Polymer{Korea) Vol 24, No. 4, pp 505-512 (2000)

294 fullulalq AEHA Poly(lactide-co-glycolide)
T EFE UXE SF

wEs
ot Y F-stetgehy, $44998 g Eel 3R s AEA
(2000 14 27 ")

Mixture Density Measurement of Bicdegradable Poly(lactide-co-glycolide)
Copolymer in Supercritical Solvents

Hun-Soo Byun
Lab. of Applied Thermodynamics and Separation Process System, Division of Biotechnology and
Chemical Engineering, Yosu National Unlversity, Yosu, Chonnam 550-749, Korea
Yo-mail : hsbyun @yosu.ac.kr
(Received January 27, 2000)

Lo B AF= xdA £9d CO,, CHF; 2 CHCIF, WA poly(lactide- co-glycolide)
[PLGA] &9 E3E U=E Z43¥ch. 29A 919} poly(lactic acid) [PLA] ¥
PLGA7ZIY] £3& YUE& &% 27-100 ‘9 ¢4 3000 bar7}x] 4 d3dled Jehlict [PLGA,
9] X= 0~50mol% H¢lo) 3t glycolides] Bixo|t}]. PLA-CO, EE&S of 1430 bar ©f
el A, PLA-CHF A= 700 bar ¢]3ld|A4), PLA-CHCIF,Al= 100 bar o|3lo|l A z2 L85
o} olm] LEWYE 27~93 ColH, EFE YWxrE 1.084~1.334 g/em® HHoA eyt
PLGA5s 35&A-CO, EFEL of 1900 bar o3l A] Bafj=]glen, o EFE d=s 37~
92 ColA 1.158~1.247 g/ecm®2.2 JEldth PLGAFZEA -COAE oF 2390 baro}dlol A,
PLGA ,;5-CHF ;A4 el A= 1470 baro) gl A, PLGA ,;-CHCIF, Aol tisliAl& 118 bar ©]3}oj)
A zzt gaEgled, ERE UEE 29~81 CAOlA 1.154~1.535 g/ecm’z  vhebgch
PLGA-COAlE 240 C, 3000 barloll A= &8]=)A] Qgkon], whAd PLGA4} CHCIF,9 &
2L 938 50 T2 100 bartjellq 44 L=}, w3 PLGAS} CHCIF, A= glycolide
Tt 3K weE £9E U=t Frbskdh

ABSTRACT: The mixture density data for poly(lactide-co-glycolide) [PLGA] with
supercritical CO,, CHF; and CHCIF; were obtained in 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,
systems dissolve in the pressure less than 1430, below 700, and below 100 bar, respectively.
The mixture density shows from 1.084 to 1.334g/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 PLGA,; for CO,, CHF;, and CHCIF, are shown to pressure as high as 2390, 1470, and
118 bar, respectively, and the mixture density ekhibits 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 ¢ 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.
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FHE gAddA QAo F37 ] g Bl
e 82 E4d gs drh @43 JPEa
Ak olgld nEX B it 2eldEy 54
TR AH2E 53 Al B8 B9 o] o]F
oz At} E3] lactic acide] o|=H = lactide,
glycolic acid9] o34 & glycolided] ZZFIA =
EAdAA F83 BFE oj&Hu U UHE
o EalEle 1A B4 #d9 98549 1960
ddf 4oz EUE oz AEIVT ThE o)
Fol o' 1960WY] o]F=  poly(lactide-co-
glycolide) [PLGATS] M E8H 3£, 2 o4& EW
DEAE o] &3 FEAD AR JNd, nEA FHE
o] &% g My AL L o} BAFA Tl &4
g & JEAd d& B AgPSo] o)Fo] A 9]
th. PLGAS] A& AESH A4, 24, 719
2 7Ad A= T4 54L& 7R o

