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2.1.2.1 A&

THF-A (Tetrahydrofurfuryl acrylate, Chemical Abstract Service
Registry Number 2399-48-6, 98.5 mol% minimum purity) ¢ THFMA
(Tetrahydrofurfuryl acrylate, Chemical Abstract Service Registry

Number 2399-48-6, 98.5 mol% minimum purity)s V]LQAALE(HE 7],
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gRl=ol A skt o] F ERES FHHLR £EE ¥l
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EAI oF 98.5molene L& HA7] wEolth o]iksterA (99.99
mol% minimum purity)¥ Korea Industrial Gases (A%, tf 3 =E)of A
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EAXKQ Ao A, VVVC AF Ax|ef Ae dxpe] AFAPS
g2lst7] 3] Reference TestE AASAY. HAEZ A=

Al Theket AdANTE Bag o uE - o]AbsterAe] 2474



2 2% W9E 313.15K¥ 333.15K¥S el AdAuE
REH15-18]. olH Aol AREE VVVCe 7)o Hare
A A7} 2re] vl 1Y 2.2¢ e 9

ofgfjo] AYPAFNE EUE = w oy A A4 A¥ At
XS & g AJMAL, olF FI AFolA AHEE VVVC A 9]
30 AFHA o AAAA7 gieivhs A8S WE F AT

THF-A$} THFMAS A3 &% 313.15Kol4 363.15K7HA] %
671 Gl AA FAs o, olitsigtie] HEE W= oF 0.5904
0.97bA1¢] W& Agedvt. AAAF FEE &S °F 6MPaclA
17MPa 9] 9o Ax #ZHJTE Aol AHgdE BHES A

Y 2.4-25 % ¥ 2.1-3] YeIT)

aga AES Fd Ao dHelHE EUZ Peng-Robinson
FET A A (PR-EOS)S ol&3ste] AdAN dHeolHES d9iioz
maadth. AAE PR-EOS 412 olget 2tH[19].

_RT a(T)
“V-—b V(V+b)+b(V —h)

(1)

w3k S5 A% AElr] 98] van der Waals @ #-A4 &3
TS o] gste] AdolE e AFEE AFEAT

a=Y Y XX (2)
i
b=>xb, (3)

i :\/aiaj (1_kij) (4)

10 A 2- ] ¢
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¥ 2.1. Peng-Robinson A EHW A4S A8317] 913 A2 A

shebule] w o] 41914}

= 4 Tc (K) Pc (bar) ) H| a1
CO> 304.12 73.82 0.2392
662.1 30.7 0.368 N-RP
THF-A
657.5 30.7 0.480 C-G¢
657.6 26.0 0.424 N-RP
THFMA
656.7 25.0 0.516 C-G¢

2 Reference [20].
b Nannoolal-Rarey group contribution method and Lee-Kesler method.

¢ Constantinou-Gani group contribution method and Lee-Kesler method.
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¥ 2.2. COs+ Tetrahydrofurfuryl acrylate®] A% Ad Az

Mole fraction of

T(K) P(bar) Transition®
CO;

363.15 100.3 0.570 BP
105.5 0.604 BP

116.2 0.646 BP

131.4 0.689 BP

139.1 0.741 BP

155.5 0.788 BP

168.4 0.846 BP

172.9 0.889 BP

171.7 0.908 DP

168.5 0.934 DP

353.15 88.9 0.570 BP
97 0.604 BP

105.8 0.646 BP

118.2 0.689 BP

124.7 0.741 BP

139.1 0.788 BP

151.8 0.846 BP

154.9 0.889 BP

14 __Jx_',i: =N



343.15

333.15

155.5

152

79.4

85.5

92.2

104.1

108.5

121.5

132.3

136.4

137.4

134.1

69.8

75.7

81

90

93

105.7

1141

114.8

0.908

0.934

0.570

0.604

0.646

0.689

0.741

0.788

0.846

0.889

0.908

0.934

0.570

0.604

0.646

0.689

0.741

0.788

0.846

0.889

DP

DP

BP

BP

BP

BP

BP

BP

BP

BP

DP

DP

BP

BP

BP

BP

BP

BP

BP

BP



323.15

313.15

117.5

115.2

61.5

63.4

69.4

77.5

80.7

89.4

97.1

96.3

97.7

97

51.9

56.4

59.5

65.6

67.1

73

82.6

80.5

16

0.908

0.934

0.570

0.604

0.646

0.689

0.741

0.788

0.846

0.889

0.908

0.934

0.570

0.604

0.646

0.689

0.741

0.788

0.846

0.889

DP

DP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP



79.7 0.908 BP

79.3 0.934 BP

& Standard uncertainties are u(T) = £0.0815 K, u(P) = £0.0698 bar, and u(w)
= +0.0016g [21,22].

b BP : bubble-point, CP : critical-point, DP : dew-point
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¥ 2.3 COy + Tetrahydrofurfuryl methacrylate®] A% A& 2}

Mole fraction of

T(K) P(bar) Transition®
CO;

363.15 101 0.565 BP
106.6 0.609 BP
116.1 0.651 BP
125.6 0.684 BP
136 0.725 BP
146.5 0.766 BP
153 0.785 BP
164.4 0.828 BP
166.4 0.85 BP
172.4 0.887 BP
174.1 0.9 DP
175.2 0.921 DP
177 0.938 DP
172 0.946 DP

