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because of their excellent thermal stability, machinability, and cost-effectiveness.
However, the intrinsic porosity of graphite results in poor surface roughness,
which restricts its application in large-area freeform optical components such
as automotive head-up display (HUD) mirrors. This study developed a surface
modification process based on impregnation and carbonization employing a furan
resin to improve the surface quality of graphite molds. An optimal furan-
to-ethanol weight ratio of 7:3 enabled effective pore filling and densification of
the graphite surface. After carbonization and polishing, the modified graphite
mold exhibited a significantly reduced surface roughness of approximately 60 nm
(Ra). The proposed impregnation-carbonization approach was successfully
applied to a large-area graphite mold for HUD glass mirror.
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Fig. 1 Structure layout of next generation automotive HUD system
(image generated with the assistance of ChatGPT, OpenAl)
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Fig. 2 Fabrication process of freeform mimror using glass molding
process with graphite mold
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Fig. 3 Conceptual comparison of polishing behavior between
conventional porous graphite and amorphous-carbon-
impregnated graphite, showing rough surface formation
due to exposed pores in untreated graphite and smooth
surface generation enabled by pore filling after impregnation
and carbonization
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Fig. 4 Optical microscope images of (a) bare graphite, and
Furan resin impregnated graphite after (b) 1st, (¢) 2nd,
(d) 3rd impregnation process
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Fig. 5 Pictures of polished graphite surfaces, comparing conventional
graphite (Ra=177 nm) and impregnated—carbonized graphite
(Ra =71 nm), demonstrating improved surface smoothness
due to pore filling by impregnation
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Fig. 6 Pictures and concept of impregnation, finishing machining,
and polishing process for smooth surface modification
using roughing machining graphite mold
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