=2

M

gl

H FaraA pEAge] oz dd 1
¥ z}(homopolymer) 2] EAolv 71FA4E& N4
FF oldel B4E SN £
3}ekd W o 7 &8sl YHE polyblends, block
and graft copolymers, IPN(interpenetrating poly-
mer network)® #2& 1Ez 2§ & (polymer
da wde a2 Badd &84

]71 E_ZJO%T

composite ) ol

Qo] Zuel oz Adsikn A
E3], 2t Ao fates HgUE EAdA s
serz o] T4ol tise] o5 el g
3} l:r7ﬂ ¢] 23 A 4*(adjustable parameter)
@ 2w, 41 YA WokE o AR o]
b A2 E3hH & (mixture rles)o] 3 HE

23

oz ¥ o} AdPHeRe dig T8

= #%(homogeneous) ¥ E7Y
(heterogeneous) ©] 4% Al (binary system)ol| tf 3¢
712 WEF TE Pl Ui AE, GAdE Al o
& g W Hze Wik HAAA S8 L F

of #a) tehe] A&z Pk

efHoll A2 ZetHE

(=)
-

OlAEHIO HEH THEX Zah=lof

CHet 4=
DA BgAel gk EH A HEE AA
oz #3l7] Yl &S AF_A (compatibili-
ty), £+ (dispersed or inclusion phase) 2} Q<

A}(comtineous or matrix phase) 2] Al % 8|8
w2} (i) 72 7l (one-phase binary mixtures), (ii)
g7he] A&4E 717 B Al (two-phase mix-
tures with one continuous phase), (iii) F7§<

A &AM 712 B Y Al (two-phase mixtures with

two continuous phase)d] A|EHZ EF3A 7]
38k

BN malat

nEA BgAe g dx, 288, AT,
g 8- b4 A 4 (transient or dynamics) %, ¥
Hay S g gl 842 84 &9 “one-

fluid random mixing approximation” (§ 4 %)

of 7128 ¥ olefst ¥ 4 ¥2(Simplex2]olet
1% )’ Jehy A,
Pc=P, ¢, +P.4.+5¢.4, (1)

Mixture Rules in Polymer Compdsite

wAg sty a8 2E 87 (Jang-oo Lee, Department of Polymer Science and Engineering, Pusan

National University, Pusan 609-390, Korea)
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A7 G B, B4
& B33 gebvE

A2l &3 (random
mixing)O]] 8 @3l ©ha= 714 2] (simple aditivity

rule)o] 2} &},
Pc = P, ¢,+P. ¢, (2)

&, Al(2)2F-E “positive deviation™(8>0)E ot
bl 53] FeFrtet 2 EATEE VHA &
7 & “synergestic effect”2} &1z, ¥kl 7

“anti-synergestic effect)2} 3t} T3t tﬂ
EadA sdste &8 S@qA ] A¢e 7-}
ARl BAzaleo)l7} AN <09 g zA @
g, 4(2)9 2ol Hetrlelrt Bagle HE&F
AF A O 2 = H oA A8AJo] L}l H 314 9 Tg

U B8 s 58 el £5 A8EE U

—1E —10

qu il

o 7} A3 = (inverse simple additive rule) 2](3)o]
1}, A} o](phase inversion) Aol A& A&
Aol 24dZE Bl ol&FHe trds
(logarithmic simple additive rule) 2/(4) %I
At

7HE

Pc! = P ¢, +P, Mg, (3)

logPc = ¢ logP,+ ¢ logP, (4)
A(2)~(4)8 3t gol & Hoz e <
At

Pc" = PP g, 4P 4, (5)

of7]14, n=1, -1 2 09 B%= 42z 4 (2), 3),
(4)° AL & & Ak
Fig. 1o 2t Ao Fgate B@A N 24 =
AolEAe Jerlileh. 53], filled polymers®}
& BFUA, A9 71AH B4 dFel

180

1: eq - (2)
2: eq- (3)
3 eq- (4)
i
a |
g 3
g
a 2
1] 1.0
¢2

Fig. 1. Composition dependence of composite proper-
ties calculated by simple mixture rules.[eq.

