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The phase structure and relaxation phenomena in blends of a 
poly(ether-ester) elastomer with a liquid crystalline polyester (Vectra)

Summary —  Poly(ether-ester) (PEE) Elitel 4450 — liquid crystalline polyes­
ter (LCP) Vectra RD 501 blends extruded (L /D  = 20, D = 19mm) with a ho­
mogenizing head at 225°C, were studied by differential scanning calorimetry 
(DSC), dynamical mechanical thermal analysis (DMTA), dielectric spectros­
copy, and scanning electron microscopy (SEM). The blends exhibited a 
multiphase microstructure. Two mechanical relaxation temperatures were 
found to occur, and similarly two glass transition temperatures were re­
corded by DSC. There is a glass transition in the PTMO soft phase (ca. - 60°C) 
and in Vectra (+ 107HC). For the PBT hard phase (ca. +35°C), T$2 is weakly 
pronounced because of the high crystallinity. The blend showed only one 
m.p., close to the m.p. of the PEE. Three dielectric relaxation processes were 
found to occur in PEE and three others in Vectra. In the blends, the dielectric 
spectra are seen to be superimposed. These blends are immiscible in terms of 
thermodynamics. Vectra modified the molecular mobility of the PEE rigid 
segments, as evident from nonisothermal crystallization of the PBT hard 
phase and degree of crystallinity as also from changes of the PTMO content 
in the soft phase. SEM disclosed either a spherical or a fibrous structure in 
the blends, depending on Vectra content.
Key words: block copoly(ether-ester), liquid crystalline polyester, polymer 
blends, Elitel4450— Vectra RD 501 blends, phase structure, physical proper­
ties, relaxation phenomena, molecular mobility.

Liquid crystalline polymers (LCP) are conventionally 
divided into two groups:

(z) LCP with mesogenic segments attached to the sides 
of the main chain and (и) LCP with mesogenic groups 
incorporated into the main polymer chain.

Group z LCP often exhibit a strong electrooptic effect 
and optical nonlinearity and are applicable in optoelec­
tronic and telecommunication devices [1]. Their viscoela­
stic properties in the crosslinked state open a possibility 
of using these materials as a new kind of elastomers with 
stress-induced liquid crystalline ordering [2].

The excellent mechanical properties and processabili­
ty, make group z'z LCP useful as a component of engine­
ering polymer materials [3, 4]. These properties appear 
because of intermolecular interactions, which make it 
possible that a fibrous structure appears during pro­
cessing and orientation. Such a process imparts sort of 
self-reinforcement to the polymer, which plays the same
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role as, e.g., whiskers in ceramics and metal-matrix com­
posites [5—7]. This behavior is used in new thermopla­
stic composites based on conventional plastics and 
main-chain LCP obtained by blending and compatibili- 
zing. There are, for example: PP/LCP [8], PC/LCP [9], 
PA/ LCP [10], PET/LCP [11], PBT/LCP [12], and 
PPS/LCP [13] blends in which thermotropic liquid cry­
stalline polyesters are used as LCP.

Block copolymers that contain chain segments di­
stinctly differing in chemical structure and physical pro­
perties show a phase-separated microstructure. In 
poly(ether-ester)s (PEE), the region formed of flexible 
polyether segments with a low glass transition tempera­
ture imparts rubber-like elasticity, whereas rigid poly­
ester micro-domains resulting from specific molecular 
interaction (e.g. crystallization) ensure a sufficiently 
high mechanical strength [14]. Recently, some composi­
tions of the PEE with other polymers have been manu­
factured in order to improve mechanical properties 
(while retaining good flexibility and processability), as 
blends of PEE with PVC [15], PET [16], PBT [17] and PA 
[18]. Very interesting elastomers, which exhibit interpe­
netrating physical network morphologies, have been pre­
pared as blends of PEE with PS or polyurethane [19, 20].
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Podstawniki pierścienia fenoksylowego o charakterze 
elektronoakceptorowym powinny prowadzić do polary­
zacji wiązania Ti-O, czyniąc go bardziej jonowym, a tym 
samym ułatwiać jego rozerwanie. Należy się więc spo­
dziewać odwrotnego wpływu ligandów z podstawnika­
mi elektronodonorowymi, mianowicie zwiększania 
przez nie kowalencyjnego charakteru wiązania Ii-O. 
Wiązania kowalencyjne występują w cząsteczce stoso­
wanego często jako kokatalizator А1Мез, a reakcja alki- 
lacji za pomocą tego związku zachodzi poprzez wytwo­
rzenie kowalencyjnych mostków M-CH3-A1 (M —  metal 
przejściowy) [10]. Można przypuszczać, że właśnie ko­
walencyjny charakter wiązań Ti-O-R i Al-Me sprzyja re­
akcji alkilowania, zwiększając tym samym jej wydaj­
ność.

