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A novel diisocyanate, 1,2-bisisocyanate ethoxyethane (TEGDI) whose backbone is ether bonds, was used for the
preparation of polyurethane elastomers (PUEs). Highly softened TEGDI-based PUEs were successfully prepared on
account of flexibility of TEGDI itself and weaker phase separation. A relationship between conformation and molecular
mobility of the soft segment were investigated using dynamic viscoelastic measurement. The peaks of o relaxation of
the soft segment chains were clearly observed in the loss tangent (tan §) curves at various strains. The onset temperature
of o relaxation decreased with increasing strain. This result indicates that the size of cooperative motion of the glass
transition decreased due to the orientation of the soft segment chains with increasing strain. The effect of the micro-
aggregation structure on the rheological properties of thermoplastic polyurethane (TPU) were investigated. The TPUs
showed the strain hardening of uniaxial elongation viscosity with increasing annealing temperature owing to residual
hard segment domains at an operating temperature. It was revealed that the formation of well-organized hard segment
domains had a profound effect on the rheological properties of TPUs, in particular on their elongational viscosity.
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Fig. 1. DSC thermograms for TEGDI- and HDI-based PUEs with
formulation ratio of 3.0 and 4.0.
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Fig. 2. Temperature dependence of dynamic storage modulus (E’) and
loss tangent (tan §) of TEGDI- and HDI-based PUEs.
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Fig. 3. Stress-strain curves for TEGDI- and HDI-based PUEs with
formulation ratio of 3.0 and 4.0.
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Fig. 4. Temperature dependence of storage modulus (E') and loss
tangent (tan §) of (a) PPG4-MDI-BD and (b) PPG2-MDI-BD
PUEs at various strains.

231



Nihon Reoroji Gakkaishi Vol.36 2008

MDI-BD Tld, BIF20KIFEETLZDIZx L, PPG4-
MDI-BD TiZ, 8 K DK FTH-72. DSCHllE L S » &
% o72X 912, PPGA-MDI-BD IE, &7 0y 7051w
HWZ LR LT, PPG2-MDI-BD & ILiK LT, I 7 0l
FEER L CHETLTWD. Lo T, DT ADBEINIILE
IS EDRYEEOKIRHAND Y 7 N OERDO—D L LT,
I WY 7 M7 A Y MEGHFICRAEL T AN—F
YA NEGDBIEHENR, VTN AV IBL DM
ATV e EZLNL. —J, WmMAHEL
72 PPG4-MDI-BD (2 BWCTBIHI S 7232 6 ES ) EOIKT
i, ARoMEICEY 7 e A hDar T s A—T 3
UL L FHEAEIM L2 LY, BT REBAE
U ABO5 T8O B EEE T 4 XA A L, #EHIDHRAL L
THEUBIIIC o722 LICRBNT L EE2 NS, 5
VI e TZAVNEOT Y T A=Y aF Ty b —,
HHEMAREZL: ExZE L, FEEANEL X OO A8
LIS (NMR) B IS RO X, EELsE iz 1T FET
H5b.

PPG4-MDI-BD
f=1Hz

Normalized tand / a.u.

180 200 220 240
Temperature /| K

Fig. 5. Temperature dependence of normalized tan § for PPG4-MDI-BD
PUEs at various strains.
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Fig. 7. DSC thermograms for ES-85-23, -80, -100 and -120.
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Fig. 8. (a) Temperature dependence of G' and G" for molten ES-85-23. (b) Relationship between the start temperature for crystallization of the hard
segments (T, ) Obtained from DSC measurements and the temperature at critical gel point (T.,) obtained from the dynamic temperature sweep
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Fig. 9. Time dependence of uniaxial elongational viscosity measured at
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Fig. 10. Time dependence of nonlinear parameters of uniaxial elongational
viscosity measured at 180 °C for TPUs annealed at various temperatures.

233



Nihon Reoroji Gakkaishi Vol.36 2008

HEICBWT, I 7 OMGBEOBEITIZEE, A, 2RI
T NG 20, OF REALEDEIN L 72, 2 ok
RH, N=FET7 AV N OBEPERIREBIZBVTOME
REFEICET 5 2 L FMEISR LTV 5.

o0, HEEEAN BARLF O Y —EANAERE %
HEETw22%, LIVEFLBEL ETE . 2HONR
WL TWe72 & F L5, Bk Rk A Rt
geft #dg W EA o TIRED L LiTbhb D ThH
D, LEXOEOEHH L ETES. F HEAMEEO=
ALY Ly ool B i, B R K, Bl kT
Wb L ORFBE AR AR OB R, S 7 IR
HLEFET. 3510, REFIEICTHEEL Y T LW
B REFIILDETIL AT Y —FEDE L DB
EHE L BT ET

REFERENCES
1) Ng HN, Allegrezza AE, Seymour RW, Cooper SL, Polymer,
14, 255 (1972).
2) Petrovic ZS, Ferguson J, Prog. Polym. Sci., 16, 695 (1991).
3) Koberstein JT, Russell TP, Macromolecules, 19, 714 (1986).
4) Koberstein JT, Stein RS, J. Polym. Sci., Polym. Phys., 21, 1439
(1983).

234

5)
6)
7)
8)
9
10)

11)

12)
13)

14)

15)

16)
17)

18)

Furukawa M, Komiyama M, Yokoyama T, Angew. Makro.
Chem., 240, 205 (1996).

Furukawa M, Hamada Y, Kojio K, J. Polym. Sci. Polym. Phys.,
41, 2355 (2003).

Kojio K, Fukumaru T, Furukawa M, Macromolecules, 37,
3287 (2004).

Furukawa M, Mitsui Y, Fukumaru T, Kojio K, Polymer, 46,
10817 (2005).

Kojio K, Nakamura S, Furukawa M, Polymer, 45, 8147 (2004).
Kojio K, Nakashima S, Furukawa M, Polymer, 48, 997 (2007).
Kojio K, Nakamura S, Furukawa M, J. Polym. Sci. Polym.
Phys., 46, 2054 (2008).

Adam G, Gibbs JH, J. Chem. Phys., 43, 139 (1965).

Cicerone MT, Blackburn FR, Ediger MD, J. Chem. Phys., 102,
471 (1995).

Yamasaki S, Nishiguchi D, Kojio K, Furukawa M, J. Polym.
Sci. Polym. Phys., 45, 800 (2007).

Yamasaki S, Nishiguchi D, Kojio K, Furukawa M, Polymer,
48, 4793 (2007).

Seymour RW, Cooper SL, Macromolecules, 6, 48 (1973).
Koberstein JT, Gancarz I, J. Polym. Sci. B: Polym. Phys., 24,
2487 (1986).

Koyama K, Ishizuka O, Nihon Reoroji Gakkaishi, 13, 93
(1985).