(2)-(4)]

o] A (2)= & (upper limit)S VEhE B2
(parallel) 2 dll, 4] (3)2, 3}3(lower limit)S }
EhiE 2 3 (series) = d o] g} e},

el AASAE J1E S0YUA

Filled polymers, polyblends, block copolymers
9} o e nE2} B = o] Aol £33
t}, o] Aol AHES EFHALZAN= A (1) #
2 Simplex 4jo] A}8-9 = o, 53 Hekd
(viscoelasticity) &9 d=S ¢35l A<k 7]
AA zd 2 A= Takayanagi 52 “mechanical
coupling model™ Kerner %<
model”” 50| 2) o1}, two-parameter 29 Q) Hal-

4 (6) o

“self-consistent

pin- Tsai 59} “modified Kermer eq.”
) dal ALgE I et

1+AB¢,

PC/PI:W

(6)
71 M, Pz B AFY 2e 74 4L et
Wi, A BAHEL filler) AHAE 2)9 V3=

7, 29, BAEH $)u A4(4E Dol 43
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(Poisson’s ratio )0l 2]&s3le delulg] 2 A] v
A&A 5o /¢ (spherical) YAHEAS] P4
A=158 zx, R Fo] FojAelA A Hof
G2 AT 238 24 "ok A4 Be U
o] T Ao E4H]d —JE?S}E 2 8¥)(P,/P)

told @ Agel 124 HFE & Uk,
p_ Pe/Pl (7)
P,/ P+A

e Bkl Hol “Packing” & (dm)oll
Tt FoBAM, e P
s =141k ), ®)

P @, A5 29] packing HEIE utdstE FE E
Abti) 53] 2 A, rubbery polymerdl] hard filler7}
Barno] & A dnd 0.60~0.65, glassy poly-
mer o] rubbery particleo] ¥4tEo] S ﬁ—,
£ 0.80~0.8329] @& 7HAch BAFEAe 7

Bizio g ool BAY Al & &S ?ﬂ:)\o}
eze Bigolat st 4 (6)2 Agel 8L
oA A 1S Aoz Aztgto] Hel sttt &,
2 (6)ol A Ao 71 md o] 3t ] 3
B W@y 4(2), A0 olH 33t 8

444 4 (3) ol 98 % F Y, YdHeE

rlr

f-l

=N | = 2w T — -
Z2}o] ]2 “hard”3t 749l HHEw o], ALY
o] “soft”d A-$ql HHmdo] Hggo] dHA
il

Flg 20] p=1(F Ppm=1)E T2
Fo gkl disl 2 (6)& A&t HEHA

0wl e B B4 2o
iet=4

Sl dAME KK ETYUA

Open-celled foams, block copolymers, poly-
blends, IPN S} 22 EAHA] Al 2] 742, 718 soft
3 AE1(A&AH) o) thE harddF A E2(E4HE) 9]
Z7HA du oA el =dahd

v

Mg B 3

Z2|H A13¢ A3E 1989 3¢

1000

300

100

P/P

30

|

0 02 0.4 06 08 10
6.

Fig. 2. Semilog plot of eq. () (with ¢ =1.0) for va-
rious values of A for an immiscible polyblend.

T AR jlrte] A7 Al ol F Aol
PR A& FAsd H$A S modulus
(Mc)o] z=AWs7 F43] F71stAl s o
A9 g grlolHele} dtar o] 29 Fofl hard
3 Aol A&, softd AF-o] EaHgel He
uebdt), o] el Age
Fig. 3014 ®520] (1- ¢m )9+ dm o] Abololl AU
(fm 2 b = 242} regular®] Alolel QUt}) fm
2 g = 242} regular ¥ inverted A ol A o]
He gl AW packing 2&& Uehia, B
5 fm< 060~065 Fm = 080~083° @g 7}
o] o] 1o eluef = % 3 2] modul-
o Z317] 9%k AP o 2E oo} E2 o
.

inverted system”&

)
M
o
9,
o

logMc = ¢, logMu+ ¢ logM. (9)
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b My am~m

Log modulus, M.

T
1
1
r
=
e
L]
)
— =D e e e e et e = = — -
a

1)
L0
;———.Vol fract. of rigid phase

0

Tig. 3. Modulus and composition variables important
in the rigion of phase inversion. ¢, is an ar-
bitrary volume fraction of the more rigid com-
ponent’,

oq7]4, Mu € M. & Fig. 34 Bizube} o] 2z}
2t FolR 24 dcoll M 3 9 modulusel] o g
’}3H(inverted system) 2 3}3H(regular system)
oA #jdste oli, du 2 g(=1-du)x ot
o} gro] Fojzid,

¢ _ ¢c—(1"¢/m) ¢ ¢m_¢c

T (1= T bu—(1—dm)
(10)
BE Aol 42 ol dHRl B9 ¢=05 %
o 9)xatn Qo' &3te] 7% (intensity of

mixing)u}t §-vf A 2] Aabgol ofsf glo] debd 4
sdct.

