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Abstract: Polyurethanes, synthesized by polyester polyols and aliphatic or aromatic diisocyanates for a crease resist
finishing agent, were prepared by two-step reactions, that is, prepolymer synthesis and chain extenson. The structures of
synthesized polyurethanes were confirmed by the measurement of FT-IR and *H-NMR spectrometer. The number average
molecular weight (M, ) and the weight average molecular weight (M, ) of the polyurethane with aromatic diisocyanate (MDI)
were higher than those of the synthesized polyurethanes with aliphatic diisocyanate (HDI, H1oMDI). The glass transition
temperatures (Tg) of soft segmentsin polyurethanes with MDI, HDI, H;,MDI were -25, -42 and -50 C, respectively. Inthe
polyurethanes obtained by two-step reaction, thermal stability and tensile strength increased with increasing hard segment
contents, whereas elongation at break decreased with increasing hard segment contents.
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Table 1. Basic Properties of M DI (Lupranat M 20S) and H1;MDI (Des
modur ®w)

|socyanates
Properties MDI H1,MDI
Appearance Brown liquid White liquid
NCO Content 31+0.5wt% = 31.8%
Viscosity a 25 C 200+30 cps gpprox. 30mPa - s
Density at 25 C 1.23 glom® approx. 1.07 glem?®
Acidity asHCl <01wt% < 15mgkg
Totd chlorine <0.5wt% < 1000 mg/kg
Vapor pressureat 25 C <10* mbar approx. 2.1<10° hPa
Flash point 200 C 200 C
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Figure 1. Schematic diagram of synthetic apparatus. O Dud reactor, 2
Impdler, @ Mechanica dirrer, @ Nitrogen Bomb, & Water Thermodat,
® Reflux condenser, and @ Sample Injection Adapter.

Table 2. Synthetic Conditions of Polyurethanewith HDI, H,,M DI and
MDI

Sample Molar ratio PCL/HDI/BD Hard segment(wt%)

H-1-121 121 26

H-1-132 132 35

H-2-121 V21 18

H-2-132 1/3/2 25

Hy-1-121 V21 33

Hi-1-132 1/3/2 44

H-2-121 121 23

H-2-132 /32 32

M-1-121 121 32

M-1-132 /32 43

M-2-121 121 22

M-2-132 1/3/2 31
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Figure 2. Schematic mechanism of polyurethane.
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Figure 3. FT-IR spectra of polyurethanes synthesized from polyester
polyal (PCL), HDI and BD. (a) HDI+PCL, and (b) polyurethane pre-
polymer, and (c) chain extended polyurethane.
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Figure 4. FT-IR spectra of polyurethanes. (a) Hi-1-121 (H:2MDI) and (b)
M-1-121 (MDI).
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Figure5. *H NMR spectraof polyurethanes. (a) H-1-121(HDI), (b) Hy-1-
121 (H;oMDI), and (c) M-1-121 (MDI).
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Table 3. Molecular Weight of Polyurethanes
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Table4. Thermal Propertiesof Polyurethanes

Sample M, M, D
H-1-121 9809 19100 1.947
H-1-132 9914 19272 1.944
H-2-121 10541 20450 1.940
H-2-132 11487 22170 1.930
Hi-1-121 9107 17776 1.952
Hy-1-132 9237 17969 1.945
Hyp-2-121 10311 20000 1.940
H1-2-132 11244 21720 1932
M-1-121 16228 31240 1.925
M-1-132 23752 45200 1.903
M-2-121 26947 51200 1.900
M-2-132 34130 63140 1.850
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Figure 8. TGA thermograms according to the content of hard segment. (a)
H-2-121(18 wt%), (b) H-1-121(26 wt%), and (c) H-1-132(35 wt%).

161
141
12
10

(A)

@

log E’ (MPa)
(o)

6

4

21 b

0 (€} ‘
20

40
®)

-100 —80 —60 —40 —20 0

0.3 M%(a)
®)

L ©

tan &

0.2

0.1

0L :
—100 —-80

—60 -40 -20 0 20 40

Temperature(C)
Figure 9. Dynamic mechanica properties of polyurethanes. (A) The
storage modulus, G, (B) The dissipation factor, tan 3; (a) MDI (M-2-121),
(b) HDI (H-1-121), and (C)H12MDI (H12-2-121).

