
Iranian Polymer Journal
20 (2), 2011, 161-171

bismaleimide resins;
eutectic mixtures;
thermal analysis;
DSC;
advanced composites.

(*) To whom correspondence to be addressed.
E-mail: lrajabi@razi.ac.ir

A B S T R A C T

Key Words:

DSC Analysis of Thermosetting Polyimides Based on
Three Bismaleimide Resin Eutectic Mixtures

Afsoon Fallahi1, Laleh Rajabi2*, and Faramarz Afshar Taromi1

(1) Department of Polymer Engineering and Color Technology, Amirkabir University
of Technology, P.O. Box: 15875/4413, Tehran-15916/34311, Iran

(2) Department of Chemical Engineering, Razi University, 
Kermanshah-67149/67346, Iran

Received 7 February 2010; accepted 29 December 2010

Three aromatic bismaleimide resins, 4,4′-bismaleimidodiphenyl methane (BMID-
DM), 4,4′-bismaleimidodiphenylether (BMIDDE) and 4,4′-bismaleimidodiphenyl
sulphone (BMIDDS) having various bridging groups from the corresponding

amine monomers (4,4′-diaminodiphenylmethane (DDM), 4,4′-diaminodiphenylether
(DDE) and 4,4′-diaminodiphenylsulphone (DDS)) were prepared. These resins were 
characterized by FTIR and NMR spectroscopy techniques. BMIDDM/BMIDDE and
BMIDDM/BMIDDS mixtures at various concentrations were prepared to study the 
bismaleimide resin eutectic mixtures. Differential scanning calorimetry analysis was
used to demonstrate the phase diagrams, the melting and solubility of each constituent
of these binary systems (BMIDDM/BMIDDE and BMIDDM/BMIDDS) in different liquid
and solid phases. Furthermore, in the present work the relationship between binary
systems and the concept of a eutectic mixture with its extraordinary thermal properties
is investigated. The eutectic melting point of the BMIDDM/BMIDDS system is 
considerable because of the much lower melting point of the above system compared
to that of the synthesized monomer having the lowest melting point. It shows also a
very easy way of using these materials in the molten state. The same DSC study on
other mixtures, i.e., BMIDDM/BMIDDE and BMIDDE/BMIDDS is performed and the
results are reported. The end results illustrate that by increasing the quantity of one
monomer in the mixture, two melting points appear until they acquire the melting 
temperature of the eutectic composition (Te, a single and homogeneous peak).
Impurities have similar effects on To and Texo. The findings of this work can be 
applicable in the transportation industry, particularly in areas such as civil and military
aircraft industry, aerospace, marine and automotive sectors.

INTRODUCTION

High performance materials have
been developed in the last decades
to meet the requirements for
advanced technology develop-
ments. Generally, the materials
with excellent performance are
obtained by arduous processing
techniques. Among thermosetting
polyimides [1,2] with high ther-

mostability, bismaleimides (BMI)
have been long used to manu-
facture printed circuit supports [3-
6]. Bismaleimide compounds are
thermally curable monomers which
can produce thermoset resins with
high thermal stability, excellent
radiation and good flame resistance
that can be employed for advanced
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composites, structural adhesives and electronics,
among others. The most important application of
these resins is still in the transportation industry, 
particularly in areas such as civil and military aircraft
industry, aerospace and in the marine and automotive
sectors [6-10]. But the cured resins, however, are
extremely brittle due to their high cross-linking 
density [3,11]. Therefore, they have high melting and
curing temperatures. These high melting points and
polymerization onset temperatures have oriented
research efforts towards mixtures of maleimide 
systems with lower melting points and poly-
merization onset temperature for molten state process
management [6,12,13] and blends with different
functional groups, modifiers and cross-linkers. In
some cases, hydrophilic epoxy and resin systems
(bismaleimides, bisnadimides, etc.) owing to the
presence of polar groups, there is a strong need for
excellent hydrophobic thermosets without disruption
of high temperature stability for sophisticated 
applications in electronics and aviation sectors 
[14-17].

