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PBT (polybutylene terephthalate)yi= #1555, XI5~ P37, UlwlEA] 5 71418 57d0] S<ah, 7144} F-3&, A}
B2} B2 7B 4 ¥Eo] AFE-¥Ith DMT (dimethyl terephthalate)2} BD (1,4-butandiol)S AFg-3lo] PBTS] €8
A1 BHBT (bis-hydroxybutyle terephthalate)s A3AFsh= ol AHZ w3l HEg- WEg-of djs)] A7 siith Full==
zinc acetate’} AFEEGITE 71E2] ATtellM= whg F A HlEkEo] AAE = WA WES71E S8t kinetics AT
7} o]Fof] oukgo] ;e ER] ool wpE o] BAgglsto] gIgltt # AFelMe 34 vEST1E ARSSta wk
5 & DMTS} Hghs ks gJaFsto] A== MHBT (methyl hydroxylbutylene terephthalate)?} BHBTE 48 4
TS 8k, o] WEg=olM ANkeE5 LT =T sto] Hrh Ags Ras ARSIt teksh ike&
A5 AABIAL, o] BEEe] 53t ghEe] A dlojeel & AX|FHS Bl

F A

Abstract — PBT (polybutylene terephthalate) has excellent mechanical properties such as low absorption, dimensional
stability, abrasion resistance. It is used in manufacturing electronic components, the automobile part and the various pre-
cise parts. Bis (hydroxybutyl) terephthalate (BHBT) which is a PBT monomer, can be produced by transesterification
reaction of DMT (dimethyl terephthalate) with 1,4-butandiol (BD). The kinetics of transesterification reaction of DMT
with BD using zinc acetate as a catalyst was studied in a batch reactor. Previous kinetic studies was carried out in a semi-
batch reactor where generated methanol was removed so that reverse reactions were not considered in the kinetic expres-
sions, resulting in inaccuracy of the kinetic model. Mathematical models of a batch reactor for the transesterification
reaction were developed and used to characterize the reaction kinetics and the composition distribution of the reaction
products. More accurate models than previous models was obtained and found to have a good agreement between model
predictions and experimental data.
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PBT (polybutylene terephthalate)y= #1558, X5~ eHgAd, Urh=
3 & 71A1A SAdo] e, A Aol Al A ek
717 5ol Hold Ayl Eetag o ® Al b W AT
71 Ao} A7), ARG, AREAFHRE, 21 A el AT -
3]. PBT:= BHBT (bishydroxybutyle terephthalate)?} %3+ HH-g-<ll
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ol A EItH4-5). PBT] 4 "S- DMT (dimethyle terephthalate)@}
1,4-butanediol (BD)Z AAFsR= | ~BI=Z 1wk HPH T} TPA (terephthalic
Acid)9} 1,4-butanediol™ “JAleh= 23] o AHES Mo ® Ly
o] ZIc}.

A2 w3k EPH O 2 DMTE} 1,4-butanediol= AR5 PBTS]
A5 THFAR] BHBTE AAAHE 4= Qlet. ol AH 2 w8 g5 53t
o] BHBT 4 PBT oligomer’} AAJ0] 531, 53 HH-5-5 AA PBTS
ARt vz IR 2 27 oA E|23F O 2 TPAS} 14-butanediolS-
ARE31] BHBTE 4K = Qltt, ol ~H| 23} uk8-2 E3}o] BHBT
4l PBT oligomerZ} AJ0] =11, o] EAEL S5 vhe-2 74
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Transesterification reaction :

o o
Il Il
CH;0 —C C—— OCH; + HO(CH,),0H =
1,4-butanediol
DMT o

o
Il 1]
CHO — C C—— O(CH)OH + CH;OH

MHBT

o} o
Il Il
CH0— C C—— O(CH)OH +HO(CHY,OH =

MEHBT 1,4-butanediol

o o
Il I
HO(CH), 0 —— C C — O(CH,),OH+ CH;OH

Side reaction : BHBT

o]
HO(CH,)0H — )
THF

1,4-butanediol

Scheme 1. Reaction scheme for BHBT synthesis from DMT.
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Fig. 1. Schematic diagram of experimental apparatus for BHBT synthe-
sis.
1. Reactor
2. Temp. controller
3. Spring wire rack

4. Shaker
5. Qil bath
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Fig. 2. Temperature effect on the yield of MeOH: (a) 170 °C; (b) 190 °C; (c) 210 °C; (d) 230 °C.
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Table 1. Reaction rate constants and equilibrium constants for the
synthesis of BHBT

Temperature (°C) k; (min™") k, (min™") k; (min™) K, K,
170 4.968 2.637 0.002 0.92 0.942
190 6.867 2.263 0.01 0.822 1.554
210 7.229 2.59 0.049 0.798 2.78
230 10.589 6.427 0.217 0.643 10.445
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ward reaction from DMT to MHBT; (b) forward reaction
from MHBT to BHBT.
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Table 2. Activation energies (E) and frequency factors (K,) from the
Arrhenius plot

E (kJ/mol) K, (min™!)
K, 21.451 1.69x10°
K, 25.176 1.927x10°
ks 148.164 5.175x10™
K4 —10.144 0.059
K, 71.579 2.12x108
Ky
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Fig. 12. Results of fitting (DMT:BD molar ratio 1:5): (a) 170 °C; (b) 190 °C; (c) 210 °C; (d) 230 °C.
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Table 3. Reaction rate constants for the synthesis of HBT

Temperature (°C) k; (min™") k, (minT) K,
170 2.873 0.002 1.141
190 3.377 0.01 1.376
210 3.441 0.05 2.028
230 5.924 0.217 4.53
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.
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Fig. 13. Arrhenius plot for rate constants of the forward reaction from
DMT to HBT.
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Fig. 14. Arrhenius plot for reaction equilibrium constants of the reac-
tion from DMT to HBT.
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Fig. 15. Arrhenius plot for the reaction generating THF.

Table 4. Activation energies (E) and pre-exponential factors (K,) from
the Arrhenius plot

E (kJ/mol) K, (min™)

3 19.98 6.097x107

K, 148.164 5.227x10™

K, 41.406 7.387x10*
4.4 E
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