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ABSTRACT

Various 4,4'-bis{N®-[4-(4-aminophenoxy)phenyl]aspartimido}di-
phenylmethane-type bisaspartimide-diamines have been used as
solventless curing agents for epoxy resins. The thermal curing

was performed at 170, 190, and 230°C to give a tough brown poly-
mer. Thermogravimetric analysis of the polymer obtained showed
thermal stability up to 330°C and char yields of 45% in N» at 800°C
and 12% in air at 700°C. The thermal curing reaction was moni-
tored using FT-IR, The synthesized polymers are useful for making
composites, laminates, and adhesives.

INTRODUCTION

Epoxy resins cured with amines have been most commonly utilized
as matrix resins for making high strength composites, laminates, and
adhesives. In an attempt to develop thermally stable matrix resins,
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curing of epoxy resins, without use of a solvent, utilizing various re-
cently synthesized [1] bisaspartimide-diamine has been examined. The
use of bisaspartimide-diamine is expected to serve the dual purpose
of providing flexibility and heat stability because in these linear bis-
aspartimides the functional primary aromatic amino groups are sepa-
rated through preimidized segments, The incorporation of longer
chain segments into the polymer matrix is known to provide flexibility
to the tridimensional polymeric network by changing the effective length
between the crosslinking points, enabling the system to absorb energy
without catastrophic failure. Solventless curing is preferred by indus-
try to avoid void formation in the cured matrix.

In this paper we report the results of thermal curing of epoxy resins
with bisaspartimide-diamines and the thermal stability of the resulting
polymers.

EXPERIMENTAL

Materials and Reagents

Various 4,4’ -bis{Nz-[4— (4-aminophenoxy)phenyl] aspartimido}diphenyl-
methane-type bisaspartimide-diamines were synthesized [1] by involving
a Michael-type reaction of an aromatic bismaleimide (1 mol) with an
aromatic diamine (2 mol) and characterized as reported bg us [1]. The
bisaspartimide-diamines used in this study are 4,4'-bis{N*-[4(4-amino-
phenoxy)phenyl] aspartimido} diphenylmethane (I) and 4,4’ -bis{N*-[4-
(4-aminobenzyl)phenyl]aspartimido; diphenylmethane (II).

DO OO S o

I X=CH,Y=0
N X= Y =CH,
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Epoxy resins used in this work were commercially obtained.

Among those studied were DEN 438 (III), the polyglycidylether of

phenol-formaldehyde novolac from Dow Chemical U.S.A., and DER

542 (IV), the diglycidylether of tetrabromo bisphenol-A, also from
Dow Chemical U.S. A.

o Br CH; 8r o
/ N\ | c/ \
CH-CH-CH; O ¢ 0-CH -CH~CH,
Bf CH, Br

v

Curing of DEN 438 with Bisaspartimide-diamine

The yellow powder of bisaspartimide-diamine (1.29 g) (I) was
added to DEN 438 epoxy resin (1.72 g) (III) heated to 120°C. This was
cured by heating in an aluminum cup placed in a hot air circulation
oven previously maintained at 170°C for 2 h and 190°C for 1 h. It was
further heated at 230°C for 30 min. A tough brown polymer was ob-
tained.

In a slightly changed procedure, a solution of the diamine and
epoxy resin was obtained by adding a few drops of dioxane or N,N' -
dimethylacetamide and then curing was performed under similar
conditions.

Epoxy resin DER 542 was similarly cured with bisaspartimide-
diamines.

Characterization of the Polymers

IR Spectroscopy. The spectra of the polymers were recorded
on a NaCl disk with a Nicolet FT-IR Spectrophotometer.

DSC Analysis. Differential scanning calorimetry was per-
formed on a DuPont 1090 Thermal Analyzer System. Measurements
were made at a heating rate of 10°C/min.

TG Analysis. Thermogravimetric analysis were performed on
a Stanton Redcroft Model 750/770. Measurements were made at a
heating rate of 10°C/min in nitrogen and air atmospheres.