CtEZ2AI0l2] &t

A Hol A Ard oj & A disk 4 (1) #
S EFUAL H7H4 ARz "4
ponent) Alol S4E 4 St} 7AL G pe
QA EA E£3E9] second virial Al 51t enthalpy
Sl BA(Me)S o &3= AR =
random mixing” 7}A o] ojshd th-S-3 o] YEl

- (multicom

“one-fluid

182

d % gleh,

Mc=2 EIMU ¢x ¢J (11)

i=] j=

1ol M, & is} j
wel %M M, &
;)E

3ol olsh 42 A
2 geel pegEtel 219

Fky)S THBEE Wy sd g1} 2o
Mc=i:21M,-¢,-+%kij 4: 9, (12)
ky=2(m,; - MM (13)
Aol Mi=Mel s, ghel wE ko] ghol

0ol B MM A (27 Bk ohsba

Moz o] FEA W A A g 2

o] nd¥AR F & Sk

Mcz-:iunzzl\x/I i#i 9 "_—élM’ﬂ 4 + %%kif $. 0,

(14)

, L Mo o
kii=2(M," — #1_ (15)
4 (1)1 N 28 ky 3kl 008 g drhay

i] AT(S)O] QE}
ad 99 A (12) 2 (14)s A% 9 53
AMYEE X7h SIF % 5 4 40l v

£ random mixing?] 7}A o 7128 ¥ 2o}, 4
Az zh R B4, 53] o Z(force field) ] =}
7t & ASole A=A geh o9 “non-

random mixing”o] ¥3%F Guggenheim® “guasi-

chemical equilibrium” o] &)} o3}, (1-1)+(2-

2)=2(1-2)2 8, = 1-18F3% 2-28F0] #olH

T 1-28F (&) 0] A Hy yEste 7
/_'\_]

o_,
%ol & Xyt obele} o] Bt By

C(4Xp)? 2 Aw (16)
K=Xix, —& (=55 )
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Aw = wu_‘é_ (wu+w2) (17)

H38 A4, k= Boltzmann’ds, T
= HYeToln, Awe 19 1-28F ¥438] +
dhg]= o7 Wats Jehlle G2 7t AJE e
A2 (wi) Zol & wg 3o B 5 Aok Aol
A, Aw7F 00l 717498 K7 AX 1-2A8 HJZ 9
4= X,7} 2o}4 random mixing 2 =HA H
3, wreF w7t AXE K 2 X7t ZobA AlE A
% 227} 7+4 5% non-random mixing F 23S ¥
A g}, ojeh#o] AW 43 FE( F random
mixing®] AE)& 23 & o] &EA] the Lkt

Iy

@ M Aa8) 2 AU Ao EREAE
SESEEEC L
Mc = M, ¢, +M. ¢+~ 4.8 (18)
b= 2(M,— M3 ) xp (19)
Mot = Mo g, +M otkadide (20)
K, = 2M1 - MM e )
P =K/ (2+K) (22)

9]¢] 4ol A non-random mixing® =& VERY
= gatu g Py, K»odwE 1(perfect random
mixing) ¢} .1, K=>0% 7%+ 0(perfect non-random
mixing)®) g RART, kk=09] FATE 4
YEe ¢+ Ank 53, FetelE P, 5 1242
HE5E 207 A9 4$ 233 mixingZ£310]
U} A2 34 (compatibilizer) 9] A}&-0.2 F7HA
71 4 gloh Fig. 4 (a) 2 (b)oll Sl AR H=
Age wais duistd wERd 4(18) 2
And 2)(20) & AHEstd o] AEEFA S 717
3 AA(Mc)e 2AEAHE EAEHUT HEE

Z2|H A13¥ A33. 19894 3¢

M.

s £0
>'; 1

€ (k:20)
g

g M

(a)

Property, Mc

.

Fig. 4. Composition dependence” of composite property
calculated by (a) generalized parallel model
eq. (18) and (b) series model eq. (20) using
A,=2A, and K=10.

