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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

12
I
<2
@
o
o
o
fu
N
e
o
H
o>
y
b
ft
i In
A 18 ol rlo

=
=3l ¢oF 302 CNT Web Filmz} ¥4 AF= Glass Fiber
FabricS 2835191, A8 U 53 Wem’E Q7HAA 71<E3519
t}. NAKS8OZ} C17200 25 150°C o)A+ 7t = 9lar, zkzt Hoj
Zo2wa 217, 21°C/E UeYch E= 24 NAKSOT
C172009] g-geko 747} 3.75, 3.47 Jlem® x K2 NAKS80o| ¢F
1.094)] =2 =22 Yehla, dAErs ZF7F 0427, 1.3 W/
cm x K& oF 38 C17200 EE F<&ol4 & A& Hehdch
ole} Zo] & EAA|oflA C172000] NAK80o| H]3f} =2 4=
S YEARE 94719 A3 oA+ NAKS0S] 52557 &
Al Uepsttt. olet 22 Aol F 25 3459 IRA Ak
2fo] &2 LR T NAK80Z}F C17200 7 =5 542 G344 7|
=L 13.5, 17.8 um/°C o]H, Fig. 59} ZHo] a4 Eaf dwid
= 7o 7FE R EE 559 WH 2% 200°C A8 A Z17F
ZgHEo] 0032, 0.042cmz UERdTh 1.8 7t A oF
0.01 cm o]4}9] W o] Zfo|7} ofd=w th5 2 53 W9
n ol ol 24 %=9] Zfol7} UepdA o2 etE ) e
02 NAKSO £E 543 A8dl= 2ol o &2 95719 4

52 9 Zlo woE

3.2 HOIHIo| M0 2 F47HY A5 DE

HAA A= Glass Fiber Fabric (GF), Aluminium Nitride

25

¥ 20 =
O
."g 15 —  #3w/cm2
o : g 7 13w/cm2
k N , N\

g . N § N § | ~30w/ecm2
2 N\ N\ N\ \
— \ \ \ \ 53w/cm2
2 \ N\ \ N\
TN AT A A

N N N N

Nak80-GF  Nak80-AIN C17200-GF C17200-AIN

Fig. 6 Heating velocity by mold metal and insulator materials

gl 217k M gstol Gt A

HEo| 2
2408 NAKS0Z C17200 2% &
sgon, FUHOR LS u

ALNE o5 2 39
#e APshct Be
_]

oo o

Blof 2osES 2O
W3FETE. CNT Web Filme ¢F 3 Q9] 5%t Sample2 ARE:
stdon o 53 Wem? A8 2T 225ttt NAKSO-
Glass Fiber Fabric Zg}to|| A= 21.7°C/s, NAK80-ALN Z3§}o]|
A= 23°C/s, C17200-Glass Fiber Fabric Zgloj|A= 21°C/s,
C17200-ALN Z3lof A= 22.5°C/s 2 FY 5242 Yehy
L EE S5 Am HaoA vehd Aaet fAksHA ok A
AA AnE AEHS FFol= CTE zpolof o3 NAK802
S24 27 C172007} Hlwste] =7 Uehgon, A4 H=
9] AL ALNO] Glass Fiber Fabric¥} v|w3}o] AltjA oz &=
< SEEEE YElh ddA Qv E £4% vlashd
Glass Fiber Fabric} ALNQ] 8=y A== Z+zF (.83,
2.7J/em’® x K, 0.015, 1.7 W/em x K2 ALNo| & EAof4] =
< FAE UEhdLE ey & SR
5] ALNo| =7 Yetsdth 5-2&%= ALNo| &7 et
Ak H]oFAQl ZfolE YERfA] Eaf 539 S & 55
ol Az Agsh=dl A7E itk 1HEE vjwF
AR a5 UEM+= Glass Fiber Fabrics th&
= 759 259 dAAz A8t AMgsh= o] A
2 geEch

=

o 44 do ot 3L P H

po)

3.3 HAI2| M=ol S0l e S2&5 1E

s 2 599 ZEY A4 Ar d 24 2559k
AAAE B2 8)| Glass Fiber Fabrict} AlL,OsS NAKS0
Z3psto] A5 71 AT A tS 22 E3A
g =44 545 fI8l Fig. 73 o] 59 HEQ 9rtdA #
S AlHO R FUFE FAR AZtsto] 2851

GF, ALNZ} ALO; B °F 0.05cm F7|= NAKS0T} 317
7tAAH o R A8ty NAKS0Z 7+ AN GF, ALNz}
ALOsE £3sto] Z43F B4 Table 33} Zro] P82 7}
Z} 0.165, 1.266, 0.101 J/em® x K& ALN Z&o]A 713 34
UL, GFeF ALOsE FARE A5 UEileh dd=®

[o
',
ol
o
3
>~



July 2022 /465

(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
-
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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