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ABSTRACT: To improve the thermal and mechanical properties of homo poly(L-lactic acid),
DL-mandelic acid, one of the natural e-hydroxy acid with aromatic ring as the side-chain
residue was used as the comonomer. Copolymers with different contents of mandelic acid
were prepared and characterized. The resulting copolymers were mostly amorphous. As the
amount of mandelic acid in the monomer feed increased, the molecular weight of the
resulting polymers tended to decrease linearly. 7T, and Ty of the copolymer, however, were
found to shift toward higher temperature, suggesting the improved thermal stability by in-
creasing content of mandelic acid moiety. Tensile measurements of cast films showed some-
what improved values in the copolymers with mandelic acid content of 5 and 10 wt%.

Keywords: poly(lactic acid), copolymer, mandelic acid, biodegradable polymer.

M B [AEEA HZaage e BEA7E & EAE 4y

A HA3, mety FetaEe] Agen B 1

AR §E&Eopt dgsHEA e & £ 7ﬂ‘”° el A& S BHES F
= W4 B ohys ZESAEE B8 Eoiz HollAl of - Fag Folz FzsT A

7HA 2 897 SdE5 ok 28 $F A F Ul*&a"l‘)r Tl sl L= *&‘—a:aﬂ"o A

#2lo] A247 A33 2000 5Y 431



= %_"9}149_ I Fiel 7ieEst bed 1Eel
o omlage Gao) ol AEE WE & Y= PE
£ BHIT 2ol oF Bald Halrh Yol
B4 HalA nEEZE g EFH oz WS Egda
be} Felgesd 1EAE B 4 Aok FARY
ol 24 %al%% A (PLA)3} Z2|Zel 24 (PGA)
2 0 2234, diol/diacidAd] AWE Zejd AFE

LIRS
J12z19). polyhvdroxyalkanoate (PHA), 2%l
poly(caprolactone), 2|%ZF Fa7lHujo|E, Eglo|
a2l 2 (PEG), Z2uId2E (PVA) Sol ltt.

ZYFENL ¢35 A4S 7RG €1 HHA
o] th4x "ojx|m 2R "2 7AHEA &
*"01 -r]"*ﬂ E"é"l Ut 013‘?1* HEE 1%3}7]

(polybutylene succinate/adipate %),

o
25, I

% _1 (=]
3’-'1]33 kA ole] mz HBET
g8 FHozyE 8 FHA
2 g8H+= ‘:—:;L?J Artel 25 @A 2 e-caprolac-
tones}e] FE3HA k2R P (DDS) 2 A7E o
%)+ poly(ethylene glycol) (PEG)2}e] 32357
ol AUtk ol SELIe] Pt °]”§Zﬂ‘ﬂ D-g
E 4}, racemic 33\5}]01 DL-gtE &tzje] =

"y

3 B g §eg
N EE ool giste] 3FAe F ATE BB
8 ARSI BH snel O (dio) HYES
FYol £siol, FelFELe] WHo 2 A2 Ate

43t telechelic prepolymerE& 9He & o] & t]o| A
Alohflo] E (diisocvanate) 9} ¥HeA]A  polv(ester-
urethane) & Ttz o] jigisjo}F o 1314 51
2EA 2 wrde] 2EAF prepolymerE tUlo Z 4]
He-AA FEAEY TR

T8 E4E e NEE 2

3 whgol AAHAG
2 A7 THEH = *F%-O}J—X Shz wral it
(mandelic acid) & #H|d7|& o e HYE o
=524 sz 7pHo) Xia st FEAI ] F
TG 23 IFAEH J1AR BHE R 5
NE Aoz yidEnh T3 FEA ] A4 L =

