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On the curing reaction of an epoxy resin based on mesogenic
naphthalene derivative

Summary — The curing reaction of diglycidyl ether of 2,7-dihydroxynaphthalene (2,7-DGEDHN),
epoxy mesogenic monometr, in the presence of the curing agents, namely, 4,4-methylene-bis(3-chloro-
2,6-diethylaniline) (MCDEA), 2,7-diaminofluorene (DAF) or 2-aminobiphenyl (2-ABP), was studied
using differential scanning calorimetry (DSC), optical microscopy under crossed polarizers and wide
angle X-ray scattering (WAXS) techniques. The curing reaction of 2,7-DGEDHN/MCDEA mixture led
to a product without liquid crystalline properties. The product obtained by the curing reaction of
2,7-DGEDHN/DAF mixture is characterized by a texture of smectic-like structure of Schlieren type.
The curing reaction of 2,7-DGEDHN /2-ABP mixture led to an isotrope non-crosslinked product.

Key words: epoxy resins, liquid crystalline polymers, curing, differential scanning calorimetry, wide
angle X-ray scattering, optical microscopy under crossed polarizers.

REAKCJA UTWARDZANIA ZYWICY EPOKSYDOWE] NA PODSTAWIE MEZOGENICZNE] PO-
CHODNE] NAFTALENU

Streszczenie — Badano reakcje utwardzania eteru diglycydylowego 2,7-dihydroksynaftalenu (2,7-
-DGEDHN), mezogenicznego monomeru epoksydowego, w obecnosci jednego ze §rodkéw sieciuja-
cych: 4,4’-metyleno-bis(3-chloro-2,6-dietyloaniliny) [MCDEA, wzér (I)], 2,7-diaminofluorenu [DAF,
wzér (II)] lub 2-aminobifenylu [2-ABP, wzér (III)]. Przebieg reakcji monitorowano za pomoca réznico-
wej kalorymetrii skaningowej (DSC) (rys. 1, 2 i 5) oraz techniki szerokokatowego rozpraszania pro-
mieni rentgenowskich (WAXS) (rys. 4). Teksture utwardzonej zywicy obserwowano uzywajac mikro-
skopu optycznego ze skrzyzowanymi polaryzatorami (rys. 3). Stwierdzono, ze reakcja utwardzania
w uktadzie 2,7-DGEDHN/MCDEA prowadzi do produktu nie majacego wtasciwosci ciektokrysta-
licznych, a w ukladzie 2,7-DGEDHN/DAF do produktu o strukturze podobnej do smektycznej, typu
Schlieren‘a. Natomiast zastosowanie 2-ABP jako srodka utwardzajacego daje nieusieciowany, liniowy
produkt.

Stowa kluczowe: zywice epoksydowe, polimery cieklokrystaliczne, utwardzanie, réznicowa kalory-
metria skaningowa, szerokokatne rozpraszanie promieni rentgenowskich, mikroskopia optyczna ze

skrzyzowanymi polaryzatorami.

Epoxy resins are the most important thermosetting
polymers, widely used as structural adhesives and ma-
trices for fibre compositions [1]. Linear epoxy resins are
converted into a three dimensional crosslinked ther-
moset network during cure process [2, 3]. Epoxy resins,
after crosslinking, show good thermal, electrical and me-
chanical properties, but they are brittle and show poor
resistance to crack propagation [4—7]. Toughness and
other properties of epoxy resins can be significantly im-
proved by their modification, using fillers and flexibiliz-
ing agents, polymers, additives, reactive liquid rubbers,
curing agents, reactive diluents, and so on [8—10].

Because the industry, with special reference to the
aeronautic one, is looking for new materials with high
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technological characteristics, researchers focus on the
obtaining epoxy resins with properties differing from
those shown by conventional ones. In the last few years
attention has been paid to liquid crystalline (LC) net-
works for their good mechanical, thermal and rheologi-
cal properties. So, LC epoxy polymers were the subjects
of increased research interest and technological applica-
tions [11].

One way to synthesize the LC epoxy resin is the curing
reaction of some functionalized mesogenic rigid molecules
with a suitable curing agent. The most known mesogens
are the compounds with aromatic rings [12—17].

The epoxy compounds with naphthalene mesogen,
in the presence of aromatic amines used as the curing
agents, produce high heat-resistant LC networks [18, 19].
Naphthalene mesogen is thermally stable and stabilizers
LC phase of the synthesized network.

