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23% 42712 AZF poly(ether ether ketone) (PEEK)¥ p-hydroxy benzoic acid/poly(ethylene tere-
phthalate) (HBA/PET)¢] A<l &4 944 nEate] BA=E Azl tigte] Al FAF G247] (DSC) ¢ FA}
2 dv)7 (SEM)E olg3led drsidtt 248 78] dol &9 fg Aol 2xA 9] d&%F F7H2 o2 %€ PEEK
7} A 7B | Fo} Sojrle Gt A R PEEK SolEol7ke ool o &€ ¢ & U nEA-uEA}
AZALAT (12 T 350°CoA 0.069+0.0040113, 24 (conjugate phase)ollA] HA 18212 degree of disorder
£ PEEKY] AFE-&o] 57180l we} 57161t E3=oA PEEKS AAste] A4 aiate A9 & T4 &3k,
A pEate] AA3s A PEEKY 9L WA ggitt 2ZexdPdMe 44 a82E PEEKO 10%3H 7]
PEEKY vlEg 2ol 94 nix7t 2139 eld38S 43150, A 1828 20% H7Hde 948 2827} A

4 FEE T JAh

Abstract - Blends of poly(ether ether ketone) (PEEK) and thermotropic liquid crystalline polymer (LLCP) based on
poly(ethylene terephthalate) (PET) and p-hydroxy benzoic acid (HBA) prepared by screw extrusion have been stu-
died over entire composition range using a differential scanning calorimetry (DSC) and scanning electon microscopy
(SEM). From the measured glass transition temperature (T,) and specific heat increment (AC,) at the T,, it shows
that the LCP dissolves more in the PEEK-rich phase than does the PEEK in the LCP-rich phase. The y;; was
found to be 0.069£0.004 at 350°C. The degree of disorder of LCP in conjugate phase was found to be increased with
the increase of PEEK weight fraction in PEEK-LCP blends. SEM studies indicate that fibrilar structure is formed
at 20 wt. % LCP in the PEEK-LCP blend.

Keywords: Liquid crystalline polymer, PEEK, glass transition temperature, polymer-polymer interaction parameter,
blend.
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2.1, IEXA|R

2 ATA A" TEAE poly(ether ether
ketone) (PEEK)S 4% 9= ICIAHY VICTREX
380Go], LCPY Z$+ UE Unitikartel Ro-
drun 5000°]t}. Rodrun 5000t 80 mol% HBA/20
mol% PETS] #d FF&Ao|tt 2zt nixle] AL
Table 1] “eERAIAY

2.2.

iz

BE M=

Table 1. Characteristics of Polymer Samples Used in
the PEEK-LCP Blends.

Tma Ta AC a pb
Mw M]’l 0, Og g
(C) (0O /g0 (g/em®
PEEK®  39.000° 14,000 338.3 1460 0.308 126
LCP® - 19500° 281.7 702 0.036 1.41
(R-5000)

*Measured in our laboratory using DSC.

"Measured in our laboratory using specific gravity
chain balance.

“Supplied by ICI Co.

Data from ref. 34.

“Supplied by Unitika Co.

"Data from ref. 35.
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2.3. Differential Scanning Calorimeter (DSC)
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2.4. Scanning Electron Microscopy (SEM)
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Fig. 1. Effect of blend composition on the T, of PEEK in
PEEK-LCP blends obtained (&) by 20K/min
cooling, (O) by 320 K/min cooling, (2) by liquid
nitrogen cooling.
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Fig. 2. Effect of blend composition on the T, of LCP in
PEEK-LCP blends obtained (0) by 320 K/min
cooling, () by liquid nitrogen cooling.
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Fig. 3. Effect of blend composition on the crystallinity of
PEEK in PEEK-LCP blends obtained (A) by 20
K/min cooling, (O) by 320 K/min cooling, (D) by
liquid nitrogen cooling.
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Fig. 5. Effect of blend composition on the crystallization
temperature of PEEK in PEEK-LCP blends at
cooling rate of 20 K/min.
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Fig. 6. Specific heat increment (AC,) at the T, of PEEK
in PEEK/LCP blends obtained (A) by 20 K/min
cooling, (O) by 320 K/min cooling, (0) by liquid
nitrogen cooling.
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Fig. 7. Specific heat increment (AC,) at the T, of LCP
in PEEK/LCP blends obtained (O) by 320 K/min
cooling. (T) by liquid nitrogen cooling.
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o] DSCell 9f3] AC,®] 7|7} ZAHE Aoz Bojn
e Adrolth. Kim# Burns(21.22)9] ©j&had, T,ol
e AC, ZAE 72 HEE0 NZ 2 4550z &
A7) e dohul= Aoz wgith wEkM Fig,
63} Fig. 79] A%+ PC7} LCP-rich ol oj= Ax

4 (D o FelsE st 2ol Yy 4 o
(20).

