1-2

(Polymer Blend)




2.3

(1) (completely miscible)

PS/PPO *
PHB/PECH/PEO °
(glass transition
temperature T,)
(2) (partially miscible)
PS/PTHPMA
PMMA/PEO/phenoxy ’
3) (completely immiscible)

PS/PC ®

(continuous phase)



A Gy
A H.,y :
A Shix
)
1.
2.
3. T-TT
4.
A Hoiy
A Gy

A Gmix

(dispersed phase)

A (}mix:A Hmix'TA Smix

AH, ik
A Hpix
(Hydrogen"Bonding)
(Ionic Interaction)
(Tt -1t Interaction)

(Charge Transfer Complex)

A Gmix 0

A Smix
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0°AG
o¢

mix 0

lower critical solution

temperature, LCST

upper critical solution temperature, UCST H

Solubility Parameter

1-3  Flory-Huggins Theory:

1941 Flory Huggins Binary
n ¢
AG,,
R‘ITX:nA/ Rat Ng/ Ke+X s WaWs (1)
AGrix Nn Ng A B
Xa  Xg A B Pa UYs



X a8= Xap/Va=ZA4 WpgY a/ks TVa (2)

A Wpg =Wiag -(Waa + Wegs)/2 3)
z lattice coordination number AW A B
contact pair VA A
Y A A effective segmental number of
component A ks Boltzman constant X ‘a8
X A
purely enthalpic
2
X 'ABZW 20 (4)
RT
)
combinatorial entropy (1)
Lest B
oT
/ Flory 1953
excluded volume (O
X AB
X=X HutX's ()

0 oyT
X H-T(}() X S_T(Zj
oT oT
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1

repulsive force

12

X a8

dispersion force

Flory-Huggins

(6) X ‘asW

3-1 Intermolecular interaction

1959 Maron

excess volume

15

attractive force

o /d"?

1-1 15

(Window)

Painter-Coleman

A Gy/RT

LCST

d

London

16

A Gy/RT



AG

AG

mix ¢A ¢B H
- = NAln¢A+NBln¢B +¢A¢BZAB +?
1-3-2 Hydrogen bonding of polymer
Hydrogen bond
Order of strength 1~10 Kcal/mol
covalent bond 50 Kcal/mol
0.2 Kcal/mol
Pimentel'’
(A-H)
(B)
(a)
(b) A-H B
A B (electronegative) F O
N
C-H
groups Tt

urethane group

hydroxyl group carbonyl group
amide group

(associated form)



self-association intermolecular association

hydroxyl group amide group urethane group

dimer trimer

intermolecular hydrogen bond

carbonyl group

BB AELCTRY B,

KB )
B, +B, B

Ka
B,+A—>B -A

K2 Self-association dimmer formation of B
Ks Self-association multimer formation of B

Ka inter-association between A and B

H

(infrared) (Raman) A

8



(acceptor groups) (stretching) (deformation)

2. - (UV-visible)

3 (NMR) A-H

Flory-Huggins theory

dipole-dipole interaction hydrogen bond ...

Painter Coleman

. 17-19
(association model)

20-24

1-4

1-1



decomposition)

(metastable region)

spinodal curve

temperature (LCST)

10

(spinodal

bimodal curve

lower critical solution

upper critical solution



temperature (UCST) (Tq)

(Ty)

T, T, UCST  LCST
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1-1. Frequently Encountered Forces in Molecules

Type of Molecules

Type of Interaction

Interaction Strength

Non-polar “small”
molecules or polymer

Physical

Weak

“Weakly” polar molecules |Physical Weak

or polymer

“Strongly” polar Physical or Chemical |Intermediate
molecules or polymer

Hydrogen bonded Chemical Intermediate or strong
molecules or polymer

Molecules or polymer that |[Chemical Strong
interact by the formation

of charge transfer

complexes

Monomers-hydrocarbon |Chemical Strong

polymer containing ionic
group

12




Chemical

spinodal

1-1. Free energy of mixing and the derivative phase diagram®

13
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10 Oﬁ

1-2. Schematic representation of phase separation scheme®
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1-3. True equilibrium behavior in polymer blends can be detected in

the window bounded by the thermal decomposition temperature (T4) and

the glass-transition temperature (Tg)25
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Bisphenol A/Poly(g -caprolactone) /Poly(L-lactide)