353.15 90.4 0.565 BP
99.6 0.609 BP
105.5 0.651 BP
1115 0.684 BP
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343.15

123.4

130.4

137

146.2

150.2

154.4

157

157.9

160.1

156.1

80

87.3

92.3

98.5

108.6

113.6

120.8

127.6

132.6

135

138

19

0.725

0.766

0.785

0.828

0.85

0.887

0.9

0.921

0.938

0.946

0.565

0.609

0.651

0.684

0.725

0.766

0.785

0.828

0.85

0.887

0.9

BP

BP

BP

BP

BP

BP

DP

DP

DP

DP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

DP



333.15

323.15

139

141.6

138

69.7

78.7

80.4

85

93.9

96.6

104.3

108.6

113.9

114.4

117.1

118.6

122

118.2

61.8

68.7

70.9

20

0.921

0.938

0.946

0.565

0.609

0.651

0.684

0.725

0.766

0.785

0.828

0.85

0.887

0.9

0.921

0.938

0.946

0.565

0.609

0.651

DP

DP

DP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

DP

DP

DP

DP

BP

BP

BP



313.15

72.8

81

82

88.7

90.4

94

94.4

96.9

98.2

101.5

98.8

52.8

60.3

60.2

60.4

66.8

68.6

74.5

4.7

75.3

77

21

0.684

0.725

0.766

0.785

0.828

0.85

0.887

0.9

0.921

0.938

0.946

0.565

0.609

0.651

0.684

0.725

0.766

0.785

0.828

0.85

0.887

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP

BP



78.7 0.9 BP

80.5 0.921 BP
83.1 0.938 BP
80.6 0.946 BP

& Standard uncertainties are u(T) = £0.0815 K, u(P) = £0.0698 bar, and u(w)
= +0.0016g [21,22]

b BP : bubble-point, CP : critical-point, DP : dew-point
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¥ 2.4 PR-EOSE 0]&3F CO, — THF-A, THFMA A]~=E¢] o] A5

z+8 yw}e}u)E (binary interaction parameter) % AADP(%) AXF A3},

T/K ki AADP (%) I

CO» + Tetrahydrofurfuryl acrylate system

0.0601 2.31 N-R?
313.15~363.15
0.0444 1.91 C-G®

CO; + Tetrahydrofurfuryl methacrylate system

0.0745 3.25 N-R?
313.15~363.15
0.0645 2.59 C-G®

? Nannoolal-Rarey method and Lee-Kesler method.

b Constantinou-Gani method and Lee-Kesler method.
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2.1.3 AEAAY ZEALEATT £8H 3AHEA A|2H

2.1.3.1 A=

1% L-lactide®}t D-lactide= Purac Biochem(U¥Y #=, chiral

purity minimum 99.9%)& &3 TFHste], st |E=dATFd (A,

et =)S =3 Poly (L-lactic acid) (Mw 312,000, polydispersity 2.1),

Poly (D-lactic acid) (Mw 359,000, polydispersity 1.7) & =3% it}

s cHEAbEE GPCE ARl ZA At

i

Zb Al
Polycaprolactone (Mw 56,000, polydispersity 1.2)2 Sigma
Aldrich(FMI1EFo] 2, mF=g], ms)olA FPHer, GPCE ©]-&3l
=40 TR e S gQleta Aol AREEHAT. o]tk
(99.9 mol% minimum purity)© WHE7FAGANA L, digHRla)ol A,
|2 AFEE HE2=2ZWEH99.8 mol% minimum purity)®] 785
A (AE, gl A R B 242 E 2.59
RSN N

2.1.3.2 23 % u3

PLLA, PDLA, PCL & A& ZEAE =9 JHe Sujol
Eo]7] YalAE &% 293.15~373.15K WY oAl ¢k 1500bar

ol kel bl

hs

o aste]l @757 wiZdl, o] E£AE a4s]

_/,:
22 SrzA H7edv(26]. HEzEv s viZ

sl dE

AAZE olf= AEs] gdd et Agols i AREEHA low
o} chlorohydrocarbon &wuj&o Hs|A W& A4S 2 Q7]
o] w27 1.
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E 25 A L] Y E FxE
24 A S By
(g/mol) (Polydispersity)
Poly(L-lactic acid) o o
312,000 W\ 2.1
(PLLA) \((k\)\( n
Poly(D-lactic acid) 0 0
359,000 1.7
(PDLA) XOM
Polycaprolactone 0
56,000 I 1.2
(PCL)
,
A=A H 718k 2=
(g/mol) (mol% purity)
Cl
S22 e 84.93 Cl—&h 0.998
I
H
SJRdlacins 44.01 0=C=0 0.999
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¥ 2.6 PLLA + Dichloromethane + CO»2] A7 % 23 2y

PLLA mass fraction (w1) = 1%

Mass fraction® T(K) P(bar) Transition®
w, 0.681 363.15 80.19 BP
w3 0.319 353.15 71.85 BP

