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Abstract: Poly(lactic acid) is expected to be one of the most promising biodegradable polymers. However, the high molecular weight polymer could
be obtained by ring-opening polymerization process conventionally, which raises the production cost and decreases the final yield. In this study,
linear and star-shaped poly(L-lactic acid)s were prepared by direct solution polycondensation method and their physical and thermal properties were
examined. Tin compounds were found to be effective catalyst for the preparation of high molecular weight polymers. When 0.2 g (05 wt % of
monomer) of SnCl and 100 mL of p-xylene were used, the polymer yield and molecular weight were relatively high. As a means to obtain higher
molecular weight polymer easily in the direct polycondensation system, dipentaerythritol(dipet) or pentaerythritol(pet) was introduced as a
multifunctional branching monomer to provide a star-shaped poly(lactic acid). Moderately high molecular weight polymers with the inherent
viscosity values up to 1.14 dL/g(weight-average molecular weight of about 140000 by GPC) were obtained and could be cast into strong and
transparent films.

Keywords: poly(lactic acid), direct solution polycondensation, star-shape

1. =B A, dio/diaciddl AWE  E2] o 2H(polybutylene succinate/
adipate 5), PIE¥4 2244 polyhydroxyalkanoate(PHA), 1
a8z S4Bolsl gsEEA 18R 45 YFHR uholl poly(carprolactone), A% ZZ 7RV 0E ZZdEdZE
byt BS54 S eske BokeziA 1 Weivt BoEa ok Z(PEG), FUILL2(PVA), 5ol Srh
2o BRRA FOAHEA AFG2gy HARAT 2 24 PGASH tigol 7bd e AP35 Fzjol2sols find 4
2 AAYA P, By Sepage) AL Ra4 1A 44 nEAZ PLAZH itk FEAL o-3|=SANY 72E
Ade Ade AZE Fdol} #4RE ZdolA HS Fad A, NEd @4 IRAES Rxvsl A4y Eg 982
otz 27Yw 9o} shedl wehN B - AE RES HE, Hf EE dd7tE B
MAEOY Fiel g8 BaPE ARaY aRde gy  RAUSRRE FAd A AzdG w=d2 o gL
2 3 749 715287} 7b5 ¢ T8 (hydrolysable group)elt 7] H)oi B asymmetric) 2 R ST Hat 1 4AAS e Wb
B Edl o3 HEE VS & 9E T2E Fsn Qo FARE FE Do £ gEden F4H Jod 2 B
o)z B3t Ba7} Yojuth ¥4 sy 122 gEdoz 83 ZJ(optical activity)S YEHH, 449 o443 Ede
AWE Zejo2Hs ZYHEY=A TEAS S & Qo FHF Ze D-ZEAHPDLA) &€ &g L-¥EMPLLA)S R HET &
A A4 FIURFEWELAG FATASUEGA) L 1 3FF Dol racemic FEGAZ Hof oW AL FoHos

H@igoln &g pL-FEAKPDLLA)C.2 R2th AAAd EAs)
T HEAL Llor 9)Fl2Z, PLLAE Bk A 334 (biocom-
t % AA (e-mail: kimjh@yurim.skku.ac kr) patability)& 21 AL @ Qo] Tahstn, AN Lo)s

1028



47 4o 2P 4¢ A4Y 2 298 FaAsde T B4 1029

A VMFEAHER o8 TR AR WHEA, F2za
A FEALAH 59 ARAN JEAE Y9 AzA, EGYFA
9 E¥AYE FIRAER 29 1 $80) FuEn 9u{12)
56 ZEN Exvle HY Aoz Ry @i o unE A
Y Hgog PAE 4 glomg 2EE JAF BAS U
LEAFY PLAE 4& & & ZAFA 4 F49] Ay
A o8 ARZA Y $E8 ol Wee ¥ A &
7], ZBAESG 2L HYY LE2 $8E & 9o T g
ol o3 4A Rz 3¢ F e AAAE ez gy
YR AHEA A SsEdME 2 ZHe 24 2 AorH3-5).
PLA 9 2 Z5EAY 2483 A7 AALZAN 8u3) A
M= vk wFe) Ecochemiit$t Cargillit, 2@z die)
Shimadzufite] & PLAS ZEAY 18] o] 2E) = (lactide)
2R Azdd P44 ARE AT A 23 CargilAbs
AHEE) 43E9 PLA SHEES 199439 gAsln F= 7=
Y AEAAH PLAE Aol Wen gon $uEe FEA
LEAN FHEE T gAY dBAME ShimadzuAlr}
1994 A4HERE) 19E F29 pilot TAEE 9AE T Kanebo
9 Mitsubishi®} 3822 $E/A%S 287 gk T8 Mitsui
Toatsuits 1H|A S &) EAs AF2F3] o8 18R
ZFo PLA 4 33& Adsted 19960 AXHEE) 49E FE9
pilot FAE =g M EATH3 6L
A 7 2 987 aRAFe PLAZ 9& 2o e
oA ez ABFY Wdoltt 2 SE=9 ma AP
TR HEL 1EAFY A 249 FRAE A7) fold Ao
Aoy, HFE=E d7] % FEA 2avy F4 L IE§),
a8 gEHEY NAFT 34 5 FAo] Bise, e A
A7t ZRAFY FRAE 27198 Y5 B2 AZv)Lo] ]
2 gdol ik &g ojed FE= A4 € AA AAGE)
ENozREHY AAHQ $&0] v]$ PolA) o]Z Q5o FE
A AY 5T BEE T4 Mg BAL 23 97 Ay
Hu glon, ¥ 558 5a SEAY Y 2F5Y) g% uB
AFe PLA AzWyol Rud v Qo7 A3 23¢e 3A
45587 £9F3%02 Yg & Jded £403) e 1
o2 UA BAF oloMe wherye Axs) 3A Zte
o g9 HAEQ B9 AAY YeH, g n wsd) o3
AFHoR d3l nEAF] FHAZ Q7 v PSg. A
STEY FAS FYANE nEARY 2HAE A7) YA, B
ko] FUFNE WHgUlY HEE B3E 4 9= LA Yy
7t 2 Een 2 JEe Mitsui Toatsu$} Nippon Steelr} ol
A o] BRlE B3e vlud nEAH(Mw > 1079 PLAZ ) A
FTOATE EAFFL wh3e BAEQ S fu)9} TH|EFER
Ao R RN 44 AAE £ Qs 2 wede AA
7t Bolgez H4F5EE 29 & JdvE AW 2=u{78] du
A 5 NoNE FEI S nEAFY IS Ay
ot ol dYsty HY wgozAe g uk3dx =3
13E, 2L Q3 AY £5F 98 2PN unzippinge E
& AT A8 HAF mHF o|FA ] WAo] By A2 u
3 A& A Hed 7198 Aot o] BY ML o u
Z

