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Properties of PET chain-expanded modified by Schiff base type tetra-functional epoxide compounds
WU Yongtao', LIU Shumei', ZHAO Jianging', XUE Feng', LIU Yufei’
(1. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, China; 2. School of Materials and
Metallurgy, Guizhou University, Guiyang 550025, China)

Abstract : To compensate for the decline in mechanical properties of polyethylene terephthalate (PET) caused by degradation
during processing and service, a tetrafunctional epoxy compound (TNM) with reversible Schiff base dynamic bonds was synthesized
using 3, 4-dihydroxybenzaldehyde, p-phenylenediamine, and epichlorohydrin as raw materials, and then used for the chain extension
modification of PET and its recycled material (rPET) through reactive extrusion. The effects of TNM dosage on the intrinsic viscosi-
ty, processing properties, crystallization properties, and mechanical properties of PET or rPET were systematically investigated and
compared with those of the commercial ADR epoxy chain extender. The results show that the adding of 2.0 wt% TNM increases the
intrinsic viscosity of PET from 0.58 dL/g to 0.95 dL/g. For the same intrinsic viscosity, the increase in equilibrium torque is smaller
than that of ADR, and the negative impact on processing fluidity is less. When the chain extender is added at 0.5 wt%, all mechani-
cal property indicators of TNM-modified PET and rPET are higher than those of ADR. After adding 1.0 wt% TNM, the tensile
strength of rPET increases from 25.5 MPa to 52.2 MPa. When the chain-extended PET is kneaded at different temperatures, the
apparent degradation activation energy of PET that calculated from the change in carboxyl end group content, increases from 2.27x
10* J/mol before chain extension to 3.80x10* J/mol, indicating that the material becomes more difficult to degrade. This Schiff base-
type tetrafunctional epoxy compound can effectively extend the chain while having minimal impact on processing fluidity, signifi-
cantly improving the mechanical properties of rPET.
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Fig. 6 Effect of chain extender on intrinsic viscosity of PET and rPET
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Fig. 7 Time-torque diagram of chain-extended PET
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Tab.1 DSC analysis results of TNM chain-extended PET

Samples ~ T/°C T, /°C T,/°C grs,)' X/% T/°C
PET 2005 2430 2505 253 279  80.1
PET/TNM-0.5 198.0 2420 2485 236 257 810
PET/TNM-1.0 197.8 241.0 2478 200 246 803
PET/TNM-1.5 1968 2418 2478 190 238 800
PET/TNM-20 1959 2420 2473 178 221 788

Notes: 7 is crystallization temperature; 7, and 7, , are melting
temperatures; AH, is melting enthalpy; X is crystallinity; 7, is glass tran-

sition temperature.
HOmE TR, D3R TNM &40l PET 1945
i, A AR UL, SN A/ (1) TNM X PET (485 i
JEE RN S SE IR /N, 25 Sh e R AR e e o
224 JEFEEE

XFF PET # ok, HA B 437 & O AL TRE K

-, Z e A T RN 5 ), i — 25 3 4
F12E P RE A REAE FH A B 5 EL SRS i 0 384
TESETH o> F i A R s, 38 2 i i 2 A, WP
RS AR T2 PERE . ADR 5 TNM gk
PET i 12 PERE IS R L 20 a2 vl BEE
TNM A0, 5 BERchE PET A h7 (s & 52 30 et
I TR W24 KR — B g 1, i S
i R At 1 oo R U R 02 R RS MY
BT B BN 0.5% Bih, TNM gl PET (1) 4% 3 )
2EPERE NP B | B SR S i i B A G 1
i BRI T ADR s S8 A 4B 751 B o B
THZ 1.0% B, W5 55 PET FRRLHI 5 J2 R (i =5
A2 THVE AL ; TNM O 4% oM PET Sl 1 np i
JEE B4 AR PT 5 L5 e A T e s A 34 i R S )
I3 P ARG

F2 FHEMUEPET WS 1ERE
Tab.2 Mechanical properties of PET with chain extender

Samples Tensile strength/MPa Elongation at break/% Bending strength/MPa Notched impact strength/(kJ - m )