343.15 64.24 BP
333.15 56.24 BP
323.15 48.68 BP
313.15 42.47 BP
w, 0.623 363.15 99.35 BP
wz 0.377 353.15 72.38 BP
343.15 64.89 BP
333.15 57.13 BP
323.15 48.90 BP
313.15 42.48 BP
w, 0.590 363.15 138.86 CP
wz 0.410 353.15 103.33 CP
343.15 70.09 CP
333.15 62.81 CP
323.15 42.40 BP
313.15 44.95 BP
w> 0.530 363.15 228.81 CP
w3 0.470 353.15 193.15 CP
343.15 160.01 CP
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333.15 117.80 CP
323.15 75.56 CP
313.15 51.15 BP
w, 0.477 363.15 299.33 CP
ws 0.523 353.15 261.42 CP
343.15 224.42 CP
333.15 178.77 CP
323.15 136.13 CP
313.15 86.37 CP
PLLA mass fraction (w1) = 2.5%
Mass fraction® T(K) P(bar) Transition®
w, 0.691 363.15 65.76 BP
w3 0.309 353.15 61.23 BP
343.15 52.90 BP
333.15 47.09 BP
323.15 40.98 BP
313.15 34.96 BP
w, 0.632 363.15 106.07 CP
w3 0.368 353.15 78.94 BP
343.15 69.97 BP
333.15 61.04 BP
323.15 52.89 BP
313.15 45.06 BP
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w, 0.586 363.15 154.78 CP
w3 0.414 353.15 118.27 CP
343.15 81.09 BP
333.15 64.99 BP
323.15 56.27 BP
313.15 47.76 BP
w» 0.537 363.15 231.27 CpP
w3 0.463 353.15 194.68 CP
343.15 155.50 CpP
333.15 113.37 CP
323.15 64.84 CpP
313.15 53.66 BP
w> 0.486 363.15 302.22 CP
w3 0.514 353.15 264.52 CP
343.15 224.83 CP
333.15 183.22 CP
323.15 138.97 CP
313.15 89.62 CP

PLLA mass fraction (w1) = 3%

Mass fraction® T(K) P(bar) Transition®
w, 0.670 363.15 110.95 CP
ws 0.330 353.15 78.00 BP

343.15 69.50 BP
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w, 0.628

w3 0.372

w 0.586

w3 0.414

w2 0.536

w3 0.464

w2 0.517

W3 0.483

333.15

323.15

313.15

363.15

353.15

343.15

333.15

323.15

313.15

363.15

353.15

343.15

333.15

323.15

313.15

363.15

353.15

343.15

333.15

323.15

313.15

363.15

353.15

343.15

61.13

52.32

45.10

115.75

79.70

70.29

61.71

54.85

47.19

180.45

143.76

105.33

69.42

60.19

51.42

234.73

197.18

158.28

117.61

73.02

52.03

256.56

219.92

182.39

34

BP

BP

BP

CP

BP

BP

BP

BP

BP

CP

CP

CP

BP

BP

BP

CP

CP

CP

CP

CP

BP

CP

CP

CP



333.15 140.75 CP

323.15 96.67 CP

313.15 53.40 BP

a Standard uncertainties are u(T) = +£0.0815 K, u(P) = +0.0698 bar, and u(w) =
+0.0016g[21,22].

®w; (PLLA), w; (dichloromethane) and ws (CO;) are mass fractions; w, and w; are
calculated on a polymer-free basis.

¢ BP : bubble-point, CP : cloud point

35 N =th



350
300 A .
]
—~ 2501
S . 4
% 200 A a
|- ] v
> N
B 150 A v
[b) ||
= N
B 100 - M °
- °
504 % g ©
O T T T T T
310 320 330 340 350 360 370
Temperature(K)

a¥ 2.6 PLLA F7 & 1.0%94, PLLA + tZ=2=Zv g +

ol tgletro] 3AEA AE dH-& TE. oitEEks T 2&
Apariarel steks A9 g t]EF R 2| ek} o] Aksl ek azke] B )
W 0523; A, 0471; ¥, 0.429; O, 0.371 ; @, 0.319.

M

(a

36 . iﬂ ‘._, 1_'.]| ol



350

300 A .
—~ 250 A .
=
n
2 200 A
o
2 ) g
9 150 A
L L] A M
o 100 - A o
¥ )
501 § 8 ¢
0 T T T T T
310 320 330 340 350 360 370
Temperature(K)

(GLE-A 3157 9]

W 0.514; A, 0.463; v, 0.414;

-k gz, oitst
SRzt o)itkst

r]
O, 0.368; @, 0.309

37

2.5%4), PLLA + tlZ22v|& +

e 5 2

Bhaghe] B ) :



350

300 1
| |
~ 250 -
S -
= 200 -
L . £ v
=]
g 150 L] A v
(<]
=~ A
Q- 100 - . ©
A 5 5 9 d
501 § $
0 T T T T T
310 320 330 340 350 360 370

Temperature(K)

a¥ 2.8 PLLA F7 & 3.0%94, PLLA + tZ=2=zv g +

ojatgletro] 3AEA AE dH-& HE. oitEEks T 2&
Apariiapel sheks A9 t]E R 2| ek} o] Aksl ek Aazke] B )
W, 0.483; A, 0.465; ¥, 0.428; O, 0.372; @, 0.330

(ar

A

38 A 21



¥ 2.7 PDLA + Dichloromethane + CO»2] A7 % 23 2y

PDLA mass fraction (w1) = 1%

Mass fraction® T(K) P(bar) Transition®
w, 0.690 363.15 76.40 BP
w3 0.310 353.15 69.54 BP

