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Table |, The Base Conditions for Computer Simul-
ation
Measure-
Parameter Value Units ment or
ref.
Density 1.0 gr/cm? Measured
Heat capacity 0.5 cal/gr°’K Measured
Heat of Polymerization 25.0 Kcal/mole Measured
Feed viscosity 1.0 poise Measured
Mold length 20.0 cm
Mold thickness 0.5 cm
Mold width 4.0 cm
Fill time 10.0 sec
Feed concentration 1.0 mole/lit
Feed temperature 60 °C

Heat transfer fluid

temperaure 60 °C
Reaction rate
constant at 60°C 0.1 (lit/mole)~n,*
Thermal conductivity 0. 0005 cal/cm-sec-°K (7)
Overall heat transfer
coefficient 0. 00001 cal/cm?sec-°K (7)
Viscoity activation

energy for polymer 15.0  Kcal/mole )

entanglement M.W. 10000 gr/gr-mole @)
gr-°K-sec

Lamda parameter 0.01 cm*~poise.
mole \0,75
() @
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Thickness Direction

Center
~ Feed

Flow Cirection - Ena:

Velocity (cm/sec)

X: 6.380 C: 5.50 F: 3.00
Al 6.20 D: 5.00 G: 2.00
B: 6,00 E: 4.00 H: 1.00
Fig. 2. Velocity contours for the base case at filll
time.
wWall

Thickneas Direction

Canter 1 1L,\ i |

Feed Flow Direction Znd
Conversion
Al 0.05 D: 0.20 G: 0.3497
B: 0.10 E:0.25
C:0.15 F:0.30

Fig. 3. The conversion contours at fill time for
the base case.
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Table . Combined Effect of Reaction Rate Constant(%s) at T, and Fill Time on Conversion, Tem-

perature and Velocity

F1l Time Lo | 5.0 } 10.0 : 20.0
- kr Ai Lo | 0.1 62 | o1 0.2 | 0.5 o1 0.2
Cr max | 0.398 | 0.2118 | 0.3497 | 0.3197 . 0.5185 | 0.7288 | 0.518 | 0.6811
Ts max lo.29  |es.a1  |69.03 [eso2 | 7340 |79.78 |73.23 | 73.25
V 5 max 63.72 | 1243|1276 | 6.380 L esor | 7140 | 3207 | 3433
Pa,x10° | 3.608 | 0.5274  0.4464 | 0.3227 = 0.4451 | 0.8512 | 0.222 | 0.3375
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Case2 | 228 | 175 | o
Case3s | L4 | 3.0 | 00738
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NOMENCLATURE

A frequency factor (lit/mole) "sec™!

C, initial conc. of MDI or PPG mole/lit
C, Theat capacity cal/gr-°C
D diffusivity cm?/sec
E activaction energy of reaction kcal/mole
E, activaction energy for kcal/mole
viscous flow
Ey, Ey for feed condition kcal/mole
Ey, Ey for polymer kcal/mole

H half thickness cm
(—4H) heat of reaction
K thermal conductivity

kcal/mole

cal/cm-s-°K
Ky reaction constant at feed condi-

tion=A*exp(—E/R T,) (lit/mole)~"s71

M, weight avg. entanglement

mol. wt. gr/gr-mole
M, number avg. mol. wt. gr/gr-mole
M, molecular weight of feed gr/gr-mole
My weight avg. molecular

wieght gr/gr-mole
n reaction order
npl  flow behavior index
p pressure dyne/cm?
Pmse  Maximum pressure dyne/cm?
R gas constant kcal/mole-°k
RR  reaction rate mole/lit-s
{ time sec
T temperature °C
Tinee Max. temperature at fill time °C
T, feed temperature °C

Tw  temperature of heat transfer

g2l A 74 A 13 19834 29

medium °cC
U overall heat transfer

coefficient cal/cm?-s-°K

v, velocity in x-direction cm/sec
flow direction dimension cm
y transverse direction dimension cm
ai material parameter in viscosity poise*
function (mole/gr)-#¢
pi exponent of molecular weight in

viscosity function

di coefficient in viscosity activa- k::1/mole
tion energy function

) exponent in viscosity activation

energy function

v shear rate sec1
7 apparent viscosity poise
Do zero shear rate viscosity poise
2 curve fitting parameter in

function sec
A, material parameter in viscosity

function gr-°k-sec (mole)#
cm3-poise lit

o density gr/cxn3

1] conversion dyne/cm?

@ rma, MaX. convession at fill time
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Engineering Analysis of Reaction Injection Molding (RIM) Process of Polyurethane
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Abstract: Engineering analysis of reaction injection molding (RIM) process of polyurethane was carri-

ed out by simultaneously solving the balance equations of mass, momentum, and energy by a computer

simulation. The polyurethane system evaluated was the reaction system of 4,4’-diphenylmethane diisoc-

yanate(MDI) and poly(propylene glycol) (M,:752) catalyzed by dibutyltin dilaurate

(T-12). Basic

data for simulation such as the reaction rate constants and the viscosity variations on time were cbtai-

ned empirically by running adiabatic reaction. Temperature and conversion profiles at different points

of the mold under constant temperature of heat transfer medium were obtained through computer sim-

ulation. The effects of reaction rate constant at feed temperature on conversion and temperature at fill

time were discussed.
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