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Phase Equilibria and Transition in Polymer Blends

&l g A
A = S g3 9le dbd, EE Fo 4+ ho-
‘ = mopolymer blend ¥ copolymer- homopolymer
polymer blend?] Wetzlx-& F£ 2] gof 4 blendef] 3 Wlo 2 Aa A9 cpoksldl
alloy®] Wekzsld sl fAHaE & o] ko), 2} Gofl &= g2 glet.
shbe] ARG bx Mmool wEshgixul B4 & & 4ol 4= homopolymer blend, copoly-
S Eolal HojAE AL 15}2}__,7_ SAPS PR mer, copolymer-homopolymer systemell %} of 4]
oJe) 7kx] A28 7b2 mixtureX o 2 WA dhaL Z37)] 3}= phase separation % phase trnasi-
olch. 22 M4 mixtureo] 4 Yedd oz Fub tion &4l TAL ol 7lEsky ok
s} = morphologyE controldled i =& slar ¢
c}. morphology® controldtd = =% -2 mor- 2 . Polymer blend
phologyoll =g} &S EAle] welxrl =
Boloh, TEMae AL, HAAL alloyel polymer blenddl] o]l AAAL
phase diagramo] thol Aqsle] e} F&e  polymer-solvent System"“’** stk g 44
crystal e} 2 o) 12 ZEA) 319 crystal?] form 28212 molecular weight 5 molecular para-
o] &% o wte} transforms] 7] = Fofl, phase meter® %71 $1dke] LEAE sobventel] F
diagram® ¥ sieh, ¥ze] A%, n¥xle o] light scattering, viscosity &2 %-9| ulby
molecular weight(Mw) % molecular weight o7 3Rz} A5 Gobl drb. o] w4l W
distributionefl =2} I Al2+E pair®] phase AR AL 2+ sampled) TLER}E AEE =
diagramo g}, solventd] =g} solutiondl] 4 polymer 3t -E-=}
Bz} a3 oaeke] 2 71 A 9] k= copoly- 7} #}2] 31= volumeo] ©thErhe  A}4L o) odrl.
merizationol] ¢lTlaL ﬁ}’,ﬂ‘;}. d715 o E A good solventdll A& ZE=}7} 242 3= volume
2.9 monomer7t & I E=z} qkd] FpEHoE o] #1, solvent?] power7} BHelx w4 TLE
7 &5 o] ¢l= Alef olt}. polymer blend7} ph-~ z}7t 22 sHE volume-S % 9127 poor solvent
ysical3dt 7 ghul4loldl] 4l copolymer+ chemi- o A nizprh AEsE d4A-S 2ot o=
calgt A gulwlo] 98 Ao =2, blends} ¥4 L #Ako. 7.8 =2)9) solvent?| interaction para-
Bz a3 o] chokL §HE o Eoteh, 3HE meter ZH(x)% entropy of mixing 2.2 314
2ol 4= copolymerd] FFE cthokslste A sl gde}l, mixing entropy ¥ 3}¢] free energy

* 23T 4 L=} 2974 (Wang Cheol Zin, Korea Research Institute of Chemical Technology,
Changdong, Chung-ku, Daejeon, Chung Nam, Korea)
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Halel| o g Flejes 2
e, go

E7t Lelztel wet Fot
<5l 4 two phases 7t
pair™ €57} %2}7}H homogeneousdt one
phaseE 7t Al Hcl. 57} geprbd ¥ 9o 3t
ol(f ag) ol Eobt BRAA 498 +
= olck 9] Awuby el £ A1 744, solvent
H 5}h7h
9= AL 0]9.2 9, upper critical solution
temperature (UCST) & Al A5 ek (Fig.
1).

1960 ol WA= 7| A]2+3 AL Lower
Critical Solution Temperature (LCST)?2 4
k2.0l 4 one phase® 7Fz| il pairEo] X4}
2ol w2} phase separation 34rS RAI, o]
s ALe o 22.9] polymer-solvent systemol A
velytch (Fig. 1) . o] @48 F935t=d] Patter-
son? 7l = o] 51512, Flory®] Equation
-of-state theory 3= mixing ?] <=1k5] & vol-
ume H3E v sgeH, o] volume #H3EI}
ko g sl 22

ER T ER

9} polymerE 45 # total volumeoll

mixings] favorabledt
mixingol| unfavorabledlA| 7F =k &

t}. polymer-solvent systeme] F-& 25

)

v

: X

Q

&

5 fmrermsrsees || C S T
.