343.15 61.53 BP
333.15 53.69 BP
323.15 46.36 BP
313.15 39.33 BP
w, 0.655 363.15 84.48 CpP
w3 0.345 353.15 75.62 BP
343.15 67.74 BP
333.15 59.39 BP
323.15 51.34 BP
313.15 43.03 BP
w, 0.592 363.15 151.39 CP
w3 0.408 353.15 113.80 CP
343.15 75.67 CP
333.15 65.46 BP
323.15 56.48 BP
313.15 47.94 BP
w> 0.526 363.15 238.78 CP
w3 0.474 353.15 201.98 CP
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343.15 161.99 CP
333.15 122.22 CP
323.15 78.23 CP
313.15 54.66 BP
w> 0.485 363.15 300.38 CP
w3 0.515 353.15 262.26 CP
343.15 221.72 CP
333.15 181.31 CP
323.15 13551 CP
313.15 89.42 CP
PDLA mass fraction (w1) = 2%

Mass fraction® T(K) P(bar) Transition®
w» 0.692 363.15 77.98 BP
w3 0.308 353.15 69.95 BP

343.15 62.64 BP
333.15 54.50 BP
323.15 47.00 BP
313.15 40.24 BP
w» 0.656 363.15 86.11 CP
w3 0.344 353.15 76.78 BP
343.15 67.70 BP
333.15 59.52 BP
323.15 51.58 BP
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313.15 43.69 BP
w, 0.503 363.15 139.99 CP
ws 0.397 353.15 103.72 CpP
343.15 73.66 BP
333.15 64.14 BP
323.15 55.29 BP
313.15 47.47 BP
w, 0.545 363.15 202.54 CpP
w3 0.455 353.15 166.68 CpP
343.15 127.64 CP
333.15 86.86 CpP
323.15 59.90 BP
313.15 51.13 BP
w, 0.487 363.15 292.71 CP
w3 0.513 353.15 254.87 CP
343.15 215.21 CP
333.15 173.48 CP
323.15 128.1 CP
313.15 81.40 CP
PDLA mass fraction (w1) = 3%
Mass fraction® T(K) P(bar) Transition®
w, 0.693 363.15 78.74 BP
ws 0.307 353.15 70.61 BP
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w2 0.638

w3 0.362

w2 0.576

ws 0.424

w2 0.554

W3 0.446

w> 0.501

ws 0.499

343.15

333.15

323.15

313.15

363.15

353.15

343.15

333.15

323.15

313.15

363.15

353.15

343.15

333.15

323.15

313.15

363.15

353.15

343.15

333.15

323.15

313.15

363.15

353.15

42

63.23

55.39

47.70

41.22

107.79

78.61

69.28

60.39

51.65

43.77

184.29

147.81

83.20

69.24

59.19

49

229.97

193.28

154.37

113.45

69.14

52.20

264.96

228.99

BP

BP

BP

BP

CP

BP

BP

BP

BP

BP

CP

CP

CP

CP

BP

BP

CP

CP

CP

CP

CP

BP

CP

CP



343.15 189.57 CP

333.15 148.87 CP
323.15 105.10 CP
313.15 56.65 CP

a Standard uncertainties are u(T) = £0.0815 K, u(P) = £0.0698 bar, and u(w) =
+0.0016g[21.22].

b wi (PDLA), w; (dichloromethane) and ws (CO,) are mass fractions; w- and ws
are calculated on a polymer-free basis.

¢ BP : bubble-point, CP : cloud point
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¥ 2.8 PCL + Dichloromethane + C02¢] A A% 23 Ax

PCL mass fraction (w1) = 1%

Mass fraction® T(K) P(bar) Transition®
w, 0.773 353.15 57.15 BP
w3 0.227 343.15 51.52 BP

333.15 45.11 BP
323.15 39.49 BP
313.15 32.57 BP
w, 0.700 353.15 67.60 BP
ws 0.300 343.15 60.58 BP
333.15 53.35 BP
323.15 46.80 BP
313.15 40.13 BP
w> 0.633 353.15 105.84 CP
w3 0.367 343.15 67.26 BP
333.15 58.62 BP
323.15 50.36 BP
313.15 42.47 BP
w> 0.590 353.15 165.50 CP
w3 0.410 343.15 122.99 CP
333.15 79.49 CP
323.15 55.86 BP
313.15 47.44 BP
w> 0.565 353.15 207.28 CP
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w3 0.435 343.15 165.49 CP
333.15 121.92 CP
323.15 77.62 CP
313.15 50.33 BP
w> 0.502 353.15 306.97 CP
w3 0.498 343.15 267.17 CP
333.15 231.70 CP
323.15 186.92 CP
313.15 138.36 CP
PCL mass fraction (w1) = 2%

Mass fraction® T(K) P(bar) Transition®
w; 0.754 353.15 61.74 BP
ws 0.246 343.15 55.27 BP

333.15 48.39 BP
323.15 42.48 BP
313.15 36.64 BP
w, 0.713 353.15 66.77 BP
w3 0.287 343.15 59.55 BP
333.15 52.47 BP
323.15 45.97 BP
313.15 39.48 BP
w; 0.654 353.15 91.87 CP
w3 0.346 343.15 69.01 BP
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333.15 60.69 BP
323.15 53.11 BP
313.15 45.11 BP
w; 0.604 353.15 161.11 CP
ws 0.396 343.15 121.31 CP
333.15 79.29 CcpP
323.15 56.78 BP
313.15 48.79 BP
w, 0.556 353.15 245.93 CpP
ws 0.444 343.15 205.45 CpP
333.15 161.91 CP
323.15 116.02 CpP
313.15 68.08 CP
w> 0.495 353.15 358.75 CP
ws 0.505 343.15 313.20 CP
333.15 267.33 CP
323.15 224.44 CP
313.15 176.57 CP
PCL mass fraction (w1) = 3%

