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1. INTRODUCTION

Hexagonal and rare-earth manganite, yttrium 
manganese oxide (h-YMnO3) is an interesting 
class of type-I multiferroic material, which 
attracted a great deal of research interest due to 
its outstanding properties [1-3]. Multiferroics are 
the materials that possess both ferroelectricity and 
ferromagnetism in the same phase [3-5]. YMnO3 
has a single spontaneous polarization axis and 
does not contain any volatile elements such as 
Pb and Bi [2]. YMnO3 can be crystallized in either 
orthorhombic phase or hexagonal perovskite phase 
crystal structure depending on ionic radius size of 
Y [5, 6]. The orthorhombic YMnO3 (o-YMnO3), with 
space group Pbnm/ Pnma, exhibits ferroelectric 
transition temperature (TC ~ 30K) and a low anti-
ferromagnetic transition temperature (TN ~ 42K) 
[5, 7]. Whereas the hexagonal YMnO3 (h-YMnO3), 
with space group P63cm exhibits high ferroelectric 
transition temperature (Tc ~ 900K) and a low anti-
ferromagnetic transition temperature (TN ~ 70K) [3, 
8-10]. The h-YMnO3 is also a pyroelectric material, 
which produces a temperature dependent 
spontaneous electric polarization response [1, 
11, 12]. Because of these exclusive properties 
of h-YMnO3, it became an ideal candidate for 
potential applications in the preparation of metal/ 

ferroelectric/ insulator/ semiconductor field 
effect transistors (MFISFET) [13, 14], nonvolatile 
ferroelectric random access memories, magneto 
electric sensors [2, 3, 15, 16], magnetic data 
storage and actuators [4]. The h-YMnO3 is also 
exhibited high catalytic activity for oxidation of 
carbon monoxide and pronounces photocatalytic 
activity for decomposition of methyl red under 
ultraviolet and visible light irradiation [2]. There is 
a work showing the new application of h-YMnO3 
as a high near-infrared (NIR) reflective inorganic 
pigment and it can be well served as colored “cool 
colorant” [16]. There is also a work proving that 
h-YMnO3 nanoparticles suitable for sensing devices 
for detecting H2S gas [17].

In the past several years, studies on h-YMnO3 
ceramics [8-10, 18-20], h-YMnO3 nanoparticles 
[2,5,17],  h-YMnO3 nanorods [4],  h-YMnO3 thin 
films [13-15, 21-25] have been carried out. In 
major part of the earlier reports synthesis of 
h-YMnO3 was done by using solid-state reaction 
method [10,19-21,26], some studies followed the 
sol-gel process (Pechini method) [3,14,17,18,27] 
and some other studies followed polyacrylamide 
gel route [2,16], glycine-nitrate process [28], 
spark plasma sintering (SPS) [8], hydro thermal 
synthesis [4,5], thermolysis [29]. However, solid-
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state reaction method requires high calcination 
temperature (~1100oC to 1400 oC), long milling and 
calcination time (~30-35hours) [19,20], but sol-gel 
synthesis process is somewhat easy in preparation 
and requires less calcination temperature.

In the present work, a modified citrate sol-gel 
route followed by grinding and calcination was 
used to prepare h-YMnO3 nanoparticles. The crystal 
structure and micro structural characteristics  
were evaluated for the prepared nanoparticles. 

2. EXPERIMENTAL WORK 

The h-YMnO3 nanoparticles were synthesized using 
a modified citrate sol-gel method. Stoichiometric 
amounts of yttrium oxide Y2O3 99.9% (0.02 mol), 
manganese acetate tetra hydrate Mn(CH3COO)2 
(0.02 mol), citric acid  monohydrate C6H8O7.H2O 
(0.04 mol) were dissolved in a minimum amount  
of deionized  water and  0.02 mol nitric acid HNO3 
was also added to the solution. This solution was 
stirred at room temperature for two hours. Then 
ammonia solution about 25% was added to the 
above-stirred solution until a pH value of 7 was 
reached. Ethylene glycol 98% C2H6O2 (0.04 mol) 