W przedstawionym mechanizmie (schemat la) МАО 
stanowi czynnik alkilujący, który prowadzi do wymia­
ny grup -Cl i -OC6H5.mXm na grupy -CH3 (reakcja Ia.l).

МАО' odgrywa tutaj rolę specyficznego kwasu Lewi­
sa, który prawdopodobnie poprzez akceptorowe od­
działywanie z ligandami CH3“ związków tytanoceno- 
wych powstających w układzie ułatwia reakcję Ia.l oraz 
reakcję Ia.2, czyli sprzyja homolitycznemu rozpadowi 
wiązania Ti-CH3 w cząsteczce CpTIMe3, a zarazem re­
dukcji Ti(IV) do Ti(III). Analogiczne oddziaływanie w y­
stępuje prawdopodobnie w  reakcji Ia.3, w  której po­
wstaje katalitycznie aktywna postać CpTiMeL

Oczywiście grupy -ОСбН5_т Хт w  nowym МАО' będą 
zmieniać jego właściwości jako kwasu Lewisa. Na obec­
nym etapie badań nie możemy jeszcze ocenić, jak 
zmniejszenie, bądź też zwiększenie kwasowości МАО' 
wpływa na przebieg reakcji Ia.2 i Ia.3. Możemy tylko 
stwierdzić, że podstawniki X zmieniają liczbę genero­
wanych centrów aktywnych w badanych układach ka­
talitycznych, a tym samym ich aktywność w procesie 
syndiotaktycznej polimeryzacji styrenu.

W pływ podstawników X na selektywność polimery­
zacji należy wiązać z obecnością w układzie również in­
nych niż CpTIR+ (R —  Me lub łańcuch polimeru) posta­
ci katalitycznych. Porównanie mechanizmów polimery­
zacji a-olefin i styrenu wobec katalizatorów ansa-meta- 
locenowych (czyli zawierających w cząsteczce dwa pier­
ścienie cyklopentadienylowe) wskazuje na konieczność 
obecności dwóch miejsc koordynacyjnych wokół jonu 
metalu wykorzystywanych do powstania stereoeregu- 
larnych poliolefin oraz trzech miejsc koordynacyjnych 
potrzebnych do uzyskania syndiotaktycznego polistyre­
nu (polistyren uzyskiwany wobec układów katalitycz­
nych stosowanych w stereoregularnej polimeryzacji 
a-olefin jest ataktyczny) [7].

W kompleksie aktywnym polimeryzacji olefin dwa 
miejsca koordynacyjne są kolejno zajmowane przez 
cząsteczkę olefiny oraz podstawnik alkilowy, który w 
procesie polimeryzacji migruje do związanej olefiny. W 
ten sposób rośnie łańcuch polimeru i odtwarza się miej­
sce koordynacyjne dla następnej cząsteczki monomeru.

W przypadku syndiotaktycznej polimeryzacji styrenu 
jedno miejsce koordynacyjne w układzie katalitycznym 
zajęte jest początkowo przez podstawnik alkilowy, póź­
niej zaś przez cząsteczkę monomeru. Pozostałe dwa 
miejsca wiążą łańcuch rosnącego polimeru, zapewniając 
kontrolę nad stereoselektywnością reakcji.

