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Analysis of Intelligent Optimization Control Strategies for Alumina Roasting Furnaces
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[Abstract] Roasting is a critical metallurgical process in alumina production, where the roasting furnace
performs essential steps such as aluminum hydroxide dehydration, removal of crystallization water, and crystal
form transformation. Furnace operating conditions directly determine alumina's metallurgical properties and
significantly influence production line fuel consumption. Current alumina production lines predominantly
employ single—loop PID control systems. However, roasting furnaces are complex metallurgical thermal
equipment characterized by significant time lag and strong multivariable coupling, with frequent disturbances
from factors like feed rate, fuel calorific value, and furnace negative pressure, making precise control challenging
and often leading to unstable product quality. By analyzing the metallurgical mechanisms of alumina roasting
processes and identifying limitations of traditional control approaches, this study proposes an intelligent control
system integrating multivariable adaptive control, real-time condition prediction—based regulation, and
coordinated optimization of air—material load dynamics. This framework effectively enhances furnace
operational stability and provides valuable insights for automation upgrades in alumina roasting furnaces.
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