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=g e oj89] 43 A% RERA a1 A 4EE ARG BlEE JHEeEd
A A 2el @aolut il doluA ¥tod JI3eERY 2 2RdAME Al Eel
Aol oyt Bdl=e] 23 AFE DSCA o T2 2R3} i 3 =AU, o2
FE Avramid| g o] 83t 28 &= R BAYF v F A BEE UG =Y, £
c28E AzE 42ES ANAA2WHAA Al FAER & o] 83t TR REZAE B
Zdom, 2 A 4% domain 0.1 mmellA 0.3 ume] 3712 FL3A EXHUE B
Aot HEH: agpfdse] LCP domaind, ¢4&E FYANAE By B¢, FAAN=
7FeA WMEE A4 23E BEo, siEY2e LCP Alojo] AW AL O] 4] 458
Bl Qv = FEE] ARAES 27] @4ES LCP 20% <d H gkl 63 MPax}
2.40 GPa & JeRii .

ABSTRACT: Blends of liquid crystalline polymer and engineering plastic, PBT, were pre-
pared for the application of molecular composite concept. Thermal, morphological and me-
chanical properties were examined by differential scanning calorimetry, optical microscopy,
scanning electron microscopy and tensile test. In the blends, liquid crystalline phase did not
reveal any significant macrophase separation and thermal degradation under the tempera-
ture of processing condition, but macrophase separation was observed at higher temperature.
Crystallization kinetics of the blends were investigated by the isothermal DSC method. The
Avrami analyses were applied to obtain the information on the crystal growth geometry and
factors controlling the rate of crystallization. By scanning electron micrographs of cryogenic
fracture surfaces of extruded fibers, the LCP domains were found to be finely and uniformly
dispersed in 0.1 to 0.3 gm size. Interfacial adhesion between the LCP and matrix polymer
was rather poor. Under certain condition LCP formed a fiber structure in the thermoplastic
matrix, with thin oriented LCP fibrils in the skin region and spherical or ellipsoidal LCP do-
mains in the core. Tensile strength and modulus of the blend fiber containing 20% LCP mea-
sured at room temperature were 63 MPa and 2.40 GPa, respectively, which are relatively
higher than those of pure PBT.
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TLCP/EP E#l=AdA A9 in-situ 2FAEE
HEoIA o292 JAIY AR E WA A e
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obslr) W&o Yeldes #4dezA LCP fibrile]
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mesogenic unitell A% 7 A S ZE LCPE
A sl Bad=gozn LCP ZAkEe] d%F9 &
oo} Zo] 248 sl sjEYA TERIb] AW A
Feg gTE PHBY Fol d7Hn Qg 2
#Hu dRee] A7/ Adstd TLCPE ARg3j ot
HE A &Y TLCPe Fzw¥ald i 24
= E4E 2ARE A7 22 g4 ¥

£ dFdqAe fEyx ¥ PBTe} 271
of 9 FARSHHA] o] FRF ol L2 WA
HY FHAE 3 HE Ui EpaE
PBT9e] BRI & 2E0] o]EZFH in-situ &%
7o) 7t54d& HESG

Fo@-bocurcd-O-L O~
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LCP STRUCTURE

4 H

LCP2| gtM. ©HQ) 1,4-bis( p-hydroxybenzoyl)
butane®} 1,6-bis( p~-hydroxybenzoyl)hexane2 C.
Ober 2% wWo] o8] #|AsAL, °lEL 1-
chloronaphthalene &1 &lo| 4] terephthaloyl chlo-
ride2} 200 ColA 30A1Z Bt AA7|F3lolA gt
SAIZ T ¥ EEEL tRd] JHAA =AHE
He g2 3] QA F JF D279 80 TN
4812t Bt AZA AL

LCPe} PBT2te| &% gRlY. B d¥dM= €
7tad €A #AQ PBTE WEYAZ 3l 4
¥ semi-rigid¥dt TLCPZ inclusiono. 2 3= ®3§
A& WE7] fstd LCP7L vlE A 1Ex1 PBT
el 1, 5, 10, 20, 50% ¢} =4& Z=F thgat 2
< oz g9 EdTE

