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Table 1  Physical properties of PLGA

Composition

) ) ) ) M," (kDa) Inherent viscocity (dL/g) Tgb ()
Lactic acid (LA) : Glycolic acid (GA)
85:15 50 0.43 53.1
85:15 200 1.20 52.6
50:50 200 0.77 48.9

* M, : weight average molecular weight; " T,: glass transition temperature
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Fig. 1 SFE-500MR-2-FMC 10 system for supercritical
foaming experiment

ABPR, : automated pressure regulating valve; C,: check
valve; CB: cooling bath; FM, : flowmeter; H, , H, : heating
jacket; MV, -MV,: manual valve; P,: pump; V,: high

pressure cell
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Fig. 2 SEM images and pore size distribution for PLGA scaffolds with different molecular weight (a) PLGA 85:15 50
kDaj; (b) PLGA 85:15 200 kDa fabricated at 45°C and 20 MPa for 2 h with depressurization rate of 0. 20 MPa/s



24 XU B IR AL CO, KLk 4 PLGA Z LA 4 177

JE 7 20 MPa, {5 BF ] 2 h, it 3 2% 0. 20 MPa/s
%Ak TF,50 kDa F1 200 kDa Wi fff PLGA 4 F &
(LA: GA =85:15) X & il &3 F2 v it £L I 1l 19 52
M. 45 9 Won , RA W) o F s i, A5 20 1 i AL
S8 FLAR T /N, I HL AL AR 4 A X ) 48 . AE SC—
CO, i B, COTER AW h 0y i e BE S Ho R
i3 R SR A ) WS R S R AW T
T AL R S e CO, I fft FIRE AT I S
Wz —. Mo TR BT, R A& W TE G A
Oy RIS A Y FeiRE—ElHU B RS
YWHE SC-CO, Ak FHMAREA 5 F AL, IF H 43
TR R G, LA R I A i ik R
JiE K, A T AL R B R S i B
JET IS, REW o F =Bk, R i,
MRS ) A% B FL A Ko A& b, K (i oy
FE)ROGY S BUE CO,, M (K F8) %
By CO, N T 5y B 25, T B0y + &

R R A, 76t R B SR A K e 8 s K B
e v FLEs F T
2.1.2 PLGA 41

PLGA J£FL R (LA) F1 & B 1R (GA) iy 3L 5
Wy, Hod LA fil GA [ bl g2 T PLGA 5 CO, 1
SEAE, — M CO, 76 PLGA v 1) ¥4 firt 70 i K 72
B LA A3 Z e ¥ LA Fl GA 94y
FEER & LA 4y Foh & A WL, —Jr i, S8
B 23 [0 7 B, {8 CO, I ER 35 14 A B JH s
55 3 5 — 7 0, SEARRON (A7 A TR R R T R A
SERTY A B AR R, DT B K CO, £ JL v 1Y 3% i
B ARSLE T, B AR XF CO, 7E PLGA HifH
AT R E SR, R RE%E LA SR L,
53 B B R FLFL AR A 22 FL 45 H 1 R 7F 4% il
EEVEZF R AR [A) PLGA 2H B0 107 £ 1 AL R ~F ¢
2 iR, 5 SCERRGE fas By e

Table 2 The effect of polymer composition on the pore size of PLGA scaffolds

Process parameters

Mean pore diameter (pum)

Temperature (°C) Pressure ( MPa)

LA: GA (85:15) LA: GA (50:50)

45 15.0
55 15.0
65 15.0

375.8 +16.0 161.1 £6.7
16.6 0.5 12.6 +0.6
34.1x2.1 19.2+3.3

21,3 JEURE A JEEEE X K v R 1 B

M i A, CO, 7 PLGA 35 57 i £ 126 B 42
XL BT IR B A 3 AV L. B 3 (a) RT3 ()
RAEIE B 45°C JE 3 15 MPa R JERFE] 2 h DK
R B % 0.20 MPa/s 4% £ 5, JE 43 51 9 0.6
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25 W 22 ), R WIAE 2 h R TR A Y €O,
7E PLGA J5URL A Hh B0 3 A 3K 51 145 M F- 467 , Ji5 25 5¢
Ky 5 SC-CO, % WA JE ] 2 h.
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Fig. 3 SEM images of PLGA scaffolds (LA: GA =50:50, 200 kDa) with different disc thickness and saturation time (a) 0.6 mm, 2 h;

