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Abstract: Polyurethanes(PUs) were synthesized by reaction of isophorone diisocyanate, acetylbutyl citrate, and 3 types of
polycaprolactone diol. Their structures were confirmed by FT-IR and NMR spectrometer. And, their thermal and
mechanical properties were measured by TGA and UTM. The effective network chain lengths (M ), measured by
compressive modulus apparatus, were about 8000 ~24000 g/mol. As crosslinking density and amount of hard segment
increased, tensile strength increased and elongation decreased. As the crosslinking density of PUs increased, thermal
property inproved. When the ratio of NCO/OH is 1.1, maximum crosslinking density was achieved.
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Figure 1. Schematic diagram of reactor for synthesis of PUs. 0
Table 1. Synthetic conditions of PUs as the ratio of NCO/OH
Product NCO/OH Diol mol(g) Triol mol(g) PDI mol(g)
Tone 0201 Tone 0230 Tone 0240 Tone 0301
PU-1 0.7 0.075(39.8) - - 0.025(7.5) 0.075(16.9)
PU-2 0.9 0.075(39.8) - - 0.025(7.5) 0.100(22.4)
PU-3 1.0 0.075(39.8) - - 0.025(7.5) 0.113(25.0)
PU4 1.1 0.075(39.8) - - 0.025(1.5) 0.125(27.7)
PU-5 1.3 0.075(39.8) - - 0.025(7.5) 0.150(33.1)
PU-6 1.0 0.045(23.6) - - 0.045(13.4) 0.113(25.0)
PU-7 1.0 0.064(33.9) - - 0.032(9.6) 0.113(25.0)
PU-8 1.0 0.081(43.0) - - 0.020(6.1) 0.113(25.0)
PU-9 1.0 - 0.075(93.8) - 0.025(7.5) 0.113(25.0)
PU-10 1.0 - - 0.075(150.0) 0.025(7.5) 0.113(25.0)
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Figure 2. Network structure of Diol/Triol/IPDI system.
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Figure 3. FT-IR spectra of (a) PU-1, (b) PU-3, (c) PU-5, (d) PU-7, and ()
PU-9.
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Figure 4. *C NMR spectra of (a) PU-2, (b) PU4, and (c) PU-6.
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Figure 5. "H NMR spectra of (a) PU-2, (b) PU4, and (c) PU-6.

Table 2. Values of effective network chain length( M . ) and interaction
parameter(y:)

Vex10° M,
Product V2 (mol/cm’) X (g/mol)
PU-1 0.1129 5.05614 0.38 24000
PU-2 0.1157 5.05995 0.39 16000
PU-3 0.1420 5.06240 0.44 11000
PU4 0.1500 5.07340 045 9800
PU-5 0.1190 5.03775 0.40 13000
PU-6 0.1700 5.09936 0.46 8300
PU-7 0.1540 5.07576 045 9600
PU-8 0.1310 5.04330 042 12000
PU-9 0.1200 5.05444 0.40 14000
PU-10 0.1268 5.04586 041 16000
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Figure 6. TGA thermograms of PUs as a function of NCO/OH ratio. (a)
PU-1, (b) PU-2, (¢) PU-3, (d) PU-4, and (¢) PU-5.
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Figure 7. TGA thermograms of PUs as a function of Diol/Triol ratio. (a)
PU-6, (b) PU-7, (c) PU-3, and (d) PU-8.
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4 2000
e
E 3} {1500 _
2 &
= c
=1 (=]
=3 S

2 {1000 =
5 S
= c
173 o
[ w
= 1t {500
o
'—

— 0
0" 07 09 11 1.3

NCO/OH Ratio
Figure 9. Mechanical properties of PUs as a function of NCO/OH ratio.

2 Alggch

34 704X 24 B}

Figure 9= NCO/OHS] H]& 07~13°1]A1 A7 HA T E
g aiste] QBT 3 ANES ek Zoltk Figue 9914 B
sk do BelgSl $F 2L DI FE SN 3 2

e F7FHe BE BPoH, &S NCO/OH BlEe] 17}
Ze M9 vizslgloy 1 OITNWL BA| sk F¥E B
stk o1 AgFmet Arlgo] Wske off& wheel w2t £
g -alehile] HSY] gHgel Frlete] o= Q18| APHETt S

3 AN go] ZadhE Ao fuagt) HSE 1 Y] F/ETE
Bale] §5A 42 M A8 ARATE AeR delA
otk 8l NCOOH 17} 11 W, Q3457 Fighs JYeERIUL
+d), ol NCOOH 817} t1olA] 7ard =7t izt wof
=7F Avas vehlle sleg Az

Fgure 102 NCO/OHS] & 1002 A5l n t&/E8L9] B
2 142 ¥ AT} Aaes S53 Rolt). Figure
10904 W vls} Zo] At EE Y/ER =213+ A9 TY
sl on tj&o ¥o] FIIEGE A s 5 v/
Efg= 377}7<l 2715 3 ashe A%e 23l o tgel 5t
3} &o] Zragel w} stedErt gaste AT HES

shn, GBS ZRIE Aoz wald, et Oe peel 3

12

2l

>
!
%
of

S
2
to
e
4
o
rir
)
9,
™
o)
o

Hl ‘;—l El%/_‘f_ﬁl%«l %ﬂl%— BF A4S

=

ZaH, #2078 A43%, 20059

B8 - FeA

4 2000
o
£
£ 3f 11500 __
2 b
£ 5
® 2 {1000 &
g =
@ o
@ i
@G 1 r 500
&
|_

0 0

Ll )

1 2 3
Diol/Triol Mole Ratio

Figure 10. Mechanical properties of PUs as a function of Diol/Triol ratio.
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