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Abstract: A mathematical model was developed to analyze the continuous stepwise polymerization
of polyol and diisocyanate to form the thermoplastic polyurethane in a single-screw extruder. The
reactants used in this system were MDI, 1, 4-butanediol and poly(caprolactone glycol) (M.W. 832)
with equivalent weight ratio of 2:1:1. The reaction kinetics and the viscosity function were obtained
through experiments and the balance equations of chemical species, momentum and energy in rec-
tangular coordinates were established for an unwound channel. These equations were solved
numerically to calculate the velocity, residence time, conversion, temperature and pressure profiles
at various operating conditions. The effect of T,/ T ratio, RPM and catalyst concentration were

discussed.
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Geometry of the unwound rectangular chan-

nel used in the analysis.
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Equation of continuity

ovy/oy+ov./0z=10 (2-1)
Equation of momentum balance

x—direction

op/ox=20/ay (7 oux/oy) (2-2-1)

z—direction

op/oz=2a/ay (7 ovz/ay) (2-2-2)

Equation of energy balance
PCyvv0T/az=k o'T /oy’ + 7 (oux/oy)*
+ (evz/oy) *) +Qr (2—3)
Equation of mass balance
v, ac*/sz=k.(I}™ exp(—E/RT)(1—C*)"
(2—-4)

A4 vy vy ver A x—,y—,z— wgEE
5%, Pe oY, 7= AEE veldiH, p,Cy,
ke 4%, 04, dAEESE, Qr Hbgol ¢ls)
s S vebdeh BEEEAF kaz ME
olzl, = Zels %, EX @43} ol =], me
Soff 5T o] dbEE 5 Aol ofdt A3 Jeble
) LE}_

Q AS: vx(y)dy=10 (2-5)
Q=" vy ay (2-6)
@2-1d 4 (2-6)7t=12] & Fx 452 &
:l"%""ﬂ ol ol =l =2 A3k B3 5248 v=o0
ol 2ANAul Fold 4 b ey, sHEI
o] & dp/dz2| ko v,7t 29 e Be= A
b AAT, o] Aol ol dAl £ 43k %3

%4z A% finite-difference methodol] 2|3 <&}
ol & | Askr] Sl vys FAlgehe

of] 2|8} Al F 4|7k (residence time) o]et 7Y
o 9laksdrh. ol# gt ME-E McKelvey!® ol
& £9)5|e] Tadmor!®Pol] 2la whxi=lgich

I
oo A FAIZ tl b3k 2ol vehHo] Aleh

7 ek

Eo|f #1049 A 635 19864 10Y

tge=L/0 (2-7)
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Table 1. Materials

Material Discription
Polyol  poly(caprolactone PCP210, OH# =136
glycol) Mw=832(=]5UCC?})
Isocyanate 4, 4’-diphenyl Mw=250
methane
diisocyanate
Chain 1, 4-butanediol Mw=90
Extender
Catalyst dibutyltin T-12
dilaurate
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Fig.3. Comparison of model (full line) and experi-
ment (point) for the reaction kinetics with

different catalyst concentration.

602

Ze| ek A s FEA HE A

g2 =) Al 7+ ?.ioi isocyanate®.t} hydroxyl
2 E9ldbe] dbgo] Sha ¥ FoxE
=5 ;}‘95\1 NCO/OH ¥ r& 24
izéf{_ olof| o} &3} x3ks C*

919 AAE o] §o}eq
drbx Crol 4 AEE TR 4 vk
Ay ohesk e HEAS @Yok

7=1.7x10""* exp (10892/RT) (——C"frs‘m—

(3-9)
ola) Fahal ks (3-9) 0l ¢
g vhebust.

ZFE A 20t Y 0F
7\- /-z} Al O

£ o] &3l AT

A% 6] = Hewlett-Packard series 3000-%

e, A =42 HE T
< Fig. 5% #t}
JIEEAH W JIEZHOMY At

Aex ZelSefele] BAV I 248 9% 7

Z % 710] Table 24l Vel Qlct. % 7]1= CW.

2 FDM (finite difference method)
Feloll 28 implicitshA] E i),
A&

st= flow diagram

§ €=0.57

1000/T (K}

Fig.4. Comparison of model(full line) and experi-
ment (point) for the viscosity function with

different conversion.

Polymer(Korea) Vol. 10, No. 6, October 1986



Lol el eke] St Al gt FEA a4
Brabender?| 3/4” (L/D=20) &}%715 2¢&  wlgroz Aaso] whet w29 Az AEst =
333, FolFS+ 0.001phro] gith o} wi R HTo 4 A A3 A (stagna-
Fig.62 Sugo= Agdgel] & Ad9 F  tion)o] dojdd BgF3 gl Zelx, qtddo]
o

3
>
W
Ju

e S5 V& vebdich 7oA e AEA R Ax Ade et 959 Holgtol e o
e shde shAe AAS A SEEE 5 4 9l Fig. 72 22 A AL e gy
801:""{;'i VX‘% "}’E}"’H_D}'
START Fig.8-& Al-FA17ke +2 & vebll=dl, A
oo o £EHFoll 4 HgtKo] Hbgo] AYPHA L2
Fob Mol 4 Aalsgol Yok FHFEE v,
© &35} B YZFol| 4 of-$ Aolz|Al R}
; Y R T R 7 R T RN T T
v,(altﬁm\;:ﬁ) Fig.6. Down channel velocity profile (T ,=Ts=373K,
6rpm, (1)=0.001 phr).
| \
: [7 18
w 1733
ol 2
Fig.5. Flow diagram. 02} h‘“"
M s o o o1 02 03 oa
Table 2. Base Conditions for Simulation v
Properties of polyurethane Fig.7. Cross channel velocity profile (T,=Ts=
density 1. 0g/em® 373K, 6rpm, (I1)=0.001phr).
heat capacity 0.5cal/g K "
thermal conductivity 0. 0005cal/cm-sec-K
heat of reaction 43cal/g 08
Geometry and operating conditions 0
screw channel depth 2. 5mm [
barrel diameter 19mm 04
screw speed 6revs/min 02
L/D ratio 20 onh 2
screw helix angle 17. 6degrees ! 2 3 4 5 §
barrel temperature 373K b fo)
screw temperature 373K Fig.8. Residence time distribution(T,=Ts=373K,
flow rate 0. 14g/sec (I)=0. 001phr).
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