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Relationship between micro-phase structure and mechanical properties of
thermoplastic polyurethane studied by SAXS.
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Relationship between elastic modulus and microphase-separated structure of a
melt-quenched TPU with no clear crystallinity was discussed as a function of
annealing temperature (7,) on the basis of detailed structural parameters obtained by
SAXS fitting with the sum of the ellipsoidal form factor multiplied by the
Percus-Yevick equation and the Debye-Bueche equation. Interestingly, while volume
fraction of HS-rich domain increased with increasing 7, elastic modulus of the
annealed TPU monotonically decreased. The electron density difference between the
HS-rich domain and the SS-rich matrix obtained from the SAXS invariant was
decreased with increasing 7,. This result suggests that segmental mixing between HS
and SS occurs in the HS-rich domain. The structural changes of the TPU such as
increase in d-spacing and decrease in Nys decreased glass transition temperature (7)
of the SS-rich matrix. However, the corrected storage modulus by horizontal shift by
AT, suggests that the decrease in T, slightly affects the elastic modulus of the annealed
TPU. Therefore, the decrease in the elastic modulus of the annealed TPU was
attributed to the softening of the HS-rich domain by incorporating SS into the domain.
This result was further confirmed by estimating the modulus of the HS-rich domain
with a micromechanical approach with parallel model using structural parameters
obtained via the SAXS fits. The modulus of the HS-rich domain was found to be much
larger than that of the SS-rich matrix and softening of the HS-rich domain dominantly
decreased the modulus of the annealed TPU.

5.40F%¢ B 1Y

BETWEMER Y U L X (TPUYNE AN— FEZ A MHS)E Y 7 hEZ A F(SS)
Mo b~vNTF Ty 7 EAKRTH D, TPURNEIZBWTHS & SSiEI s/
My EEZ - U, HS ITfEdtEo R AL %2, SS FFERMEDO~ N 7 2AZ2 K
95, 2D HS W75 RAAL URYEIR R EA L L T#< Z & T, TPU i
BN M2 RS EE2b TS, UL, @% o TPU TiX. HS
ESS MBI 7 n MABEREE TN 2 T, HS 75 72 B il ik o & R A I A )
MIPEICHEMEIC T 5T 5720, TPU @ 2 7 o My B & 7% o 30 72 B4R
IZRTZMRA S LTV R0,

ZF ZTANIZETIE. HS O TPU &2 W5 2 & Tl 7 il da ks 2
72720 TPU Z{ERI L, 2 7 n M B E DA IZF B LT, TPU O & 1%
ML ORI 21T o 72, BFIZ, Fox WUTEIT - 72 TPU O Jis J1-78 B FEBR O 5 5
N, TPU OY o ZFRIFBWHIEE N LR T HIEWEDT5, LW HIEFIC
BLERRWRE R DG O N T W, E2, a2 E TISAT» 2 BATHGE (Polymer
(2013) - vol.54 - 2183-2189.) 26, TPUE~AF 7 v 7 HHEAKTHDH -
2, BB X RIS u o E A A, ZoBEDOE(LE /N
14 X #EEL (SAXS) #EZHWTEENICHTMT 5 2 LN TE 72,

PLEZE D RFFeshpk o8B % = 1. BULBLEE 27 L= TPU O /1%
Phe SAXS L VROIEI 7 atHOBEORIE T A —% L OHFKREEENICHL
T B2 el AT,




(RIEADESIENDE IOV NS'S
RBIFEIZ 6000 FREECTERBAM LTIV, (MRBEARHI2541F 10 MEEICLT
<7ZEW)

7.5 % OWZED HaE L

ek, TPU ZBMLFLS 52 L TY U IR ED L H BT 50 o0 Tk
FARE 72 28 2 1372 o T, ARAFZECIE HS 0RO/ TPU & 2am iz L 2R EHE
TAEHWTEWMHEIZ L 28 EECZ LT, MIBEOERIT N AL OKHE
DEREZEMSELICHLEOLT Y 7 RERBDIEDHEXE2RT 2 LN
L7z, £, ZOERBENPHESICHE) RAAL L OY TROBIIZELDZ &
it ST A W T LT A2 LN TE 2, %1 HS 0RO K&
WA, FiE, RAEHERICAB EZ AWV RV RICEBW TR BEIEDOREL EEIC
Pl T 5720, MEETNLDOILRDIBEANLELRD, £z, A TIX
RELFER TOY v 7 ROBALDORHIZHKEIE L2, mEAERIZBIT 506 71-
EAHHBOENEHMEST D722, Bt E A2 08 SAXS HIEZ1T0,
Bl & 2 B8 LI E BN EMT 21T O MLER’D S,

8RB AIZ LD EmERm L, HEH

L

(1] RfEEIL, FRETHR 3 » AN TR LTI ZEE N,

[E2 ] (BEMHRIYOBELEFEAOFRMNCRBEZSBOLET . AV F—RYEA—LT
DX EEDLET , < E-Mail :enozaidan@kokoku-intech.com>

(3] COREEBZLUMPBOEEREERVYUMBADOI-LAR—VICHBEHTHERHYET
DT, PHITTELEEL,




MYUMHA~DOTER - TEHERTSWE LS, Fa~THAL X0,
BHEEWEEWEDER c CHEHRFIASBOBEICSE WX 4,

T —= b ~DZTWHIIHV N E S TINE LT,

ok




