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Abstract: The high heating rate of SPS technology might cause significant temperature differences
within the sintering system, thereby affecting the uniformity of the structure and properties of sintered speci-
mens. The COMSOL Multiphysics software was used to construct a two-dimensional thermo-electrical
coupling finite element model with controllable temperature over time by introducing a PID algorithm. The
reliability and accuracy of the model were verified through sintering experiments in calculating the current
field and temperature field. The influence of the added conductive phase TiCN content on the electrical con-
ductivity of Si;N,-based ceramic tool materials was analyzed based on effective medium percolation theory ,
revealing the patterns and mechanisms governing their electrothermal behavior during SPS sintering. Re-
sults indicate that the conductive phase content significantly influences current density and temperature dis-
tribution within the sintering system, particularly the internal temperature distribution of specimens. Axial
temperature distribution exhibits good consistency, whereas radial temperature differences are relatively sub-
stantial. By using this temperature difference to regulate the phase composition in the radial direction, it is
expected to moderately control the radial microstructure and mechanical properties of sintered tool materials.
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Fig.1 Schematic of the geometry, fit relationship and
dimensions of sintering mold and specimen
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Fig.2 Schematic of PID temperature control principle
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Fig. 3 Schematic of model boundary conditions, initial

values and meshing details
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