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Abstract

CO; uptake through the carbonation of industrial solid wastes represents an important technological pathway toward carbon
neutrality, with performance jointly influenced by feedstock composition and process conditions. However, differences in data
sources and feedstock characteristics complicate reliable prediction and limit model applicability across materials. This study
integrated 818 CO, uptake records covering steel slag, magnesium slag, and recycled fine powder to establish a random forest
framework incorporating grouped cross-validation, nested feature selection, and cross-feedstock transfer comparisons. Steel-slag
models trained on literature data, compiled experimental data, and their combination were compared using common input
features and consistent test groups. Connected groups based on feedstock composition and known literature sources were used
to reduce information leakage between training and test sets. Joint training using steel-slag literature and experimental data
achieved a mean absolute error (MAE) of 6.198 and a root mean squared error (RMSE) of 8.515. Permutation importance analysis
and nested feature selection identified particle size, carbonation time, and reaction temperature as consistently retained
predictors, although the optimal feature combination varied across validation folds. Feature-space comparisons revealed
differences in feedstock composition and process conditions, motivating the evaluation of multiple transfer strategies using eight
common features. With literature-derived steel-slag data as the source domain, joint training for magnesium slag and direct
transfer for recycled fine powder reduced group-weighted MAE, with equal weight assigned to each group, by 26.7% and 32.3%,
respectively, relative to random forest models trained solely on target-domain data. These findings demonstrate that steel-slag
data can support CO> uptake prediction for other solid wastes, while transfer benefits depend on the target feedstock and training
strategy. The proposed framework provides a methodological basis for evaluating multisource data integration, identifying
predictive features, and assessing model transferability across solid-waste feedstocks.
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