Nagai et al. [18] have clearly shown that the 
mixture composition of two compounds like 
bismaleimide, one containing an electron donor and
the other containing an electron acceptor group, is
responsible for the general lowering of melting and
polymerization onset temperatures compared to the
individual thermal characteristics of each pure
monomer. Thermal studies of a mixture of two or
more different BMI monomers indicate that melting
occurs at lower temperatures when the proportion of
a lower melting temperature monomer is increased.
There is a domain of concentrations for the two
monomers which produce a significantly lower 
melting temperature (Te = eutectic temperature) well
below the melting temperature of each monomer. The
eutectic temperature can also be determined by 
thermal measurements and theoretical calculations. 

There are many methods to modify BMI resins
[3]. In order to expand the field of application of these 
systems at the same time as facilitating their use, we
initially ought to lower Tmp (melting point) and To
(polymerization onset temperature) by using the 
mixtures with suitable monomer concentrations.
Changes in the thermal behaviour of two basic 
systems composed of bismaleimide monomer 

mixtures at different concentrations were investigated
by DSC. Thermosetting polyimides are of low-
molecular weight, especially difunctional monomers,
or prepolymers or mixtures thereof, which carry
imide groups in their backbone structure and are 
terminated by reactive groups such as maleimide.
Bismaleimide monomers are generally cured by 
thermally induced addition reaction to produce 
highly cross-linked systems [19]. The final networks
are good heat-resistant polymers and suitable for use
in a wide range of materials. In particular they have
been utilized in multilayer printed wiring boards for
large scale computers and in carbon fibre composites
for the aerospace industry [4,20-23].

The objective of this study is to provide novel
alloys containing bismaleimide structures and 
analyze their thermal properties. In order to reach this
goal, three kinds of bismaleimides in specifically
given physical situations have been synthesized in
one-pot route. Three aromatic bismaleimides (4,4′-
bismaleimidodiphenyl methane (BMIDDM), 4,4′-
bismaleimidodiphenylether (BMIDDE) and 4,4′-
bismaleimidodiphenyl sulphone (BMIDDS)) having
various bridging groups [24] may impart some 
special characteristics to the final products according
to their donor and acceptor nature from the corre-
sponding amine monomers (4,4′-diaminodiphenyl-
methane (DDM), 4,4′-diaminodiphenylether (DDE)
and 4,4′-diaminodiphenylsulphone (DDS)). Therefore,
they were characterized by FTIR and NMR 
spectroscopy techniques. DSC thermograms of
monomers alone and in the mixtures of BMIDDM/
BMIDDE and BMIDDM/BMIDDS with special
molar fractions are also reported in understanding the
special phase characteristics and behaviours. The
melting points (mp1, mp2) and the polymerization
onset temperature (To), endotherms (Tend1, Tend2)
and exotherm maximum (Texo) are listed in the
tables. Processing these data, each as a function of the
composition of the mixture enabled us to construct
some phase diagrams of these eutectic mixtures.         

EXPERIMENTAL

Description of the Monomers
The chemical structure of the monomers contains one
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variable central group with one or two aromatic rings
between the two maleimide substituents, with or 
without a central pivot methylene group -CH2-
(Scheme I). This choice was governed by the fact 
that the mixtures have very different thermal 
characters (melting and zone of reactivity) resulting
from the differences in the chemical skeleton. Three
of these compounds are: 4,4′-bismaleimidodiphenyl
methane (BMIDDM), 4,4′-bismaleimidodiphenyl
ether (BMIDDE) and 4,4′-bismaleimidodiphenyl 
sulfone (BMIDDS).

Materials
The aromatic amines: 4,4′-diaminodiphenylmethane
(DDM), 4,4′-diaminodiphenylether (DDE) and 4,4′-
diaminodiphenylsulphone (DDS) were used as pur-
chased from Fluka, Germany. Sodium acetate 

Figure 1. DSC Thermogram of DDM.