(which is a polymerization agent) and a catalytic 
amount of C-TAB (which is a structure directing 
agent) were added to the solution and then 
stirred for half an hour at room temperature. 
The resulting solution was heated on a hot plate 
along with stirring, continuously until the solution 
was evaporated and decomposed into a black 
carbonaceous precursor. The entire process of 
converting liquid solution into solid mass took 12 
to 14 hours depending upon the amount of 
de-ionized water taken to make the solution. 
The evaporation of solution took place between 
temperatures 180oC to 220oC. The obtained 
precursor was cooled to room temperature, ground 
in a mortar for half an hour and then calcined for 
2 hours at 700oC to 1100 oC (700oC, 800oC, 900oC, 
1000oC and 1100oC) in a muffle furnace to obtain 
pure hexagonal YMnO3 nanoparticles.

The crystalline nature and phase identification 
of synthesized particles were done by an X-ray 
powder Diffraction (XRD) performed in an X-ray 
diffractometer (Rigaku, Miniflex 300/600) with 
Cu Kα radiation and with scan range 10o-80o (2θ). 
The microstructure and the elements present in  
the prepared particles were studied with SEM-Carl 

Fig 1. XRD Patterns of as-Prepared Particles and the Particles Calcined at 700oC, 800oC, 900oC, 1000oC and 1100oC     
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Zeiss (Model: EVOMA15) with EDS-Oxford 
Instruments (Inca PENTAFET X3). 

3. RESULTS AND DISCUSSION 

The crystallinity and phase purity of the prepared 
particles and the particles calcined at 700oC to 
1100 oc were examined via X-ray diffraction and 
shown in Fig.1. It shows that the crystallinity of the 
particles started at 700oC calcination temperature 
itself; in addition, the particles are well  
crystallized at 900oC as well as at 1000oC. Most 
of the diffraction peaks of particles calcined at 
900oC and 1000oC are indexed with the hexagonal 
phase YMnO3 (space group: P63cm, JCPDS 25-1079) 
and the two small peaks (denoted by black 

diamond symbol) are identified as Orthorhombic 
in phase. The intense and sharp diffraction peaks 
of the particles (calcined at 900oC as well as 
at 1000oC) indicate the better crystallinity and 
pure hexagonal phase of YMnO3. The average 
particle size of synthesized YMnO3 particles 
(calcined at 900oC and 1000oC) are determined 
from XRD data using well known Scherrer’s 
formula D= Kλ/βcosθ. Where D is the mean size 
of the crystal (nm), K is crystallite shape factor a 
good approximation is 0.89, λ is the wavelength  
of X-rays whose value is 0.15406nm (JCPDS 
25-1079), β is the full width half maximum 
(FWHM) (in radians) (from XRD data using origin 
software) at predominant peak and θ is Bragg’s 
angle (in degrees) of predominant peak [3, 16]. 

Fig 2. SEM images of the Particles Calcined at 700oC, 800oC, 900oC, 1000oC and 1100oC       
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The average particle size of the synthesized  
YMnO3  particles calcined at 900oC with the 
predominant peak (112) is 21nm and for particles 
calcined at 1000oC with the predominant 
peak (110 or 112) is 28nm which confirms the  
formation of h-YMnO3 nanoparticles. The 
lattice parameters of synthesized YMnO3  particles 
calcined at 900oC  are a = b = 6.150 oA & c = 
11.41 oA and for particles calcined at 1000oC are 
a = b = 6.036 oA and c = 11.28 oA (from XRD results) 
which are closest to the standard values a = b = 
6.136 oA and c = 11.4 oA (JCPDS 25-1079).   

