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Reactivity of Oxide-Powders formed by Thermal Decomposition.
— Influences of Preparation Histories on the Reactivity
and Application of Thermal Analysis —

Tadao Ishii

The reaction behaviors of oxide-powders, MgO, Al, 03, CaO, BaO, TiO,, Fe,0,, UO,

and V,Os,

which were formed by thermal decomposition of salts or hydrates, were examined

in the various reaction systems, and summarized in connection with the preparation histories

of the powders.

In many cases, the reactivity of powders was greatly influenced by their heat treatment

histories, and closely correlated with a phase-boundary reaction at the initial reaction step.

For the search of the surface behaviors occurred at transition stage before the attainment of

steady state of the reaction, the useful applications of thermal analysis were done as a non-

isothermal technique which differs essentially from a conventional isothermal method.
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Fig. 1. Reactivity of MgO for Mg-salt + -Al, O3
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Fig. 2. Influence of calcining temperature (§) and
preserving method of MgO on the reaction,
MgO + @-Al, O3 = MgAl, Oy, at 1000°C for
2h in air.

Preparation history and preserving method
of MgO,

calcining Mg(OH), ;

O, in desicator-silica gel

[J , in desicator-vacuum

A in air

calcining MgCO; (basic);

® , in desicator-silica gel
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Fig. 3. Reaction rate for 7-Al, O3 + ZnO
=ZnAl, Q4 in air.
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Fig. 4. Reaction rate for Al, O3 + ZnO = ZnAl, O, .
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Fig. 5. DTA curves for Al, O3 +C (2:1) in Cl,

It
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flow (30 cm3/min) at 5°C/min.

a, 7-Al, 035 b, 6-Al,05;

c, 7-Al, O3 (partly 7-AL O3 );
d, §-Al, 05 (partly §-Al, O3 );
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Fig. 6. (A): DTA curves in N, flow for
750 a, CaCO;
b, CaCOj + TiO, (anatase)
¢, CaCO3 + TiO, (rutile)
(B): Jander’s plots for
CaCOj; + TiO, (anatase) system.
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Table 1. Transition aluminas prepared by the calcination of various hydrated aluminas.

Specimen Starting material Calcination conditions Trangiﬁon aluminas Specific sqrffce area
no. 6/°C t/h identified S/m2g™!
a Bayerite 600 3 7 180
b Bayerite 900 3 6 95
c Gibbsite 600 3 7>y 158
d Gibbsite 900 3 0>0 86
e Boehmite 600 3 7 40
f Boehmite 900 3 0 27
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b, BaSO4 + TiO, (anatase)
¢, BaSO4 + TiO, (rutile)
(B): Jander’s plots for
BaSO,4 + TiO, systems in N, flow
by analysing SO3 evolved.
a, anatase
b, rutile
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Table 2. TiO, samples.

12 BaSO,~TiO, (T + 2 —t) % Preparation methods Physical properties
S 7. SR
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THROG MBI L, 1000°C AT & 1 Commercial anatase 700 2 100 109
DOWLOMISTEE S, 1260°CH 2 Commercial rutile 700 1 0 134
FEDREEEAMMBDON T D, 3 I;ijrolyzed }‘ig% 900 2 0 14
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Fig. 9. Transition temperature of TiO, to
rutile vs. reaction rate constants for
TiO, + CaSO4 system.
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Fig. 10. Relation between initial decomposition
temperature (7;) of KClO, and prepara-
tion temperature (§) of & -Fe, Oj.

O,a-Fe, O3 (A); @,d-Fe,O3(S; );
@, d-Fe, 05 (S,)
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Fig. 12. TG and DSC curves of oxidation of

U0, (2) and U0, (3).

Table 3. Decomposition conditions of uranium salts for the preparation of UOj3,
and the results of oxidation of UO,.

Preparation of UQ, Oxidation of UQO,°

Decomposition . DSC peaks{#/°C)

_— — = A u
No. Salt 6/C /h Composition of UQ, ™ > nd /W
i UNH 500 8 U0y .01 183 378 0038
2 UNH 500 9 UOy.055 192 378, 408 0011
3 UNH 525 4 UO, 041 188 374 0042
4 UNH 625  0° UOs. 006 194 364, 385 0035
5 UAH 450 5 U0y -00s 210 393 0025
6§ ADU 505 1 UO,4.056 0445
7 CU UOy.00r 221 363 0010

a, Heating rate of 10°C/min

b, UO, was prepared by heating UO; up to 800°C at 5°C/min in Py, =13.3 kPa.

CU = commercial UO,
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