(Merck, Germany), acetic anhydride (B.D.H, UK),
maleic anhydride (Merck, Germany) were used as
received and acetone (Merck, Germany) was dried by
distillation on the molecular sieve.

Synthesis and Characterization of Bismaleimides
Bismaleimides having various bridging groups were
prepared through reactions with various diamine 
compounds. They were obtained from the 
corresponding amine monomers and maleic 
anhydride. The melting points of DDM, DDE and
DDS hardeners were obtained in their given 
order of 88-92°C, 190-196°C and 178-182°C 
(Figures 1-3). 

The synthesis and purification conditions have
been optimized and the yields are referred to 
isolated products. All products were characterized by 

Figure 2. DSC Thermogram of DDE.
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Figure 3. DSC Thermogram of DDS.

comparison of their spectral data and physical 
properties. The progress of the reaction was followed
by TLC using silica gel polygrams SIL G/UV 254
plates, UK. All the melting points were determined
by differential scanning calorimetry.

The synthesis of bismaleimides was carried out in
one pot reaction in two steps. In the first step, N,N-
bismaleamic acid was produced from the reaction of
diamine and maleic anhydride in dry acetone as a 
solvent and in the next step, cyclodehydration of N,N-
bismaleamic acid was carried out with acetic 
anhydride and sodium acetate as a catalyst. 

In each synthetic procedure, the diamines were
dissolved in dry acetone in a tri-necked-flask
equipped with stirrer, dropping funnel, nitrogen inlet
and condenser. Maleic anhydride was dissolved in
dry acetone in the dropping funnel and added 
dropwise during 45 min. The solution was then 
heated at 50°C in a nitrogen atmosphere and 
cyclodehydration of the amic acid intermediate was
carried out by addition of sodium acetate/acetic 
anhydride at 50°C. Subsequently the solution was
poured into cold water and the precipitates were 
collected by filtration, repeatedly washed with water,
and dried at 40°C in vacuum oven (Figure 4).

Synthesis of 4,4′′-Bismaleimidodiphenylmethane
(BMIDDM)
A sample of DDM (20 mmol) was dissolved in 80 mL
of dry acetone. Maleic anhydride of 44 mmol 
(stoichiometric ratio: 2.2) was dissolved in 40 mL of 

Figure 4. Apparatus arrangement (synthesis set-up) for
bismaleimide synthesis.

dry acetone in a dropping funnel and then added
dropwise into the flask for the duration of 45 min.
The solution was heated at 50°C in nitrogen 
atmosphere for 3 h. Cyclodehydration of the amic
acid intermediate was carried out by the addition of
sodium acetate (2.6 g)/acetic anhydride (12 mL) at
50°C for 3 h. The solution was poured into cold
water, filtered and first washed with water, and then
repeatedly washed with 1/1 solution of water/
methanol, and dried at 60°C in vacuum oven. The
yield of the product was 80-85%. 

Synthesis of 4,4′′-Bismaleimidodiphenylether
(BMIDDE)
A sample of DDE (20 mmol) was dissolved in 60 mL
of dry acetone. An amount of 44 mmol of maleic
anhydride (stoichiometric ratio: 2.2) was dissolved in
40 mL of dry acetone in a dropping funnel and then
added to the flask dropwise for the duration of 
45 min. The solution was heated at 50°C in nitrogen 
atmosphere for 2.5 h. Cyclodehydration of the amic
acid intermediate was carried out by the addition of
sodium acetate (2.6 g)/acetic anhydride (12 mL) at
50°C for 3 h. The solution was poured into cold 
water, filtered and first washed with water, and then
repeatedly washed with 1:1 solution of water/
methanol, and dried at 60°C in a vacuum oven. The
yield of the product was 85-90%. 

