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Hard Elastic Fiber
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Figure 1. Crystalline orientation factors of PE
versus take-up velocity.
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Figure 2. Morphologic model of structures

developed in as-spun linear PE.
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Figure 3. Dependence of elastic recovery on annealing
temp. of :SPP fibers spun under various
conditions.
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o b JEMRES St Al #5dh{EEhd ‘row-nuclea-
ted” RS vhERY ©}3 5141618

HEF 7} ‘row-nucleated’ #i#i& 712t A
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Figure 4. PP SAXR spacing as a function of
annealing temperature.
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Figure 5. Comparison of stress-strain behavior of
some spring, “normal,” elastomeric
and natural fibers.
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Table [. Tensile Properties of Fiber and Films at 23°C (Elong. rate: 100% /min. )

. i Vork®
Material dpf Ig%”)‘] E(%g%” i\rlﬁ)rc‘lslﬁis E(l%fl)g T(Enamt\ Re::ol:'er)
! / (g/d) - (%)
Celcon Fibers |
Elastic (As-spun) 5.2 88 T 19 250 1.1 16
Elastic (Annealed)« 5.2 97 90 26 244 1.2 22
Cold-Drawable Non-elastic 102 47 32 11 601 1.2 7
Polypropylene Fibers
Elastic (As-spun) 13.2 80 19 750 1.1 17
Elastic (Annealed) 13.2 96 22 382 2.4 22
Non-Elastic 41 35 7 615 2.7 7
High Tenacity 3.25 58.9 29.6, 5.7
Elastic Polypropylene Film 1mil. 3.1X10% 327 10, 934
" (Annealed 140°C for 45 min) thick (psi) (psi)
Elastic Poly-3-Methylbutene-1 Fiber 6.9 86°) 37 46 5.6 28.5
Elastic Polyethylene Fiber 1.7 81 18 140 1.1 | 23
Fortrel Polyester Fiber 1.5 50 42 4.6 I

?) Annealed at 150°C for 60 Min. in Nitrogen. %) Work Recovery from 1009 Extension ) ERg
2| F74A] 7} o] & F= HEF 3= HEPP Table . Elastic Recovery of HEPP as Function of

b sle=d, Table [ofi= o] A%9 HiEx Cyclic Extension and Strain Rate
(strain rate) 9 SEPEEIEZESLS] 34|71 Fig. 601 S Rate( ) Cyclic Extension |
. = . train Rate(%min 25 75 150
= HiA Akl 2 (loading cycle)o] vhel}  QlTh, Elastic Recovery (%)
a 33 95.3 94.7 76.8
oer Furs 50 94.0 94.7 81.2
sok Lanescen 100 95.2 94.9 80.7
*_ 160 jm“““ 200 95.6 94.3 77.5
5 ool 500 100. 0 9.0 77.8
v‘b" =C
e 7ol }{ vl FEHS AfaE HgibA] ook, o kst
v f .- " - 1 .
c b Eiasns W 2E B spandex A e WIEEMEES
80 4
oo | (initial modulus)©] 0.1~1 g/den A x¢ld] ]}
e A TR T o] HEF #muse =1 2 ¥ ohsh
NG, OF LOADING CYCLES (HEPP 0] 3 _r 40 g/den) F1g 5 oﬂ L}-E}—LL 7_]
Figure 6. Effect of repeated loading cycles of SPP Ad 5% Aw M FEA (vield pomt) ol

fibers. Elongation rate; 1009% /min.
’ wauiz]y] oot olF M HisEsts]

= A7E 2=l HEPP & 100% MEfpo]= i 15t Noether S Brody = HEF & M a9
g (permanent set)o] #1¢] ¢lor Hi:EIER Zof oA EH S Fhebe] EfmE Ao dz
2 LR FAGe]l & & FANE Y 7 (heat setting) A1 ZA T, o] ¥A 3} KFHO
b2 2 A3%3F HEF & #Ed °]9i'~fﬂ o] & fif

e} ol g A E B8tz HEF & FApel Foll Al o o glFol Ale]Fe] AFH
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ZA)8l7] ] Fo] c} (rehealing effect, Fig.7).
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Figure 7. Rehealing effect (recovery of yield point)
in HEPP as a function of time. (Elonga-
tion: 50 9%; Temperature: 23°C).

