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Analysis of Rapid Heating Performance in Multi-Layered Injection Mold
System for CNT Surface Heating Element Application
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As a heating method for RHCM (Rapid Heating Cycle Molding) various heating technologies such as high frequency
induction heating, IR heating, gas heating, and high temperature steamare applied, but these methods are not satisfying
high productivity due to low energy efficiency. Research has been actively conducted on RHCM based on planar heating
elements with high heating efficiency, such as carbon nanotubes, which are applied. To apply the CNT web film to the
RHCM, a heating element must be applied inside the injection mold and power must be applied. As electricity is directly
applied to the CNT web film to generate heat, all mold parts in contact with the CNT web film must be insulated, and
high heat transfer is required for rapid heating performance. Thus, in this study, a multi-layer structure mold module for
insulation and high heat transfer was designed to enable rapid heating by applying a CNT web film as a heat source.
To this end, we intend to present a research direction for the commercialization of rapid heating molds, by identifying the
main variables of rapid heating through heating experiments by the mold metal and insulator materials, and reflecting
them in the mold design.
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CNT web +
electric Insulator

Bus bar
Silver paste

(b) Multi layered mold test setup

Fig. 2 Multi layered mold structure

Table 1 Material property of mold metal candidate

NAKS80 C17200
Density [g/cm’] 7.8 8.25
Specific heat [J/g x K] 0.48 0.42
Specific heat [J/em?® x K] 3.8 3.47
Thermal conductivity [W/cm x K] 0.427 1.3
Thermal diffusivity [em%s] 0.0182 0.6297
CTE [um/°C] 13.5 17.8

Table 2 Material property of electrical insulator candidate

Glass fiber ALN AlLO;

Density [g/cm’] 1.26 33 3.93

Specific heat [J/g x K] 0.65 0.82 0.88

Specific heat [J/em® x K] 0.83 2.7 3.46

Thermal conductivity [W/cm X K] 0.015 1.7 0.3
Thermal diffusivity [em%s] 0.0182 0.6297 0.0867
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Fig. 3 CNT web film heating power density
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(b) Electrical insulator glass fiber fabric, ALN

Fig. 4 Internal material of multi layered mold structure
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Fig. 5 Thermal expansion by different CTE value in mold metal
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(a) Glass fiber fabric with

NAKS80

(d) Heating experiment setup

Fig. 7 Multi layered mold structure

Table 3 Thermal property of mold metal & electrical insulator

NAKS80 + GF NAK80 + ALN NAKS80 + Al,O;

Specific heat

D/ * K] 0.0256 0.188 0.015
Specific heat
[om® x K] 0.165 1.266 0.101
Thermal conductivity
[W/em x K] 0.007 0.266 0.0241
Thermal diffusivity ) 134 0.21043 02401
[ecm~/s]
25
Glass fiber
7 ALN
20 AL203 coating I I
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o v

Heating Velocity(C/s)

I
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Iy * / R n
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Fig. 8 Heating velocity by electrical insulator materials
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Fig. 9 Thermal grease applied to electrical insulator
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