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Abstract: To investigate the effects of cryogenic cutting on the cutting performance of wood-plastic
composites (WPCs), orthogonal free cutting tests were conducted using a cemented carbide cutting tool
under supercritical CO- assisted cryogenic conditions, with dry cutting used for comparison. The effects
of cutting depth (0.1, 0.4, and 0.7 mm) and cutting speed (12.5, 17.9, and 25 m/min) on cutting
temperature, cutting force, and surface roughness were systematically evaluated. The results showed that
supercritical COz-assisted cryogenic cutting significantly reduced cutting temperature, cutting force, and
surface roughness compared with dry cutting (P<0.05), with maximum reductions of 22.92%, 33.54%,
and 22.95%, respectively. Under both dry and cryogenic cutting conditions, cutting temperature, cutting
force, and surface roughness increased with increasing cutting depth and cutting speed. Three-factor
analysis of variance showed that cutting condition, cutting speed, and cutting depth significantly affected
all three response variables (P<0.05). Among the two-factor interactions, only the interaction between
cutting condition and cutting depth had a significant effect on surface roughness (P<0.05), whereas the
other interactions were not significant (P>0.05). Environmental scanning electron microscopy revealed
fewer burrs and pits on surfaces produced by cryogenic cutting than on those produced by dry cutting at
the same cutting depth and cutting speed. This improvement was attributed to the reduction
in cutting-zone temperature, which suppressed material adhesion and plastic flow of the high-density
polyethylene (HDPE) matrix while helping maintain the stability of the wood flour/HDPE interface. A a
cutting depth of 0.1 mm, the cutting speed could therefore be appropriately increased while maintaining
acceptable surface quality, thereby balancing cutting quality and efficiency. These findings clarify the
mechanism by which supercritical COz-assisted cryogenic cutting improves the surface quality of WPCs
and provide a theoretical basis for their efficient cutting.

Key words: WPC; cryogenic cutting; cutting force; surface roughness, cutting speed; cutting depth
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Fig.1 Schematic diagram of of the experimental setup for supercritical CO:-assisted cryogenic cutting
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Fig.2 Effects of cutting depth and cutting speed on the cutting temperature of WPCs under dry and

cryogenic cutting conditions
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Fig.3 Effects of cutting depth and cutting speed on cutting force of WPC under dry and cryogenic cutting conditions
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Fig.4 Effects of cutting depth and cutting speed on surface roughness of WPC under dry and cryogenic cutting conditions
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Fig. 6 Schematic diagram of the interfacial failure between wood flour and HDPE under dry and cryogenic cutting
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