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Abstract—To enhance the transverse properties of molecular composite composed of TLCP/PC blend systems, we designed
simultaneous convergent-divergent(SCD) die for proper control of the fibril orientation in in-sifu state and examined the in-
terrelationships of structure-property-processing characteristics after formation of sheet by extrusion process. The changes of
torque and output flow rate showed the remarkable reduction in addition of only small amounts of TLCP and had a mini-
mum reduction at 30 wt% of TLCP. Thus TLCP has a potential as a processing aid because TLCP showed the large effects
on the improvement of processing characteristics as well as reinforcing factors, which was confirmed from the rheological
characteristics of blend systems. In the thermal behavior obtained by DSC and DMA, we found that TLCP is partially com-
patible with PC from the results that the Tg of PC component slightly decreases with increasing the content of TLCP. This
was ascertained by morphological interpretation. A sheet was obtained by extruding the TLCP/PC blends with a SCD die.
The mechanical properties of flow and transverse directions for extruded sheet obtained by SCD dic put down the in-
termediate those by traditional sheet die. That is, the mechanical properties in the transverse direction of sheet obtained by
SCD die obviously enhanced while the properties in the flow direction appeared some lower than those of traditional sheet
die. SEM micrographs revealed that TLCP droplets in the specimen by traditional sheet die were fibrilated and clongated
only in the flow direction near the wall, but they still remained at the center. On the contrary, morphology of the sheet ob-
tained by SCD die shows that TLCP fibrils oriented progressively in the transverse direction from wall to center.
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Fig. 2. Coordinates for simultaneous convergent-divergent die.
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Fig. 3. Variation of cross section area along the x axes for SCD die.
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Table 1. Processing conditions for extrusion of TLCP/PC blends

1% zone temperature (°C) 260
2" zone temperature ("C) 290
3" zone temperature (°C) 290
Die temperature ("C) 290
Screw speed (rpm) 40
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Fig. 4. Open sections of shaping components of extrusion dies. (a) sheet die and (b) SCD die.
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g. 6. DSC heating thermogram of PC, TLCP and their blends. The
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Table 2. Thermal behavior of TLCP/PC blends

LCP content(wt%) T,('C) Tun("C) AH(j/g)

0 150.28 - -

10 148.08 -

20 147.13 277.23 0.725
30 156.12 277.38 0.834
40 145.22 277.59 0.922
50 143.86 278.72 1.087
80 140.61 279.21 1.102
100 139.00 280.21 2.598

Ao 2 a5k La Mantia $[19]¢] o179} uf$- 64}
E Ho|m gith ole} 2L BEeA Y EEFY frhE AT
w2ke] Azt g EFAle] Hx A9l 4E7] W solid
conveying Gl Ale] vpEo| ] ok AHR ALEHM,
@%1—32}7} 237 94°L 7P~1'E“94 Hdele 2 &t
7k kel kg
%%4%4
DSCE AHgsle a3 4 23S Fg 6o =Al8ka
Table 29 TLCP/PC &&HA|e] Aol 423191, PCet

H‘I

W mEAe] fEjHolexE 747t 150. 28“C9} 139°Colw A
NEAZE AR GA dnfE g2 Holse £ 280CH &
& AT 2y 350°C o el dREE Golu] o
ol dlebe gellAl S ez o] Hoj= 38 4 gldinh
H AYagate] feldolere We 2E Wl 24
obF wlAEHA Y a PCY| fre] ol 2xel Ae Hl4str)
2o, TLCP/PC EFA2] frEjdol2=g DSC Y84 Aut
2HE HstE o] A¥r]e R AP e o]

et A8 ZaskE AE B 4 glo) wtek TLCP/PC &

7h s gl Agd 2t 4

Z/80 weh A9 ¥glE Holx] golol sl=w], B A At

N AG@ate] geFo] Frletel] el vinlg Aojex
© Ae] ¥k QAW feldolewr) thazt Aashe A



h .
.

931105 25KV

87

L I \gi

AN

X508k "Gebun |

¥ fd

- -c“-oo’-at" a
B 931187 25kv  R5.88K" "6 bun

Fig. 7. Effect of TLCP contents on the morphology of TLCP/PC blends. (a) 10 wt%, (b) 20 wt%, (©) 30 wt%, (d) 50 wt%, (e) 80 wt% and (f)

100 wt%

o

oli gl&ell vlFof o] EFAlE HR2 o7 Fege 2t

102 & & 9t} o]+ PET/PHB(40/60)9} PC] E37 o

Nobile et. al.[20]¢] Z3} 2 PCe} HBA/HNAS] £3}17 4]
Isayeve} Modic[10]¢] Z3}ely §-A1EHS Holm gl