PET 533 34 111.9 4.6
PET/ADR-0.5 54.4 2.5 96.7 3.8
PET/ADR-1.0 59.0 45 96.3 43
PET/TNM-0.5 55.8 3.9 104.0 4.4
PET/TNM-1.0 59.5 42 94.2 3.1
PET/TNM-1.5 56.3 4.6 92.9 2.9
PET/TNM-2.0 51.9 4.7 91.8 2.8

rPET R Z R B o1 TR 2, 9755
VR 2 85 B (2, %S Il ADR 5% TNM Ji5 tPET (9 /)
SEPERBINRAZE SR WL 3, FHER 3 0, Bk 1 phfiom
JEE 4R TR AR T A1, TN oA J3 | Dy 244 | %
A il o B2 0 48 ROR LT ADR. X & R
TNM 2 W5+, 51 AJ5 o] LA PET 3255 (14 W1
P ;11T ADROZEFPERELEHE , B RERE 0, T iy >4k
SERE A5y 3 N S AE vt b AR BE A TNM
JT i 3450 1.0% 38 21 i K E 52.2 MPa, 3¢ rPET 1Y
25.5 MPa Tt 104.7%, % rPET/ADR-1.0 /% 39.8 MPa

FETF31.2%, M TNM BT 1.0% A, 285 5
TR IR A AR S /N SR AE A S O
ISR B I HA A% . A TNM J5 , PET F tPET £ it
SRR A B AR T, 4 TNM & 53500 1.0% B
 1.0% $2F+ 2 4.3%, 1X EZF 4550 TS0k
i DX L AGIBE N, E T T PRI R BE

Zi B TR, TNM X rPET J2# PERE (42 T4
F ADR, H:AELE D 5% 1 [A] I 43 B 4 (0 0n 30 30
P, I s rPET 1Y 724 PEBE , X 4T PET 4 IR
FIA & EZE L.

F3 AT HEF rPET B 1314 A8
Tab.3 Mechanical properties of rPET with chain extender

Samples Tensile strength/MPa Elongation at break/% Bending strength/MPa Notch impact strength/(kJ -m?)

rPET 25.5 1.0 98.1 1.2
rPET/ADR-0.5 333 1.7 93.7 2.9
rPET/ADR-1.0 39.8 2.1 95.3 3.1
rPET/TNM-0.5 479 4.5 97.2 3.1
rPET/TNM-1.0 52.2 43 99.3 3.2
rPET/TNM-1.5 47.0 4.1 101.4 3.4
rPET/TNM-2.0 48.7 4.5 101.7 33




34 AR

2026 4E, %5 54 4 55 6 1

2.3 F4EPETWIEEZ H 5

PET 4" 4% i 1) 3% A %ot FL el FH R0 B 52 i K s
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Tab.4 Carboxyl end group content of chain-extended PET after

different mixing times at different temperatures

Time/ Carboxyl end group content/(mol-t ")
Temperature/°C .
min PET PET/ADR-1.0 PET/TNM-1.0
5 30.95 11.67 13.01
10 35.74 14.43 15.79
260 15 39.52 17.05 18.52
20 42.30 19.04 20.32
25 44.79 20.64 22.05
5 32.05 13.01 15.27
10 38.66 16.98 19.71
270 15 43.83 20.39 23.37
20 47.79 23.01 26.41
25 50.74 25.01 28.51
5 33.67 16.51 16.02
10 4241 21.53 22.38
280 15 48.13 25.99 27.44
20 52.99 29.09 31.20
25 56.68 31.28 34.10
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Fig. 9 Fitting curve of carboxyl end group content of PET/TNM-1.0
under 270 °C
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Tab.5 Apparent rate constant of adding chain extender PET

Apparent rate constant/s '

Temperature/°C
PET PET/ADR-1.0 PET/TNM-1.0
260 2.87+0.18 2.22+0.32 2.29+0.45
270 3.17+0.06 2.70+0.19 2.73+0.23
280 3.45+0.35 3.20+0.41 3.16+0.08
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Tab.6 Apparent activation energy of adding chain-extended PET

Items PET PET/ADR-1.0 PET/TNM-1.0
Apparent activation  2.27x10*%+  4.51x10"+ 3.80x10"
energy/(Jmol ") 9.94x10° 1.31x10° 2.35%10°
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