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Abstract 

Ferroelectric materials are gaining increased importance as a result of their high dielectric constants making 

them useful for electrical capacitors, high piezoelectric constants to make sensors, actuators, RF Filters, 

ferroelectric hysteresis suit making non-volatile memories, high pyroelectric properties for infra-red detectors, 

thermistors, and strong electro-optic effects to be used in optical switches, data storage, etc. Barium titanate 

undergoes change in shape from perovskite into cubic structure Curie temperature which causes polarization, or 

spontaneous, polarization. Many techniques were described for the synthesis of Barium titanate including solid-

state reaction, sol-gel method, hydrothermal and solution combustion. Solution combustion. The last method 

offers good control of the properties to meet specific requirements of the products and allows the preparation of 

nanomaterials to suit energy saving and protection of environment made it attractive for many purposes. In the 

present work barium titanate is synthesized as submicro to nano sized particles using the solution combustion 

technique utilizing urea and glycerin as fuel / oxidant mixture. The experimental parameters were varied to suit 

the optimization of the process. 

Keywords: solution combustion; nano barium titanate; glycerin urea; annealing; IR spectra; x-ray diffraction. 

1. Introduction 

Ferroelectric materials contain one or more polar axes along which a spontaneous polarization can be developed 

below the Curie temperature [1]. They offer a wide range of useful physical properties. They are: 1) High 

dielectric constants making them useful for electrical capacitors, 2) high piezoelectric constants useful in 

making sensors, actuators, RF Filters, 3) Ferroelectric hysteresis useful to make non-volatile memories, 4) high 

pyroelectric properties for infra-red detectors, thermistors, 5) strong electro-optic effects used in optical 

switches, data storage, etc.  

------------------------------------------------------------------------ 
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Beyond the curie temperature (130°C) the shape of BaTiO3 changes from  perovskite crystal to cubic structure 

with Ba
2+

 ions at the vertices, O
2-

 ion in the face center position and Ti
4+

 ion in a body-centered position. This 

causes polarization, or spontaneous, polarization as a result of the unit shift of axially elongated Ti
4+

 ion crystal 

and, hence, BaTiO3 shows ferroelectric property [2]. The importance of BT, increased as a ferroelectric 

material. It is characterized by high dielectric constants, high piezoelectric constants. They are utilized in the 

manufacture of electrical capacitors, actuators, and radio-frequency, RF, Filters. Optically the material is useful 

to make infra-red detectors and optical switches [1]. Many techniques were described for the synthesis of BT 

including solid-state reaction, sol-gel method, hydrothermal and solution combustion. Solid-state reaction 

involves the milling of BaCO3 or BaO and TiO2 and calcination at high temperature (800
o
 C to 1300

o
 C) [3-5].  

In sol-gel method a chemical precursor is hydrolyzed to form a sol and then a gel, which on drying 

(evaporation) and pyrolysis gives an amorphous oxide [6]. Barium acetate, tetrabutyl titanate, isopropyl alcohol 

and glacial acetic acid were starting reagents. Sol-precipitation process was developed, where no further 

calcination or annealing of the product is required. The single-crystal BaTiO3 nanoparticles can be directly 

obtained at the low temperature of 80
o
 C and a strong alkaline condition rather than amorphous gel that often 

formed in the standard sol-gel process. From transmission electron microscope, TEM, examination 

nanoparticles with an average diameter of about 20 nm were detected [7]. Boulos and his colleagues [3] 

synthesized BaTiO3 powders by the hydrothermal method using two different titanium sources TiCl3 and TiO2. 

The barium source was BaCl2·2H3O. Synthesis was performed at two temperatures, namely 150
o
 C and 250

o
 C. 

To yield spherical highly crystallized elementary grains with sizes in the nanometer range. Microwave, MW, 

heating was developed with some advantages over the conventional hydrothermal route like the cost and short 

time of the process starting with Ba(NO3)2, TiCl4 and KOH [8. 9]. All chemical reactions were conducted in a 

MW digestion system to give cubic BaTiO3 powders within 15 min compared with 150 min for conventional 

method (Guo and his colleagues [10]).  The material was also prepared in a molten salt at 925
o
 C. [11].  

