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ABSTRACT 

The homogeneous fine nano-powder of barium titanate (BaTiO3) was doped with silicon dioxide with different 

ratio (1, 1.5, 2, 2.5) wt % using the weight ratio. then sintering with different temperature (1000c -1300◦c) in 

temperature raising rate (8-9◦c / 1min) , and Study of the physical properties  of the pure and doped mixture. It 

was observed that the addition of SiO2 on BaTiO3 influence on physical properties, water absorption ability 

decreases with the decrease in the apparent pores when temperature increase and that the volumetric shrinkage 

decrease with bulk density decreasing when the ratio of SiO2 content increased. 
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INTRODUCTION 

Perovskite structure 

The perovskite structure is supported by several oxides which have the chemical formula (ABO3). Barium 

titanite (BaTiO3) is a member of the perovskite family. This structure takes it’s name from the mineral CaTiO3 

]1[.the general crystal structure is a primitive cube with the larger A cation in the corner, the smaller B cation in 

the middle of the cube and the anion commonly. Oxygen is in the center of the edges of the face where A is a 

monovalent, or trivalent mineral, and B is a pentavalent, tetravalent or trivalent element. Geometrical packing of 

ions in the lattice is a very important factor determining the structure type. The perovskite structure can be 

considered  as a (3D) three dimensional framework of BO6 octahedral fig.(1.A) but it can also be consider as a 

cubic close packed arrangement of A and O Ions with the B ions filling the interstitial positions (Fig 1.B) [2,3].  

(a)    (b) 

Figure 1. perovskite-type cubic structure ABO
3 
[2] 

The perovskites family includes not only compounds with the perfect cubic lattice of perovskites, but also all 

compounds with structures that can be derived from the ideal compound by small lattice deformations or 

deletions of some atoms. [3] 
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Barium titanite (BaTiO3) 

Barium titanate (BaTiO3) has interest of more than 60 years, due to its attractive properties. Firstly, its 

properties are chemically and mechanically stable, secondly, due to its ferro-electric properties at room 

temperature, and finally, because it is used in the form of polycrystalline ceramics samples and can be easily 

prepared at low cost  ]4[. Barium Titanate (BaTiO3) is one of the most important ferro-electrics materials which 

have many application [5]. It belongs to peroviskite structures as ceramics so it needs ultrafine powders 

(BaTiO3) in order to reduce (calcination temperature, porosity, sintering time, and sintering temperature) [5]. 

All above parameters will lead to less the cost through reducing the energy and increasing efficiency. Barium 

titanate is the first ferroelectric perovskite substance to be discovered. Varieties of ferroelectric properties with a 

series of structural phases transitions. The Curies point T
C 

of barium titanate (BaTiO3) is 1200
o

C , illustrates the 

crystallographic changes of BaTiO
3 
[6]. 

 

Figure 2. Unit cells of the. four phases, of BaTiO
3
 

(a)Cubic, stable above 120c 

(b)Tetragonal, stable between (5<T<120)◦c  

(c)Orthorhombic, stable between (-90 <T< -5)◦c 

(d) Rombohedral phase : this phase stable below T=-90◦ C. [5]. 

Cubic phase: this phase occurs above curie temp. (120°C)  and has random polarization . At 120°C titanium 

ions in the center of the structure, thermal vibration is sufficient to produce random orientation it is octahedral, 

interstitial position in barium titanate (BaTiO3). 

Tetragonal phase:  this phase occurs below (120°C). it is stable between  (5<T<120)◦c [6]. 

 Orthorhombic phase: this phase occur when T= 5◦c, and it is stable between (-90 <T< -5)◦c [7]. 

Rombohedral phase : this phase occure below T=-90◦ C. 

At the curie point titanium ions are all be in equilibrium position in the center of their octahedral. , but when 

temperature decrease titanium ions began jumps between  Strongly favorable positions from the octahedral 

centers, as shown in fig(3). [8]. 

 

Figure 3. Ions positions in the tetragonal phase (BaTiO
3 
)[8] 
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The phase transition is considered as a function of the temperature and the size of the ion present in the unit cells 

[9,10]. There is a strong influence by temperature on crystal, barium titanate, BaTiO3 structures. [11]. The wide 

range of applications of  BaTiO3 includes preparing multi-layer ceramic capacitors (MLCCs), electro optical 

device, PTC and NTC resistors, piezo-electric actuators, transducers and chemical gas sensors. So that ultrafine 

powder is very necessary for these applications especially in (MLCCs) [12-18]. 

EXPERIMENTAL WORK  

Doping 

The weight ratio was used for doping barium titanate with nanopartical SiO2  as additives. 

Pure raw material used to prepare doped Barium titanate with silicon dioxide (BTSi), with four ratio 

(x=1,1.5,2,2.5) % wt. to study the changes in properties. 

