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TSA 30 min 133 Pa
. FTIR Nicolet 60SXB
205 NMR Bruker AC-
1.3 600 CDCl, DMSO-d,
PrePEA «x/y T™S
0.01 mol/L.  NaOH .y
20 y =50 DMF 2
. PrePEA x/y - 2.1 PrePEA x/y
"2 1 HETA PrePEA x/y
y 20  PrePEA x/y
THF Waters GPC515-2410 PrePEA
GPC THF x/y . PrePEA 90/10 PrePEA
1.0 mL/min 90/10 -2 HETA
90: 10 PrePEA  90/10 -1 PrePEA
% 20 90/10 -3 90: 10
y=50 DMF 5 mol% 5 mol%
PrePEA x/y DSC . PrePEA 90/10 -1 PrePEA 90/10 -2
NETZSCH DSC204 . PrePEA —COOH PrePEA 90/10 -3
80/20 ExtPEA 80/20 10 K/min ~ -80°C —OH
100°C. PrePEA 0/100 20 K/min
250°C 10 K/min HETA HETA
20°C 20 K/min PrePEA x/y : 1 PrePEA
20°C 250C x/y 0.24 ~0.52 dL/g
PerkinElmer TGA 7 10 K/ y 20 y =50
min  20°C 500°C. DMF
Table 1 Properties of PrePEA  x/y
AA:BD: HETA Acid value Q" n Me
Frepolymer Molar ratio mgKOH ¢~ mgKOH ¢! d ¢! g/mol
PrePEA 90/10 -1 1.00:0.85:0. 10 42.7 0.0 0.30 2627.6
PrePEA 90/10 -2 1.00:0.90:0. 10 38.5 1.7 0.26 2791.0
PrePEA 90/10 -3 1.00:0.95:0. 10 4.3 24.4 0.28 3909. 4
PrePEA 80/20 1.00:0.85:0.20 14.6 15.0 0.30 3790. 5
PrePEA 50/50 1.00:0.50:0. 50 10.0 15.7 0.32" 4365.8
PrePEA 20/80 1.00:0.25:0. 80 17.6 25.0 0.24" 2633.8
PrePEA 0/100 1.00:0.00: 1. 00 19.0 13.1 0.52" 3495.3

* (, is the hydroxyl number of the polymers " The solvent is DMF

2.2 PrePEA x/y
2 PrePEA 90/10
. PrePEA 90/10 -
1 PrePEA 90/10 -2

PBOX PrePEA 90/10 -3
ABC . PBOX
ABC 1 .
PBOX

ABC TSA

“ Molecular weight calculated from the acid value and hydroxyl number

12

PBOX
TSA. 2
PBOX
PrePEA 90/10 -1

PBOX n  0.33dL/g

TSA 0.05 wi% n
0.45 dL/g

PBOX  PrePEA . TSA

0.1 wt%
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Scheme 1 Chain extension way of the PrePEA prepolymers with PBOX through the —COOH terminal groups and
with ABC through the —OH terminal groups
90/10 -3 ABC
TSA 0.15 wt% 0.49 dL/g
PBOX
w2 TSA
" PBOX ABC
0.05 wt%
2 PrePEA 90/10 -1
PrePEA 90/10 -2 PBOX PrePEA
Table 2 Chain extension with single chain extender®
PrePEA 1/2 PBOX/ 1/2 ABC/ TSA ExtPEA
n —COOH —OH . wi% n
dL ¢! molar ratio molar ratio dL ¢!
PrePEA 90/10 -1 0.30 1.1 — 0 0.33
1.1 — 0. 05 0.45
1.1 — 0.10 0.38
1.1 — 0.15 Cross-linked
PrePEA 90/10 -2 0.26 1.1 — 0.10 0.35
PrePEA 90/10 -3 0.28 — 1.1 0.10 0.49
*T=200C ¢=2h
PrePEA x/y 50 mol% 80 mol%
PBOX ABC 0.42 ~0.46 dL/g
3 PrePEA x/y
ABC + PBOX 100 mol% PBOX
PrePEA 90/10 PrePEA  80/20 PBOX
ABC
1.05 0.73 dL/g GPC PBOX ABC

PBOX
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Table 3 Chain-extending reaction of different PrePEA x/y *
PrePEA ExtPEA
TSA wt%
n dL g n dl g M, GPC M, GPC M,/M, GPC
PrePEA 90/10 -3 0.28 0.10 1.05 20200 40100 1.98
PrePEA 80/20 0.30 0.10 0.73 11500 23800 2.07
PrePEA 5050 0.32 0.10 Cross-
e ' ' linked - - -
0.0 0. 46 —_ —_ —_
Cross-
PrePEA 20/80 0.24 0.10 . — — —
linked
0.0 0.42 — — —
PrePEA 0/100 0.52 0. 10 —_ —_ —_ —_
* 1/2 PBOX/—COOH =1.1 1/2 ABC/—OH =1.0 molar ratio 7T =200C ¢t=2h
2.3 PEA x/y PrePEA 80,20
1 PrePEA 80/20 1
. 1 PEA 80,20 3790 3%
3386 cm N—H O0—H
1735  1649cm ™ 3%
C=0 . 1
3200 ~ 3500 cm ' 1735
cm ! 3200 ~ 3500
PBOX  ABC cm ™!
PBOX ABC
PrePEA
80/20
=
v
E
&8
@ I E % w0
2 25 i)
a 8
‘_—_/\/L_——J PrePEA (80/20)
- ] - - ) ) ~~ExtPEA (80/20)
3500 3000 2500 2000 1500 1000 500
Wavenumber (cm ™)
Fig. 1 IR spectra of PrePEA 80/20 and ExtPEA 80/20
2 PrePEA 80/20 "H-NMR
6=7.24 CDCl, 6= - PEA 80/
2.30 PrePEA 80/20 1 20 'H-NMR
6=1.63 ~1.67 2 4 é PBOX
=4.07 3 5=7.82 ABC PrePEA
4 6=3.70 4.29 80/20
6 7 2 "H-NMR