23 PLLA

18

4-5

PLLA



(B-A, B-C and A-C)
(totally miscible)

(closed immiscibility loop) 6

( Ax AK )
phenoxy/poly(methyl methacrylate) (PMMA)/PEO7,
poly(vinyl phenol) (PVPh)/poly(vinyl. acetate) (PVAc)/PEO

poly(styrene-co-acrylic acid)/PMMA/PEO

(B-A B-CO) (A-C)
B
(good solvent)
PVPh/PMMA /poly(ethyl methacrylate) (PEMA)*®

PVPh/PVAc/poly(styrene-co-methyl methacrylate)’
10-12 (compatibilizer)
(interfacial tension)

(morphology)

BPA/PCL  BPA/PLLA

19



BPA  hydroxyl group PCL  PLLA carbonyl group
(inter-association hydrogen bonding)
(amorphous phase) PCL/PLLA
13-16
(block copolymer) PLLA-b-PCL-b-PLLA'""®
PLLA-b-PCL"?° poly(e -caprolactone)-b-poly(ethylene glycol)*'
B A C A C

22-23

PCL PLLA PCL PLLA

carbonyl group PVPh i phenoli¢ phenoxy resin®***

(donor) PVPh/PLLA
PVPh (self-association hydrogen
bonding strength) 2%
9 He et al
hydroxyl group PCL carbonyl group

30

(acceptor)

31

20



BPA/PCL/PLLA

(DSC) (FTIR)

(OM)

21



A(bisphenol A) 228 Showa
poly(e -caprolactone) (PCL) (Mw) 80000
poly(L-lactide) (PLLA) (Mw)  85000~150000
Aldrich 2-1
BPA/PCL/PLLA
(tetrahydrofuran) (THF) Swt%
6-8
50
(DSCO)
5-10mg 20 /min
100 (specific heat capacity,Cp)

model 910

DSC-9000 controller Dupont

(FT-IR)

THF NaCl

22



50
Avatar 320 FT-IR

Beer-Lambert law

(OM)

/min

+0.1

lem™ 32 Nicolet

hydroxyl group
IR optical box
10
280 Olympus BX50

Mettler ToledoFP90

23



1. Bi sphanol

1 CisHi6 O

:228.28 O O

: Showa HO OH

2. Poly(e-caprolactone) (PCL)

: 80000

0
: Aldrich W .
o,
n

3. Poly(L-1lactide) (PLLA)
: 85000~150000

: Aldrich @)

2-1

24



3-1

(DSCO)
carbonyl
group hydroxyl group hydroxyl group
hydroxyl group 3-1 BPA/PCL
DSC PCL
-60 60 3-2 BPA/PLLA
DSC PLLA
57 174 BPA 228
43 BPA hydroxyl group
(supramolecule)
162 BPA/PCL  BPA/PLLA (amorphous)

DSC

3-1 BPA/PCL BPA

25



BPA/PLLA

BPA  PLLA
32
WT,, + KWT
Tg _ 1701 2°02 +qVV1V\/2
W+ kW,
W, W, Tg1 ng 1 2
k ¢ k= 4

3-3  BPA/PCL 3-4 . BPA/PEBA
BPA/PCL k=1

BPA/PLLA k=0.6 g=-115 q

BPA/PLLA

3-2 (FT-IR)