Z Az PBT9 LCPe EFE9 trifluoroacetic
acid 8| & 718l o] EFEC] FYHA Swt%
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ol37t HEE d2olA wul, 8847 F o] §9
& et g ey "Hojmy IWE AR
ARE AAEE AL Weed FHrFE 3 A
2 3 110 Co| AFAZ7|NA 48N T A=
ARt

Sl EMIAL Bdz9 GEA9 Mettler
DSC-30 €247 AHgstRen Aa7]F3lolA
719 2 Y4458 10 C/mine g 3l Z331Q
t}. Table 19 BE dlolgllA T, & AT dlo]

= 1a 719 2 343 Ho2RE dojzl goz
Al @49 Felad FEe @e AU =,
o] Y aRate] Bide g By 9
o HFEvFE AT AFH AIRE slide
glass 9ol ¥ cover glassg Y& F Mettler
FP-52 7} 719) €1 230-250 Tl A28
optical texture ¥ AH¥-g] 4 T& BEdlY F3
" etz o8 W3s A

E=o 243 A% S A8E DSCUdA 280
TE 71gste 382 WAT F 240 C2 FY3lo
71E3 Wi =& A7 B 50 C/ming]
BEez 2R3 2714 Y43le §89 ARE
T ARASNAY AR Fell A 2R3 WFF
o] P& Fo|7] Y3 ol ASH EE ABRE
10.50+0.02 mg& A &3] J&sld FG3on z
2zejth dojHd o3 FE glofr] sl A=
& AEE AT ol¥A doR T A3
g o] gdtd, Azt did AAs &
Avramid|d|® HLAlA Avrami A3, n, 2R3
&eide, Z2 2R3 W), 4,8 4T

Azxd BERARS] 7AA) 4AD 2 E2AE &
oty 93t EY= EEE UENCH, Az
Mo AZAZINA 2 AZY A 2E Carverile]
Laboratory Press& oj&3}ed 215 C9 L%di4
3000 Kg/cm?9] ¢t8l& 713l 71271 Q&S pellet
£ =1, ol& 245 TCH9 capillary rheometer
(Instron 3211)d] ¥ 4-58 F<t A{FA F ¢
2AAHeY 2% mono-filamentE take-up ma-
chine® 2 draw ratiof ZR3AA Hdd= ¢2E
A 85g 4%t o) cross head speed:= 5mm/
min%.2 3} o™ capillary diex aspect ratio ( L/
D) 40(D=0.6mm)9] A& ArE-3Ah &EAl

#2iol A204 A5% 19963 9Y

Table 1. Properties of LCP and PBT

5 -

T, To T, "™ M, LCprop.

polymers 2 m dL/g) L.C.prop

TLCP  47.0 2253 343.2 0.64 - nematic
PBT* 331 2330 - 0.67 33000 —

¢ AKZO Company.

b Inherent viscosity was measured at a concentration of 0.1
g/dL in phenol/ p-chlorophenol/1,1,2,2-tetrachloroethane =
(25/40/35(w/w/w)) at 40 C.

draw ratio®] ZAL tio] BFE FAEtn tho|9}
4259 FAEu 2 AP oH, ojde ¢EE 3
e BEu|F oz FHHAUC. oFA s
EdAE 4B RE=ZA #FL take-up ma-
chineC 27E ¢& AZES dAEAL Fo 9 F
23] €3 #HYPo] ojUxE WA F F snappingst
o 4 AdHe] WL gold sputteringAlZl ¥
JEOL JSM-840A SEM& ARg-3le 3tedl, ol
AA7MEAYLS 25kV 2 sttt

Ed= 42E9 JAAd A 4T 4L <
Ao ols o™, Instron Mechanical Test
(Instron 3210)eA cross head speed¥ 10 mm/
min, gauge lengtht= 5cmZ 3dl¥ow 10709 &
A AFEE A3 FAXE HEA )

