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Fig. 1 The change of tenacity with thermal ageing time at

different temperatures
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Fig. 2 The Arrhenius plot of ageing sample and the linear

fitting line
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Fig. 3 The change of modulus with thermal ageing time at
different temperatures

Short dash line is modulus of the as-received sample
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Fig. 4 The thermogravimetric isotherms of sample at 400°C
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Fig. 5 The FTIR of the as-received and the thermal aged
sample at 400°C for 40 min
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Table 1 The intrinsic viscosity and dissolution feature of the thermal

aged sample

Intrinsic viscosity (dL/g)

t (min)

250°C  300C 350°C 400°C
As received 7.22
5 7.20 7.21 6.99 7.08
10 7.23 7.08 7.78 Slight insoluble

20 7.25 7.11  Slight insoluble  Part insoluble
30 7.26 7.25  Slight insoluble  Part insoluble
40 7.27 7.20  Slight insoluble  Part insoluble

Table 2  The orientation of thermal aged sample

Crystalline Overall

T(C) orientation (% ) orientation (% )
5 min 40 min 5 min 40 min
As received 91.2 95.3
250C 90.7 90. 6 93.9 94.0
300°C 90.9 90. 8 92.1 91.8
350C 90. 4 90.7 90. 1 89.8
400°C 90. 6 90. 8 89.4 89.5

L5 EAN R A2, & A i A5 A 2 A il
Thss Mg, X 3 25 Fh X A5 A RO A 6. AT
HEET 5 min F140 min ZALEE S, WY a, b il 77 W)
(ARBEZTr 1)) 1Y 110,200 b 17 28 LA S B
UL T I (B T AN, T ¢ B )
(£-4Eth 77 10]) 002 & i UL RS 28 A A B
LN 3 Fs.

Table 3 The apparent crystallite size of thermal aged sample

ACS, ;o (nm)  ACS,y (nm) ACS, (nm)
T(C)

5 min 40 min 5 min 40 min 5 min 40 min

As received 4.8 4.2 53.5

250°C 5.8 6.0 4.6 4.7 55.3 54.0
300°C 6.4 6.8 4.7 4.9 57.3 54.2
350°C 7.1 7.5 5.0 5.4 55.0 56.9
400°C 8.0 8.2 5.6 5.8 57.8 57.8
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Table 4 The crystallinity and g of thermal aged sample

Crystallinity (% ) gy (%)
T(C)

5 min 40 min 5 min 40 min

As received 76 2.2

250°C 77 79 2.06 2.07
300°C 77 80 1.99 1.97
350°C 78 82 1.94 1. 89
400°C 82 82 1. 86 1.88
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THERMAL AGEING BEHAVIOR OF
POLY (p-PHENYLENE TEREPHTHALAMIDE) FIBER

ZHOU Yun’an', JIANG Feng’, LI Xin*, WANG Rongmin'
(' College of Chemistry and chemical Engineering, Northwest Normal University, Key Laboratory
Molecular Materials of Gansu Province, Lanzhou 730070)
(* China Textile Academy, State Key Laboratory of Biobased Fiber Manufacture Technology, Beijing 100025)

Abstract Poly(p-phenylene terephthalamide) fibers were treated in the range of 250 ~400°C under free-end
in air. Their mechanical properties and structure parameters were characterized by mechanical testing, Fourier
transfer infrared spectroscopy, wide angle X-ray diffraction, sonic velocimetry and viscocimetry. It was found
that the tenacity of aged samples decreased rapidly at the early stage of ageing due to the disorientation of
molecular chains. Then, thermal degradation made the tenacity to keep on decreasing with time, which was
consistent with the second-order kinetics equation with apparent activation energy of 32. 4 kJ/mol. With the
increase of ageing temperature, an obvious decrease in tenacity was found. However, the tenacity decreasing
rate slowed down above 350°C , which could be related to the occurrence of slight cross-linking,the increasing
of crystallinity and the perfection of the crystallites. The modulus of aged sample was lower than that of
untreated sample,since the disorientation of molecular chains in amorphous region was dominant below 350°C..
The modulus of aged sample increased above 350°C because of more perfect crystallization structure ,which was
indicated by the smaller distortion of second kind lattice, g,, and larger value of a, b axis due to the
combination of adjacent crystallites.

Keywords  Poly(p-phenylene terephthalamide ), Thermal ageing, Mechanical property, Crystalline,

Orientation





