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1005 C 2 h. 20 cm x 15 em X 2 mm . 70°C 1h
IPDI Bayer Materialscience 90°C 2h 110C 6 h
.1 4- BDO NMP
60°C 24 h. N- pPU ET-X X HB-
-2- NMP 20
0.4 nm 1 . 1 . pPU
. 7 .
1.2 HB-20 pPU ET-0. 1
250 mL Table 1 The formulation of PU elastomers containing HB-20*
PTMEG IPDI DBTDL 1PDI PEMTG-2000  HB-20 BDO
0.1 wt% 80 ~ 90°C Sample . } ) .
NCO ET-0 100 195.2 0 30.2
NCO NCO ET-2 100 201.0 6.7 27.3
ET-4 100 207.1 13.8 24.2
PU . ET-6 100 213.5 21.4 21.0
40 % ET-8 100 220.4 29.4 17.6
BDO  HB-20/NMP HB-20/NMP = KT-16 100 2531 67.5 L2
11 W/IW * Hard segment content 40 wt% Isocyanate index 0.95

NCO + H{ywen (311
PTMEG-2000

OCN
1PpL

oc N\Llé»lm(_ oww()( mx)émc Chrnnsl (mr\ﬁiL

NCO-terminated prepolymer '
BN and

OF o,

Scheme 1 Synthetic process of aliphatic polyurethane containing HB-20

1.3 RINT2000 X 25°C
40 kV 100 mA 3° ~50°
Nicolet 5700 FTIR 25°C 0.154 nm 1.2 ° /min. PU
32 4 cm . AG-2000A
'H-NMR Bruker 500 Hz GB1040-79 25C 50
25C . mm/min. PU
DSC TA 7
DSC 2010 20 K/ Flory-Rehner

min . X WAXD V mol/em’
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In1 -V, +V,+X- V? —OH, —OH,, 1PDI
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V. X IPDI PU
17 PU
1.093x107% V,
[ A—
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—OH+
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2
a 2 i
i U
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2.1 —
1 HB-20 PTMEG d
HB-20 PU FTIR Fig. 2 '"H-NMR spectra of HB-20 a and the reaction
PTMEG 2260 e¢m ! NCO product of HB-20 with IPDI b
1720 em™' C=0
. HB-20 PU
3330 cm . .,
N—H '
PU 2.
PTMEG . 1 5
b C PU
| PU
2260 cm N=C=0 5
PU.
3330 ¢cm™' N—H
i PU LS
3340 cm
y ss
3340 cm
3330 cm™! N—H
HB-20
NCO "H-NMR Table 2 Some structural parameters of PU elastomers containing HB-
IPDI 2 2
ivalent weigh
2 HB-20 Vx10* Quivalent weight SS content  Theoretical
Sample of the urethane
3330 Cm_1 1720 cm™" mol/cm ) in LS wt% MW of LS
< i carbonyls in LS
’J\ ET0 0.0 1.02 60 —
\ | ET-2 0.11 1.06 61 7520
=S 3400 om ET-4 0.43 1.09 62 6950
g b X ET-6 1.78 1.14 64 6357
% ET-8 4.05 1.19 65 5719
& B ET-16 7.44 1.52 71 2684
g "N
= * Hard segment content 40 wt%
E 2.2
4000 3500 3000 2500 2000 1500 1000 3 PU :
Wavenumber (cm ) PU HB-20
HB-20
Fig. 1 FTIR spectra of PTMEG/IPDI Prepolymer a  HB-20
b and ET-6 c HB-20 6 wt% ET-6
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37.9 MPa

414 %
ET-6
HB-20

HB-20 PU ET-0
2
PU

Table 3 Mechanical properties of PU elastomers containing HB-20

Tensile strength

Elongation at break

Sample
MPa %
ET-0 12.4+0.9 704 + 47
ET-2 11.3+0.6 555+45
ET-4 11.9+1.3 552 +27
ET-6 37.9+0.4 414+ 1.3
ET-8 19.8+1.2 329+ 11
ET-16 14.1+0.8 197 + 16
2.3
PU
PU
FT-IR
PU
2
O— O0— —
e e e
N—H-——0=C N—H-——0=C N—H-—-0
(a) (b) (¢)

'lne 2 Three kinds of hydrogen bonds structure in PU system

hard/hard segments a

hard/soft segments b and ¢

3 4 PU
FTIR 4
3
18~20
4 1695 cm™' 1745 ecm™!
18 21 Xb
X, Xy

X, =

2 Area bonded

Area 1730 ~ 12735 c¢cm™

+ ZArea bonded

X, + X, 3

> Area 1695 ~ 1708 cm’™
Area 1730 ~ 1735 em™' + ZArea bonded

X, =

D Area 1709 ~ 1724 cm’™
+ ZArea bonded

Area 1730 ~ 1735 cm™'