¢ (polymer volume fraction)

Fig. 1. Phase diagram of a polymer solution
showing the phase seperation occurr-
ing at high temperatures above the
lower critical solution temperature(L
CST) and low temperatures below the
upper critical solution temperature (U

CST).
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4] phase separation&@ArS Hol= AL poly-
mers} solvent 2] A siAA F(a) 2] o] o3
QA3 (free volume?] zbo)), 47 & puredt
=39 free volume zto|7} Z 71 phase se-
paration® 7]t = QAct.
polymer-polymer system¢| polymer -solvent

system3} 24 L solventz}|dd] polymer 7}

21282 &4 phase separationd ZA}& +
Ue Agdxre] ofF 7lrtz e Hcle AHolch
viscosity 7} o}F S 715 9l @ Foll, blend =
8]y A& RS ASoF gA s ek
olgl o|fZ polymer-polymer 2| mixing 4] #)
3tz 9] 3ke] ARE-3t solvent casting4}®-S so-
lvent effect® R o331 gt} polymer blend
o) gaetay o377} o{aq_r o)f=
entropy of mixingo] oFF o] Adle| Lrb&
gtz dof] 4 UCST 440] o
) Fol o},

J B= }—ZHE.7 o] ;L alol] 4 polymer blend
A7-ubeFS AsbA 2 TR 4 gl
d ub

polymer2)
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o
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gko mlsmblefﬂ' polymer pairg &=
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FI‘

>l rE
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oltl. polymer?] mixing entropyv A&
2 A 7] @lF polymer blend”} miscible 5}
blend ¢| componentss}o]ol] specific interac-
tion ] (o] : hydrogen bonding) &zf3dtedok &+
), old A% XzH-e B2 nagativeolr] o
Fol blend= miscible 3}1, optically clear
shet
OI‘H pair?] blend= 4+&oll 4 one phase & 7}
= 255 2™ polymer-solvent system
3} 7+ LCST#HAMS Ralc), o] AL ofsdt
A8 polymer-solvent system o] &} 7ro]
free volume }old] 4 9= o g Hdusly <«
% 3} group ®o] 9w, FEL, pair7te] spe-
cific interactiono| AL A ZEA|3 &%
7} Folx] | A specific interaction?] 7] =7}
Aoz, X3ko| positivert = = phase separa-
tiono] dojdetm H1 glef. A= A

A AE, old pairEol Hom Eaed ol

e

a8
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pair®] 7= 7} A= o Qr},
s QT

phase& 7}2| 2] %3 phase separation¢] ¢+

w3k 9 polymer blend”} one

A+3lell A particle size®| control¥ interface
o] A 5E ¥l HAolel. o]z A% com-
patibility2h= -§¢1& o] AHE-3}=vl, blend?|
E4Jo] 4738l wako R A3t compatible
el o s, Y E o g A Z3lH incompatible
dle} 3L g}, engineering A4 B.d, blend
7} % homogeneousd ok & o] f+= it F
8 8t A& particle®| size, size distribution
c}l2] 2| At particle?] ¥, flow property
dal7b et o] Eokddl 4 AT EE E A

3l = interfaced] wetAE & Folv Yol
t}., 2, incompatibility®] 543t

$ nt= Aojr}. interfa-

o °lﬂ wa, ofy

« A4l inter-
face’} narrowdt #
cial thicknessZ %% 3l w422 small-an-
gle X-ray scattering(SAXS) techniqueo]
o) 31A| o|-8=c}. interfaced broadstAl 3t
apae] b
o], 7l copolymer 7t interface &

wetA]7] Al sh= whylolel. H7ksl copolymer7t

copolymer< polymer blendell

blocke] v graft copolymergl 74-%-, particle si-
zeX control ¥ F Q= AAe] e, ks
o, H7}3 copolymer”} interfaced] FE
ook sh=wl particle®] size7k = total inter-

facial areat & 7] @l copolymer+= &

4 L 7Al 51 (entropy®] A& loss), particle
size S A = ubdko 2 particle sizeE
ol 3}Al sl ko 2 blend¢] morphology &
fE8t7) af-Eolrt.

inter-penetration network (IPN) ub¢& %
7tz &) AA & 7}x =, blend?] compatibilitys
7bel] 48 35HA o] &=l1 gt 1PN graft
copolymers} ®]|53F 47A-L shx o glo=HAT
=38 interface® broaddtAl & 97 #HFo]
c},

Al o ulske  copolymer® o] -£3}4

blend?] miscibility S & 7FA171= el co-

188

polymeri= compatibility & & X18}-=d A&
oet stod +=ul, X=3 copolymerv blend ,]
miscibility & Folwul o2  2rt. &, pha-

se separation €E & F o 48" F

olt}. Fig. 2 =% polystyrenest polybutadiene
pair?] phase diagram® 2 PS¢ Mw-2 2K, 3K,
5Ko]= PBD2] Mw-& 2K o|ct. o 7lell 4 blend
¢] mixing-2 mechanical mixing®} ol 2]3}51.c
=, cloud point &3 -2 light scattering® el
ol#] turbidity® &A oz o]FofFlv},
phase diagram®. 2 H-e] PS-PBD pair¥| inter-
A5 2]
Gibbs free energy A& olzje} 2o},