Synthesis of 4,4′′-Bismaleimidodiphenylsulphone
(BMIDDS)
A sample of DDS (20 mmol) was dissolved in 40 mL
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Figure 5. DSC Thermogram of BMIDDM.

of dry acetone. An amount of 44 mmol of maleic
anhydride (stoichiometric ratio: 2.2) was dissolved in
40 mL of dry acetone in the dropping funnel and then
added to the flask dropwise for the duration of 
45 min. The solution was heated at 50°C in nitrogen
atmosphere for 3.5 h. Cyclodehydration of the amic
acid intermediate was carried out by the addition of
sodium acetate (2.6 g)/acetic anhydride (12 mL) at
50°C for 3 h. The solution was poured into cold water,
filtered and first washed with water, and then repeat-
edly washed with 1:1 solution of water/ methanol, and
dried at 60°C in vacuum oven. The yield of the prod-
uct was 70-75%. 

All product characterization was carried out with
FTIR and 1HNMR and their melting points were 

Figure 6. DSC Thermogram of BMIDDE.

Figure 7. DSC Thermogram of BMIDDS.

calculated by DSC (Figures 5-7).

Characterization
4,4′-Bismaleimidodiphenylmethane (BMIDDM)
mp: ~175°C
FTIR (KBr) ν: C=O at 1718 and 1785 cm-1, C-N
at 1408 cm-1, =CH at 3040 cm-1, phenyl group at
1600 cm-1, 1490 cm-1, and 854 cm-1 represent para-
isomer.
1H NMR (200 MHz, DMSO): δ = 3.93 S (2H), 
6.94 S (4H), 7.04 D (4H) and 7.26 D (4H).

4,4′-Bismaleimidodiphenylether (BMIDDE)
mp: ~170°C
FTIR (KBr) ν: C=O at 1715 and 1782 cm-1, C-N 
at 1404 cm-1, =CH at 3088 cm-1, phenyl group (at
1593 cm-1 and 1497 cm-1), and 828 cm-1 represent
para-isomer.
1H NMR (200 MHz, DMSO) δ: 6.90 D (4H), 6.94 S
(4H) and 7.25 D (4H).
13C NMR (50 MHz, DMSO) δ: 119.18, 127.47,
133.96, 143.08, 156.01, 169.27.

4,4′-Bismaleimidodiphenylsulphone (BMIDDS)
mp: ~250°C
FTIR (KBr) ν: C=O at 1715 and 1776 cm-1, C-N 
at 1404 cm-1, =CH at 3104 cm-1, phenyl group (at
1590 cm-1 and 1500 cm-1), and 828 cm-1 represent
para-isomer.
1H NMR (200 MHz, DMSO) δ: 6.94 S (4H), 7.81 D
(4H) and 7.86 D (4H).
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Sample Preparation
In the preparation of a sample for mixture melting
point determination, the two components should be
mixed thoroughly and homogeneously. This is best
accomplished by grinding them together with a small
mortar and pestle. Instead, a small, clean watch glass
and glass stirring rod or even a very small pestle may
be also used. Grinding must be carried out with a
small pressure applying on the glass rod, because 
it is more fragile than the pestle. Filter paper is not
recommended because particles of paper may 
contaminate the sample.

Preparation and Examination of BMIDDM/
BMIDDE, BMIDDM/BMIDDS and BMIDDE/
BMIDDS
Mixtures containing varying concentrations of three
monomers, BMIDDM/BMIDDE and BMIDDM/
BMIDDS and BMIDDE/BMIDDS were prepared in
solvent after dissolution in chloroform at room 
temperature and under magnetic stirring. All the
resulting solutions were perfectly homogeneous
(solutions). After evaporation of the solvent and 
drying for several hours in an oven, the resulting pow-
ders were finely ground to obtain the finest 
mixtures possible. The drying step was very critical,
in order to eliminate solute-solvent complexes that
often appear as artifacts in thermal analyses.

It is shown that no change in the position or 
intensity of bands characteristic of the maleimide
functions of each monomer in the mixtures was
observed, showing that the systems did not change

during the preparation of the eutectic mixtures from
BMIDDM, BMIDDE and BMIDDS.