Fig. 7oll= HE to]& Abgele de b Age) st
x|

25 o
o o

EEEAE AFuEx g ulg vlwsldsd, 139
e B3 oA AFAREA GAIE wA Ut RRo s
TLCP/PC/ Ttelle AlH H 2ol Ags] 2he RS & 4= gl
on] BANEA} vl Ad-FAFe] BAA S v L Ao
€ 4 dth 53] AP uRate] dhako] 20 wt% o5t mi= o
Fuiat dzo] oF 12um =719 AR R Aals] o]
55 ke 2 wigkd vk PCHA] R maA) ExEo] 9]
A%, A mERle] o] FrPEE AR m Bl A 7)o

Ao el 2717} Z7Vehe 50 wi%ell e A

= (<
© 58] Aot doWS S B & Qi) ols) e vEE

AP LB 24 Wge] et EQ 7} 45
o

E]‘ 1

d AP aRA} PCHAIZ) HAky BEo = olgh interfacial
slipe] s g nEAE 84 9L AT, o] o)
o] Gl A7 §3o] dofuhr] Haite] Ay nEat 27
7H AR FTIRIAA Eo st Fobeke Aoz dadnt

A
AHEAE F5 ol A7 YL B o
2, $2pAbo] ks 47] whe] Awreo] A Aefol A

E oS 998 AL R8¢ 2t S58 438
AV glel BARgA e e 7bsA a3 glek, maa
AR FEEAL AP nEAe] 24T DD ABE
23 YoBE $5d BAS 2t BANIAES e 9
e $4 AYmEatel U 540 B A7l B
Bo2 a7H R IH20-24) T2} g Aol fuistd
E4e dPuiart 2 oyl pxE Qe WARY

10 L B R e =TT

T TTT

N [Pas]

—— 0 %

ety gl g 3ol SRR IR T IS BN S AT
10 .

¥ s
Fig. 8. Shear viscosity of TLCP/PC blends with various TLCP con-
tents as a function of shear rate at 290°C.

The Korean Journal of Rheology, Vol. 10, No. 2, 1998



2 Bolnz old B BT FHL ofd o|FoiAA
(<]

290°C°ﬂ/\1—4 HA nEA} ek wE TLCP/PC EFA Y
HeZ Adged tig] Fig 8 ZAIBIE =, A&z
A Gl A PCHEAe dFHnEARG Gt =& IA=E

Holx gleon, AdEnrl Z/HE4E dFPu 1}9} PCE#]
9] AL (Una/)?t BRI ZAidhs AS & 4 Aok ¢
WA o2 niA EHRAE tAste 4 ARy dxele 24t

gl 71X A ol Al -3 (droplet)] UAFE EAgt=A] of
AR bl S 43R g Bdste 8% 2401

AE AV 7121 A1) A =v| 7} o2 180} 4
A —E*&*JO] 1*;!711 ARds 84 6} | SRR Axn)7) 18

] 3

1 sof 71212 W -ellA

u}L
HT
E
N
)
Qi
O
ﬁ

H) (uTl,CP/uP(“)7 AAskA A
b ulAA e R fA #8487
£57E F7kske 2ol 879
Shekol| W2 Lo AEs Owt%77}7<] 20]84 A%
2ol AT B g Boltprt A gate] ko] 3
74ghell wret tiA] Fvhske AdE Keola ledl ol PBT/
Vectra E3HA| [30]9] A = o]v] Bare |} Qi)

T AR ARFez FAE A lojAael A
kS 7iA|A o7 AV AF 30/70 wt%e] FAJH]
TLCP/PC EFAZE Ao 2 capillary 3 QPE S A}
42t AR o2 e 43 HAGEETY St A A& AT
B EZ2AE Fig. 99 v w3ty =], 16.08 s'9] ¥e A
A= °“7éJ_—v-7<} °‘Z}7]- /“-?r ‘% g8z Zsta T+

™ 160.08 s
}2} = 3Pdsta

:,:2 U[o
g
J‘
i 2
12
oi
r-{E

T 10 J
ofN K

er
A

oft B mi oh N K1

frjo L 8 dr o

it

FXL re oo

;
1o
Hi
rlo
zi
K
b
1l
>

43. 7|48 M ¥ FEZX|

TLCP/PC EFAE FAHHE EAELAES dHE

Ialy] flsted AR A|ZRE 1 E thel9} SCD the| & A

HE FAES o] FolA AHE A|HY AT

%}‘ﬁﬁ} SCD t}o]
t} fell H| 3}

in-situ

.
%
v

32 12 ox

140 T T T T

O @ Filow direction
4 A Transverse direction

1207

-
o
o

80

60

Tensile strength [MPa]

40

! ! ! !
0 20 40 60 80 100
Wt% TLCP
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