Z570 m2 A BYEG)T tan 62 UERI AS2 Figure 914
B nle}l o] A BdES] S MDIZF 7P e 3k T
] HDI, HpMDI =22 Uelstt}), ol Wk 67 11g]E 7HA|aL

S MDIS] & Ao sl A kel 7H %7 nhE
o]m, HDIS] 79 HMDIET} F4gte] B gelar] mel g

E9 gl HpMDIETH 2 ghs YERITh® E3F tan §ol
vehd g3 APE T, AsS L}E}LHDﬂ, oA DSC Axel #
AbskSith. 8 Figure 9@l A-AF-E T, ol3lolA log E Fko]
935 Held o= W éa%aﬂw vx}%l A= 20000
olatR wa S-ek vkgol A ARSS w7} BilEo] Yuks B
el ofsf Vs 2o R AlaEth

Figure 1091 43= HDI, PCL, BD7} 974 ZAH]|2

Z2|H, A297 A|3F, 20055

B3t - vhue - ey
144
12 4
0]
g
: Y
i 6
g 4] (a)
2 “'--—.(h)
(c)
0l
—-100 -80 —-60 —40 —-20 O 20 40
0.6
®B)
0.5
"4 M
G)]
© 03]
8 (L]
0.21
(c)
0.1
0L : : : : : : :
—-100 -80 —-60 —-40 —-20 O 20 40

Temperature(C)
Figure 10. Dynamic mechanica properties of polyurethanes. (A) The
storage modulus, G, (B) The dissipation factor, tan §; (a) H-2-121(18
wit%), (b) H-1-121(26 wt%), and (c) H-1-132(35 wt%%).

Felgaleel AAREel P3ol mE 49 BT 5B et
9 A0 Figue 10914 1 v} o] FARR| Yo] F7Hek
o wel A=l bgAol FHH, oleld A PPYE A B
AB) gl #748) Wal 2wz 4olsle] UEITE? B9, tan
3ol SloiA] AR FFol FAHl wheh Tyh e Lol
e o) %

kA DSCeF TGAS] ZHafol| <} Piﬂ/qi 34
o] gho] Fohgtel whth &2 AR < %!
o] Ay o] 2ol S| wiEolt

35 7|HIE EA

ATl e EFEleuee] 7AA 4EAs
o] AAS Az A DS FPsilon 1
o YERATE

Figure 1104 o] &AJold|o| E &9}
slo] AR Fhefe] e AT
oA Hi= mief o] AAREo] Fek
78k AEg Heola 9tk ol&
upe} A} ARE Abole] Zhek ezt
3}5]7] wjitoloh® w3k poLe] EAjEo
st ol EHES-dlw uo ddRte
Aol 7kl wiEem Ak 3, MDIE
ET-uee] QA ET 7P FA dEkEd) o

ENEREE!
A= Fgure 11, 12

lo,

Eojo Ao
>
.

[e
il
TSI

RN =R

il

JR 3
Rui
= o

rOl’m
Il
Q
[=

o

ol\

N

N

il

2

= o
o o

ol

4
M
1o
i)
off
S

N
—_

iy b

it do B ox

(o m
=2

T

¥

ofo oﬁ
ro
o
o oy
iy
A
S
L

ol
o
!
N
-

i
o

E‘L“
ot
o
[ —
O
o %
3
i
=2,

o

ol

-
>~
E oy
% o,

—]%ol—

Zstet gl MDIS Z=4e] Holuh] uhio R et HDIE
olgstel YHE FeSADY B BF Aol FAe] 155
7] o] ke QAR g IO HMDIRTHE &

& Uehligle ol DMTA A3} a2 243 59
o] HaMDILT} Floli) 2Akbe) lele] Srisr] Mgos g

A},



AR Y S ol LAl EE ol g 7t

—=

24
i . @
0o || solid ;M= 1250 PCL o
1| hollow ; M= 2000 PCL =T M-S
20 1 /'1@1717121
i M-2-1324
18 e ®
Hpp-1-132

16 1 H-1-132 2

-
14 { M-2-12107
FHp-1121

Tensile strength(MPa)

12 1g2an
e
10 A Hpp-2-132
Hjp-2-121°7
gL

20 25 30 35 40 45
Hard segment content(wt%)
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