Mass fraction® T(K) P(bar) Transition®
w; 0.745 353.15 62.49 BP
w3 0.255 343.15 57.06 BP

333.15 50.30 BP
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w2 0.695

w3 0.305

w, 0.648

w3 0.352

w 0.583

w3 0.417

w, 0.550

w3 0.450

w> 0.493

w3 0.506

323.15

313.15

353.15

343.15

333.15

323.15

313.15

353.15

343.15

333.15

323.15

313.15

353.15

343.15

333.15

323.15

313.15

353.15

343.15

333.15

323.15

313.15

353.15

343.15

50

43.59

38.06

70.74

63.53

56.11

48.97

42.44

103.29

69.18

61.07

55.05

46.13

204.24

162.51

119.63

74.71

52.54

267.17

227.84

185.14

138.74

93.35

380.47

337.47

BP

BP

BP

BP

BP

BP

BP

CP

BP

BP

BP

BP

CP

CP

CP

CP

BP

CP

CP

CP

CP

CP

CP

CP



333.15 294.89 CP

323.15 248.27 CP

313.15 199.80 CP

a Standard uncertainties are u(T) = £0.0815 K, u(P) = £0.0698 bar, and u(w) =
+0.0016g[21,22].

b wy (PCL), w (dichloromethane) and w; (CO;) are mass fractions; w, and ws are
calculated on a polymer-free basis.

¢ BP : bubble-point, CP : cloud point
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3. IEAREA - oldFEr  AxE9
AR ALt 2 AN
3.1. A¥ AT HE

AFTA LA A 2E ] AREE S A7) A R7HA ol

aHEn o7l o] REALLEA A|Z=Eo]  ofy il sl bk,

Agurr oz 71g dy AleEHE A4S Peng-Robinson EOS$}

]

o

Zo] wigEws wdls smoz s Cubic el AEpAA

27} AW o]# Cubic EOS=® EA1F-A Al2~Hlo] AbgE S
Aralr] A7 @tk 7ol wiAiae] wol A A5

offtis ZEZ S EA9 cubic eosE A7 YalHE oF 7HA
g EE AAHE2 estimation)S dl|oF $t}. SFAIRE, polymere] 7 -$-
Al wE 247 wB23 eosE  AAEY] A7 critical
ol Axbstr] o] Het o
7

o o
= IAR, O" F

constantE WA A= 3 271 §l7)
SeEss A9Ae Belel Aues

BHE 0 2 Cubic EOSY AFESIAE A 8wr] Bo] Wiz,

a3 MAE gas-likeZ AZFs]A highly dense non ideal gas®

A whEl s Rdds g2, AAS solid-like® A7)



Azptel  H2  ®BAES potential  energy 7MY AR

B 2}S(nearest)7Fe] potential energy? oz vEld 4 it} o]

ol

o]E2 AN solventl® FAILEALS] FHYPS ALtste=dl 59
F8dS 7FAx2 Qdow, Flory-Huggins TheoryE 7]¥- o2 3}l
ATH28]. Lattice o2 E#° FIwstE Awslr] 9@l lattice

A AEE AASA] 23 A= empty hole site®] MEES =Y

st th. o] Latticed dUAE= 74 g Ex9}e] interactionWh

B

i
=

o] FoME vacancy® mer(caged] XAt Y=

Kl

AEAIEAPY vacancy-vacancy?Fe] interaction oYX 0o]}
7R8I = mer-mer POl T oY% 7} EA5H 1 AS (7)o]t)
N 2
Z r 228
E=——Nr8 =—Nr —_— 7
2 (NO+rN] 77 @

o] o|JA] AL configurational partition function®o] Yir A3k

o voll ts] HAw)E sH The Sanchez-Lacombe lattice—fluid EOS7}
]

ﬂzl{lwm(l_iﬂ_i ®)
T r \; vT

SHA|YF 7]¥ Sanchez-Lacombe®] #]©] nonrandom contributions
FAg = 7Hg w9 efe Ao HASHA Har ol S AsH
98] nonrandom hole®] 7Y ¥ quasi-chemical ST EAE =3
NLFeh=  2Es AdsiA =00 30]. =3 S-L EOSHY
parameter®] A7} 3704 270(v#E  constant 9.75% AA)E
g thE EFo] At} AT NLFoll = ©yo] E&A43=], vy
S 3MAA 2R EEA HEA EE T Y gee g (o | A

59 2 5 ui 1—l| =



e} size parameter )7} & 2% JEAS JHAA HAY 1A
g g7 2EoEANS
a3 Aoz WISIAIAA  ARESRE Shed, ol#EA HY 23]

s E7E =3 6702 Sofu @Al AT o] EAlE

AAZ NLFE 2837 e o

all

dst7] g vxE uASA L1 IgHEE quasi-chemical
approachE 3l Al I HE tA] AlLkst QLEZF 7= AoH[311].

oA ThA A

K

21 B 5 configurational partition function Qo

dte] vE HAwES 4235, QLF EOS7F ol zlt}.