Differential Scanning Calorimetry
Several techniques have been used to monitor the
reactions of bismaleimides. They include FTIR spec-
troscopy, electron spin resonance (ESR), 13C nuclear
magnetic resonance (NMR), dielectric measurements,
and thermal techniques such as differential scanning
calorimetry (DSC) and dynamic mechanical thermal
analysis (DMTA). The various techniques do not all
measure the same parameters; some determine the
extent of reaction of the bismaleimide groups, while
others measure the changes in properties induced by
network formation [2]. The apparent cessation of such
changes does not necessarily imply the complete 
reaction of all the bismaleimide groups. In this study,
DSC diagrams of BMIDDM, BMIDDE and BMIDDS
alone or in the mixtures were recorded with a 2010
differential calorimeter (DSC2010, TA Instruments)
in the temperature range of 0-260°C with a heating
rate of 10°C/min. The DSC curves of the neat
bisimides show single endothermic melting transition
and their values are in agreement with the values
determined by the melting point apparatus (as shown
in the Tables 1 and 2).

RESULTS AND DISCUSSION

Thermal Properties of the Eutectic Mixtures
DSC Analysis of BMIDDM/BMIDDS Mixture
The DSC thermal data obtained for the binary systems
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Sample
code

Molar fraction
(χBMIDDS)

Thermal characteristic

mp1

(°C)
mp2

(°C)
Tend1

(°C)
Tend2

(°C)
To

(°C)
Texo

(°C)

BMIDDM
M1
M2
M3
M4
BMIDDS

0.0
0.3
0.5
0.7
0.9
1.0

175.76
160.45
163.09
157.03
161.82
248.78

-
-

170.24
180.89
194.00

-

203.91
198.95
201.80
161.71
164.00
255.29

-
-
-

199.15
202.91

-

217.00
209.00
216.00
209.00
206.91
259.00

220.00
214.00
218.42
215.00
208.73
262.00

Table 1. DSC thermal characteristics of BMIDDM and BMIDDS mixtures, each as a function of the molar fraction of 
BMIDDS (χBMIDDS).

BMIDDM= 4,4′-bismaleimidodiphenyl methane; BMIDDS= 4,4′-bismaleimidodiphenyl sulphone; M1-M4= mixtures of different con-
centrations (or according to molar fractions, as it is shown for χBMIDDS); mp1 and mp2 = melting points; Tend1 and Tend2 = endothermal 
temperatures; To= polymerization onset temperature; Texo= exothermal maximum temperature.



under study are given in Tables 1 and 2. The follow-
ing general results can be derived from these data: the
melting temperatures of the binary systems are lower
than those of the single acids, and the temperature
ranges are becoming narrow while approaching the
eutectic mixture ratio [25]. With a binary system 
having an eutectic combination ratio, both of the
acids in the mixture melt simultaneously at a constant 
temperature, which is called the eutectic melting 
temperature. The eutectic melting temperature was
found to be 150.36°C for BMIDDM/BMIDDE in the
combination content of 70 wt% BMIDDE. This 
temperature for the other eutectic system, BMIDDM/
BMIDDS was 160.45°C in the combination content
of 30 wt% of BMIDDS.

Figure 8. Phase diagram: melting equilibrium with 
formation of a eutectic.

The DSC diagrams of each BMIDDM/BMIDDS
mixture were recorded and at present the dynamic
scans of the same conditions at temperature gradient
(10°C/min) are shown in Figure 9. Table 1 lists the
melting point (mp) and polymerization onset (To)
temperatures which are taken as the beginning of the
exothermic peak, as well as those of the exotherm
maximum (Texo) noted as the maximum of the
exothermal peak. Processing thermal data as a 
function of the stoichiometric ratio of the mixtures
are shown in Figure 8. Programmed thermal analysis
revealed that endothermal transitions due to the 
melting of BMIDDM and BMIDDS alone occurred at
175.76°C and 248.78°C, respectively (DSC diagrams
No. 1 and No. 6 in Figure 9). The melting points of
the two monomers are very different which probably
result from different contributing factors. In general,
the melting point of a compound increases with 
its molar mass, intermolecular Van der Waals 
interactions [8] and also the intrinsic structures that
affect the rigidity.