The BaTiO3 may be doped by solid-state decarbonation at 900 °C and sintering at 1400 °C for 8 hrs restoring 

the tetragonal crystal phase of BaTiO3 [12]. However, the introduction of Zirconium into the BT structure 

caused a shift of diffraction pattern to lower angle side. It also affected the structure of perovskite BT [13]. 

Bachina and his colleagues [14] used various glycine to nitrate mixtures to design a synthesis procedure for 

nanocrystalline lanthanum ortho ferrite, LaFeO3, with average crystallite size of 18 to 85 nm. The specific 

surface area of the nano powders based on them ranged from 8 to 33 m
2
/g.   

The synthesis by solution combustion became a widely accepted method for making a variety of 

inorganic materials, ceramic and composites[27]. Good control of the properties can be insured to meet specific 

requirements of the products. The versatility of the method furnished the way to study the optimization of the 

synthesis conditions. The application of the method towards the preparation of nanomaterials to suit energy 

saving and protection of environment made it attractive for many purposes.  

In the present work, BaTiO3 micro to nano size particles are synthesized by solution combustion method. The 

material will be characterized by advanced chemical and physical techniques.  

https://www.sciencedirect.com/topics/physics-and-astronomy/ceramics
https://www.sciencedirect.com/topics/physics-and-astronomy/nanomaterial
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2. Materials and Methods 

2.1 Materials and Reagents 

The Ba(NO3)2 and TiO2 used were analytical grade chemicals. Urea was a general purpose material and glycerin 

was a 98% pure material. Deionized water was used for all the purposes.  

2.2 Apparatus 

The FTIR spectra of the specimens were recorded on a Shimadzu IRAffinity-1S FTIR spectrophotometer where 

the samples were analyzed as KBr discs. The X-ray diffraction patterns were recorded on a Diffractometer. The 

TEM images were also measured 

2.3 Synthesis Procedures 

Barium nitrate (26.1337 g, corresponding to 0.1 mole) was dissolved in minimum amount of deionized water 

and 7.987 g (0.1 mole) of TiO2 were added and mixed thoroughly (Mixture A). Certain amount of urea was 

dissolved in a minimum amount of water (reagent B). Reagent B was added to mixture A. An aliquot of glycerin 

was added and water was then added to complete 100 mL. The overall composition of reaction mixtures is 

indicated in Table 1. The mixture was placed on a hot plate set at the maximum temperature (approximately 

180
o
 C) with continuous stirring for about 30 min. The mixture was removed from the heater surface and ground 

in a porcelain mortar. The mixture was divided into four portions. One portion was kept for analysis and 

physical measurements. The second, third and the fourth portions were placed in a Muffle furnace set at 500
o
 C, 

600, and 700
o
 C, respectively. Heating was continued for about 4 hours and the furnace was allowed to cool 

overnight. The description of the samples is given in Table 1.  

The samples were characterized by XRD, TEM and IR spectroscopy. 

Table 1: Details of barium titanate reaction mixtures and heating conditions* 

Parameter Run No. 

1 2 3 4 5 6 

Urea, g 10.0 10.0 10.0 5.0 5.0 5.0 

Glycerin, ml 5.0 5.0 5.0 2.5 2.5 2.5 

Temperature, 
o
C 500 600 700 500 600 700 

Time, hr 4  4 4  4  4 4  

* Barium nitrate (26.1337 g) and 7.987 g of TiO2. 

3. Results and discussion 

FT-IR analysis is frequently employed to support the detection of functional groups in organic and inorganic 
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compounds [15]. Thus, it can be used to follow the progress of chemical reactions by detecting the reduction in 

peak intensity of peaks related to the reactants and the appearance of those of the products [16]. Ianculescu and 

his colleagues [17] reported that the absorption bands at wave numbers smaller than 800 cm
-1

 for thin films BT 

are related to the Ti - O and Ti – O - Ti bands. In the present work FTIR spectra was recorded for all reaction 

mixtures and their solution combustion and the annealed products at the designed experiments.Typical spectra 

are displayed in Figures 1 and 2. A peak at 1425± 2 cm
-1

 characterized all the analyzed samples. A group of 

peaks appeared at 858 ± 2, 685 ±2, 584 ± 2, 543± 2, and 433± 3 cm
-1

 were also observed. The peaks of the high 

temperature annealing were sharper than those recorded for low annealing temperature. This is related to the 

homogeneity of the compounds and agrees with the report of Brundle and his colleagues [18]. The IR peaks at 

