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1190A 250. 26 495.9 33.5
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Fig.3 XRD patterns of as-pressed samples and
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Table 2 The degree of hydrogen bond association of TPUs
LA G/ %
PP AR
1170A 1180A 1190A
annealed —135 °C 58.3 63.3 69. 1
annealed —170 °C 57.6 62.0 67.7
as pressed 56. 8 61.3 66. 1
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Infrared spectra peak fitting results in the carbonyl absorption region for polyurethane samples

RS RZI, TEL T m IR THBR AT S 2 R
Ief IR A1 485 R o W4 R 2R I A o T o R SR Y
BATHR o M = U FHR AT W BT R R 4 4 2
WO Y U 4 S (R AR X)) 09 il B R AT A0 b, 2
TRAWRE A58, X AU 18 322 0 A
ke | IV i R S5 217 08

MES5(a) (c).(e)FMF3 HA[IFER X3 1
FETESS — TR R oA T A F2 A I A, 5
A%%mmWﬁT%%¢Tﬁ%ﬂuiﬁ%¥A
WG A PR (T T, ) it 2 6 ot v %) Bl B 5 6 1 185 o
M 148. 4 CH=E 5] 170. 0°C . AT LABHE SR, T, X R
V1R 235 1) S T PR VAR KR 28 1R 25 T e A R B i, O
H 3 FE s ERIE BT RS /IN 4l L B i LA
AELAREAR DX PRI 3 A ot v 8 /N RO s A XY
SRR BEAT LU AT . T RO RRIE 1A/
IREAR DX, BRI 77, X6 by ) S ok el R o s By —
GERE XL T YOE B RS AR X S50 BAT BRI RGT



%2 FLIEFHAS . RABR BB L A B B . SR8 AT -85
+ endo * endo
First heating First heating
T 7, fi I, o7,
First cooling First cooling
T T,
Second heating S  heati
/ 7,4 DECOoNC eall ng
-~ T,
L 1 1 Il 1 ] L Il 1 L Il X
-50 0 50 100 150 200 -50 0 50 100 150 200
T/C e

(a) 1170A-as pressed

+ endo

T T

1

First heating

First cooling

\___\/_______.

1,
Second heating
s T,

L L 1 L 1 L 1 L 1 L 1
-50 0 50 100 150 200
T/I°C
(c) 1180A-as pressed

* endo
First heating
T

1 T2

First cooling
T,
Second heating
T,
-50 0 50 100 150 200
T/I°C

(e) 1190A-as pressed

(b) 1170A-annealed-135 °C

* endo
First heating

First cooling

T,
Second heating
/- T,

L 1 1 | 1 ]
-50 0 50 100 150 200
TI°C
(d) 1180A-annealed-135 °C.

* endo
First heating
Tl T5 T2
First cooling
T,
Second heating
T,
-50 0 50 100 150 200

TI°C
(f) 1190A-annealed-135 C

K5 SREPEHE A DSC AL R
Fig.5 DSC results for TPU samples

IV O R JRE | XoF I 26 0 1 O A B TR ) 3
MG T IR S IR PR 45 A 5 TH IR A R P ) FE 4G
fho TERRIRIFR 3 AR AL AR B T — A FE K
PR T, ORI AT FE b 08 B R A DX R
B . BeAh, Bl B s 38, 77, 5% 107 %) 5 2
ke v, AR ML, 7E TR R B T B
X I B o3 Ff T B T, A R, Sk b G 2Bl F T &
RSB NI | 45 5 il R R bt T
7 RS T 135 CHYIE A JE, LI E R
P AR R BT — s AR A — R THE Y B
Al AR B T 3 A, HLB BT — A v (R 0%
g 7. XFT T, ,1170A 1180A K2 1190A X 3 M¢
AL AR Z . XFTF T,, 1170A 1 1180A WA T+
15,1190 A FEARGREEARAS B B T, 5% 4578 3 Fp
R TR 22 0N RAR I . AR e B, T3 %8 107 1Y) i

JERRAEE KGR (135°C) 5 1,208, FEFLLET)
WA, 7E 135 C IR K Bl 1 — 265387 1 i AH X
S5k, I BT T ARREE I T, AR SR XN F
FEZ R TR R N RS H XA 9 IS R R
450 .

F3 BRI DSC AL,

Table 3 DSC analysis of TPU samples

RER, T/C T,/C T,/C T/C T5/C

1170A -as pressed 53.6 148. 4 60. 3 148.2 —
1180A -as pressed 53.9 155.8 70.7 155.0 —
1190A —-as pressed  52.6 170.0 95.3 170. 5
1170A —annealed ~ 56. 8 151. 4 59.6 149.2  142.4
1180A —annealed ~ 53.7 158. 1 70.9 155. 1 143.2

1190A -annealed  54.4 169. 8 95.6 170.7  140.6
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Fig. 6 DSC results for polyurethane sample 1180A
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Table 4 DSC analysis of sample 1180A in cyclic temperature scanning
T/ WA T, ,/C T, ,/C T, ,/C T,/ T, /C T, o/C T, ,/C T, /C
180 C—250 C 130. 4 130. 4 67.9 67.7 66.3 64.9 62.5 60. 4
250 C—180 C 55.8 54.6 53.2 53.2 52.4 51.4 51.4 50.6
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Rediscovery of the associated structure of polyurethane hard

segments: crystallization-like behavior

YING WuBin> HU Han®

WANG Kai®

YIN JingBo' ZHANG RuoYu’"

(1. School of Materials Science and Engineering, Shanghai University, Shanghai 200444 ;

2. Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China)

Abstract; Hydrogen bond association, microphase separation, and crystallization in polyurethane have not previ-

ously been clearly distinguished and explained. This work uses FT —IR spectroscopy to confirm that the degree of

hydrogen bonding in polyurethane and the degree of microphase separation are independent of the thermal history

and only related to the temperature at which the sample was treated. Using the DSC method, the thermal effects ap-

pearing during the heating and cooling process were then explored. It was found that the hard segment associated

structure corresponding to the thermal effect is very similar to the crystallization behavior of the polymer, as shown,

for example, by the rapid growth in the number of associated cores, the rapid growth in the number of hard seg-

ments, and the formation of a specific associated structure after isothermal annealing. Combining these experimental

results shows that the behavior of these associated structures is very similar to polymer crystals, and that microphase

separation and potential crystallization are two separate processes.

Key words: polyurethane; microphase separation; hard segment; association; hard domain



