic material, often iron, 

nickel , manganese, cobalt, and a chemical component that has functionality.  The magnetic 

nanoparticles have been the focus of much research recently because they possess attractive properties 

which could see potential use in catalysis including nanomaterial-based catalysts,[6] biomedicine [7] and 

tissue specific targeting,[8] magnetically tunable colloidal photonic crystals,[9] microfluidics,[10] 

magnetic resonance imaging,[11] magnetic particle imaging,[12] data storage,[13] environmental 

remediation,[14] Nano fluids,[15] and optical filters,[16] defect sensor  and cation sensors[17].  

 

Material and method 
The two precursors used in this experiment were Fe(NO3)3.9H2O, Mn(NO3)2.9H2O, Na2CO3, and  

Nano Al2O3 from Merck company. First of all the salt of  metals Fe(NO3)3.9H2O and Mn(NO3)2.4H2O 

solved an combined in hot distilled water on the stirrer and  Nano alumina slightly added  to solution 

contained the metals.  After dissolving the reactants the titration with Na2CO3  began  and the pH of 

solution controlled  by pH meter. Na2CO3 is a precipitating agent and used  to obtain  the basic pH 

upper than 9 to procurement of nano scale particles. The reaction time (aging time) of precursors was 

about 1 hour in 80˚C and occurred in the autoclave area in 90˚C. After that the material dried in the 

oven at about 90 minutes and 120˚C to eliminate the exist water in the sample. Finally, the calcination 

process administered and samples calcined in various calcination times and temperatures. Table 1 

determines the experiment conditions applied to preparation of these magnetic nanoparticles. The table 

provides the different conditions of calcination time and calcination temperatures, the particles size 

and the peak position of phases.  
 

samples Particle size Calcination Conditions Peak pos. 

 

B structure 

 crystals 

XRD 

nanoparticles 

FESEM 

temperature time 

A 36 nm 40nm 600◦C 1h 33.36 0.236 

B 37 nm 42nm 600◦C 2h 33.58 0.177 

C 38 nm 41nm 600◦C 3h 33.46 0.236 

D 36 nm 44nm 600◦C 4h 33.49 0.236 

E 24 nm 49nm 500◦C 1h 36.21 0.236 

F 51 nm 46nm 550◦C 1h 35.90 0.236 

G 41 nm 38nm 650◦C 1h 35.55 0.236 

H 37 nm 21nm 700◦C 1h 36.03 0.177 

Table1. experiment conditions 
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Results and discussion  
Different instruments and analysis used to characterize and investigate the properties (structure, size, 

morphology and phases) of prepared particles. The XRD patterns of all samples determined the 

existence of various phases such as Fe2O3, Fe3O4, MnFe2O4, Mn2O3, Mn3O4 and the average 

crystalline size of about 40 nm was obtained using Debye-scherrer formula. Also the structures of 

samples indicated in cubic and tetragonal form. Figure 1 shows the XRD pattern in one sample that 

denotes the high peak belongs to Fe2O3 phase in all samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Figure 2 pertains to EDS analysis of sample H that indicates the existence of expecteble elements as 

Fe, Mn, O and Al in different molcular weights with no impurities. FESEM analysis in figure 3 and 

figure 4 display the image of nanoparticles in two different conditions actully in constant time and 

constant temperature of calcination and uphold the forming of nano scale particles in the samples.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Fig1. XRD pattern of sample H 

 

Fig2 EDS analysis of sample H 
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Conclusion 
Iron-Manganese oxide magnetic nanoparticles which based on Al2O3 support were 
successfully synthesized with hydrothermal method in different times and temperatures of 
calcination conditions in the stove area to heat in high temperatures. Various experimental 
techniques including X-Ray Diffraction (XRD), Field-Emission Scanning Electron 
Microscope (FESEM) and Energy Dispersive X-Ray (EDX) were used to characterize and 
investigate the samples. The results indicated that the nanoparticles were completely formed 
in cubic and tetragonal structures and average crystal size obtained about 40nm by Debye-
scherrer formula. 
 
 
 
References 
[1] Tartaj P, Morales MDD, Veintemillas-Verdaguer S, Gonzalez-Carreno T, Serna CJ. The preparation of 

magnetic nanoparticles for applications in biomedicine. J Phys D: Appl Phys. 2003;36:R182–R197. doi: 

10.1088/0022-3727/36/13/202 

 

[2] Faraji M, Yamini Y, Rezaee M. Magnetic nanoparticles: synthesis, stabilization, functionalization, 

characterization and applications. J Iran Chem Soc. 2010;7(1):1–37. 

