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Abstract — Poly(urethane-imide)s were prepared by reaction between crosslinkable endgroup containing soluble poly-
imide (PI) by chemical imidization and acrylate end-capped polyurethane (PU). Poly (amic acid) was prepared from 2,2'-
bis(3,4-dicarboxyphenyl) hexafluoropropane dianhydride (6FDA) and 4,4'-oxydianiline (ODA) and then end-capped with
maleic anhydride (MA). The PU prepolymers were prepared by the reaction of polycaprolactone diol, tolylene 2,4-diiso-
cyanate and end-capped with hydroxyl ethyl acrylate. The effect of PU content on the residual stress behavior, morphol-
ogy and thermal property was studied. The poly(urethane-imide)s were characterized by thin film stress analyzer (TFSA),
XRD, TGA and DMTA. Low residual stress and slope in cooling curve were achieved by higher PU content. Compared
to typical polyurethane, these polymers exhibited better thermal stability due to the presence of the imide groups. Finally
the residual stress of poly(urethane-imide)s was strongly affected by the morphological structure.
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Fig. 1. Synthetic scheme of soluble maleic anhydride terminated poly-
imide (6FDA-ODA/MA), which were prepared by chemical imi-
dization.
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Fig. 2. Synthesis of acrylate end-capped polyurethane prepolymer by 2-step method.
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Table 1. Compositions and designations of poly(urethane-imide)

Poly(urethane-imide) Compositions Designations

100/0 PI/PU=100/0

6FDA-ODA/MA/PCLD-TDI/HEA 90/10 PI/PU=90/10
(PD) (PU) 70/30 PI/PU=70/30

50/50 PI/PU=50/50
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o] EA ¥AE 1,535 em™(CN-H), 1,635 ecm™(C=C), 1,720 cm™
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Table 2. Residual stress, slope in cooling curve and d-spacing value of
poly(urethane-imide)s

Sample Residual stress  Slope in cooling ~ d-Spacing value®

name (MPa) curve (MPa/°C) A)
PI/PU=100/0 48 -0.194 542
PI/PU=90/10 50 -0.281 5.14
PI/PU=70/30 41 -0.297 4.67
PI/PU=50/50 5 -0.038 443

“calculated from the peak maximum of amorphous halo in the reflection
WAXD pattern

S0 r PI/PU=90/10 1
= dor Heating
o
= 30 L
w
w ook o
©
=
(2T s

0F b

sor PI/PU=T0/30 1T PI/PU=50/50 1
— 40} = 1L
©
a .

30 - 4k
g’ Heating™,
% 0
£
D 10} cosling || T

ooling
\\:h““x ::___ ::oolln_u
or == [ Heating ]

.‘}.0 160 |§l0 ZI;D 50 100 150 200
Temperature (°C) Temperature (°C)

Fig. 8. Dynamic residual stress behavior for the poly(urethane-imide)s.
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Table 3. Thermal stability of poly(urethane-imide)s

Sample name Thermal stability

Tso, (°C) Ty, (°C)  Residue at 800 °C (%)
PI/PU=100/0 470.5 514.5 514
PI/PU=90/10 321.1 375.2 49.1
PI/PU=70/30 298.3 3234 41.2
PI/PU=50/50 2829 303.2 31.5
PI/PU=0/100 240.6 259.9 7.4

Table 4. Thermal expansion properties and glass transition temperature
of poly(urethane-imide)s

Elongation (%) TEC® (ppm/°C) T, (°C)

Sample name

PI/PU=100/0 1.5 90.4 300
PI/PU=90/10 1.6 95.9 254
PI/PU=70/30 1.8 107 248
PI/PU=50/50 1.9 108 239

“Theraml expansion coefficient - averaged over 50-200 °C
bRamping rate at 5.0 °C/min and frequency at 1 Hz
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