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2 9: Poly(p-hydroxybenzoate) (PHB)/poly(ethylene terephthalate) (PET) 8/23%%% &
ol xd 24 HAaERle} poly(ethylene 2,6-naphthalate) (PEN) ¥ poly(ethylene tereph-
thalate) & §-§- &8sl 4l EA=Be] A4 4o 2 N1AF 42 & 2489 PHB
9] Fego]l 40 mol% A FAF Axe A ERY ghol ZAasiNt, AT 27 84S
< PHB9| #o] E71del wet A3ni e vlnd 4oz Frtsch dae d34%9)
©4&2 PHBS 33 AFLEE 70 gt 71391, dAsE mehiee 48
Al whet Frretch ol AHE mENhe-S SFEFEE] EINE AT, Y 24w
9HEHAE FRHT FEEAANA vehbs 434S FA8I9 0. PHBY 38 30 wt%ollAs 5
A Aol Ueho], 40 wt% oA Al BRI=e] Ald A o] viebit)

ABSTRACT: Poly(p-hydroxybenzoate) (PHB)/p¢ly(ethylene terephthalate) (PET) 8/2 ther-
motropic liquid crystalline copolyester, poly(ethyllene 2,6-naphthalate) (PEN) and PET were
mechanically blended to obtain the pseudo liquid crystalline (LC) phase of ternary blends.
The torque values of blends with increasing PHB content were abruptly decreased above
40 wt% of PHB content, because the melt viscosity of ternary blends decreased. Tensile
strength and initial modulus of blends containing above 30 wt% PHB were improved with in-
creasing PHB content. Tensile strength and modulus of fiber were increased with PHB con-
tents and take-up speed. Degree of transesterification and randomness of blends were in-
creased with blending time. The blend of 40 w{% PHB was shown pseudo LC phase in the
polarized optical photographs. Crystallinity of PHB/PEN/PET ternary blend were increased
with PHB content.

Keywords: liguid crystal polymer, PEN, PET, polyhydroxy benzoate.
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Figure 1. Chemical structure of LCP, PEN and PET.
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Table 1. Composition of PHB/PEN/PET Blends

PHB/PEN/PET PHB/PEN/PET LCP/PEN/PET

(Wt%) (mol%) (Wt%)
10/45/45 13/38/49 125/45/42.5
20/40/40 24/30/46 25/40/35
30/35/35 34/25/41 37.5/35/275
40/30/30 44/20/36 50/30/20
50/25/25 52/16/32 62.5/25/12.5
60/20/20 59/12/29 75/20/5
70/15/15 63/ 9/28 85/15/0
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Figure 2. Torque value as a function of PHB content

for the PHB/PEN/PET blends measured at 285 C,

60 rpm.
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Figure 3. Tensile strength and modulus as a function
of PHB content for the PHB/PEN/PET blends; injec-
tion molded at 290 C.
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Figure 4. Impact strength as a function of PHB con-

tent for the PHB/PEN/PET blends; injection molded
at 290 C.
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Figure 5. Tensile strength and modulus of PHB/
PEN/PET fiber with increase of PHB contents: (a)
tensile strength and (b) modulus.
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Figure 6. Tensile strength and modulus of annealed
PHB/PEN/PET fiber at 160 °C for 60 min; (a) tensile
strength and (b) modulus.
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Figure 7. 'H-NMR spectrum at 300 MHz with the as-
signments of absorptions for the PHB/PEN/PET

blends dissolved in deuterated trifluoroacetic acid.

Table 2. Content of Hetero Sequence (frgn), Se-
quence Length of PET Segment (L, pgr) and PEN
Segment (L, ppn), and Degree of Randomness (B)
of PHB/PEN/PET Blends Heated at 285 °C for 5~
20 min

composition blending
PHB/PEN/  time fren L#per Lmpexn B
PET (mol%) (min)
5 0.015 80.00 53.48 0.031
10 0.128 9.07 652 0.264

13/38/49 15 0.209 5.63 3.95 0431
20 0.336 343 253 0.688

5 0.030 3759 2817 0.062

10 0.165 6.33 579 0331

34/25/41 15 0.299 347 3.20 0600
20 0393 2.66 2.42 0789

5 0.010 9051 106.38 0.020

52/16/32 10 0.158 4.85 7.84 0334

15 0.298 2.69 402 0621
20 0.396 2.11 294 0815
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Figure 8. Effect of blending time and blend composi-
tion on the degree of randomness for the PHB/PEN/
PET blends.
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PHB/PEN/PET 444 $8&E¢E9 JAgAAL 2 SA4AL

(8) (h)
Figure 10. SEM microphotographs of PHB/PEN/PET blends molded at 290 € in minimax molder; narrow section
of tensile bar; (a) PHB/PEN/PET (20/40/40), parallel to flow, (b) PHB/PEN/PET (20/40/40), perpendicular to
flow, (c) PHB/PEN/PET (30/35/35), parallel to flow, (d) PHB/PEN/PET (30/35/35), perpendicular to flow, (&)
PHB/PEN/PET (40/30/30), parallel to flow, (f) PHB/PEN/PET (40/30/30), perpendicular to flow, (g) PHB/PEN/
PET (50/25/25), parallel to flow, and (h) PHB/PEN/PET (30/25/25), perpendicular to flow.