QoA b >0(Z, M2>M'~“2i&om. k=09) ran-

dom mizing?] ZA-$HT S F3AEo] AXM
Mc7} ZE 1, b <0o]d 2 wtjojch X A B R
d ol A k,<00]H k=0%) random-mixing 7-¢ 5.
ot 20" gsago Qdte Mco FUE 7H
AR, ky>00)R 1 whtholrh AF T upst o),
guiz oz BARAAL Feol BgAe 4
Mce @&/ H (b=0) (43 2 G397
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2 (k,=0) (3} Atolel] 91x]3far ok 22y ¢
o] dvtatd =Y A(18) 2 (20)oly H Mo
modified kernerd] 2](6) %3} &L EHEE
EAAF} 2 Bl 7AA AFe] 249
FAHL vad # Jebd £ o), HgAe &
FA=(EE Z=x)9) &o] Hul, HAE Tl %

“sigmoidal” @ o] A 9E4E veR7] ol

+& AH Fux} Pk
HIHK| HAHH SE o

A Z7A gAA L EFUA 282 B
Fas g e doerd AErd 4 AU
TALEANE 18T gvts md o8 o
Ay slEe B dolAe oy BEAF dEA] 2
7t A4, F ARAEE)AE, 888, Te
aeln 93 9 A8 4AE 250 dEstn
2} gt

Z1AE AME

A& uhe} o] @AY B BEHA 9] 7
A A A AL modified kerner2] 22 th F5]+= two-
parameter Z @4 Fo2 vl & dyd 5 3l
r}, o]& F o] B ¥ topic 3 block copolymer
o] 58 HedAs 2 ARFS}2 7 (FRR) Y
g 5ol @ated Z7fetzch Nakajima 5%
solvent-casty] 2.2 TFE GBG-4 block copolymer

ote] FHAVA AT 2PAESHE e e
! 218 o] £2H Takayanagio] 7] A% =4l

(=1

1/ E*=¥ / (AE%+(1-1)E¥,)
+(1- ¥)E¥, (23)

o7]14, E¥= #@E 29 “complex dynamic
modulus” ©]1, A @ = TA L BN me
5ol o&Edte TgEEE IYste ez w4
A¥E inclusion phase(7}% BA )¢ Ry g 3}
#3, 8 A /95 71AH mde] 2E) BEg A

r—{n‘.
Yt

oX,

4
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;.

718 YEPHI(EF, A/ 97} de(<1l)ol®
By, /r/f/} ge'(>1)old 2HRrdo s3), A
A ] modified kermer2] o] 5= A9} o}&-3 &
A 9

0 =

[e5

A=gdg/Pp=(14+A4¢,)/ (1+A) (24)

L5, 5 wv Holdse A7} Hopd AAAAL
= 9145 opelsh 0e BolEE B
gt 2] %ﬂ A ZAAF(E), &4 A4(E") 2 tand
218 (tand)o] A4rd 4 2Tk,

E'=|E¥|cosa, E"=|E¥|sina, tand=E" / E’
(25)

o| 714, E*=E'-+E"¢] 7], E*=(E"*+E")""
olt}, Fig, 59 PBd homopolymere] #& ¢@p=

S (1A

=
" 1'0.19 Qg
GBG-4 b 700

(¢ 5=0.189)

Log E* (dyne /cm')
o
[
& L2
° <]

G

1

"3

4

«5

8 |~

B

J 1 l i I
0 100 200

T{T)

Fig. 5. Temperature dependence of logE' for GBG-
4 block copolymer membrane?, G:PBLG :
B:PBd. Curves G, B, and 9):experimental ;
curves(1)-(5) :calculated.
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0.1899] 7% GBG-4 block copolymert=}¢} logE

Aol g A3 (03F) # AHA (23)
EAEA A 12, A7)
zdo] g0, T4 25 A=1.

A 7ol A58 A=0%] A
drgel 9o g oh A& FHg At
Me FH27E 43 2 dXa lemg o) £
ol A&FH(GAR) BAE] +

Y
i
b

o
o
LU
e
[
ﬁ ol
30
o
fio
>
>
9
3

iroxe
v

ka
o
]
¥

@4e 7

)
do
2
i)
o rl
<
2o
By o
=
s
2[_1‘
R
é .
e
>,
i)
Lo

o]
oo}
o
o
2y
Jo
o
4 L 2

JbyErd g

g L
o
e

ol
M

“end effect” W&ol 3 SHAGHEHE A
watng e ZTAdAM A Asamst
Aok, &, B39 ARl 33 (longitudinal )
modulus E & o}-& 7 2op