485 cm
−1

 and 732 cm
−1

 which refers to the O–Ti–O bonding of anatase titanium dioxide morphology 

(Karakitsou and Verykios) [19] did not show up in all spectra indicating complete reaction. Tetragonal BT 

appeared dominant phase of the reaction product as the characteristic peak at 584 ± 3 cm
-1

 [20]. The bands at the 

range of 570- 400 cm
-1

 are designated to indicate that cubic and tetragonal BaTiO3 exist in the product according 

to the temperature, especially 535 (528) and 579 (582) cm
-1

 may indicate the existence of the tetragonal BaTiO3 

[21]. 
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Figure 1: The IR spectrum of the material annealed at 500 

Figure 3 and the first three columns of Table 2 reveal the existence of some remaining barium oxide in the 

product as given by the XRD peaks at 2θ 19.05 (19.65), 25.43 (26.91), 34.04 (33.619), 42.16 (43.0288), 45.21 

(44.8540), 56.24 (55.9910), 60.9634, and 68.40 (68.237). The values in parenthesis refer to the barium oxide 

standard XRD peaks given by Bazeera and Amrina, 2017 [22]. 

3.1 X-ray diffraction, XRD, patterns 

The examination of the specimens by XRD was indicative for the degree of reaction completion as well 

furnishing information about the structure and the crystalline nature of the products. Table 2 shows the XRD 

data of the products from reaction heated by a mixture of 5.0 g urea + 2.5 g glycerin. 

 

Figure 2: The IR spectrum of the material annealed at 700
o 
C 

 

Figure 3: XRD pattern of the product in the presence of 5.0 g urea and 2.5 g. glycerin heated at 500
o
 C 

A large number of peaks showed up referring to the produced BT in addition to some remaining reactants and 
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intermediate products (BaO). The main peaks obtained were 22.48 (22.2), 31.63 (31.5), 38.97 (38.9), 45.24 

(45.3), 51.17 (51), 56.23 (56.2), 65.93 (65.8), 70.47 (70.4), 74.95 (74.9) and 79.46 (79.4); the values in 

parenthesis refer to the BT synthesized by reaction in molten chloride matrix at 925
o
 C [11]. The Table 2 shows 

complete disappearance of TiO2 diffraction peaks [23] from the reaction products from all of the studied 

samples.  

This is a solid indicator on the activity of the solution combustion to supply the required energy to incorporate 

TiO2 in the reaction which necessitated heating at temperatures exceeding 900
o
 C. [24] 

 

Figure 4: SEM image of the product in the presence of 5.0 g urea and 2.5 g. glycerin heated at 500
o
 C 

Table 2: XRD data of the products from reaction heated by a mixture of 5.0 g urea + 2.5 g glycerin 

Peak 

No    

500
o
 C,  600

o
 C.  700

o
 C.  

2θ D space, Ă I/I1    2θ D space, Ă I/I1    2θ D space, Ă I/I1    

1      19.05 4.65343         22       

2 22.18  4.00367     19 22.36 3.97271     17 22.44   3.95878     18 

3 24.12  3.68744     36 24.18 3.67651     13 24.30   3.65967     14 

4 25.43   3.49956     10       

5 31.62 2.82692    100 31.72 2.81867    100 31.82   2.8100   100 

6 34.04 2.63175     11       

7 34.84    2.57318      8       

8 36.82    2.43901     27       

9 38.84  2.31674     28 39.06 2.30396     31 39.16  2.29840     25 

10 42.16 2.14179     11       

11 45.21 2.00400     34 45.36 1.99782     38 45.45   1.99377     33 

13 46.79   1.93985      8       

14 48.97 1.85847      6       

15 50.43   1.80821      6       

16 50.98  1.78979     11 51.04 1.78796     11 51.17    1.78377     10 

17 56.24    1.63424     38 56.32 1.63228     40 56.42    1.62957     38 

18 65.93  1.41567     16 65.98 1.41462     22 66.07     1.41290     19 

19 68.40    1.37037     10       

20 70.50    1.33460      7 70.55 1.33378      6 70.65    1.33211      6 

21 74.95   1.26608     12 74.98 1.26558     15 75.06   1.26441     12 

22    79.29 1.20728      7 79.38     1.20606      7 

23    83.58 1.15585      7 83.67   1.15489      6 
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Figure 5: SEM image of the product in the presence of 5.0 g urea and 2.5 g. glycerin heated at 700
o
 C 