P oz q 1 8
?_—]n(l—p}—l—iln{l—l—(F—l)p]—? o
o] 7B g
Ing, [Mj Inz 10
aNi TV.N;
\
Ar(r,V,N)=—J.(P—NTkTJdV (11)

of wYsted AHylshd  fugacity coefficientZ7} AAtEY  FHF

mixture®] ™3} fugacity 2]<,

In @ =(Z — ]]E (L—L — 1)
ro\ v

Pz q
+ri= — 1(14—(——1)‘)—]2
ri 5 n p yil n

QZLUQJEU + ﬁZ?:OZE:DZLD

> 9}9&-6’;8”(8!] + 28” — 25?_];';;; — EfR)

git
+ = |6—
T 6‘8]\,1

(12)

AP o)lE A mEAEA S large polyatomic moleculeE €]
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ZHAAL Sl A e R BEAbey] ofEe HE 1 EHEY
asymmetricdt %% & Degree of freedom, 183l inter intra
molecular{t9] strong coupling &4 wjiolt}. o] TAES 34317
95 kAl AWk Lattice ©]& % o] RAESo] /HEEd, 1
Z oA %= Hard Sphere Chain 22 reference systemO @ A& ¥ o=
E3 3 excluded-volume effect®?} chain connectivityES a1d sl 7]
o]l Eol A3t JEY}. ofr]o] F7FH O R attractive force

term (perturbation)”} W3l &HEj7} SAFT(Statistical Associated —

Fluid Theory) Z& Hard sphere model& 7]Eo2 3 o 714

eosE°] 7HAAL Q= O] Wiyl ¢hdo] "FTH32].

2L rnez (”)[")
= o 4ref Tlpert T T 7 o
pRT PRT ) . pRT pert

o] o] FHL =3ES 4T Zpertd Wt mixing rule 283t
A oltt. SAFT+ Wertheim®] The first-order perturbation theoryS 7]
Hro g sl o] Belo] aAlS Residual Helmholtz energy S oo} #
o] o] 7}A] effectoll Wit o= F &S},

1. The short range repulsion(ans),

2. The chemically bonding aggregation(achain),

3. The long-range dispersion force(adisp),

4. The association between differ molecule(aassoc)

R _
@ = Qg + Gehain + Adisp + Bassoc (14)

oro] F3te HSC ref. systemolal He

YEhgE goln).

ot
flo

perturbation<
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3.2. The Hybrid Equation of State

o] At mEA AAEY md S i FE AEHY
7129 SAFTUY LatticeZ 7]uko & 3 Al
Cubic 3Eje] EOS® SAFT7F A%d FE= Aol U331
Hybrid Aejm4d 2o Fde g2 Aedgae vs) vusd 7hasiy,
RS 98 awAte] £A% 9= liquid density®t 22 F7HA I
EAgko] dastA ke Mol B AeME AREHE &4 AR

aeAazel =4 Ad dHolgzE gyl wEel, o AlAHEs

A7) S84 hybrid e Ae] Hdsitia B,

£

Hybrid el A A o] &FA A= thS3} o] xdHr).
VA :ZPR +Zassoc +Zchain (15)

o] AejwrAgae FExlel wjA|l AA  (excluded volume) = ¥o}

4~

vty 29t~ A5 28S AWsty] 98 Peng-Robinson  AFERHFA A

aEA Aol oksbl was @A AAI Bap washs

2= udsly] & SAFTO 33HA & (Association effect)?} A&
g ¥ (Chain connectivity)& 1T ¢FAAZE FA4EH 75 =45
7 S A 53], 2 1594 AAALL AWA dFAAE T=2

s dder aE™, dAet FHA A5 SR

kel
i

S~

Fese tEeades ojitstas Al e
PR-EOS¢] 9t&elab ofejo} e 33442 s Alxbech
Z.n —(1-B)Z% +(A-3B2—2B)Z,,—~(AB-B’-B%)=0  (16)
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aP

B:%? (18)

PR-EOS9e] =3t&o gt Ietvges wHHEws od  fA

Z31+2 (van der Waals 1-fluid mixing rule)el] ]38l AAte o},

a:ZZXinaij (19)
ij
b=3xb, (20)

a; =./aa, (1-k;) (21)

PR-EOS®] $t&elAE Adal] Salre 7 gdse] A ex

(To) sk A g (o, 183 oldlA (w7t Bk s

wRAe) Agoe AWA] AS QA BT oA T S Qe

497y w7l wiZel, wkhEds oyx] geu el (ad)d vl AA A
seprlE ] (b obefieh e Ae Ediz dofxith

a =a exp(CT) (22)

o714 a’s C SEnEls APAHE B dojAE ZA/Ms

gt HE oJulete, o] A& hybrid GEEAANA dF

daAor AREEI vk wiAAA gy b JA] dddelHE

ﬁi
ih
>4
E
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X° & WAke] S AbolEo] AdEA ¢E P A B E8S
ojmgity, A olH g Ak Wl SAtlEES AA o= 3gtaavt
e FEQIAE Aoyt o] AHuAAdA I anE T
o] SoldE adatet &ujzte] Igmarl ddsl AHojA FAIE
AR Ava 7HAdthE Holvh &, &y AAAR]D 3] FH(self-
association)o] dojtti= 7Pl FgtaIrl nE Y. o= =

o]2ks} ErAo] A g0l C s, O T/ Heolnz 33e g

4e] Fe7t

A C
Zassoc co, — p 2( 1/_\ _lj ax +( 1C _1) ax (24)
e X 2) op X 2) op

7 'szi(l_mi{ éas _|_§ diigz + aiié/; 3, difgzz +§ diiz/é} (25)
TS grE) [0-6)° 20-0)° =037 -} 7 20-¢),

oA7IM x= A 19 & &8s dvstal, me LA 49

Sk, my

i
rr

MEE AdAnE EUZ HAYst S AHA oA =
stghnl oty 83 die A AEE, (v 7F4AYE 2% (reduced
density) & 9v|stH, gi= 2EA EAES] A (pain)olA HEHE

