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The curing kinetics of bisphenol-A epoxy resin (BPAER) modified by liquid crys-
talline p-phenylene di-[4-(2,3-epoxypropyl) benzoate] (p-PEPB), with a diamine
such as 4,4′-diaminodiphenyl ether (DDE) as a curing agent, was investigated by

non-isothermal DSC method. The correlation between apparent activation energy, Ea,
and the conversion, α, was obtained by Ozawa method. The catalyzed effect of 
hydroxyl groups was determined in DSC experiment and a molecular reaction 
mechanism  was proposed. The results show that hydroxyl groups can accelerate the
curing reaction and lower the Ea value. The average values of Ea for p-PEPB/DDE and
BPAER/p-PEPB/DDE systems are 122.4 and 72.28 kJ.mol-1, respectively. There is a
phase separation in the curing process with LC phase formation. These curing 
reactions can be described by the model of Sestak and Berggren (S-B model). The
average reaction orders, i.e., m and n for p-PEPB/DDE system are 0.64 and 1.26 and
for BPAER/p-PEPB/DDE system are 0.48 and 1.35, respectively. The dynamic
mechanical loss peak temperature is about 14°C higher than that of pure BPAER 
system when the content of p-PEPB is 5 wt%.

INTRODUCTION

Epoxy resins are widely used as
engineering thermosets because of
their good mechanical properties.
However, they are limited in many
high-performance application
fields because of their brittleness
and low thermal resistance. The
most important factors that affect
on these properties are the cross-
linking density and molecular
chain structure. Therefore, increas-
ing their toughness and thermal
resistance are challenges to be met
by researchers. Man et al. [1] and

Fernandez et al. [2] have reported
the epoxy resin modified with 
reactive and non-reactive thermo-
plastic copolymers. Ozarslan et al.
have reported the novel amine 
terminated elastomeric oligomers
with their effects on the properties
of epoxy resins as toughening
agents [3]. Ma et al. have reported
the modification of epoxy resins
with polyether-g-polysiloxanes [4].
Calabrese et al. have reported 
the effect of carboxy-terminated 
butadiene nitrile (CTBN) rubber
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inclusions on the curing kinetics of epoxy resin [5].
Harsch et al. have reported the influence of fillers and
additives on the cure kinetics of epoxy/anhydride
resin [6]. The toughening mechanism of such blends
involves a chemically or physically induced phase
separation process, and as a result can have adverse
effects on the glass transition temperature (Tg) range,
stiffness and strength of the blends. Recently, it has
been reported that these properties of epoxy resins
could be greatly improved if liquid crystalline (LC)
structures are incorporated into the epoxy networks
[7,8].

Liquid crystalline thermosets, especially LC
epoxy resins (LCER) show interesting properties due
to the combination of thermoset and LC formation
capabilities [9,10]. Compared to ordinary epoxy
resins, the cross-linked LCER bear higher fracture
toughness and mechanical properties when they are
oriented by magnetic fields [11,12]. As a result the
epoxy polymer may develop the LC structure 
during the curing process which initiates a phase 
transition from isotropic state to an LC state.
Therefore, the curing kinetics of LCER systems
should be more complex than that of the isotropic
epoxy systems. 

Up to the present, many workers have investi-
gated the curing kinetics of epoxy resins or LCER by
isothermal and non-isothermal differential scanning
calorimetric (DSC) methods. Rosu et al. [13] and
Barghamadi et al. [14] have reported the non-
isothermal cure kinetics of LCER and general epoxy
resins, respectively. We have reported the isothermal
cure kinetics of epoxy resins with anhydride [15,16].
Sadagopan et al. have shown that the co-curing 
reaction of general epoxy resins with LCER can form
in situ molecular composites to improve the thermal
and mechanical properties and the phase structure of
epoxy materials [17]. Therefore, it is valuable to
study the co-curing reaction and kinetics of LCER
with conventional epoxy resins. 