The surface morphology of synthesized YMnO3 
particles was studied by SEM and the SEM images 
of YMnO3 particles (calcined at 700oC to 1100oC) 
with ‘1µ’ magnification were shown in Fig.2.  
The SEM images reveal that some of the  
particles combined with each other leaving  
some space as pores and also it shows that 
particles are approximately uniform and nano  
level in size. The Fig.3 shows the EDS spectrum 
of YMnO3 particles calcined at 900oC, 1000oC. 
The elements observed in the spectrum are 
yttrium, manganese, and oxygen only and no  
other elements were detected. The atomic % of 

each element was as shown in the Fig.3.

4. CONCLUSION

The h-YMnO3 nanoparticles were successfully 
synthesized by using a modified citrate method 
followed by grinding and calcination. By this 
synthesis process, h-YMnO3 nanoparticles 
were obtained at 900oC and 1000oC calcination 
temperatures. The XRD analysis proves the 
formation of a well-crystallized hexagonal phase 
of YMnO3 and also particles are in the nano 
level. SEM images prove that YMnO3 particles 
are approximately in the nano level and uniform. 
The EDS spectrum diagrams show that no other 
elements are present in the synthesized sample.
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Fig 3. EDS Results of the Particles Calcined at 900oC and 1000oC 



Manufacturing Technology Today, Vol. 17, No. 09, September 201836

Technical Paper

REFERENCES

1. AJC Buurma, GR Blake, TTM Palstra, U Adem, 
Multiferroic Materials: Physics and Properties, 
Reference Module in Materials Science and 
Materials Engineering doi:10.1016/B978-0-12-
803581-8.09245-6.

2. S.F. Wang, H. Yang, T. Xian, X.Q. Liu, Size-controlled 
synthesis and photocatalytic properties of YMnO3 
nanoparticles, Catalysis Communications 12, 2011, 
625–628.

3. Nagesh Kumar, Anurag Gaur, G.D. Varma, Enhanced 
magnetization and magnetoelectric coupling in 
hydrogen treated hexagonal YMnO3, Journal of 
Alloys and Compounds 509 (2011) 1060–1064.

4. R. Dhinesh Kumar, R.Jayavel, Low-temperature 
hydrothermal synthesis and magnetic studies of 
YMnO3 nanorods, Materials Letters 113, 2013,
210–213.

5. Z. Brankovic, G. Brankovic, M. Pocuca-Nesic, Z. 
Marinkovic Stanojevic, M. Zunic, D. Lukovic Golic, 
R. Tararam, M. Cilense, M.A. Zaghete, Z. Jaglicic, 
M. Jagodic, J.A. Varela, Hydrothermally assisted 
synthesis of YMnO3, Ceramics International 41 
(2015) 14293–14298.

6. I. Iliescu, M. Boudard, L. Rapenne, O. Chaix-Pluchery, 
H. Roussel, MOCVD selective growth of orthorhombic 
or hexagonal YMnO3 phase on Si (1 0 0 ) substrate, 
Applied Surface Science, 306 (2014) 27–32.

7. S.A. Nikolaev, V.G. Mazurenko, A.N. Rudenko, 
Influence of magnetic order on phonon spectra 
of multiferroic orthorhombic YMnO3, Solid State 
Communications, 164 (2013) 16–21.

8. Yan Ma, Yong Jun Wu, Xiang Ming Chen, Ji Peng 
Cheng, Yi Qi Lin, In situ synthesis of multiferroic 
YMnO3 ceramics by SPS and their characterization, 
Ceramics International, 35 (2009) 3051–3055.

9. Chao Zhang, Jie Su, Xiaofei Wang, Fengzhen Huang, 
Junting Zhang, Yaoyang Liu, Liang Zhang, Kangli 
Min, Zhijun Wang, Xiaomei Lu, Feng Yan, Jinsong 
Zhu, Study on magnetic and dielectric properties of 
YMnO3 ceramics, Journal of Alloys and Compounds 
509 (2011) 7738– 7741.

10. M. Tomczyk, A.M.O.R. Senos, I.M. Reaney and P.M. 
Vilarinho, Reduction of microcracking in YMnO3 
ceramics by Ti substitution, Scripta Materialia, 67 
(2012) 427–430.