WAL B 8= (radial distribution function) & %23k}l gioll gk

4o ofelsh Bt

g (dy) = - +3d“ o2 2+2[$} & 3 (26)
1_4,3 2 (l_é,s) 2 (1_4,3)
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AN, g, =N (27)

UM At mEALe] detulE (@, C, b, m) L A dHolE
Qs A0S o §F AARNE Fal oA,

A Aytel AabA el xolE FHEEY] $%k EHA 34 (Objective
function, OBF)Z} AADP (absolute average deviation of pressure) &

obejsh B A& Eao] AabHry.

exp cal
OBF = Z R R
= Pexp
(28)
N
Z‘(Piexp _ Pical)/ Piexp
AADP(%) = =L %100
N (29)

~

o714 Pew o} Pl zhzt A9 tew) AN gt ejuan N &
29 dolg e £A4% o st}

o AEpgalel AMgEE 2Ase semEsh Ads Adte
Hl . A= 9F 33.1-3.4 ¢ 23 3.1-9° YEY QT
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# 3.1 Hybrid e84 Alxkel o] &= d2hvE

Material Parameters of macromolecule

a%(J-m?) 16.7237

bo/(cm*/mol)  128.170
Poly(L-lactic acid)

C -0.00005

m 5481.26

a%(J-m?) 11.5497

bo/(cm*/mol)  118.902
Poly(D-lactic acid)

C 0.00162

m 3660.04

a’/(J-m?) 10.978
Polycaprolactone bo/(cm*/mol)  138.029
(PCL) C 0.00144

m 1559.06

Critical constants
Material

Tc (K) Pc (bar) 0
Dichloromethane 510.0? 61.0% 0.199°
Carbon dioxide 304.122 73.74% 0.225%

aReference [20]. ° Reference [34].
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(LFAILFALS] e A9 tE2 v ety o]iksler izt v &) .
M, 0.483; A, 0.465; ¥,0.428; O, 0.372; @, 0.330
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¥ 3.2PLLA + YEZZZ2 et + o]is}etA AJEI9] o] )T A&

w2}uE (binary interaction parameter) 2 AADP(%)

PLLA Wt% K12 Kus Kos AADP (%)
1.0% -0.01564 0.28982 -0.10077 5.78
2.5% -0.04015 0.07223 -0.10924 5.07
3.0% 0.01216 0.02530 0.00132 4.89
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¥ 3.3PDLA + YEEZ=Zv|gt + o]ilslelh A|2HY] o] g5 28
w2}uE (binary interaction parameter) 2 AADP(%)
PDLA Wt% k12 k13 k23 AADP (%)
1.0% 0.0059 0.6206 0.1416 4.5
2.0% 0.0062 0.6168 0.2546 3.9
3.0% 0.0068 0.6197 0.3863 34
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¥ 34 PCL+ UIEZ2Hg + o]ilslehh A|2=Hle] o]

2} H (binary interaction parameter) 2 AADP(%)

PCL wt% k12 kiz ko3 AADP (%)
1.0% -0.0044 0.2354 -0.0100 6.3
2.0% 0.0028 0.0775 -0.0100 4.4
3.0% 0.0121 0.0102 -0.0100 5.6
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3.2.1. The Hybrid EOS modification
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® sat Liquid

€0 o . O sat. Vapor 6 o Experimental data
—— hybrid EOS — hypr!d EOS

50 ——~— Original PR EOS 54 ———Original PR EOS

Pressure, MPa
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Regression of the solvent parameters

A:i_Pz g PP
RT RT

a = a’[1+(0.37464+1.54226—0.269920,)(L— [T I T, )’

272
a’(T.) =0.45724 Rc b(T.) =0.07780 RPTC
C C

Calculation of the solvent parameters

7% 3.10. Hybrid eigA Aol 485 = &rje] sy ALE s}
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# 3.5. PLLA, PDLA A|2=81¢] FASE 23 stoll A A@A3 gk vl
PLLA Wt% 1.0% 3.0%
CO, wt frac. 0.470 0.414

363.15K 228.81 180.45
353.15K 193.15 143.76
343.15K 160.01 105.33
333.15K 117.80 69.42
323.15K 75.56 60.19
313.15K 51.15 51.42
PDLA wt% 1.0% 3.0%
CO, wt frac. 0.474 0.424
363.15K 238.78 184.29
353.15K 201.98 147.81
343.15K 161.99 83.20
333.15K 122.22 69.24
323.15K 78.23 59.19
313.15K 54.66 49.00
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¥ 3.6 PLLA, PDLA, PCL, 11%x} w}e}n]ge W3}

