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Miscibility and Phase Behavior of
Poly(enaminonitrile)/PEO Blends

J.A. Moore & Ji-Heung Kim
Department of Chemistry
Rensselaer Polytechnic Institute
Troy, NY 12180-3590

INTRODUCTION

PolyenaminonitrilestPEANs) are novel, high molecular
weight, film-forming polymers which have excellent
thermal stability and good mechanical properties.
Recently, we reported that one of these polymers forms
blends with several strong proton accepting polymers
such as poiv(d-vinyl pyridine), poly(ethyl oxazoline) and
poly(N-vinvi pyrrolidone). Poly(ethylene oxide) is a
relatively weakly sclf-associated polymer that contains
sites, the oxygen atoms, which are capable of forming a
strong interaction (hvdrogen bonding) with PEAN even
though PEO s an easily crystallizable polymer. The good
solubility of PEAN in a series of polyether solvents and
the existence of lower critical solution temperatures
TLCSTr 1 these solutions also  suggest Tavorable
mteractions  hetween  these two  components.t  In this
paper. we study  the nmscibility and phase behavior of
PEO/PEAN Blends. Differential Scanning CalonmetrytDSC)
and  optical  microscopy  were used to  investigate
nuscibility and phase separation. FT-IR was used to study
the molecular anteraction involved in this blend <ystem.

EXPERIMENTAL

Materials Polyenaminonitrile (see structure shown
below)  was prepared through condensation
polymerization ot 1.3-bistl-chloro-2.2" dicyanovinyl)
benzene with oxydianiline using the procedure we have
developed < Intnnsc viscosity in DMF at 25°C was 0.47
AW, PEO with an average molecular werght off 100,000
Ddbons was purchased from Aldrich Chemical Company

A =N -
. " \ ;'O'Q—M "
v CN

Preparation of Blends =~ Blends were prepared by solution
casting from DMF. The solvent was evaporated slowly
under N2 flow at 60°C. The resulting films were further
dried in  vacuo at 100°C for 2 days and then slowly
cooled 1o room temperature and stored in a desiccator
prior to measurement. The samples for FT-IR analysis
were cast ofn- :yaCl plates using the same procedure.

Calorimetric Measurements Glass transition temperatures

and heats of 'demixing werc determined in a Perkin-
Eimer System 7 differential scanning cdlorimetér. A
heating rate of 5 K/min was used. The glass transition
temperature was (aken as the midpoint of the heat
capacity change,

The phase diagram was established by means of DSC and
microscopic observation of the onset of phase separation.

The morphology of the phase-separated structure was
observed on a hot-stage optical microscope.

FT-IR spectra were recorded on a Perkin-Elmer Model
1800 spectrometer at a resolution of 2 em-! . A minimum
of 64 scans were signal-averaged.

RESULTS and DISCUSSION

Films of blends containing 10, 20, 30, 50, 65, 70 and
80 wt% PEO blend film prepared as described above. Up
to 50" wt% PEO, cast films were transparent, but films
containing more than 50 wi% PEO weie turbid because of
the development of crystallites of PEQ in the blend film,
DSC began to show the melting endotherm of PEO vth

_prowing peak _intensity as the PEO content increased from
65 Wi% PEO. These blends containing more than 50 wi%
PEO may )be viewed in termy of crystallucs of PEO
embeded in a mixed amorphous matrix of PEAN and PEO,
to a first approximation. The Tg vs composition curve up
to 50 wi% PEO is shown in Figure 1, All the points feil
almost on the werght average line beiween -the limiting
vialues of Tg, suggesting miscibility between these two
polymers. Besides the glass transition, ancther
composition-dependent  endothermic  ransition »as
observed at Jugher temperature wlich trned out 10 be a
transttion assocnated  with  phase  separation.  Figure 2
shows 4 DSC wrace resulting from & continuous increase ot
the temperature from the homogeneously mixed state to
the phase separated range. It s obvious that phase
separaton 1s assoctated with an endothermic process in
this blend. Hot-stage microscopy showed the separation
process clearly at the same temperature with the one
sbserved in DSC. The iniially ciear {ilm became opaque
after separation and went back to clear when the sample
film was cooled. iec., the _process was reversable. A partial
phase diagram was determined from DSC and microscopic
observations of the onset of phase separation 4s shown in
Figure 1. This lower criical solunon temperature(}.CST)
behavior further substantiates muscibie  behavior  a
temperatures below the cloud pomt and suggests that
these polymers are miscible as a result of an exothermic
interaction. A highly interconnected two-phase
morphology with umform domuin size is scen in the
micrograph of a 50/50 (PEAN/PEQO) blend as shown in
Figure 3. In this system, phase redissolution occurred
relatively rapidly and reheating the sample reproduced
the original separation process. .

Recently, several authors .4.5 have Sludl’.d the heat of
demixing associated with LCST phase behavior by DSC.
From the DSC of 50/50(PEAN/PEO) blend under different
heating rate (5K/min to 40K/min), the onset temperature
of the endothermic peak was found to shift to higher
temperature with _increasing rate as has been observed
by othér authors.3:5 Heats of demixing were determined
from the area under the endothermic peaks. At lower
heating rates, the area decreases dramatically and precise
measurement becomes difficult. Within the heating rate
range from 5 K/min to 40 K/min, A Hgemix was found to be
5.0 £ 0.5 J/g approximately and it seems that the heat of
demixing does not change much depending on the heating
rate in this system, More data about this subject are
being collected.




FT-IR spectrometry was used to study the specific
hydrogen bonding interaction involved in this blend. FT-
IR spectrum of the -NH stretching region of PEAN is
shown in Figure <. As the concentration of PEO is
increased in the blend, the infra-red band at 3360 cm-!
autributed to relatively ‘free’ -NH groups decreases and
almost completely disappears at 50 wt% PEO. The broad

band originally centered at 3240 cm! is shifted to lower
frequency with increasing intensity. This result implies a
strong hydrogen bonding interaction beiween the
enamine hydrogen on the PEAN backbone and oxygen
atom in PEO. The IR bands of the -NH stretching region of
blend films above S0 wt% PEO were almost the same as
that of the 50wi% PEO sample.

CONCLUSIONS

PEAN forms a miscible blend with PEO in the
amorphous state as determined by optical clarity and a
singie glass transition temperature changing smoothly
with composition. This blend shows phase separatiop at
higher temperature because of the presence of lower
critical  solution temperature behavior. The phase
separation is associated with an endothermic process. The
phase diagram was obtained by means of DSC and
microscopic observation of the onset of phase separation.
Hydrogen bonding evidenced by FT-IR seems to be the
strong interaction responsible for the miscibility of this
blend sysiem,
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Figure 1. The phase diagram and Tg-composition curve of
PEO/PEAN blend,
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Figure 2. DSC trace characteristic of the phase separation.
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Figure 3. An optical micrograph of the phase separated
structure taken on a hot-stage microscope. ( X600 )
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Figure 4. FT-IR spetra o the -NH stretching region of
the PEO/PEAN blend
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