However, there are studies published so far on 
this bi-component co-cure kinetics of LCER with
conventional epoxy resins. Ehlers et al. considered
that hydroxyl group has catalytic effect on epoxy-
amine curing reaction [18], though such catalytic
activation of hydroxyl group has not been 
demonstrated by DSC experiment.  

In this work, the co-curing kinetics of liquid 
crystalline epoxy p-PEPB with bisphenol-A epoxy
resin (BPAER) and 4,4′-diaminodiphenyl ether
(DDE) as a curing reagent is investigated by non-
isothermal DSC methods at different heating rates.
The relationship between Ea and conversion, α, 
during the overall curing reactions for different
LCER concentrations is revealed by Ozawa's method
[19] and the catalyzing role of alcoholic hydroxyl
group was determined for epoxy-amine reaction. 
The results show that the LC epoxy p-PEPB enters
co-cure reaction with BPAER as it is evident by only
one curing peak. 

The alcoholic hydroxyl group has a catalyzing role
in the epoxy curing reaction and can lower Ea value as
it is revealed by DSC study. The co-curing of LCER
with conventional epoxy resin can enhance the Tg of
the conventional epoxy resins when the content of
LCER is optimized in the blend, though it would lead
to phase separation at higher p-PEPB content. The co-
curing reaction can be described by two-parameter
autocatalytic kinetics of Sestak-Berggren (S-B) model
[20,21] and as a result some kinetic parameters may
be obtained. Some suggestions are also made on
molecular mechanism of the curing reaction.

EXPERIMENTAL

Materials
Hydroquinone, 4-hydroxy ethyl benzoate, sulphoxide
chloride, tetrahydrofuran (THF), N,N'-dimethylform-
amide (DMF), m-chloroperoxybenzoic acid
(MCPBA), benzylalcohol and 4,4′-diaminodiphenyl
ether (DDE) were all analytically pure grades and
were supplied by Beijing Chemical Reagent Co.,
China. Allyl bromide was supplied by Fangqiao
Chemical Co. (Jiangsu, China). BPAER was supplied
by Yueyang Resin Factory (Yueyang, China) with
epoxy value of 0.51 mol/100 g. p-PEPB was 
synthesized from hydroquinone, and allyl bromide
and 4-hydroxy ethyl benzoate were synthesized
according to methods from literature [7,22]. The
structure shown in Scheme I with a nematic texture
has melting point and clearing point of 180°C 
and 250°C, respectively, and an epoxy value of 
0.401 mol/100 g. 
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Preparation and Characterization of BPAER/
p-PEPB/Diamine 
Six samples were prepared based on BPAER/p-PEPB
mass ratios: 1/0 (No. 1); 1/0.3 (No. 2); 1/0.5 (No. 3);
1/0.7 (No. 4); 1/1 (No. 5) and 0/1 (No. 6). The 
mixtures of two different epoxy resins were heated to
melt and mixed to obtain a homogeneous blend. After
cooling to room temperature, a diamine (4,4′-
diaminodiphenyl ether) was added to all the mixtures
with a stoichiometric ratio of one epoxy group to one 
N-hydrogen group. All the samples were frozen for
further use. The curing reactions were carried out on
a DSC (Diamond, Perkin Elmer, USA). The DSC
instrument was calibrated with high-purity indium.
Approximately 5 mg sample in a standard aluminium
pan was heated at 5, 10, 15 and 20°C/min heating rate
from 25°C to 300°C under an atmosphere of N2, 
respectively. The phase behaviour of the target 
compounds was observed and examined by an
Olympus polarizing optical microscope (POM, DP72,
Japan) at magnification ×400. 