In our previous work [20] we studied the synthesis
and the characterization of some LC epoxy thermosets
obtained by the curing reaction of diglycidyl ether of
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2,7-dihydroxynaphthalene (2,7-DGEDHN) epoxy meso-
genic resin with sulphanylamide (SAA), diaminopyri-
dine (DAP) or diaminodiphenylsulphone (DDS), used as
the curing agents. As results of the curing reaction,
2,7-DGEDHN /SAA mixture led to a texture of nematic-
-like structure, the mixture 2,7-DGEDHN /DAP showed
a smectic-like structure while 2,7-DGEDHN /DDS mix-
ture formed a network without LC properties.

This paper reports new data regarding the curing re-
action of 2,7-DGEDHN in the presence of aromatic
amines, used as the new curing agents, namely, 4,4-me-
thylene-bis(3-chloro-2,6-diethylaniline), 2,7-diamino-
fluorene or 2-aminobiphenyl.

EXPERIMENTAL

Materials

2,7-DGEDHN used as monomer was synthesized
starting from 2,7-dihydroxynaphthalene (2,7-DHN),
epichlorohydrin (EPI) and NaOH [16].

As the curing agents three amines from Aldrich
Chemical Co. were applied (without further purifica-
tion):

— 4,4’-methylene-bis(3-chloro-2,6-diethylaniline)
[MCDEA, formula (I)],

HC, Cl C,Hs
HoN CH, NH, 0
HsCS cl’ CHs

— 2,7-diaminofluorene [DAF, formula (II)],

O, o

— 2-aminobiphenyl [2-ABP, formula (III)].

H,N

(IID)

2

NH,

Methods of testing

The epoxy equivalent (EE) of the synthesized mono-
mer was evaluated in a pyridine-HCI solution, as pre-
viously reported [21].

The curing reaction of 2,7-DGEDHN was monitored
by differential scanning calorimetry (DSC), optical mi-
croscopy under crossed polarizers, and wide angle X-ray
scattering (WAXS).

The DSC studies were carried out using Perkin-Elmer
DSC-7 calorimeter. The texture of the obtained LC epoxy
resin was observed by means of an optical microscope
Reichert Yung under crossed polarizers, equipped with
hot stage Linkam THMS 600. The WAXS analyses were

carried out using a Philips Electronics PW 1830 genera-
tor provided with a Copper autocathode tube having
a nickel filter. The generator was operated at 45 kV and
30 mA.

RESULTS AND DISCUSSION

The chemical reactions used for synthesis of 2,7-
-DGEDHN compound is presented in Scheme A.

The EE value determined for the synthesized mono-
mer was 0.68 mol/100 g resin (0.735 theoretic).

HO OH
+2 H2C\—/CH— CH,—Cl
0
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Cl- CHy— ‘CHf CH,-0O O-CHy— (‘ZHf CH,—Cl
OH OH
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H,C- CH- CHy- o O- CHy~ CH- CH,
0 o}

2,7-DGEDHN
Scheme A

As it was previously reported [22], 2,7-DGEDHN
melted at 64 °C and behaved as an isotropic liquid. The
curing reaction of the rigid monomer with both tetra-
functional aromatic amines and difunctional aromatic
amine was monitored by observation of phase transfor-
mation of the isotropic monomer. The amines used as the
curing agents were in an isotropic state.

The reactions between 2,7-DGEDHN and MCDEA or
DAF amines are shown in Scheme B, while 2-ABP in
Scheme C.

Curing reactions of 2,7-DGEDHN/MCDEA mixture

The curing reaction of 2,7-DGEDHN/MCDEA mix-
ture was studied using DSC in dynamic conditions for
a heating rate of 10 °C/min, and the temperature inter-
val between -20 and 260 °C. Corresponding to this reac-
tion DSC trace is shown in Fig. 1.

As can be noticed, the fusion of the studied mixture
takes place in the temperature interval between 27 and
96 °C. This interval is characterized by the presence of
some multiple peaks, which are determined by the suc-
cessive fusion of the epoxide and the amine. The en-
thalpy of the mixture fusion is around 30.9 kJ/g. The
crosslinked reaction of 2,7-DGEDHN/MCDEA mixture
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takes place in a large interval of temp. 158—259 °C. In
this interval the reactivity of the amine used as the cur-
ing agent is much diminished by the inductive effects of
electron donors due to the chlorine atoms. For the
crosslinking process there is a peak centered at temp.
Tpeak = 231 °C, with the enthalpy of reaction AH =121.4
kJ/g.

