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Fig. 1 a) The variation of orientation funetion f_, of the
amorphous- region with the treating time at 375K (Q)
(series 1) and 478K (@ )} (series 2); b) The variation of
relative length with the treating time at 375K and 478K
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Table 1  The vanation of orientation function f, of the crystal region

with the treating time ¢ at 375K (series 1)and 478K {series 2)

fe
t{s}
375K 478K
0 0.945 0.945
30 0.945 0.942
60 0.948 0.939
90 0.948 0.939
180 0.946 0.939
200 0.946 0.939
1800 0.948 {.939
Table 2 The dependence of crystallite size on the treating
ternperature I for about 30s (series 3} and 30min (series 4)
T Series 3{nm) Series 4{nm)
(K) a b c a b c
AR 4.52 6.82 7.37 4.52 6.82 7.37
374 4.54 6.85 7.15 4.54 6.85 6.98
305 4.52 6.79 7.36 4.58 6.85 7.45
417 4.54 6.81 7.69 4.58 6.85 7.76
441 4.67 6.93 §.22 4.75 6&.91 7.78
459 4.71 7.00 8.07 4. .87 7.16 8.14
478 4.90 7.12 8.16 5.16 T7.45 8.08
% As received PET industrial yarn
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Fig. 2 The change in crystallites sizes with the treating
time at 478K (series 2)
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Fig. 3 DSC curves before and after heat shrinkage at

478K with different treating times (series 2)
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Fig. 4 The density variations for the samples with
different treating tmes at 375K (@) (series 1) and
478K () (series 2)
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THE STRUCTURE CHANGES OF INDUSTRIAL YARN OF
POLY(ETHYLENE TEREPHTHALATE) DURING ISOTHERMAL
SHRINKAGE PROCESS

Li Xin, LI Ruixia, WU Dacheng
{ Textile College , Sichuan University, Chengdu 610065)
SUN Lin, SONG Qing, GUO Fengmin, WU Liheng
(China Textile Acadermny, Beijing  100025)

Abstract  The structure changes of the industrial yarn of poly(ethylene terephthalate) (PET)of 1455d Tex/
1101 under the tension of 0.3N and at the temperature range of 375~494K were characterized by WAXD,
density gradient method, sonic velocity measurements, and DSC. The shrinkage could be divided into two
different processes characterized by different relaxation times and final shrinkage amounts. The molecular
mechanism for the first process, the fast and dominant one, mainly was the disorientation of the extended
segments in the amorphous region, which can be proved by the change of orientation function of the
amorphous region( £, ) with shrinkage time at different temperatures. More meaningful thing is that the
shape and change tendencies of f,,, and relative length ({,) with shrinkage time are very similar. The
second slow one was resulted from the restructuring of the erystalline region, which included the rapid
growth of the crystallites, the formation of new imperfect crystals and the reorganization of existed crystals
during the whole shriknage process. The changes of crystalline regions became fast with the temperature
rising and consequently their effect of restriction of the disorientation of the amorphous région became more
obvious. However, the orientation function of crystalline regions keeps unchanged almost during the
thermal shrinkage process. Tt should be indicated that the structure changes of amorphous and crystalline
regions are not independently. Each process proceeds and competes each other during the thermal
shriknage . The contribution of both processes to the shrinkage mainly depends on the temperature and time.
The study of structure change of PET yarn during thermal shrinkage provides an important idea of
developing more perfect crystalline regions to limit the thermal shrinkage due to the disorientation in
amorphous regions. PET yams with strength of 7¢N/dTex, modulus of 4.4cN/dTex at 5% elongation and
thermal shrinkage of 3.5% have been successfully obtained.

Key words  Poly(ethylene terephthalate), Shrinkage, Characterization