The TBA specimens were prepared by dipping the
heat-cleaned glass fibre braid into acetone solution of
BPAER/p-PEPB/DDE, and then the acetone was
completely evaporated in vacuum. The specimens
were cured at 185°C in an oven. Then, they were
removed and cooled to room temperature, and the
dynamic mechanical properties were investigated
with a torsional braid analyzer (TBA, GDP-4, Jilin
University, China) at the heating rate of 2°C/min.
Since the glass transition temperature Tg of epoxy
resin is usually higher than 50°C and the Tg of 
samples is higher than 120°C, the initial aim of this
work was to study the relationship between Tg and 
p-PEPB content. Therefore, all testing temperatures
were selected in range of 20°C to 220°C and with
one-to-one relationship between Tg and mechanical
loss peak temperature Tp, these temperatures were
obtained by adopting the above method. 

RESULTS AND DISCUSSION

Curing Reaction Mechanism and Activation
Energy 
The cure kinetics for six samples was determined by
non-isothermal DSC method at a heating rate of 5, 10,
15 and 20°C/min, respectively. Figure 1 shows the
DSC curves for p-PEPB/DDE (No. 6) and BPAER/p-
PEPB/DDE (No. 3) recorded at different heating
rates. It is observed in Figure 1 that the initial curing 
temperature, Tci, the peak temperature, Tcp, and the
finishing temperature, Tcf, increase with increased
heating rate with broadened temperature range of the
curing reaction. The DSC curve of the BPAER/p-
PEPB/DDE is very smooth and displays only one 
curing peak. The results illuminate that the two 
different epoxy resins co-cure with DDE and the 
mixture has a lower melting temperature than p-PEPB
itself.

Because difference in heating rates correspond to
the difference in optimum curing temperatures, when
the heating rate β = 0, the practical curing temperature
or data can be obtained from extrapolated plots of 
T-β curves used by linear regression method. From
the plots of Tci, Tcp and Tcf versus heating rate (β), we
can obtain the gel point Tgel of cured-system, Tcp and
Tcf while the β = 0. All the data of Tgel, Tcp and Tcf
for different samples are summarized in Table 1 and
the linear relative coefficients are all between 
0.9902 and 0.9991. As it is given in Table 1, the 
p-PEPB/DDE (No. 6) and BPAER/p-PEPB/DDE 
samples have lower values of Tgel, Tcp and Tcf
relative to BPAER/DDE sample, because a mixture of
p-PEPB and DDE has a lower co-melting temperature
and a lower viscosity after melt. 

For non-isothermal curing process, the kinetic
parameters can be determined by the isoconversional
method given by Ozawa's method [14,19]. The eqn
(1) is known as Ozawa's equation which can be
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Figure 1. DSC Curves of: (a) p-PEPB/DDE (No. 6) and (b)
BPAER/p-PEPB/DDE (No. 3) at different heating rates: (1)
5°C/min, (2) 10°C/min, (3) 15°C/min, and (4) 20°C/min.

applied to different degree of conversions, α, of 
curing process. Thus, for a given α, the value of Ea
can be obtained from linear regression according to
eqn (1).

Figure 2. Plots of variation of conversion of sample No. 3
vs. temperature.

(1)

where, A′ is the pre-exponential factor of Arrhenius
equation, T is the temperature (K), R is the gas 
constant (8.314 J.mol/K), A′ = logAEa/g(α)R-3.315,

and

f(α) are temperature dependent kinetic functions. 
The relationships between α and dynamic curing

temperature T for BPAER/p-PEPB/DDE (No. 3) 
system are shown in Figure 2. It may be seen in
Figure 2 that the isoconversional temperature, T,
increases with heating rate for the same value of α.
According to the relationship between α with T and
Ozawa equation, from the plots of ln β versus 1/T by
linear regression, the value of Ea can be calculated at
any value of conversion α. The linear relative 
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Sample 
T (°C) code

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6

Tgel
Tcp
Tcf

120.97
142.01
186.01

104.63
130.18
160.69

109.60
131.85
161.91

106.39
129.83
151.89

108.81
129.15
149.38

113.38
136.18
157.53

Table 1. Data of Tgel, Tcp, and Tcf for different samples.
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Figure 3. Relationship of Ea vs. α for different BPAER/p-
PEPB samples: (1) No. 1, (2) No. 2, (3) No. 3, (4) No. 4, (5)
No. 5, (6) No. 6,  and (7) No. 7.

coefficients are all laid between 0.9886 and 0.9991
and it shows that the curing systems are well in accor-
dance with Ozawa's kinetics model. 