A Gm=RT((1/V)) #,1,0,+(1/V>) ¥.18,)

action parameter(A) & T3¢l

A Gqn : Gibbs free energy change for
unit volume of the mixture
Vi, V2: Molar volumes of component 1
and 2
@, @2: Volume fraction of the compo-
nents
A . Polymer-polymer interaction pa-
rameter (unit . cal/cm?)
X =AV:/RT where V,is a volume
of reference
X & &5l wel Wl gholxlal, X oF T2
Ax 7 pair?] chemical natured] 2|&3}
ko 2 4 Zeroth approximationsl] oA+

220} SEol o EakA Wt 4 golch.

fo rlr L3

PS-PBD pair®] 7% phase diagram& 7}
2 & fitAlF ¢ de AF A =0.99—0.0023
T(C)2H, €57 S748kd Agke 7435k
th, o] #ArE LCSTE Z-$-ob Aukel d4tol
t}, o] AaE L7t FE B2 222
o] AelEstel B A xH, F=2ke] Azlsk
dolxm ol g Bxpe] Yol AHexle
Aoz Agd¥ 4 v}

o 7] ol A FRNAZHS 47 T3kl =8 o] o
e «F groupel Al AlEsa 9le, solubility
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parameter(0) Zto 8 Mgl A E(Aoc(81—85)?)

Tehs ol A %é"‘]ﬂzl"‘l‘ A £4¢
Bl o g 7= ZF 5},

Phase separation 34}-S- detect 3 A+
25 4 4L degradation
tion(Tg) &% Afo]olr},

Fig. 20l 4 2w 4185 PS¢} PBD+= poly-
mere}il 4§42 7] ¥rlE oligomerzbi Hefof &
HE2 Mw Aok 2 polymer?) MwS 2w
Z7F AlZlel | UCSTE 500 o] Aoll 4} }e}
¢ AolZ2 Z o] B715 3} Polymers] Mw
T F7HAZI RA 24 75 a 2 ol A phase
diagram-g o1>] ]3|
o b5 dh gz o},

/\u:/\AB(fM_f“) ....................... “(2)

12 . Copolymers 13} 22] interaction

259} glass transi-

A1+ copolymer& o] &3}
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Fig. 2. Cloud points plotted against volume
fraction of PS for the Pair 1 (PS
2K-PBD 2K), 2(PS 3K-PBD 2K),
and 3 (PS 5K-PBD 2K).

EFo|jy Al9@ A 335 19854 649

Aap: homopolymers A} B¢ interac -
tion parameter
far, faz: copolymer 13} 26 9 o] 4
comonomer A% volume fraction
Fig.32 8 PS-BD copolymer-PS homopoly-
mer®| phase diagram®.2 7t7}e] Mwe. 28
K, 5Ke|c}. A-B copolymer?) A composition
o] 0.50]3 t}& %2 At Bgl homopolymer
5 AHE3= 7%, interaction parameter ZF-S
0.25% 7z+43}7] @i-Foll, A homopolymers} B
homopolymer®| blend®] 2.t} 7+7}2] MwS- 4 uj
TR e 25 e 4 UCSTE o
4 ek copolymer& AHgdld AH s
Helol A Age 2 4 9o, ojaAl #4
Aelal AR el AxpE A4 4 oloh. mis-
cibility o] Mol 4 B copolymer: blend €] -
miscibility & 5 7FA17) =0l Ab2" 4 olc),

o

rSL'

9 250

7 200

Temperature (C)
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1 1 1 [l | 8
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?

Fig. 3. Cloud point plotted against volume
fraction of PS for the copolymer(SB
random copolymer, Mw=26K, S com-
position is 50%) —PS(Mw= 5K) pair.
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3. Blockcopolymer

blockcopolymer+= copolymer®] &t &8 2 4
A2}t B9 blocko]| chemicaldlAl bonding = o]
3171 #Eel| macroscopic phase separation-&
(%294 o]w]2] phase separation) §12 %} mi-
crodomain (~100A'¢] Z 7)) & A3, A
ol cost7} Fol o} -2 multiblocke] o} tri-
block copolymer®] o] &%= ¥=x| ¢}, o] &
7 AgolE 2@ A4S T e olfk,
A A blockcopolymer 7} 7}z = microdomain €|
Aol HEA NPE Fo, EHMZE com-
mercial 3}A] o] o] &5 =
v graft copolymer? olsiE 7 &4
gl & 7 2}, blockcopolymerd] 4 7}2+ &t
23 ATHIT 2l system

