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2 of: 7 2FETS (PCD) ¥ EFlAdAZeE (PEG), HolaAloplolE % 1,26-¥4
E2gg £43Y Wyoz weAA Fasde (PU) viojazdg $d3iaid. PCD/PEGS]
Bu|7} OE vlo|3 29 AA AsbeEe] 4AH 44 e F& T2 IAUE Ut
tjo|2AlohfolE, PCD/PEGS] 84] R PEGS] ¥A2E geldid Ax@ PU vjojaze] 8
23 2 93 4A& AY9sigd. PU vlo]a 222 300 nm o|3te] cHiibyd T3¢ 3& A=
x5} glon, APx §4& Yepiin.

ABSTRACT: Polyurethane (PU) microgels were synthesized from poly(caprolactone) diol
(PCD) and/or poly(ethylene glycol) (PEG), diisocyanate and 1,2,6-hexane triol by solution
polymerization method. A critical gelation concentration of the PU microgels with, mole ratios
of PCD/PEG were the important factors influencing the formation and property microgel or
macrogels. The physical and thermal properties of the PU microgels prepared with depending
upon the structure of diisocyanate, mole ratio of PCD/PEG, and molecular weight of PEG
were investigated. It was found that PU microgels were distributed by polydisperse, spherical
small particles below 300 nm and showed the properties of low viscosity.

Keywords: biodegradable polyurethane, polyurethane microgel, crosslinked microparticle, solu-

" tion polymerization.
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& d7FlA poly(caprolactone) diol®} =84
poly(ethylene glycol)& polyolZz 32 1,2,6-
hexanetriol, 4,4 -dicyclohexylmethane diisocyan-

ate, hexamethylene diisocyanate % diphenyl-A

methane-4,4" -diisocyanate$} 3] £45% whio
2 A3 Eee-ud vlolazAe gAY
B9 AL oA vlo|a 29 YA ulo]
3228 F%, IFEE, FAUE, 2A, A3
71 ® €3 54| di¥ diisocyanate®] F7, PCD/
PEGe] 848, PEGY a3 w& 4 5¢ #
asi¢d.
o4 ¥

Alet & d79AM AR§ poly(caprolactone)
diol (PCD)& Aldrich Co., SFAlete g Ea}ako)
212591 A& AT, poly(ethylene glycol)
(PEG)& ¥A3e] z4z} 2000, 4000, 6000, 8000
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PCD¢} PEGE AME Ao 3dFd7]dlA 8A &
¢ 93t2TCAM AFARIE  AR-IHAUT
Diisocyanate (DI) 24 4,4 -dicyclohexylmethane
diisocyanate (HMDI), hexamethylene diisocyanate
(HDI) %  diphenylmethane-4,4" -diisocyanate
(MDI) 52 Aldrich Co., 13X % ZAYEF3id
A3t JlaA 2 1,2,6-hexanetriol (HT) &
Aldrich Co., 13419k AgAZ3A AMgsiyen,
Zu2x FeCl; 7488 AMR-34t). Petroleum
ether, methyl ethyl ketone (MEK), methanol ¥
triethylamine 5-& 4uH3Ql FA oz Ao
AME-3H L

F2jeaet o3 M. WEEBE9
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A7171 18 polyol/HT/DI¢] 8xl&-& 1/1/25
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Table 1. Preparation of the PU Microgels Based on
Poly(caprolactone) Diol with Different Diisocyanate

mole ratic monomer conc. product yield

disocyanate pon DD (wik) | typet (%)

12.60 m 89.8

HDI 1/1/25 25.24 m 90.7
3152 M -

27.44 m 88.1

HMDI 1/1/25 34.32 m 916
41.12 M -

27.16 m 95.1

MDI 1/1/25 40.72 m 93.1
5428 M -

“ Products have two types. m : Formation of microgels.
M : Formation of macrogels.
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Table 2. Preparation of the Microgels Based on
Poly(caprolactone) Diol and Poly(ethylene glycol)

mole ratio DI mole ratio CMC® yield
(PCD/PEG) (polyol/HT/DI) _ (w/w%) (%)
100/0 3432 916
70/30 3792 877

- 50/50 HMDI 1/1/25 4840 96.0
30/70 5896 89.6
0/100 61.04 912

& CMC is initial of critical microgelation concentration.

