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Synthesis of Barium Titanate from Titanyl Acylate Precursor

by Sol-precipitate Method
Thandar Win', Kyaw Naing2 and Khin Mar TunJ

Abstract

Nanometersize barium titanates (BaTiO3:BT) powders can be obtained by
sol-precipitate method in the presence of polyoxyethylene (20) sorbiton
monooleate (Tween-80) as a polymeric surface modifier in a strong alkaline
solution (pH > 13) . FT-IR, TG/ DTA, SEM and XRD were used to
investigate the effects of the surfactant influence on the morphology of the
obtained BaTiO3 powders. With adding surfactant, a slower rate of
hydroiyzatibn is observed and the rate of condensation is slower. The
addition of Tween-80 surfactant in general leads to the formation of smaller
particle size of BaTiO3 (70-100 nm). Without adding surfactant, larger
particle size of BaTiO3 (100-200 nm) was obtained. The nanometersize
BaTiO3 powders were readily sintered at 1000-1200°C. Raman-active
modes of tetragonal phase BT were detected from Raman spectra of BaTiO3

between 800°C to 1200°C.
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Introduction

Barium titanate crystallizes in a perovskite structure is an important
electronic ceramic. Barium titanate (BaTi(>3 : BT) naoncrystals have great
advantages over micrometer size ceramic powders when the thickness of a
single ceramic layer decreases to less than 2fxm. Low temperature synthesis
has provided on exciting possibility for high purity, homogeneous, and
ultrafine BaTiO3 nonoparticles. BT nonocrystals have been synthesized by
Using a hydrothermal method, sol-gel processing, the oxalate route,
microwave heating, a micro-emulsion process and a polymeric precursor
method.

In the preparation of barium titanate from the titanium
tetraisopropoxide a high molecular weight gel is easily formed by reaction
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with the moisture of atmosphere. This gel is not very soluble which affects
the quality of the product. The titanyl acylate precursor, made by chelating the
titanium isopropoxide with acetic acid, can be dissolved in water and reacts
readily with the alkaline earth metal ion to form a clear and homogeneous
solution. Barium titanate powder is produced by adding a strong alkaline
solution (pH>13) to the above solution. The process of forming the perovskite
powder directly in a strong alkaline solution has the advantages of low
temperature and excellent compositional homogeneity of the powder.
However, Kao and Yang have proposed a modified sol-precipitation method
to prepare nonometersized strontium nitrate powder from a titanyl acylate
precursor in a strong alkaline solution. They discovered that during sol
precipitation process, the strontium ion diffused into the gel formed through
hydrolysis of the titanyl acylate precursor. The hydrolysis and
polycondensation control the morphology of the titanyl acylate precipitate and
are therefore the crucial steps in obtaining the desired end product.

In the present study, we prepared nonometersized BaTiC>3 powders by
using with surfactant or without using surfactant for the titanyl acylate
precursor. Combined FT-IR, TG /DTA, SEM and XRD, etc. methods were
used to investigate the effects on the morphology of the precursor and the
influence of the surfactant on the particle size and sinterability properties oi
the powder.

Experimental

Preparation of titanyl acylate precursor

A 15 ml titanium tetraisopropoxide [Ti (OiC3H7)4] was brought to
react with 28 ml of acetic acid (molar ratio HOAC/ Ti =10) to obtain a titanyl
acylate precursor. In this exothermic reaction, 50 ml of deionized water was
added and the mixture stirred vigorously causing the hydrolyzed titanyl
acylate precursor to form a clear solution. The steps were carried out at room
temperature. This solution was mixed with 150 ml of KOH (pH > 13). After
mixing, the solution through hydrolysis and polycondensation to form a white
precipitate. During the process, about 20 mg of surfactant (Tween - 80) was
added to solution while stirring.

Resultant titanyl acylate containing surfactant precipitate was filtered
and collected in 3 min, cooled on an ice bath washed with water and then
dried in an oven at 105°C for 24 hr. The dried precipitate was characterized by
thermal analysis and FT-IR analysis.
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Prepared sol-precipitate synthesis

Prepared titanyl acylate precipitate was brought to react with 50 ml of
1 M barium acetate solution at boiling point (about 102-105°C) for 2 hours.
The excess mother liquor was filtered and obtained filter cake was washed
with deionized water at three times to produce white barium titanate powder.
This white BaTiO3 powder was vacuumed dried for 24 hour. The experiments
were carried out under two different conditions. One series of the experiments
took place without surfactant and another one with surfactant.

In order to understand the influence of the surfactants hydrdlyzed
titanyl acylate precursors containing surfactant precipitated in a strong
alkaline solution were characterized by TG/DTA, FT-IR spectroscopy.
Scanning electron microscopy (SEM) was used to analyze the structure of the
precipitate and BaTiC>3 powders. X-ray diffraction (XRD) was used to
characterize the perovskite phase of BaTiO3 powders.

