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2% g dFs 2YA £9d CO,, CHF; @ CHCIF,Wo)4 poly(lactide- co-glycolide)
[PLGA] #97le] EYE ZE 243Utk 2YA R} poly(lactic acid) [PLA] 2
PLGAZle] 38 Y& 2% 27-100 €2 ¢ 3000 bar74x] Agsto] UYehiidet [PLGA,
9] X& 0~50mol% W9l ol glycolidee] B =oirt]. PLA-CO, E¥E2 °} 1430 bar o}
Well A, PLA-CHF 37l 700 bar o]}l 4, PLA-CHCIF,Al= 100 bar o|3lo] A z}zh &85Q)
o oldf 2EELE 27~93 Cold, EYE UEE 1.084~1.334 g/cm® H9dA bt}
PLGA;s 3Z##-CO, EFEL <F 1900 bar o]3lo]A] fsisigion, ojuf EHE Us= 37~
92 CollM 1.158~1.247 g/cm®e.2 Wbttt PLGA 3283 -CO,7AE ¢ 2390 baro] 3ol A,
PLGA,5-CHF 3Al ol disj A= 1470 baro] 8lol 4|, PLGA ,5-CHCIF, Aol tisj A= 118 bar o] 5]
Azt g on, ERE USEE 29~81 CAlolo|A 1.154~1.535 g/cm32  uehdth
PLGAs'o—COzﬂI“ 240 °C, 3000 bartjol M= Sa=A] gigkony, whd PLGAx CHCIF,o &
¥8E 2323 50 CoF 100 barthol A 47 LaEATh. =H PLGAS} CHCIF, Al glycolide
-‘557} 7t wel E3E Uxrt Zrlsi.

ABSTRACT: The mixture density data for poly(lactide-co-glycolide) [PLGA] with
supercritical CO,, CHF; and CHCIF, were obtained ip the temperature range of 27 to 100 °C
and at pressures as high as 3000 bar (PLGAx, where the molar concentration of glycolide in
the backbone, x, range from 0 to 50 mol%). The PLA-CO,, PLA-CHF;, and PLA-CHCIF 2
systems dissolve in the pressure less than 1430, below 700, and below 100 bar, respectively.
The mixture density shows from 1.084 to 1.334 g/cm® at temperatures from 27 to 93 C. The
PLGA,5-CO, mixture dissolves at pressures of below 1900 bar and the mixture density is in
the range of 1.158 to 1.247 g/cm? at temperatures between 37 and 92 C. The solubilities of
the PLGAs for CO,, CHF;, and CHCIF, are shown to pressure as high as 2390, 1470, and
118 bar, respectively, and the mixture density exhibits from 1.154 to 1.535 g/cm? at tempera-
tures from 29 to 81 C. The PLGA5-CO, system does not dissolve at 240 'C and 3000 bar
while the PLGAg,-CHCIF, does easily at 50 'C and 100 bar. The mixture density for the
PLGA-CHCIF, system increases even at low pressures as the glycolide molar concentration
increases.

Keywords: poly(lactide- co-glycolide) copolymer, mixture density, supercritical solvents.

&2l A247 A4z 20009 79 505



rE

M B

2 E] A8ARIAA AAol EYPF o P B £
= 18 EFd g A7 83 Y=
At ozl A EFJ W EeisEy 54
FE3 2e BF gd % B 23] o|F
ojx 3 gt &3] lactic acide] o]3a F lactide,
glycolic acid®] olgkd] F glycolided] TF A=
Ao F4% BHE olgH3 AUt vPE
d FasEe i E¥ FAE 5L 1960
Qo Mgz =99 oz FZURE HAE o
Fo] gop! 1960Qdt ojF=Z  poly(lactide-co-
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o] &% IF wd AL L o} BEZA Tl &8
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PLGA9 FAZH disl 23 v U =3
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n-HghfolA Zejodd LMo EFE YR
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HAow, PLGATFRAE & F guid uls
CHCIF,7} #& 49 & 4 AU olg} #AA
3t PLGAZZ A -8uiA ol disiA] dg9stzies
Atz gt
o ¥ K

Al ek B Ao A"  poly(lactic acid)$}
poly(lactide-co-glycolide) &% A= Ferro3]Ald)
Al Fadol o] ol AA glo] 2tz Ao AR
son, 2UdA FAUA CO= AirgasAl(£% :
99.8% o)A FFeten], CHF; 2 CHCIF,
© MGAMNA FFdol adlg A8 AHS-3ich