[R-Auly

AE
§ 722 22AFY Eeig 97) A8 T
o AeTFEE 2HYo2 WRANPoEA A0 vd S
B 23 UAE B8 SEIH ¥R FRAE A2 4

i
HO—CI:H~COH + Poly -ol
CHs
. Catalyst
HMW PLA

Scheme 1. Production of star-shaped PLA using polyol (f = 6).
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Table 1. Results of Polymerization with Various Catalysts*

Catalyst (0.2 g) Yield (%) 7 inh Myt
ShyOs 60 0.29 7800
(antimony (III) oxide)

HaSO04 79 0.46 14500
(sulfuric acid)

SnO 85 0.50 16100
(stannous oxide)

SnCly 93 0.72 26400
(stannous chloride)

* Reaction time' 40 h

** Mark-Houwink Eq. for linear PLLA™ [7] = 348%10™* Mu*®
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Catalyst Yield 7 Mw (GPC) | Mw | Mn
0lg 8% 054 55800 187
02 g 93% 0.72 70500 165
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05¢g 79% 057 53900 181
* Solvent: p-xylene 100 mL
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Figure 1. The increase of solution viscosity with reaction time,
depending on the amount of catalyst.

Table 3. Results of Polymerization at Various Amount of Solvent*

Table 4. Characterization of Star-shaped PLLAs(1)*

Amount of Polyol | Yield 7 Mw Mw | Mn
nil 93% 0.72 70500 165
Dipet 02 wt % 87% 0.86 102500 1.24
Dipet 0.3 wt % 84% 063 77000 125
Dipet 05 wt % 89% 0.47 63000 1.21

*Solvent: p-xylene 100 mL; Catalyst: SnCl, 02 g(05 wt %); Bath
temp.: 155 C.

Table 5. Characterization of Star-shaped PLLAs(2)*

Monomer Conc. w/v%| Yield | 7in | Mw(GPC) | Mw | Mn

05 8% | 049 43200 170
0.36 B% | 072 70500 1.65
0.22 84% | 070 65400 216
012 63% | 043 41900 1.96

* Solvent: p-xylene 100 mL; Catalyst: SnCl, 0.2 g.
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* Solvent: p-xylene 100 mL; Catalyst: SnO 02 g(05 wt %); Bath temp.:
160 TC; Reaction time is 40 h if not indicated.
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Figure 2. GPC spectra of linear and star-shaped PLLAs.
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Figure 3. The increase of solution viscosity with reaction time,
depending on the amount of polyol.
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Figure 5. DSC thermograms of typical linear and star-shaped
PLLAs (2nd scan).

Table 6. Thermal Properties of star-shaped PLLAs(1)*

Amount of Te To | dHa | Ta** | Te 4H,
Polyol (Cy | (T | U | (T | () | U

nil 53 159 352 246 126 | -3360
Dipet 02 wt % | 53 156 354 246 126 | -306
Dipet 03 wt % | 50 151 386 253 117 | -379
Dipet 05 wt % | 950 156 372 274 120 | -333

* Solvent: p-xylene 100 ml; Catalyst: SnCl 0.2 g(05 wt %); Bath
temp.: 155 T.
** Decomposition onset temperature.
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4 248 A49 PLLAS Hmsted et
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CAA FE=EAT. gA °§§}-7-’51° Z0l2 AR A4 HlE
T R Twol 4 o 3502S & F Y=, o= BAFY 2
old 7]z Aoz WOl

Table 7. Thermal Properties of Star-shaped PLLAs(2)*

Amount of Te | Tal(T)| 4Hn | Td** | T | 4H
Polyol (C) | (peak) | J/g) | (C) | (C) | Ue)

nil 51 159 4335 240 112 -40.85

Dipet 0.05 wt %| 55 162 4381 265 119 -40.94
Dipet 0.1 wt % 54 164 39.33 253 106 | -3441
Dipet 0.2 wt % 5% 157 3798 274 123 | -36.33
Dipet 04 wt % 52 158 39.81 247 116 | -37.35
Pet 0.1 wt % 53 158 3856 252 120 | -34.81
Pet 02 wt % 4 156 40.06 244 122 | -37172

* Solvent: p-xylene 100 mL; Catalyst: SnO 02 g(05 wt %); Bath
temp.: 160 C.
** Decomposition onset temperature
*** Peak temperature of crystallization exotherm
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