E. = nLnoEf¢f+Em¢m (26)
W (E/Em)-1 (@7
L= (E;/Emn)+2(L/D)

9 AojA H2f 2L me 24 AF 2 matrick
(%)< Jehfx, L 2 De df20l 2 373
olth, & Hi &A1 no 15 ¥ 3Fe] 7§ 1, random
2x}9) uj8k7-$ 1/3, random 33+ ¥l &FH 9~ 1/6
e Zeth A (26)3 (27)S HES B9, E/
Em) 10|z, ¢dujgkel Zeolz7b UL/ D)1)
474549 A$ no 2 nol 1o FIsked &t
A Ho @Eg ¢ F Aok 2 2(26)S &
HAe 5o st Afe 1T AWHEY
o] £€ 79(% random mixingd F7hH°l AF
g3, 28x 22 ALEY 22 dg #A 2 A
ot}

288

Polyblendsi} block copolymers} #& 2484
A9 gz Bl &g¥re] 2HEFA=

Z2| A13¥ A3E 1939 3¢

olefsh e e A 4 (28) ok, A5
[+

AEH 4(29) 7F FF ALGE 3 ek

l/ﬂc = W1/71+W2/7)2 (28)
logne = wilogn, +w,logz, (29)
26 T

22

20

18
S 6
X
~
g
Q
&
2
Q &
]
2

4

2

1 L 1 1

CPA 0O 20 40 50 60 80

PDM 100 80 60 40 20 0

Mixture Composition (wt %5)

Fig. 6. Composition dependence of the viscosity of
blends of CPA (copolyamide) and POM (poly-
oxymethylene) as a function of shear stress'
:(Curve 1) 127:(Curves 2) 3.93:(Curve
3) 5.44:(Curve 4) 6.30:(Curve 5) 12.59:
(Curve 6) 19.25:(Curve7) 31.62(10"¢dyn/
cm?)),



A7, m 2 we AR E8HE 2 SHE
&o|t} 2et} pseudoplastic AE(HEEL

of o §§ 3% #4a¥4)S thEhH i POLYB-
LEND ¢ &gdxe l 1“913:*3—?- vtebdl Fig.
6ol Al M whep @
= °] 91 TR t-ﬂﬂ?’ ?:_11]3}1: 3&% 5'_0114, she

e SHeE, T 3

of e ggel A A% 2 Harae] AU,

A 270 mgEe W Alse 3

o2+, S50 yREol & Fhole o

2717} soA 1-2% £ 9

2 Q% BN, EE ANYEY F ARz 9
Z

o] A(28)# e derdz Hod e ¢ F
At

wEl&o| 22

dsta 2apdold siFets B A9 &
ARl Tgis, E48 7% 3 (semicrystalline) 1&
2F B3tA o] A goll= 2hzhe] ~ —‘?4 §l°ﬂ 3 3-3)

£2719 TgE Vel A5, &4l sl
1} random copolymer®} 7ol ZAdo] o]&s3}
= 1709 Tgg #Eeth o] A9, 7 de o] &5
= sgyaozMEoldel Gordon-Taylar'“o]

< polyblend

A,
Tg = 4 TatKwTe, (30
w,+Kw,

A7, wi R Tgiv 24 AR /9 38 ¥
Tgol i, K& 2k AJEo B4 &3t Al %
o]}, 91 A& modified kerner?] (2]<6)) 2] p=1
of s)g3le g 44
t},

ox 9 XM7|E AME

Filled polymers9} 22 B389 749l 3!
o] Aol B3 o] B FAF(ac)H, EHET (&)

one-parameter 292 7+F

186

Ho2 vjepdo] B OM .
loga: = ¢ mlogay, + ¢ plogas (31)
logk. = ¢ mlogkm+ & plogk, (32)

o7, Azt e, m ¥ pe 2}7} B34, matrix A
% filler(¥4D) A4S )k &, FARS 9} Be
Aol 7] dELe Y& #o] modified
Kerner 4] dejz vebd 4 Ao’

_ 1+AR4, (33)
/= T_pwy,
A=1/Ae-1 (34)
_ &/ /em—1 (35)
o |Ep/em‘f'A

7NN, e 2t Ao} FARF, pE LAY
packing HEIE 3= 3 4 (8)olx, Aer

“depolariszation factor” o]t}

g &

o]z} o] FUA L EFYAY nEA} B
Naol Ao RAYEALE &5 A3 Y
] (mixture rules)& ztzbe] 73 $-o Widld daAS
EUA dystdt 53], B840 dE H2
ol nd 2 e Ado] 4548 4 244 e) (random
mixing?] F=)& 1 duistE B 2 Y
Bdo] 74 HEEE NHeATh 2y, B4
U Tgdt 22 vjud 7ds 249 HeE o
crdoly, £ A7 5o A vl &
F7H AP AR A §o] steshd, £83
Tot g B B A= AWz 7t
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