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Effect of a Layer-like Structure on the Mechanical

Properties of Molded Samples of Thermotropic

Liquid Crystalline Polymers

Toshio OHHAMA
Akira NAKANISHI

Layer-like structures of extruded rods and injection moldings of thermotropic liquid crystalline polymers

were studied by SEM, IR, WAXD and polarizing optical microscopy. The skin-core structure was observed

in the data on a macroscopic scale. Upon fast cooling, solidification lines were formed on the surface of injec-

tion-molded plaques. The microstructure within different morphological layers was not perfectly uniform,

and the degree of molecular orientation changed ontinuously proceeding from surface to a central core. Injec-

tion-molded plaques were microscopically composed of nine characterictic layers. The correlation between

the mechanical properties and layer-like structures was also investigated, and a difference in Young’s moduli

was observed among different morphological layers for the molded samples. Multi-layer structures and

mechanical properties of injection-molded plaques depended on the processing parameters.
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Fig. 1 Schematic diagram of capillary rheometer.

Table 1 Processing parameters in the extrusion.

Extrusion Temperature 330°C
Diameter of Capillary (D) 1 mm

Length of Capillary (L) 10 mm
L/D 10

Table 2 Processing temperature in the injection

molding.

Mold Temperature 150°C
Cylinder Temperature 330°C
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Fig. 2 Dimension of injection-molded plaques
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(a) Wide angle X-ray diffraction (WAXD) pattern for the injection-molded plaque.

Incident beam perpendicular to the major flow direction.

(b) Azimuthal distribution of the equatorial peak in the WAXD pattern.
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¢ is the azimuthal angle.
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Fig. 4 The dependence of tensile modulus and
strength on the shear rate for the extruded
rods.

Hote, t-LCP 0 X 5 eRIEH OB FE S AL,
R L T BAD MR BLEIC X » T—FAICIRTE
ThBEEZLNBDT, $=6080sec ! T, t-LCP o
STERESRBRICER LD LTRSS,

(2) EBEE

Bip W AMOEE T CER S el v oy KOBKE
# SEM ic X WBRZE L, BERMAR AT -V TORERE
DEEBE LIc, £OM5RE Fig. bla) i2rd, 2o
BT Y y<2430sec™! & $=6080 sec~! & DRI,
WA K 2 7o AVEREZEE &, $=6080sec™! D w v
Ficik, BBEABIKEN SN2 F v —a 7T EENFF
EL1

¥1o, WEEMELYHCC, BARY) B LCER
DEBHTEFELZ L, SEM BlgEr b Kl Shi-BiEE L
ORI ERBE Lic, £D#ER% Fig. blb) iK=d, Zh
i, FReAMEECH LB Sh ey Rl LT, &5
) 0 L@ oA o FEENRTE ThH 5,
IOERY Y, BEHEFEEIE SEM O#EER R,
<2430 sec™! & 7=6080sec™! & DT K Z A& D
HEI N, Tihbb, y=2430sec ! O#HPATIRHEN
[ IR D TR AELER T, BT IRNC FEHI ) — 72 B )
SAETRLTLEA, y=6080sec™! mu v Nizi, %
BIZBR B\ IR EAE L, S TSI RE T RICH 5K
Bl LT3 EERLTWVWD, ZHOEBIRE, SEM
HEr Ao 2BEE0 A VBIRAELTEY, =
DX 5EEAR T CEOHBES, AR R D
R R FE b0 L Bbh b,

(3) BHMOFFERDH

wic, Flwy FOBBEDHEE L v FFMIcKRTT
Biowic, BHITE - fo i INEER o 2T B m) CRE % BA
# FT-IR ZAVCHIEL, BIMOSFHmMS % iF
WL, #OHEE%L Fig. 6 wr$, Rz,




WY — YIS

10

Orientation Function

—05b

Distance from Rod Center (mm)
Fig. 6 Distribution of molecular orientation along
the diameter for the rods extruded at the
shear rates of 6.1 (O) and 6080 sec™! (®).