26

Kwei

g=-60
BPA

BPA/PCL



3-5 BPA/PCL hydroxyl group
180 ( ) BPA  3383cm’
BPA hydroxyl group
3525cm’ free  hydroxyl group PCL
3383cm’ PLLA
3-6 BPA/PCL 20wt%BPA 3383cm™
3450cm™ BPA/PLLA 3383cm™
3520cm’ hydroxyl group free  hydroxyl group
(Av)
(enthalpy)”®> BPA/BPA (A'v =142cm™) BPA/PCL(A v
=75cm”) BPA/PLLA(A V- =5¢m™) Kwei
q 3-7  BPA/PCL 3-8 BPA/PLLA
180 carbonyl group PCL
PLLA 1734cm™  1756cm’™ BPA/PCL

1710cm’ BPA

(aR:aHB/anl . 5)34
carbonyl group 3-2 BPA/PCL

BPA BPA/PLLA

27



BPA  PLLA

Painter-Colemen Assoiciation Model PVPh/PCL
PVPh/PLLA 3-3
2227 PVPh (Kg) 25 66.8
PCL PLLA (Ka) 90.1
10.0 BPA/PLLA (Ka/ Kp) BPA/PCL

BPA  hydroxyl group PCL  carbonyl group

PLLA carbonyl group

3-3 BPA/PCL/PLLA

DSC (20wt% 39  40wt%
3-10 BPA PCL PLLA (80 20 60 40 40
60 20 80) 3-4 BPA/PCL  BPA/PLLA
20wt%
40wt%  BPA
A X
BPA/PCL  BPA/PLLA A X

35-37

BPA/PLLA ( )  BPA

28



PCL PLLA AK

AK Ax 3-9 3-10
BPA/PCL/PLLA=20/16/64  40/48/12 BPA/PLLA
PCL PLLA PCL

BPA/PLLA  hydroxyl group  carbonyl group

PLLA
BPA/PCL/PLLA
20wt%  40wt%  BPA
BPA/PLLA BPA/PCL
BPA/PLLA PCL
BPA/PLLA PCE
BPA/PCL/PLLA 20wt%(  3-11) 40wt%( 3-12)
BPA ( BPA/PCL BPA/PLLA
) PCL
PCL
3-13 3-14 180 20wt% 40wt%
BPA PCL hydroxyl group

PCL BPA/PLLA

29



PCL 3-15 3-16  20wt% BPA
40wt% BPA 180 1660cm'~1800cm™  carbonyl group

1734cm™  1756¢m™

free PCL free PLLA 1710cm™  PCL
3-16
3-5 BPA (20wt% ) PCL carbonyl group
PLLA BPA  hydroxyl group
PCL  carbonyl group PLLA BPA-PCL
BPA 40wt% PCL carbonyl group
PLLA BPA
hydroxyl group hydroxyl group PLLA
carbonyl group PCL PLLA
PCL PCL
BPA DSC
3-17(60wt%) 3-18(80wt%) 34
BPA  60wt% PCL PLLA

80wt%

30



BPA

PCL PLLA 3-19 3-20 60wt%  80wt% BPA
BPA OM
BPA 60wt% OM DSC
DSC OM
DSC
20-40nm OM Iy m
3-21 3-22  60wt% BPA'80wt% BPA 180

1660cm'~1800cm™  carbonyl group

3-15 3-16
3-5 PCL carbonyl group
PLLA BPA  hydroxyl group
PCL PLLA carbonyl group BPA
A K

3-4 (OM)

31



temperature)

temperature) 3-23~
(20wt%  40wt%)

3-27 PCL/PLLA

3-28  OM

60wt% BPA

UCST (upper critical solution

LCST (lower critical solution

3-26 BPA
UCST
UCST
(40 )
3-29 140

(¢losed-loop immiscibility region)

phenolic/PEO/PCL, phenoxy/PMMA/PEQO, and poly(styrene-co-acrylic

38-40

acid)/PMMA/PEO 3-30 200
41
BPA/PCL/PLLA BPA
BPA-PCL inter-association Ax A
K 3-31
2 A K
3-32 PCL carbonyl

group

32



3-5

(DSC) (FT-IR) (OM)
BPA/PCL/PLLA
BPA PCL/PLLA
carbonyl group (Gaussian function)

