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ABSTRACT: Thermal properties, morphology, and rheological properties of the blends of
polycarbonate (PC) and a thermotropic liquid crystalline polymer (LCP) prepared by screw
extrusion have been investigated by differential scanning calorimeter (DSC), scanning elec-
tron microscopy (SEM), polarized optical microscopy, and rotational rheometry. From the
measured glass transition temperature (7, ), the LCP appears to dissolve more in the PC-
rich phase than does the PC in the LCP-rich phase. The polymer-polymer interaction parame-
ter (x;,) and the degree of disorder (y/x;) of LCP were investigated using lattice theory in
which the anisotropy of LLCP was considered. The polymer-polymer interaction parameter
(x12) were determined and found to be 0.068 for the extruded blends of PC-LCP (5 :5) at
523 K. Significant depression of the viscosity is observed in the PC-rich blends and this is
mainly due to the fibrous structure of the LCP in the blends. The storage modulus of the PC-
rich compositions exceeds that of the matrix component at low frequencies and this result
may be due to the increase of elasticity of the blends.
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Table 1. Characteristics of Polymers Used in the PC-LCP Blends

sample M, M, MM, TLK)* 4CJg'K")* Tu(K) AHUg'KH plg/em’)’
PC¢ 22,800¢ 9,760  9,760¢ 424.3 0.231 - - 1.20
LCP* - 21,500/ - 331.5 0.052 4741 2.34 1.40

4 Measured in our laboratory by DSC.

b Measured in our laboratory by specific gravity chain balance.
¢Supplied by Sam Yang Kasei Co. Litd.

4Data from supplier.

¢ Supplied by Unitika Co.

/Data from ref. 17.
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Figure 1. DSC thermograms of PC-LCP blends at a
heating rate of 20 K/min: (a) PC-LCP (5:5) blend
and (b) pure LCP.
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Table 2. Apparent Weight Fraction (w) and Ap-
parent Volume Fraction (v) of PC and LCP Com-
ponents in the PC-rich Phase and LCP-rich
Phase

a T T I4 ” ’c ”c
blend (f{‘-)" (I‘{Z')" w'® wt oy 7
1.0 - 4244 — 1.000 — 1.0000

0.5 3334 4128 0974 0.8997 09762 0.9128
0.4 3329 4104 09808 0.8783 0.9825 0.8938
0.3 3325 4071 09863 0.8484 0.9875 0.8671
0.2 3323 4022 0.9890 0.8030 0.9900 0.8263
0.1 3320 400.1 09931 0.7833 0.9937 0.8083
0.0 3315 - 1.0000 - 1.000 —
?Blend composition of LCP given as overall weight fraction in
the PC-LCP blends.
®Single prime and double prime denote L.CP-rich phase and
PC-rich phase, respectively. Weight fractions are calculated
from Fox eq.: w,’ =1—w, and w,"=1-w\". v/ =1—v,
and vy"=1—1v,".
“y," is caleulated by using w,” data.
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Figure 2. Phase composition diagram of the PC-LCP
blends by the Fox eq.; ([1]) weight fraction of PC in
the PC-rich phase and (O) weight fraction of PC in
the LLCP-rich phase.
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Figure 3. Scanning electron micrographs obtained

from cryogenically fractured cross-section surfaces of
the PC-LCP blends: (a) 9: 1, (b) 8 1 2, and (¢) 7 : 3.
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Figure 4. Polarized optical micrographs of the PC-
LCP blends at 523 K: (a) polarized, pure LCP, (b)
not polarized, PC-LCP (6 : 4), and (c) polarized, PC-
LCP(6 : 4).

EE8 250 TN F3 dvlFez A Aot
o] 2§lelA PC-rich 43 LCP-rich A& #ag
T lon, ST FAF BELS % Ao AuWe
Yeh L slvh. Fig. 4(c)& Fig. 4(b)o] B A}