ymin=6.1 sec™! ¥ X ymax=6080 sec™! TIFH X h
oy FIEOWTORRERL T2,

7=6080sec ! THLH I Nizrny Roin, EHA
DEBICECT, SUSTRHELZRLTCED, g,
EBHOMAENBL R ->T\ %, —F, 7=6.1sec™!
THLHENIcry Rk, BHRCE - T, 2EH i,
BEREIAVREETH » 1o, 2 i, SEM RICEAM
Bk AEREAFERERTH 7o LvL, 7=6080
sec™! CHLHENw Y FOSTFEASHAFEETS
&, SEM SREEBGEOBRCBEINICL S A F
v, A7 BROBEARBEREFEEY, BRos i
MEEAF V@27 BIcmd €, EFEMCET LT
Wi, S OE\ S TR ST BT T B BT st
DECICEL 50T, SEM R KB Tl B
FT-IR 1z ¥ MR Bl 5 M@ c& v L Bbh 3,
L7chi»C, IR 2k 2HER RO K Y EEA B
MAOMERLTEY, ¥+ 5 )ATOFRINLHME
DRETm 74— NEEESTDE, 2F Ly, a7BEHEO
AEFHE L Y, PO ET C oS5 FELR B O kR 72 K
ToFBEMR R 0 LEBbhBY,

(2) SHHRFFER

(1) E#EE

34k E15 (1990) 37

(a) \\ | ..(XQ&I

skin  core
layer layer

(quenched)  (slow cooled)

Fig. 7 Scanning electron micrographs of fractured

surface of injection-molded plaques. Arrow
indicates flow direction.
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(c) Diagram showing location of SEM

observation.

i T TR Lo iR o BEkE & SEM (& b #%2
L, B 27—V CORBBEOHRELRT 1, £0
BEEE Fig. 7 iKnd, Thix, ¥V 4 —RE 330°C,
SRR 150°C CRJE S hic t-LCP B) DR TH D,
Fig. 7(a) M»EE 2mm O¥H, (b) KAEEZX 1mm
DOFRDERTH 5, 2 20T LB O ER LR




38

(b)

(a)

Journal of TOSOH Research Vol. 34 No. 1 (1990)

(38)

122sec™

-i,:




39

3% 15 (1990)

Pl

B —

‘uonisod TeuoSerp ur s19zire[od passold usamiaq padeld oIe YOIYM ‘S3IBI JBIYS SNOLIEA J& PIPNIIXD SPoI pawojotonu jo sydeiSoiotu fedjido urzirejod (q)
‘S9Je1 IBAYS STOLIBA JB POPILIIXD SPOI JOJ UOIIIIS $5010 Paunioel) Jo syder3ololur uomndse Juruueds () g "bBiy

1=2980809=+4

(39)

1-2980LFE =4




40 Journal of TOSOH Research Vol. 34 No. 1 (1990)

— DR EE TR I D TH D, MR KT
feofE &R L TR Y, Fig. 7(c) Kid SEM ic X
STHRELLBHZT LTV 5,

WTFROTFRLAF v —a7 —RF 0 3FE/BEICK
AENTB, Z03BEEOVBICEALTE, 27E
HOBIEN BB 22 BN <4 — VOB LR LTS C
Emt, AaTBREMANTORBHRIC, 2AF VBEE
REFHTOSADRICL IR I D LEBbh b,
COX o 3BREIZELTE, chETIRAHRELD
p, BoRBZ, BiloL > 2EHPRICE 0L
BiEhT\3, COX5RBAaNE, 2% v LaT7EM
OERFELTA Vv ELSTTVERELHHDT, K
Ty oL wEIHT 5, KRi, REHOES LEHES
EDBIRIZOWTHEET S, SEM BHEICHEINSME
b4 vetEe LT, 2xvBLarBiciilL, &%
OEICHTHHEBOEIDEGEAKS L, WTAD
T EHOHT0%N AT VBT, EYD30%»=2TE
T B, ZhE, HRNREIOEETHY,
SR E X T 5 &, 1mm BEOFERO A, A%
VBOBEINEL o T B, 2 00 FHITE S DS
D4 TEEINTHE0T, 1mm EOFRD A
X UENEL D0, SRA~OBIEORAREHE <
mhtehEELBND, i, MAREEL LD L
P, BERICE VLT R D KE R AN 2T 5129,
2% VEBOSTFEIAEN G RY, BEEOBKLE <
CENRTREINSD,

Table 3 iz 1mm E & 2mm JEFH o0 R HitEE
ERT, COMELY, 1mm FEOFROT 2. 55
13 UMEERSIAE - TRy, WAXD EEOFRT
b, WUEHUE CHRBEY A T A S RSN < e
- T 1o,

(2) BEEAMOSFERSH

SEM it kv shi 3EEEOHE L X v FHllic
BT B o, WX /B FT-IR &MvC, E3J7
05 FRAS T 2 R Lic, TORRE Fig. 8 1R
To 77 7 Rtz 2 Bl X v RS F oG
BC, B TROE L BHAHR AT — A TRLICY

Table 3 Flexural modulus and orientation func-
tion for the thin and the thick plaque.

