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Abstract

The metallurgical industry, characterized by high energy consumption, generates substantial waste heat re-
sources requiring efficient utilization, particularly the critical challenge of recovering thermal energy from
molten slag. This study addresses the limitations of conventional waste heat recovery technologies through
the innovative integration of biomass thermochemical conversion with metallurgical slag heat recovery, de-
veloping a novel hybrid thermal energy recovery system. A three-dimensional rotary reactor model was
established using coupled Computational Fluid Dynamics-Discrete Element Method (CFD-DEM) simulations,
with the dense discrete particle model (DDPM) employed to investigate multiphase flow dynamics and heat-
mass transfer characteristics between copper slag and biomass particles. Key findings reveal: 1) Particulate
bed behavior exhibits distinct rolling flow patterns, partitioned into active (wall-adherent particle motion)
and passive (internal particle slippage) regions, fundamentally governing solid residence time distribution
and reactor scalability. 2) Under optimized conditions (20 wt% slag addition, 4 rpm rotation), biomass particle
heating duration to target temperature reduced by 188 seconds compared to slag-free operation, with particle
size ratio (dp,slag/dp,biomass=0.5) demonstrating 23.7% thermal enhancement. 3) Rotational velocity linearly
regulates mixing efficiency, while increased particle size disparity amplifies segregation effects, reducing mix-
ing index. 4) Model validation shows maximum 4.7% deviation between simulated and experimental data. The
developed multiscale CFD-DEM framework elucidates particle-scale heat transfer mechanisms and mixing be-
havior in rotary reactors, providing theoretical foundations for biomass gasification reactor optimization and
advancing synergistic utilization of metallurgical waste heat with renewable biomass resources.

Keywords

Metallurgical slag; Waste heat recovery; Biomass; Thermochemical conversion; Rotary kiln; CFD-DEM method;
Particle motion and heat transfer

Authors: Mr 5, #B4E (BB TR AR 5R LEYET); Prof. #, BT (RFAEE I R); Prof. £, % (B



FHEE T K2)
Presenter: Mr 5, B4 (EIRFE T K268 5 881R TI222FR)

Session Classification: I~ fb. M. £, BEIRAES

Track Classification: 03 [13kiRe: IR, (b, A, £, GETRAKHES