2 5ol Middletons} Tipton&? o] g o} A
g nAEd 2dte 22 FAAES uhdsA
A7s1.0m, Hile? Pishko=? 24 COnHoIA
PLGA2 FAdFHI disl 23 » ok =&
Mandel&* PLGA Z%3A& 44 A% 7153
o3 g dis AFalgh HZolE Kiran 5&°
n-Aehfolx Zeldddl fdoirale) E2HE U=
2437 Yeo %&% methylcyclohexane& X33
polystyrene&-49] etUxo) 3a] At el
W oub Qlok Ty FARAMAC 71280 PLGA
ZEEA LouiAld g FASH EFE L
TEd 47 oFF B1d vl gith

B dqe 532 244 COUdAM PLGA ¥%
#$H 71 gaE | Selse g4Fy 2nd wWE £
E 95 E glycolic acid x4 wzt AF xzE
dAglon, Byt oz %A CHF;¢ CHCIF,9) i
M= PLGA F58A9e 4R35 ¢ £88 1=
ded I g7t itk 2xd e E3E U=
AUt PLGA F33Ael #d 38 U=
z7]E CHCIF,<CO,<CHF; £o2 uveyte
o, ZYALNHIAAS PLGATEEA7 g
dEe CO,>CHF;>CHCIF, o2 Jepirl. ut
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H%o8, PLGAZSRAE oe % 4od vls)
CHCIF,7} & 87l9le 8g 4 Atk olst 8
slo] PLGAZSUA -8l dsj Qedsimoz
CEESER Y

4 #

Al eh B AT AMEE  poly(lactic acid)$}
poly(lactide- co-glycolide) %34+ Ferro3] Al
A FEdrol 1 ol AA glo] otz Agd AL
slgen, 2UA #AY CO= Airgasit (£%
99.8% o]’ FEEsken, CHF; 2 CHCIF,
T MGAA Zgitol iz Ao AMgsg )
AR U Y. B A7 A" 3AETH ¢
=8 3Ad SR A= AP E AT WS
€ Byun 5™ oo ¥H B2 Fusz uid
o BEdAe s isdtax o 4, A
ol 250 '} 3000 bar SHAS] AT L £
E Uz 48L& 5 e ¥AY AXE A8
o H3xle] ¢HEAHLS 4¥ A7) (High Pres-
sure Equipment Co., Model 37-5.75-60)%} ¢kedA)
o]] (Heise gauge, Dresser Industries, Model CM-
108952, 0-3450 bar, accurate to within +3.5 bar)
&AMt th 371820 2x2H L PID type
o) &=%47] (Fuji Electric, Model PYZ 4) & A}
sdgod, gz o 25 e¥sE £03 CH
ot FEZNe] 2=ZAL type-E Q4% (thermo-
couple)(Omega)& UYAE AA|A] (Omega, Model
DP 462)¢] ddsle] 255 & 4 %o, ojd
FzHe 2%E 102 TCUHe oxtz =AY
Fgzel AAE TIPS e 2882
¥ Nitronic 50 (Armco Specialty Steels Corp.)
ojglon], 9|72 5.7cm, W7 15%cm 2 A3As
33 ~28cmiolth. FYZ o)A Yoluhe &
B WAL AR B 5 A Absolo] f2lE
B3l HEAM  borescope (Olympus  Corp.,
Model R100-024-000-55)¢ oj&] waaigon,
oj¢} AA¥ CCD M &} (Cohu Inc., Model 4910)
AlgEled Hjt]e  ®UE (Panasonic, Model
PV-M 1348)& &3l fAle g4 gelsidnt.
EHE U E ) A8 53R gxe gz
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ZUA vl BEHA Poly(lactide-co-glycolide) FF &) £FE U &4

BollA G| Atelel] 9/167 iqhae] AR
A 2 FY AEHEy] (Lucas Schaevitz
Company, 2000-HR Linear Variable Differential
Transducer, Model DTR-451)& A4 x]&ch B8
Z BAAEE 14WR MAAEHA de rt=v
G 7t =gl Sl weEt o] £FHolmE I
AAE AE3] & F Sl 4F A} A&
sl FPzYFo] F&F3 FoE & 5 YA TE
FAjolvh. g A2 FulEAd g AT Algt
<& Byun $¢)° REg #nshd vhddc

