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Recent Advance of Thermal Analysis on
Fiber-Forming Polymers

Kenji Kamide, Masatoshi Saito

Recent advance of thermal analysis on fiber-forming polymers, which were mainly

performed in our laboratory for these 10 years, was reviewed. The glass transition tempera-
ture (Tg) and other thermally characteristic temperatures of cellulose acetates CA with a
wide range of substitution <> were investigated systematically. Asymptotic value of T, at
<F>» = 0 agrees with one of « dispersion temperature obtained from a thermal mechanical
method (tan §), indicating that T, of CA is attributed to the microbrownian mortion of
tightly hydrogen-bonded polymer chains. The hydrophilic polymer-water interaction,
(Hatakeyama’s work) the effect of plasticizer on the melting depression of polymer, and
polymer gel were studied using DSC and other supplementary methods, By tan § method
super molecular structure of poly (ethylene terephtalate) PET spun at ultra high speed was
investigated with an aid of the theory proposed by Manabe-Kamide and it is disclosed that
the dyeability of these PET fibers is predominantly governed by the packing density distri-
bution of polymeric chains in amorphous region,
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Table 1

L

— Regenerated Fiber
(Cellulosic Fiber)

— Natural
Fiber

Organic —
Fiber

L — Semi-synthetic Fiber
Chemical—  (Cellulose Derivatives)

Fiber

— Synthetic Fiber i

Classification of fibers by starting material

Vegitable Fiber (Cellulose Fiber) — Cotton, Linen

Animal Fiber — Wool and Hair, Silks

Viscose (Rayon)

Cuprammonium Rayon (Cupra)

Cellulose Diacetate (Acetate)

Cellulose Triacetate (Triacetate)

Polyester — Ester (Polyester)
Polyamide — Nylon 6, 66 (Nylon)
Polyacrylics — (Acryle, Acrylic)

Miscellaneous — Polyvinylalcohol (Vinylon,
Polyurethane, Polyvinylidene
Chloride (Polyvinylidene)
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Fig. 2 Change of annual production of fibers in the world.

Table 2 Number of literature of thermal analysis on fibers — classificaton by material

vew PET N6/ pan BE Cabon Gl mmid O ves” W  Others”
1977 132 3 5¢ 1 0 0 5 1© 3 0
1978 132 1 1€ 1 t 0 0 2° 3 0
1979 4 0 4¢ 1 0 1 5 7¢ 1 0
1980 7° 4 1© 0 2 2 1 9° 6f 0
1981 9® g 5¢ 1 5 3 2 3¢ 3t 1
1982 10° 1 2° 0 3 gd 34 10° sf 5
1983 6 4 1© 0 114 64 3d 6° st 10
1984 4 4 5¢ 3 74 64 24 12° 6 4
1985 9 5 3¢ 6 54 sd 2¢ 13¢ 3t 0
1986 4 0 4° 2 154 sd 2d 48 of 1
1987 3 3 7¢ 1 64 64 24 5¢ of 0
1988 () (© (0 ) @ o)) (0) @ @ (0)
Total 83 33 38 17 59 44 27 74 48 21

a, DSC on PET textured yarn; b, Fiberproofing with halide; ¢, Research on carbonization of PAN; d, Heatproof fiber;
e, f, Fireproofing; g, Graphite (including FRP); h, Polyvinylalcohol, phenol etc.
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Table 3 Number of literature of themral
analysis on fibers — classification

by method
_ _—
Year DSC TGA DTA DMT etc. Total
—_— 7 T e Ot
1977 14 10 5 1 30
1978 7 10 3 2 22
1979 7 13 3 2 25
1980 12 9 5 3 29
1981 15 14 6 5 40
1982 9 17 17 4 46
1983 11 26 11 4 50
1984 9 23 10 8 50
1985 16 21 8 5 50
1986 6 14 9 10 39
1987 11 17 7 10 45
1988 3y S (2) (12)
Total 120 179 86 56 438
-_ - PP *e
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Fig. 3 DSC curves of CA (<F> = 2.97) fractions
(1—-6) and a whole polymer (8)2). 1,
viscosity-average molecular weight My
4.7 x 10%; 2, 1.97 x 10%; 3, 227x105
4, 3.59 x 105 5, 4.56 x 105 6, 5.83
xlO i 7, Welght average molecular weight
My, =2.35x10°.
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Fig. 4 DSC curves of CA (KF> = 0.49) fractions
(1-6) and a whole polymer (7)2). At-
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in Fig, 3,
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Fig, 6 DSC crystallization curves for water sorb-
ed on poly (4-hydroxystyrene): Curve I,
water weight fraction W, = 0.079 (g*g™");
curve II, 0.107; curve III, 0.263; curve
1V, pure water3).
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Fig. 7 DSC curves of as-spun PET fiber. a, dry
PET; b, PET-water (1:037, w/w)%.
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Fig. 8 DSC curves of methylacrylate acrylo-
nitrile polymer (MA/AN copolymer)-me-
thanol (1:1, w/w) (a) and — water (1:1,
wiw) (0)5).
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Fig. 9 Relationship between 1/T,, and volume
fraction V; of MA/AN copolymer for
MA/AN copolymer-low molecular weight
compound systems®).
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Fig. 14 Isothermal crystallization curves for
polyethylene sample (M,, = 2.14 x
10°) by DSC (0) and X-ray dittraction
(®). Attached numbers to the curves
denote crystallization temperaturell),
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Fig. 12 Aging time dependence of melting
enthalpy AH of AN/urea complex
(a) and AN (C, ® m) and BMP (&) (b).
Mole ratio of AN/BMP/urea system is 10-' |
1/0.01/3 (O, ®, &) and 1/0/3 (m)10).
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Fig. 15 Avrami plots of polyethylene sample
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Fig. 16 Diffraction intensity of X-ray detected
by PSPC method for polyethylene
whole polymer with M,, = 2.0 x 10°12),
Crystallization temperature, 126.5°C.
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Fig. 17 Crystallization time t dependence of the
scattering angle 26 of the peak (110)
and (200) planes of PE crystall2),
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Fig. 18 Illustration of the MK theory compared

to Takayanagi’s model'¥). a, Taka-
yanagi’s model and that adopted in the
MK theory; b, dynamically equivalent
models of models I and II in the MK
theory; c, detailed discription of the
dynamically equivalent model of the B
region given by the dashed orthogonal
region in Fig. 18b,
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Fig. 19 Temperature dependence of the dynamic
modulus £’ and tan § of as-spun PET
fibers: measuring frequency, 110 Hz!7);
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molecular structure of PET fibers. a,
untreated as-spun PET fiber; b, annealed
as-spun PET18),
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