HEF 9] BEHiEF1=-4 (stress relaxation curve)
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Figure 8. Stress relaxation behavior of HEPP as
affected by extension level.
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Figure 9. Creep curve of HEPP fibers at 23°C
Elastic fiber; (1) Acreep stress (. 15g/den (2) @creep
stress 0.38g/den also master curve for elastic fiber
(3) [creep stress 0.76g/den (4) Vcreep stress 0.91
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Figure 10. Temperature dependence of elastic recovery
of SPP fibers.
(1) “as spun,”
(2) annealed at 120°C
(3) annealed at 120°C. Testing conditions; Temp. :
23°C, extension 100%.
Elongation rate:100% /min.
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Figure 12. Tension-tension fatigue behavior of
HEPP at room temperature and 50 Hz.
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Figure 13. Variation of sonic velocity with elongation
for PP and lycra fiber.
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5B 2] (tensile breaking strength) 20% ©¢]st=
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Fig. 13 jEfho] ] 3F HEPP ¢} lycra 49
FE ks Bl Fx vt kA R vl
ste]l HEPP &= A -&o F743HA o]l zhast
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Figure 14. Relative density versus elongation for
some polymers. The theoretical curve
is for a simple beam bending geometry
of lamellar separation.
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Figure 15. Surface areas of SPP fibers extended to
different amounts.

Eel A4 A15 19804 19

i
if

e ol
%‘Wﬂj ‘ '”%’uww“’u“ﬁj

STRAINEQ TO YIELD POINT

Figure 16. Schematic of lamellar “bending” by
intralamellar shearing mechanism.
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Table H. Tensile Properties of Springy and Non-Springy Celcon and PP Fibers and Polyester and
Lycra Fibers at 23°C and —190°C(Elongation Rate: 100% /min.)

Tensile Modulus(gpd) at 153(1)&92&% g:ggxg%) Break Elongation (%) Tenacity (gpd)
23°C ~190°C 23°C —190°C 23°C —190°C 23°C —190°C

Polypropylene

Springy 22 77 98 68 382 9% 2.4 2.0

Non-springy 7 61 35 — 615 4 2.7 1.9
Celcon

Springy 27 48 97 84 244 94 1.2 2.0

Non-springy 11 49 47 — 601 5 1.2 1.0
Fortrel Polyester 50 94 — — 42 10 4.6 6.5
Lycra 0.08 14 99 - 959 7 0.5 0.24
olz} ME:EEAE At RE HHUHEGES UNEXTENDED
o] £xA fre3 Heo] BMEEAWEAS 2
g BEEERS FAgcE At ¥z
o] 4. HEF 9 553 HEFY shteld, =
te 554 49z HEF = dEzsd BEe EXTENDED .
A ERFEARIE BE 2Ed E -

HE T
°l N1e717k &9 @& TG Fig 1), F
T} Z7F B4E EhERAL whEH o=
57}‘ Z71 45 EHEFVL =3 BEEAE
E yide] Aol
Sprague = §]¢] T+

o ”

k'

A4 PR RRE

SAXR PATTERNS

Figure 17. Schematic structural models for energy

driven elasticity of hard elastic poly-
mers.
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Figure 18. Morphological “leaf spring” model for
springy polymer behavior.
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Figure 19. Schematic of beam bending mode lamellar
deformation.
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Figure 20. Changes in internal energy of HEPP upon
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Table If. Rigid Fraction of Protons

Sample Sample Sample Sample Sample Sample Sample
| I i 0 1 2 3
¢ l-a|a l1-a|a —ala l-a|la l-a|ja l-a|la 1—-a
% % % % % % %
imPC’s 60 60 60 60 60 60 60
dmPC’s 12 12 12 12 12 7 5| 6 6
Amorphous 28 28114 14 28 28 28| 14 14
B 24 27 14 21 22 32 20
Ba 4 1 0 6 6 1 0
. 0.1 0 1 0.1 0 0
*Samples of SPP fibers (annealed 1 hr at 140°C)
2] b ‘e o =] & B
Sample Sample Treatment &irzl:sp\;reﬁent ©0) D}] dstel dmPC's gt ZE ol )3 &l kol
_ A JEREiRtE o 2 vl Fid oluldt {A
] Unstrained o & A815% Ag 2o A% vehte oo Az
K _175 24 A = —21°C ol A 5435191 7] ) £ dmPC’s
0 | Strained 60% at 25°C 25 o] AH7F HRERLI Y A8 1 (25°CoA =
in air BlAE A5 TR Lol i
1 | Strained 609 at —60°C 2 o S e Bl SdOTAE sEbhel
in Ny o3 dmPC's 9] #ifie 19 AAz ==
2 —21 EEA dojvtzdl Lxrt o WML
—175 Er7b U e AB0dAHH o] HPL
FHAE 71 gl
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Figure 21. Comparison of hard elastic fiber model
with non-elastic melt-crystallized
material,

HEF ¢ spilebse EAdoz weln oy
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