?_

i

ao/(J-m3) bo/(cm3/mol) C m
PLLA 16.7237 128.170 -0.00005 5481.26
PDLA 11.5497 118.902 0.00162 3660.04
PCL 10.9781 138.029 0.00144 1559.06
T & ao/(J-md) bo/(cm3/mol) C m
PLLA 1854.05
PDLA 13.6596 104.926 0.00132 2088.39
PLLA
(mw = 718.11
189,000)
PCL 7.5773 52.176 0.00009 980.89
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¥ 3.7PLA + YEEZ=2vgt + o]ilsletAh A|2HY] o] AFE g
s}2}m) ] (binary interaction parameter)®} AADP(%) zke] 3}

Mass fraction of

k2 ki3 ko3 AADP (%)
PLLA
1.0% -0.01564 0.28982 -0.10077 5.78
2.5% -0.04015 0.07223 -0.10924 5.07
3.0% 0.01216 0.02530 0.00132 4.89
Mass fraction of
k12 ki3 k23 AADP (%)
PDLA
1.0% -0.01355 0.64736 0.08259 3.99
2.0% -0.02601 0.23490 -0.10186 4.87
3.0% -0.02614 0.22765 0.02358 3.44
Mass fraction of
k12 k13 k3 AADP (%)
PLLA
1.0% -0.01622 0.81459 -0.12229 5.82
2.5% -0.0171 0.52872 0.03085 5.67
3.0% 0.03293 0.35511 0.15119 4.96
Mass fraction of
Ki2 kis K23 AADP (%)
PDLA
1.0% 0.00372 0.81348 -0.10388 4.64
2.0% 0.00509 0.50948 0.06102 5.39
3.0% -0.00368 0.48773 0.11772 3.43
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Temperature(K)

I 317 £ < 9 PLLA 2x% (MW = 189,000)914 9] FA #&
1.0%9 9, PLLA + UtZ=ZZue + o]Aslet29] hybrid AE)A A
A A oldstdae FA B& (RRAREAL FRE A TS
2R et} o ibstebAzke] ¥]E) 1 [0, 0.515; W, 0.478; A, 0.449; ¥
0.400; O, 0.344; @, 0.253.
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22 e} o)ikslekazke] &) [0, 0.518; W, 0.478; A, 0.446; V,
0.400; O, 0.344; @, 0.253.
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Axt Az olitslgts FA & (EAILEALSY] S A9 HF
22uetd} o] ikslerAzke] vlE) ¢ [, 0.518; W, 0.478; A, 0.440; Vv,
0.400; O, 0.343; @, 0.253.
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¥ 3.8 2 A7 ¢ By PLLA Ex=Mw = 189,000)0 419 A3

dlolElE MabAIZ] Hybrid AeA A& o gato] welal o A3,

Mass fraction of PLLA ki2 kis kas AADP (%)
1.0% 0.04985 0.92670 0.33041 6.8
2.0% 0.02796 0.92770 0.03286 4.7
3.0% 0.02764 0.92185 0.24056 4.2
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¥ 39PCL+ tZ=22dE + o

Arshera A299] o]

s}2}m) ) (binary interaction parameter)®} AADP(%) zke] 3}

Mass fraction of PCL ki2 kis ks AADP (%)
1.0% -0.0044 0.2354 -0.0100 6.3
2.0% 0.0028 0.0775 -0.0100 4.4
3.0% 0.0121 0.0102 -0.0100 5.6
Mass fraction of PCL Kz Kis k23 AADP (%)
1.0% 0.00094 0.47655 -0.24927 6.15
2.0% 0.01823 0.05836 -0.10428 4.44
3.0% 0.01961 0.01742 -0.02432 3.37
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Abstract

High—-Pressure Phase Behavior of Biodegradable

Polymer in Supercritical Solvent Mixtures

Jungmin Gwon
School of Chemical and Biological Engineering
The Graduate School

Seoul National University

Recently, the study about chemical engineering has been focus on
the eco—friendly system to handle environmental issue. Among these
study, the biodegradable polymers which are used in less CO2 emitting
processes are widely utilized in many industrial processes such as
medical, food, automobile materials for reduce the environmental
problem.

In this research, we measured high-pressure phase behavior of
biodegradable polymers such as Poly lactic acid, Polycaprolactone in
supercritical solvent mixtures. These systems was experimented
using a variable volume view cell at temperatures ranging from 313.15
K to 363.15 K and pressures of up to 350 bar as functions of
temperature and the CO./dichloromethane mass ratio at various
polymer weight fractions.

The supercritical fluids technology are adapted in biodegradable
109 M2t
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polymer processes, but there are still needs of the thermodynamic
modeling for optimize the process. To overcome this problem, the
hybrid equation of state which is combined SAFT and Peng—Robinson
equation of state are used for the correlate these systems

However, the self-association effect for solvents in hybrid
equation of state is relatively low validity and minor contribution for
correlation results, so we are negligible association effect of the
hybrid equation of state. And the original determination method of pure
solvent parameters for equation of state was regressed from physical
properties of solvents. However, this method are required additional
correlation sequence, so we are change the calculation method to
parameter definition of Peng—Robinson equation of state. The modified
hybrid equation of state are produced reasonable correlation result
compared to original hybrid equation of state.

This research is provide to develop the biodegradable polymer

process for optimization and fundamental background process design.

Keywords : Hybrid equation of state, high—pressure phase behavior,
ternary system, supercritical fluid, carbon dioxide, biodegradable
polymer, polymer—solvent phase behavior

Student Number : 2010-20979
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