W badanych przez nas układach katalitycznych zaró­
wno wyjściowe kompleksy tytanu, jak i te, które po­
wstają w reakcjach Ia.l i Ia.2 tworzą wyłącznie postacie 
katalityczne z dwoma miejscami koordynacyjnymi, a 
tym samym katalizują reakcję w  kierunku ataktycznego 
PS. Katalizatorami reakcji prowadzącej do ataktycznego 
PS mogą być również rodniki CH3* powstające w  reak­
cji Ia.2 [9]. Postać z trzema miejscami koordynacyjnymi 
katalizująca powstawanie syndiotaktycznego PS tworzy 
się dopiero w reakcji Ia.3.

Tak więc, gdy ligand -ОСбН5.т Хт będzie hamował 
tworzenie jonów CpTiMe+, liczba centrów ataktycznej 
polimeryzacji styrenu będzie stosunkowo większa, a se­
lektywność procesu w kierunku syndiotaktycznego PS 
odpowiednio mniejsza. Jest to w  pełni obserwowane w 
badanym przez nas układzie. Należy także stwierdzić, 
że selektywność polimeryzacji w  kierunku syndiotak­
tycznego PS maleje ze wzrostem temperatury, co można 
tłumaczyć zarówno zmianami liczby odpowiednich 
centrów katalitycznych, jak i opisanym w  literaturze
[11] zmniejszaniem w  wyższej temperaturze stereore- 
gulującego działania katalizatora.
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The present work examines the molecular dynamics 
and phase structure of the system which contains a 
multiblock poly(ether-ester) (PEE) and a main-chain 
liquid crystalline polyester (Vectra, LCP) by such expe­
rimental techniques as dielectric spectroscopy, thermal 
analysis (DSC), dynamic mechanical thermoanalysis 
(DMTA) and scanning electron microscopy (SEM).

EXPERIMENTAL

Materials

The PEE (I) used in this work: Elitel 4450, produced 
by the Elana SA (Toruń, Poland); which consists of 50 
wt% of rigid crystalline poly(tetramethylene terephtha- 
late) segments and 50 wt% of flexible amorphous 
poly(tetramethylene oxide) segments. The melting and 
crystallization characteristics of the PEE as well as its 
rheological properties have been described elsewhere 
[14, 21]. The liquid-crystalline polyester (II), trade name

- - C H C H y^ O - - f C H ^ O - -

(I)
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Vectra grade RD 501, was supplied by the Hoechst Cel- 
lanese. The melting point of this Vectra RD 501 is about 
220°C, much lower than, e.g., for Vectra 950. These ma­
terials were first dried in a vacuum oven at 100°C for 24 
h to remove absorbed water and then used as compo­
nents to make the investigated blends.

Blending and preparation of samples

Dried pellets of the polymer components were mixed 
and blended in the molten state in a laboratory extruder 
(L /D  = 20; D = 19 mm) equipped with a homogenizing 
head (L /D  = 2) at temperatures of 190, 190, 225, 210°C 
(in the corresponding number of zones) and then gra­
nulated. The samples for DSC and dielectrical measu­
rements were prepared in the form of films by com­
pression molding between PTFE plates. This process 
was started at 230°C and the samples were placed in the 
press for 2 min at 180°C and then quenched in cold wa­
ter. The films for dielectric measurements about 50 pm 
thick, were dried in vacuum, and furnished with circu­
lar gold electrodes 2 cm in diameter by the vacuum 
sputtering technique. The samples for dynamic mechani­
cal analysis and for scanning electron microscope tests 
were prepared by injection molding at 235°C and 35 MPa.