BPA  hydroxyl group PCL PLLA cabonyl group
BPA hydroxyl group  PCL cabonyl group
inter-association PLLA
BPA PCL

PLLA

AK UCST

33
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3-1: Thermal properties of BPA/PCL and BPA/PLLA binary polymer

blends
BPA/PCL T, T, H. Tm Hon
(°C) O (J/g) O (J/g)
100/0 43 72 69 162 112
80/20 20 77° 43 153 47
60/40 -13
40/60 -35
20/80 -47 -17° 4 47 19
0/100 -62 60 70
BPA/PLLA
100/0 43 72 69 162 112
80/20 34 102 55 131 52
60/40 25
40/60 19
20/80 25 97° 17 135 5
0/100 57 132 94 174 102

% From the BPA phase, *: From the PCL phase °: From the PLLA phase
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3-2: Curve fitting results of the BPA/PCL and BPA/PLLA binary

blends at 180

Free C=0 Bonded C=0
fy
BPA/PCL A% Wi Ar v Win Ag
(%)
cm’! cm’! % cm’! cm’! %
0/100 1735 27 100 - - - 0
20/80 1735 26 66 1709 28 34 26.4
40/60 1736 23 65 1709 28 35 26.6
60/40 1737 20 34 1710 29 66 570
80/20 1737 19 32 1711 30 68 58 7
BPA/PLLA
0/100 1757 32 100 - - - )
20/30 1756 33 100 - - - )
40/60 1755 33 100 - - - )
60/40 1754 34 100 - - - )

80/20 1751 36 100 - - -

39



3-3: Summary of the self-association and inter-association equilibrium
constants and thermodynamic parameter of BPA/PCL/PLLA ternary

blends at room temperature

Polymer Molar Molecular Solubility Self-association Inter-association

Volume Weight Parameter equilibrium constant equilibrium constant

(ml/mol)  (g/mol) (cal/ml)®* and enthalpy and enthalpy

KB hB KA hA

BPA? 176.6 2283 10.38 66.8° -5.2°

PCL" 107 114 9.21 90.1° -4.2°

PLLA® 69.8 86.1 9.61 10.0¢ 3.0°

* the molar volume, molecular-weight and solubility parameter is estimated by

using a group contribution method proposed by Coleman et al.”® ®: ref. 18, ©

ref.12 (b), % ref. 12 (d), ® estimated by usingthe A v *®
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3-4: Thermal properties of BPA/PCL/PLLA ternary polymer blends

BPA/PCL/PLLA T, T. H. T Hpm
(°C) (°C) (J/g) (°C) (J/g)
-6° 29 45 41
20/64/16 -44° 19%
70° 6 140 8
8P 21 46 27
20/48/32 -36 27
87° 6 142 13
20/32/48 -37 32 74° 15 132 21
20/16/64 -28 27 134 19
40/48/12 -24 33
40/36/24 -23 26
40/24/36 -10 38
40/12/48 -9 30
60/32/8 7 26
60/24/16 0 21
60/16/24 13 32
60/8/32 16 33
80/16/4 37 83* 60 156 74
80/12/8 26 97 52 151 60
80/8/12 31 96" 49 153 54
80/4/16 18

% From the BPA phase, °: From the PCL phase, ©: From the PLLA, **: From the

BPA-PCL phases, *: From the BPA-PLLA phases, ***: BPA-PCL-PLLA phases
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3-5: Curve fitting results of the BPA/PCL/PLLA ternary blends at 180

PCL PLLA
BPA
Free C=0 Bonded C=0 Free C=0
PCL Wi, A Wi, A Wi A b
\Y) \Y)
/PLLA L. ! L, on ! , - Y (%)
cm cm % cm cm % cm cm %

