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THERMAL DECOMPOSITION OF CADMIUM PEROXOTITANATE TO
CdTiO;

*
V. Parvanova
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8 Kliment Ohridski blvd., 1756 Sofia, Bulgaria

TG, DTA and DSC curves of Cd,[Ti,(0,),O(OH)s]-H,O were recorded and used to determine the isothermal conditions suitable for
obtaining the intermediate samples corresponding to the phases observed during the thermal decomposition. The samples were
identified by quantitative analysis, IR spectroscopy and X-ray analysis. The experimental results were used to propose a mechanism
of thermal decomposition of the investigated compound to CdTiOs;. The optimum conditions were also determined for obtaining

CdTiO; with well-defined crystallinity.
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Introduction

The titanates have a broad application in electronics
and this defines the great interest for their obtain-
ing [1-4]. The cadmium titanate is used as solid solu-
tions with other titanates in order to obtain thermal
stability capacitors. It is presumed that CdTiO; deter-
mines a significant flattening of the maximum of the
temperature dependence of the dielectric constant and
dielectric losses are decreased.

CdTi0s, with grain size under 1 1, was obtained by
thermal decomposition of Cd,[Ti,(0,),O(OH)s]-H,O at
7=600—650°C for 2-3 h. Cd,[Tix(0,),O(OH)c]-H,O was
synthesized by peroxomethod [5]. This method from
technological point of view exhibits some important ad-
vantages compared to the conventional methods for ob-
taining titanates: significantly lower temperature of syn-
thesis, shorter reaction time, avoiding the milling and
homogenizing of the raw materials and of the final prod-
uct. As a result the obtained metatitanates are of higher
purity, with fine crystalline structure and homogeneous
grain-size composition.

The object of the present investigation is to ob-
tain information about the mechanism of thermal de-
composition of Cd,[Ti,(0,),0(OH)e]-H,O to CdTiOs.
For this purpose the following methods are used: si-
multaneous TG-DTA, DSC, X-ray analysis, IR-spec-
trum and quantitative analysis. The optimum condi-
tions are determined for the obtaining of CdTiOs.

Experimental

The cadmium peroxotitanate is obtained by the peroxo-
method [6, 7] and its synthesis can be expressed by the
following reaction:
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TiC14+Cd(CH3COO)2+H202+OH7—)
—Cd,[Ti2(02),0(0H)e] H,O

0.1 M water solution of Cd(CH;COO), is added to
0.1 M TiCly solution in HCI. A five-time excess of H,O,
is also added. After cooling the mixture, diluted solution
of NHj; is added until obtaining pH=9. During the reac-
tion the temperature is kept at about 10°C. A pale yel-
low amorphous sediment of Cd,[Ti,(0,),O(OH)c]-H,O
is obtained. After its calcination in air atmosphere,
CdTi0s is obtained.

The thermal decomposition of
Cd,[Ti2(0,),0(0OH)s]-H,O0 is studied by simultaneous
TG-DTA and DSC methods. The derivatograph in-
vestigations were recorded on a MOM-OD-102 appa-
ratus in the temperature range of 20-900°C in air at
heating rate of 10°C min"' and a mass sample of 25 mg.

For more accurate proof of the mechanism of the
thermal decomposition, isothermal investigations were
also performed. Based on DTA data, the temperatures
of thermal treatment of 2 g samples were determined
(T=100, 370, 550°C). The enthalpy changes accompa-
nying the decomposition were measured. The DSC
curves were recorded on a Perkin Elmer DSC-4 appa-
ratus in the temperature range 20-450°C, at a heating
rate of 10°C and a mass sample of 4.2 mg.

The stoichiometry composition of the compounds
was determined by using the following methods of anal-
ysis: Ti*" by gravimetric method [8], Cd*" by complexo-
metric method [9], the peroxo groups by permangano-
metric method [10], hydroxyl groups by Chernev’s
method [11] and water by Fisher’s method [12].

The IR spectra were recorded on a Philips PV 9700
spectrograph in the 4000 to 650 cm ™" in KBr pellets and,
in the region of stretching vibrations of H,O, as a sus-
pension in hexachloro-1,3-butadiene.
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The final product, CdTiO;, was characterized by
X-ray diffraction using a Zeiss TUR-M-62 apparatus
with CuK,, radiation.

