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B 1. Thermotropic Liquid Crystalline Polymers

Sx;;le Con:]::gn:cnal Supplier Composition
PET/xPHB| Eastman-Kodak |ET/HBA
VA Vectra A Hoechst-Celanese | HBA/HNA
VB Vectra B Hoechst-Celanese |HNA/TA/AP
- Vectra RD500| Hoechst-Celanese | HNA/TA/HBA/HQ
K161 Bayer HBA/IA/TA/HQ/BP
SBH Eniricerche SA/HBA/BP
PES Ultrax 4002 |BASF BP/TA/IA/HQ
G Granlar Granmont TA/PhHQ/StHQ

ET=ethyleneterephthalate. HQ=hydroquinone.

HBA =4-hydroxybenzoic acid. [A=isophthalic acid.

HNA =6-hydroxy-2-naphthoic acid. BP=4,4'-dyhydroxybiphenyl.
TA=terephthalic acid. PhHQ=phenyl hydroquinone.
SA=sebacic acid. StHQ=styryl hydroquinone.
AP=aminophenol. )

AA2E X §3H= Polycarbonate(PC), % 1314 Polyamide
(Nylon A%), 1516 Poly(ethylene terephthalate) (PET)
791 Poly(butylene terephthalate) (PBT)® 123 Poly
styrene(PS)!® So|t}. =& Polysulfone(PSF),® Poly
(ether sulfone) (PES)29} Poly(etheretherketone) 20}
Ze Aoy EkagHxE Qlok S84H0A 48 o
FEo] BA=g2 TLCPYL e~ 18 x}e}l & 40)A)
Sz Bt tl A3 728 7Y 7iAFL
723 5398 BeoH §834E IN ZATE I3y
th 23y B e Asladg sl LCP domain
Eo] 93k WFS /MRS A 71EZdo] "asy
LCP$} e 2 T2} Alolo)] F& interfacial adhesion
o] ojo} & |},

2, BYlE9 HYd

Zhuang 2’2 DSCE AMg3le] TS R0 =M o
7 GrkaA nEate) 494e dFsign. PSE 40
PET/60PHB 3&§A¢} Bd=sd 24 @34 5
el Tgzb JelUA®, PCe %9+ TLCPEE Z7}o)
o7 Tge ZAs B8, TLCPY %57} 50% 7HAe &
7Rl Tg& vepiict. 18t LCP7E 90% Aue £749)
Tg7t #F= A0, = PETE vjegx nizlz sgeo
€ TLCPe] AzAdo) Ax 23 Fle] Tget Tme o3
8943l TLCP % $71o) ute} Tget Tme A st
© A% #FsYu. o] IT7EHAE FE PCe PETE
LCPs} REAHo =z =& ARF71E &2t 240
FI YA PSe= A3 HgAel gle-S oA ot

Nobile 5225 PC$} 40PET/60PHB] E-=ojA] $jo}
w72 LCP 529 F7ld wel Tyl 2ags 8¢l
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ek 282 olfd@dA2 LCP7) 71A)& plasticizing ef-
fect2 Zo]3}¥t}. Plasticizing effect®] 71+ LCP7} B
< FEoA gaetA F7lskel, ol LCP % F7td
w2} PCo] Tg(160THE) oA e 2E%0 2 olF sl
A& Bol & ¢ JvHY 1 Fx). ole} fAkst ddk=
Pracella S o8Nz B® v} ok 2 2291 DMTA
B o3t T4 Atole] REHR] Qo] FHEHAUSNE
78k w9 w2 LCP FRdlAe PC MjEZ 29 13
ChE o] EAFE dAne B3 & 4 ASiuh

Weisse} Huh S92 PSo} 4917212 ¥3sh= LCPY)
AQ8E 2 B, 4 2434 W) M= 2@ 2
o) Tgs Jehiglen] Bal=s] clearing points] ]
g wskgto 2 S8 LCPS) PSS) Sjalae 75 1%
AR S AR

TLCPE o] 8¢ Q7bid 1itx} BAEE Aol oy
o] AP ZA7E U olw] AEoA A F39ct 2
Sy FEAoZ Eg S MARE dAdE B ¥
FEANY vlgo] FFEA o) 717 sEhkeA S ols
3 B3 el & N2 FEEANE UEF U4 ¥
t}. o]e}re WhHE 9] $H7}R) 7} trans-esterification HHS-

Aol BAFEY T4 Aelo) A doluhzd] di7lel 39
A=HE AYS AHAE F mEA AllolN TFs ols
=

B2 m§ks-e 250~280CoA 10~100% Az &
£ 270~300ToI N 3~10% Hxw Uojup=w,?® o4
E£8 FFHAE F4stal UFdl ool MY 35
2 APy % 3}, Trans-esterification ¥Hg- B
o] I #® o2} nH AA R 74A] JEL v,