Figure 3 shows the variation of Ea of six samples
in the interval of 0 ≤ α ≤ 1. As it is evident in 
Figure 3, the Ea values change with the value of α,
since the mechanism of curing reaction of epoxy
resin/amine becomes complex due to gelation, 
vitrification and phase change of LC epoxy system in
the curing process, though it shows only a slight
change when α is between 0.3 and 0.9 for bicompo-
nent curing systems. The Ea of p-PEPB/DDE system
is higher than that of any other system. All the blends
of p-PEPB/BPAER/DDE have nearly the same Ea as
BPAER/DDE system in the curing process. The 
reason for higher Ea value for p-PEPB/DDE system is
that the liquid crystalline p-PEPB has an 
assemblage in curing process and forms LC texture
which induces larger steric effects and higher 
activation barrier. The blends of BPAER with 
different p-PEPB contents have lower and close Ea
values. 

Figure 4 shows POM photographs of the mor-
phology texture of p-PEPB/DDE (No. 6) and
BPAER/p-PEPB/DDE (No. 3) under 1/400 scale. It
may be noticed in Figure 4, the LC assemblage 
structure has been formed in the curing process of 
p-PEPB/DDE, and as shown in Figure 4b for No. 3,

Figure 4. POM Photographs of: (a) p-PEPB/DDE (No. 6)
and (b) BPAER/p-PEPB/DDE (No. 3) samples. 

some little bright spots are observed, and take on a
structure of sea-island. This result shows that the
mixed system has a phase separated structure by
adding p-PEPB to the curing systems. This is due to
the reason that liquid crystalline molecules have
stronger tendency to self-conglomeration rather than
going into reaction with BPAER molecules. The
polarized optical micrographs also show that the 
liquid crystalline phase is fixed in the systems during
curing process.
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On the other hand, the molecular mechanism of
curing reaction has also a primary effect on the Ea
value of curing reaction. According to Figure 3 in case
of all samples, the values of Ea in the initial stage are
higher than those of other stages. With reaction time,
the Ea values of all samples tend to drop slightly and
only show very little variation for conversion 
intervals of 0.3 ≤ α ≤ 0.9 which are the result of
dynamic equilibrium of these reaction intervals. The
Ea of these systems has a larger standard deviation of
3.42 ≤ α ≤ 4.89 in the interval of 0 ≤ α ≤ 1, but 
standard deviation of Ea in 0.3 ≤ α ≤ 0.9 interval is
only between 1.64 - 2.44 values. However, the Ea for
p-PEPB/DDE system is different from the bicompo-
nent systems of p-PEPB and BPAER in which the Ea
is slightly raised when α is above 0.3. 

The major reason for these results is as follows: in
the initial stage of curing reaction, the hydroxyl group
does not exist in the p-PEPB/DDE system and the
reaction occurs between an epoxy group and a 
primary amine which has a different transition state
compared with other stages. It is noteworthy that the
curing reaction of epoxy group with amine generates
a hydroxyl group. These transition states of the 
curing process are presented as reaction pathways 
(a)-(d) in Scheme II. The value of Ea of uncatalyzed
(a) and self-promoted reaction (b) pathways are all
higher than those of hydroxyl catalyzed reaction (c),
because reactions of (a) and (b) have larger steric
effects according to the results of Ehlers et al. [18].
The hydroxyl group is generated during the process 
of curing reaction and the reaction pathway is 
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stepwise changed to (c) in Scheme II. 
In DSC experiment, it has been proved that the

hydroxyl group can accelerate the curing reaction and
it thus possesses a lower Ea value. In Figure 3, the
curve 7 is the variation of Ea values versus α for 
p-PEPB/DDE system in the presence of benzyl 
alcohol. It may be observed in curve 7, it has a lower
Ea than that of curve 6 which is related to curing
process in the absence of benzylalcohol. This is 
coincident with the results of Ehlers et al. [18] 
and other researchers [23,24]. According to the 
conclusion of Ehlers et al. [18], the Ea values of
uncatalyzed reaction (a), self-promoted reaction (b)
and alcohol-catalyzed reaction (c) are 109.6, 85.1,
and 70.5 kJ/mol, respectively.