APye | HPxy e EBUsd EIES
AASH] fld a2 o= | Ao AP
12} s ful2 oA 3-43] AT A3E ohe, A
89 ¥ BZE 9F 0.3~05gY (3823}
+0.002 g)W A A &oll HaFsle FPF e ¥
F AX e dFE AXF &g FYs] A8
B A¥a) ARE z2a9ks 1¢-87] (High Pres-
sure Equigment Co., 783 :~30 cc)d] o)At
g FYIT F FIY oF FEERW of 7.0-
11.0 g (3] 822t £0.004 g) & FYTt. FH=
d F4¥E & 47 A8 &9 79 A7 44 F
o % Agdl 235 gu9) Fg ¢ & ok
o ¥ AR @A AL sde 2 Q-
phase)dl =@A1717] 9] dALH ool A <E
& A F1 25E A e x|
F7M71a, BRzHe] A2 (magnetic bar) &
At At s AR g 2 FE5EE
Aot gujzt AA3] gaislol AGSA g7}
SZolmA e Aoz wlEd. EFEo] s}y
oA A=} ol A 30-40%-0) 4 £
At AR =edh dile &=, 4EdA
ARy s, 20 e 2o Y
7 (cloud point)3 EFE YEE 7] Y8 A4
e WAk FPxUe] oA FEFLE 9
A 2t 59 (hazy) AHlE AYA FEHE Y
Bt Hoz Ao on, 5349 2x9} 94
AqA EFHE UEE Y. 5849 2=9 EHE
4EE 4 F, i gEE IVMITIE s A
o2 A Eolketh oln EFEN H 4R E &
Ausls gloog viE Age 93ls 2x04 A
&% 4 Ut ol sy HE A= d A4 23
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Table 1. Critical Temperature, T,, Critical Pres-
sure, P., Polarizability, ¢ and Dipole Moment, £,
of the Three Solvents Used in This Study'"!!

solvents T.(C) B.(bar) a*(cm® p(Debye)

CO, 31.0 73.8 2.65 0.0
CHF; 26.2 48.6 2.65 1.6
CHCIF, 96.2 49.7 444 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 10726 ergI/2 cm™,

ol WHE Al HFE ANs Arz dAF}
Aot

g o o3

Al ok 2 A9 A& 4= CO,, CHF; ¥
CHCIF,Qld ol #3 E2|gstzgel 5401
Table 1d) YepiSIT). EHE dxo} 4AFI 4
e v 549 #Eslq CO,¢t CHF:8 #5
4 (polarizability) & Fd3™, COE A152 =4l
EE /K3 & vhE CHF ;& #SA2dES
¥3 7 Q). CHF,%} CHCIF,8) #2xmdEs} 1]
=% @e& 73 7] Wi, CHF;2} CHCIF,9
A9l PLGA 328471 gdlHe 49 (3AF)S
ETH}E o B B4 a92A ¥xzd $ 9l
detge 2 F4 ol AW E4E vjay we
A A Aol e, 3449 gl whet 4
AFe W7t AL B AFARMEZA v Adte
o), AFARWE gro] & gl Hld) 2 #Y w7t
S == sheol Hlmy WA JUehie RAe| Ao
o 22y YeiEe] EAEA L HEHAR ¥
o] 7 FEIAU EFS nEAd= HLHA
2E FE Ut 54 Zd9A PLGA W9 o
g2 A2z ¢ CHF; 2 CHCIF,d #add $a7t
9] $42% (hydrogen bonding)e] o]|&3t vH|mE
o8- ofshAl g} gkt A Az gl v
4 24 43FA4ET A 108 Fx= A3y o
B, ol on] Rud™ Yl g o8 & F
oh 3 o IS o8t CHCIF,= 4rf
WA acidic hydrogen™ Rx}A3E o|F1 Y=
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£