Thickness (mm) 1 2
Flexural Modulus (GPa) 12.3 8.24
Orientaion Function® 0.338 0.222

(¥ estimated by dichroic ratio)

(40)

1.0

Orientation Function

=05
Relative Thickness of Moldings

Fig. 8 Distribution of molecular orientaion along
the thickness for the injection-molded pla-
ques. (O) thick plague (@) thin plaque

DTH5H, BEX 1mm & 2mm OFEROFEREF—
FERZLCR Liciow, BN 27— L,
ORI Y, EROE ST RORLE S IR i E M
THDHZ EDbhoteny, @R~OBIEORAELDE
2o FRINI-L 5, lmm EOFROFNAF
BoORAENRE ->Tkh, Zhh, BEROEAE
BT BEBbILb,

COEXFEOSTFERAGND O, BHGEOR#H &M%
Wt 5 &, EIHEOSFERAEEERICELL TV
2b oo t-LCP P35 s e 9 B o i X &
NTWaZ ENnbhd, £70, WTROEREIOFRLE
R B FRA ST O MMM ER UAZE TH
B Ehh, EROEMPAREINZEELVZ & &R
LT\ 3, 20X 5 REBHEENT ORICEYHRBE T
LR INTEY, FRGEOBE T, RO ERR
B RY FAA AL LT3 2 L BRE LTV %, Fig.
9 iz, BASMEELEEBEBEIrLEREINL T
WO EBEEORmEETVERT,

Fio, BRSH I, 2 00BN R/ BES
N3, —OREEECETLERRAETHY, $5—
X, a7 BRI RT 3ERAEROHRTH D, HiE
B LTI, B4R BB RLSMREOTR




wY — s

3% E1H5 (1990)

41

e ag— Layer®
np— :/_";———: Layer®
S YAVANTS
Solidification \\\\‘\/\ —/ / oy \// —| \::‘/ / proe®
Line —— e e e — T
—_— = = = —= —|Layer®
— e T~ —
E=ESTZZ SN
: , QS
SIS 2 O
= e = —
Solidification | —/ — o=~ — — — _—
Line e N
YA NS
YV ANE /\/\/\ XNz
R
— === =
Layer D : Surface layer of skin with low molecular orien-
tation
Layer @ : Skin layer with high molecular orientation
Layer ® : Sub-skin layer with low molecular orientation
Layer @ : Inner layer with high molecular orientation
Layer ® : Core layer with low molecular orientation
(Poly-domain structure)
Fig. 9 Schematic diagram of proposed

multi-layered structure model of injec-
tion-molded plaque.

£, BHaRRFRRANPELZLNRDD, TR OHETOEE
WhvwbDTHB, 705, ZoB%iE, HDPE <
PP OB YIc bBEI TV 5, BECE LT,
HDPE % PP iz i37F&Ew3, t-LCP kBN LD THh
Do ZOMIBE L TIE, TR0 2 20EENREETH 5,

1) 24EE 6O LR

Zhix, BB R 7 4 — AT B PERE B E O
B& SEM HlEiIck @I A v OfE L 2ZIE—
T2 Enb0EBETHD, Thbh, NEOYEH
OEREGBIETOREIC X - THRH L, £MBEMmICK
TEBEL LR ¥ VB b BES AR D B 1o fcw
i, NEMERAEARR LD EEZ 0 TH D,
10(a) (T AR OBAK & 7R~d,

2) Fountain Flow %)%

i, 2EAORENC - BMICEE S5 Foun-
tain Flow 2%/ 6 DELTH B, Fig. 10(b) iciz4M
Mz 313 % Fountain Flow DX &R, KHicR
THEERZ MO SAs 6, t-LCP skt oSk
HLICEF ST 5 L E2 bR 58 AMETIE, &BUREE L
D ERD IR TR > T B2 Elbhnd, 20K
K AMIE BN ESEREOERA L b 6T oL
Eibhd,

(3) E&AROEEESH

—figiz, t-LCP m MR T, FFRMAEIIC L > T—
FRNCRIE SN DD T, FIROE 7 0tk 2751 &
R 2 &, ALROEE A L ke 9 B OFF Y e

&

Fig.

