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2 o: geslzzEne (PCD) ¥ FeidUAZeE (PEG), tolArlohiole R 1,2,6-94
Eglge $A4ZY PPos WeAA 29U (PU) nlolazdg ¥45T. PCD/PEGS)
gul7} e nelzzAe A Assxel AU Y4d P& F= 22 ANYL Ykt
tolaAlehdlo| £, PCD/PEGS] 84 R PEGS #A3%¢& Pelsie) =@ PU sjo|azde) &
43 9 93 4g AP PU shoja=ae 300 nm ol she) thabg 78] e YAtz
rxol glom, AYE B4 Uehilch

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.

N OB

A7l NEA FPolY, gl E A3

¥} vlelazde ¥ shaE ¥R vlga
24 YR=Z717 F3 Foln, HEHFo T B
gl ol A B4L AT Utk 28R} vlo]
A2 AL 740 tId}r] & old BF $§
A7/} wol APAn Yok 82 mlolazAe)
Azggoz H3Zd Bol olgslE WA we
Aol e i A YN 22Hoe W A

#alol 4257 Als 20019 149

FRNA =R F3) g SN B2 slagt
gl 93 vlojazAL Azse PYol A’
Shashoua 52 A€, ojad2UEH T vid]
eloladHolE FZUME YA o= P
%93,° Funke & tuldd d3AE dq¥9d 3¢
oz FFUs B7d FAFUY Jlad viela
24& 239k’ Antonietti $-& vlojazAL
Az87) 98t 2E|AG m-tio| AT 2 WAL

41



435 334

vlo|az A PHIAZ F, UL FFHSA e
Aape] nlo]z2 AL A2}

AYAQY A3} o] 2o oA 270 ol WA
& A E g FHo g YHE vlejazde
gojol SR gort, dBA Fi o F4F
Ql whg-olu} Futg-orie] Exhl whgo 2 HAEH
£ ZugAe violazde L€ AANY &9 F
o BAaEE 54& Zn ok 2y JEA ¥
& g& 277k vlad 23 {3 T 29el B
Pfasteg S8Rt AgFo|ct. EF 5uhg-o)
Ao FRHEL nFEe vlolazAE g T
the @3¢ 7IAx Qdch oz By sd= Ad
3, 2&9E o4 FIH, WAKIA 9% 7}
ZEHY Tol By u JAohE o) Wy
£ vlolagdg a5E2 M 48 F ke
Al AAH At

#HZ9 Graham3} Mao 58 82| wnlojAag
AL AZY F e YYo= SAFH WEe At
SYTHM n5ge) volazdg ded e F
2 AHE o AHE ANARS. F w22
BN A - A A3 Y, 1A AR
A8y A3Fge] g, vlojazAd gAe] B&A
7 A FAFE € A FAARA FoAF g
71€9] g4 T ol2ta Bt

£ A9 A& poly(caprolactone) diol®} 584
poly(ethylene glycol)& polyol® 3t 1,2,6-
hexanetriol, 4,4 -dicyclohexylmethane diisocyan-
ate, hexamethylene diisocyanate % diphenyl-
methane-4,4" -diisocyanate2} 3] £99%§ W o
2 AR ESde vlolazAg FAEAG”
AT AR Za| ek violmzAe] YAl uio
22435} %, IPEE, FALE, BAR, 4=
71 @ 97 A di§ diisocyanate®] &5, PCD/
PEGe] Ev]&, PEG2| Exl& wg 4 3£ @
3t

A4 ¥

Al 2 B AR AM8-3t poly(caprolactone)

diol (PCD)& Aldrich Co., 3A|%o.2 B3]

212590 A& AML3t9i, poly(ethylene glycol)
(PEG)& Ex}gfe] 2tzt 2000, 4000, 6000, 8000

42

EEEREE:

Ql Shinyo Pure Chem. S§A1%& AMg-3IHch
PCDe} PEGE AME A9 3AF LN 8AI 5
¢ 93f2cCAAH  AFARIY  AMEIHH
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(MDI) 5& Aldrich Co., 13A¢kg ZHet&=HFalod
ALg-3d . 7leA 2 1,2,6-hexanetriol (HT) &
Aldrich Co., 13A1%& AFAZ3A AM-3% o,
w2 FeCl; F48E& AH8-319th Petroleum
ether, methyl ethyl ketone (MEK), methanol %
triethylamine 5-& Q¥ <) A ¥E oz A sl
AHS-8t

#Foj2aet  aolaRAL B, WRREEY
hydroxy~] ¢} diisocyanate7]| & 383 o s vhg-
Al717]1 $18t polyol/HT/DI¢] ¥ &E 1/1/25
2 &¥sta, DIe) 2%, PCD/PEGe] £4] 281
PEGe] #x%E 23ty 458 Wiz Eg
Sk vloja 24 $A3}A.

Za| e nlo]azzle] $A4JL Table 1, 2 2 3
o Jehd uie} zlo], AMEE @A polyol, HT ¥
DI€ 30mlL Wheaton serum %9 3z £
MEK 9332& 713l HAth o7]d F4 FeCly
A3 MEKY) %9 0.1w/w% FeCl; 84 93
Fg 7eta, vg EFE-N) AP SuE 73]
o #3g 25go I vhR, A4 JjAE 58 Fo
T F 37199 JEFE =] A3t LHAR.

Table 1. Preparation of the PU Microgels Based on
Poly(caprolactone) Diol with Different Diisocyanate

mole ratio monomer conc. product yield

disocyanate peny/pr/ph  (wtte)  type® (%)

12.60 m 89.8

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

27.44 m 88.1

HMDI 1/1/25 3432 m 916
41,12 M -

27.16 m 95.1

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

% Products have two types. m : Formation of microgels.
M : Formation of macrogels.

Polymer(Korea) Vol. 25, No. 1, January 2001



Poly(caprolactone) diol/Poly(ethylene glycol)& 7122 & Ze|L#@ njojazAde 4 L &4

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 CcMC? Yield

Mw. of PEG (w1%) (W/w%) (%)
2000 51.5/485 48.40 96.0
4000 34.7/65.3 31.44 934
6000 26.1/73.9 53.76 92.6
8000 20.9/79.1 34.68 91.2

¢ Preparation condition of microgels (mol ratio); Polyol/HT/
HMDL: 1/1/2.5, PED/PEG:50/50.  CMC is initial of critical
microgelation concentration.
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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
Microgelation Concentration

. ool T T . .. . particle
discrnae g ) desi? 8 (8 T
{g/dL) (nm)
HDI 049 506 -5L10 47.32 289 100
HMDI 051 492 -4025 56.07 314 206
MDI 050 502 -3846 5155 26.1 257
¢ [#] was measured with Ubbelohde viscometer. ® Coil density
was calculated from intrinsic viscosity using the Einstein equa-
tion, [73=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) HDL (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) HMDL (c) HDI, 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

moleratio  [#]* de:: y To o quilibrium
(PCD/PEG) (dL/g) 9S8 () Partidesize ooy )
(g/dL) (nm)
10070 051 492 5607 206 35
0% - - 35 %5 %
50/5 040 619 4269 9 £
w0 - - B 12 75
0/100 030 828 3352 119 181

%[5] was measured by Ubbelohde viscometer. ® Coil density
was calculated from intrinsic viscosity using the Einstein equa-
tion, [#1=2.5/p,. © Equilibrium swelling was measured in phos-
phate buffer solution (pH="7.4) at 37 'C 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, T, H crystallinity’ equilibrium

PEG (€) (T) (J/p) (%) swelling® (%)
2000 -54.55 42.69 27.57 19.8 424
4000 -55.36 47.81 33.82 242 480
6000 -56.12 50.02 43.39 311 513
8000 -57.38 46.87 94.59 67.8 51.3

4 Crystallinity was caculated from heat of fusion of 139.5 J/g for
100% crystalline poly(caprolactone). ® Equilibrium swelling of
the flim was measured in phosphate buffer solution (pH=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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