In transition state, by self-protonation in the early
stages of reaction, the primary amine groups react
first with epoxy groups and generate hydroxyl
groups. Consequently, the reaction of second amine
(d) is the major reaction of the middle and final
stages, therefore Ea is decreased in the reaction
process. There are some hydroxyl groups in the
molecular chains of BPAER, and the reaction path-
way is according to (c) in Scheme II from beginning
to end for bi-component systems. Thus, the
BPAER/p-PEPB/DDE systems have lower Ea values
compared to pure LC system.

The differences between p-PEPB/DDE and other
bi-component systems is that the Ea increases slight-
ly in the middle and final stages of curing reaction for
p-PEPB/DDE. This is because of the formation of
larger LC phase which affects the diffusion of reac-
tion groups and increases the reaction barrier between
groups involved in the curing reaction (Figure 4a).

Cure Kinetics of BPAER/p-PEPB/DDE
The basic assumption for the application of DSC 
technique to the thermosets is that the rate of the
kinetic process (dα/dt) is proportional to the meas-
ured heat flow φ = dH/dt according to the following
relationship:

(2)

where, ΔH is enthalpy of curing reaction, α is extent
of reaction or conversion and dα/dt is defined as 

curing rate. The reaction rate in the kinetic analysis
can be described as follows:

(3)

where, f(α) is a dependent kinetic model function,
k(T) is a temperature-dependent reaction rate constant
and follows an Arrhenius equation as presented by
eqn (4): 

(4)

According to the auto-catalytic Sestak-Berggren
equation [21]:

(5)

in which, m is a reaction order when α = 0 and n is a
primary order in the reaction process when α is not
zero.

Under non-isothermal conditions, when the 
temperature varies with time at a constant heating rate
β = dT/dt, eqn (3) can be modified as follows:

(6)

As it is known, the Ozawa equation (eqn(1)) can be
applied to different degrees of conversion. Thus, for a
given conversion (α), or extent of reaction, Ea and the
constant A′ can be obtained from linear regression
according to eqn (1). The values of Ea can be used to
find the appropriate kinetic model which best
describes the conversion function of the process stud-
ied [14,20]. The most suitable kinetic model can be
evaluated with the functions y(α) and z(α) according
the eqns (7) and (8) as follows:

(7)

(8)

where, x is reduced activation energy (x = Ea/RT),
π(x) is the expression of the temperature integral,
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which can be well approximated using the fourth
rational expression as in eqn (9):

(9)

The y(α) function is proportional to f(α) function,
being characteristic for a given kinetic model. The
shape and the maximum of both y(α) and z(α) 
functions for several models, are normalized within
(0,1) range. The maxima, αM of the y(α) function and
αP

∞ of the z(α) function suggest the choice of the
most suitable kinetic model characterizing the curing
process [14,20].

Using the value of Ea and knowing the kinetic
model, the pre-exponential factor A is calculated
according to eqn (10):

(10)  

where, f′(α) is the differential form of the kinetic
model df(α)/dα and αp is the conversion value 
corresponding to the peak on DSC curve. 

From average Ea value, we can obtain x, and by
using x in eqn (9), π(x) can be obtained. Then, the 
values of x and π(x) are used to calculate both y(α)
and z(α) functions, using eqns (7) and (8), respec-
tively. Figures 5 and 6 show the variation of y(α) and
z(α) values with conversion (α) for sample No. 3 at
different heating rates, respectively. The values of
both y(α) and z(α) are normalized within (0,1). The 
values of αM and αP

∞ (values of α while y(α) or z(α)
take the maximum value of DSC peak, respectively)
of sample No. 3 can be obtained from Figures 5 and
6, respectively. Both αM and αP

∞ are used to select
the correct kinetic model for the system under 
investigation [20].