The SEM image (Figure 4) indicated the submicron (517.3 nm) particles partially agglomerated with very few 

fine particles (56.1 nm). Thus, low fuel / oxidant amount coupled with low annealing temperature (500
o
 C) 

allowed only partial disintegration of the particles. By employing higher annealing temperatures, (600 and 700o 

C), it appeared that the prepared material has fine-grains with a submicron to nanoscale in the range of 65- 310 

nm (Figure 5) which is close to those obtained by Khort and Podbolotov [1]. Probably, the main reason for such 

morphology is that the exothermal reactions during combustion proceed while the components are in a foam like 

state, which, as mentioned above, originates during boiling of the liquid charge. The aggregation of flaky 

formations could be explained by a high temperature attained during the synthesis and a high rate of exothermal 

reactions.  

The SEM image indicated clear crushing of the particles into almost homogeneous state but with irregular 

shapes and sharp edges within the submicron range of size. Thus, the increase in annealing temperature (700
o
 C) 

caused the disintegration of particles.   

 

Figure 6: XRD pattern of the product in the presence of 10.0 g urea and 5.0 g. glycerin heated at 500
o
 C 

Table 3 shows the XRD data of the products from reaction heated by a mixture of 10.0 g urea + 5.0 g glycerin. 
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The excess Urea/glycerin content resulted in sort of explosion to yield almost homogeneous mixture of BT 

particles. 

The SEM image (Figure 6) indicated the submicron (449.5-877.4 nm) particles partially agglomerate. Thus, the 

excess fuel / oxidant amount coupled with 600
o
 C annealing temperature allowed overall crushing of the 

particles into such low particle sizes and homogeneous. Lee and his colleagues [25] found that the particle size 

can be easily tuned by adjusting the experimental parameters of the Solvothermal process while retaining the 

tetragonality.  

Table 3: XRD data for the products prepared by a mixture of 10.0 g urea + 5.0 g glycerin 

Peak 

No       

500
 o C.

 600
 o
 C. 700

o
 C. 

2θ D spac, Ă I/I1    2θ D spac, Ă I/I1    2θ D spac, Ă I/I1    

100      22.48 3.95129     18 22.25     3.99217      17 22.53     3.94301     16 

2 24.32 3.65676     20 24.08     3.69193     21 24.35     3.65218     22 

101 31.85 2.80708    100 31.63     2.82675    100 31.91     2.80228      100   

4 34.54 2.59436      8 34.29 2.61260      7 34.24     2.61684          7 

111 39.21 2.29593     27 38.97     2.30894     28 39.25     2.29325         30 

6 42.30 2.13464      5 42.09   2.14489      7 42.34     2.13299         6 

002 45.47 1.99299     30 45.24   2.00284     28 45.51     1.99162        29 

8 46.98 1.93249      5    47.07     1.92911         6 

210 51.17 1.78370      9 50.99  1.78945      9 51.24     1.78137        11 

10 56.46 1.62846     35 56.23  1.63445     39 56.50     1.62729       38   

220 66.14 1.41168     16 65.93   1.41558     18 66.17    1.41108         20 

13 70.68 1.33164      6 70.47     1.33521      6 70.76     1.33043         6 

310 75.15 1.26323 10 74.95    1.26607     10 75.18     1.26267         11 

15 79.46 1.20514      5 79.29    1.20731      6 79.45     1.20523          6 

16 83.77 1.15370      6 83.57    1.15599      7 83.79     1.15357      7 

 

Figure 7: SEM image of the product in the presence of 10.0 g urea and 5.0 g. glycerin heated at 700
o
 C 
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Further increase in annealing temperature up to 700
o
 C resulted in the production of the smallest sizes particle of 

all specimens. The SEM image (Figure 7) indicated the presence of (58.78 to 293.9 nm) sized particles. Thus, 

the excess fuel / oxidant amount coupled with 700
o
 C annealing temperature allowed the crushing of the 

particles to such low particle sizes. This is in agreement with Maison and his colleagues [26] results using 

catecholate process. 