The addition of large quantities of BMIDDM to
the mixtures, i.e., χBMIDDM concentrations of 0.1 and
0.3 resulted in the emergence of two melting points
(DSC diagrams No. 4 and No. 5 in Figure 9). The first
remained around 160°C, corresponding to the melting
temperature of the eutectic (Te) that remained 
independent of the BMIDDM/BMIDDS composition.
The intensity of this first endothermal peak, however,
was based on the BMIDDM concentration. The 
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Sample
code

Molar fraction
(χBMIDDE)

Thermal characteristic

mp1

(°C)
mp2

(°C)
Tend1

(°C)
Tend2

(°C)
To

(°C)
Texo

(°C)

BMIDDM
M1
M2
M3
M4
BMIDDE

0.0
0.3
0.5
0.7
0.9
1.0

175.76
148.00
149.00
150.36
145.25
169.98

-
172.09
170.20

-
155.50

-

203.91
160.55
168.28
167.47
150.52
195.31

-
193.55
178.62

-
170.00

-

217
204
195
174
190
204

220
213
201
179
198
209

Table 2. DSC thermal characteristics of BMIDDM and BMIDDE mixtures each as a function of the molar fraction of 
BMIDDE (χBMIDDE).

BMIDDM= 4,4′-bismaleimidodiphenyl methane; BMIDDE= 4,4′-bismaleimidodiphenyl ether; M1-M4= mixtures of different concentrations
(or according to molar fractions, it is shown for χBMIDDS); mp1 and mp2 = melting points; Tend1 and Tend2 = endothermal temperatures; To=
polymerization onset temperature; Texo= exothermal maximum temperature.

 



Figure 9. DSC Diagrams of BMIDDM and BMIDDS
monomers alone and in mixture as a function of the molar
fraction of BMIDDS.

second endothermal transition corresponded to
BMIDDS, i.e., the monomer with the higher melting
point. The area of the second endotherm also varied
with concentration, but above all it was reduced to the
point of furnishing a single and homogeneous melting
signal with the first endotherm. This unique melting
corresponded to the so-called eutectic compositional
zone, in which the molar fraction of BMIDDM
(χBMIDDM) in the mixtures is in the range of 0.5- 0.7.

As the proportion of BMIDDM is increased, the
other two endotherms appear again. As before, the
first one is the melting of the eutectic whose 
temperature Te remains unchanged, and the second
signal is characteristic of BMIDDM monomer melt-
ing point. When the proportion of BMIDDM 
increases, Texo values are increased, although for
eutectic zone, they would be decreasing. 

Figure 10. Phase diagram: melting equilibrium with 
formation of a eutectic.

DSC Analysis of BMIDDM/BMIDDE Mixture
The same thermal study was made on the mixture of
BMIDDM/BMIDDE, composed of two other
monomers as shown in Scheme I. The differential 
thermal studies thus revealed a number of changes in
the zones of reactivity of several binary mixtures that
are logically dependent on the individual thermal
characteristics of the constituents in question. Since
the mixtures were consistently BMIDDM-based, the
results show the fundamental role played by the other
monomer in terms of thermal data.

When the melting points of the two pure con-
stituents are similar, the melting point of the mixture
is consistently reduced as the proportion of the
monomer with the lower melting point is increased
(Figures 10 and 11).

The thermal studies also showed an effect of the
composition of mixtures on the polymerization onset
temperatures To, as well as on Texo noted at the 
maximum of the exothermal peaks (Tables 1 and 2).
For understanding this effect more convincingly, we
plotted the results of changes in To and Texo as a 
function of the concentration of BMIDDE in one of
these binary mixtures (Figure 12). The polymerization
onset temperature decreased as the proportion of
BMIDDM in the mixture is increased, and this decline
reaches its maximal value for concentrations 
corresponding to the eutectic composition zone. The
result is most significant at point E, since at this 
eutectic concentration (χBMIDDE = 0.70) To is at its
lowest (174°C) level. 