20/64/16 1736 1632172230 45 4956 30 23 487
204832 1735 1319172232 35 4955 31 46 548
2032148 1734 125 172335 31 4956 31 64 809
2016/64 1733 10117203112 4956 35 87 86.0
40/48/12 1736 1415 171330 50 4954 35 35 693
4036/24 1736 13111714 30 40 1756 31 49 714
402436 1738 1518 1709743008, "22 1758 30 60 634
4012/48 1738 15 T S VTIDE3T0 18 1958 30 75 448
o3/ 1736 15 11 1TAd 34T 58 957 30 31 775
60/24/16 1736 1411 17133039 4956 31 48 67.0
60/16/24 1737 16 13 171230 36 4957 29 51 650
6o/gz2 1737 1715 17142923 958 29 62 510
go/16/4 1736 1510171025 49 4954 29 41 757
go/1/g 1736 14 10 1710 28 46 1755 29 44 711
go/g/12 1737 15 AL A7100 2739 1955 29 50 685

go/4/16 1736 14 12 17100 27 38 1754 29 50 675
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BPA/PCL Blend

100/0

l 80/20
60/40
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S |40/60
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S |or100
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-80 -40 O 40 80 120 160 200

Temperature (°C)

3-1:The DSC thermograms of BPA/PCL blends with different

composition.
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BPA/PLLA Blend

100/0

80/20

60/40

40/60

20/80

0/100

Heat Flow (Endo, =—)

-40 0 40 80 120 160 200
Temperature (°C)

3-2:The DSC thermograms of BPA/PLLA blends with different

composition.
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Glass Transition Temperature (°C)

60

40

20

1
N
(@)

-60

BPA/PCL Blend
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K =1, q= -60

0.0

| I | I | I | I |
0.2 0.4 0.6 0.8

BPA Weight Fraction

3-3: Tg versus composition curves based on Kwei equation of BPA/PCL blends.
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BPA/PLLA Blend
® Experimental Data
K=0.6,q=-115

Glass Transition Temperature ("C)

|
0.0 0.2 0.4 0.6 0.8
BPA Weight Fraction

3-4: Tg versus composition curves based on Kwei equation of BPA/PLLA blends.
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BPA/PCL Blend
100/0
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© | 80/20
S
C | 60/40
®
2
O | 40/60
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Q
< | 20180
0/100
I l I l I
4000 3600 3200 2800

Wavenumber (cm™)

3-5: Infrared spectra in the hydroxyl stretching region at 180 of

BPA/PCL blend with various compositions.



BPA/PLLA Blend
110010
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L |s0/20
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= | 60/40
©
Pe!
o
S |40/60
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20/80

0/100

] l ] l ]

4000 3600 3200
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3-6: Infrared spectra in the hydroxyl stretching region at 180

BPA/PLLA blend with various compositions.
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BPA/PCL Blend

=

(qv)

~ 60/40

()]

o

c

o
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< 20/80
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3-7: Infrared spectra in the carbonyl stretching region at 180

BPA/PCL blend with various compositions.
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BPA/PLLA Blend

80/20

60/40

40/60

Absorbance (a.u.)

20/80

0/100

| | |
1800 1760 1720 1680
-1
Wavenumber(cm ')

3-8: Infrared spectra in the carbonyl stretching region at 180 of

BPA/PLLA blend with various compositions.
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20 wt% BPA BPA/PCL/PLLA

' &

20/32/48

¢ ¢ 20/48/32

20/16/64

20/64/16

20/80/0

Heat Flow (Endo, <«—)

T [ T [ T [ T [ T [ T [ T [ T
-60 -30 0 30 60 90 120 150 180

Temperature (°C)

3-9: DSC thermograms of BPA/PCL/PLLA ternary blend with

various compositions at 20wt% of BPA content.
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40 wt% BPA BPA/PCL/PLLA

¢ 40/0/60

40/12/48

40/24/36

40/36/24

Heat Flow (Endo, <—)

40/48/12

LA LA I B
-60 -30 0O 30 60 90 120 150 180

Temperature (°C)

3-10: DSC thermograms of BPA/PCL/PLLA ternary blend with

various compositions at 40wt% of BPA content.
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' L
s : . - #