 

[3] Niemeyer CM. Angew Chem Int Ed. 2001. p. 4128. 

[4] Philips AP, van Bruggen MP, Pathmamanoharan C. The preparation of magnetite nanoparticles for 

biomedical. Langmuir. 1994;10:92. doi: 10.1021/la00013a014.  

 

[5] Garcell L, Morales MP, Andres-Verges M, Tartaj P, Serna CJ. a significant enhancement in the colloidal 

properties, such. J Colloid Interface Sci. 1998;205:470. doi: 10.1006/jcis.1998.5654. 

 

[6] A.-H. Lu; W. Schmidt; N. Matoussevitch; H. Bönnemann; B. Spliethoff; B. Tesche; E. Bill; W. Kiefer; F. 

Schüth (August 2004). "Nanoengineering of a Magnetically Separable Hydrogenation Catalyst". Angewandte 

Chemie International Edition. 43 (33): 4303–4306.  

 

[7] A. K. Gupta; M. Gupta (June 2005). "Synthesis and surface engineering of iron oxide nanoparticles for 

biomedical applications". Biomaterials. 26 (18): 3995–4021.  

 

Fig3. FESEM analysis of sample C Fig4. FESEM analysis of sample H 

Archive of SID

www.SID.ir

http://www.sid.ir


 

727 

 

 

[8] Ramaswamy, B; Kulkarni, SD; Villar, PS; Smith, RS; Eberly, C; Araneda, RC; Depireux, DA; Shapiro, B 

(24 June 2015). "Movement of magnetic nanoparticles in brain tissue: mechanisms and safety.". Nanomedicine: 

Nanotechnology, Biology and Medicine. 11: 1821–9..  

 

[9] He, Le; Wang, Mingsheng; Ge, Jianping; Yin, Yadong (18 September 2012). "Magnetic Assembly Route to 

Colloidal Responsive Photonic Nanostructures". Accounts of Chemical Research. 45 (9): 1431–1440..  

 

[10] Kavre, Ivna; Kostevc, Gregor; Kralj, Slavko; Vilfan, Andrej; Babič, Dušan (13 August 2014). "Fabrication 

of magneto-responsive microgears based on magnetic nanoparticle embedded PDMS". RSC Advances. 4 (72): 

38316–38322.  

 

[11] S. Mornet; S. Vasseur; F. Grasset; P. Verveka; G. Goglio; A. Demourgues; J. Portier; E. Pollert; E. Duguet 

(2006). Prog. Solid State Chem. 34: 237.  

 

[12] B. Gleich; J. Weizenecker (2005). "Tomographic imaging using the nonlinear response of magnetic 

particles". Nature. 435 (7046): 1214–1217. [8] Hyeon, Taeghwan (3 April 2003). "Chemical synthesis of 

magnetic nanoparticles". Chemical Communications (8): 927–934.  

 

[13] Natalie A. Frey and Shouheng Sun Magnetic Nanoparticle for Information Storage Applications  

 

[9] Elliott, Daniel W.; Zhang, Wei-xian (December 2001). "Field Assessment of Nanoscale Bimetallic Particles 

for Groundwater Treatment". Environmental Science & Technology. 35 (24): 4922–4926.  

 

[14] J. Philip; Shima.P.D. B. Raj (2006). "Nanofluid with tunable thermal properties". Applied Physics Letters. 

92: 043108 

 

[15] Mahendran, V. "Nanofluid based opticalsensor for rapid visual inspection of defects in ferromagnetic 

materials". Appl. Phys. Lett. 100: 073104. 

 

[16] For a more detailed history of hydrothermal synthesis, see: K. Byrappa and Masahiro Yoshimura, 

Handbook of Hydrothermal Technology (Norwich, New York: Noyes Publications, 2001). 

 

[17] O'Donoghue, M. (1983). A guide to Man-made Gemstones. Great Britain: Van Nostrand Reinhold 

Company. pp. 40–44. ISBN 0-442-27253-7 

 
 

 

 

 

 

Archive of SID

www.SID.ir

http://pubs.acs.org/doi/abs/10.1021/ar200276t
http://pubs.acs.org/doi/abs/10.1021/ar200276t
http://pubs.rsc.org/en/Content/ArticleLanding/2014/RA/c4ra05602g#%21divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/2014/RA/c4ra05602g#%21divAbstract
http://www.nanoscienceworks.org/publications/just-in-print/K10915_chapter3%20%282%29.pdf
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0-442-27253-7
http://www.sid.ir