Molecular mobility

Dielectric spectroscopy was applied to study the mo­
lecular dynamics of the PEE, Vectra and their blends. 
These measurements gives the complex dielectric per­
mittivity e* as a function of frequency and temperature

e = e -  г e (i)

where e' is the real part o f the permittivity (or dielectric con­
stant) and g"  is the imaginary part (or dielectric loss) and i = 
( - i f 12. In polar dielectrics the response of the sample to 
electric field oscillation has a relaxational character, i.e. 
the c” (co) or e” (T) relationships show one or more max­
ima. In order to describe the relaxational behavior of 
polymeric material, two different equations are com­
monly used [22]. The one is for an Arrhenius-type de­
pendence as observed for the relaxations corresponding 
to small scale motion (denoted as [3- or y-processes)

/  = /  е х р М Ц  (2)J max J да r l fcT J

where f mx is the frequency related to maximum in e", / „  is 
the pre-exponential factor, E„ is the activation energy, к — 
the Boltzmann constant and T —  the absolute temperature.

The other describes the temperature dependence obse­
rved for the relaxation associated with the motions appe­
aring at the glass transition temperature (usually denoted 
as а-process) and it is called the Vogel-Fulcher equation

l°s(/»m.v) = B -  A/(T -  To) (3)

where A, В and T0 are constants characteristic for the system.

When the investigated material reveals DC-conduc- 
tivity, which is seen in the region of high temperatures 
and low frequencies in the form of rough increase in 
E” -values, it is difficult to distinguish the maximum va­
lue of e” ; the а-relaxation is seen only at higher frequ­
encies, while at lower it is terminated by conductivity 
relaxation. In such a case an electric modulus M* = 1 /e* 
can be applied to the analysis of experimental data [23]

M = e7 ( e') 2 + ( E" ) 2 -IE'7 ( e') 2 + ( e" ) 2 = M'-iM”  (4)

Dielectric measurements were carried out with a bro­
adband device of Solatron Schlumberger Frequency Re­
sponse Analyzer 1260. Temperature was controlled to 
within 0.1 К by the Novocontrol System using nitrogen 
gas supplied directly to the sample chamber.

Phase behavior study

Differential scanning calorimetry (DSC), dynamical 
mechanical thermal analysis (DMTA) and scanning elec­
tron microscopy (SEM) were used to study molecular 
interactions and phase structure in the materials men­
tioned above.
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Molecular interactions in the system containing two 
or more polymers determine the thermodynamic misci­
bility or phase separation. For an amorphous/semicry­
stalline polymer blend, molecular interactions and the 
miscibility can be estimated on the basis of the glass 
transition temperature Tg and depression of the melting 
point T,„. The glass transition temperature of a 
two-component blend can be described by the Kwei 
equation [24]

Tg = (wi Tg i + к wiTg?) /  (wi + к wz) + q ivi w2 (5)

where: Wj and w 2 are the weight fractions, Tsi and Tg2 —  the 
glass transition temperatures o f components 1 and 2, respec­
tively; к and q are the parameters used to characterize 
intermodular interactions. The degree of soft phase sepa­
ration, Wfs for copoly(ether-ester) can be calculated by 
the following equation [24]:

j _  ACpobs
w s AC ps ( 6)

where: ДCpobs is the observed heat capacity o f the copolymer 
or blend and ACps is the heat capacity o f the polyether used as 
a flexible segment.

Thermal properties, such as heat capacity, heat of fusion 
and temperatures Ts, Tc and T„„ were measured with a 
Perkin-Elmer DSC-7 and a Mettler microcalorimeter in a 
triple cycle of heating-cooling-heating, within the tempe­
rature range of -120°C to 250°C and at a scanning rate of 
10°C/min. Glass transition temperatures of the blends 
were determined by the middle point of the heat capacity 
change ( -ACp ); the melting point T,„ and the crystalliza­
tion temperature Tc were determined as the temperatures 
of extremum exothermic or endothermic effect.