The values of αP, αM, and αP
∞ for all six samples

can be obtained, and the data of samples No.1, No. 3,
and No. 6 are listed in Table 2. As it is seen from 
Table 2, the values of αM are lower than the values of
αP, whereas αP

∞ exhibits values lower than 0.632 
(other samples are all the same as these cases). In
accordance with the results of Malek [20] on the 
curing kinetics of thermosets under non-isothermal
conditions, all of the curing systems studied can be 

Figure 5. Variation of y(α) function vs. α of sample No. 3 at
different β values obtained from eqn (7).

described with the two-parameter autocatalytic
Sestak-Berggren kinetic model of eqn (5) [21,23,24].

The value of m is obtained from plot at α = 0, and
the kinetic parameter n is obtained by linear 
regression from the slope of the linear dependence
ln[(dα /dt)ex] versus ln[αp(1-α)] according to eqn (6)
and m = pn, where p equals to αM/(1-αM).

Table 3 lists some kinetic parameters evaluated for
the proposed S-B kinetic model. The linear 
coefficients of kinetic parameters in Table 3 are all
between 0.9901-0.9986, and the standard deviation
for m and n are between 0.013 and 0.32, respectively, 

Figure 6. Variation of z(α) function vs. α of sample No. 3 at
different β values obtained from eqn (8).
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which it further indicates that the curing systems all
well obey the S-B model. According to the data 
presented in Table 3, the values of m are smaller 
than those of n, and m + n is within the range of 
1.60-2.22.

The correctness of the kinetic model proposed
using the S-B equation was verified by plotting dα/dt
versus temperature T (experimental dots) and simula-
tion curves (full lines) as shown in Figure 7. 

Figure 7 presents a comparison of experimental
and simulation values for two samples (No. 1 and 
No. 3) of the six samples. It is evident in Figure 7 that
a good agreement can be deduced from the simulation
curve according to autocatalytic model (eqn 6) with
the obtained data and those determined experimental-
ly, especially in the prophase of curing reaction. In
other words, the two-parameter S-B model can be

used for the studied curing systems and the kinetic
equation of these systems can be described by eqn (6),
though it is observed that some deviations appear in
the last stage. 

This deviation phenomenon between simulation
curves and those determined experimentally was also
discovered in other LC or isotropic epoxy resins 
curing process determined by a non-isothermal DSC
[23,24], although it is different from isothermal DSC,
in which the experimental curves are usually lower
than simulation curves at the last stage. This deviation
appears to be due to the onset of gelation and 
vitrification where the mobility of reactive groups is
hindered and the rate of conversion is controlled by
diffusion rather than by kinetic factors [25]. In the
non-isothermal curing process, the experimental
curves are usually higher than simulation curves as it 
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Table 2. Values of αP, αM, and αP∞ are evaluated with the DSC data of 3 samples.

Sample
code

Heating rate αP αM αP∞

(°C/min)

No. 1

No. 3

No. 6

5
10
15
20

5
10
15
20

5
10
15
20

0.3955
0.4342
0.4452
0.4384

0.4527
0.4984
0.4519
0.4699

0.5037
0.5424
0.5786
0.5374

0.2742
0.2540
0.2719
0.2340

0.2561
0.2424
0.2442
0.2200

0.1928
0.2674
0.4151
0.3832

0.3954
0.4531
0.4627
0.5071

0.4666
0.5034
0.4945
0.4968

0.5074
0.5667
0.5769
0.5550

Table 3. Kinetic parameters evaluated for six samples.

