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Thermal Effects on the Lattices  o fη-andγ-Aluminum Oxide
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In a previous paper,1) the present authors 

found that the lattice dimensions and the

tetragonal axial ratio of γ-aluminum oxide

vary with hydrothermal and heat treatments

and proposed thatη-aluminum oxldc may be

an end-member of the γ-aluminum oxide series

with little tetragonal • deformation. In the

present paper, the lattice dimensions ofη-and

γ-aluminum oxide will be measured with a

high temperature X-ray diffraction apparatus

at various temperatures and after various heat 

treatments in order to discuss further the

relation betweenη-andγ-aluminum oxide.

The γ-aluminum oxide examined had a

tetragonal axial ratio of 1.0357 and was obtained

from a hydrothermal treatment, at 500℃

under 50 atm. for 20 hr., of γ-aluminum oxide

which had been formed from the dehydration

Fig.1 The X-ray diffraction diagram of γ-

A1203(hydrothermal), CuKα ray.
1) G. Yamaguchi and H. Yanagida, This Bulletin, 35, 

1896 (1962).
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Fig. 2. The slow-scanning X-ray diffraction

pattern of γ-Al2O3 about the (400) peak in

the spinel indices;CuKa,35kV.,12amp.

1°1°0.2mm. slit system;rate meter 8;time

constant 4 sec.;scanning speed 1°/4 min.

Geigerflex.

of well-crystallized boehmite AlOOH in air at

700°C.The X-ray diffraction diagram is shown

in Fig. 1, while the slow-scanning pattern 
about the (400) peak in the spinel indices is 
in Fig. 2. This specimen contained 7.5%
water at 150℃. Another γ-aluminum oxide

with the axial ratio of 1.0183 was also exam-

fined;it contained 3.5%water at 150℃.

The η-aluminum oxide with little tetragonal

deformation was obtained from the dehydra-

tion, at 700℃ in air, of bayerite Al(OH)3

which had been formed by the neutralization 
of an aqueous solution of aluminum chloride 
by ammonia. The (400) peak of this specimen 
is hardly split at all. This had 3.8% water
at 150℃.

TABLE I. THE LATTICE DIMENSIONS OF γ-Al2O3

MEASURED WITH A HIGH TEMPERATURE X-

RAY DIFFRACTION APPARATUS CLiKα,35 kV.,

15mamp.;1°1°0.02 mm. slit system;rate

meter 8 ; time constant 4 sec. ; scanning

speed 1°/4 min.;Geigerflex

*The d-values are±0 .0008A

**The axial ratios±0 .0006

TABLE II. THE LATTICE DIMENSIONS OF η-

A1203 MEASURED WITH A HIGH TEMPERA-

 TURE X-RAY DIFFRACTION APPARATUS

CuKa,35 kV.,15mamp.;1°1°0.2 mm. slit

system ; rate meter 8 ; time constant 4 sec. ;

scanning speed 1°/2min-;Geiger$ex

*Tbe d-values are±:0
.0012A

The curves plotting the heating temperatures
versus the lattice dimensions ofη-aluminum

oxide and γ-aluminum oxide are shown in

Tables I and II and in Figs. 3 and 4. The

curve fbr η-alumnum oxide is reversible

whereas that for γ-aluminium oxide is not

reversible. The lattice dimensions of γ-

aluminum oxide decrease, and, at the same 

time, the degree of tetragonal deformation is 

lowered through the heat treatments numbered 

5-9 in Table I and in Fig. 3. The axial ratios 

decreased 1.0357 to 1.0332 and 1.0183 to 

1.0158. Curves plotting the heating tempera-

tures versus the amount of water in or on 

the aluminas are shown in Fig. 5, in which

the axial ratios of the starting γ-aluminum

Fig.3. The lattice dimension of γ-A1.,0:3

measured with a high temperaωrc X-ray

diffraction apparatus;CuKα,35kV., ISamp.;

1°1°0.2mm. slit system;rate meter 8;time

constant 4 sec.;scanning speed 1°/4 min.

Geigerflex.
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oxide are also indicated. We can see the loss 

of water from the aluminas take place through 

the heat treatments. The changes in the 

lattice dimensions and the tetragonal axial 

ratio are accompanied by the loss of water

from the γ-aluminum oxide, while the loss of

water from theη-aluminum oxide does not

cause those changes. 

These results lead us to consider that a 

certain type of water should be present in the

lattice of γ-aluminum oxide with considerable

tetragonal deformation, especially in such a 

hydrothermal substance,1) but the water of

Fig.4. The lattice dimension of η-Al203

measured with a high temperature X-ray

diffraction apparatus;CuKa,35kV.,15amp.;

1°1°0.2mm. slit system;rate meter 8;time

constant 4 sec.;scanning speed 1°/2 min.;

Geigerflex.

Fig. 5. The relation between the temperatures

and theamount ofwater in or on η-Al203

(-〇-) and  γ-Al2O3 (-×-).

this type is not there in the lattice of η-

aluminum oxide as an end-member of the γ-

aluminum oxide series with little tetragonal 

deformation. Unfortunately, we cannot dis-

cuss the type of water and the relation 

between the amount of this water and the 

axial ratio in the present work. We will try 

to clarify the relation in a later paper.
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