507



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 52.2
PLGA,5. 95000 61650 474
PLGA 54 149000 86125 50.7
PLGA,5y 130125 77650 46.9
PLGA;;. 82950 57925 445
PLGA;54 141000 80100 482
PLGAy 69600 50800 472

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

A
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t}. Table 2= Ao AMEE H1E4 PLA%}
PLGAZZ#A o] 54¢ vehidit. PLGA 2%
491 PLAS @451 98 4142 lactic acide]
3o (cyclic dimer)E do} 1 F3H&Q o)A
o] EfEelIth o8 7tx PLGA 3%¥A¢ PLA
of g VL glycolide F3Fo| vlAlE JTPa} &
A o3t L M2 vwsteg ok = &
AET FHANA EE §49) U= FHT
R PLAVE % 5wi% AT 259 2xd
AE el o5 UEABE hdAbn FA4b AL
olo] AAA doiA e Hed AL &5, ¢
g 9 2o E§3eds HA0.

2 dF= 244 £ CO,, CHF; ¥ CHCIF,

HellAl PLGA %39} PLAG i3t o] 27 9
s dHEH AEet EFE UEE dY] He
A8 FYsT B APgA 9] s 2wy
HEN? FEGG oD, YRR YA 2T 23
o] s 1 HEFge dY¥As=z MYsA.
HE 2= FHE 2A4E £1.0%0MS ®is}
ek,
Figure 12 244 CO,oA PLGAY E£3E& 2
€ glycolide &gl whe} ehiQic). &8 4=
A FFEAR (M,) 9] FFE} 9358 glycolide
S mE Pl AMAYL: ¢ = Uk E=H
glycolide g&o] 7ol wet £gE Y5x F7}
som, B3 2x7 ZU1E) ol &9 r1evle
7Y A Aoz et old #H" AaE
Table 3¢l viehgiich.
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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_* PLAL®
T(C)  density(g/cm® T(C) density(g/cm?)
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.
b PLAy pressure range : 1389~ 1429 bar.
The subscripts L and H represent low and high molecular

weights.
PLGA g ° PLGA 54
T(C) density(g/cm® T(C) density(g/cm®)
39.0 1.243 36.7 1.247
44.8 1.232 42.6 1.237
60.8 1.207 56.3 1214
744 1.185 72.6 1.188
91.7 1.158 85.6 1.165

9 PLGA,5 pressure range : 1822~ 1770 bar.
® PLGA, 5 pressure range : 1918~ 1843 bar.

PLGA ,5° PLGAg PLGA35,¢
.., density .., density .., density
T(C) (g/cmS) T(C) (g/cm3) T(C) (g/cms)
38.9 1.337 415 1.375 434 1.368
47.1 1.323 55.6 1.352 60.4 1.339
62.2 1.297 70.8 1.327 79.9 1.306
79.9 1.266 86.7 1.299 96.7 1.269
96.8 1.237

@ PLGA 5y pressure range : 2394~ 2198 bar.
4 PLGAgs;, pressure range : 2099~2791 bar.
¢ PLGA 35y pressure range : 3108~ 2822 bar.

Polymer(Korea) Vol. 24, No. 4, July 2000
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PLA-CO, E£¥E0] di% 259 Uz FAle] #
d" AREE Figure 29 YeEiith. PLAL (M=
84500, M,=60575)< &% 44~90 C HdA &
S gElo] 1336 +24 baro]giom, PLAL (M,=
128450, M,=80925)2 2% ¢ 33~93 C *Hlel
A &3l€E ko] 1409+20 baro]¥ ). ojuf Z&
FF9 A 2R Mt & AL AR H
2 AL #E A& A Lz A 24
Al COA PLAR®} PLA o] £35E ¢taEe
Mz vwshd o 73barF T AJo]E Holed, o]
BRI Apold] o Yeldt #Adelt AlgE T &
E URE % AR (M) & Afrn 7
247t o &8 HYon, ot 43 ¢HaE b
o] dio] dojdrh =3 PLA-CO A= 2571
Zage we ERE Uzl FU1ge BRgoed,
PLAge} PLA 2 E8E Yxe] Xoj& oF 0.04 g/
cm?E Ry}

