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ABSTRACT: A study of linear and branched polycarbonates blend system is presented. Flow
and mechanical properties, and miscibility were studied for the blends of various composi-
tions. No phase separations were observed in the blend systems. The mechanical properties of
blends were examined through tensile strength, tensile modulus, flexural strength, flexural
modulus and impact strength. Melt viscosity, storage and loss moduli of the blends with vari-
ous compositions were examined at various temperatures. The dependence of viscosity on
molecular weight was also presented. Flow properties of the blends showed significant varia-
tions however, mechanical properties were relatively independent of the compositions. As the
content of branched polycarbonate increased, the dependence of viscosity on molecular
weight and shear thinning behavior became more marked. Therefore the blend systems
which have same mechanical properties but different flow properties can be obtained.

Keywords: linear polycarbonate, branched polycarbonate, miscibility, melt viscosity, mechanical
properties.
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Figure 1. Schematic drawings of linear and branched
polycarbonates that used for blends.
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Table 1. Compositions and Molecular Weights of Linear and Branched Polycarbonates in Blends

A B C D E F G G 1

G K L N N O

liner polycarbonate(wt%) 100

9 9 8 8 75 70 50 30 25 20 15 10 5 0

branched polycarbonate(wt%) 0 5 10 15 20 25 30 50 70 75 8 8 90 95 100

molecualr weight(M) 43000 - - -

- - - - - - - - - 60000

Feed Rate : 10 kg/h
Screw Speed : 200 RPM

\ Right Handed Screw Element

Left Handed Screw Element

L i Kneading Disk Element

.

240 C 260 C 210%¢ 275 ¢ 280 ¢C 280 T
» i Xl »

Ed |~ Ll ) Lad L
Barmel 1 Barrel 2 Barrel 3 Barrel 4 Barrel 5 Die

Figure 2. Schematic drawing of ZSK25 (Intermesh-
ing Co-Rotating, Werner & Pfleiderer) twin screw ex-
truder and operational conditions for the blends of lin-
ear and branched polycarbonates.
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Figure 3. Differential scanning calorimetry (DSC)
trace of linear and branched polycarbonates blends.
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(d) Linear PC: Branched PC (wt%)=20:80
Figure 4. Scanning electron micrographs (SEM) ob-
tained from fractured cross-section of linear and
branched polycarbonates blends.
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Figure 6. Variations of flexural strength and flexu-
ral modulus according to the content of branched poly-
carbonate in the blends of linear and branched polycar-
bonates.
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Figure 7. Variations of impact strength according to
the content of branched polycarbonate in the blends of
linear and branched polycarbonates.

£57} 10°% 10', 10%rad/secq! A% EX3E =
IRV 0| Eo| g wE £EH =0 WIS BAF
3 At A&yl F45 EAsE EEvlEdolE
gl M Az vt vgo] #Aae & F 9
th oRL A& Ert e o F {FE FGdA EA
3tE Eej7tRdlolEr} A A 9¢E &

Polymer(Korea) Vol. 24, No. 1, January 2000



105:AAAAA
000008454
Looooo()ooss
- -nuuumgngggg
3 'DDDDDuuuDuuggg
Qe [vvevevoe o \_g
& v DU
> -§§§§§§§§§%%§gg§§§é
)
3 N Composition of PC E g
2 10%¢ Linear : Branched
< r o 100:0
K% [ o 90:10
[o% [ v 80:20
€ r v 70:30
8 r o 50:50
a o7
r o 20:80
< 1090
A G100
3 1 4 TURT Y N T S A W U U NS IO S W S S S S S W W
10 -1 a 1 2 3
10 10 10 10 10
Frequency (rad/sec)
(a)
10° F Composition of PC
Linear : Branched
[ o 1000
r O 90:10
— v 80:20
§ (88888844, 7 o¥
£ |B88888885g86, g mp
2 Oooaooaoan 898 & 1080
= g v UUDDQDUSSSA 0:100
S L ¥9¥9%y o
Qo 101 g
§ 3883888888 sty
x [ 88§
@
(=% {
5
S
(@]
103L