DMTA measurements were carried out by using a 
Polymer Laboratories MKK II instrument at a frequency 
of 1 Hz and a heating rate of 3°C/min. The storage mo­
dulus E', loss modulus E" and tan 5 were determined as

a function of temperature, whereas the temperature of 
maximum of E" (i.e. the а-relaxation) was taken as the 
glass transition temperature.

For microscopic observations of the polymer structure 
a JEOL JSM 6100 scanning electron microscope was used.

RESULTS AND DISCUSSION

The materials studied in this work are blends of the 
copoly(ester-ether) (PEE) containing 50 weight % of 
poly(oxytetramethylene) and 50% poly(butylene tere- 
phthalate) segments with the liquid crystalline polyester 
Vectra, within 0 to 50 weight % of the LCP in the sys­
tem. The disparate molecular mobilities of the flexible 
polyether and the stiff polyester segments in the PEE as 
well as the stiff mesogenic chain fragments in the LCP 
reflect on the dynamics of the relaxation processes and 
phase separation. In addition, unequivalent interaction 
between the block copolymer segments and the blend 
components affect physical properties of the system.

Thermal properties

Results of DSC and DMTA thermal and thermo-me­
chanical studies are presented in Table 1 and in Figs.
1— 4. The DSC thermograms show two glass temperatu­
res to be characteristic for the PEE: the lower (T ,) at 
about -60°C and the higher (Tj2) at +35°C. These tempe­
ratures are related to the soft phase containing many 
PTMO segments, and to semicrystalline hard phase cre­
ated by the PBT segments, respectively. The melting po­
int of the last phase is Tm = 192°C. The LCP Vectra has 
one glass temperature, Tę = 107°C and a melting point 
with a small endothermal maximum at T,„ = 229°C, 
which corresponds to the transition from the crystalline 
to the nematic LC phase. The glass temperatures of the 
PEE/LCP blends are only slightly related on the blend 
composition (see Figs. 1 and 2; Table 1). The higher

T a b l e  1. Results of DSC and DMTA investigations on PEE/LCP Vectra blends

Sample Number

1 2 3 4 5 6 7 8 9

PEE/LCP, wt % 100/0 95/5 90/10 85/15 80/20 75/25 70/30 50/50 0/100
Tsl (PEE), °C -62 -63 -61 -66.5 -61 -62 -60.5 -58 —
A C ^ I / g - t 0.19 0.22 0.25 0.18 0.22 0.17 0.23 0.18 —
Tfl (PEE), °C 54 51 52 53 52 56 51 55.5 —
T 3 (LCP), °C — — — — — — — — 107

UОb.a 192 194 193.5 194 193 194 193.5 192 221.5

AH„„J/g 34.5 33.1 32.4 29.9 29.1 26.3 26.6 18.5 2.8

0 n 155 169 166 167 163 167 166 160.5 177
AHf,J /g 33.6 32.1 32.3 30.4 28.8 26.1 25.7 18.8 2.8

u0

-45.5 -49.0 -48.4 -48.1 -47.7 -45.6 -44.8 -46.4 —

иоb? — 104.5 104.8 105.8 107.2 107.2 107.2 106.4 107.2

Results of DSC investigations: Tg — glass temperature  ̂AC(ll — specific heat change at Tg, Tm — melting temperature, ДH m — melting enthalpy, 
Tc — temperature of crystallization, ДH c — heat of crystallization; results of DMTA investigation: T:, T2 — relaxation temperatures.
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Fig. 1. DSC thermograms, glass transition temperatures 
TS]Ts3 and melting temperatures Tmfor PEE /  Vectra blends 
(second heating run; heating rate, l(fC/min) (in each figure 
for curve number see Table 1)