W = Tgl(Tgl,b_TgZ)

(2)
! Tgl,h (Tgl _ng)

A71A wy'& 38R} 1-rich Aol Folgles w1
BRI FAREO|L, Ty o= BA=GN 2 ui
2k l-rich 44 (phase)d] 2] o] &%, 7am T,
Te= 42 &8 n8a) 13 29 §2 Ho| Lxolr},
A (2)ell AR FA GEA72 249 T(PEEK) 9} T,
(LCP)E tiYdPd PEEK-rich Alojxie] PEEK<}+
LCPe Z2E7] FAELH LCP-rich A4 ¢ PEEK
9 LCPS Z2x7) RAREL AR 4 9t} 2ry) =
AR&S TEA] WEE ro] 30 ARy) Bojig

to,

=0} 913 w7FAIZ PC-rich Al LCP7E o= Ax < 78 F 9tk PEEK-LCP /=0l 245 $2)

Table 2. Apparent Weight Fractions (w) and Apparent Volume Fractions (v) of PEEK and LCP Components in the
PEEK-rich Phase and the LCP-rich Phase From Fox Equation.

Blend® TaK) Te »(K) Wy w,? vy v,
0.0 - 419.2 - - - -
0.1 - 419.2 - 0.0000 - 0.0000
0.2 - 419.3 - 0.0022 - 0.0019
0.3 - 4184 - 0.0086 - 0.0077
0.4 - 4177 - 0.0162 - 0.0145
0.5 346.0 417.1 0.0320 0.0228 0.0357 0.0204
0.6 345.6 416.9 0.0320 0.0250 0.0357 0.0224
0.7 345.3 415.7 0.0320 0.0391 0.0357 0.0342
0.8 345.0 4145 0.0272 0.0513 0.0304 0.0461
0.9 3439 4135 0.019% 0.0623 0.0108 0.0561
1.0 343.3 - 0.0000 - 0.0000 -

*Blend composition given as overall weight fraction LCP in the PEEK-LCP blend.
®Single prime and double prime denote LCP-rich phase and PEEK-rich phase, respectively, and subscripts 1 and 2 de-
note LCP and PEEK components, respectively. Weight fractions are claculated from Fox eq.: wy'=1-w," and w," = 1-w,”
‘v =1~v," and v, =1-v,”.
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gojt}. A} sited] F¥E o2 AHE 5 Jout
QB tjsle] Az} sited] FHE ABES 0}‘5 o2
2ol et 22 A719 Az sited] FIHE AHE
stojob dTH20). B AFoME PEEKS wHEES
(repeating unit)E 2z sited] FIZ A3
LCP% PEEKY tate] x;m=60.5 12 x,=48.6%]
Zrol AL&-E 2t} Table 3914 21 350°C oA Fox®]
A& o] 43t :rLﬁ‘L 24 (each phase)d] 2E7]| %3]
2g3 A (5), (10), 28z (11)& o183t AL
PEEK$} LCP—4 Yie= 350°Cell A 0.069+0.004%) 3t
£ /MRS & 5 gon, LCPY o4 g sk &
2 2 (13)o7 BY A x5 350°CelA] 0.070+0.
0049 & 7HAE ¢ & Stk =9 FidolA
LCP9] degree of disorder (y/x))= PEEK7} 714
d ZF7lslgeH, ol Dowell(33)9] Aot A
o} LCPY Hjag w3t EFAEZIT} Fopx}A
o i 24g 2R7) RYEEZRE AL g,

ox & T ML

20 um

(b)

Fig. 9. Scanning electron micrographs obtained from
cryogenically fractured cross-section surfaces of
PEEK/LCP blends: (a) 9/1: (b) 8/2.

Table 3. Degree of disorder (y/x;) and the Polymer-Polymer Interaction Parameter (%12 Between PEEK and LCP in

PEEK-LCP.

Blend® ' v? y/x: pary X1
0.7 0.9643 0.0342 25.68 0.92 0.066 0.066
0.8 0.9696 0.0461 17.77 0.89 0.065 0.066
0.9 0.9892 0.0561 10.48 0.82 0.073 0.074

*Blend composition given as overall weight fraction LCP in the PEEK-LCP blend.
"Volume fractions (v) were obtained from the weight fractions divided by densities of each component. Single prime and
double prime denote LCP-rich phase and PEEK-rich phase, respectively, and subscript 1 and 2 denote LCP and PEEK

component, respectively.

All y/x, and Xy, values were calculated from egs.(5), (10), and (11).

4All %4, values were calculated from eq.(13).

R, A7 A3F, 19%
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sorder (y/x1) 7} 0.82 9l 0.928A4 A543 & e
7FA7] wfZol At

ZA 2
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21 =

AC,, : difference in specific heat at T, of LCP

AC,, ' difference in specific heat at T, of PEEK

AH : enthalpy of mixing

m : the number of freely rotating joint of x,
molecule

n; : the number of moles of LCP

n,  the number of moles of PEEK

R  :ideal gas constant

AS, : the partial molar entropy of mixing of
LCP

AS, : the partial molar entropy of mixing of
PEEK

Ter ' Tyin blend

Ta : Tgof pure LCP

Te Ty of pure PEEK

vi the volume fraction of LCP in the
blend

vz the volume fraction of PEEK in the
blend

w; - weight fraction of LCP

w;  weight fraction of PEEK

wi  apparent weight fraction of LCP

X1 ° the axis ratios of each of the m rods com-
prizing the LCP molecules

X, - contour length of PEEK

y ! disorientation

Zy - configurational partition function

z;  ° the internal configuration partition func-
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tion for PEEK

: polymer-polymer interaction parameter
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