Sample 
T (°C)                  code

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6

Ea (kJ/mol)
n
Standard deviation
m
Standard deviation

75.54
1.63

0.258
0.58

0.139

71.62
1.35

0.318
0.47

0.174

73.99
1.42

0.098
0.44

0.049

70.68
1.16

0.138
0.45

0.136

69.55
1.17

0.112
0.44

0.013

122.4
1.26

0.209
0.64

0.302



Figure 7. Comparison of experimental (symbols) and 
calculated (full lines) DSC curves for (a) No. 1 and (b) No. 3
samples. 

has been reported elsewhere [23,24]. This can be
interpreted by free volume considerations [26]
because in non-isothermal DSC, the temperature of
samples increases gradually with time and the free
volume of materials and molecular activity increase
with temperature, simultaneously. Therefore, the 
diffusion rate and kinetic energy of reactive groups
are enhanced, leading to higher reaction rates. 
Thus, experimental curves may be higher than 
simulation curves at the last stage for non-isothermal
process.

Mechanical Loss and Glass Transition
Temperature
Because the glass transition temperature (Tg) can be
used effectively to monitor the molecular motion and
curing reaction, the TBA method can be used to 
determine the Tg of the thermosetting system. It is
particularly useful at high conversion and after 
vitrification because of the non-linearity of Tg versus
conversion   [27]. 

Generally, there is a one-to-one relationship
between the Tg and mechanical loss peak temperature
Tp. With higher Tp there would be higher Tg depend-
ing upon the curing conditions, such as the amount of
cross-linked agent, curing temperature and time. By
varying these curing conditions, the peak temperature
Tp and Tg of the system will change. Thus, Tg has
been used directly as a parameter in the analysis of
reaction kinetic models, which can be determined by
TBA [27,28]. 

Figure 8 is the TBA graphs of cured systems which
shows the increase in Tp versus the increase in 
p-PEPB content. The maximal Tp is 168.4°C while the
content of p-PEPB is 5 wt%, and it is about 14°C
higher than that of pure BPAER system. This is for the
reason that the p-PEPB has a homogeneous distribu-
tion in the system at this concentration. In this co-
curing polymer network, the rigidity of the segments
and the macroscopically uniaxial orientation of LC
molecules are playing a more important role for

Figure 8. Dynamic mechanical graphs of BPAER/p-
PEPB/DDE for different p-PEPB contents. 
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Table 4. Relationship of mechanical loss Tp with p-PEPB
content.

enhancing the higher Tg, because the rigidity of LC
segments can increase the moving frictions of 
molecules. Another reason is that it is also related to
the higher Tm of p-PEPB. But, when the content of
the p-PEPB is higher than 8 wt%, the LC molecules
self-congregate and larger phase separation occurs,
and the moving layer friction between epoxy resins
decreases and the Tg is decreased again. The changes
of loss peak, Tp, with p-PEPB content  are shown in
Table 4.

CONCLUSION

The curing kinetics of liquid crystalline epoxy resin
p-PEPB and BPAER/p-PEPB mixed systems with
DDE can be described by Ozawa equation. The Ea
value of curing reaction for p-PEPB/DDE is higher
than that of BPAER/p-PEPB mixed systems. For 
different α the values of Ea change accordingly, and
it is higher in the initial stage compared to those of
other stages. There is an exception for p-PEPB/DDE,
which shows that primary amines have a higher Ea
value than secondary amines. Besides, alcohol
hydroxyl group has a catalyzed role in the DSC
experiment and can lower the Ea value of curing 
reaction. The LC phase can be formed in the curing
process for pure LC system and LC-modified
BPAER systems. The two-parameter autocatalytic
Sestak-Berggren model (m and n) is the most 
adequate model to describe the curing kinetics of the
studied systems at non-isothermal condition. The
average reaction orders (m and n) for p-PEPB/DDE
are 0.64 and 1.26 and for BPAER/p-PEPB/DDE are
0.48 and 1.35, respectively. The dynamic mechanical
loss peak temperature is increased about 14°C 
compared to that of pure BPAER system when the 
p-PEPB content is 5 wt%. The co-cure of LC p-PEPB
with conventional epoxy resins can increase the Tg,
as well. 
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