(b) 0.6 mm, 4 h; (¢) 1.2 mm, 2 h and (d) 1.2 mm, 4 h fabricated at 45°C and 15 MPa with the depressurization rate of 0. 20 MPa/s

v

Fig. 4 SEM images for PLGA (LA: GA =85:15, 200 kDa) scaffolds fabricated at different pressure of (a) 10 MPa, (b) 15 MPa, (c¢) 20

MPa and (d) 25 MPa and 45°C , for 2 h with the depressurization rate of 0. 20 MPa/s
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Fig. 5 Mean pore diameters of PLGA scaffolds fabricated at different

pressure (temperature 45°C , depressurization rate 0. 20 MPa/s)
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Fig. 6 SEM images for PLGA (LA: GA =85:15, 200 kDa) scaffolds fabricated at different temperatures: (a) 35C, (b) 45C, (c¢)
55°C, (d) 65°C, (e) 75°C, (f) 85°C and 15 MPa, for 2 h with the depressurization rate of 0. 20 MPa/s
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Fig. 7 Mean pore diameters of PLGA scaffolds fabricated

at  different  temperatures  ( pressure 15  MPa,

depressurization rate 0. 20 MPa/s)
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Fig. 8 SEM images for PLGA scaffolds with different
depressurization rates: (a) PLGA 85:15 50 kDa, 0.20
MPa/s and (b) PLGA 85: 15 50 kDa, 0.05 MPa/s
fabricated at 45°C and 20 MPa for 2 h
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Table 3  Porosity and compression strength of PLGA scaffolds fabricated at different experimental conditions

Process parameters® Porosity, @ (% ) " Compression strength ( MPa)

Temperature (°C ) Pressure ( MPa) LA: GA (85:15) LA: GA (50:50) LA: GA (85:15)

45 20.0 68.93 +2.63 69.78 +2.45 28.66 £2.38
45 15.0 94.45 £0.89 95.01 £0. 86 0.70 £0. 02
55 15.0 68.46 +2.76 66.41 +3.95 27.70 £2.93

*Processing conditions: PLGA 200 kDa, saturation time 2 h, depressuration rate 0. 2 MPa/s; " Porosity calculated by Eq. (1)
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Fig. 9  Interconnectivity of PLGA scaffolds at different

experimental conditions
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FABRICATION OF POROUS POLY(LACTIC ACID-co-GLYCOLIC ACID)
SCAFFOLDS USING SUPERCRITICAL CARBON DIOXIDE

Qian-qgian Liu, Chuan Tang, Zhe Du, Yi-xin Guan, Shan-jing Yao, Zi-qiang Zhu
( Department of Chemical and Biological Engineering, Zhejiang University, Hangzhou 310027)

Abstract Supercritical carbon dioxide (SC-CO,) foaming technology was applied to fabricate highly porous
poly (lactic acid-co-glycolic acid) (PLGA) scaffolds. The effects of polymer chemical composition ( the mole
percentage of glycolic acid in the polymer was 15 and 50 respectively) , molecular weight (50 kDa and 200
kDa) and the processing parameters including foaming pressure (from 10 MPa to 25 MPa) , temperature ( from
35°C to 85°C ) and depressurization rate (0.05 MPa/s and 0.20 MPa/s) on the scaffold structure were
investigated in detail. Morphologies of the scaffolds were characterized by scanning electron microscopy (SEM)
and pore size distribution was obtained wia analysis of SEM images. Porosity and interconnectivity of the
scaffolds were measured by pycnometer ( Archimedes’ principle ) and mercury intrusion technique,
respectively. The results showed that the pore size and interconnectivity increased while increasing the lactic
acid content of the polymer. Higher pressure led to higher cell density and smaller pores,and pore coalescence
occurred at low depressurizing rates. Glass transition temperature (T,) of the polymer decreased under SC-
CO, ,and large polygonal cells were formed when the foaming temperature was set below 45°C. Differently,
higher foaming temperature resulted in globular cells, with cell size decreased sharply. However, further
increasing the temperature led to slightly larger pore sizes. Supercritical carbon dioxide foaming method makes
it possible to fabricate the macro-cellular and micro-cellular foams of PLGA without using organic solvents and
high temperature , which provide a way to fabricate porous polymer scaffolds for potential applications in tissue
engineering.

Keywords  Poly(lactic acid-co-glycolic acid ), Supercritical carbon dioxide, Foaming, Porous tissue

engineering scaffolds