§:
ok
Ql"

dalel BT MBS AMBE B, 54 3
7H1A FelgEste] 2 AAY PHEEE 29D
HgARA 2 ol 4% SlehE T

4

NCECRE

AFE A

EALe PuracAle] 90% 49
Fi a2 ARR-ER T R
(DL-mandelic acid)& AldrichAle] 99% Aleke
ARR-slg et £ulgl p-xylene AldrichAle] 99+ %
e Aleks Abgsldrnt. SnCl,= Junsei Chemi-
calAte] £% 98+ % Alokg AMgsiArh
& 98 9% ¢x9 ZR2XES AR
FEA e Ar) g8 #E4E CDCLE g9z 3t
of Varian Unity Inova 500 MHz NMR Spec-
trometer 2 FA &t FHAS] 2¥AE FH3
71 #3led Perkin-Elmer TGA/DSC 7 71%& AMS-
sigon, a7l & £5& 10 C/mine
2 &9 S5k 4188 A8 %2 6-10 mgo]
At B2 (T, FElde| 2= (Ty), 1e8la 2
RBEALe (THE 1x ¢ 23 €3 2HE 533
4, #gEe AL (JdHUI/g))ag AlLtslgt
B T EAEge 53 9A Ubbelohde
BEA (type 0B)E o] 8-5te] &de] &
on, gHo} Fr= 0.1g9 A85 20mLe &
ERZEE &H3) 5 F syringe filter& o] &3}
of ofzeta 30 T2 Y e T UM g4
= (7,0) 8 FH A
3tH gel permeation chromatography (GPC):
WatersAte] 5157]1%< AR89 1, Al89 x=
0.7 wt/vol% ]l on, gul= HPLCE Z22¥&
S A& Elution £% %= 1 mL/minojglom,

Ho

S5

He&4

=73

HEFRAde M2 o2 1059 924 Zgagd ¥
FARE A8l Il

Instron (model 4201)& A3 BEo| 7|AIH
B4e v gol ZHSG. §4T 1EA A=
E & 5wi/vol% 59 Z2EYE gdoz TS
o] A Feo] o 15cme] petri-dishol] €4 < &1,
AEdlA 48417 A& F oA} 50 C JF 2.Bo)

A 60417k ol4 Axalw FAAl7k oF 50-70 imAE

ol HEo 2 slagside) o]& 10x60 mme] =7}

Polymer(Korea) Vol. 24, No. 3, May 2000



2 Hdslg A#gE e om AH EE
40 mmeolg o], AHE Aoz H YA mRA
EA 2 2mm/mm4 £52 JFEYS 3] BEE

S5 2 E!’ei _'12}74]2! AL 3 g5 ¢
S| 3l 2= nEz3l 2] 2dile] 23
T thEa ol FAsYT WA AxES7]AA
300mL ARt Ega3d] N2 o § vz %
40 go] SEAT P dFAE o) p-xvlene
3 A 718 ¥, 140 C A =oA Dean-stark E&
& o] 83t 4417t AE SFEAAC B HHo] B
W p-xylene g WU PHE ’éiﬂs}i, 300 ¢
A 1A BE FE& 45g REQ molecular
sieve (3 A)E &uf 57t 7H5deE Aldd =Y
o & T ¥gq ‘24_75"]7131 Rk
(SnCly) & FYsigh olF 3% !
gloll A ZFR2EE 160 CE 3o ﬂsﬂé}
H FEAE e e g5 idda 3%
ALgae di7f vZ Yooz A 34
7} obd £HF 4 (gum)Aelg golge
2] olghgol] AAAAA Sufo} A E ek

& AAEAT. Lo FPAE 60 CollA
7 AF 2BoAM Bzl FEA Fee o
70~85% 9 #F2o2 Ueitoy, e geko)
T E ddizdog Exlgo] ¥u

=

=
W g0 Rolx T HH 27

x
tlo

1o
=)
=

E
o]o
rlo
N
k>
[Shid
G Iy
X

B
£
L)

2k

>
e
= _& a2 mr ox

—u
=S
(0]
R

STEA 2 &Y. AT FEM Y 2280 B
e 34 Lol 71&e FEl= NEEF -
g Ndsta, Bo ZAH Az goza g
7} Jase] o, AR E5E S el
H EFFF o nEAere] PLA Azl 2q
g vl b o]oja] 2He] Mitsui ToatsuAbs 11

