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Abstract : The rate and temperature dependence of the catalyzed polycondensation reaction of bis(2-
hydroxyethyl)naphthalate(BHN) was kinetically investigated in the presence of various metallic catal-
ysts and stabilizers ranging 275~295C. The effect of the nature and concentration of these catalysts
on the rate of polycondensation has been investigated. The order of decreasing catalytic effect of va-
ricus metal ions on the polycondensation of BHN was founded to be ; Ti(lV) > TilV)+Su{I)+P >
ShAM+P > Sb@) > Pb@) =Mnd) > Cold) =Snd)+P > Zn@) > Mg(@). The catalytic activities
of SbM), Ti@V), and complex catalyst(Sb+ Ti+P) were found to be constantly increased with increa-
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sing concentration of catalvsts and reaction temperature, and kept high through the whole reaction
than that of weak base catalysts(ZndI), Pb(l), and Co(Il) etc.). The catalytic activity of Ti([V) was better
in propagation reaction than that of Sb(l) catalyst. From the results of reactivities with Sb,O; and

trimethy! phosphate(TMP), the maximum molecular weight(the highest viscosity) was shown at the

point which is supposed to have same rate of sropagation and degradation. The maximum viscosity

with each reaction temperature was shifted to short time period. And also, the faster reaction rate

was obtained with higher temperature. However. the better maximum viscosity was decreased with

higher reaction temperature. This phenomenon may be due to the degradation reaction which is

much more influenced by a temperature than tae propagation reaction. As a result, higher molecular

weight polymer have been obtained at lower temperatures and higher stirring speeds.
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Scheme 1. Effect of output EG and torque on the pol-
ycondensation reaction of BHN at 295 ; (a) Output
EG, (b) Torque.
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Table 1. Intrinsic Viscosities and Color Values of Various Catalysts

Type Conc. Temp Time \Y MW Color
mol/g BHN T min. dl/g AL Ab
Sh(OAc), 1.5X10° 295 90 0.826 27644 —3.65 4.63
Zn(0Ac), 1.5x10% 295 90 0.465 13835 —13.35 12.98
Pb(OAc), 1.5X10% 295 90 0.670 21482 —1.44 3.25
Mn(OAc), 15 ><A10*6 295 90 0.650 20712 —1.88 2.69
Co(OAc), 1.5X10% 295 290 0.530 16197 —11.92 10.33
Mg(OAc), 1.5X10¢ 295 90 0.360 10164 —0.27 142
“ W)= Evigde g A1 ShAe Sn@)E
7 e RT Z8Ee) WA K A dolria ot
i et Z 2rh® 12) ShAel Snd): TidV)s} WA
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E“ oA 7l HA W ALS oA A7) S 2 TiAV) A
" HgEu) g Azslo] ALtk
" Fig. 29 TiQV), Sb, 23t%0) S ALg-3tod 295
} . Tol A 90R7 $28 whe A S Wo) Rajgkat 1

Reaction Time(min.)

Fig. 1. Effect of various metal acetates (1.5 10°mol/g
BHN) on the polycondensation reaction of BHN at 295
T.
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Fig. 2. Effect of titanium and tin based catalysts(1.5X
10%mol/g BHN) on the polycondensation reaction of
BHN at 295C.
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Fig. 3. Effect of Sb.O; concentration(1.0~2.0X10*°
mol/g BHN) on the polycondensation reaction of BHN
with at 295C(TMP ; 0.5X 10°mol/g BHN).
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Fig. 4. Effect of stabilizers(0.5X10"mol/g BHN) on
the polycondensation reaction of BHN with Sh.0(1.5
X 10*mol/g BHN) at 295C.
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Fig. 5. Effect of temperature on the polycondensation
reaction of BHN with Sbh,04(1.5X 10°mol/g BHN) and
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Fig. 6. Effect of stirring on the polycondensation reac-
tion of BHN with Sb,0,(1.5X10%mol/g BHN) and
TMP(0.5x 10°mol/g BHN) at 295C.
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Scheme 2. Propagation and degradation mechanism of 2,6-PEN.
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Table 2. Rate Constants of Propagation Rate(P) and Degradation Rate(D)

Reaction temp. Stirring Mole number Max. time Propagation rate(P)  Degradation rate(D)
(C) (rpm) (n*=1/DP) (min) (mol'min™) (mol min")
275 60 0.00781 370 0.68941 1.5831 X 10"
285 60 0.00845 232 1.01589 2.7317 X 10"
295 60 0.00872 110 2.07597 5.9455 X< 16
295 30 0.00999 165 1.20727 4.540910%
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Table 3. Activation Energy of Propagation and Degra-
dation Reaction with Antimony Trioxide System

Activation energy(KJ/mol)

Polymer
’ Ep E:l)
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PET 7.5 195.7
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