4. Conclusions 

Solution combustion can be successfully employed for the preparation of barium titanate utilizing the urea 

glycerin (fuel/oxidant) system the increase of the use of higher fuel/oxidant content helps in the reduction of 

annealing temperature. The oxidation process supplies the required heat energy for the reaction and acts to 

initiate the dissociation of the particle into smaller sized particulate in the submicro to nano scale sizes.  

Acknowledgement 

The authors are grateful to Hassan Hadi for his help in carrying out the SEM measurements. 

References 

[1]. Khort AA, Podbolotov KB. Preparation of BaTiO3 nanopowders by the solution combustion method 

Ceramics Inter., 2016; 42: 15343-15348.  

[2]. Huang L. Barium titanate nanocrystals and nanocrystal thin films: Synthesis, ferroelectricity, and 

dielectric properties, J. Appl. Phys., 2006; 100: 034316. doi.org/10.1063/1.2218765 

[3]. Boulos M, Guillement-Fritsch S, Mathieu F, Durand B., Lebey T, Bley V. Hydrothermal sysnthesis of 

nanosized BiTiO3 powders and dielectric properties of corresponding ceramics, Solid State Ionics 

2005; 176: 1301.  

[4]. Simon-Seveyrat L, Hajjaji AA, Emziane A, Guiffard B, Guyomar D. Re-investigation of synthesis of 

BaTiO3 by conventional solid-state reaction and oxalate coprecipitation route for piezoelectric 

applications, Ceram. Int. 2007; 33: 35.  

[5]. Xu H, Gao L. Tetragonal Nanocrystalline Barium Titanate Powder: Preparation, Characterization, and 

Dielectric Properties, J. Am. Ceram. Soc., 2003; 86: 203.  

[6]. Wang L, Liu L, Xue D, Kang H, Liu C. Wet routes of high purity BaTiO3 powder, J. Alloys Comp. 

2007; 440: 78. 

[7]. Guangneng F, Lixia H, Xueguang H. Synthesis of single-crystal BaTiO3 nanoparticles via a one-step 

sol-precipitation route, J. Cryst. Growth 2005; 279: 489.  

[8]. Sun W, Li J. Microwave-hydrothermal synthesis of tetragonal barium titanate, Mater. Lett. 2006; 60: 

1599. 

[9]. Liu, S-F, Robin Abothu I, Komarneni S. Barium titanate ceramics prepared from conventional and 

microwave hydrothermal powders, Mater. Lett. 1999; 38: 344.  

[10]. . Guo L, Luo H, Gao J, Guo L, Yang J. Microwave hydrothermal synthesis of barium titanate powders, 

Mater. Lett. 2006; 60: 3011. 

https://doi.org/10.1063/1.2218765
https://ceramics.onlinelibrary.wiley.com/doi/10.1111/j.1151-2916.2003.tb03307.x
https://ceramics.onlinelibrary.wiley.com/doi/10.1111/j.1151-2916.2003.tb03307.x
https://ceramics.onlinelibrary.wiley.com/doi/10.1111/j.1151-2916.2003.tb03307.x
https://ceramics.onlinelibrary.wiley.com/doi/10.1111/j.1151-2916.2003.tb03307.x
https://www.sciencedirect.com/science/article/pii/S0167577X05012097
https://www.sciencedirect.com/science/article/pii/S0167577X06002096


 
American Academic Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2022) Volume 88, No1, pp 302-311 

311 

[11]. Zhao H, Yang G, Wang Z, Cao X, Gu L, Zhao, N. Molten salt route of single crystal barium titanate 

nanowires, J. Experim. Nanosci., 2015; 104: 1126-36, doi.org/10.1080/17458080.2014.980445 

[12]. Hernandez Lara JP, Labra MP, Hernández FRB, Serrano JAR, Dávila EOÁ, Thangarasu P, Ramirez 

AH. Structural Evolution and Electrical Properties of BaTiO3 Doped with Gd, Materials Research, Mat. 