Results and discussion

The IR-spectrum of the studied compound at 7=20°C
is presented in Fig. 1. DTA and TG curves are shown
on Fig. 2, IR-spectra of the intermediate samples ob-
tained by isothermal calcination — Fig. 3 and DSC
curve — Fig. 4. Table 1 presents quantitative analysis
data of the starting compound and isothermally
treated compound at different selected temperatures.
Table 2 contains values of the mass changes and the
corresponding temperature ranges of the recorded
stages in the derivatogram and DSC plot.

The composition of the cadmium peroxotitanate
used as a precursor for obtaining of CdTiO; was deter-
mined by quantitative analysis and is presented in Ta-
ble 1 (data at 7=20°C). The composition is also con-
firmed by its IR-spectrum (Fig. 1). In the IR-spectrum
stretching vibrations vr; o at 765, 740 and 670 cm!
[13] and for peroxo groups at 880 cm ' [14, 15] are ob-
served. The weak absorption bands at 1080 and
1150 cm™', which correspond to dri_oy terminal groups
and Ori_oa i bridging groups [13] are of interest. The
last mentioned groups define the binuclear complex.
The strong absorption band at 1380 cm ' confirms the
binuclear structure [16]. The OH™ absorption bands at
3280, 3420 and 3530 cm ' define the presence of three
types of OH™ groups: hydrate water, terminal and
bridging OH . The complete identification is impossi-
ble because of the absence of structure data, which
could give information about the types of hydrogen
bands participating in these groups. The presence of
OH™ groups bellowing to the hydration water is proved
by 8, absorption band at 1630 cm

The DTA curve (Fig. 2) of the
Cd,[Ti(0,),0(0OH)s]-H,0O shows that its decomposi-
tion starts at 45°C. The first endothermal effect is
studied in the 45-250°C range with 7,,,,=123°C. To
this effect, on the TG curve, a mass change Am=9.8%
corresponds, related to the release of hydration water
and O, during the decomposition of the peroxo
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Fig. 2 DTA and TG curves of Cd,[Ti»(05),O(OH)s]-H;O

groups. This statement is also proved by the quantita-
tive analyses data of the isothermal treated compound
at 7=100°C which shows a good correlation between
Am=9.3% for Am,.¢=9.6% (Table 1). From the com-
parison between the IR-spectra of the starting com-
pound (Fig. 3a) and those of the isothermal treated
sample at 100°C (Fig. 3b), a lack of absorption bands
at 1630 and 880 cm ' is observed. This is another
proof that up to this temperature hydration water and
O, of the peroxo groups dissociate totally.

Two effects are observed on the DSC curve for the
discussed area (Fig. 4). The first one is an endothermal
effect with T=120°C and AH=+128%1.0 kJ mol

Table 1 Quantitative analyses data of the starting compound Cd,[Ti2(0,),O(OH)]-H,O and isothermal treated compound at se-

lected temperatures

Quantitative composition/mass% Mol ratio Am/%
Temperature/°C -~ -
Cd Ti 0 OH H,0 Cd:Ti:0; :0OH :H,0 exp. caled.

20 42.5 18.3 12.2 19.0 35 1.00:1.00:1.00:2.95:0.51 - -
100 47.2 20.6 - 22.0 - 1.00:1.02:—:3.08:— 9.3 9.6
370 51.2 223 - 7.6 - 1.00:1.02:—:0.98:— 7.3 6.9
550 53.5 23.2 - - - 1.00:1.02:——— 34 35
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Fig. 3 IR spectra of: a — Cd,[Ti»(0,),0(OH)s]-H,O at 7=20°C;
b — isothermal treated sample at 7=100°C; ¢ — heated
sample at 7=370°C; d — heated sample at 7=550°C

and the second one is exothermal effect with
Tnax=217°C and AH’=-19£0.1 kJ mol ' (Table 2). The
last effect is possibly due to the structural changes in the
Cd[Ti,05(OH)s] complex formation process and proba-
bly of the summing effects is not recorded on the DTA
curve. The absence of the second endothermal effect in
the discussed temperature range proves that the release of
the hydration H,O and O, takes place at the same time.
The second observed endothermal effect on the
DTA curve in the 357-460°C range with 7},,,=400°C
may due to the dissociation of the H,O during the sep-
aration of the terminal OH-groups.To this effect, on
the TG-curve to mass loss — Am=6.6% corresponds, in
good agreement with Amic,cq=6.9% and with the mass
loss of the isothermal treated sample at 7=370°C,
Am=7.3%. The quantitative analysis shows decrease
of'the OH -groups from 3.08 to 0.98 mol (Table 1). In
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Fig. 4 DSC curve of Cdz[le(Oz)zO(OH)s]HzO

the IR-spectrum of the same sample the absorption
band at 1080 cm ™', which is typical for & o Of termi-
nal T-OH groups is absent (Fig. 3¢). The endothermal
effect with T,,,=395°C on the DSC curve corre-
sponds to the process of separation of the OH™ groups
(Fig. 4). The enthalpy of this phase transition is
AH°=78%0.5 kJ mol™" (Table 2).

