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Abstract

The isothermal reaction kinetics of aluminum oxidation in loose AAIpowder was studied in the temperature range 4552655ing
thermogravimetry. The powder compositions ranged from 30 to 65 vol.% aluminium, with average Al particle sizes in the ranggrh.4—2.7
The oxygen mole fraction was varied between 20 and 100%. It was found that only 70-80% of the aluminum can be oxidized below the
melting point of 660C. The weight gain curves were well fitted by assuming that the rate of oxidation was first order with respect to the
amount of aluminum, which can be oxidized below 860 left in the sample. The reaction rate was observed to be independent of both the
partial pressure of oxygen and the aluminum particle size. It was shown that the same kinetics relationship could also be applied to a broad
range of experimental oxidation data in the literature, yielding a common value of the Arrhenius constant and activation energy. The kinetic
model was successfully applied to the controlled processing of RBAO powder compacts for constant temperature hold and constant reaction
rate cases.
© 2004 Published by Elsevier Ltd.
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1. Introduction The oxidation of aluminum occurring during the RBAO
process is given by the reaction

The reaction-bonded aluminum oxide (RBAO) pro-
cess was developed by the Advanced Ceramics Group of4Al + 30— 2AI203 @)
the Technical University of Hamburg-Harburg in Ham-
burg, Germany. The RBAO process involves heat treating
attrition-milled Al/AloO3 or Al/Al,03/ZrO, powder com-
pacts in an oxidizing atmosphere to produce@d-based
ceramics: 19 RBAO precursor powders are made using air
30-80vol.% aluminum powder, 20—70 vol.% alumina pow-
der, and 0—20 vol.% zirconia powder. The addition of zirconia
improves the microstructure and mechanical properties of the
final ceramic%3

This reaction is extremely exothermic and results in volume
expansion and weight gain. Due to the weight gain, the reac-
tion rate can be determined using themogravimetry (TG).
Reaction behavior of a typical RBAO powder heated in
is shown irFig. L The furnace temperature was increased
at 1°C/min. The weight gain is plotted against the furnace
temperature, which may be different from the actual sample
temperature. After the initial weight loss, associated with the
evaporation of fugitive species, there is a rapid acceleration of
the rate of reaction at a furnace temperature of about@50
The reaction rate reaches a maximum in the furnace tem-
perature range of 500-55C. Under these conditions, the
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Fig. 1. Reaction behavior of a typical, RBAO powder heaté@/min in air.

the reaction slows down to the point that no further conver- aluminum, but some work has also been reported in pow-
sion will occur if the furnace temperature does not exceed theder samples. The rate of oxidation of aluminum has been
melting point of aluminum at 668C, when total conversion  observed to be extremely temperature sensitive, and various
will occur. It is the uneven volume gains and sharp thermal kinetic models with different mechanisms have been used to
gradients associated with the ignition phenomena that causelescribe the oxidation at various temperatures.
stresses which result in sample crackiny®’Cracking can Cabrera and Motf developed theories for the mecha-
be avoided by using low heating rates and isothermal tem- nisms which control the oxidation of metals for thick, thin,
perature holds that avoid reaction runawa/® ’Knowledge and very thin oxide layers. For thick oxide films and suffi-
of the reaction kinetics of the oxidation of aluminum can be ciently high temperatures, either the metal or oxygen ions are
used to avoid uncontrolled reactions. soluble in the oxide and diffuse through the oxide layer. The
The purpose of the present study is to determine the ox- driving force is a concentration gradient that is inversely pro-
idation kinetics of RBAO powders comprising a mixture of portional to the film thickness leading to the classic parabolic
Al and Al,O3. The oxidation of the Al was studied using rate law of the form
thermogravimetry, and kinetic constants were determined as
a function of aluminum concentration, oxygen partial pres- X% =2At (2
sure, and aluminum particle size. Note that in previous mod-
eling studies, the reaction rate had been assumed to be seconfheretis the time X, proportional to the amount of aluminum
order with respect to aluminum, and first order with respect converted and, a constant proportional to the species diffu-
to oxygen, but this had not been confirmed experimentdlly. ~ Sivity acrossthe oxide. Since oxygenions have poor solubility
As will be seen, the data from the present Study y|e|ds a in aluminum OXide, the rate of diffusion of aluminum ions is
kinetic model which, in addition to being directly pertinent commonly assumed to control the reactionrate. Thus, the rate
to RBAO conversion, has general applicability to studies of Of oxidation can be considered to be relatively independent

Al oxidation in the literature. of the oxygen pressure.
Isothermal weight gain experiments below 48resulted

in weight gain curves that fit a parabolic rate . 132%As
discussed above this corresponds to the growth of an amor-

2. Background phous oxide layer which is controlled by aluminum ion dif-
fusion through the layeé¥-22This is also valid for the initial
2.1. Oxidation of aluminum weight gain region above 45C, but as will be discussed

below the fit does not extend to higher conversions.
The oxidation of aluminum has been the subject of many  An Arrhenius plot of the rate coefficients from data fit-
studiest! =21 Most of them have used thin, flat samples of ting parabolic kinetics below 45 and in the initial region
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