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Table 1. Base Condition for the Computer Simu-

lation
o Parameter { Value I Units
Density (p) | 112 | er/em
Heat of Reaction(—4H) { 85 ] cal/gr
Thermal Conductivity (K) 0. 00047 J f;lc/fonf{
Overall Heat Transfer 0.001 | cal/cm?
Coefficient(U) { -sec-°K

Frequency factor(A4) 4. 167E+6‘ sec™?

Activation Energy(F)

| 14.00 [kcal/gr

dependence of rxn rate on
the initial initiator con- 0.5
centration(m)
Reaction order(n) f 1.5 :
Initial initiator 0.72 phr
concentration([I],)
Mold Lenth(L) [ 20 } cm
Mold Thickness(H) [ 0.6 cm
Mold Width(W) | 4 cm
Feed Temperature(T,) | 60 I °C
Heat Transfer 60 oC
Fluid Temperature(T,)
Fill Time(ts) ] 20 sec
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A ; Fill Time = 10 sec
A B ; Fill Time = 20 sec

C : Fill Time = 30 sec
D ; Fill Time = 40 sec
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Fig. 4. Pressure rise during mold filling at di-
fferent fill times

BRI} FA A gke] bRl v E3}E 4ty
woteh Fig 45 FHYTFAAY o+
HE agoleh FxAzke] 4027 = o
$Hl ke A-HUL FYH2A 98 T
o] =4 Frlete
o] Alzkel]l i st Folet AR S
o ol Ex3l Zedl2H 427t -3l &
MY E S A4 EE £ ohle o
of e st EANS] wl Foll 279
Aol el 2AA] 402 wolE Ax
A F7hskAl @7 = #olo}, Fig. 5= Fa4)
Zhl whE FE el A HAuoty S Jepd 27
ole}, FA Azl 202 HTh Hejxw FHu ¢
A otge] =9 A AL & $ ddd F
FEl 24 A FAAZks FHA 9 by sk
8 AL vhgst 2ol fFEehgch
P,..=17,337/()M!

Table 1] 7| 227 F AAA Y 27 F=(1),)

REE- 0,18, 0.72, 1.63, 2 89phrz up#o} 74

AL 27127k FTHH v JFE Agn

I
2 Jok

Y
<0 oy M
iy

"
o
i rlo
kY
o
T
2
o
2
AR A

(At
+ H
O

f
k)
=
o,

N, &
-

Y

Polymer (Korea) Vol. 7, No. 6, December 1983



Exg Zeld a2 y

ok}, Fig. 62 A A4 7157} 0,18, 2. 89phr

o A% @Y EALE ARelAY LEFTA
L%
e l.Zr\
g \
17
: A Full Line ; p__ = ———331—
§ L max (tf)l,l
;3 1.0 \\ Foints ; Simulaticn Data
‘o \
2 \
. 0.8k \
-
v e}
a 0.6}
g
2
pat
= 0ar \
0.2
0 L ) {
10 20 30 4]

Fill Time (sec)

Fig. 5. Maximum pressure vs. fill time

Temperature Profile (°C)

Flow Direction

Fig. 6. Temperature contours at fill time with
different initiator concentration
—— [I],=0.18phr
~~~~~~  [I7,=2. 89phr
@=T fmax=063.218
=T frgz=784

EoH A 749 A 6% 19833 129

SAE4HRIM) 54 2L AT

& 9l wgk 2gelw,
%-& normalizedl Z o2 AA=Z
(20cm), y&5o 2
7 A1 A 4] 371%3% R ]
o v o} ilvﬂ—"—
U AAA 27
A A el A 8] 5Ir41
A Fotsle A4S ¢ % At ek, Ziii%_‘i
0.023341 4 0.1322 3714 Fig. 7914 & 4
ﬁl

slgdet, Fig. 83 Fig. 9& AAAY 27 5=

ol S FE Y TERE 2em Ao 3
Awiko 2 FALE@=0cm)S] 2xHwstel
Mg WDE FYFA A3 3002747 A
Askel wmak aRelwh AAAY 2 FEst
Aol v 3o L2t 27 Fohs Ao ew
o] LebelE A1zke] AbedE] FokRlE A& & T
ot ARAA 2757t A9 cycle timeo]
FordA ¥ A04L 9 + o Ade
—JP WE Folxw wb3E e b el 44 Eel
Fo] Ay & EAo] Wolxmz HAg A4
A2 ofo] EAIFTE AME ¢ F Ul

WALL

CENTER

FEeo Flow Direction END
Fig. 7. Temperature contours at fill time with
different initiator concentration
——; [I],=0. 18phr

; [17,=2.89phr
©=C fpnas=0.0233
C=Cfma:=0.132

363



q<z

{I1).=1.63 phr

(1]e= 0.72 phr

159,
[Il.= 0.18 phr

Temperature (*C)

Q 50 100 150 200 250 300
Time (sec)

Fig. 8. Temperature profiles at an inlet position

(x=2cm, y=0cm) with different initiator

concentration

{I]o= 0.18 phr

< . b L
e 30 100 150

Fig. 9. Conversion profiles at an inlet position
(x=2cm, y=0cm) with different initiator
concentration

244

Table 2. Combined Effects of Initial Initiator
Concentration and Fill Time

F“(Lgi)me | 20 l 0] 4 | 20 | 4
(13 | 0.424 | 0.88 | 2.12 [ 0.818 [ 3.42¢
Cmas | 0.0283 0.0233] 0. 0234] 0. 0514] 0.0513

T1nasC) [63.218 l63. 248 [63. 305 [67. 108 [67. 089

V fmas(cm/s) ” 1. 5124' 3. 2047] 7. 5618” 1. 5124‘ 0.0571
P

Cine/cme) 791 | 1361]  3464652.7 1330.5
Temperature Profile (°C)
WAL
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Table 3. Summary of Experimental Conditicn

Experlment No. ’ Exp 1 1 Exp 2 J Exp 3 l Exp 4

Fill Time (sec) 20 | 20 ’ 20 | 40
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(I3, (phr) 1 2! 1 1
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Abstract : A model was developed to simulate the Reaction Injection Molding Process of unsaturated
polyester resin. The model simultaneously solved the balance equations for chemical species, momen-
tum and energy by a computer simulation. Unsaturated polyester with compesitions of phthalic
anhydride, propylene glycol and fumaric acid with styrene was used. The reaction of unsaturated
polyester resin was initiated by methyl ethyl ketone peroxide and promoted by cobalt naphthenate.
The reaction kinetics was studied in a quasi-adiabatic reactor, and an empirical viscosity function was
also developed. The effects of initiator concentration, fill time, mold thickness and overall heat
transfer coefficient were evaluated through computer simulation. Actual Reaction Injection Molding
experiment using acrylic mold was carried out and the experimentally obtained tempzrature profiles

were compared with computer simulation results.
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