818

&3t Jehd AozM AeMow vehgd Rio]
84¢ PC-rich A& ¥ 4 glen, PCA
o LCP7} molsol7t e Ae B 5 Yk}
AEZ Jehd). ol 98N AFAZRH AR
Fig. 29| ZA7gr A3l 4L ¢ # Uk
Fig. 4(c)olX LCP-rich A& A#pd $43%
LCPo| #3 #n7 ARRIQ Fig. 4(a)9ts iz
83T 2 P AeNo| Yehda ee B
T AUtk ol Fig. 20 yehd 23 o] A3te)
PCIl LCP4o2 molgoi3tr] wFolagtn ARg
T lom, £ LCPA| =o}go|7t PCr} LCPY
e W dhs AES ) Yozt 4y 5
Utk FAg &A1 PC7} LCP-rich 4] =ol&
o7t LCPe| Mg Wk d4e Fx) olge
2R ZAA3 degree of disorder (y/x;) 2 Addo]
7Fs3tm, y/x& vy @etollA At
PC-LCP S =o| TEX}-DEX MSHEH S
(x12). & Q7o ME= LCPY ol Ade nodd A}
o] 22U o] g 3lad NyPow ZHF By RgzR
Bl 218 AN F e oge 4e Ag v 9l

E} 30,53

exp(ﬁ) = l—vl(l—i) (3)
y Iy
vy , v ”
1n( )+ o zlm(~— )—vl (Zym—1)
0 I om

+xlm(l —L) (v, —v," )+ Zm[l +ln(ﬁ)]
Xy Y

+rlm.rlz(v22—1)22):0 (4)

1 ) p ( 1 )
U X 1-
I rnm nm

2 , ,,
+(np—-1) (v, — vz")+%+x2112(v]2— v12)=0 5)

Polymer(Korea) Vol. 20, No. 5, September 1996



E7tEvlolEst AW JFIEAR Ed=9 EANJ B8 A7

A7 v’ B v, = A4 LEA l-rich Aol o}
e w82 19 2Ry Rogss 124 2-rich4
o Zol e &z 29 BRI BuEgoltt. om
9 pye R 17 izl 29 WA Holojn} PCo
RG9S 12 o AMEIAct & AFdMN oym
& 72.6 12|31l xpe 3842 AHEIAch me LCP
o] ¥3 flexible jointe] 7H4eln] y= LCP9
disorientation factor (y=ux sin ¢)o]t}.”® Table 2
o] 7| Rul&ga 4 (3)~(5) 2% PC-LCP
(5:5) =9 x,& A2WsIgen LCPY o3y
& 2 HS- xpe 00682 vepstrh. LCP9| o]
g n2ietA 4 4$E& Kim3} Burnse] *#
BHo R 8 2RY F ded, o] S xiT
0.06824 LCP9| o A& g %52 207} §l
Arh. LCP9) o4& ned 9o n8f3hr @&
A% 7t ZAOlE HolR e AL LCPY de-
gree of disorder (y/x,)7} 0.832.2 v|$ =27] W&
olth. y/x0l 19] gk& 7INH LCP7} fA% iz
g} go] Agris AL ojudh® LCPY y/x,9|
Lol 7178 &8 7HRe olfe & A7dA LCP9
48 PR3 PCele] Az aanke ey o
Folr}. LCPo| F4¥ HELw Lg4dedA = vint
8 AdgE Jeplr] g2 y/xne A= PCY
LCPo] wiatg Witk AEE 3l ASS AlAE
th o] A= Fig. 4(c)ol B dn)A ARdAA

ehd Aol AXge o+ Urh
2127t dAgERC} 3L 74°°“'—E T iz} e
Ao] A=|ut JAIgET} & 7ol = a7t doldt
o]

thn g2lA vk x:9) FAIGS oo A& o] &
s} 7 5 Ak
(x12)c.= %(Il m't+ 2,12 (6)

2 (6)o=RE ADE ()= 003924 250 C
N T PC-LCP EA=9| x,Ht} UAlgte] A
vehhs A 2RE T Sz} Aloldle ARt A
28 gAY F glon ol Fig. 37 49 REZH
Arsiw Ax|Fe}. £ A7 73 PC-LCP £
=9 ye vlolkPollA AT Aoz 2x9} ¢
o) 43 FANA 2 wE EF A2 2Kl

#2lo A20Y8 A53 199613 99

104

@ 0000000000
d'floagggg%aﬁun
- oo Bﬂa
> 00 E D a
= <
g < o AR
& %o
> 2
102
§ PC/LCP ©
7 o100 O 9
A 82 O 173
10 R .
1072 107! 10° 10"

Shear Rate (s™')

Figure 5. Steady shear viscosity (Pa. s) vs. rate
(1/s) of the PC-L.CP(10 : 0), (9 : 1), (8 :2), and
(7  3) blends, cone & plate fixture at 533 K.
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