(41)

Solidified Region
Melt Front
Molecular Orientation

TSN

Distribution

0 .
Flow Velocity:

\\\\\\\\ \cm\\\\\ ;
(a) (b)

(a) Schematic diagram of orientaional

Fig. 10

behavior by the re-shearing effect from
the quenched skin layer.

(b) Schematic diagram of fountain flow
behavior in the cavity.

TH

RS ERT LM INhbd, £ZT, ¥ikRE
Fig. 11(a) kT ko eTEREBEL, £ DT
Rz G)ROX s e ERE LY, 22T, ViRkE
B L, £ ORTRIC I 2 PR 2 8E LT,
Bl - feEE o MFEERE G)RTHETB L, ESHRO
S SR A AR D e

Fig. 11(b) ()2 & 1mm PRI OV TOFERETT,
HigIRE» L PLECORBThH L, “hiy, EX
FIR O MRS LR 90 SR ERIBROER &R LT
WBZ EbroT,

(4) F—bHS5OERICNT ZREBEDEL

LI, - beroolElcT aKmo#E &
SEM iz X v #%s L1z, Fig. 12(a) icix, SEM BZE%
TotBawrd, SEM ofERL Y, Fiiz, wTh
DBFRICEWTHEAF Ly —a7 —2x 0 3BHEHBICK
MExhCxy, BRI, BT A v BlEIhi,
12(b) 1z, B X 1mm OFRD 7 — o 6o
Xt BELT A v OBLER Lic, ZORRE Y, 5—
N bdBREOHEF CRBERBEOEELZTR LT
fods, A= s taisEGAT CUF, Fv E5F 1 i
FEFET) TaTEOEINFHICHER L,

Wiz, = MR, RIS, B XU Y BT o T
DENFNOEFIC KT 2E I SAOFFRLUAS T &
Fig. 13 iZm3, 4 — Mk L O RET IR ER R

OE O AR LT Toh, F v EF 4 st o
NEReY, 5O HENERMZABC RS - T,
Fie, AT BOEMGHYA~A FR0.5KL5%, 27
BAOSFERE AT LT, T LABEICERR LT
Wio, 2, BllEoSlEm~0ERC L0 LA
bhs, Ak, ©— N boElicd+ 5 WAXD

Fig.




42

Journal of TOSOH Research Vol. 34 No. 1 (1990)

(a)

Thickness : 1nm

Ei-t:
Et b —m —m —m —m = —m — — — — — — — — v
Fala —r
’,
E'tZEl'tl-i-Ez'tz ...... (5)
E : Young’s modulus 1.0
t : Thickness
(a)
10
— o)
=
4]
—
I~ o
= —— ]
é; I t" \ E
1
- - ' 2 05
9} I 1 (] ¥
g | g
5 . 2
g o ' £
& - J'-.r‘- ©
3 — 1 1 \ 5
7] 1 ! L] =
gLy :
1
= ¢ .-
L \ ~
v ! ~
S
— ~ ~ _._
~B-
i | | ! |
0 100 200 300 400 500
Thickness (zm)
(b)
Fig. 11 (a) Additivity of Young’s modulus for in- Fig. 12

jection-molded plaque based on the
assumption of multi-layer structure.
(b) Distribution of Young’s modulus

along the thickness for the thin plaque.

1.0 1.0
Distance from Gate : 5mm Distance from Gate . 35mm

=] c
B 2
$05- 5 05
& =]
5 3
&3] .
=] =
S 3
IS "
g g
= 0 = 0
(@] @]
—0.5 L -05 1

~0 0.5 1.0 ’ 0.5 1.0

Thickness {(nm) Thickness (nm)
(a) (b)

Distance from Gate (cm)

(b)
(a} Diagram showing location of SEM

observation in the thin plaque

(b) Change of solidification line for the
distance from gate in the thin plaque

A : upper line

B : lower line

1.0
Distance from Gate : 65mm
=}
2
£ 051
=
=1
e
o
g
&
5
20
(@]
-05 :
" 0.5
Thickness (mm)
(c)
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