A weak exothermal effect is observed on the
DTA curve at 7=490°C (Fig. 1), which is not corre-
lated with a mass loss on the TG curve. This exo-
thermal effect is probably a result of the formation of
the complex Cd,[Ti,05(OH),].

Temperature range 560-655°C with T;,,,=595°C
on the DTA third endothermal effect is recorded with a
corresponding Am=3.7%. This effect is a result of the
process of elimination of the bridging OH-groups from
Ti—O(H)-Ti. The IR-spectrum of the isothermal treated
sample at 7=550°C shows a lack of absorption bands of
Sor~ of the bridging Ti-O(H)-Ti at 1150 and 1380 cm™'
(Fig. 3d). Table 1 shows for the isothermal treated sam-
ple at 7=550°C a mass change Am=3.4% compared to
A4 =3.5%. At this temperature the quantitative anal-
ysis data shows the total release of OH ™ groups, the final
composition corresponding to CdTiO; (Table 1). How-
ever, the X-ray analysis of this sample evidences an
amorphous character of the sample.

The weak exothermal effect at 7=710°C on DTA
curve is not correlated with a mass change on the TG
curve. This effect is probably due to the structural
changes, which lead to the formation of CdTiO;. The
X-ray analysis of the DTA residue shows an amor-

Table 2 DTA, TG and DSC data of Cd,[Ti,(0,),O(OH)s]-H,O decomposition

DTA DSC Am/%
Temperature range/°C
Tmax/°C Tonset/°C Tmax/°C AH"/KJ mol™ exp. calcd.
45-250 123 79 120 128+1.0 9.8 9.6
- - 193 217 —1940.1 - -
357-460 400 357 395 7840.5 6.6 6.9
470-520 490 - - <0 - -
560-655 595 - - 0> 3.7 35
685-750 710 — - <0 - —
J. Therm. Anal. Cal., 84, 2006 591
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Fig. 5 Schematic diagram of the X-ray diffraction lines for
CdTi0; obtained at: a — 600°C for 3 h; b— 650°C for2 h

phous phase because of the high heating rate of
10°C min". On the contrary, the isothermal treated
sample at 7=700°C calcinated for 1 h is crystalline
and has the diffraction patterns on CdTiO; [17].

On the basis of DTA, TG and DSC, quantitative
composition and IR-spectra data, the following mecha-
nism of the thermal decomposition  of
Cdy[Ti,(0,),0(0H)]-H,O to CdTiOs: can be proposed:

Cd,[Tix(0,),0(0H)e]-H,O (o) —20E—
Cd,[Ti,03(0OH)] (s rH2O ()1 Ox(e)
Cd,[Ti,03(OH)g ] (—2-40C—
Cdy[Ti,05(0OH)2]5+2H20¢
Cdy[Ti,05(OH),]—-655C 52CATiON ) + HOgp

The optimum conditions of calcination are interest-
ing to be studied in order to obtain CdTiO; with good
crystallinity. Samples with a mass of 5 g have been
calcinated at 7=700, 650, 600 and 550°C for 1, 2, 3 and
4 h in air. The optimum results have been obtained at
T=600°C for 3 h and at 7=650°C for 2 h (Fig. 5).

592

Conclusions

Cd,[Ti2(0,),0(0OH)s]-H,0, which a precursor for ob-
taining CdTiO3, was synthesized by peroxomethod.

On the basis of the DTA, DSC, IR-spectroscopy,
quantitative and X-ray analysis data, a mechanism for
the thermal decomposition of Cdy[Tir(0;);O(OH)]
‘H,0 to CdTiO; has been proposed.

The optimum conditions for obtaining CdTiO;
with a good crystallinity degree are the thermal treat-
ments of Cd,[Ti,(0;),0(0OH)e]-H,0 in air at 600°C
for 3 h, or at 650°C for 2 h.
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