107! 10° 10" 10? 10°
Frequency (rad/sec)
(b}

s, =3 Exjskd ZajgluuvlolEs} shear thin-
ningd ZA 7|4EE Yelhdoh d&xd g ¢
A=) Aol 257}t U1 wel Foj=i=d), o)
AL 2%7) Z713H) uwE} shear thinning 37}
Fol5& vehdoh ol 4L nEa &§H 9
kgl Fypoj ) B4

Figure 102 A83 Ex|gd Zg7lRulo|lE &
J=dgA] Bgdze] 2% &k ik J3e
HoEo) EA3tE FestRu o 9] ee] et
FE AEET £4HEY Aol Y& AR oA
Al EXsE FelFtEYolEr) FUIESEE o 2
shear thinningd4& Ueld S Ro&), Adds

Eai A24¥ A1z 20008 1€

#=e) J1AY 4% #5354

10° Composition of PC
tLinear - Branched

® 1000
o 90:10

o v 80:20

0 v 70:30

8. m 50:50

-~ R Q 3070

= 03§233AA“A & 20:80

4 A <& 10:80

*

§ 104-300833§§§§§§§AA A 0:100

2 -;..-......_.gﬁgA

% gsv%vvvvvvvvv;;.g§

g [dTIdvuiuvuarEiiild

£ v

o)

O

103 b L . .
107! 10° 10! 10? 10°

Frequency (rad/sec)
(c)

Figure 8. Complex viscosity curves of linear and
branched polycarbonates blends.

10°
Freqt:encrgadls) Temperature : 300 C
105 ¢ o 10
v 10

Temperature :

Complex viscosity (poise)

Temperature : 260 C

10°
104
|
|
10? L . \ . |
0 20 40 60 80 100

Branched polycarbonate content (wt%)

- Figure 9. Complex viscosities according to the con-

tent of branched polycarbonate in the blends of linear
and branched polycarbonates for various frequencies.

oA shear thinning@4S A&=2o] 4AA 9w
22 BAEe) Agsgd o8] Agdutgoz 4

43



105§

e

LFrequeW*\O

o i°
1
E © 10 Branched polycarboante

10‘

s’
il

’3,7 Linear PC : Branched PC (wt%)=20:80
g . . . .
>
‘@
2] %\%
& 10tk \O
x
5 r Linear PC : Branched PC (wt%)=50:50
3 s —t L — Il
g 10
O
100k O'%Q:\O
Linear PC : Branched PC (wt%)=80:20
10° L L . A ‘

E \Q

F Linear polycarbonate

10° . : . . .
250 260 270 280 290 300 310

Temperature (C)

Figure 10. Temperature effects on complex viscosity
for the blends of linear and branched polycarbonates
for various frequencies.

€ 3 HoEA AdErr) I+5 89 U A
o] A2 471 ddoltt. o2 A3 A
L= L‘a—x}el AR, A, EAE ¥ a9
T ¢g EBE Sabkwst Bdo] UoktHY £ g
TE7%} Tx1§}5)o1 REFF 2|5 Y] IFF
AdLFo s FHd aEAEe &3 & &
7b =EleE duAdgel F3el asp] =

shear thinning dAtol F={x|A vtephdr},

B 2AdA 2R3k Ze7tEdo|Ee §efo| &
Zheel me Sd= NARE £X3E At 8
of AT Wit ohz} B BER EAul 2
E0] Z7VeHAl S22 F5l¥ shear thinning 4

& Holx %}

44

SOl - 2]

70000 10.0

9.0
60000 *
180

50000

7.0

5
2 40000 6.0
s 50
3 30000
3 40
[}
= 50000 | 13.0
1oooov v M A
0 R S L 0.0

0 10 20 30 40 50 60 70 80 90 100
Branched polycarbonate content (wt%)

Figure 11. Measured molecular weight of linear and
branched polycarbonates blends.

