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Maleimide modified epoxy compounds were prepared by reacting N-(4-hydroxy-
phenyl) maleimide (HPM) with diglycidylether of bisphenol-A.
Triphenylphosphine was used as a catalyst and methylethylketone as a sol-

vent. The resulting compound possessed both the oxirane ring and maleimide group.
The curing reaction of the maleimide-epoxy compound with amine curing agents such
as ethylenediamine (EDA), diethylenetriamine (DETA) and triethylenetetramine
(TETA) were studied. Incorporation of maleimide groups in the epoxy resin provides
cyclic imide structure and high cross-linking density to the cured resins. The cured
samples were found to have good thermal stability, chemical (acid/alkali/solvent) and
water absorption resistance. The morphology of cured epoxy systems were also stud-
ied by scanning electron microscopy (SEM).

INTRODUCTION

Epoxy resins are widely used in
industrial applications owing to
their many attractive properties,
such as excellent chemical and sol-
vent resistance, good thermal and
electrical properties [1]. At present,
epoxy resins are extensively used
in various technical applications

such as coatings, composites and as
structural adhesives [2]. The use of
epoxy resin in high performance
structural materials has been
increasing recently. There is a lot of
scope and need for improving the
properties of epoxy resins to be
used in advanced applications. For
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example, epoxy resin with superior thermal stability is
needed for using as moulding compounds and encap-
sulation materials in advanced electronic components.
Generally, modified epoxy resins with polyamides or
imido compounds [2-3] provide a convenient
approach of enhancing the thermal stability of epoxy
resins. Therefore, epoxy resins were cured with reac-
tive polyimides [2-4], polyamic acid [5], and imido-
modified curing agents [6] to introduce imide struc-
ture into epoxy resin. The thermal stability of the
above mentioned imido epoxy resins was significant-
ly leveled up both in the initial decomposition temper-
ature (IDT) and the integral procedural decomposition
temperature (IPDT) [7].

On the other hand, epoxy resins modified with
maleimide compounds also have received consider-
able attention, due to the similar curing conditions and
processing properties of the epoxy resins and
maleimide. Maleimide-epoxy resins usually showed
appropriate properties between epoxy and maleimide
resins. Thus, both the inter-crossed and the interpene-
trating systems (IPN) based on bismaleimides and
epoxy resins were prepared and they exhibited good
thermal and mechanical properties. In addition to this,
imide groups improve the flame retardant properties
of polymers by providing char formation in the con-
densed phase. So, epoxy resins modified with imide
compounds through chemical reactions have been
reported to show good flame retardant properties [8-
12]. Therefore, it was considered worthwhile to study
the synthesis, characterization of maleimide-epoxy
compounds and their curing reactions with different
amines and to study the thermal and morphological
properties of the cured resin systems, in addition to
their resistance to chemical attack.

In the present work, a maleimide compound with
hydroxyl group was first synthesized. Maleimide-
epoxy compounds were consequently obtained
through a simple addition reaction between the oxi-
rane ring of epoxy compounds and hydroxyl group of
maleimide. The resulting maleimide-epoxy com-
pound possessed both oxirane ring and maleimide
reactive groups. Each of the reactive groups might
form cross-linking networks under thermal curing
reaction with curing agents to bring about high cross-
linking density. All the cured systems were character-
ized by various physico-chemical techniques. 

EXPERIMENTAL

Materials
Maleic anhydride and 4-aminophenol were purchased
from S.D. Fine Chemicals. The following bisphenol-
A based epoxy resins were used. [(Lapox* make sup-
plied by ATUL Ltd., polymer division); (i) Lapox B-
11 (medium viscous liquid; Viscosity at 25ºC, 9000-
12000 MPa). The epoxy equivalent weight is 160 and
(ii) Lapox B-13 (high viscous liquid; viscosity at
25ºC, 12000-16000 MPa). The epoxy equivalent
weight is 190]. Ethylenediamine (EDA), diethylene-
triamine (DETA) and triethylenetetramine (TETA)
were supplied by Aldrich Chemicals.
Triphenylphosphine (TPP), dimethylformamide
(DMF) and toluene were obtained from Merck
Chemicals. 

Measurements
Infrared spectra (FTIR) were recorded on a Perkin-
Elmer 2000 FTIR spectrophotometer. Microanalysis
of the samples was carried out using Carlo Ebra ana-
lyzer at Liquid Crystal Department, Raman Research
Institute, Bangalore. 1H NMR Spectra were recorded
using a Bruker MSL-300 (300 MHz) NMR spectrom-
eter with DMSO-d6 as a solvent at Sophisticated
Instrument Facility, Indian Institute of Science,
Bangalore. Differential scanning calorimetry (DSC)
thermograms were recorded with a Perkin Elmer DSC
7 at a heating rate of 10ºC/min under air atmosphere.
Thermogravimetric analysis (TGA) was carried out
on a Perkin Elmer TGA 7 Thermogravimetric
Analyzer at a heating rate of 10ºC/min under air
atmosphere. TGA and DSC for cured samples were
recorded in National Chemical Laboratory, Pune.  