AEHER W gy, B Ao AR dAFH 2
EE FAd 338 APFA 2 AT U
2 Byun 5o ol wEE ¥8& ¥naz u
o. 28dAe 2013 Zigstaa o AL, A
oA 250 T2} 3000 bar EX 7R 9} 4AF £ £
B U= 43¢  + de BAF FHE AL3A
. g¥zle] gHSYe LLwa7] (High Pres
sure Equipment Co., Model 37-5.75-60)2} ¢t=14
o]z} (Heise gauge, Dresser Industries, Model CM-
108952, 0-3450 bar, accurate to within +3.5 bar)
€ AT 3713z 2ExAEE PID type
9] 2= %A7] (Fuj Electric, Model PYZ 4) & AR
sgen, #2x e 2 2aEYE +03 T
ot Yo 22 type-E GA% (thermo-
couple)(Omega) & TIAE Z|A]A| (Omega, Model
DP 462)d] 4Zsld &5& & 4 Ulen, ojy
HzUe £xE= +£02CUe exz 2AFEYTh
BEzo AP 1dolM Ads Ue 2HAYA
38 Nitronic 50 (Armco Specialty Steels Corp.)
olglen, €17 57cm, WA 159cm ¥ 437
$39E ~28 cmolth HYE WY dojuts &
FEo] WAL RN B £ UA Algelo] gale
3t f£RA  borescope (Olympus  Corp.,
Model R100-024-000-55)el elaf :asigioni,
o]9} 4Zd¥ CCD 7i42} (Cohu Inc., Model 4910)
£ AME3ld vde 2UE (Panasonic, Model
PV-M 1348)& %3l9 fAl9] d4e aisigat

E}E U=E Q5] 8 139 AXE HEgz
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294 goiuloA A ESA Poly(lactide-co-glycolide) &5 Ao £EHE U= 3

Zojal BT Aleldl 9/16” T o] AR
9] 2 F9o A3HEs] (Lucas Schaevitz
Company, 2000-HR Linear Variable Differential
Transducer, Model DTR-451)& 48ttt 3%
Z BoARE ngudz AdX=HA e rt=gd
gt 7l S ago] SAYl wet o] $Hojug 1
SIXE A3 ¢ £ Yol MY W7t fXE A
o] HPZU Rl FAUF & & F A VE
Aajojt. £ Ax 9| oA g AT Ale
€ Byun $9)° B2& Fns uidch

Agubie WA Ao B3I BEEES
A7 sk Ao oy ¥ Pt 4P}
1A 3 fvig oA 3-431 Ax AT O, Al
89 78} BAL o 0.3~05gH9 (83!
+0.002 g)uiol A Ao sl FPzUd ¥
F AAe] ARE MA SHE FYUSI A
B AydA Azt 2ok 2944-7] (High Pres-
sure Equigment Co., 7F&-£3 :~30ce)uidl] |4t
Hg2E FUS F FJY ohE R & 7.0-
11.0g (3823 : £0.004 g)& FY¥G. FH2YH
o FUE 32 V] A8 fule] ¢ A FA F
9] F& Agdl A3 gule ¢ 4+ Yok
O F ANE SAI AAATIZ shte] 2 (-
phase)oll =2A7]7] §J8td LA Lol gl A ¢
€ 43 T3 =& d¥sax = =7
Z7I711, ¥ A9 (magnetic bar) &
AU AYPsnz sk Aad 18 2 FFY
Aot guizt MA3 falislo] YB3 AA 7}
oA Fhrie Joz wED. EFEC] 9
oA 4=} A AT 30-40%14 &
Asd AHEd =Edth. d3ks 2%, dHdA
ARG =gadiad, a9 eoje] &xdA Y
7 (cloud point) 7} E}E =& L7 &l AMA3
48 YA FExe AN FEHL B
AolA eft 3% (hazy) AHE AUd FEHNE ¢
s Foz Foden, 339 Lx9t 4
qA EHE =& AU TEH] =7 EFE
UEE 2L F, oA dEE F/MIIE sfue 4
o7 oA Eoleth ol EFE AT A L &
A¥sie glomz WHE AYe Y3k &xdA A
&8 4 Aok ol el HE A& b H4H 23

&0 #2494 A4F 2000d 79

Table 1. Critical Temperature, T, Critical Pres-
sure, P,, Polarizability, ¢ and Dipole Moment, #,
of the Three Solvents Used in This Study'*"!