The curing reaction of 2,7-DGEDHN/MCDEA mix-
ture was also observed by optical microscopy under
crossed polarizers. This technique showed that the epo-
xide melts starting from temp. 30 °C, while an amine, as
a solid powder dispersed in the melted epoxide, is
melted temp. around 90 °C. 2,7-DGEDHN/MCDEA
mixture is in isotropic liquid state at temperature 95 °C.
At high temperature the studied mixture remains in the
isotropic state. The conclusion is that the curing reaction
of 2,7-DGEDHN/MCDEA mixture leads to a network
not showing LC properties.

Curing reaction of 2,7-DGEDHN/DAF mixture

The DSC thermogram obtained for the curing reac-
tion of 2,7-DGEDHN /DAF mixture, at a heating rate of
10 °C/min, is shown in Fig. 2.

This thermogram starts with the melt of the epoxide
between 36 and 59 °C, with a peak centered at 54 °C, and
AH = 5.5 kJ/g. The fusion of amine takes place at temp.
of 72 °C, with AH = 8.5 kJ/g. The curing reaction of
2,7-DGEDHN/DAF mixture takes place in a large inter-
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Fig. 1. DSC thermogram of 2,7-DGEDHN/MCDEA mixture
heated with rate 10 °C/min
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Fig. 2. DSC thermogram of 2,7-DGEDHN/DAF mixture

heated with rate 10 °C/min
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val of temperature, between 81 and 171 °C, with Tpeak =
122 °C and AH =372.1kJ/g.

The curing reaction of 2,7-DGEDHN/DAF mixture
was studied also by optical microscopy under crossed
polaryzers. A complete fusion of the mixture at tempera-
ture higher than 80 °C was observed, followed by ap-
pearance of well define, birefringent zones, which corre-
spond to a texture of high density of Schlieren type
(Fig. 3).

1

Fig. 3. The Schlieren texture, under crossed polaryzers, of
crosslinked product of 2,7-DGEDHN/DAF mixture

Fig. 4. WAXS pattern of 2,7-DGEDHN/DAF mixture

The WAXS pattern of the crosslinked 2,7-
-DGEDHN /DAF product is shown in Fig. 4. The pattern
contains a sharp inner ring and a number of outer rings
with a d-spacing of 4.5 A. This distance is characteristic
to a smectic texture of C type.

Curing reaction of 2,7-DGEDHN/2-ABP mixture

The DSC thermogram of 2,7-DGEDHN/2-ABP
mixture obtained in dynamic conditions is shown in
Fig. 5.

The two studied monomers melt in a large interval of
temperature between 21 and 79 °C, with the enthalpy
AH = 31.2k]J/g. The reaction between 2,7-DGEDHN and
2-ABP amine takes place with a slow rate, starts at temp.
of 128 °C, and the process is finished at around 250 °C.
For this process AH = 216.3 k]/g.

The study carried out by optical microscopy under
crossed polaryzers showed that the melted mixture is in

e}
(en)

T €Xo

Heat flow, mW
— —_
IS O

(9]
1

0

-26 lb 40 7‘0 160 150 150 léO 2‘20 250
Temperature, °C

Fig. 5. DSC thermogram of 2,7-DGEDHN/2-ABP mixture

heated with rate 10 °C/min

isotrope state. The same behaviour was observed using
WAXS technique.

As in the case of 2,7-DGEDHN/MCDEA mixture,
2-ABP amine shows an unfavorable influence on the ap-
pearance of the mesophase, when it is used as the curing
agent for 2,7-DGEDHN epoxy monomer. The side posi-
tion of the biphenyl versus the reactive amine groups
diminished both the rigidity of the main chain and its
linearity. In conclusion, 2-ABP amine is not a suitable
agent for the curing of 2,7-DGEDHN compound. The
linear compound originates as a result of the reaction
between the functional groups of the two monomers.

CONCLUSIONS

The curing reaction of 2,7-DGEDHN in the presence
of various amines showed that the process was complex
and depended on the nature of the amine used as the
curing agent.

The curing of 2,7-DGEDHN/MCDEA mixture takes
place in a large interval of temperature, between 158 and
259 °C, with AH = 121.4 kJ/g, and leads to an isotropic
material.

In the presence of DAF amine, the final product ob-
tained by curing of 2,7-DGEDHN is characterized by
a structure of high density of Schlieren type, which cor-
responds to a smectic texture of type C.

2-ABP amine, used as a curing agent for 2,7-
-DGEDHN epoxy monomer leads to a non-crosslinked
product.

In DSC experiments of the investigated systems the
second heating has not shown any residual release. This
behaviour means that the studied reactions were com-
pleted [23].
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