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Efficient Chain Extension Reaction of Poly(butylene terephthalate) by using Crystallization
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Plastics are quite important materials for not only industrial usages but also in our daily life. Many

plastics are difficult to reuse because they are susceptible to UV, hydrolysis and so on. leading to the

reduction of molecular weight. Among them, poly(butylenes terephthalate) (PBT) is a valuable materials

prepared by polycondensation reaction, and PBT has the same limitation to reuse. Hence, efficient chain

extension reaction for recovered PBT has been needed to improve the properties damaged by chain

scission. In this study, new chain extension reaction had been examined by using crystallization as

pre-treatment. Isothermal crystallization at 161°C concentrated the chain end-groups on the surface of

the crystals, and chain extension reaction at 210°C, which was lower than the melting temperature of

PBT, enhanced the molecular weight significantly compared with the reaction over the melting

temperature. It concluded that the pre-treatment of crystallization was favorable for the efficient chain

extension reaction and this result provided the new technology for the effective reuse of the plastics.
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Fig. 1 Concept of efficient chain extension reaction
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Scheme 1 Chain extension reaction of PBT
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Table 1 Results of alcoholysis reaction
RunNo. Time(min) Mn(g/mol) DPn [OH]® (mol%)
0 - 35200 160 39
1 5 5600 25 94
2 3 11200 51 87
3 1 22500 102 79
a: Ratio of OH group to total end-groups

Table 2 Results of scale-up experiments of alcoholysis reaction *

Alcoholysis condition 4
RunNo. PBT 14BD°® (g/hr"n"ol) (E;):E/)
®  (oDCB)*(m)) >

4 45 45(200) 14800 67 75

5 40 40 (200) 6300 29 -

6 2 22 (100) 11200 51 87

a: Reaction time was 3 min. b: 1,4-BD: 1.4-butanediol, ¢: o-DCB:
o-dichlorobenzene, d: Ratio of OH group to total end-groups
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Fig. 3 Relationship between OH ratio and Mn Fig. 5 Plot of crystallinity as a finction of temperature of
isothermal crystallization
Table 4 Results of chain extension reaction
PBT Reaction
Run Mn
= No, Mn(gmob,  temp. (g/mo) DPn  MnMn®
%Eb A ___[OHKmol%) (Y]
= 7 ) 250 10500 48 19
= 8 3600, 94% 210 11400 52 20
9 . 250 25000 114 40
0 L n . " L 10 6300 210 32800 149 52
0 1 2 3 4 5 6 11 250 18100 82 16
Time (min) I . 18
Fig. 4 Plot of Mn as a function of time 13 o 250 33300 151 23
) ) 14 14800, 75% 210 42900 195- 29
RunNo.  Molar .rano of succinic [COOH]® (mol%) 16 , /77 210 37800 172 17
anhydride a: not measured. b: Mn affer chain extension reaction / Mn of starting
17 1:1 50 PBT
18 1:5 59
19 1:25 97
a Mn=14800, [OHF75mol% Table 5 Results of chain extension reaction (Mr—=6300 )
b: Ratio of carboxy! group to total end-group (%) Run  Crystallization ~Reaction ~ Mn DPn MMn®
No. temp. °C) temp. °C)  (g/mol)
. 20 250 25000 114 40
AN EEERVDE X NAA TN F L
5 Pt o ¥ ERAIAH & 21 none 230 22600 103 36
BBz Ao, 2 L0 a0 s a1
23 190 210 17100 78 27
3.2 $HEERE 24 161 210 32800 149 52
BT, FREERSKECRRT D0, SR 0 e 19 e

a: Mn after chain extension reaction / Mn of starting PBT
FIREL T D KB L FOH)87% S5y F B PBT & FiV M T

SRR L R E & OBYR R~ R % Fig. 5 1R Beb Uiz, fERUZINT, ARSI LEREEEAT K&
T, FEEAUREED LRI > TRERLEIIER L 161°CTRoK(E WEEE 25, FONEId, SRIZEFRS FHIIEL<H)
602% % LTz, SLIZEE THRAWUELTH L, &RUER FEDLYERIABBAENRT L, L Lenih, &RICRD
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Table 6 Resuits of chain extension reaction of PBT (Mn=14800)

Run Endgroup Reaction Mn

No.  (mol%)  temp.(°C) (g/mol) br

26 [COOH] 250 22800 104 15

27 =97 210 46800 213 32
250 33300 151 23

29 OHF 5 o0 195 29

a Mn after chain extension reaction / Mn of starting PBT
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