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Abstract - DSC and Fourier-Transform Infrared(FTIR) spectroscopic studies in blends of poly(2,2(m-
phenylene)-5,5'-bibenzimidazole) (PBI) with two polyimides, 6F-3,3-ODA and 6F-DDSQs, are presen-
ted. 6F-3,3-ODA is formed from 2,2-bis(3.4-dicarboxyphenyl)-1,1,1,3,3,3-hexafluoro propane and 4-
aminopheny] ether while 6F-DDSQ; is formed from 2.2-bis(3,4-dicarboxyphenyl)-1,1,1,3,3,3,-hexa-
fluoro-propane and 4-aminophenyl sulfone. The PBI/6F-3,3-ODA and PBI/6F-DDSO; blends are im-
miscible : the evidence is in the form of optically opaque films, two distinct T,’s corresponding to that
of the two homopolymers in DSC and no significant frequency shifts in the peaks corresponding to
the N—H in PBI and the C=0 in polyimides in FTIR spectra. The immiscibility of the present blend
systems may be rationalized on the basis of steric hindrance of the bulky-CFs group present in two
polyimides. The results in both systems are compared with those observed in previous miscible sys-

tems : the possible role of chemical interactions for immiscibility is discussed.
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INTRODUCTION

During the past few years, miscible aromatic
polybenzimidazole(PBI) with aromatic polyimide
(PI) blend systems have been studied in solid state
using thermal and spectroscopic ’fechniques.1~8
The existence of specific interactions between two
homopolymers has been demonstrated by obser-
ving optically clear transparent films, single com-
position-dependent T,, tan & dynamic mechanical
relaxation peaks associated with these T,’s and
FTIR frequency shifts of the functional groups
upon blending. The observations suggest that spec-
ific intermolecular interactions are necessary for
blend system to be miscible. The common features
displayed in thermal studies are positive devia-
tions from the weighted-average T, (T, mid pom)
value and the existence of a minima and a maxima
in 4C/(C,, difference between glassy and rubbery
region) and in AT (T,— T, ), respectively, as a
function of composition. The blend systems
showed enhanced thermal stability and improved
weight retention upon addition of PBI into PI. In
FTIR results, an S-shaped curve was obtained
when the frequency shift in the peak maximum of
the N—H group in PBI was plotted as a function
of PI concentration ; a similar behavior was shown
for the frequency shift of the carbonyl band in PI
as a function of PBI concentration. Moreover, the
peak width at half-height of the carbonyl band in
PI versus the blend composition also produced S-
shaped curve,

From studies of temperature dependent FTIR
spectra in PBI/PI(Ultem 1000 and XU 218) blends,?®
a hydrogen bonding type of interaction between
the N— H and the carbonyl is suggested. This does
not rule out the possibility of the simultaneous
presence of other interactions such as (a) 7com-
plexation between the imidazole and imide rings
or (b) charge-transfer complexation between the
benzimidazole and phthalimide ring, in PBI and
PI, respectively. We have been interested in two
points in PBI/PI blends. First, if the miscibility
of PBI/PI blends are universal and the second,
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if they are not, what is the nature for them to be.

In this paper, we present the results of DSC
thermal and FTIR spectroscopic studies in blends
of PBI with two polyimides. The chemical struc-
tures of PBI, 6F-3,3'-ODA and 6F-DDSQ, are as
follows 3
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Thermal and FTIR spectroscopic studies of both
systems show no analogous behavior to the pre-
vious systems.*

EXPERIMENTAL

The physical properties of PBI used in this
study have been described elsewhere.! ™8 6F-3,3'-
ODA and 6F-DDSQ. were obtained from NASA
Langley Laboratory, Virginia. The molecular weight
of the polymers are not known. Both the poly-
imides were dissolved in warm dimethylacetamide
(DMACc) for several hours and filtrated for fractio-
nation. Blends of PBI with two polyimides were
film cast onto petri dishes from a 0.5%(w/w)
DMAc solution. 60~100zm thick films for DSC
and 1~5um films for FTIR experiments were pre-
pared and washed in warm distilled water for few
days. For better removal of moisture or DMAc, the
films were dried in vacuo at 180C for a few days
and stored in a desiccator until used. DSC exper-
iments were performed using a Perkin-Elmer
DSC-7 Differential Scanning Calorimeter equipped
with 7500 Professional Computer and the scans
were performed under nitrogen at a heating rate
of 20C/min.

FTIR spectra were obtained on an IBM IR/30
FTIR spectrometer ; 30 scans at a resolution of
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2cm! were signal-averaged. The films were
sufficiently thin to be within the absorbance range
where the Beer-Lambert law is obeyed.9

RESULTS AND DISCUSSION

DSC Thermal Study

The two PI homopolymers were heated to 350C,
400C and 450C, held for 5 min at each tempera-
ture and rescanned from 30C to 450C after
quench cooling from the ambient temperature to
room temperature. The T,'s, AT,s and AC,’s of
the two polyimides and of PBI are listed in Table
1 the values are averages of at least five different
measurements because of slightly scattered data.
The T, increased between the first and the second
scans and remained constant for the additional
scans s this is presumably believed to be the loss
of solvent. The pure polyimides appear to be ther-
mally stable at least up to 450C.