19098 S8 FAAA o, 2
Zhou $30& PETS} PHB, H|2s|x-A —12)x Hd=
HAHTPA) o] ZEedAH 2 LCPe Eal=oj)A] trans-

0 50 100 150 200

Termmperature (*C)

23 1. DMTA curves of : (a) PC, (b) PC-20LCP, (c) PC-50LCP,
(d) PC-70LCP, (e) LCP.
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3%l 2. Percent amount of PB8 present as a separate mesophase
in PBT-PB8 blends as measured from the DSC cooling trace(20deg
min'!) (@) and from the heating traces(20deg min!) after cooling
from 290C at 2 ([7) and 20 () deg min™\.
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VISCOSITY

'S 1o 20 30 4 %0 80 70 80 90 K0
PERCENT 60PHB- PET
@) 3. Viscosity of PC blends at 1000s! as a function of LCP com-

position.

& VSO BB A B
gs
0
&
8
£,
E!O
g
o
D e W W S "
VISCOSITY CHANGE (PERCENT)

28| 4. Viscosity drop for PES-30LCP blends vs. LCP viscosity at
350C.

AAe 7HAE TLCPE 2= &-8-48 EA =004 “proce-
ssing aid” H&E 3l 71F2EE ¥E F U2 88
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3.1.1 LCP 557}
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o el AHAYL RISPNHaY 4 BF). ol
LCP #7l2 % o2i7tA 28} vled2e] A 7
28 gE719) torquest 85914, 1T ALY Bl
= B 9%s FolA, B 235 2dd4 1Ee
ol&tA szt E 2014 B, LCPE A43}92m= to-
rquest }EA §§UB o] LCP7L Qe ¢F 1®A}
B 2oi} eue A9 g F4 Hih= Stk
Kohli .2 Vectra RD500-2- PCo} EA=31L o
AR AG ExoA BE FAd) g LCP 5= F7HA 0l
A A= A Rage BEsY, 53] LCP
& 5% A7IA 68% <] AAHE Zas BT, e
259 LCP 79+ Edce 38 o] PCEEIA¥
H|$:318 newtonian-flowE 3Rt LCP %7F AA3]
Z7¥8k 40~50% olgo] W ZEFAL
LCP¢} Hls=sH v, W Ad&ETo|AE shear thin-
ningo] %o} non-newtonian flowE RoFtH(ad 5

JH

rx
lo

o

fui

b

oy

4

H 2. Effect of LCP on Processing Parameters

Brabender |Extruder| . .
Injection
. extruder melt Temp.
Material pressure N
torque pressure (MPa) (©)
(meter-gram)| (MPa)

PES 7000-9000 5.5 110 350
PES/LCP polyester 2500-3500 21 55 350
Nylon 7000-9000 7.6 55 300
Nylon/LCP polyester 300-400 6.9 55 300
Ardel 1100 4.5 300
Ardel/LCP polyester 500 <7 300
Aclon 6500 8.6 300
Aclon/LCP polyester 1500 <7 300

Aclon=trademark of allied corp. for poly(chlorotrifluoroethylene).
Ardel=trademark of union carbide corp. for polyacrylate.

w I T 1 T
€ roadmeRge 885°cs
> Sug 00
8 2L $ .:o_
S L 3
; coe s paTe | Gaeiary T Y $
S | 1 | l |

2 -1 (o} i 2 3

SHEAR RATE (V)

218 5. Melt viscosity vs. shear rate at 270C for PC-LCP blends :

(I PC, (O) 95 percent PC/5 LCP, (M) 90 percent PC/10 LCP,
(<) 80 PC/20 LCP, (@) 60 PC/40 LCP, (A) 40 PC/60 LCP, (@)

20 PC/80 LCP, (V) LCP.
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Z)., o]9) 7 AL SEMS 0438 EXZARL
e 4= ik LCP7140% 9 60% 5= AtolollA] 4k
@ato]l A7lel, LCPEE7) 40% ol3tdmE 1~10pm
A7 79 LCP domain® PCe] 7oz 718F 4 ¢
oL} LCP =71 60% o] do] Hd A4 Bl=o] mak
< LCPs} vl&aiglnt, da4e] dez BaiFgi. o4
Eloll A= PCo} LCPO) 48 #He 4= It 3d 6 %
z). ol Isayev 239 A7olMe ZHdch w8 A
A AdEEoAM LCP7F 1% T2/ JAEEY 74
7t AA gstont, LCP7E 30% ool Eu: F4% 3
Az9) art #REA

olu] AHHIRo] tFEY Aex LCP7} H7t=H
Balco FAwrt solde sy, sy 2o
LCP= 40PET/60PHBZ o] &3t PS, PCe} PETo) z}tz}
BdgslaSd, PCe PETE oA Wiz LCP 3%
Z7bel wel AAEsE A3 gasigon), PSESE
LCP 5%7F 0% o277l AM3] haste] A
&g Holgyt 1 o4y vt HY F43] F1Ee &
APy 7 22). £33 LCPER2 Zvld e
HAAEe ZHAaEe A% PCU PETE wlEg A n8A2

AR Ho PSE ARSREHE Bo skt ol&

O

&

60% LC!