At 3 03

St I MA o AN HE. £ 4¥L 9
3 " LCP¢ PBTe) 71232 44d-& Table 1
o Jehiich 2aa Table 24 LCP, PBT 1)
I Bdz=e] 23 AAE vepidh Ed=9 T,
e 35.1 oA 37.1 C2 LCP 3k ulg & o
o] &g HAFUEY, &3 PBTe LCPY
T3kol 14 TRz & Ao|& 2] W&o T3
o 2RE olg B MY dAFE 2RFITE=
AL oyt =4& &53% PBT7} 233.3 Cold,
BAx=9] 9= LCPo| 3o wef 225-228 C2
A &% PBTEO ¥e ge BoFo)

Fig. 12] DSC w3434 2olshd Bd=u e
PBTZA 3l Z4o] &% PBTEL o] ¢ F&
23e HYFoan Bd=9 AR 571 0 &
€ Yehlx glon, BEd=y PBTe AA3 2%
= LCP 1%¥ W 1835 C=Z 714 ¥t LCP #
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Table 2. Thermal Properties of LCP/PBT
Blends as a Function of LCP(%)

-3 ¥ 3

Table 3. Crystallization Kinetic Parameters of
PBT in LCP/PBT Blends

LCP T, Tw d4H, T. 4H,
(%) (o) (o) d/= (o e

0 33.1 233.3 457 169.4 435
1 37.1 226.7 50.2 183.5 44.0
5 358 2285 434 179.0 37.1
10 36.1 228.2 423 176.0 36.9
20 35.6 2282 384 175.2 30.1
50 35.1 2249 296 176.4 21.7
100 47.0 2253 13.9 143.6 7.2

EXOTHERMAL

I ! | |
250 200 150 100

TEMPERATURE, <C

Figure 1. DSC thermograms of LCP, PBT and LCP/
PBT blends at a cooling rate of 10 °C/min.

o] ZF7IEFE Hal e 24 velgen v
Bdceo d43 257 ¢43% PBTe ZA3
=9l 1694 TR & e Jdepdozn LCP
PBTe ZAIE 2AAAEE ¢ F Utk o|H

3ot rit off
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LCP Tc t1/2 Z
(%) (C)  (min) " (min')
0 191 4.87 2.04 2.74 %1072

194 7.63 2.00 1.19x 107

197 12.80 2.14 2.94x 1073

1 194 1.18 2.11 4.88x 107!

197 2.39 1.98 1.23x10!

200 6.15 1.98 1.87x 1072

5 194 2.58 2.09 9.56 x 1072

197 6.13 1.95 2.02 %1072

200 11.03 2.00 5.70x 1073

10 194 3.57 1.99 551 %102
197 6.63 1.96 1.73x107?

200 14.50 2.07 2.74%x10°3

20 194 4.24 2.15 3.05 x 1072
197 7.09 2.03 1.29%x 10?2

200 14.68 1.97 3.49x 1073

50 194 2.37 2.06 1.17x 10!
197 4.45 2.05 3.25 %102

200 10.79 2.13 4.37%1073

100 162 0.99 2.00 7.14 % 107!
164 1.67 2.09 2.38% 10!

166 2.91 2.10 7.33%x1072

¥ o= PBT Z2A3 Aol LCPY 2R3l A%
= AL WL Aoz A}

Table 29 ¢]3ld LCP 1% EB#d= gto] £43
PBT 4H #Et o 2 %€ 702N, By
A LCP7t A 24 9] (8L 383 3l &%
2 5% °l3d Aoz Az,

Table 32 233 2= & LCP/PBT Ed=
o] F&Z2A3 w8 doletg RdFEd, LCPY
ol 20% 7tA = LCPe] §ego] 713t wiet 23
3} £% (4, =39, LCP 50%9HE tHA
TS BFT Uk LCP 20%7) #H2 &
A=ddire R e HFAvF A Fig. 394
BAFRo] 243t 227t ¢ ¥& LCPr @43t
B¥5o] Q7] W&o PBT Exrlge ARz
o] o]F& YA Fo AR =3Ad, LCP
50% 9|4l &= macrophase separation dAbo] doju}
PBT rich domaind|A¢} 243t& Walishe LCPY
Fol Hy) g 2R £} FUlehE ez A
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Figure 2. Photomicrograph of LCP taken at 260°C
(Magnification 200 x ).