Fig. 2. DSC thermograms and crystallization endotherms of 
РЕЕ/Vectra blends (cooling rate: l(TC/min)

glass transition effect (at Ts2) is poorly distinguished in 
the DSC thermograms (except for first runs); therefore 
the values presented in Table 1 are taken from the first 
runs. Two transitions at T2 and X2, corresponding with 
Tjj and Tj3, are clearly seen in the DMTA plots (Fig. 3a, 
b; Table 1). The transition at Tg2 (for the PBT hard phase, 
ca. +35°C) is weakly pronounced because of its high cry­
stallinity. The DSC and DMTA results confirm the exi­
stence of three different glass transitions: V  Ts 2 and Ъ  
in the blends, related to their components. The glass 
temperatures depend only slightly on the blend compo­
sition (Fig. 4). These facts suggest that PEE and LCP 
Vectra produce thermodynamically immiscible systems

Fig. 3. (a) Storage modulus (from DMTA) o f PEE /Vectra 
blends versus temperature. T„ T2 —  temperatures o f relaxa­
tion processes corresponding to glass transitions (see Figs. 1 
and 4); (b) loss modulus o f PEE/ Vectra blends versus tem­
perature (numbers on curves correspond to sample numbers 
in Table 1)
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Fig. 4. Some characteristic temperatures in relation to composi­
tion of PEE /Vectra blends; 1 —  Ts, (DSC), 2 —  T, (DMTA), 
3 — Ts2 (DSC), 4 — T2 (DMTA) and 5 — T„, (DSC)

5
--------------------r

• • • ■ /1

4 PEE /

4 Vectra phase
Pure LCP

4

>- ............... -1 .3
PEE hard phase

PEE
PEE soft phas

У  -о ................ }
a
{ 2
■ 111 " " I  " 1

with a heterophase structure (which does not mean that 
there are no interactions between the components). The 
irregular distribution of values in the blends is corre­
lated with a similar distribution of T,„. For semicrystalli-
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ne component Tm increases on account of small content 
of the second (soft) component of the blend; the above 
can result from an influence of the LCP onto PEE du­
ring a non-isothermal crystallization process. H. Yan et 
al. [25] have found a similar behavior in the blend of 
LCP and poly(butylene terephthalate) (PBT); the result 
is the rise of the melting temperature and the increase 
in the degree of hard segment crystallinity. In our case, 
the increment of the crystallinity degree of the PBT-phase 
(cf. Fig. 5a) brings about a microphase balance change be­
tween PBT and PTMO in the PEE matrix. As a result, the

80

S'
gf 40

0
55

*  50

45
0 20 40

wt % Vectra in blend

Fig. 5. a) Correlation between PTMO segments content in 
soft phase and content o f Vectra in PEE /Vectra blends, b) 
degree of crystallinity WCH o f PBT phase in PEE/Vectra 
blends as a function of Vectra content

ь

polyether (amorphous) phase composition changes to­
ward a greater contribution of the PTMO (Fig. 5b). Such a 
result could be explained by the increment of the PBT-cha- 
ins during the crystallization in contact with Vectra.

D ielectric relaxation

For pure PEE, pure LCP and blends containing 5%, 
10%, 25% and 50% of LCP, complex dielectric permit­
tivity E* was measured as a function of the frequency 
and temperature. Figures 6 and 7 present dielectric loss 
e” in relation to temperature for the PEE and LCP Vec­
tra, at some selected frequencies; arrows point to parti­
cular relaxation regions. The results obtained for pure 
components are in good agreement with these pu­
blished by Z. Roslaniec et al. [26] for the PEE and by A. 
Boersma et al. [27] for Vectra. In Fig. 8 the isochronal 
(i.e. at constant frequency) dependence e” (T) is presen­
ted for the PEE/LCP blends. These spectra of the blends 
are seen to be simple superpositions of the spectra of 
pure components. These results allowed to construct a 
relaxation plot showing a frequency related to maxi­
mum value of the e” versus reciprocal temperature 1 /Г  
(Fig. 9). The curves for pure LCP Vectra and for Vectra 
in blends overlap each other, whereas those for PEE are 
slightly shifted, having almost the same values of the 
activation energy E„. These facts are one more confirma­
tion of the heterophase structure of the blends and 
show the influence of the LCP Vectra on the molecular 
mobility of the PEE. Results of dielectric measurements 
for each sample were phenomenologically analyzed by 
means of equations (2) and (3). The resulting parame­
ters are collected in Table 2. The cqand a2 processes ob­
served in the PEE (see Fig. 6) are related to glass transi­
tions of the soft and the hard phases, respectively; the 
second is terminated by DC-conductivity of the PEE 
and no calculation is possible to perform.

