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ABSTRACT : The instantancous removal of ethylene glycol is very important for obtaining high molecular
weight polymer because of the reversibility of the polycondensation reaction of poly(ethylene naphthalate)
(PEN). In this study, we investigated the mass transfer phenomena in the thin film of PEN oligomer where
the polycondensation reaction took place at 280 C and under 0.1 mmHg. In case of less than 0.025cm
film thickness the mass transfer resistance through the thin film of the polymer melt was not so high that the
overall reaction rate was governed only by the polycondenstion reaction. Both the mass transfer model and
the diffusion model predicted the experimenatal data well but the diffusion model showed faster reaction
rate in the low molecular weight range than the mass transfer model. It was estimated from the two models
that the diffusivity was 4.7 X 10 cm?/sec and the mass transfer coefficient was 1.4 X 10™ cnv/sec, both of
which were smaller than in case of poly(ethylene terephthalate).
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Figure 1. GPC chromatogram of PEN film with 0.0125 cm
thickness at different reaction time.

Table 1. Molecular Weight and Polydispersity of PEN
Film with 0.0125 em Film Thickness at Different Reac-
tion Time

reaction time (min) 0 15 45 60

number average molecular weight (g/mole) 16050 17621 26404 31036
weight average molecular weight (g/mole) 32957 37383 62189 70399
polydispersity 205 212 236 227

Z2|M, A28d A23, 2004



Polymer (Korea), Vol. 28, No. 2, 2004

7Fegk 3 99 AAe W dAzg Ax|sy e,
2323 uks7)e] AL 235 Yalabele ARE &
2307 {AFEF AAISH s, 2ty vkg7]e
A5 AE A7k AYE AR E 2RV AAIS)
Hi o) AA 2F DA gl A S 24 Ha
of A whato] o)A =T kg el oW JEgS F
Exlol gt a3 AAED” Advjrd wgaje] uhilo
FAE W 8% wESy] A Heddes o
Figure 29]|4] PEN %A} A 82| uha} FA)
o Washs A B4k vE A
23 AS+E PENY T A 92 273 %
280 C, 0.1 mmHg ©]3}e] A4 3087¢ Lo*l
ahko] £A71 0.05 cm o]3ke] A§ Al FA
vlg|sle] A¥A o2 7+l 0.05 cm ©]Ato] HH
A7}y SVl wie) $hkslA askar gl o]
7 005 emE AAR T4 93 |HAUE] =24
e ®ojFE Zelth & PENS HF oA kool
A EGY AAS T HkSo] 2 vk S50
045—);_0_ u]i]p} Hhﬂ—o] 011— 7441: tﬂr,} %}011] 1:1 o]/\P
EG-’] Z‘“H7}' x‘]xﬂ ﬂ}""‘oﬂ 0:‘ oa TZ] O}UE_‘ _,_o:]._[_
2 giok w2t EGE AA3] ) e FAE oF
A & 2 o FA ge] ST & o ¥l
AAA] 83 AR ASE 5 S Aolvk o #l
s17] fE) A F 2dE *P%UM upk S71 v
Aof| AlA= gk AsiEgiel

Figure 304 2| 7}A] bt FAe] A 85 whs A2t
o W} =8 A% A A 3lx mulw RE
Aozl AE wlwsldek of o zZh uhake _7%71 TEE
Table 2, FA3}ste] 8+ 4 4 B4 A A4 Table

£y

H”ﬁ“i;z
£ 3 2oy B

_/_[’\_
u}

=
7
X0

==

dn

215)-A

by

=2

<t

R

_— ==

120 T T T T Al T T
T=280°C
P<0.1 mmHg |
5§ 100} 1
=
N
]
E s} 1
o
= !
2
o)
o eof ]
(@]
(0]
a] t
40f e

0.000 0.025 0.050 0.075 O. 100 0 125 0. 150
Film thickness (cm)

Figure 2. The effect of film thickness on the degree of poly-
merization.
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Figure 3. Comparison of experimental data with model at
different film thickness.
Table 2. Initial Conditions for Modeling at Different PEN
Thickness

film thickness(cm) 00125 0.025 005 0.1 0.15

[Eglo 0162 0226 0284 029 0309
[Z]o 5281 5248 5220 5213 5207
{EGly 0.0065 0013 0020 0022 0024

Table 3. Optimized Mass Transfer Related Parameters at
Different PEN Film Thickness

film thickness (cm) 0.0125 0.025  0.05 0.1 0.15
mass transfer 4 4 4
1.60X 24X 37X
coefficient (cmySec) 60X107 1.24X107 1.37X10
interfacial specific
surface area (cm”) 80 40 20 10 >
mass transfer 320X 10° 124%X10% 092X 10°
parameter (sec )
diffusivity (cm’/sec) 34X10° 44X10° 64X10°

PENY %53 WA 2 Ad d4 125
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Figure 4. Model prediction with different adjustable para-
meter values for mass transfer coefficient.
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Figure 5. Model prediction with different adjustable parameter
values for diffusivity.
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Figure 6. Profiles of EG concentration with melt depth at
different film thickness.
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