1 1 Il 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm ™)

Fig. 3 FTIR spectra of ET-PU containing HB-20

ET-16
ET-8
ET-6

ET-2
ET-0

1 1
1800 1700 1600
Wavenumber (cm ™)

Fig. 4  FTIR spectra of the absorption bands in the

carbonyl region for ET-PU containing HB-20

Table 4 Assignment of the absorption bands in carbonyl region of FT-IR

spectra for PU

Wavenumber cm ™' Assignment
1730 Free carbonyl stretching of urethane linkages
1720 Disordered hydrogen-bonded carbonyl
1700 Ordered hydrogen-bonded carbonyl
4 3 ~5
5. 5

PU HB-20


Absent Image
File: 0


100% HB-20 PU X, X

PU . PU . HB-20
HB-20 2

Table 5 Least-square-curve-fitting FT-IR spectra in urethane carbonyl region for different ET-PU elastomers with HB-20

Peak area %

Sample X, % Xy % Xy, %
1696 cm™! 1712 em™! 1730 ~ 1735 cm™!
ET-0 37.6 42.7 19.7 37.6 42.7 80.3
ET-2 36.5 41.4 22.1 36.5 41.4 77.9
ET-4 56.1 26.6 17.4 56.1 26.6 82.7
ET-6 56.0 44.0 0.0 56.0 44.0 100.0
ET-8 4.9 40.5 14.6 44.9 40.5 85.4
ET-16 31.2 24.9 43.5 31.2 24.9 56.1
P
U a) ET-0
WAXD DSC ET-PU
5 ET-6 WAXD
IPDI
10000
I I I I I I I I
-120 —80 —40 0 40 80 120 160 200 240
. 8000 Temperature (°C)
5
2 6000} Fig. 6 DSC first scan curves for ET-PU containing HB-20
=
4000
2000
1 1 1 1
0 10 20 30 40 50
20() .
=
aa)
Fig. 5 WXRD spectrum of ET-6 a) ET-0
b) ET-2
c) ET-4
ET-PU DSC d)) ET-6
ET-8
6 7 DSC s
f) ET; 16 1 1 1 1 1 1 1
6 . -120 -80 —40 0 40 80 120 160 200 240
67 DSC Temperature (°C)
WAXD Fig. 7 DSC second scan curves for ET-PU containing HB-20
6 ET-PU T,
HB-20 PTMEG : DSC
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T.. . T, . Czech PU
! MDI  PU .6
7 AH,
2
Table 6 DSC scan results for ET-PU with HB-20"
Sample” Ty C Ty, C T.. C T,. C AH, g
ET-0 -175 -176 — 21 1.1
ET-2 -73 -176 — 22 1.2
ET-4 -74 -74 -1 20 2.6
ET-6 - 74 =175 -19 22 24.6
ET-8 -73 -175 - 18 21 27.7
ET-16 =75 -73 — 23 35.7
* T, of PEMGE-2000 is —75°C b Ty T, of soft-segment of DSC first scan T, T, of soft-segment of DSC second scan
3 PU
ET-6 37.9 MPa
PU 414 % .
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SYNTHESIS CHARACTERIZATION AND MECHANICAL PROPERTIES OF
POLYETHER-BASED ALIPHATIC POLYURETHANE ELASTOMERS
COMPOSED OF HYPERBRANCHED POLYESTER SEGMENTS

ZHANG Jie' > HU Chunpu'

" Key Laboratory for Ultrafine Materials ~ Ministry of Education

% School of Materials Science and Engineering East China University of Science and Technology ~Shanghai 200237

Abstract  Aliphatic polyether-based polyurethane PU  elastomers with hyperbranched polyester segments were
synthesized by prepolymer process from polytetramethylene ether glycol hydroxyl-terminated hyperbranched polyester
HB-20 IPDI and 1 4-butanediol. The crosslinking density of the PU elastomer was calculated by using the Flory-
Rehner equation. The degree of hydrogen bonding the microstructure and the morphologies of these PU materials
were characterized by means of FTIR WAXD and DSC respectively . The experimental results indicated that the PU
elastomers containing small amount of HB-20 exhibited the enhanced hydrogen bonding and the micro-phase
separated morphologies as well as the mechanical properties. As compared with the comparable PU specimen the
tensile strength of the polyether-based aliphatic PU containing 6 wt% HB-20 increased by 2.1 times up to 37.9
MPa and the elongation at break was still as high as 414 % resulting from the dual effects of the hydrogen bonding
and the crosslinking density in the PU system.
Keywords Hyperbranched polyester  Polyether-based aliphatic polyurethane  Hydrogen-bond — Microphase

separation Crosslinking density