Sample films in various blend compositions

Table 1. Thermal Properties of the Homopolymers

TLC)®  ATLC) AC,(J/°K)
PBI 422 5 0.15
6F-3,3-ODA 245 5 0.22
6F-DDSO2 280 5 0.22

@ Tg's are obtained from the second DSC scan.

Heat flow(mV)
o

T T

160 200 250 300 350 400 444
Temperature( C)

Fig. 1. DSC thermogram of a 50/50 wt% PBI/6F-3,3'-
ODA blend at a heating rate of 20C/min. A, the first
scan + B, the second scan.
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were opaque indicating that these blends are not
miscible. Fig. 1 shows a typical DSC thermogram
obtained from a 50/50 wt% PBI/6F-3,3'-ODA
blend. The thermal conditions of the samples
in DSC are scanning from room temperature to
450C(or to ambient temperature, if any is des-
cribed), annealing for 5 min at 450C, quench
cooling to room temperature and reheating it to
450TC. The scan rate is 20C/min under atmos-
pheric nitrogen purge.

Curves A and B are the first and the second
scans in DSC, respectively 5 the second scan was
performed after holding the sample for 5 minutes
at 450C following the first scan. Distinct T,’s are
observed in curve A at 214C and 4107 ithe former
corresponds to that of 6F-3,3-ODA, and the
latter corresponds to that of PBI. The Tg's are
approximately 30C and 10T lower than that of
PI and PBI, respectively. This may result from
residual moisture, volatiles and/or solvent effects.
T./s corresponding to those of the pure homo-
polymers are clearly shown in curve B, describing
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Fig. 2. T;s of PBI/6F-3,3-ODA and PBI/6F-DDSO;
blends as a function of blend composition(open sym-
bol, first scan + solid symbol, second scan) : circle, 6F-
3,3'-ODA-rich phase 5 square, 6F-DDSOz-rich phase :
triangle, PBl-rich phase.
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Fig. 3. FTIR spectra of PBl(a), 6F-3,3'-ODA poly-
imide(b) and 6F-DDSQO; polyimide(c) in the 500 to
3800cm™! region at room temperature.

a two-phase regime. In the PBI/6F-DDSO, blend
system, the DSC scan shows T,'s at 282C and
424C for the second scan corresponding to PI
and PBI, respectively 5 it repeatedly indicates a
two-phase system. T/s as a function of blend
compositions are shown in Fig. 2 for both P1 blend
systems.

FTIR Study

The FTIR spectroscopic studies were conducted
at room temperature. Fig. 3a, 3b and 3c show the
FTIR spectra of 6F-DDSO,(PI), 6F-3,3-ODA(PI)
and PBI, respectively. Each spectrum of PI homo-
polymers includes a magnified region, which is the
carbonyl group absorption band in 1800~ 1650cm’”’.
The aromatic C—H peak occurs at 3077cm’ and
the carbonyl stretching band occurs near 1786cm’
and 1732cm”. In previous systems in PBI/PEI
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Fig. 4. Representative FTIR spectra, in 1650cm™

~1800cm?’ region, of pure 6F-3,3'-ODA(A) and PBI/

6F-3,3-ODA blends containg 20, 50, 70 and 90 wt%

PBI(B through E, respectively).

Ultem 1000 and in PBI/PI XU 21878 the analo-
gous bands of each homopolymer occur near 3063
cm’! for the aromatic C—H and near 1780cm™ and
1726cm™ for the carbonyl groups. The shift to
higher frequency for the both groups may indicate
a weaker association in the present system, which
implies that the relative strength of the aromatic
C—H and the carbonyl bands are weakened
because of the steric hinderance of the bulky-CF;
in 6F-3,3%-0ODA and in 6F-DDSQ..

Fig. 4 shows the FTIR spectra in 1650cm™~
1800cm™ region of pure 6F-3,3-ODA and four
blends of PBI/6F-3,3-ODA containing 20, 50, 70
and 90 wt% of PBL In contrast to observations
in the PBI/Ultem 1000 and the PBI/XU 218
blend systems, where similar experiments pro-
duced significant frequency shifts and band
broadening in the well defined carbonyl peak,
the present system vyields a rather no broadening
and no frequency shifts in the carbonyl band.
The behavior of remaining a constant position
and shape of the carbonyl band, regardless of
the presence of up to 90 wt% PBI, indicates an
immiscible blend system. A similar behavior is
observed in PBI/6F-DDSO, blend system. More-
over the peak width at half-height of the
carbonyl band in both the PBI/6F-3,3'-ODA and
PBI/6F-DDSO, remains constant + the peak widths
as a function of blend composition are shown
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Fig. 5. The peak width at half-hight of the carbonyl
band as a function of blend composition . (a), PBI/6F-
3,3'-0DA : (b), PBI/6F-DDSO:..