Results and discussion

The Studies of Titanyl Acylate Precursor

FTIR Analysis

The FT-IR spectra of the various titanyl acylate precipitates with or
without using surfactant in alkaline solution are shown in Figure 1. The
acetate ligand chelating the titanium compound has two absorption bands
nears, 1420 cm"1 and 1560 cm"1 respectively*-These-two; absorption bands
caused by symmetric and asymmetric vibration of the acetate groups. When
the difference of the two absorption peaks (Au) is larger than 160cm"1, the
acetate group is a typical bridging bidentate ligand. When it is smaller than 80
cm"1, it is a chelating bidentate ligand. The spectra indicate that acetate still
exists in the structure of the gel formed from the hydrolyzed titanyl acylate
precursor in the solution at pH>13.
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Figure 1 The FT-IR spectra of titanyi acylate precursor obtained
(A) without using surfactant
(B) by using surfactant (Tween-80)

The FT-IR spectrum of the starting material without any surfactant
added shows the bidentate ligand difference to be Au = 280 cm"1, [Fig 1 (A)]
which indicates bridging bidentate ligand. This bridging bidentate ligand is
responsible for a higher rate of crosslinking and a larger particle size. When
Tween-80 surfactant was added to the titanyi acylate precursor, the precipitate
formed had a bidentate ligand difference of Au = 150 cm"1, this was the
smallest bidentate ligand difference observed [see Fig 1 (B)].

The absorption peaks of Ti-OR are found between 1000 and 1100 cm"1,
therefore the gels obtained from the precursor still contained traces of
Ti(OR)4. Comparing the without surfactant and with surfactant process, it can
be stated that adding surfactants results in a smaller particle size of the
resulting gel due to the chelating bidentate nature of ligands. This lowers the
crosslinking rate and reduces the particle size than the without adding
surfactant process.

TG-DTA Analyses

Fig 2 and 3 show the result of TG analysis of the various titanyi
acylate precipitates obtained by adding surfactant or without adding
surfactant. Figure 2 and 3 shows the weight change on heating up to 700°C.
The weight loss in the range 300-600°C can be assumed to be representative
of the amount of acetate groups in the titanyi acylate precipitate. The
precipitate obtained without adding any surfactant has the least weight loss ~
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4 % shown in Figure 2. The precipitates obtained by adding Tween-
surfactant resulted in a weight loss of ~ 18 % shown in Figure 3.

Figure 2 TG/ DTA thermogram of titanyl
acylate precursor without surfactant

(Tween-80)

Figure 3 TG/ DTA thermogram of titanyl
acylate precursor with surfactant
(Tween-80)

Table 1. Thermal Analysis Data of Titanyl Acylate Precursor Obtained
without using Surfactant

TG
Temperature
Range (°C)

100-200°C
130°C

200-350°C
320°C

350 -600°C
370°C

Weight loss
%

between
Temperature

Range

14.2 %

3.62%

4.00 %

TG Remark

Dehydration

Combustion
and

Decomposition

Formation

DTA Remark

Endo peak due to loss of hydrated
Water

Endo peak due to completely
decomposition of acetate group

Exo peak due to formation of
BaCO3 intermediate
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Table 2 Thermal Analysis Data of Titanyl Acylate Precursor Obtained without
using Surfactant

TG
Temperature
Range (°C)

100-200°C
130°C

200-350°C
320°C

350-600°C
370°C

Weight loss
%

between
Temperature

Range
6.03 %

4.53 %

18.95%

TG Remark

Dehydration

Combustion
and

Decomposition
Formation

DTA Remark

Endo peak due to loss of hydrated
Water

Endo peak due to combustion of
acetate group

Exo peak due to
Formation of BaCO3

intermediate

Combining the results of the FT-IR and TG studies, it can be
concluded that the higher presence of the acetate ligand in the Tween-80
surfactant results in an inhibition of the hydrolysis reaction. Acetate inhibits
the process of condensation, extends the gelation time, and results in much
smaller particles of the precipitate.

The Characterization of BaTiC>3 Powders

FT-IR Analysis

Figure 4 shows the FT-IR spectra of barium titanate precipitate
obtained after each step of the synthesis temperature. In the case of powder
heat at 200°C, IR bands due to the stretching of OH (3426 and 1680 cm"1) ,
the ester (~ 1735 cm'1) and CO3 (1378, 1080, 882 and 667 cm"1) were
observed. The characteristic sharp bands around 1124 cm"1 corresponds to the
Ti-O-C vibrations of (-OR) groups directly bonded to titanium. On further
heating at 400°C, the organic matrix was decomposed and as a result the
absorption between 1400 and 1500 cm"1, decreased in intensity. At 600°C, OH
stretching band was present but it gradually disappeared in the spectrum of the
sample heated to 800°C where Ti-0 bond became more prominent. About
800°C, IR absorption band around 540 cm"1, which is the characteristic peak
of the Ti-0 vibration modes, became clear. The band corresponding to the Ti-
O vibrations in BaTiO3 was better developed. The bands at the range of 570-
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400 cm"1 are designated to indicate that cubic and tetragonal BaTiO3 exist in
the product according to the temperature, especially 535 and 579 cm" may
indicate the existence of the tetragonal BaTiO3. These facts attributed to the
confirmation of cubic and tetragonal BaTiO3 existence in resulting powder.