solvents 7T.(€) Bc(bar) a*(cm® u(Debye)
Cco, 310 738 2.65 0.0
CHF4 26.2 48.6 2.65 1.6
CHCIF, 96.2 49.7 444 i 15
* The polarizability, a, of the fluorinated solvents is calculated

using the method of Miller and Savchik.!!CO, has a
quadrupole moment of -4.3 X 1028 erg]/2 cm¥?,

ol v Aus] Wi Al Age AP
.

dn} 3! o3

Al 2k B A AH-E 4ol CO,, CHF; 2
CHCIF,2id] o]d &% Esistae 54810
Table 10] vehiich. £FE Tx} 4AFA 94
g2 vxE 549 B3 CO,9 CHF:9 #3
4 (polarizability) & $Y&d, CO= AFR 2ol
EE 7IX1 = vhd CHF,= A3ARdEeEE Y
¥z ¢lth. CHF ;% CHCIF,9] %22 E7} v
=% & 7N @471 o, CHF;9} CHCIF,d
A2l PLGA 35371 &8s o (3AB) &
THE Y=o I E34 ad=A vjng + 2
o} dubdoz 34 go] 3w F4F vay 3L
AZGoA ATl Uehs, £349] gl wal 4
A5 W3yl AL A9 HFARNEZA vjashs
o, ASARANE gho] AL ghel vlg) & Y uis}
£ == gl vind vA Jehls Aol 4o
o ey Qukdel nEAEAe HLsA|T uhe
dol 48 FFHAY Ed aEAds HEHA
%e 5= Ao B34 A7dA PLGA e o=
H2 dZxe 9} CHF; ¥ CHCIF,o #3% 47
9] %42% (hydrogen bonding)o] ol2]$ v¥|mE
o s ot st 227 A5 go] v
4 B2 dsRgnd Ae 108 Ix Fstr] o
£, ol& ol nad™Y o] o8 ¢ £ U
O B o8] PRSI osha CHCIF,&= &)
WollA acidic hydrogen® ZX}ZAHE o]F1 Y=

4 2ER QM e $5E uide Bolxn o
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Table 2. Properties of d,1-PLGA Copolymers and
d,1-PLA Polymers Used in This Study

weight average number average glass transition

polymer molecular weight molecular weight temperature ('C)
PLA, 84500 60575 499
PLAy 128450 80925 522
PLGA;;5. 95000 61650 474
PLGA;sy 149000 ‘86125 50.7
PLGAsy 130125 77650 469
PLGA35 82950 57925 445
PLGA;:4 141000 80100 48.2
PLGAgy 69600 50800 472

The number in the subscripts represent the percent glycolide
in the backbone.

t. Table 2&= ¥ A7 AMg® uA4 PLAY
PLGAZEEA 9 54¢ Uedd. PLGA 25
Ao} PLAE 4371 98] A" lactic acid9)
T8o|FA (cyclic dimer)= ds} | BAQ o] g%
o} EfEolth o8 715 PLGA 23¥As} PLA
o th¥ B glycolide FFol v]NE Jgs 2
g g AL M2 vwded Yok =B &
HEE YN EFE S99 5= FEEA
% PLAZ ¢ S5wi% dB3FxoA &x9 dx
AE YR olE YxAsE QU T4 A}
ol9] AAA Lojld Aoy 2ASL &%, ¢
Y 9 Udxe] B e By

€ 97 294 4+ CO,, CHF; ¥ CHCIF,
WellA PLGA %89} PLA 3§ o] 4 &7 9]
SHE AU Ao} THE YxE A 94
AYe FPHAG. B AgAX 9] Y= wgd
BRI £Eson], AYAR AYL HA2d 23]
o] sl 1 Pk A¥NER AYP).
EUE 2z 2HF o= +1.0%0lUlE $3tst
I Ut}

Figure 1& 294 COiolA PLGAS] &35 =
=& glycolide 33l me} Yehligict 88 4=
NN FZERZF (M) 8HT} 232 glycolide
BFl WE FPo] AujHAL ¢ 5 U x3
glycolide ¥3ko] 7}t ma} EHE Urx 25}
e, 29 2%7} F71t) wet 29 7)evE
7H] 24 Aoz Uelgt. od AW s
Table 3¢ Yepfic.
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Figure 1. Effect of glycolic acid (glycolide) content
on the mixture density of PLGA in pure supercritical
CO,.

Table 3. Mixture Density Data for PLA and
PLGA in Supercritical CO, Obtained in This Study

PLA,* PLA®
T(T) density(g/cm® T(C) density(g/cm3)
444 1.213 321 1.192
56.5 1.193 412 1.179
63.7 1.182 56.2 1.154
76.3 1.161 72.6 1.130
90.6 1.137 92.7 1.099

“PLA|, pressure range : 1312~ 1360 bar.