100% LCP

33 6. Effect of composition on the morphology of PC-LCP blends :
(a) 5% LCP, (b) 10%, (c) 20%, (d) 40%, (e) 60%, (f) 100%. Al
specimens were sheared with a cone and piate rheometer at 15
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3 7. Shear viscosity vs. composition for PS-40PET/60PHB, PC-
40PET/60 PHB, and PET-40PET/60PHB blends at a shear stress
of 2500Pa.

% 8. SEM photomicrographs of fracture surfaces of PS-40PET/60
PHB blend extrudates.
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2% 9. Viscosity vs. LCP content at fixed shear rates. T=290C.
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2@ 10. Micrograph of sample with LCP=20% extruded through
the capillary with L/D=40.
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28 11. The LCP-Nylon blends act like shear-thinning fluids.
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3@l 12, Viscosity vs. LCP percentage at T=240T at different
shear rates : (—) y=102%1, (+) y=17X10'ls’}, () y=3.1X
105s7], (%) y=1s1, (V) y=12s L, (1) y=57s |, () y=130s ,
(A) y=700s".
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@) 13. Viscosity vs. shear rate for PC-40PET/60PHB blends.
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¥ 3. Extruded Strands of PES and 70PES/30LCP Blends

Shear | Tensile | Elonga- | Tensile
Material rate strength tion modulus
(1/s) | (MPa) | (%) | (GPa)

PES 30 643 74.7 2.52
PES 240 68.9 96.6 2.60
PES 1150 710 129 241
PES/LCP polyester A 30 1158 59 4.16
PES/LCP polyester A 240 126.9 6.5 4.23
PES/LCP polyester A 1150 153.7 5.8 474
PES/LCP polyester B 120 164.1 36 5.79
PES/LCP polyester B 450 126.2 41 517
PES/LCP polyesteramide 900 96.5 3.12 448
PES/LCP polyesteramide 45 144.1 14 717
PES/LCP polyesteramide 450 139.9 19 11.8
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3@ 14. Elastic modulus vs. LCP content for PC-Vectra A blends.
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28 15. Elastic modulus (1), tenacity (2) and elongation at break
(3) of blends of PSPh/PES vs. PES content.
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33 16. Elastic modulus vs. LCP content for PC-Vectra B blends.
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32 17. Tensile strength vs. LCP content for PC-Vectra B blends.
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%] 18. Effect of drawing on the morphology of (a) 90PC-10LCP
blend and (b) 40PC-60LCP blend.
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212 19. Optical micrograph of PC-50LCP fiber drawn at T=260T.
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3@ 20. Effect of draw ratio(DR) on the tensile moduli of 80PC-
20LCP blend.
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3@ 21. Stress-strain curves of blend fibers(draw ratio 8).

2@ 22. Microphotographs of extruded samples of a blend contai-
ning 4.53% LCP.
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43 X=X

23 23. Fracture surface of extruded strand of PES-30LCP polyes-
ter . (a) X11,000, showing structure of LCP domain ; (b) X 5000,
showing poor adhesion to matrix.

(c)

3@ 24. Fracture surface of extruded strand of Aclon fluoropoly-
mer-30LCP polyester, showing excellent adhesion to matrix : (a)
X200 ; (b) X1000: (c) X5000.
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3@ 25. SEM of PC-50LCP extruded with L/D=40, y=120s"! at
T=2607 : different views and different magnifications(a. b. and ¢.).
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Capillary (L/D = 20}
=79 s}

1= 150 571

- Capillary (L/D = 10)
= 1191571

Capillary
Melt Drawn
38§ 26. Effect of deformation history on the morphology of an 80
PC-20LCP blend : (a) sheared in a cone and plate rheometer at 10
s'1, (b) extruded in a: capillary viscometer(L/D=40) at 755’1, (c)
capillary(L/D=20) at 75s°1, (d) capillary(L/D=20) at 150s’!, (e)
capiilary(L/D=10) at 1191s’L, (f) melt drawn from capillary exit.

3@ 27. Microphotographs of extruded samples of a blend contas-
ning 4.53% LCP : (a) extruded at 1963s’}, cut parallel to the flow
direction ; (b) extruded at 1963s’!, cut perpendicular to the flow
direction ; (c) extruded at 7.5s7}, cut perpendicular to the flow di-
rection.

e &3] #o] Hw, FEECIY AEE Bl e
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23] 28. Scanning electron micrographs of as spun fibers. a) 10%
Vectra A 950-90% PS, DR=186;b) 5% Vectra B 950-95% PPE
/PS(70/30), DR=186;c) 10% Vectra B 950-90% PPE/PS(70/
30), DR=382; d) 25% Vectra B 950-75% PPE/PS(70/30), DR=
19.3.
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