Res. Vol. 20 No. 2 São Carlos Mar./Apr. 2017  Epub, 2017.  

[13]. Bachina A, Ivanov VI, Popkov VI. Peculiarities of LaFeO3 nanocrystals formation via glycine-nitrate 

combustion A. Nanosystems: Phys., Chem., Math., 2017; 8(5): P. 647–653.  

[14]. Deganello F, Tyagi AK. Solution combustion synthesis, energy and environment: Best parameters for 

better materials, Progress Crystal Growth Character. Materials, 2018; 64 (2): 23-61 

[15]. Barbooti MM, Baysal A, AlDarzi N. Spectrochemical Analysis, M.M. Barbooti, Editor, Apple 

Academic Press, New Jersey, 2015, Chap 2. 

[16]. Barbooti MM, Jasim F, and Tobia, SK. High temperature reactions of titanium (iv) oxide with alkali 

persulfate and their decomposition products, Thermochimica Acta, 1977; 21: 399 - 408. 

[17]. Ianculescu A, Gartner M,  Despax B, Bley V, Lebey, Th, Gavrilă R, Modreanu, M. Optical 

characterization and microstructure of BaTiO3 thin films obtained by RF-magnetron sputtering, 

Applied surface science, 2006; 253 (1): 344-348    

[18]. Brundle CR, Evans CA, Wilson JS. Encyclopedia of Materials Characterization, Butxetworch-

Heinemann, Boston, 1992. 

[19]. Karakitsou KE, and Verykios XE. Effects of altervalent cation doping of TiO2 on its performance as a 

photocatalyst for water cleavage,” J. Phys. Chem., 1993; 97(6): 1184–1189. 

[20]. Ashiri R. Detailed FT-IR spectroscopy characterization and thermal analysis of synthesis of barium 

titanate nanoscale particles through a newly developed process, Vibr. Spectrosc. 2013; 66: 24–29.   

[21]. Win T, Naing K, Tun KM. Synthesis of barium titanate from titanyl acylate precursor by sol-precipitate 

method, J. Mayan. Acad. Arts Sci. 2008; 6(1): 67 

[22]. Bazeera AZ, and Amrin MIM. Synthesis and Characterization of Barium Oxide Nanoparticles, IOSR J. 

Applied Phys. (IOSR-JAP) e-ISSN: 2278-4861, www.iosrjournals.org Nat. Conf. Current Advance. 

Physics, Feb. 3-4
th

 (2017) 76-80. DOI 10.9790/4861-17002017680 A. 

[23]. Kaygili O, Bulut N, Tatar C, Ates T, Ince T. Sol-gel synthesis and characterization of TiO2 powder, Int. 

J. Innov. Eng. Appl. 2017; 2(1): 38-40. 

[24]. Zhao H, Yang G, Wang, Z, Cao X, Gu L, Zhao N. Molten salt route of single crystal barium titanate 

nanowires, J. Experim. Nanosci., 2015; 10(14): 11261136, .doi.org/10.1080/17458080. 2014.980445. 

[25]. Lee HW, Moon S, Choi CH, Kim, DK. Synthesis and Size Control of Tetragonal Barium Titanate 

Nanopowders by Facile Solvothermal Method, J. Am. Ceram. Soc., 2012; 1–6 DOI: 10.1111/j.1551-

2916.2012.05085. 

[26]. Maison W, Ananta S, Tunkasiri T, Thavornyutikarn P, and Phanichphant S. Effect of calcination 

temperature on phase transformation and particle size of barium titanate fine powders synthesized by 

the catecholate process, Sci. Asia, 2001;  27: 239-243. 

[27]. Aliaa A.Razzak, Abdulnasser M.A.,Mohammad J.H.,Preparation of nanocompounds materails by 

combustion method using urea as fuel, Progress in Industrial Ecology- An International Journal 

,2020:14(1):19-29.  

http://dx.doi.org/10.1080/17458080.2014.980445
https://www.sciencedirect.com/science/article/abs/pii/S0960897418300020#!
https://www.sciencedirect.com/science/article/abs/pii/S0960897418300020#!
https://www.sciencedirect.com/science/journal/09608974
javascript:void(0)
javascript:void(0)
http://dx.doi.org/10.1080/17458080.%202014.980445