EAsel A EFH) 9@ e
Ze| PLA 34 373& /Mt 19963 e 7}]
AR Y 23Pe A &

¥eg s F el $5(Ea)F
e n%re}%s_i U BAF olgel A BeIy
REZ} 3A F7hsje] whge] BB 29 A7

o

&2/ A24d A3E 2000 5¢

7 QET, T8 18 g oF dEgoz s
n¥APe] FUAE 2017k s PET. AW 25
gol Age QeuAE BAge] Sl me my
3 wsd AA BAE UgPel $i1E =Qos
A Hag F ds A5 Fuot 2R o

g TolE ol Ay Hutge] RAE B 3
H] & (azeotrope)-2 HAdle} ¥ 5o A W
SEFEZHEH AAY & JodE FH v vay
%% FHHE 2ooM 22U S Fogm T2 A9
2 A F dE YL e

&
ol
]

CHs ¢
!
HO—CH—C-—O0H —

L-Lactic acid

i
HO——~CH-—C—OH

Mandelic acid

(-H 0. N;)

Copolycondensation

Copolymer

2 A7dAE e bt 35S
HH S Yoz $sida, HE FHNe 2
el et A=E Table 19 JehHch
e 2 F4d HE7E TR edl=EAMNoR
A HERD TEEA FEA Wl A ==
o FHAY Z2HZ L Boj=Pa FAlo) A .7 E
Hoz A WAlTze] xQloz olsled E§H <
LA A A dRe FAAZ ez g
ATk

TEE DRI FEPNE 2 ZPE
of vla} Fatggo] dgton, vt o] drake 27}

NLFE BAe

\_ ] L=}
o 1 olfz meld ¥ 4 e shte v
Yhgoz e wegdolt. ¥u

433



ez - QA

Table 1. Characteristics of Poly(LA-co-MA)

feed composition ) molecular weight (GPC)
(mandelic acid mol%) " M, M, M,/M,
(homo PLA) 072 72500 42700 165

5 mol% 0.81 64400 38300 1.68
10 mol% 0.80 53000 36600 145
20 mol% 0.43 42500 26000 1.63
30 mol% 0.26 23900 16700 143
50 mol% 0.20 30300 11500 1.77
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Figure 1. A typical '"H NMR spectrum of poly(LA-

co-5 mol% MA).

Table 2. Copolymer Compositions Measured by 'H
NMR

copolymer composition
by NMR (MA mol%)

comonomer feed
composition (MA mol%)

5 43
10 10.6
20 20.2
30 30.6

50 50.4
MA : Mandelic acid. ’
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Figure 2. '3C NMR spectrum of poly(LA-co-20 mol%

Table 3. Thermal Properties of Copolymers

composition 7.(¢) T () T.4C)
(MAmol%)  © 4H,(/g) i
0 159/(35.2)
(Homo PLA) 53 T.:126/(-33.60) 246
5 =8 120/(14) 23
1st scan
10 61 - 262
20 64 - ‘ 277
30 - 70 - 280
50 77 - 280

* T4 : Decomposition onset temperature.
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Figure 3. DSC thermograms of copolymers (2nd
scan).
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Figure4. TGA thermograms of copolymers. (a:

homo-PLA, b: poly(LA-co-5 mol% MA), ¢ poly (LA-
c0-10 mol% MA), d: poly(LA-co-20 mol% MA), e: poly
(LA-co-30 mol% MA), f: poly(LA-co-50 mol% MA)).

Table 4. Tensile Properties of PLA and Copoly-
mers

. . . Young's
tensile stress tensile strain
(kg /mm?) %) modulus
f (kg(/mm?)
linear homo PLA 221 2.35 208
copolymer 1 .
.76 2. 235
(MA 5 mol%) 1 1
copolymer 2
(MA 10 mol%) 231 LIS 24
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