¥} £33, AvramiA S, nghd 1.969A4 2.379)
$o 2 AR Ay oz e HAFA 3l
oh,
PYHo|Z aF. £ A7 E ¢d8 € LCP=
thread-like schlierentZ& HoF&= duig 94A
FHRANAE FAE + UAdH(Fig. 2). o] FHA=
hot-stage’do| A 185 CH-E] <3t B34 4L B
o]7] Alztsled 210 ColA #FAF E2d d4e o
el o, 281 CAA schlieren?Z& Hol &
o] AAHATE JAAFLE hot-stage’dellA 300 C7}
A FA HYew 1 olie] Lkl Fischer-
John’s =54 A7) A4 stir-opalescencee] #&
2 HAHANL TJAIFGT < 340 CHNA stir-opales-
cenceZ} PR HA FAll EF EaAEE FANA
t}l. Fig. 3(a), (b), (¢), (d)+= 10, 20, 50% LCP/
PBTE =9 250 CollA] &3 APHn|H Ao
24 A domaine] =7|e} o] LCP3Hekd] vl
sl Z71EI9lor 20% U= 448 domaing] =7)
7} A3 Fo FAHAUD 50% L= Al HH
AqYgder EIEAT. 2y A5 wEE BE
o2 4¢d PBT7 &Faues ZHol #FHUH
ol oA A BEAHE FARPNM= 7L}
U Ase] FHS dAlz £3& UE A £
o] doltSg ojul g},

REEX|. A8 249 LCPE I3l Bd= ¢
289 TE2A= JAAL FoA Bod 42 EY
g A0 & o] 83t BAFHAT

Fig. 4(a)E 5% LCP/PBT 2 undrawn

#F2lof A207 A|535 19963 94

(a) _

(d)
Figure 3. Photomicrographs of the LCP/PBT blends
10% (a), 20% (b), 50% inner (c), and outer (d).
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Figure 4. SEM micrographs of (a) 5% LCP undrawn
extrudate, (b) 10% and (c) 20% drawn extrudate
(DR=3) at 245<C.

extrudate2] SEM Ald o 24 LCP domaineol ++3
32 elg¥e ngog By Y e
ehim glem 2adel 21k o 0.3 m ol
€ BoZF3 vt 28]a o] LCP domainge

Q)=
AT

740

B 2 E O iAoz g3 £x5H
o] ey, dRe= dFoz FEULol FAHA
=l ole 4EEE /13T 9 JHEeks Asd
barrelt] ] R FAIZ oJ§ o] &9 H=xht A=}
W&o Arie e 4oz AzE.

Fig. 4(b), (¢)& draw ratioZ} 3¢9) LCP 10%,
20% 4EEEY ARlez WEY Y FuF &
¥59] Jd& B4l LCP domaing A 4 Q)
21, ©]E2 undrawn extrudate®th o ZojA El
AP} F& A& 5o Ut Draw ratio7}
Z713te] uwgl LCP domaing] 7|7} ZAHE
LCPE x&3l= EI= ¥E2A]+= Ramanathan
T2 oo} we AFRE T Bt o
A &, olg A ARG wjEE 2
AR HEol Ok 4] ¥5& BHoFa e,
ol B¥ & H& ARt AR nEAs PBT
AdH o 2 RE mAue} AU o)Eo] AUt R
oA o]l FAFo M & = U o]EN B
E Ed=dA A ZEE 8 A= fibrillationo]
U AE HEAEe] Ay BRE & ANe
d], o]21% Zo}= Table 49M R AY B
E 428 7IAH 4Ao] sfEYA nE Al v}
o ZA F78HA X olf Fof sz At