11. Yan R. Kucherov, Thermodyne, Inc., Piezo-
Pyroelectric energy converter and method, United 
States Patent, [11] Patent Number: 5,644,184, [45] 
Date of Patent: Jul. 1, 1997.

12. Richard Laneand Benjamin Craig, Material E A S E, 
The AMPTIAC Quarterly, Volume 7, No 2.

13. Kyu-Jeong Choi , Woong-Chul Shin & Soon-Gil Yoon, 
Characteristics of ferroelectric YMnO3 thin films for 
MFISFET by MOCVD, Integrated Ferroelectrics ISSN: 
1058-4587 (Print) 1607-8489 (Online).

14. Kyoung-Tae Kim,Chang-Il Kim, The effects of drying 
temperature on the crystallization of YMnO3 thin 
films prepared by sol-gel method using alkoxides, 
Journal of the European Ceramic Society, 24 (2004) 
2613–2617.

15. Kiyoharu Tadanaga, Hiroya Kitahata, Tsutomu 
Minami, Norifumi Fujimura, and Taichiro ITO, 
Preparation and Dielectric Properties of YMnO3 
Ferroelectric Thin Films by the Sol-Gel Method, 
Journal of Sol-Gel Science and Technology 13, 
903–907 (1998).

16. Aijun Han, Minchun Zhao, Mingquan Ye, Juanjuan 
Liao, Zhimin Zhang, Nan Li, Crystal structure and 
optical properties of YMnO3 compound with high 
near-infrared reflectance, Solar Energy 91, 2013,  
32–36.

17. C. Balamurugan, D.W. Lee, Perovskite hexagonal 
YMnO3 nanopowder as p-type semiconductor gas 
sensor for H2S detection, Sensors and Actuators B, 
221 (2015) 857–866.

18. Tai-Chun Han, Wei-Lun Hsu, Wei-Da Lee, Grain 
size-dependent magnetic and electric properties in 
nanosized YMnO3 multiferroic ceramics, Nanoscale 
Research Letters, 2011, 6:201.

19. Monika Tomczyk, Ana Maria Senos, Paula Maria 
Vilarinhoand Ian Michael Reaney, Origin of 
microcracking in YMnO3 ceramics, Scripta Materialia, 
66 (2012) 288–291.

20. Monika Tomczyk, Paula Maria Vilarinho, Agostinho 
Moreira, and Abílio Almeida, High- temperature 
dielectric properties of YMnO3 ceramics, Journal of 
Applied Physics,110, 064116 (2011).

21. E. Rokuta, Y. Hotta, H. Tabata, H. Kobayashi, and T. 
Kawai, Low leakage current characteristics of YMnO3 
on Si(111) using an ultrathin buffer layer of silicon 
oxynitride, Journal of Applied Physics, 88, 6598 
(2000).

22. A. Posadas, J.B. Yau, C. H. Ahn, J. Han, S. Gariglio, 
K. Johnston, K. M. Rabe, and J. B. Neaton, Epitaxial 
growth of multiferroic YMnO3 on GaN, Applied 
Physics Letters 87,171915 (2005).

23. K.R. Balasubramanian, Kai-Chieh Chang, Feroz A. 
Mohammad, Lisa M. Porter, Paul A. Salvador, Jeffrey 
DiMaio, Robert F. Davis, Growth and structural 
investigations of epitaxial hexagonal YMnO3 thin 
films deposited on wurtzite GaN (001) substrates, 
Thin Solid Films 515 (2006) 1807–1813. 

24. [X. Marti, F. Sanchez, D. Hrabovsky, J. Fontcuberta, 
V. Laukhin, V. Skumryev, M.V. Garcia-Cuenca, C. 
Ferrater, M. Varela, U. Luders, J.F. Bobo, S. Estrade, 
J. Arbiol, F. Peiro, Epitaxial growth of biferroic YMnO3 
(0 0 0 1) on platinum electrodes, Journal of Crystal 
Growth 299 (2007) 288–294.

