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Abstract: By introducing cure kinetics and chemorheology for auto pressure gelation (APG) epoxy resins, curing behav-
ior and flow analysis and molding simulation studies were conducted. Using the heat evolved and degree of cure obtained
from the dynamic differential scanning calorimetry (DSC) test, various parameters of the Kamal-Sourour model, a rep-
resentative empirical expression of curing kinetics, were obtained and calculated, and the results were in good agreement
with the experimental values. In addition, the change in rheological properties during the curing process was investigated
through a dynamic oscillatory rheometer test, and these results were applied to the cross Castro-Macosko model and
matched well with the experimental values. The parameters of cure kinetics and chemorheology were input into the mold
flow software with other physical properties, and simulations were performed on a three-phase spacer. While changing
the mold temperature gradient, the flow pattern, temperature profile, and degree of cure distribution inside the product
were observed during molding. As a result, it was found that there is a risk of clogging the mold gate at some sets of
mold temperature, and improvement directions can be suggested to solve this problem. Through this series of the research
process, it is thought that it will be of great help in improving the quality of the molded product and thus process improve-
ment.

Keywords: gas insulated switchgear spacer, 3-D modeling, cure kinetics, chemorheology, simulation.

N B T8 859 S VIR EEA Pl RS fiA
itk vsel S B3l ales g kR FR9
DI Al et DA, W, Wi, A1 A s A7 el mek e Ak e 5
A8 R A Y T L AR PO Qsted 7o) Sl 9l AR Al Eolell S 2 7 Wi
o] 943pd A A 73 %X# 5'#3 Holut.!2 o
HOR o FA], wxshE o E, 84, e, Wyl 3

"To whom correspondence should be addressed.
sangmooklee@dankook.ac.kr, ORCID*0000-0001-8965-3590
©2021 The Polymer Society of Korea. All rights reserved.

940

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

A 44 5 s) W A7) 9l‘ctﬂ Z2 ¥ 7hest 8
TEle HEol} Y 24 @ A7) AALAR F2 AHE


https://orcid.org/0000-0001-8965-3590
https://orcid.org/0000-0001-8965-3590
https://orcid.org/0000-0001-8965-3590
https://orcid.org/0000-0001-8965-3590

GIS Zzo|xfo]] th&h o] &

3L Ak FH kst 79 2t s €A RE
o] =L YAV FFo] thggteth A8 97HA] Hof
AR Ast ke EAskd A9 v 20 2 34
o] HAszlo| tgt A= A 2 FAE FE] WS @
HAQl o] 2X 3L Y AA ol

A7 A= PITEE FAS T EAEES
2 Hl= ZdstagellA 7 26/ (path dependency)¥} -
2| 3h(vitrification) 5= ¢Hd A3}t Adejol] =23t717F A4
S} Tk A oA B Hr2 Q] I (void)ol &
3] MEEHA £ F= S ¥ ol AsiA] who| <
3 A 257t St 739 AT FF ARl

A 2 ok’ ol kel EARES HAE A
Fo] 7IAA, 2714, skeH4 48 A aATIA =
+ dRlo] = gt} whebA, 733}t A 2ol thk gt a4
I} o]E 7|%Z 3+ & Z7(optimum condition)2] 417 ]
HZolt}, ol g & 712 A3 2 K(trial and error)E
Bl A 2 ok A7k Hgo] sl g HTh
ol& | dst= 7PY &AW AShS S E(cure
reaction kinetics) 2 $}8FH 8} chemorheology)ys 7|HF 22
g 34 RS o]&ate] AFH AlEdeldE Fske A
ot} Hlgo] B AIAIE Aol XA oA71A] Ade] A
AHRES A7, A3 THAskete] AAlEES BAREOZA
AP 25 Folal B O R gk A8 (risk)E Al
Aste] A7k HE-S A A A3 7 T

G738 A9 W83 %57 (reactive molding process )
AE AlEdolds &8 T e AP HokEA AlY
ztllM Q= WEEG oot whE Y 38 w3

oflt

=

Mixture preparation

stabnzation s |
stabilization
+ degassing
Filling Curing Post-curing
: secondary heat
mold : treatment system
o o0 o o
injection
system
H o o o o
Cure —— heaters —
kinetics 3
Chemo- Cure kinetics Cure kinetics

rheology Heat transfer Heat transfer

< MOLDFLOW >

Figure 1. Scheme of reaction injection molding process.
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Figure 2. Chemical structures of the materials used in this study; (a)
DGEBA, (b) MHHPA.
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Figure 3. Three dimensional model of the GIS spacer with heaters
used in this study.
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Table 1. Heater Temperature Sets Used in This Study

Heater number Heater temperatures (°C) (left/right)

(from top to bottom)  get | Set1l  SetIll  SetIV
12 135/135  140/140 145/145 150/150
3-4 140/135  145/140 150/145 155/150
5-6 130/125  135/130 140/135 145/140
7-8 115115 120/120 125/125 130/130
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Table 2. Basic Physical Properties of the Materials Used in
This Study TS - // /,/; R o]
. Specific Thermal B W/ / If,
. Density .. il i
Materials (@/mL) heat conductivity Wy ST
& (J/kg°C)  (W/m=C) A R
: edating rate, k/imin
Epoxy compound(cured)  2.285  946-1357 0.905 2 W E
(23 °C)  (30-200 °C) (80 °C) w \'\i{ ,’ ! e ;
Conductor(Al A6063) 2.70 900 200 i If _____ 5
Insert(Al A2024) 2.78 875 151 e I b 10
Mold(Tool steel) 7.8 460 29 L T &
Table 3. Processing Conditions Used in This Study 50 160 1;0 zr;o z;o 300
Initial resin Filling time  Packing time Packing Temperature (°C)
temperature (°C) (min) (min) pressure (bar) Figure 4. Dynamic DSC thermograms of the epoxy compounds at
60 5 30 3 different heating rates.

Table 4. Dynamic Thermal Properties of the Epoxy Compound
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Figure 5. Rate of cure vs. temperature of the epoxy compounds at
different heating rates (comparison of experimental and calculated
values).
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Figure 7. Complex viscosity vs. temperature of the epoxy com-
pounds at different scanning rates.
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Table 6. Chemorheological Parameters of the cross Castro-
Macosko Model for the Epoxy Compounds in This Study

#* (Pa) B (Pas) ,(K) G
141.8  1.3096x107 5960  2.186

el n

0.39 0.768
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Figure 9. Complex viscosity vs. temperature of the epoxy com-
pounds at different scanning rates (comparison of experimental and
cross Castro-Macosko model).
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Figure 11. Temperature distribution during packing stage at differ-
ent heater temperature sets.
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Figure 12. Degree of cure distribution during packing stage at dif-
ferent heater temperature sets.
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