Synthesis of N-(Hydroxyphenyl) Maleamic Acid
(HPMAc)
In a 2-necked flask equipped with a mechanical stirrer
and a reflux condenser, maleic anhydride (0.88 mol,
86.4 g) dissolved in 700 mL acetone was charged. The
solution was stirred at ambient temperature, and 4-
aminophenol (0.80 mol, 87.2 g) was added in portions
over 30 min. The reaction mixture turned into yellow
slurry. After stirring for 1.5 h the slurry was filtered.
The solid was washed with acetone, and then dried at
60ºC under vacuum to give light green powder prod-
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uct. Yield 95%. Molecular formula: C10H9NO4.
Elemental analysis: found% (calcd%) C:57.90
(57.97), H:4.38 (4.35), N:6.80 (6.76). IR (KBr, cm-1):
3312 (N-H), 3200 (O-H), 1703 (-COOH), 1621
(C=O) and 1600 (C=C).

Synthesis of N-(4-Hydroxyphenyl) Maleimide
(HPM)
In a 3-necked flask equipped with a mechanical stir-
rer, water segregator, and a reflux condenser, HPMAc
(0.6 mol, 123.2 g), p-toluenesulphonic acid (0.05 mol,
8.75 g), dimethylformamide (60 mL) and toluene
(700 mL) were charged. The mixture was heated to
reflux for about 8-10 h until the slurry turned into a
clear solution and the stoichiometric amount of water
was segregated. After removing toluene, the residue
was poured into a large amount of water. The precip-
itate was collected with filtration, washed with 5%
sodium bicarbonate solution, and with water. The
crude product was recrystallized from a mixed solvent
of water-isopropanol (1:1) to give brown crystalline
needle product. Yield: 64%. Molecular formula
C10H7NO3. Elemental analysis: found% (calcd%)
C:63.50 (63.49), H:3.66 (3.70), N:7.45 (7.41). IR
(KBr, cm-1): 3416 (O-H), 1709 (-C=O),   1641 (C=C),
and 1388 (C-N).

Synthesis of Maleimide-epoxy Compounds (MIE)
MIE was prepared by reacting B-13/B-11 epoxy
resins and N-(4-hydroxyphenyl) maleimide (HPM).
HPM (0.027 mol, 3.74 g) and B-13/B-11 (12.53 g)
were dissolved in 20 mL of methylethylketone in a
150 mL round-bottomed flask. TPP (0.05 g) was
added to the solution as a reaction promoter. The reac-
tion solution was then heated to reflux (at about 130-
140ºC) for 4 h and then cooled at room temperature.
The solvent was removed out with rotary evaporator.
The product was then heated at 70ºC under vacuum
for 6 h to give a semisolid product [14]. Yield 90%.
Elemental analysis: found% (calcd%) C:69.21
(69.87), H:5.80 (5.72), N:2.88 (2.96). IR (KBr, cm-1):
3471 (O-H), 1636 (C=O), 1638 (C=C),1367 (C-N),
and 917 (oxirane ring). 1H NMR (ppm, in DMSO-
d6): 1.54 (s,6H), 2.64-2.66 (t,1.2H), 2.77-2.81
(t,1.2H), 3.25-3.28 (m,1.2H), 3.43 (m,0.8H), 3.71-
3.77 (m,1.2H), 3.95 (b,3.2H), 4.20-4.25 (m,1.2H),
5.39 (b,0.8H), 6.71-7.29 (m,12.8H). Softening point:

110-112ºC. Epoxy equivalent weight (MIEB-13) =
451 (calculated value 445). Epoxy equivalent weight
(MIEB-11) = 369 (calculated value 362). 

Preparation of Cured Epoxy Resins
The cured epoxy resins were obtained from thermally
curing of maleimide-epoxy resin (MIE) with   amines
such as ethylenediamine (EDA), diethylenetriamine
(DETA) and triethylenetetramine (TETA) as curing
agents. Stoichiometric amounts of MIE and curing
agents (based on hydrogen equivalent weight) were
mixed together in methylethylketone solution and
cured in oven. The conditions of curing reactions for
B-13MIE/EDA, B-13MIE/DETA, B-13MIE/TETA,
B-11MIE/EDA, B-11MIE/DETA and B-
11MIE/TETA compositions were 80ºC (1 h).