BPA/PCL/PLLA=20/0/80 BPA/PCL/PLLA=20/16/64

BPA/PCL/PLLA=20/32/48

BPA/PCL/PLLA=20/48/32 BPA/PCL/PLLA=20/64/16 BPA/PCL/PLLA=20/80/0

3-11: Optical micrographs of BPA/PCL/PLLA ternary blend at 20 wt% of BPA content at 40
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BPA/PCL/PLLA=40/0/60 BPA/PCL/PLLA=40/12/48 BPA/PCL/PLLA=40/24/36

BPA/PCL/PLLA=40/36/24 BPA/PCL/PLLA=40/48/12 BPA/PCL/PLLA=40/60/0

3-12: Optical micrographs of BPA/PCL/PLLA ternary blend at 40 wt% of BPA content at 40
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20/0/80

20/16/64

20/32/48

Absorbance (a.u.)

20/64/16

20/80/0

20 wt% BPA
BPA/PCL/PLLA

|
4000 3800

|
3000 2800

| | |
3600 3400 3200

Wavenumber (cm'1)

3-13: Infrared spectra of ternary blend of BPA/PCL/PLLA in the

hydroxyl region at 180  containing a constant composition 20 wt%

BPA.
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Absorbance (a.u.)

40 wt% BPA

40/0/60

40/12/48

40

BPA/PCL/PLLA

40/24/36
40/36/24 \
v‘
40/48/12
40/60/0
I l I l I l I l I l I
00 3800 3600 3400 3200 3000 2800

Wavenumber (cm'1)

3-14: Infrared spectra of ternary blend of BPA/PCL/PLLA in the

hydroxyl region at 180

BPA.

containing a constant composition 40 wt%
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20 wt% BPA BPA/PCL/PLLA

20/0/80

20/16/64

20/32/48

20/48/32

Absorbance (a.u.)

20/64/16

20/80/0

| | |
1800 1760 1720 1680
-1
Wavenumber (cm )

3-15: Infrared spectra of ternary blend of BPA/PCL/PLLA in the
carbonyl region at 180  containing a constant composition 20 wt%

BPA.
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Absorbance (a.u.)

40 wt% BPA BPA/PCL/PLLA

40/0/60

40/12/48

40/24/36

40/36/24

40/48/12

-

T o

40/60/0

I
1800 1760

| |
1720 1680
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3-16: Infrared spectra of ternary blend of BPA/PCL/PLLA in the

carbonyl region at 180  containing a constant composition 40 wt%

BPA.
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60 wt% BPA BPA/PCL/PLLA

$ 60/0/40

l ¢ 60/8/32
o

S 60/16/24
-
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=
O
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"CB' 60/24/16
()

L 60/32/8

60/40/0

|| I || I || I || I || I ] I | ] I T

-60 -30 O 30 60 90 120 150 180

Temperature (°C)

3-17: DSC thermograms of BPA/PCL/PLLA ternary blend with

various compositions at 60wt% of BPA content.
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80 wt% BPA BPA/PCL/PLLA

80/0/20 ¢
8082
O
-8 80/12/8
)
< |so0/16/4
3 !
LL
©
()

] I ]
-60 -30 30 60 90 120 150 180

Tem perature (°C)

3-18: DSC thermograms of BPA/PCL/PLLA ternary blend with

various compositions at 80wt% of BPA content.
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BPA/PCL/PLLA=60/0/40 BPA/PCL/PLLA=60/08/32 BPA/PCL/PLLA=60/16/24

BPA/PCL/PLLA=60/24/16 BPA/PCL/PLLA=60/32/08 BPA/PCL/PLLA=60/40/0

3-19: Optical micrographs of BPA/PCL/PLLA ternary blend at 60 wt% of BPA content at 40



BPA/PCL/PLLA=80/0/20 BPA/PCL/PLLA/80/08/12

BPA/PCL/PLLA=80/12/08 BPA/PCL/PLLA=80/16/04 BPA/PCL/PLLA=80/16/04

3-20: Optical micrographs of BPA/PCL/PLLA ternary blend at 80 wt% of BPA content at 40
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60 wt% BPA BPA/PCL/PLLA

60/0/40

60/8/32

60/16/24

60/24/16

Absorbance (a.u.)