¢ PLAy pressure range : 1389~ 1429 bar.

The subscripts L and H represent low and high molecular
weights.

PLGA5° PLGA, 5
T(C)  density(g/cm®) T(C) density(g/cmd)
39.0 1.243 36.7 1.247
448 1.232 426 1.237
60.8 1.207 56.3 1.214
74.4 1.185 726 1.188
91.7 1.158 85.6 1.165

?PLGA, 5 pressure range : 1822~ 1770 bar.
 PLGA, 5y pressure range : 1918~ 1843 bar.

PLGA 5" PLGAg5 * PLGA354¢

density . density . density
T gremdy) T (gremd) T (gremy)
38.9 1.337 415 1.375 434 1.368
471 1.323 55.6 1.352 60.4 1.339
622 1.297 70.8 1.327 79.9 1.306
799 1266 8.7 1299 967 1269
968 1237

? PLGA 5y pressure range : 2394~ 2198 bar.
® PLGA3;; pressure range : 2099~2791 bar.
¢ PLGA 35y pressure range : 3108~ 2822 bar.

Polymer(Korea) Vol 24, No. 4, July 2000



2974 £uudM BEMA Poly(lactide-co-glycolide) F

PLA-CO, & dig 2= 2= BA9 #
dd AaE Figure 29 Yeplidddh. PLAL (M=
84500, M,=60575)2 &% 44~90 C ¥HIA &
#¥ gtelo] 1336+24 barojg o, PLAy (M, =
128450, M,=80925)& &% % 33~93 'C HHd
A gag 4ol 1409 £20 bare]¥. ojd 22
Z5F9 238 BFAAM M7t & A& IR H
2 FAsin ¥e RAE FA Lz IS 24
A COMolA PLAysH PLA o] &8isHle ¢4HE
Az uashd ¢ 73barZ % AolE HolEd, ols
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] WAo] Yojvth 3 PLA-COAE st}
i o EFE U=l IS Bglen,
PLAx$} PLA o E3E Uxel ol oF 0.04 g/
cm3@ ¥wch

Figure 3& PLGA;;-COAldl A% 2x9} 2=
#AE Jeidth. PLGAs. (M,=95000, M,=
61650) L &% 39~91 T ¥SlolA &8s ol
1796 £26 baro]g.en}, PLGA,sy (M, =149000,
M,=86125)& &% o} 37~85 C ¥4 £a¥
¢} o] 188137 baro]th. PLGA,5 & PLGA, sy
o] £8j¢td ol o 85 baro|lon, EFRE U=
£ A9 FdsA Yeldth. PLGA5-CO, Al sk
A zlojo]l mE W= A Aojrt et EF
57} Al met o -0.02 (g/cm®)/10 CTEEE
U=t F71He R

PLGA-COAldl 1§ 250 gg EFE U
£ Figure 49 Yeliit. PLGA; & M.=
829503} M,=579250]1, <} 42~87 C HJlA
sYAel ZAE 2895+104 barojgth. PLGA 5
= M,=1410003} M,=801000]n, < 43~97 C
Lx¥oA sy AAls 2965 +143 barol®
t}h. PLGA ;% COy9l E8E U3 2=71 5718
o e} EPE Y7} AgHo 74T Aoz Y
ehdt). ¥ PLGA 33 8A (LH)S 5339 A
ol ¢ 70barz Uelton, $ F2EA] TS
A% xjol= BHF o 0.01 g/cmo|Yth. PLGA,:-
CO A8} i/ 2 PLGA3-COAE 5UT 2%
€ BYon, glycolide §3Fo] F713lel] wat £3

F2o A249 A43 20008 7¢€
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1.25
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\

R P =1409% 20 bar
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Figure 2. Effect of weight average molecular weight
on the mixture density of PLA in supercritical CO;,.
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Figure 3.  Effect of weight average molecular weight
on the mixture density of PLGA, 5 in supercritical CO,.
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Figure 4. Effect of weight average molecular weight
on the mixture density of PLGA 35 in supercritical CO,.
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Figure 5. Impact of glycolic acid (glycolide) content
on the mixture density of PLGA in supercritical CHF ;.