Moisture Absorption and Chemical Resistance
Measurements
The above cured maleimide-epoxy resins were cut
into small specimens of 25×25 mm and edges of spec-
imens were coated with the same matrix system in
order to avoid the moisture absorption through cut
edges by capillary action. All the specimens were
weighed bone dry in Sartorious balance. To start with,
the initial weights were noted at room temperature
[15]. The samples were then immersed in water/alka-
li/solvent/acid for different intervals of time at room
temperature, and then taken out, wiped, and dried
with tissue paper, and weighed.

RESULTS AND DISCUSSION

Preparation of Maleimide-epoxy Compounds
The preparation of the maleimide-epoxy compounds
(MIE) were performed through by reacting HPM with
a diglycidylether of bisphenol-A (B-13/B-11) via
addition reactions between the phenol group and the
oxirane group (Scheme I). Owing to the high viscosi-
ty of the resulting products, a solution process was
carried out for the above mentioned reactions with
500 ppm of triphenylphosphine as a catalyst and
methylethylketone as a solvent. The epoxy equivalent
weight values of the maleimide-epoxy compounds
calculated from reaction compositions were consis-
tent with the values obtained from titration experi-
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ments. This result implies the high conversions of the
reactions between phenol groups and oxirane rings.
The above reaction was monitored by FTIR (Figure
1). The decrease in the intensity of the absorption
peak of the oxirane ring at 917 cm-1 clearly indicated
the decrease in concentration of oxirane rings as the
reaction proceeds. The chemical structure of the
resulting maleimide-epoxy compound obtained was
confirmed by the presence of the following absorption
peaks at 1367 cm-1 (C-N), 1711, 1778 and 716 (imide
group), and 1698 cm-1 (C=C). The authenticity of
maleimide-epoxy compounds was also confirmed by
the elemental analysis. The maleimide-epoxy com-
pounds obtained were highly viscous liquid, and this
may be due to incorporation of the heterocyclic hard
imido-phenyl groups, and increase of molecular
weight.

Figure 1. FTIR Spectra of maleimide-epoxy compound.

In addition to IR and elemental analysis, 1H NMR
analysis on the MIE compound also indicated the pro-
posed chemical structure as shown in Scheme I
(Figure 2). The appearance of the peaks at about 3.95
ppm (opened oxirane ring, -OCH2CH (OH)-) and
5.39 ppm (-COH) demonstrated the performance of
the addition reaction between HPM and B-11/B-13.
The peaks at about 2.64, 2.77, 3.25, 3.75, and 4.24
ppm showed the typical oxirane absorptions, and the
peak at 1.54 ppm exhibited the absorption of the iso-
propyl group. Moreover, the HPM/B-11/B-13 unit
ratios were directly calculated from the peak area
ratios of the absorption at 6.71-7.29 ppm (aromatic
proton and CH=CH), and the absorption peak at 1.54
ppm (isopropyl group), and the results were coinci-
dent with the feeding ratios of HPM/B-11/B-13 for
every MIE compounds. Additionally, the chemical
structures of MIE compounds were confirmed with
the experimental results of elemental analysis. 

Preparation of Cured Epoxy Resins
The probable mechanism of curing epoxy oxirane
ring with amines and self-addition of maleimide
groups is as shown in Schemes II and III, respective-
ly [17-19]. Moreover, the maleimide groups might
also cross-link through self-addition reaction under
heating during thermal curing. Since the curing com-
positions were based on the hydrogen equivalent
weight of amines, most of the amine groups were
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expected to react with oxirane groups at low temper-
ature region. Since almost no amino groups were left
to react with maleimide group, only self-addition

reactions would have occurred for maleimide groups
in the curing reaction. The resulting products were
expected to possess high cross-linking densities. 
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Figure 2. 1H NMR Spectrum of maleimide-epoxy compound.
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Thermal Properties of the Cured Epoxy Resin
The thermal stability of the cured maleimide-epoxy
resins was investigated with thermogravimetric analy-
sis (TGA) in air atmosphere (Figures 3 and 4). The
thermograms of the cured maleimide-epoxy resins
clearly indicate that the thermal stability of cured
resins was improved with the incorporation of
maleimide groups [17,18]. With the incorporation of
the maleimide groups, the IDT of the epoxy resin was
increased (Table 1). The enhancement due to incorpo-
ration of maleimide groups on the thermal stability of
epoxy resins was thus demonstrated. On the other
hand, IPDT also systematically increased with incor-
poration of maleimide groups. The high IPDT (Table
1) of the maleimide-modified epoxy resins indicates 

Figure 3. TGA Curves for cured MIEB-11 with EDA, DETA
and TETA under air atmosphere.
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Figure 4. TGA Curves for cured MIEB-13 with EDA, DETA
and TETA under air atmosphere.

high thermal stability for the cured maleimide-epoxy
compounds compared to traditional epoxy amine
cured systems.