The same comment applies to Texo temperatures.
As the concentration of BMIDDE in the mixtures is
increased, there is a significant drop which reaches its 
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Figure 11. DSC Diagrams of BMIDDM and BMIDDE
monomers alone and in mixture as a function of the molar
fraction of BMIDDE.

maximal value at the eutectic point (χBMIDDE = 0.70).
When the proportion is higher than that at point E,
reactivity changes with an increase in To and Texo.
The same results are obtained for the mixture content
of 30 wt% BMIDDM/BMIDDS. These data are 
inconsistent with the results of Nagai et al. [18] who
reported no change in the exothermal peaks in the
eutectic mixture.

Processing melting data (mp1 and mp2) each as a
function of the mixture (Tables 1 and 2) permitted a
phase diagram to be constructed (Figures 8 and 10). In
this representation, a relationship between melting
and the solubility of each component of the 
binary BMIDDM/BMIDDE and BMIDDM/ 
BMIDDS systems can be shown via different 
liquid-solid phases, while retaining the concept of
eutectic introduced by Nagai et al. [18].

In the present case of a eutectic composition and in
terms of melting equilibria, there are four particular
zones specific for each state regardless of being 
liquid, solid or both at the same time. These domains
are delimited by three curves passing through E
(eutectic point) characterized by a unique temperature 

Figure 12. Variations in Temperatures To and Texo as a
function of the molar fraction of BMIDDE in the mixtures.

Te for a well determined composition of BMIDDM
and BMIDDS (χBMIDDS = 0.30).

DSC Analysis of BMIDDE/BMIDDS Mixture
As before, we prepared two different concentrations
of BMIDDE and BMIDDS monomers and mixed
them properly. The addition of BMIDDE to the mix-
ture, i.e., concentrations of 0.3 and 0.7 of χBMIDDE
did not result in the emergence of two melting points,
and we have not witnessed any obvious changes in
DSC thermograms.

The eutectic point is the only point at which the
equilibrium between the three phases is possible: For
example, BMIDDM (s), BMIDDS (s) and binary 
liquid state [26]:

BMIDDM(S) + BMIDDS(S) (BMIDDM+BMIDDS)l

s: solid state          l: liquid state 

CONCLUSION

It has been shown that the results obtained on the
reactivity are specific for the bismaleimide systems in
the molten state. The effect of blend composition on
the thermal characteristics was evaluated by DSC
measurements. The DSC study of the BMIDDM/
BMIDDE and BMIDDM/BMIDDS mixtures has
shown that, by using mixtures with well-defined 
composition, it is possible to considerably reduce the
melting points and reactivity zones for the monomers,
which is of genuine interest for managing these 
systems to permit a phase diagram to be prepared,
with a eutectic point in which a relationship between
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the melting and solubility of each constituent, 
BMIDDM, BMIDDE and BMIDDS, could be estab-
lished. As expected from the effect of impurities
[13,27] on melting points of mixtures, the addition of
increasing quantities of one monomer to the mixture
resulted in the appearance of two melting points until
the emergence of melting temperature of the eutectic
composition (Te, a single and homogeneous signal).
You can also see the same effect of impurities on To
and Texo.

However, we observed the eutectic temperature
and its special phase performance in two systems,
though it was not seen in the thermal data of BMID-
DE/BMIDDS mixture as mentioned in the previous
section. This result may be attributed to the effect of
the donor and acceptor groups of the initial monomers
that are considered for future studies.

ABBREVIATIONS AND SYMBOLS

BMIDDM : 4,4′-bismaleimidodiphenylmethane
BMIDDE : 4,4′-bismaleimidodiphenylether
BMIDDS : 4,4′-bismaleimidodiphenylsulphone
mp : Melting point
To : Polymerization onset temperature
Texo : Maximum of the exothermal peak
Tend : Endothermal temperature
M  : Mixtures of different concentrations
Te : Eutectic melting temperature
χ : Molar fraction
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