Temperature, °C

Fig. 6. Temperature dependence of dielectric loss e ” in PEE at some selected frequencies: □  —  1 Hz, °  —  10 Hz, ♦ —  100 
Hz, ▼ — 1 kHz, ▲ —  10 kHz, • —  100 kHz, и —  1 MHz. a2?—  note that a2-process is masked by DC-conductivity in 
the soft phase
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T a b l e  2. Fitting parameters to dielectric measurement data in equations (2) and (3)

Sample number

1 2 3 6 8 9 (pure LCP)

PEE/LCP, wt % 100/0 95/5 90/10 75/25 50/50 0/100
а-relaxation, В 14.2 14.4 16.3 18.2 19.2 18.7
а-relaxation, A , К 1002 1022 1210 1745 1944 142
а-relaxation, T0, К 144.7 147 131.5 127.3 117.4 380
p-relaxation, E„, kj/m ol 35 34 36 36 33 102
у-relaxation, E„, kj/mol — — — — — 34

Temperature, °C

Fig. 7. Temperature dependence o f dielectric loss e ” in LCP Vectra (for symbols see Fig. 6)

Temperature, °C

Fig. 8. Tem perature d ep en d en ce  o f  d ie lec tr ic  loss  e ”  in PEE/ L C P  blends a t 1 kHz. P E E  /  L C P  ra tio : U —  100/0, V —  95/5, A  
—  90/10, о  —  75/25, □  —  55/50, ♦ —  0/100
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In order to analyze of the АС-conductance, which is 
clearly expressed at low frequencies and high tempera­
tures in the form of anomalous rise of e” (see Figs 6— 8),

the presentation of the results by electric moduli accor­
ding to Equation (4) was used. An example for the PEE 
is presented in Fig. 10a. A  symmetric shape of the M "(f)

£
j

3

1000/T, K''

Fig. 9. Dielectric relaxation map for  
PEE/LCP blends; symbols for  
PEE/LCP ratio as in Fig. 8. Plots for  
pure ECP Vectra and Vectra in blends 
are almost identical

Fig. 10. (a) Dielectric loss modulus 
M " (see Eq. 5) o f PEE versus frequen­
cy at selected temperatures, (b) log 
plot o f frequency corresponding to ma­
ximal value o f M" versus reciprocal 
temperature; values o f activation ener­
gies o f DC-conductivity are within 60 
± 2 kj/mol for each blend, excluded 
pure Vectra, (176 kj/mol). PEE/LCP 
ratio symbols are the same as in Fig. 8

2.0 2.4 2.8

1000A K'

3.2 3.6
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curves indicates the D ebye-lik e  character o f the charge 
carriers relaxation process observed . O n  the basis of 
these recalculated data, a n ew  relaxation p lot w a s pro ­
d u ced  (Fig. 10 b). FigurelO b sh ow s the D C -con d u ctan ce  
o f the PEE to p lay  a d om in an t role in the P E E /L C P  
b len d s; its activation energies are equ al to 60 +  2 
k j /m o l ,  a lm ost ind ep en d en tly  from  the LC P  Vectra con ­
tents. It cou ld  be interpreted that the soft, m ore co n d u c­
ting, am orp h ou s PEE-phase is the con tin u ou s phase, 
even  at 5 0 %  content o f the LC P  Vectra; it is also the 
p ro of for the phase separation occuring in these blen ds.

