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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 therma 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/mal. As crosdinking density and amount of hard segment
increased, tensile strength increased and elongation decreased. As the crosdinking density of PUs increased, thermal

property inproved. When the ratio of NCO/OH is 1.1, maximum crosslinking density was achieved.

K eywor ds: polyurethane, polycaprolactone, polyester system, effective network chain lengths.
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Figure 1. Schematic diagram of reactor for synthesis of PUs. °
Table 1. Synthetic conditions of PUs astheratio of NCO/OH
Product NCO/OH Diol mol(g) Triol mol(g) IPDI 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)
PU-4 11 0.075(39.8) - - 0.025(7.5) 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)

Polymer(Koreg), Vol. 29, No. 4, 2005



i)
b
2
o
Ho
=1

7)1, Vo= A1 ¢ %7] 23], VNS ol-extraction $2] H-3]o]t),

V2 = Sw -G (4)

(] s

s%+s

o714,

&

: Specific volume of elastomer
: Deswollen weight

: Unswollen weight

: Specific volume of solvent

: Swollen weight

©p =P

vlve'{vzm(vo’“ )2/3 —évz}wz +In(1-V,)

Nn= )

V7

o7IM, AT ThE Vo= vHEe] A @)l 7 = 9l
r/}_lO,:L’L
V, =16.788x10°° % (6)

Vo

714, Ly B DE A9
modulus Z737171& ©]-&3t4q
RS W] 71&7] wkeltt

24 X Eol g 54 24N

Z29-dgre] I AR5 FRlsh] 93 PekinElmerile] FT-
IR(FT-IR Series 2000)3} Bio-RadAte] *H NMR(Unity Plus 300) 2~
EY 485 A8t 9842 PekinElmer A}¢] DSC (DSC
Sereis 7)2 ©]-8-819] -100~150 CollA] 10 TminS & &Lsfo] 24
gk BA7)(TGA, NETZSCH)E AH&ate] Al8¢]
S, Ny 7153kl Al 20~600 CellA] 10 C/
gt e Eegdee] TAA =4L
Ingtron Co. AFY] WHs Al37|(UTM, M-130)2 AF8-51] crosshead speed
£ 500 mm/min(gtrain rate 000) 2% 3L, AJ8.¢] S 10410 mm, F
AS 1.0+01mm=z 3T}

Fol9} #74o]il S compression
5ol FA9 deflections Z53}

34U ER

31 E2|Ee| 2= =l

A=A IPDIE AHgSte] EE]edt B
g3t FEleues kL o]59 725 ERlElEd 1 A
7} Figure 201 YFERL} 91Tk Figure 2014 Xi= nhe} do] IPDIS} U] &
4 EFge] Jhal A FE2E UE B EFS isocyanael] I1PDI
o] 54717} Ajtste] Mze 54 9a7 AdHE Aeriy e
SHere] 25 1% 4= glok E=9 o]Hd P25 HHow
Qlatr] 913ke] FT-IR =2 E7] 4% 39k

Fgure 32 4% Zel9-dlete] FTIR =g E7]o|t). Fgure 3914
Hi= npe} o] 2250 et 0] N=C=0¢]| oJ¢t 731

20 9% T2 A}

o = 5
]?l"o‘ o:‘%'—:?:y

Z2|H, A297 A4Z, 20055

EEXCINE B

0l

= AL vERA A, Fgure 39] (9)9F 2] NCOIOH7} 1Rt &
739-olmt oz VERb, 3400 om® F-Zoll A o] N-Hel 93k w9}
1740 ami*olX2] C=0 AER gl 23 W=7} AFA AU
o|ZA] Wkg =1 IPDIZY AL AlRAaL gt Ate] AdE A

A
At

N

S A% 4 3
3h, sHdEl Zel9-eleks BC NMRI 'H NMR 23 E3] 249519)
OH
I
HO—R—OH + HO—R'—OH + OCN—R"—NCO —

Diol
(Tone 0201, Tone 0230, Tone 0240)

Triol (Tone 0301) IPDI

~. Diol —IPDI — Triol — IFPDI — Diol — IPDI—Triol —~
| |
IPDI IPDI

| |
Diol Diol

{ {

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 spectraof (a) PU-2, (b) PU-4, and (c) PU-6.
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Figure5. *H NMR spectra of (a) PU-2, (b) PU-4, and (c) PU-6.

Table 2. Values of effective network chain length( M ) and interaction
parameter (x1)

Vex10° M.,
Product Ve (mol/cr?) X (g/mol)
PU-1 0.1129 5.05614 038 24000
PU-2 0.1157 505995 039 16000
PU-3 0.1420 5.06240 0.44 11000
PU-4 0.1500 507340 045 9800
PU-5 0.1190 503775 0.40 13000
PU-6 0.1700 500036 046 8300
PU-7 0.1540 507576 045 9600
PU-8 0.1310 504330 042 12000
PU-9 0.1200 5.05444 0.40 14000
PU-10 0.1268 504586 041 16000
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Figure 6. TGA thermograms of PUs as a function of NCO/OH ratio. (&)
PU-1, (b) PU-2, (c) PU-3, (d) PU-4, and (e) 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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