60/32/8

60/40/0

| | |
1800 1760 1720 1680
-1
Wavenumber (cm ')

3-21: Infrared spectra of ternary blend of BPA/PCL/PLLA in the
carbonyl region at 180  containing a constant composition 60 wt%

BPA.
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80 wt% BPA BPA/PCL/PLLA

80/0/20
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3-22: Infrared spectra of ternary blend of BPA/PCL/PLLA in the
carbonyl region at 180  containing a constant composition 80 wt%

BPA.
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wi a 1 o
&a g iE W .'..

() 20/16/64 at 40

(c) 20/16/64 at 140 (d) 20/16/64 at 170

3-23: Optical micrographs of BPA/PCL/PLLA ternary blend with various temperatures at selected compositions.
(a) 20/16/64 at40  (b) 20/16/64 at 115  (c) 20/16/64 at 140  (d) 20/16/64 at 170
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(2) 20/32/48 at 40

(b) 20/32/48 at 92

(c) 20/32/48 at 95 (d) 20/32/48 at 170
3-24: Optical micrographs of BPA/PCL/PLLA ternary blend with various temperatures at selected compositions.
(a) 20/32/48 at40  (b) 20/32/48 at 92  (c) 20/32/48 at 95  (d) 20/32/48 at 170
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(a) 40/12/48 at 40

(c) 40/12/48 at 130 (d) 40/12/48 at 140

3-25: Optical micrographs of BPA/PCL/PLLA ternary blend with various temperatures at selected compositions.
(a) 40/12/48 at40  (b) 40/12/48 at 88  (c) 40/12/48 at 130  (d) 40/12/48 at 140
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(a) 40/24/36 at 40 (b) 40/24/36 at 88

(c) 40/24/36 at 100 (d) 40/24/36 at 148

3-26: Optical micrographs of BPA/PCL/PLLA ternary blend with various temperatures at selected compositions.
(a) 40/24/36 at 40  (b) 40/24/36 at 88  (c) 40/24/36 at 100  (d) 40/24/36 at 148
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b) 40/60 at 88

a) 40/60 at 40

(c) 40/60 at 150 (d) 40/60 at 200

3-27: Optical micrographs of PCL/PLLA binary blend with various temperatures at selected compositions. (a) 40/60

at40  (b)40/60 at 88  (c) 40/60 at 150  (d) 40/60 at 200
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Bisphenol A

o miscible

e immiscible

PLLA ° ® ® ® — pPCL
0.0 0.2 0.4 0.6 0.8 1.0

3-28: Ternary phase diagram of the BPA/PCL/PLLA system at 40 . The open circles represent miscible ternary
blend and the full circles represent immiscible ternary blend
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Bisphenol A

140 °C PN B U
o miscible

immiscible

PLLA o S o o PCL
0.0 0.2 0.4 0.6 0.8 1.0

3-29: Ternary phase diagram of the BPA/PCL/PLLA system at 140 . The open circles represent miscible ternary blend
and the full circles represent immiscible ternary blend
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Bisphenol A

200 °C
o miscible

e immiscible

PLLA PCL

S P o S
0 0.2 0.4 0.6 0.8 1.0
3-30: Ternary phase diagram of the BPA/PCL/PLLA system at 200 . The open circles represent miscible ternary blend
and the full circles represent immiscible ternary blend
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Equilibrium Constant Value (dimensionless units)

100
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3-31: Equilibrium constant values as a function of temperature from 25 to 200
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BPA/PCL/PLLA=40/24/36

75°C
100°C
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140°C
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T T
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2800 1800 1760
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3-32: FTIR spectra in hydroxyl (a) and carbonyl (b) region for blend BPA/PCL/PLLA = 40/24/36 recorded at

various temperatures:
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