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Segmented poly(urethane-urea) elastic fibers are required to have ideal
rubber elasticity and high performance. In particular, improvements of
elastic recovery at low temperature, hysteresis in stress strain relation
and dye-affinity are important issues.

Experimental analysis of elastic unrecovered strain, hysteresis loss and
dye-affinity was carried out in relation to chemical structures and
higher-order fine structures, and the governing factors for each item were
made clear. In order to prevent the crystallization of soft segments and
the growth of higher-order fine structures, binary segment component
system was studied by either co-polymerization or blending of soft and
hard segments. The greatly improved effects of co-polymerization of soft
and hard segment on elastic recovery at low temperature and hysteresis
behavior were experimentally confirmed, respectively. The tertiary
nitrogen groups co-polymerized in soft segments have the greatest effect
on dye-affinity.

The reason for deviation from ideal rubber elasticity behavior based on
statistical thermodynamics was considered in view of viscoelastic behavior
and molecular orientation under large deformation. The main reasons
were found to be the generation of higher-order fine structures during
spinning or extension. Elastic recovery at low temperature depends on
glass transition temperature and stress-induced crystallization. Hysteresis
behavior was verified both by stress-softening and by the fact that
irreversible transverse orientation of the hard segments occurred at low
extension due to formation of spherulite structures. In addition, detailed



experiments on the relationship between the sequence structure of hard
and soft segments and mechanical properties suggested guides for
designing molecular structures and production process that would satisfy
the requirements of stress-strain relation or elastic recovery.' '
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Figure Caption

Fig.1 SALS patterns of SPUU from various chain extenders
left side : Hv, right side : Vv
(a) DAM, (b) PDA, (c) EDA, (d) HH
Fig.2 Change of Hv pattern of SALS of SPUU from DAM with elongation
Elongation direction: vertical
(A) 0%, (B) 50%, (C) 100%, (D) 200%, (E) 300%, (F) 500%, (G)
released, (H) treated at 150°C under 200% stretching
Fig.3 Mooney-Rivlin plot of SPUU from MDI-PDA-PTMG (M,=1300)
Fig.4 Effect of M, of soft segment on Mooney-Rivlin constants for SPUU
from starting PTMG(M£,2000)
Fig.5 Effect of segment structure on o 300 for SPUU from starting PTMG
(M,2000) ’
Fig.6 Effect of An on stress ( O 100, O 300 ) for dry-spun fibers and
post-treated film under stretching
Fig.7 Temperature dependence of un-recovered strain for SPUU from
| various soft segments (a) instantaneous, (b) 10-min delayed
Fig.8 Relationship between T: and T, for SPUU having various soft
‘ segments
Fig.9 Effect of co-polymerization of PCL/PTMG on un-recovered strain
Fig.10 Temperature dependence of un-recovered strain for EX10 from
PTMG (M,1300) and EX50 from soft segment (M,2600) which is
based on starting PTMG ( 2,860 )
Fig.11 Dependence of 600sec-delayed un-recovered strain on M, of soft
segment and starting PTMG
Fig.12 Dependence of un-recovered strain on segment structure of hard
and soft segments based on starting PTMG (M,2000) at fixed at
300% elongation for 10 min.
Fig.13 Relationship between breaking energy per linkage and
pre-elongation ratio
¢ Wr/AGr, B : Wb/AGDb



Fig.14 Effect of co-polymerization of PDA/H20 on Mooney-Rivlin plots
Fig.15 Effect of co-polymerization of EDA/HH on energy retention for
hysteresis

Fig.16 Relationship between content of tertiary nitrogen and degree of dye
adsorption for C.I. 17045
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Fig.1 SALS patterns of SPUU from various chain extenders
(left side: Hv, right side: Vv)
(a): DAM, (b)PDA, (c):EDA, (d):HH
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Fig.2 Change of Hv pattern of SALS of SPUU from DAM
with elongation

(A) 0%, (B) 50%, (C) 100%, (D) 200%, (E) 300%, (F) 500%,
(G) released, (H) treated at 150°C under 200% stretching
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Fig.3 Mooney—-Rivlin plot of SPUU from PTMG(M,, 1300)-MDI-PDA
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Fig.6 Effect of An on stress for dry-spun fibers and pdst—treated films
under stretching
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Fig.7 Temperature dependence of unrecovered strain for various soft segments
(a): instantaneous,  (b) 10 min.~delayed
€:PTMG1420, M:PCL1510, @: PEA1580, A: PPG1655,
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Fig.9 Effect of copolymerization of PTMG/PCL on unrecovered strain
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Fig.14 Effect of copolymerization of PDA.” H,O on Mooney—Rivlin
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Fig.15 Effect of copolymerization of chain extender on energy retention ratio for hysteresis
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