Mixing powders and Drying  

doping powders are prepared to be mixed dry and then mixed wet in the presence of ethanol (3h) for (1days), 

then put the doped mixture in the oven at a temperature(80-90)° C for (6h). This is to evaporate the ethanol from 

the doped mixture., Finally, the powder is manually mixed for 30 min. 

Pressing sample  

Samples were pressed using a hydraulic piston, paraffin oils used as a lubricant.  (with constant diameter, 

thickness and weight, die have 1.30 mm) with constant condition (3 tons for 2 sec). 

Calcination  

All samples of (BTSi) with four ratio (X= 1, 1.5, 2, 2.5) wt% were calcination at (1000°C to 1300°C) by using 

electric furnace (Nabertherm/Germany) using different heating program. 

Heating program 

All samples are heated with the same program (2 stage) .as shown below: 

 

Figure 4. Heating program of doping pure barium titanate (BTsi). 
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Figure 5. Flowchart of the work 

RESULTS AND DISCUSSION  

physical test 

shrinkage 

Measure the dimension of samples before &after sintering process by using sensitive balance and Dimensional 

measuring machine (vernier ).  

 

Figure 6. volumetric shrinkage of  Nano BaTiO3 with SiO2 after calcination at 1000 c. 
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Figure 7. Volumetric shrinkage of Nano BaTiO3  with SiO2 after calcination at 1300 c. 

Apparent porosity  

Apparent porosity was calculated by using Archimedes rule by immersing the samples in Deionized water and 

put the container on heat source at 80-90◦ c for (2h) then taking the weights by sensitive balance. Then samples 

were put in the sensitive balance basket and immersed in de ionized water then taking weight of immersed 

samples was taken. 

 

Figure 8. Apparent porosity of Nano BaTiO3 with SiO2  after calcination at 1000 c. 
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Figure 9. Apparent porosity of Nano BaTiO3 with SiO2 after calcination at 1300 c 

Water absorption. 

The water absorption was calculated by immersing the samples in de ionized water and placing the container on 

a heat source at 80-90 ° C for a period of (2 hours), then taking the weights with the sensitive balance. Then the 

samples are placed in the sensitive scale basket and dipped in deionized water, then the submerged samples are 

weighed. 

 

Figure 10. Water absorption of Nano BaTiO3 with SiO2 after calcination at 1000 c. 

 

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0 0.5 1 1.5 2 2.5 3

0

2

4

6

8

10

12

0 0.005 0.01 0.015 0.02 0.025 0.03



Study of the Physical Properties of Barium Titanate (BaTiO3) Nanopowder Doping with Silicon Dioxide (SiO2) 

192 
 

 

Figure 11. Water absorption of BaTiO3 with SiO2 after calcination at 1300c. 

Bulk density measurement  

Bulk Density was measured using a sensitive balance four-digit (0.0001) type (Sartorius. PRACTUM,224_1S 

analytical balance, 220 G X 0.01 MG // GERMANY) for all samples by taking their weight while they were dry. 

 

Figure 12. bulk density of BaTiO3 after calcination at 1000 c. 
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Figure 13. bulk density of BaTiO3 after calcination at 1300 c. 

CONCLUSION 

From the figures shown above, we can conclude the following, that the volumetric shrinkage of the dimensions 

of the samples reduce with increasing temperature, and this is scientifically correct as the pores in the samples 

are reduced when the temperature increases. This supports the idea of increasing the bulk density. As for water 

absorption, we notice a decrease in water absorption with a reduce porosity]1 [, due to the contraction of pores 

and reaching to the stage of glazing in some sample. 

Volumetric shrinkage 

 the figures (6)(7) show the volumetric shrinkage of Nano BaTiO3 after calcination at (1000◦c and 1300◦c) , It 

was observed that the volumetric shrinkage decreased with increasing the percentage of nano silicon dioxide 

content at both temperatures (1000◦c and 1300◦c). This is the result of ethanol evaporation and dimensional 

contraction. 

Apparent porosity 

the figures (8)(9) show the apparent porosity of  Nano BaTiO3 after calcination at (1000◦c and 1300◦c), Where 

it was observed that when adding  nano silicon dioxide particles at a different ratio, the apparent porosity begin 

to decrease as the addition increases due to the interference of  nano silicon dioxide particles between the 

particles of  nano barium titanate, which leads to the formation of grain. 

Water absorption 

the figures (10)(11) show the water absorption of Nano BaTiO3 after calcination at (1000◦c and 1300◦c),The 

water absorption is related to the size of the pores, as the smaller the pores, the less the material’s ability to 

absorb. When adding nano silicon dioxide, porous will reduce pores, which leads to a decrease in water 

absorption. 

Bulk density 

the figures (12)(13) show the bulk density of Nano BaTiO3 after calcination at (1000◦c and 1300◦c),The density 

gradually decreases with increasing temperature and increasing the ratio of addition, as the addition of silicon 

dioxide lead to close the pores and increase the agglutination of barium titanate and increase the density. 
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