RESULTS AND DISCUSSION

Bisaspartimide-diamine (I) and (II) were synthesized and charac-
terized using FT-IR, *H-NMR, and *C-NMR as reported by us [1].
These were crystallized with acetone to fine yellow powders. Epoxy
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resins DEN 438 (III) and DER 542 (IV) have epoxy equivalents of 176~
181 and 330-380, respectively.

Preliminary investigations showed that both the epoxy resins noted
can be cured with bisaspartimide-diamine to thermally stable, tough,
polymeric materials. The results presented here are based on the
curing reaction of DEN 438 and bisaspartimide diamine (I) without use
of any solvent.

The IR spectrum of DEN 438 neat film formed on a NaCl disk showed
absorption bands at 915 and 862 cm™? due to the presence of epoxy
groups [2] and bands at 1113-1040 cm™ " due to ether bonds.

The curing reaction of epoxy resin DEN 438 with bisaspartimide-
diamine (I) was monitored using FT-IR, A film of uncured resin was
made on a NaCl disk. This NaCl disk was heated under identical con-
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FIG. 1. (A) Infrared spectrum of uncured resin (bisaspartimide-
diamine I + DEN 438 III). (B) Infrared spectrum obtained after heat-
ing at 170°C for 2 h and 190°C for 1 h. (C) Infrared spectrum of the
cured resin.
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ditions along with the sample under curing. Figure 1(A) showed the
IR spectrum of the uncured sample. In this spectrum the presence of
epoxy (915 and 866 cm™") and imide (1776 and 1711 em™") is clearly
indicated along with the presence of aromatlc (1506 cm™*), phenoxy
{1240 cm 1) aliphatic ether (1135-1034 cm™!), and amino (3470, 3365,
and 1611 ¢cm *) groups. Figure 1(B) shows the IR spectrum obtained
after curing at 170°C for 2 h and 190°C for 1h, At this stage the
epOXy groups are seen as absent because the original bands at 915 and
866 cm ' have disappeared along with the broad band at 3462 cm™*,
The latter may be due to the formation of hydroxyls. This indicates
opening of the epoxide ring and most likely involves addition of amino
groups. On further curing of this sample at 230°C for 30 min, the IR
spectrum (Fig. 1C) follows the same pattern with broadening of the en-
tire spectrum. This type of broadening is usually observed in the IR
spectra of polymers.

The DSC analytical curve for the reaction mixture bisaspartimide-
diamine I + DEN 438 in air before curing is given in Fig. 2. Three exo-
thermic peak temperatures (Texo) were observed at 190, 260, and 363°C.
Beyond 420°C the large exotherm indicated mainly decomposition. The
peak with Texo at 363°C may be due to the polymerization, isomerization,
and partial decomposmon of the epoxy part [3, 4]. The first two peaks
with Texo at 190 and 260°C represent polymerization.
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FIG. 2. Differential scanning calorimetry of uncured resin in air
at heating rate of 10°C/min.
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FIG. 3. Thermogravimetric analysis of cured resin (—) in Nz
and (--) in air. Heating rate, 10°C/min; flow rate, 20 mL/min.

The relative thermal stability of the polymer obtained was investi-
gated by dynamic thermogravimetry in air and nitrogen atmospheres
(Fig. 3). The polymer was stable up to 330°C and started losing
weight above that temperature. Anaerobic char yield was found to be
45% at 800°C. Two-step decomposition was observed in air for this
polymer in the 330-470 and 470-740°C temperature ranges, with a char
yield of 12% at 700°C.

Similar polymerization studies were carried out using DER 542
epoxy resin, but the resulting cured polymers were found to be com-
paratively less thermooxidatively stable.

CONCLUSION

Thermally stable polymer has been obtained by a solventless curing
of DEN 438 epoxy resin with bisaspartimide-diamine. It has an anaero-
bic char yield of 45%. This type of polymer is expected to be useful
for the preparation of laminates, composites, and adhesives.
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