Differential Scanning Calorimetric Studies 
Figures 5-7 show the dynamic scan of MIEB13 

Figure 5. DSC Thermograms monitoring on the reaction of
MIEB-13/EDA.

Figure 6. DSC Thermograms monitoring on the reaction of
MIEB-13/DETA.

+EDA, MIEB13+DETA and MIEB13 +TETA. From
the figures, it is clear that the cured systems melt at 80
to 90ºC and this endothermic behaviour may be attrib-
uted to the melting of unreacted amines presented in
the cured systems. The curing reaction starts at around 

Figure 7. DSC Thermograms monitoring on the reaction of
MIEB-13/TETA.
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Sl. No System IDT (ºC) IPDT (ºC) Tendo(ºC) Texo (ºC) 
1 MIEB-13+EDA 346 420 85 355 
2 MIEB-13+DETA 347 425 88 335 
3 MIEB-13+TETA 345 430 86 360 
4 MIEB-11+EDA 345 400 87 350 
5 MIEB-11+DETA 350 410 88 350 
6 MIEB-11+TETA 350 420 87 345 

Table 1. Thermal stability of cured systems evalution with TGA and DSC under
air atmosphere.

 



(a)

(b)

(c)

Figure 8. Fractured morphology analysis of cured
maleimide-epoxy compound with EDA of different magnifica-
tions: (a) 3,500×, (b) 7,500×, and (c) 15,000×.

300ºC with a maximum of the exothermic peak at
around 330-370ºC (Table 1). At  about 400ºC, the cur-

ing is complete where the absence of exotherm indi-
cates no post curing. 

Morphology Studies of Cured Systems
The morphology of fracture surfaces of cured
maleimidophenyl glycidyl epoxy with amines (EDA,
DETA and TETA) were examined using scanning
electron microscopy (Figure 8). All the above men-
tioned five systems exhibit similar morphologies.
From the figure it is clear that the fracture surfaces of
the neat maleimidophenyl glycidylether epoxy com-
pound with amine exhibits a homogeneous material.
All the cured samples exhibit similar homogeneous
networks in the cured samples and show no formation
of distinct domains, confirming the formation of a
homogeneous network in all the cured systems.

Moisture Absorption and Chemical Resistance
Measurements
The moisture absorbed(%) was calculated by measur-
ing the weights of the specimen periodically using the
following equation: 

Moisture absorption (%) =

Figure 9. Moisture/acid/alkali/solvent resistance of MIEB-

13 with EDA at room temperature.
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Figure 10. Moisture/acid/alkali/solvent resistance of MIEB-
13 with DETA at room temperature. 

The plots of moisture absorption vs. square root of
time were constructed (Figures 9-14) to note the sat-
uration limits of the absorbed moisture. From the fig-
ures it is observed that initially the water uptake 

Figure 11. Moisture/acid/alkali/solvent resistance of MIEB-
13 with TETA at room temperature.

Figure 12. Moisture/acid/alkali/solvent resistance of MIEB-
11 with EDA at room temperature.

increased, and showed a flat profile exhibiting
Fickean type behaviour [15]. The maximum moisture
absorption under a given condition of temperature
and humidity in case of maleimide epoxy resins with 

Figure 13. Moisture/acid/alkali/solvent resistance of MIEB-
11 with DETA at room temperature.
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our amine systems showed a decreasing trend. The
same type of behaviour was observed in the case of
MIEB-11 systems.

Similar behaviour was observed in case of
acid/solvent/alkali resistance measurements (Figures
9-14). The maximum moisture/acid/alkali/solvent
resistance content under a given condition of temper-
ature in case for maleimide-epoxy resins with our
amine systems are shown in the Table 2. These data
clearly indicate that the cured maleimide-epoxy
resins with the curing agents such as ethylenediamine 

Figure 14. Moisture/acid/alkali/solvent resistance of MIEB-
11 with TETA at room temperature.

(EDA), diethylenetriamine (DETA) and triethylene-
tetramine (TETA) show more resistance to water
absorption and other chemicals compared to the tradi-
tional epoxy cured resin with the same amines.

CONCLUSION

Phenylmaleimido group was successfully incorporat-
ed into bisphenol-A type epoxy resins (B-13 and B-
11) to result in compounds possessing both oxirane
ring and maleimide reactive groups. The cured resins
obtained by thermally curing of the maleimide-epoxy
(MIE) compounds with ethylenediamine (EDA),
diethylenetriamine (DETA) and triethylenetetramine
(TETA) exhibited excellent thermal stability and
good chemical (acid/alkali/solvent) and water absorp-
tion resistance. Morphological studies by SEM tech-
nique further confirmed the phase homogeneity net
work of the cured systems.
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