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Fundamental Studies on the Wearing
Performance of Sports Textiles
—Dual Mode Characteristics in Moisture Sorption
Behavior of Poly(ethylene terephthalate) Fibers—
by
Hiromichi Kawai, Akira Takaoka,
Masami Iwasaki and Mitsuhiro Fukuda
Department of Practical Life Studies,
Hyogo University of Teacher Education

ABSTRACT

Moisture sorption properties of a hydrophobic fiber of poly(ethylene
terephthalate) (PET) and a hydrophilic fiber of nylon 6 were investiga-
ted by means of the calorimetry of heat of moisture sorption, the near
infrared spectroscopy of sorbed water, and the analysis of moisture sorp-
tion isotherm in terms of some physical models, all to emphasize a dual
mode of moisture sorption characteristics in PET fiber in contrast to a
single mode of sorption characteristics in nylon 6 fiber.

The heat of wetting of PET fibers at dryness, though being much smaller
in magnitude than those of the hydrophilic fibers of nylon 6 and viscose
rayon, was found to be a dual mode of endotherm followed by exotherm

in contrast to a single mode of exotherm for the hydrophilic fibers.



Change in the dual mode of heat of wetting with chemical and physical

modifications of PET fiber was demonstrated to understand the origin of

the endothermic process for developing a new type of sports textiles.
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B41 Schematic representation illustrating the
principle of a heat transfer type calorimeter.
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B2 Block diagram of the heat transfer type calorimeter used. (1): specimen

vessel, (2): internal standard heater, (3): thermo-module, (4): constant
temperature body, (5): Thermal insulater, (6): thermometer, (7): stabili-
zed power supply, (8): controller for standadized electric power in-put,
(9): zero point adjuster for out-put from thermo-module, {I{): stirring
motor, (11): reversible rotation switch.
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3 Some examples of the 475 vs. ¢ curve, demonstrating exothermic
and endothermic behavior of particular materials.
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4 A series of 4T; vs. ¢t thermograms for five kinds of Poly(ethylene
terephthalate) staple fibers, demonstrating the change in dual mode
behavior of endotherm followed by exotherm with chemical modi-
fication of the specimens.

% 1 Physical Characterization of Poly(ethylene terephthalate) Staple Fibers
and the Values of Heat of Wetting, Wena(e=0) and Wexo(e=0) at 30°C.

Density in{Degree of| Degree of crystal |Saturated Heat of wetting
Speci od bulk crysta- orientation*** moisture e
pecimen code Tlinity veasih Wina(@=0)  Wigo(@=0) Specification
olg/ce)* | X (%)** (%) (cal/g of dry material)
PET-SF-TM00| 1.3636 20.9 |Fairly well-oriented| 0.9 0.0153 0.0225 Low modulus PET fiber
PET-SF-TE02| 1.3915 47.6 | Highly oriented 0.8 0.0065 0.1065 Normal PET fiber
PET-SF-TK03] 1.3952 42.6 | Well-oriented 2.5 0.0002 1.4979 Cation dyable PET fiber'
PET-SF-TV04| 1.3859 36.2 | Well-oriented 1.65 — 0.6092 Hygroscopic PET fiber 11
PET-SF-TV64| 1.3896 36.9 | Well-oriented 2.:12 = 0.7439 Hygroscopic PET fibertt

* Determined by a density gradient column method of n-heptane/CCl, at 25.0+0.1°C.
** Determined in weight fraction from the X-ray diffraction intensity distribution.
*x% Fstimated qualitatively from the X-ray diffraction pattern.
t Cation dyable PET fiber with 3.5 mole % copolymerizaation of 3-sodium sulfo isophthalate.
11 Hygroscopic PET fibers blending 0.1~1.0 mole % of alkali earth metalic salt of 3-sodium sulfo
isophthalic acid.



Absorbance in Arbitrary Units

Nylon 6 (Film) at 30C
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5 Comparison of near-infrared spectra of nylon 6 film at 0 and 70% relative humidities at

30°C with differential spectrum between them, demonstrating complete elimination of the
(2vcu) doublet taken as the internal standard.

Poly(ethylene terephthalate) (Film) at 30C
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8§ Comparison of near-infrared specra of Poly(ethylen terephthalate) film at 0 and

70% relative humidities at 30°C with differential spectrum between them.
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B9 Decomposition of the 6900 cm~? bands for the bulk water and nylon
6 differential spectrum between those at 70 and 50% r.h. into three
components; sub-band I, I—II, and II in the order of descending
wavenumber, by a nonlinear least square method assuming each com-
ponent to be given by Lorentzian function.
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# 2 Physical Characterization of Nylon 6 and PET Films and Decomposition
of the 6900~-7100cm™* Near Infrared Combination Band of (vason)+
(vsoH) into Three or Four Sub-bands.

Density in | Degree of Peak wavenumber Peak area
L. bulk crysta- (em™) (relative value in %5 )
Specification Hinity
olg/ce)* | X(9%)** | Sub-B 0| Sub-B I | Sub-B I-I |Sub-B.II| Sub-B 0| Sub-B I| Sub-B I-Il | Sub-B II
Nylon 6 Film 1.1280 32.0 — 6922 6730 6394 o 45.2 45.6 9.1
Bulk water = 7039 6887 6715 — 20.0 40.1 39.7
PET Film 1.3387 0.0 7438 7095 7020 6825 3.0 30.7 64.8 1.5

* Determined by density gradient column method with toluen/CCl, at 30.0°C for nylon 6 film and with
n-heptane/CCl, at 25.0°C for PET film.
** Determined in weight fraction from the X-ray diffraction intensity distribution.
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8 Decomposition of the 7050 cm* band for PET differential specrum between

those at 70 and 50% r.h. into four components; sub-band 0, I, I—I1, and II
in the order of descending wavenumber, by a nonlinear least square method
assuming each component to be given by Lorentzian function.
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# 3 Moisture Sorption Characteristics of Nylon 6 and PET Films in Terms of
the Parameters of B.E.T.’s and D’Arcy-Watt’s Equations, respectively, at 30°C.

Nylon 6 film
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e c e |t | | e
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D’Arcy-Watt’s parameters Moisture regains at 95% r.h.
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K9 Comparison of moisture sorption isotherm of nylon 6 film observed at
30°C by a gravimetric method with those calculated from B.E.T.’s
multilayer adsorption model by fixing the B.E.T.’s parameters, vm and
C, at 0.0233 and 2.61, respectively, but varying the number of layers

n from unity to infinity.
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B10 Comparisom of moisture sorption isotherm of PET film observed at
30°C by a gravimeteric method with those calculated from D’Arcy-
Watt's multi-mode sorption mode! by fixing values of the para-
meters, as listed in Table 3.
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