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ABSTRACT: Poly(butylene terephthalate-co-oxybenzoate)(PBOT) containing mesogenic
oxybenzoate units in the main chain was synthesized through ester exchange reaction by
melt mixing of poly(butylene terephthalate)(PBT) and p-acetoxybenzoic acid (ABA). From
the kinetics of the copolymerization reaction, the activation energies and the rate constants of
homopolymerization and copolymerization, %, and k., could be determined. From the reaction
conditions of different compositions, 4/6, 5/5, and 6/4 of PBT/ABA, at 250, 260, and 270 C,
it was revealed that copolymerization between PBT and ABA proceeds on a pseudo-second
order reaction if the ABA content and its conversion are low. In this case, the ratio of rate
constants of homopolymerization to copolymerization was in the range from 1.08 to 3.17, indi-
cating that the copolymer with more notable block character was obtained at the higher mole
fraction of ABA and at higher temperature.

Keywords: poly(butylene terephthalate), p-acetoxybenzoic acid, poly(butylene terephthalate- co-
oxybenzoate), copolymerization kinetics, reaction rate constant.
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Table 1. Sample Codes and the Polymerization
Conditions

condition
N, flow for 30 min
POB  ABA-homopolymer followed by vacuum
appliance at 270 C

sample code composition

PBOT60 PBT/ABA 4/6 reacted at 250,
PBOT50 PBT/ABA 5/5 260 and 270 ¢,
PBOT40 PBT/ABA 6/4 respectively, under
PEOT60 PET/ABA 4/6 N, flow
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Scheme 1. Proposed reaction mechanisms for the
trans-esterification between PBT/ABA.
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Table 2. Rate Constants and Arrhenius Parame-
ters for ABA Homopolymerization

temperature #n E, In A
(¢) (Lmol"min") (kJ/mol) (Lmol'min™T)
250 1.20
260 1.53 51.77 12.09
270 1.86
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Table 3. Rate Constant Ratio for Different Melt-
Copolymerization Reactions

sample code temp. () k. k.
250 1.08 1.62
PBOT 40 260 1.43 2.14
270 2.60 3.90
250 1.49 -
PBOT 50 260 1.91 -
270 1.78 -
250 2.15 1.43
PBOT 60 260 2.90 1.93
270 3.17 2.12
PEOT 60 270 1.26 0.84

* Indicates the rate constant ratio corrected by composition (k,*
=k[PBTlo/[ABA]p).
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Figure 1. Arrhenius plot for ABA homopolymeriza-
tion.
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Figure 2. Second-order plot for the formation of
PBOT40 at 250 C (@), 260°C (M) and 270 °C (O)
with zinc acetate(0.1 wt%); predicted curves with
k=108, 1.43 and 2.60 for 250, 260 °C and 270 C,
respectively.
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Figure 3. Second-order piot for the formation of
PBOTS50 at 250 C (@), 260 C (M) and 270 'C (O)
with zinc acetate(0.1 wt%); predicted curves with
k=149, 191 and 1.78 for 250, 260 C and 270 C,
respectively.
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Figure 4. Second-order plot for the formation of
PBOT60 at 250 'C (O), 260 ¢ (O) and 270 'C (O)
with zinc acetate (0.1 wt%); predicted curves with

k=215, 2.90 and 3.17 for 250, 260 C and 270 C,
respectively.
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Figure 5. Plot of the second-order reaction at 250 C
with zinc acetate of 0.1 wt% for the formation of
PBOT40 (O), PBOT50 (O) and PBOT60 (O0); —
predicted curves with £,=1.08, 1.49 and 2.15 for
PBOTA40, PBOT50 and PBOT®60, respectively.
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Figure 6. Plot of the second-order reaction at 270 C
with zinc acetate of 0.1 wt% for the formation of
PBOT60 (@) and PEOT60 (M); — predicted curves
with £,=3.17 and 126 for PBOT60 and PEOT60,
respectively.
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Table 4. Copoymerization Rate Constant from
Second-order Plots and Arrhenius Parameters for

Various Composition

sample code  temp.(C)  &° E! InA°
250 1.11
PBOT40 260 1.07 269 6.24
270 1.40
250 0.81
PBOT50 260 0.80 20.0 435
270 0.96
250 0.56
PBOT60 260 053 541 0.64
270 0.59
PEOT60 270 1.47 - -

9 Rate constant(Lmol 'min~!) for copolymerization. ? Activa-
tion energy(kJmol™) of given reaction. ¢ Pre-exponential factor
(Lmol 'min"},
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