Fig. 5(a), (b)= draw ratio7} 491 LCP 20% 9]
core ¥-83 skin ¥29 wZ 2384 skin £Eo|
HA 2 fibrillationgd Ro3F3 =4, skin 999
fibril2 wall shear stressel] o]3t ZAutz Az,
Joseph Toll® i = ®mg w} vk 2y 2
AYAME L/D 3o U5 2 dieg AHE 7h5
fibrillatione] Wgo] i x| ¢LL RoZT
2ith. Bentley 52 F-E842 simple shears}
extensional Z&oNA IR Yzte] fibril 4L
£8A9 2E9 FH, =, FUAH, i 27|
2719 ZA EFE A7, Budrh

dvtx o g BI=AA fibrillationo] oz ¢x
T olfrE WE didld guAdo] APoEN A
9] A&e] olgA =AY, inclusion/matrixe] &
%87} AASFE inclusion® WjEZ 2o Fao}
el ¥ o] el 2 SA s =] o)l

Fig. 5(b)dl BoAE Alzlg AR A 44 do-
main© ZRE HEolA fibrile olZE F1 Y=

Polymer(Korea) Vol. 20, No. 5, September 1996



A7 Zald) ~H 29} Poly(butylene terephthalate)e] %A 8 QF

Figure 5. SEM micrographs of (a) core and (b) skin
region in 20% LCP drawn fibers (DR=4) at 245C.

Z44E Neolde B F e, ol Bdsg &
A7t tholE Tt AR # flow rate &2
take-up &% 93l BAHIEE ¢ F A=,
Vinogradov So|* oJ&}a fibrile] 44 A=
tio]7} By fibrile] el thelel L/ DA o
E3a fibrile thole]l o7 F-ZdiA 23, die
landd|A o] A EEL fibrile @73l Aol U
25 BuEgrt

1AM MA. LCP/PBT 3= 4289 AFA=
(0)S} 2718 & (E)S LCP #=5} draw ratio
(DR) thaled ZAsigien, 1 AZ7E Table 49
Jekiglth. £4% PBT9 undrawn extrudate2] o
9} Fy& 41 MPai} 1.87 GPa¢] & Jehliglen,
LCP 20%7} &%¥ EW=2] undrawn extrudate
o] AT 57 MPag2A PBT =2t} 39.0%9 &
AL BRI 27eA &L 2.08GPazA 11.2% 9]

Foio A20A A535 19963 9¥

Table 4. Tensile Properties of LCP/PBT Blend
Extrudate

LCP DR ultimate strength  initial modulus
(%) (MPa) (GPa)
0 1 41 1.87

3 43 1.91
4 44 1.93
1 1 45 1.93
3 46 1.98
4 49 1.99
5 1 48 2.00
3 50 2.01
4 53 2.04
10 1 50 2.01
3 51 1.93
4 53 2.10
20 1 57 2.08
3 59 2.11
4 63 2.40

Extrusion temperature : 245 C.

Z71& Rolx Yt} ol LCP7} coild 18R]
PBT¢} 3 thel& %F3le Ye®AM LCP domain
a1 fibrillatione A AT PBT Al&Ale]
o EA3le PBTARES ol¢g AAFL2ZH o9}
E° #e Bo FE RAoE A€ aey A4
2 BUC 2 Eo] g2EW ozt tho] HR
e BAsG o GEE0] =X o|ge] do
Ui &g 2 F Ak

Y= 28e LCP 3o e @A &gkel ¥
32 HA LCP o] F7igd w2y &5
PBT 4281t} o] F7te Yoy d4dads 2
g & F7te 3R &t