Table 3. Preparation of the PU Microgels Based
on Poly(caprolactone) Diol and Poly(ethylene gly-
col) with Different Molecular Weight of PEG*

PCD/PEG cMct Yield

Mw. of PEG (Wi%) (w/w%) %)
2000 51.5/485 48.40 96.0
4000 347/65.3 31.44 93.4
6000 26.1/739 53.76 926
8000 20.9/79.1 34.68 91.2

 Preparation condition of microgels (mol ratio); Polyol/HT/
HMDL 1/1/25, PED/PEG:50/50. ®* CMC is initial of critical
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Scheme 1. The schematic preparation procedure of
the PU microgels.
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Table 4. Physical Properties of the PU Microgels
Based on Poly(caprolactone) Diol at Critical
Miecrogelation Concentration

(dL/g) @dL) (t)y (v) (%) (o)

HDI 049 506 -5L10 47.32 289 100

HMDI 051 492 -4025 5607 314 206

MDI 050 502 -3846 515 26.1 %7
*[#] was measured with Ubbelohde viscometer. ? Coil density
was calculated from intrinsic viscosity using the Einstein equa-
tion, [3]1=2.5/p,. ¢ Crystallinity was caculated from heat of fu-

sion of 139.5 J/g for 100% crystalline poly(caprolactone).
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Figure 1. The mechanism for the formation of the PU microgels by solution polymerization.
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Figure 2. FT-IR spectra of the PU microgels based

on poly(caprolactone) diol with different diisocy-

anate : (a) HDI, (b) HMD], and (c) MDL
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Figure3. TEM (a) and SEM(b~d) of the PU
microgels based on poly(caprolactone) diol with differ-
ent diisocyanate: (a) and (b) HMDI, (c) HDL and (d)
MDL
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Table 5. Physical Properties of the PU Microgels
Obtained with Different Mole Ratios of PCD/PEG
at Critical Microgelation Concentration

. coil average .
mole ratio  [9)° . T, . ©.  equilibrium
(PCD/PEG) (/g %Y (r) Paticesie oper(x)

(g/dL) (nm)
W0 051 4% %01 26 5
wH - - 8% % %
S0/50 040 619 4260 99 2
o0 - - 219 121 T
o0 03 8% 352 119 181

€[»] was measured by Ubbelohde viscometer.  Coil density
was calculated from intrinsic viscosity using the Einstein equa-
tion, [9]=25/p,. ©Equilibrium swelling was measured in phos-
phate buffer solution (pH=7.4) at 37 T after 48 hrs.
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Figure 4. The critical microgelation concentraion of
the PU microgels with different mole ratios of PCD/
PEG. ’
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Figure 5. SEM of the PU microgels with different mol ratios of PCD/PEG; (a) 100/0, (b) 70/30, (c) 50/50, (d) 30/

70, and and (e) 0/100.
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Figure 6. DSC curves of the PU microgels with dif-

ferent ratios of PCD/PEG: (a) 100/0, (b) 70/30, (c) 50/
50, {(d) 30/70, and (e) 0/100.

Table 6. Physical Properties of the PU Microgels
Obtained with Different Molecular Weight of
PEG at Critical Microgelation Concentration

Mwof T, 7T, H crystallinity® equilibrium

PEG (t) (C) (/g (%) swelling® (%)
2000 -54.55 4269 2757 19.8 424
4000 -55.36 47.81 33.82 242 480
6000 -56.12 50.02 43.39 31.1 51.3
8000 -57.38 46.87 94.59 67.8 51.3

¢ Crystallinity was caculated from heat of fusion of 139.5 J/g for

100% crystailine poly(caprolactone). ® Equilibrium swelling of
the flim was measured in phosphate buffer solution { ‘H=7.4)
at 37 C after 48 hrs.
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Figure 7. DSC curves of the PU microgels with dif-
ferent molecular weight of PEG: (a) 2000, (b) 4000, (c)
6000, and (d) 8000.
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