1WCJS

Figure 4 FT-IR spectra of BaTiQj powder
calcinated at different temperature

Table 3 Assignment for FT-IR Data of BaTiO3

Precipitate
No

1

2

3

4

5

6

Observed Frequency (cm1)

3426 cm1

1573,1552 cm1

1423,1377 cm1

1378,1080-882,667
cm"1

900-500 cm1

579 cm1,535 cm1

Band Assignment

Vo.H(-OH group)

v,,moo(C = 0 group)

Viym c-o (-COO in acetate
croup)

8C-H (-CH3 group)

v&o (Ti-O-C group)

vTWJ (Ti-O group)

VB»TI (Tetragonal BaTiOj)

XRD Analysis

XRD analysis also support the FT-IR data, Figure 5 shows the XRD
diffractograms of barium titanate powders calcinated at 200, 400, 600, 800
and 1200°C for 2hr. The precipitate calcinated below 400°C contain mainly
amorphous or unknown crystalline phase. The first crystalline phase is
generated after a heat treatment at 400° C. It can be seen that the product
yields a carbonated phase at 400°C, prior to the formation of barium titanate.

However extending the annealing time at 600° C for 2hrs resulted in decrease
of intensity in the XRD peaks characteristic of the intermediate phase, marked
with a triangle (A) which was accompanied by the crystallization of barium
titanate marked with a filled circle (•). At 800°C, the precursor yields the
higher amount of perovskite phase BaTiOa and fewer barium carbonate.
Above 800°C the XRD reflections become sharper and a gradually splitting of
the cubic [200] into tetragonal [200] and [002] was observed. Figure 6 shows
a selection of XRD patterns over a 20 range at 44^-46°. Notice that the
powder annealed at 1000°C, the peak around 45° are asymmetric, indicating
two peaks at this position. The magnitude of the peak splitting taken as the 29
distance between the peaks, was found to increase with temperature.
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Figure 5 XRD diffiactograrns of BaTiO3

calcinated at various temperatures
Figure 6 XRD diffractogram over the 29

Range 44-46 ° of BaTiO3 after
calcination at 1200 °C, 2 hr

Electron Microscopy of the Titanyl Acylate Precipitates

The SEM images of the different precipitates obtained through added-
surfactants or without added surfactants in the strong alkaline solution are
examined and shown in Figure 7 and 8. The precipitates of the added
surfactant formed are the finest about 70nm to lOOnm. This is due to the fact
that the rate of formation of precipitate is the slowest in this case. The
precipitates without using surfactant showed the particle size are 100-200 nm,
larger than that of with surfactants. Therefore resulting morphology is
dependent on the surfactant. Adding the surfactants slow polycondensation
and a precipitate with a small particle size is formed.

Figure 7 SEM image of BaTiO3( without
using Tween-80 surfactant)

Figure 8 SEM image of BaTiO3 (with using
Tween-80 surfactant)
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FT-Raman Analysis

FT-Raman measurements were carried out on the barium titanate
sample prepared by calcinated at 800, 1000 and 1200°C. The peak of 305 cm'
', the characteristic peak of the tetragonal phase in BaTiC>3, is present in
resulting powder. There is no significant change in the Raman spectra except
that there is an intensity jump at 1000°C. This might be related to the
migration of lattice defects, because it is believed that 1000°C is the lowest
temperature for the multitude migration of lattice defects such as barium and
oxygen vacancies. Figure 9, shows the Raman spectra of barium titanate
powders. The spectrum shows the stretching modes of Ti-0 at around 130,
260, 305, 518 and 718 cm'1 respectively. The presence of tetragonal phase
predominately found to be observed at 305 cm'1.

; Raman spectrum

(Experimental Observation)

260 cm1

305 cm"1

470 cm-1

518 cm1

718 cm1

Raman Spectrum *

(Literature)

269 cm1

306 cm"1

474 cm'1

516 cm1

720 cm"1

200 400 600 800

Raman Shift (cm1)

1000

Figure 9. FT-Raman spectra of BaTiO3

powder calcinated at (a) 800 °C,
(b) 1000 °C,(c) 1200 °Q for 2hr

Table 10. FT-Raman Data of Barium
Titanate (Tetragonal Phase)

Conclusion

This work had found out that nanOmetersized BaTiC>3 can be obtained
by adding Tween 80-surfactant to titanyl acylate precursor in strong alkaline
solution (pH > 13). FT-IR, TG-DTA, SEM and XRD were used to investigate
the effects of surfactants influence on the morphology of the obtained barium
titanate powders.
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