7 "H-NMR
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Fig. 2 '"H-NMR spectra of PrePEA 80/20 and ExtPEA 80/20
Cel,
~HO  -DMSO0-d,
[+
¢ by d
: b
aj~a, 2 C3 2 by f
= L 3 L
/
9.0 80 5.0 40 3.0 20 1.0
5
Fig. 3 'H-NMR spectrum of PrePEA 0/100
I:M:M: NV =42.6:23.2:20.4:
13.7.
PrePEA 0/100 '"H-NMR 2
3 6=3.20~3.72 3.92 ~4.50 2.4 DSC
4 4 PEA 2
8.63 ~8.93 4 80720
DSC
PEA 80/
- —NH—CH,—
N 20 . 4 PrePEA
CH,—0—
- 80/20 ExtPEA 80/20 Tg PBA
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Scheme 2 Different structural units of PrePEA 0/100
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Fig. 4 DSC scan of PrePEA 80/20
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and ExtPEA 80/20

Table 4 The DSC data of PrePEA 80/20 ExtPEA 80/20 and
PrePEA 0/100
Polymer T, C T, C T, C AH, 1/g
PBA* -52 24 63 58
PrePEA 80/20 -47.2 2.8 28.3 26
ExtPEA 80,20 -45.2 7.0 23.7 6.4
PrePEA 0/100 65 — — —
* Reference 17
2.5 TGA
6 5 PrePEA 90/10 PrePEA
50/50 PrePEA 0/100 TGA
339 329

— First heating run
---- Second cooling run
—-=Third heating run
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Fig. 5 DSC curves of PrePEA 0/100 in heating-cooling-

heating scans
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Fig. 6 TGA curves of PrePEA 90/10 PrePEA 50/50

and PrePEA 0/100
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Table 5 TGA data of the PrePEA 90/10 PrePEA 50/50 and
PrePEA 0/100 *°

HETA
T, b Tso0 © Toa d End mass loss
Polymer
C C C %
PrePEA 90/10 339.4  362.0 384.7 91.89
. HETA
PrePEA 50/50 328.6  359.9 391.3 84.80
PrePEA 0/100 318.0 350.3  387.0 81.12
* Heating rate at 10 K/min and in N, atmosphere " The initial
decomposition temperature ° The temperature at 50% decomposition :
! The temperature at the end of the steep decomposition change Tm AH"‘ : HETA
HETA

20 mol%

PBOX

T

g

100 mol%

ABC
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SYNTHESIS OF POLYESTERAMIDES FROM N N’-BIS 2-HYDROXYETHYL -
TEREPHTHALAMIDE AND CHAIN EXTENSION REACTION

HUANG Chaoqun XU Shaoyi ZHAO Jingbo JIANG Shengling YANG Wantai

State Key Laboratory of Chemical Resource Engineering College of Materials Science and Engineering

Beijing University of Chemical Technology Beijing 100029

Abstract Polyesteramide PEA «x/y  prepolymers with intrinsic viscosity from 0. 24 dL/g to 0.52 dL/g
were synthesized through melt condensation polymerization from adipic acid butanediol and N N'-bis 2-
hydroxyethyl terephthalamide =~ HETA  at different butanediol x to HETA y  molar ratios. Chain
extension reaction was performed with 2 2’- 1 4-phenylene -bis 2-oxazoline PBOX  or adipoyl
biscaprolactamate ABC alone or with combined PBOX + ABC chain extenders. High molecular weight PEA
with intrinsic viscosity of 1.05 and 0.73 dL/g was obtained when PEA 90/10 and PEA 80/20
prepolymers were chain extended. The PEA prepolymers and the chain extended PEA were characterized by
FTIR and 'H-NMR spectroscopy differential scanning calorimetry DSC  and thermogravimetric analysis
TGA .'H-NMR spectra revealed that during the preparation of PEA prepolymers ester-amide exchange side
reaction took place. DSC studies indicated that after chain extension the T, of PEA 80/20 increased and its
AH  as well as T, decreased. PEA 0/100 is a non-crystallizable polyesteramide and its T, is 65°C. TGA
studies showed that as the content of HETA used in the synthesis of PEA x/y prepolymers increased the
thermal stability of the prepolymers decreased because the introduced terephthalic diesterdiamide showed less
stability.
Keywords  Polyesteramide Chain extension Condensation polymerization N N’-bis 2-hydroxyethyl -

terephthalamide Adipic acid Butanediol





