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Combustion of aluminum powdér is used as one of the production methods for aluminum oxide
powder because it can easily synthesize high-purity and fine aluminum oxide particles. The physical
properties of the produced aluminum oxide particles depend on various combustion conditions.
Unfortunately, it is not easy to find the optimum combustion conditions that produce aluminum oxide
powder with the desired physical properties from the viewpoint of cost, time, and safety. As a means to
solve this problem, there is a combustion simulation using a detailed chemical kinetic model. Generally,
the reaction rate coefficients required for the detailed chemical kinetic model are values measured by
the experiments or values estimated and calculated by quantum chemical calculation. Unfortunately,
particularly important reaction rate coefficients above 2000 K about aluminum combustion have not
been measured. Besides, studies by quantum chemical calculation have been performed only on a small
number of reaction systems. That is to say, at present, there is no detailed chemical kinetic model that
can be used for the production of aluminum oxide powder.

Therefore, in this study, I aimed to construct a universal detailed chemical kinetic model for
aluminum gas-phase combustion by comprehensively examining possible elementary reactions using
quantum chemical calculations. First, assuming Oz / H;O / CO; as an oxidant, approximately 30
possible reaction diagrams for aluminum gas-phase combustion were constructed using quantum
chemical calculations. Then, by applying the RRKM theory to the obtained data, the reaction rate
coefficients of each elementary reaction path at arbitrary temperature and pressure were calculated. For
Al + Oy, AlO + Oz, Al + COqz, and Al + H,O, the calculated reaction rate coefficients were compared
with the experimental values and were matched well with them within the calculation accuracy of the
quantum chemical calculation. This detailed chemical kinetic model was used for reaction simulation to
validate its reaction behavior. By comparing the simulation results with the experimental results, this
detailed chemical kinetic model was confirmed to behave realistically in any combustion environment if
the reaction temperature is 1400 K or higher. Similarly, by using this detailed chemical kinetic model in
a fluid simulation, the reaction behavior, the calculation time, and the calculation stability were
validated, and the practicality of this detailed chemical kinetic model was confirmed.

As a result of this study, a highly accurate and practical universal detailed chemical kinetic

model for the aluminum gas-phase combustion was constructed.