Phase structure

Phase structure o f the P E E /V ectra  b len d s stu died  b y  
scanning electron m icroscop y  (SE M ) indicates the exi­
stence o f tw o  phases (Fig. 11). A t  lo w  LCP concentration  
in the b len d , sm all m icrospheres o f the Vectra are loca­
ted in the PEE m atrix (Fig. 11a). A t  concentrations hi­
gher than 20 w t%  o f Vectra, fibrous structure appears, 
w h ich  is responsible for the im p rov em en t o f m echanical 
properties o f the b len d  (see Table 3). Fig. 11c presents  
com p lex  fibrous structure o f the b len d , w h ere PEE fi­
bers appear also inside the LC P  fibers. Such fibrous 
structure w a s observed  in other LCP b len d s, e.g., in  
P B T /L C P  and P E T /P H B  system s [28]. The system  does  
not exhibit any sy m p to m s o f interphase adhesion , so  it 
m a y  be considered as the incom patible heterophase  
blen d . It is n otew orth y that there are three phases ev i­
dent in the D SC  and  D M T A  results. This fact cou ld  be  
explained b y  considering the PEE to u n dergo m icroph a­
se separation during n on -isoth erm al crystallization of 
the PBT segm en ts, a fact not detected in the SE M  im a ­
ges. This process also p lays role as an initiator for m a ­
crophase separation in the РЕ Е /V e c tra  system  (th erm o­
tropic properties o f the Vectra also affect the m icrophase  
structure o f PBT segm ents in PEE, as m entioned above).

Fig. 11. Scanning electron micrographs o f PEE/Vectra 
blends. PEE/LCP ratio (wt%): (a) 85/15, (b) 75/25, (c) 
50/50

T a b l e  3. Basic physical property data on the PEE/LCP blends

Sample Number

1 2 3 4 5 6 7 8 9

PEE/LCP, wt % 1 0 0 / 0 95/5 90/10 85/15 80/20 75/25 70/30 50/50 0 / 1 0 0

V C 196—202 2 0 0 — 2 1 0 204—223 200—230 204—220 200—230 210—233 207—239 228—236
p, 1 0 3 kg/m3 1.16 1 . 1 2 1.18 1 . 2 0 1 . 2 2 1 . 2 1 1.23 1.26 1.34
MFR, g/10 min 55.3* 44.6* 25.3 24.8 24.4 17.3 1 1 . 0 65.7* 40.7*
H, D-scale 44 47 50 51 51 55 57 65 81
os, MPa 11.3 15.0 16.7 16.4 20.3 22.3 32.8 28.9 8 8 . 0

o,, MPa 21.7 2 2 . 2 18.8 11.4 6 . 8 10.5 15.1 28.9 86.9
E, MPa 115 104 387 166 954 323 1744 2681 4303
8, % 550 826 380 430 34 30 6 3 9

Tj — melting temperature by Boetius hot-stage, p — density, MFR — Melt Flow Rate at 205°C and * 225°C, H —  hardness by Shore D, os — stress at 
plasticity limit, tr, — breaking stress, E — Young modulus, c — elongation at break.
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C O N C L U S IO N S

1. The P E E /V ectra  b len d s obtained from  the m elt 
exhibit either m icro- or m acro-heterophase structure.

2 . The therm otropic properties o f the Vectra affect the 
n on -isoth erm al crystallization process o f the PBT seg ­
m ents. This influence m anifests itself b y  changes in the 
m icrophase structure o f the PEE.

3. The fibrous structure o f the b len d s is the cause o f in 
situ reinforcem ent o f the PEE m atrix. This is one o f p o ­
ssible w a y s to prepare sem i-elastic po lym eric  co m p osi­
tes.

4 . Electrical properties o f the b len d s are determ in ed  
m a in ly  b y  the properties o f the PEE m atrix and  are on ly  
sligh tly  related to the LCP contents.

5. The P E E /L C P  b len d s o f the PEE Elitel 4450 and  
Vectra grade R D  501 are p rom isin g  engineering m ate­
rials for m a n y  applications; so m e basic physical proper­
ties are listed in Table 3.
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