F2jo A|247 A15 20004 1€ 119



WA AEA - AAE

Py = Sren __ 1
(fren+2frer)  Laver

Randomness (B)8 AEE T 71& &89 #
(Pyr+ Py} o2 AoHY, d9358Ae 3% B
=1, dA FFEH e B¢= B=2, £F F5EA
v EgA A=A s B 00 g

Table 2& WAl W& EEAT AdAES Y
ehliola, whgAlzbal zAMo] WE randomness:
Figure 8¢ Yehlidct ¥hg-AIzte] F71go] uwle
d2el2 wgwhge] Fxrt FrhEla, random-
ness®} BA=E §4ERES] 24
e At w2 AEe wol Wkt uheAl 7k
w2 PENz} PETe] ¥4 d&7Zo| W3slE Figure
9o Jehich PENz PET 249 d4 Zole
g 27|d A A4, 108 o)AM= AA
3] g}

HelEt AFAEE AR JFAE gebAe] SEM
AzAE A AKNS Figure 109 JUehill. Skin
A A BEHE 7] e HsA AL
ZAAE kel Figure 10 (a, b)el PHB
20wt% BA=dM aEHg) 3 e Hyst
micrographe HF1E 2} G 771 A
ERta o]t o] B Bate] AAEE 2A nE
A} tell A oF 0.4~12.6 pm =7t H Atk Figure
10 (c, d, e, f)2] PHB 30wt% <} 40 wt% 1YL
AP x| etgAe] o7 DB Joo] e
wow PHBe #&o] Z/18T8 sjBYSe| 7}
At oA BA=Ee 714 ddo] JHE
A HBEe 93ty FAHJtT ABE 5 A
Figure 10 (g, h)of vgivd= 42 PEN3 PET
7t B& o] AFe] g2 A= ulye] A a8m
2 BY9=E9 gy slA PHBY| gl whe d3k
PHB &= 30 wt% olgolix] slnede 3As)y| A
3lal, PHB ek 50 wi% ofAfelld dAo] ge 4
o2 v} A & 4 9lrk. 28y PHB &
o] 20 wt% o]3ldiAl= PHBe| El9d Hojart &
FL3HA A Figure 1194s Sdl= B 3
3 "ol ARE JehHith. PHBel o]
20wt%Q EA=8L RAWC #4348 AR
o] F2YHE Holx, PHB #ato] 30 wt% ol A%

120

()
Figure 11, Polarized optical photographs of PHB/
PEN/PET blends; %400, (a) PHB/PEN/PET(20/40/
40), (b) PHB/PEN/PET(30/35/35), and (¢) PHB/
PEN/PET(40/30/30).
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Figure 12. X-ray diffraction patterns of ternary blend with annealing temperature changes; (a) PHB/PEN/PET
(10/45/45), (b) PHB/PEN/PET (20/40/40), (c) PHB/PEN/PET (30/35/35), and (d) and PHB/PEN/PET (40/30/