Figure 32 PLGA5-CO A9 3 2x9} dx
BAE YeErilH. PLGA 5 (M, =95000, M,=
61650) & 2% 39~91 C HHA L= o)
1796 £26 baro|g o™, PLGA, sy (M, =149000,
M,=86125)8 &% oF 37~85 C HY A &32
9}2do] 1881 +37 barol¥t}l. PLGA s # PLGA,
o] £3Y¢Y Aol of 85barolglon, EE U
< A FYA Jeldth PLGA5-CO, Aol i3]
EApge] 2ol mE UxE= A9 zlo)7} giKict. T3
257t ZHagel gt oF -0.02 (g/cm?)/10 THER
4=7} F7Hhe B
PLGA-CO Al t3d 256 ng £3E Ux

Figure 4o Jeplgith. PLGA; & M,=
829503} M,=579250|1], oF 42~87 C W A
YHY #AAE 2895+104 baro)gdrh. PLGAsy
= M,=141000% M,=801000]0, o 43~97
2=iSolA EPA9] FAE 29651143 baro|Q
t}. PLGA9 CO,9) E3E9) tia] 2571 F713%
d uwl EFE Y=t AFHe g 24T Aoz
ettt & PLGA; 3534 (LH)S 2939 a1
ol ¢ 70barE Jehdon, & FEH ] TS
A= zlel= HEE o 0.01 g/em’)qth. PLGA;5-
CO A ¢} wpi7lx| 2 PLGA;-COAE Bdd A
& B3on, glycolide §ego] Z7igddl whel &3

[0 of

fifns

Folol A243 Al4% 20008 7€
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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,.

1.40
~%- PLGA
s
. -{— PLGA
- 35H
E135}
o
~ i
=)
= \ =2895% 104 bar
g s
‘@
T 1.30 .
S
P =2965% 143 bar
son
¢
1.25

40 50 60 70 80 90 100
Temperature (C)

Figure 4. Effect of weight average molecular weight
on the mixture density of PLGA3; in supercritical CO,.
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Figure 5. Impact of glycolic acid (glycolide) content
on the mixture density of PLGA in supercritical CHF ;.

Bx7be] Byt zAago 2 Aol 18l U
it Aoz Algdrh

Figure 5= 2974 CHF 3Ujollx PLA 49} PLGA 5y
o] E£3E U g Hlmate] Yepdth. PLA, (M,
=128450, M,=80925)-CHF ;4] zadel 7#A
#H-e 655+112barold, EFE U o 27~
71 CHYNA 1.302~1.334 g/em® B4 =3
o] Ae &=7t 7l wet dxe ot 29 7)
$7]& Relx ik, PLGA25H (M, =130125, M,
=77650)-CHF A= &2 7]€7]& YepiSlen,
235 gPM = 1408 £ 66 bar (1342 ~ 1474
bar) 24 ¢ 29~81 C %A 1.464~1.535g/
em® Mol e 2UxE nyod, TEYE AB:
Table 49 JYepidrtt. F Al dis) E3E A=E
A2 ¥]23 Ax} PLA,-CHF,77} PLGA ,54-CHF,
Al Hl& o 1.2g/em® A= EA Ueldth Fig-
ure 62 ZYA &uidd CHCIFWH9 PLAy,
PLGAy;y B PLGAgpd Ui 2x9 EFE 2=
TAE Hgom, o8} AP¥H AF = Table 59 U}
ehliddth 583 AAIGH s PLAg-CHCIF,
A& 60440 baro), PLGA ,,-CHCIF, A= 67 +
52 baro] 31, PLGA;q-CHCIF, A= 173468 bar ¥
Aot et el £ 8ol (CO,9t CHF;)9) v
&3 s = ggo] ofF wow, o] CHCIF, §uj7t
tE 5 8o Hs PLASe] Fsldo] -3l
Ag ouigrh. =g T &9 (CO,9 CHF,) %}
CHCIF, ¢wl& A=z ©lms] & u}, CO,9 CHF &
AMEEle] de 2enol 9% A= e AFS v
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Table 4. Mixture Density Data for PLA and
PLGA in Supercritical CHF; Obtained in This
Study

