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A Kinetic Analysis of Barium Titanyl Oxalate

Tomomichi Nisamwo and Ryoji Nacaoka *

(2005411 H 30 H 52 H)

As a part of fundamental study on the kinetics of electroceramics processing by wet

chemical methods, barium titanyl oxalate precursor was prepared using butyl titanate

monomer and barium acetate as starting materials.

Changes in composition with tempera-

ture and reaction time for the precursor in the calcinations were characterized by

thermogravimetry with differential thermal analysis, X-ray diffraction analysis, and an acid

extraction.

Thermogravimetric change and formation behavior of barium titanate in the

calcinations process were successfully simulated based on a proposed reaction model. The
simulation results suggest that 40% of barium titanate is formed by the reaction of intermedi-

ate, and the remainder is produced from the reaction of barium oxide and titanium oxide.
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X 1 Preparation procedure of barium titanyl oxalate
precursor by oxalate precipitation
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2 Analysis diagram for barium titanate.
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3 Analysis diagram for reaction kinetics.
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4 Change in XRD pattern of oxalate precursor.
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X 6 Composition change of oxalate precursor during
heat treatment.
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7 Observed and simulated TG curves of oxalate
precursor.

Reaction step i

1. BaTiO(CzO4)2'4Hzo g BaTiO(CzO4)2 + 4H,0 (g)
2. 2BaTiO(C,0.), — Ba,T1,0;CO; + 3CO.(g) + 4CO(g)
3. Ba.T1,0;CO; - 2BaTiOs + COz(g)
% 2 Reaction mechanism (2)
Reaction step i
1. BaTiO(CZO4)2.4HZO - BaTiO(CzO4)2 + 4H,0 (g)
2. BaTiO(CZO4)2 - BaC;0, + TiO, + CO (g) JFCOz(g)
3. BaC,O, - BaCO; + CO(g)
4. BaC.0; + TiO, - BaCOs+ TiO; + CO(g)
5. BaCO, — BaO + CO:(g)
6. BaCO;+TiO, — BaTiO; + CO.(g)
7. BaO + TiO, - BaTiO;
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8 Observed and simulated TG curves of oxalate
precursor (2).
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12 Observed and simulated TG curves of commercial
oxalate precursor.
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% 3 Kinetic parameters determned for decomposition of oxalate precursor

Reaction step i prepared sample commercial sample
kalmin™']  ElkJ/mol]  kulmin™']  E[kJ/mol]
1. BaTiO(C:00:4H,0 — BaTiO(C.0.). + 4H:0(g) 1.0x10° 29 1.0x10° 29
2. BaTiO(C,00). —  BaC.0, + TiO, + CO(g) + CO:(g) 5.0Xx10° 80 1.6X10" 125
3. BaC,O, — BaCO; + CO(g) 2.0x10* 80 5.0x10° 100
4. BaC,0O; + TiO, —  BaCO;* TiO; + CO(g) 2.0x10* 80 1.0 < 10° 95
5. BaCO; — BaO + CO.(g) 1.0x10* 130 9.3x10" 230
6. BaCOs* TiO; —  BaTiO; + CO.(g) 5.0 107 140 8.9 10" 200
7. BaO + TiO, —  BaTiO; 1.0x10° 150 1.0x10" 210

SRR 184 2 H



YA N Y AT Y =V D R RN

ia:I Ea SOUrCa

[= =00 &0 (1] 2} 1] OO0 1300

Temperatons [ T]
'1:-] Ti EEIU[EE‘
'E' Hu? 4
PR l_ EuTllih d
=|
§
E nak |
._.I..-E-E'IIDI_EIU-IIE . -
B0 12063
Tlllpn-ll ||:||'|:I

13 Simulated composition change of prepared

sample.
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sample.
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