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Microstructural Morphology and Bending Performance Evaluation of
Molded Microcomposites of Thermotropic LCP and PA6
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ABSTRACT

Microstructural morphology and bending strengths of moulded composites of thermotropic liquid crys-
talline polymer(LCP) and polyamide 6 (PA6) have been studied as a function of epoxy fraction. Injection-
moulding of a composite plaque at a temperature below the melting point of the LCP fibrils generated a
multi-layered structure: the surface skin layer with thickness of 65 - 120pm exhibiting a transverse orien-
tation; the sub-skin layer with an orientation in the flow direction; the core layer with arc-curved flow pat-
terns. The plaques containing epoxy4.8vol% exhibited superior bending strength and large fracture strain.
With an increase of epoxy fraction equal to and beyond 4.8vol%, geometry of LCP domains was changed
from fibrillar shape to lamella-like one, which caused a shear-mode fracture. An analysis of the bending
strength of the composite plaques by using a symmetric layered model beam suggested that addition of
epoxy component altered not only the microstructural geometry but also the elastic moduli and strengths
of the respective layers.
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Fig. 1. Plaque geometry and mold fill direction
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Fig. 2. Optical observation of cross-sections of a molded
LCP30vol %/(PA6+4.8vol%epoxy) plaque showing the
skin-core structure and injection-flow patterns: (a) x-z
and (b} y-z section in Fig.1

Fig. 3. Scanning electron micrograph taken from the same sec-
tion as in Fig.2a.
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Fig. 4. Scanning electron micrograph (a) taken from area A in
Fig.3. (b) is an enlarged picture of area B in (a)
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Fig. 7. Typical load-displacement curves of moulded
LCP30vol%/(PAB+epoxy) composites, which depend on
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90 250 570

05 120 880

120 120 770

Weko 2 wjgsigch Uiy AFCde 9 At
g3 gA et Jgo] w2 FPE ok FAUBY
FE2HE vehith

7t Zo] FAE AEAFAY FR-&o] 0-9.1vol%
o] Welelr ohh Agglen Table 1] H3l uiet
2ol fEHEel 48 wFge e 53 e
60— 120mmP 3 NEA4.8%NA 223 HAH S,
o] FAE 2.4%X AN o]E EAF Si%
S,9) HlAFEEE Y T o Bz AR
Az 24 #A S 7D 1 Aotk

o of ot

<

3.2. si=-HAZMO| st HiIEAIRRES &1

Fig.72 LCP30vol%/PAGA BT #3519
AL AEANTHEY FFE vud Aot
LCP30%2] 7A$-= PA6GAAS] vla)iA oF 3u) 2
AU HAFA T, i) HEggo] Bo] Foli
th o] BiAgd JFAE wgEH 4 EF

Table 2. Bending properites of moulded LCP30vol.%/(PA6 +
epoxy) compositesas a function of epoxy volume fraction

Epoxy fraction | Flexural modulus | Flexural strength Sl;a ifrrla?;j;fy
(vol%) EnGPy) ) 0aalMPD) |y

0 56 fgi 1573 J_rgg 27 fgi

o e e [

48 5.6 J_rgf 1543 22 33 fg;

9.1 4l fgll 1.1 fi L f?)?

Agol Uehd, dlEAEFEo] 04 of FRRET
2 H0.em o EA2.4%0A A sHRESE, ol
ZAN91 %A SRz NP &L A7 FopHth

Table 20| §¥Ad ZFeolEE EATT,. o FA
/\é%o] g}\—}% II}] %@ﬂ}zﬁ(Eﬂc\)g’} 701-E(Gmax){' 3]‘:}]%1'
oled, NEA48%ANN Enae FTLES, OmT
2% & FE Btk 2ZAT AFAGRE] H T
Fbatel whet Enest Ona ke Hddlhe 7 FololA o
%}\]91%011/\'} Eﬂcxg]’ O}nax%‘:‘ Z}Z} 27%9}' 24%‘?}%‘
A2y ok £F FF A EANIA Ve NF
N4.8%A Adigke veblich daHez o FA
4.8%0N FeTol AdHos $5F S4E [
98 & & Utk o] AdAIE AFAGHE ©
£ WAy B opet sy ras #¥E A
olth

3.3. D HsE0) st oZAIEREe] &)

LCP30vol%/(PA6+epoxy)Al@Hel 34F3 3
AASL SEME %38 @R Fig.7o4 w4
6.5mmel] tS3le FdaES ¥ e LCP30
vol%/(PA6+epoxy4.8vol)AdHe] W AAR
o] S,%9| n¥)74 < Fig.8ad] Vehdth v 7Fd(—
FADo] REW ZAHAM #HAstn AFTE S FEA
719 ke e JAstm YKt Fig.8be HFod
Fo B B YA BAFE ARleln, S, 5] uF
(AEADIA QA9 AT e TARET 3 ofe
Fig.8a9] Q148 uA7ga dX€ ZFolth S:3(B
FANAME AaAart A B do] BHsAl |
Bttt g AlgHEFANges vtz A



124 6% 1999. 12

43 Fejol/Bejopr =6 MM B 8 WRFx 4 7IAH F949% 97t 59

$1

X
() Bottom

I . surlace
Tension

82

Tension

Fig. 8. Scanning electron micrographs of failure processes on
the lateral tension side of a LCP30vol.%/(PA6+
epoxy4.8vol%) specimen under a bending test : (a) at
the maximum load and (b) after the catastrophic fracture
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Fig. 10. Scanning electron micrographs of the fracture surface
of the specimen in Figure 8 : (a) overall view of the ten-
sion side, (b,c,d) are the enlarged.pictures of the sur-
face skin (S1) , sub-skin(Sz) and core (C) layers in (a),
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Fig. 11. Scanning electron micrographs of the surface of the
surface skin layer of composites: (a) LCP30vol%/PAS,
(b) LCP30vol%/(PAB+epoxy2.4vol%), (c) LCP30vol%/
{PAB+epoxy9.1vol%)

Table 3. Macroscopic fracture process of moulded LCP30vol.%
/{PAB+epoxy) composites as a function of epoxy fraction
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Fig. 12. Predicted and experimental values of the flexural prop-
erties of the LCP/PAB composites as functions of epoxy
volume fraction: (a) a layered model beam, (b} flexural
modulus Enex and (c) the maximum strength Gues.
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