AR 297} Bagoen Aol Frlsie
g Aoz Alg€d

Figure 5= 27 CHF oAl PLA 19} PLGA 55y
o] E}E U=E vwsld Yehidoh. PLA (M,
=128450, M,=80925)-CHF Ale] 5¥de 77
4L 6554112 baron], EFE YxE o} 27~
71 CHSAA 1.302~1.334 g/cm® WU} w5
o] Al %7t 7 wal WEE ot g9 7]
€718 Holx it} PLGA25H (M,=130125, M,
=77650)-CHF A= &¢] 71€718 uJehigon,
S A Y= 1408 £ 66 bar (1342 ~ 1474
bar)24 ¢F 29~81 C 2%o|A 1.464~1535g/
cm® H9le]l 2o YxE ngon, BAW s
Table 40 YeRih ¥ Ao s £3= s
A2 ¥wd A PLA-CHF A7} PLGA ;54-CHF,
Al Wa) o 1.2g/em® = #A Jepd). Fig
ure 6& A 8ulQd CHCIFWldl PLAy,
PLGAu ¥ PLGAsudl tisl 259} &3 aux
BAE Bglon, o)} BdE AL Table 59 1}
Ehlidlth. 5¥d AL ds) PLA,-CHCIF,
Al 60+40bare]n}, PLGA ,su4-CHCIF, A= 67 +
52 baro| 31, PLGA 504-CHCIF,Al= 173 +68 bar ®
A%l webd o] £ 8o (CO,9 CHFy)d H]s
== go] olF Weoun, o]= CHCIF, &7}
e F &ujel vjs) PLASS] Fs4o] $5aints
e @ = = gu) (CO,90 CHFy) 9}
CHCIF, 8ul& N2 wms] £ w1}, CO,9 CHF,=2
ARESl A8 2x9) Uk WA= 2o AL Uy
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Table 4. Mixture Density Data for PLA and
PLGA in Supercritical CHF; Obtained in This
Study

T(C) density(g/cm® T(C) density(g/cm’)
274 1.334 28.6 1535
33.2 1.332 374 ¢ 1522
44.1 1.321 50.6 1.505
578 1.311 66.3 1.485
71.0 1.302 81.1 1.464

“ PLAy pressure range : 543~ 767 bar.

® PLGA sy pressure range : 1341~ 1474 bar.

The subscripts L and H represent low and high molecular
weights.

1.30 u‘*—\\ ;
CHCIF
P“ =171t 68 bar ray 2
N ~—9— PLA"
~5—PLGA
IH
—— PLGA.
SoH

-
N
w
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(=]
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—
CT—
P =67% S2bar T

Density (g/cm?)
3

-
-
(=)

=60t -
P =60t 40 bar N\

.

1.05

40 50 60
Temperature ()
Figure 6. Impact of glycolic acid (glyoolide) content

on the mixture density of PLGA in supercritical CHF ;.
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Wi e, CHCIF,= vz exe A 247}
glycolide ¥=to] Z7iglol wel e wxs} 27}
stk ol2l§ "Ake Table 1914 M: uje} o]
CO.% CHF3& %32 RYEZ Az v|%d gre
73 9oy, CHCIF,= 34 (polarizability)o]
OE F 294 &uing o224 Jehd dAtelat
B2}, 58 PLGAsqu-CHCIF, A= PLGA 9]
glycolide @2o] @& FA=2 CHCIF, £uj7} 23
ol F3inz fadEe Yo EHE UrE y
2y #& Ao ehdtl

Figure 7& PLAyd| wis CO,, CHF,, ¥
CHCIF, g0l 5ol #ald E£32 UE g vwsld U
Eliglen, #d 8= Table 50 ¥ PLA,
-CO,Al9} PLAy-CHF Aol vl 2 PLA,-CHCIF,
A7t EHE 27t Y22 ¢ 4 ok T8 PLA,-
CO,7A %t PLA-CHF 418 N2 vad Zns o
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Table 5. Mixture Density Data for PLGA in
Supercritical CHCIF; Otained in This Study

PLAY® PLGAz5.° PLGAsH*
density density density
T(C) (g/cm®) T(T) (g/cm®) T(TC) (g/cm?)

50.3 1.106 36.2 1.193 38.6 1.298
55.0 1.101 427 1.177 525 1.286
60.5 1.096 51.8 1.167 66.9 1.274
719 1.084 64.8 1.154

¢ PLGA ;54 pressure range : 20~ 100 bar.

b PLGA 5y pressure range : 14~118 bar.

€ PLGAgqy pressure range : 105~241 bar.

The subscripts 1. and H represent low and high molecular

weights.
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Figure 7. Comparison of different supercritical fluid
solvents for dissolving PLAy.
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