25. Shiqing Deng, Shaobo Cheng, Ming Liu, and Jing 
Zhu, Modulating Magnetic Properties by Tailoring 
In-Plane Domain Structures in Hexagonal YMnO3 
Films, ACS Applied Materials and Interfaces 2016, 8, 
25379−25385.



Manufacturing Technology Today, Vol. 17, No. 09, September 2018 37

Technical Paper

26. Zhong Chen, Chun-Lu Ma, Fei-Xiang Wu, Y.B. Chen, 
Jian Zhou, Guo-Liang Yuan, Zheng-Bin Gu,Shan-Tao 
Zhang,Yan-Feng Chen, The electrical and magnetic 
properties of epitaxial orthorhombic YMnO3 
thinfilms grown under various oxygen pressures, 
Applied Surface Science, 257 (2011) 8033–8037.

27. Runlan Zhang, Changle Chen, Mengmeng Duan, 
Liwei Niu, Kexin Jin, Piezoelectric, ferroelectric 
properties of multiferroic YMnO3 epitaxial film 
studied by piezoresponse force microscopy, Journal 
of Crystal Growth, 390 (2014) 56–60.

28. Aboalqasim Alqat, Zohra Gebrel, Vladan Kusigerski, 
Vojislav Spasojevic, Marian Mihalik, Matus Mihalik, 

Jovan Blanusa, Synthesis of hexagonal YMnO3 from 
precursor obtained by the glycine-nitrate process, 
Ceramics International 39 (2013) 3183–3188.

29. Andrey Gavrikov, Pavel Koroteev, Andrey 
Ilyukhin, Nikolay Efimov, Andreas K. Kostopoulos, 
Aleksandr Baranchikov, Aleksandr Tyurin, Denis 
Kirdyankin, Konstantin Gavrichev, Floriana Tuna, 
Zhanna Dobrokhotova, New synthesis route for 
obtaining carbon-free hexagonal RE manganites 
via novel simple individual precursors. The 
interplay between magnetic and thermodynamic 
properties of hexagonal RMnO3 (R=Ho-Yb, Y),  
Polyhedron, 2016 ◘

O Nirmala is a Research Scholar, in the Department of Mechanical 
Engineering, Sri Venkateswara University College of Engineering, Tirupati. 
She graduated from Sri Venkateswara University, Tirupati in 2004 and 
obtained her M.Tech from J.N.T. University, Hyderabad in 2007. She 
has 9 years of teaching experience and 4 years of research experience.  
(E-mail: jayaprakashnirmala@gmail.com)

Y Bhargavi is a Research Scholar in the Department of Mechanical 
Engineering at Sri Venkateswara University college of Engineering since 
2016. She has teaching experience of 8 years handling Undergraduate  
Mechanical Engineering classes. She has research experience of 3 years  
and published a journal on optimization of parameters in drilling and her 
research continued towards nano coatings.

Dr. P Sreedhara Reddy is working currently as Professor, in the 
Department of Physics, Sri Venkateswara University, Tirupati. He had M.Sc., 
M.Phil., Ph.D as educational qualifications. He was specialized in state  
Physics, vacuum & amp, thin film physics. He has 21 years of teaching  
experience. He has published 120 research papers and articles in national  
and International journals and 85 Papers presented in International / 
National Conferences/Seminars. He has supervised 11 M. Phil students and 
17 Ph. D scholars. (E-mail: psreddy4@gmail.com)

Dr. Vanimireddy Diwakar Reddy is working currently as Professor, in 
the Department of Mechanical Engineering, Sri Venkateswara University 
College of Engineering, Tirupati. He graduated from Sri Venkateswara 
University College of Engineering, Tirupati in 2000 and obtained his  
M.Tech from Visweswaraya Technological University, Belgaum in 2005.  
He obtained his PhD from Sri Venkateswara University College of  
Engineering, Tirupati in 2012. He has 16 years of teaching experience.  
He has published 19 research papers and articles in national and  
International journals and 16 Papers presented in International/National 
Conferences/Seminars. (E-mail: vdrsvuce@gmail.com)