T3, £4% PBTe DR=4¢ ¢&2E9 o9 E,
e 44 MPam} 1.93 GPa® undrawn extrudate®
o 7.3%% 3.2% BEY AL RHAFT Uth
DRe} w3l digt AFA=3re] WslE LCP 8%
o metd vwd HE &3 PBT ¢4&E9 DR
Hslel wet 2 W3 QAR LCP =gl F7t
42 ARNE RE B9 F1 o @& ds)
M= 9Al #5% PBT ¢&EL DR we &
A3} glgle LCP 1%9} 10%+= DR=1.09 o
wr} 34 o F718th7 DR=4 o] md& 3
d dje} 2 W3E Holx &3 don, LCP 5%
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DRe| ¥3ldx Esly Z2r|ebdgL W3t
& Jehix g1z, LCP 20% Ed= ¢2Ed
DR=3¢ "+ 1.0¢ Hut 22 FI718 BN
21} DR=44 & & 371E Holz Urh
Bd=o 934 EE LCPY 3, 713e%, DR
9| AM2-E capillary tho]e] aspect ratio (L/
D% BAHE Aoz ¥A Ut Weiss 527
Vectra/polycarbonate Bd=d] i3t I o3}
H capillary tho]9] aspect ratio’} ZE&4E dof
A 4229 wigert Boix|x, watd 7AE 4
o] $¥3| FA=A XIvin At F, tio] Y+
oA &7l converging flow”} extensional stress&
Fo| gd BxlEo| wjgstA Hedl theld] L/D
7} & 7% shear regionol| A v &=y Ao 7¥
domain® 2 ThA] ol AU B HA T 84 45
24 Alole] Ao = Qs ¢ e FYA
2 FAMAA wo] wigg W drhs Aojth
agy, 2 dPdAe #§4dd LCPe| ol He
AR tolo) [/DE 4002 TRANZOH, tholo]
L/DF) was BA49sle] g3 4L ¢4 X
3l Table 49 9J3d 2= LCP 20%, DR=4
Q BHE g2E] AFAEY r|ed&gte] B
= A 71 &S HAsd, 2AZ ol e
T3 PBTol vjair dutAQl dAartde A F
1 Aoz, O olf= REZXA HAA AFF v}
9} o] wjEZHA mEA}e} LCP Alo]e] #at 2
o] Wy] WjFoz HA4E 4 glon, & FHO
2y LCPU9 uad71& |ZASL U= hexs-
methylene spacer’} LCPAA 2] A& Hojxg o
24 7D LCPe e Ao th3 reinforcing
effect & oF3lAZl Ao g2 HAE & Ut

X &
oe de cr

N

4 B

A E TLCPZ whgoiz LCP/PBT =9} o]
E2%E draw ratiog 234 &858 ¢EE9
B4, 233 B84, ZEZAE ARl 4L A8
< ogy 2o

1. B34dv)% #& 23 LCP domain g
s Bx5]o] glom, LCP3lao] 271848 LCP
domain size= Z7}3}9 ).

.o
=1
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2. Bd=1e] PBTY T8 T,& LCP 3
uizt oFzre] W= Yoy FRY AL Hol
2 gty ggAeHlERy AR 2 a5
PBTHE} & £58 Yede gy LCP7} PBTY
nucleating agent2 439 5E¢ ¢ & Uch

. Bd=ule] PBTY Z2A3s 4=+ LCP 20%
Bz iaditr) 50%44 oAl Fhsta.e.
v, Avrami X4 g2 g1 2& Jehio

4. Azd E3AH8 ¢E2EHe LCP domaind
oF 0.3 um FEe] A7|Fom, DRe] F73e ute}
A2t HEY2: nEAjete] AW HAYL o
thx] $£2] ko, fibrillationg skin F¥o] core
PRy o 2 45

5. LCP 20% E3A8 4&E AFR=E &F
% PBT9} 44 MPakrt} & 3¢l 63 MPag& uJeh)
o, BAEE A 1.93GPadlA 2.40GPaz
Z7hsg .

ALY 28 d7e 19929 st g
Aule) Aefle] o] Fo] Hom o]d M} =
Huith

%22 8
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