in Fig. 5. A corresponding plot for the miscible

PBI/XU 218 or PBI/Ultem 1000 systems produced
an S-shaped curve >*7

In Fig.6a and 6b, which show the FTIR spectra
in 3000cm'~3700cm™ region corresponding to the
N—H bands in PBI/6F-3,3-ODA and in PBI/6F-
DDSO,, respectively, three features are note-
worthy : (1) The location of the N—H peak
maximum, which is originated near 3417cm™ is
shifted to 3390cm™ at 90 wt% of 6F-3,3-ODA and
to 3385cm™” at 90 wt % of 6F-DDSO,. (2) The aro-
matic C—H band, which is originated at 3063cm
for pure PBI is shifted to 3076cm™ at 100 wt% of
6F-33-0DA and 100 wt% of 6F-DDSO,. (3) The
N—H peak broadens as the 6F-3,3-ODA or 6F-
DDSO, content increases. From the first observa-
tion, the 25~30cm’ shift to lower frequency and
a slight band broadening of the N—H peak may be
suggested as a result of a partial mixing in micro-
scopic phase indicating that this system has some
interactions between the two homopolymers. Any
specific interaction between N—H and ether oxy-
gen or between N—H and sulfone is not rule out,
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Fig. 6. (a) Representative FTIR spectra, in 3000 cm™
~3700cm”  region, of PBI/6F-3,3-ODA blends
containing + (A) 0, (B) 30, (C) 50, (D) 80, and (E)
90 wt% 6F-3,3-ODA. (b) Representative FTIR
spectra, in the 3000cm? to 3700 cm™ region, of
PBI/6F-DDSO; blends containing - (A) 0, (B) 30, (C)
50, (D) 70, and (E) 90 wt% 6F-DDSO..

however it is not possible to detect the relation-
ship at this moment. However the apparent opaque
films, the results of thermal study, and the lack of
frequency shifts in the carbonyl band are insuffi-
cient to reflect intermolecular interactions between
the two. The second observation, as mentioned
before, may be a result of steric hindrance from
the bulky —CF;. Since —CF; has a strong electron
withdrawing tendency, the C—H group on the
phenyl ring may be influenced ; as a result, the
C—H band is shifted toward a higher frequency
indicating, in general, a weakly associated aromatic
ring. The carbonyl band observed at 1786cm™ and
1732cm™t in both 6F-3,3'-ODA and 6F-DDSO, may
likewise be affected by the —CF; group. This
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differs from the Ultem 1000 and XU 218 cases
where the carbonyl is located at 1780cm™ and
1726cm’. The third observation may be ration-
alized as a consequence of distribution of hydro-
gen bonds which originally existed between the N
—H and the carbonyl groups and which is alterd
by the —CF; or as a consequence of altered
charge transfer complexation in —CF;; the
N-—H peak is thus broadened.

In comparison to the systems we have studied
earlier®* the —CF, group serves as a spacer
between two phthalimide rings in present system.
This is believed to be a major factor in preven-
ting specific intermolecular interactions such as
hydrogen bonding with PBI thereby inducing im-
miscibility. Coleman et al. in their FTIR studies on
polymer blends involving the carbonyl group noted
that chain-chain interactions between two homo-
polymers can be detected by the presence of
frequency shifts and band broadening.m The
absence of band broadening and frequency shifts
of the carbonyl band in the present system can
thus be rationalized as indicating phase separation
or-a two phase regime caused by the steric effects.

In the miscible phenoxy-poly(vinyl methyl ether)
blend, the evidence has been obtained in the form
of a frequency shift for an intermolecular interac-
tion involving the phenoxy hydrogen. However in
the immiscible poly(vinyl ethyl ether)-poly(vinyl
isobutyl ether) blend system, no such frequency
shift is observed.!!

The smaller ratio of hydrogen to carbon in the
repeat unit of the chain in 6F-3,3'-ODA and 6F-
DDSO, compared with that in Ultem 1000 or XU
218 may affect the balance in the electron distri-
bution. The chemical structure of polyimides is
thus believed to be important factor governing
miscibility/immiscibility relationship with PBL

CONCLUSION
The blend systems of PBI/6F-3,3-ODA and PBI/

6F-DDSO, were studied using DSC and FTIR
spectroscopy and found to be immiscible based on
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the presence of opaque films, two composition-
independent T,'s and an absence of frequency
shifts and of band broadening in the carbonyl
peak upon blending. In contrast, 25cm™ frequency
shifts in N—H peak, which are smaller than the
shifts(55cm™) in PBI/Ultem 1000 and PBI/XU
218 blend are indicative the possibility of other
interactions than hydrogen bonding, such as
charge transfer complexations. The —CF; group,
because of its electronegativity, may be suggested
to alter the electron distribution in the polymer
chain causing weaker interactions. The chemical
structures of various polyimides may be important
factors governing miscible blend systems with PBL
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