PLAY® PLGAZsHb
T(C) density(g/cm®) T(C) density(g/cm®)
274 1.334 286 1.535
332 1.332 374 1.522
441 1.321 50.6 1.505
57.8 1.311 66.3 1.485
71.0 1.302 81.1 1.464

% PLAy pressure range : 543~767 bar.

% PLGA 45y pressure range : 1341~ 1474 bar,

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

1.30 T L T
P= 173?:M CHCIF,
1.25[ —&PLA
E ~O— PLGA
E 2SH
O 1.20} —— PLGA
E D\D soH
=~ T
24 15[ Py =67 S2bar \D ]
[%]
=
o}
a
110 P =60% 40 bar '\.\‘\. ]
1.05 . : . e
30 40 50 60 70 80

Temperature (C)
Figure 6. Impact of glycolic acid (glycolide) content
on the mixture density of PLGA in supercritical CHF 5.

Wz oy, CHCIF,= vz 259 9% 347}
glycolide ¥ze] Z713de] what 8 Lxvt F7}
e} o] § A4S Table 1614 Be ups} 2o
CO,9 CHF;& %3 2dEZ} A2 vkd g
73 9o}, CHCIF,= £=4 (polarizability) o)
08 7 294 8uiEng Fo24 yehd @izt
Azrgct. 53] PLGAsy-CHCIF, Al PLGAg9)
glycolide ¥&go] B2 #AZ CHCIF, w7} s}
Ho| Zaloz S8y e woul EFE UsE v
1A E& Ao YEhygrh

Figure 72 PLAyd o8l CO,, CHF,;, %
CHCIF, &5 #ale] £ Ud%=E ¥|adld v

epiglon, #A A2 Table 56 Bt PLAy
-CO A1} PLAR-CHF A4 H]s| 2 PLA,-CHCIF,
A7t EFE WEIt RS @ = Atk T PLA-
CO,A4 ¢} PLAy-CHF A& M2 ving Axs ¢

[o)
=
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ZYA guiA A BEHA Poly(lactide-co-glycolide) FF @A o £HE = 54

Table 5. Mixture Density Data for PLGA in
Supereritical CHCIF; Otained in This Study

PLAy® PLGAs° PLGAgoy°
density . density density
T gem®) T (gem) T (g/emd)

50.3 1.106 36.2 1.193 38.6 1.298
55.0 1.101 42.7 1177 525 1.286
60.5 1.096 51.8 1167 66.9 1.274
71.9 1.084 64.8 1.154

% PLGA,sy pressure range : 20~ 100 bar.

® PLGA 55y pressure range : 14~ 118 bar.

¢ PLGAjy pressure range : 105~ 241 bar.

The subscripts L and H represent low and high molecular

weights.

1.40 T g T
PLAH Solvent
0\0\.\.‘

1.30} e CHF, E
£
O
~
S 120} 3
2
B
c co
& 10f O~f—py A

T CHCIF,
1.00 L L L
20 40 60 80 100

Temperature (C)
Figure 7. Comparison of different supercritical fluid
solvents for dissolving PLAg.
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w3l A7IA 25 AEE 29 78]
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g E4E e gl

2 £
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solvents for dissolving PLA.
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