Figure 112 A3 % #A3ld = A2l &
Aere) Wss BaZEr}. Figure 12%= o]#d By
Alz=rle] Ea}EF W3l mep vt 01‘971] HsheX|

£ Ho&Er). Figure 12949 Bx}8ke Figure 11
ZHE QoA Felth. MY wEAE -1:7‘}%*4—} e
o}o] Akl WAL vt} o] Fojc}>?

o=k M(M<M.) (1a)
ne=K M3*(M>M,) (1b)
o}7]4 5o= zero shear viscosityo|®, &'} ¥

HEdr, Me AR thgat Alag
o] B$ BAF M A B EAF(M)E A

okl gle] A4 (1) A&E7) ofF Be 3% &
274 % (Newtonian viscosity)¢l 79 &5 &

ok,
p=R

Fl(‘

r

Jz

< A3 Bxzd FEsiRvolEe £
el Hxo| FA Hit EAekl] g o9&
X3 Z4&% (10%rad/sec), & FEAE B
= 4.47 (260 °C), 4.41(280C) 8lal 4.14
(300 T8 AxsE Rt 2%d watn Y
a1 g gE&4do] vhzA vehed Z&Est
e v & REIEE 257 SUHE wE 22
o g o& Z24agg e gl

¢

A)
=
ES

AR

k|
=]
j=]

NN

X o ll‘l

el

Polymer(Korea) Vol 24, No. 1, January 2000

Polydispersity



a3

P!

10°
Frequency (rad/sec)
m o 10°
.g o 10
& v 10°
>
.‘5;
[o]
% Slope A:4.47
> B:3.25
3 C:165
o
E
[
(&}
101
10*
Molecualr weight (Mw)
(a) Storage modulus
Frequency (rad/sec)
= o 10°
.g o 10
g v 10?
2
ki
3 Slope A:4.41 B
2 B:3.58 A
> C:202
(o]
3
o
£
8 '
10° 10°

Molecualr weight (Mw)
(b) Loss modulus

Figure 12. Complex viscosities according to the mo-
lecular weight of blends of linear and branched poly-
carbonates for various frequencies.

2 Bds A2 A ()& Hagrd 2
2] (HEoeE £ o &3t
A B a7 s A2gE A3
E@7lRvo|EZ TEE o V] dEo2 Algd
. Reptation modeld] 23 4o w2d £x]3}
DEA] B9 Aol 473 e] anchor2 43}
ol Extzo £2¢e] A8 AEAET AHrF
# ®aje}.” wiebd Ex]3tg FalsiHuolE9] W3

of F7/tETEF wEHE EAFN A &40l

2o oot R

Felo A243 A15 20003 1€

EAstd EelstEvolE R VA YAA £554

107 !
Temperature : 300 C

sﬁiaaag
§

10°
10°

g

10*

[ & <] reg
O B>

-
o
@
©O<1 K>
O« N>
O« B>

=]
%
Ot<ln Ky

-
[=)

Temperature : 280 C

gﬁﬁgaa
AN

g8¢

-
(=]
™

10*

[ e o J g
[ o <F Jr <3
SO« N>
[ o <] Ir < g

Storage modulus (dyne/cm?)

n

-
o
-

Temperature : 260 T

¢ 8
gg

$ ¢
ﬁ a a 3 3 aCOiDOSitiOn of PC
¥

-
[=]
>

Linear : Branched

- -
(=4 (=]
> El

[ Je <F I ¢ 3

-
o
w

- = -
o o o
» w o

-0 0% B P e O e —vr @ 0Py

0O« H %>

| ZeX Jul RE Neo¥
o
[=]
w
[+

-
(=2 =]
- ™
[T

10? 10% 10°
Frequency (rad/sec)

_
o
]

(a) Storage modulus

Figure 13. Storage and loss moduli of linear and
branched polycarbonates blends for various tempera-
tures.
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