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Objective
Single Pellet Experiments (pellet scale)  
Quantify Sintering and Estimate Kinetic Parameters
Predict and validate sintering profiles for pellet

Methodology
Shrinkage of pellet during isothermal sintering can determine kinetic parameters.

Conclusions
Sintering has been successfully quantified by capturing shrinkage using Optical Dilatometer.

Activation energies infer single dominant diffusion mechanism for oxidized magnetite
whereas two distinct dominant diffusion mechanism for non-oxidized magnetite sintering of
pellets during induration.

Kinetic parameters helps in predicting the state of pellet during sintering for the industrial
thermal profile.

Sintering Kinetics can be estimated through three parameters – n, K’ and Q

Sintering Extent (Υ) = sintering accomplished (α)
sintering yet to be accomplished (1−α)

Raw materials with different grades, sizes and mix have been studied on bulk (kg) scale in
laboratories to gain qualitative understanding of the pellet during induration, and on the
other hand reactor models are developed with a focus on predicting the process
performance rather than the pellet quality. To bridge this gap, there is a need to develop
quantitative description of induration through focused laboratory experiments on single
pellets seeking their process mechanisms in isolation. Henceforth sintering of oxidized
magnetite (hematite) and non-oxidized magnetite pellets during induration is studied
independently on the pellet scale.

Motivati
on

Power Law: Υ = 𝜶𝜶
𝟏𝟏−𝜶𝜶

= 𝑽𝑽𝟎𝟎 −𝑽𝑽
𝑽𝑽 − 𝑽𝑽𝒕𝒕

= 𝑲𝑲𝒕𝒕𝒏𝒏

Arrhenius Equation: 𝒍𝒍𝒏𝒏𝑻𝑻𝑲𝑲𝟏𝟏/𝒏𝒏 = 𝒍𝒍𝒏𝒏𝑲𝑲 ′ − 𝑸𝑸
𝑹𝑹𝑻𝑻
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Sintering Ratio (Υ) of pellets exposed to
different sintering temperatures.

Results

Slope and intercept of Arrhenius equation
plotted estimates the activation energy (Q)
and pre-exponential factor (K’) for the
sintering reaction

Time exponent (n) following power law is
constant for oxidized magnetite and varies
with temperature for npn-oxidized magnetite
inferring change in mechanism.

Prediction of sintering profiles using principle of superposition by extending to non-
isothermal segment as well is done and validated by experiments at different heating rates.
Prediction is in good agreement with experiments.
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