ene triblockcopolymere|ct}, styrenest buta-

multiblockcopolymer

styrene-butadi-

diene®] compositionell w2 domain size, in-
terdomain distance % microdomain¥® 4 L%
= 9 group "ol 4 s T3 gle}, S-
BD block~copolymer 2| 48 Ak=}al Shell company
off 4= microdomain 342 % ¢} blockcopoly -
mer®| processing- 37 2| ¢, block copoly-
mer®| molecular disignel] 33ty AF 3} e},

microdomain®| size7} ~100 A° A = ¥}of] & 4
gv& AW stch. (polymer blendoll 9l o] 4]
phase separationX particle sizet # ordero)
t}). polymer blend?] phase separation
surface free energy & %0|7] $|3ld 5 % &
2|7} 74 o]Atd ol = u orderd Z7lub = o
% surface free energy: T3 ol o8& A
e] ¢Jt}. blockcopolymer®] 739~ A-B block-
copolymer®| joint+ microdomain®] interface
ol Fojok e,
domain®| size7} ~100A°®c} ¥4 & #LE 7
A &hd, A3 entropyd) #H4¢} ¥4 domain
center® ¥l F7kglel A& whyo] glofxlch &
3] domain?] density”} uniformsted ok 317 o

ol (density7} uniform3}=] ¢4 0 © energetics}

joint® interfaced] + ¥
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Al unfaborabledt 4red4l), blockcopolymer &
7Hd 4 dbell g¢lek. blocopolym -
7t} A= etk
X+ X7} ¥ okx14 blockcopolymer?] joint7} domain
9| interfacedl] Eodok Hrle 52| A8t entro-
py loss& Z&3l=\], domaing 34z 9L
22 34 enthalpy7} 5715+ %2 o 3}A

t}. |2 microscopic phase separation3AS

microcdomaing-

mer7} A Y microdomaing

o

blockcopolymer 2] composition, Mw, 7+ com-
ponents®] natureoll &l& AR} 4L
4] &4 = microdomaino] ¥& LEo A &
A3tz Fedl, 2 ofwd HAL AH A do-
maino] FeixiAl HErb e FAlE, A o
T BAFE shiolr},

4. Blockcopolymer- homopolymer system

blockcopolymer-homopolymers system of} 4
dold F At Hrha ALE masle mz
A, A2l B2 homopolymer blendei] Ak o]
A-B blockcopolymer7} #7t5] = #A$o)r}. A
9} B2| homopolymer blend7} two phaseZ 7}
Z]= 7%, A-B blockcopolymer: two phase
9| interfacedl] Eo]™, interfaced wet 4|7
Aoltt. polymer blend | 734, eddsta gl o
fr& interfacet U "4 2 2 narrow o], A7}
%l blockcopolymert= chemical bond & inter -
phase & §+ F&L A =lch. wleF blockco-
polymer | 4l randomcopolymer® # 7} 5},
random copolymer+ interfaced] ¢ 7] Hcj:
particleo]\} matrixel] A3 08 Zxa Ao
=, 435+ #7}5] random copolymer?] com-
positionol] 23] F2 295 Ho|c},
polymer blendoll #7}5 copolymer7t blend?]

homo -

phase separation &% & W34z F+ o L
HIAE o Wso] weke AslsE copolymer
of ol ARE Ao|x},

homopolymer blendell #7}% blockcopoly-
mer 2| ofo] interphasesl] Fo|LE Y& oko] 2

7bel 7 %o, interfacial area S 4 3]~ 24}
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o] particle size7} 74 % 7%, 32k blockcopoly-
mer7} o= 8% phased] £AE 7% U block-
copolymer7} w502 ZA 3l ternary ph-
ase’t #4449 79 Fo] A2k homopolymer i
#& 8l blockcopolymer: domain-g& AT
73$-9} #AE3 ¥ solubilizeds o] A& A
7 2% 7hEslek.

A-B blockcopolymer®] ofo] wjF-Hoji 4
2+2] A9} B homopolymer7t #7}sE= 7190
+, #7tsl A9} B homopolymer+ A-B block-
copolymer?] domain®]v} matrixel] Z2z Aled
Ao 2 solubilized® #Ao|tt, 715 homopoly-
mer?] <fo] blockcopolymer®] solubility limit
S del e A$, 47+ homopolymer+=homo-
polymer island& 3#4i3}A] = ZHo|=, homo-
polymer islandel] &) 3l blockcopolymer 9
ofo] olHE dAolH o Hej2 EA A
2 AelAE AT ok & FLokEe shiol
t}.

Fig. 4 8 blockcopolymer- homopolymer

system?| phase diagramo]t}. blockcopolymer

g

=
(51
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Weight fraction of polystyrene (Mw 2400)

0 0z

Fig. 4. Phase diagram of polystyrene(Mw=
2.4K) and styrene-butadiene blockco-
polymer (Mw==28 K, styrene composi-
tion 27%) .
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