30).
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Figure 13. X-ray diffraction patterns of binary blend
with annealing temperature changes; (a) PHB/PEN (40/
60), (b) PHB/PET (40/60), and (c) PEN/PET (50/50).
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PETE 244 met 2488 2 27N Ed=
gld g2 Az F AL} Ze Z7A
X-ray 318 HE& FA3Ach. 248 Y= =
A& PHB/PEN (40/60), PHB/PET (40/60) =
23 PEN/PET (50/50) .2 &t} 2435A9] X-
ray 3|4 d€le] A7E Figure 13¢] Jehjlch
Figure 139 (a) 28l (b)= 44 24E2AZF9)
PHB¢} PEN 2z28]x PHB#} PETE Edc=slo
X-ray 33 #HHe AR Ao, PHB (20.1°),
PET (18.2°, 22.7°, 26.4°), PEN (15.5°, 33.4°,
26.8°)ollA 1 Hart A4 Yepge & 7 A
o}, 28y Figure 139] (c)&= PEN3 PETe] 24
A Edze] X-ray 3H HEE 2AE ALY o7
Ae PETY nfdzazt 48" AL A2 5 9
t}h. o]= PET®} PEN A}oj9] ojxHl2 m3hutgo)
71918 Ao AlsHT.
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PHB/PEN/PET 44HA Sdl=&o] #1std, 7]
AR 445 Feg 2w dlaeE a8 o
M ATE dsigict. PHBe o] F7igl
uE Bd=2o E3 ke PHBe| o] 40 wt%
AqNA ZA FAFeE 2 olfE A BERSEo
oAl AE o] Fo] &3 57} golx]7] wjo|c}.
AlRAEE EA=Ee ARG 7] BAHES
PHB2] gt3o] 30 wt% o]4ollA) PHBe| §&ke] &
7Vl wet HBg 3zE P4stn, 24§ PHB
of dgoz =t Ao AFAE HFAA
+ PHBY] 3t8po] Z71848, AHE=7 3718
g A= @8] Frhstgen, 160 ColA
axzldias | gd&ol ¥A% Frtsldth. dH
3 A3d)A PHBe| ko] 20 wt% gl Bi=Be
A EAL nEA; 2] THo s B2 EHA
2y} 9li, PHB7 30~40 wt% oA E AR m
a7t e Ee HEY m¥o g £¥HY e
i, PHBe| 3ol 2718458 dudol 271814
o. 22l3, gd=ge) FeEnZ Azle PHB
30 wt%olA FEAHA dFL4E B4 3, PHB
40 wt%ANE AR LS HoEt) AHA B
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PHB/PEN/PET 447 §8E8Ee] o84 2 5497

=9 XRD 3ddd Ade A wet 24
HAae F7t s9a PETY 24 #3 B2 e
Atk ol PEN3] davz mghlgog <3
At AlRH. g2 2 2gukgd e
EA= g daHz natgsd B4d e B
EAIZo] 7Kgl wet FrHid o 28y, PEN
7} PET A2 Ee] A&dole Fobxith 18 g,
Bz o] A GAE Hole it BAUe] ¢
Al PHBY] #3840 wi%oliL, whetE2 5§ o
22 aghgoz FEFIANA vehvks 434
& @A =HUoh ol#d Zn=¥H PHB/PEN/
PET A Bl=s JAAREE F4TeaH
T4E YS d@A & FAL, ARnEAY Z3A
o= s PEN/PET 35#A 9 ARt o &
71AH g AFsAr

LIS 2 8 ATE ABADEA Aad) ATA
Bl A7H) AUoZ o] FoiE.

g =

ret

1. J. G. Cook, H. P. W. Hugill, and A. R. Lowe, Brit. Pat-
ent 604073 (1948).

2. S. Buchner, D. Wiswe, and H. G. Zachmann, Polymer,
30, 480 (1989).

3. M. Cakmak, Y. D. Wang, and M. Simhambhatla,
Polym. Eng. Sci., 30(12), 721 (1990).

4. M Tto, K. Honda, and T. Kanamoto, /. Appl. Polym.
Sci., 46, 1013 (1992).

Fzl  A247¥ A1% 20009 14

5

. ]. Jager, J. A. Juijn, C. J. M. Van Den Heuvel, and R. A.
Huijts, J. Appl. Polym. Sci., 57, 1429 (1995).

6. Y. Ulcer and M. Cakmak, Polymer, 35(26), 5651 (1994).
7. W. C. Lee and A. T. Dibenedetto, Polymer, 34(4), 684

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

(1993).
. H. C. Chin, K C. Chiou, and F. C. Chang, J Appl.

Polym. Sci., 60, 2503 (1996).
. S. H. Kim, S. W. Kang, J. K. Park, and Y. H. Park, /.
Appl. Polym. Sci., 10, 1065, (1998).
S. H. Kim and S. W. Kang, Korea Patent, Application
No. 18653 (1998).
S. H. Kim, H. O. Yoo, S. M. Hong, and S. S. Hwang, /.
Appl. Polym. Sci., 14, 2448 (1999).
K Yoshikai, K. Nakayama and M. Kyotani, J Appl
Polym. Sci., 62, 1331 (1996).
S. H. Kim, S. W. Park, and E. S. Gil, J. Appl. Polym.
Sci., 67(8), 1383 (1998).
D. Chen and H. G. Zachmann, Polymer, 32(9), 1612
(1991).
F. ]. Balta-Calleja, C. Santa-Cruz, D. Chen, and H. G.
Zachmann, Polymer, 82(12), 2252 (1991).
S. Spies and H. G. Zachmann, Polymer, 35(18), 3816
(1994).
O. Ahumada, T. A. Ezquerra, A. Nogales, F. J. Balta-
Calleja, and H. G. Zachmann, Macromolecules, 29(14),
5003 (1996).
J. Economy, B. E. Nowak, and S. G. Cottis, SAMPE ],
6(6), 21 (1970).
R. Yamadera and M. Murano, J. Appl. Polym. Sci. Ed.,
5, 2259 (1967).

123



