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Abstract: A novel one component thermal curable epoxy adhesive composed of all liquid reactive ingredients was
developed recently. Its thermal cure behavior was measured and analyzed with differential scanning calorimetry isothermal
method. Workability and pot life at room temperature as well as storage stability and shelf life under chilled, frozen conditions
were measured and analyzed by monitoring its viscosity change during the storage period. The measurement results confirmed
that the novel one component epoxy adhesive can cure well at relatively low temperature and its pot life is much longer than
conventional two component epoxy adhesives with similar curability and adhesion performance. The novel one component
epoxy adhesive was also confirmed to be very stable and its shelf life can be several years long under suitable frozen storage.
Based on cure behavior measurement results, cure kinetics of the novel one component epoxy adhesive was investigated.
Arrhenius equation obtained from kinetics plot curve was applied to predict pot life and shelf life and it was found that the
predicted pot life and shelf life correlate very well with actual measured results. Crystallization temperature of the novel epoxy
adhesive was also measured and found to have close relationship with storage stability. This study verified that differential
scanning calorimetry isothermal method can be used to predict shelf life of one component epoxy products. In addition,
crystallization temperature measurement can be utilized for better stable epoxy adhesive development and suitable storage
temperature determination.
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agents have become more and more important especially for
high production efficiency required applications such as
semiconductor packaging, electronics assembly and automobile
productions [6-9]. One component epoxy adhesive normally
needs elevated temperature cure. Various latent curing agents
have been developed and commercialized. Most of
commercially available latent curing agents, such as
dicyandiamide, modified imidazole or polyamine type fine
powders, are in solid state [10-13]. Solid type latent curing
agent, usually dispersed in epoxy resin as one component
material in appearance, has much lower reactivity with epoxy
resin at room temperature because of much smaller contact
opportunity with epoxy group as compared to liquid type curing

1. Introduction

Epoxy adhesives have been widely used in various
applications ranging from general purpose, semiconductor
packaging, electronics assembly, automobile production to
aerospace industry because of their cured strong chemical
structural network and high adhesion to different kinds of
substrates [1-5]. Epoxy adhesives are usually supplied in two
components by mixing and packing epoxy resin composition
separated from curing agent composition due to high reactivity
between epoxy resin and curing agent once mixed together. In
recent decades, one component epoxy adhesives which contain
all formulated compositions including epoxy resins and curing
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agent. It will melt and dissolve in epoxy resin and start to cure
epoxy resin at certain elevated temperature. The solid latent
curing agents, however, often cause incomplete cure problems
resulting from insufficient dissolving in actual uses [14].

Research and development on liquid type latent curing agents
have been attracted attentions in the past years to resolve
incomplete cure problems [15-17]. Recently we have developed
a novel pure liquid one component thermal curable epoxy
adhesive that is composed of all liquid reactive components
including blend epoxy resins, a liquid type latent curing agent
and an accelerator [18]. The novel pure liquid one component
epoxy adhesive has achieved qualification in one high end
electronics assembly application where normal one component
epoxy adhesive is not suitable for use due to serious un-cure
problem at very narrow areas.

One component thermal cure type epoxy adhesive should
have fast curability at certain elevated temperature, acceptable
level workability for uses at room temperature and good stability
during storage. Pot life, defined as the storage time when
viscosity increases to twice of initial one, is one key factor for
adhesive workability determination. Shelf life is the maximum
storage time at the designed storage condition, usually in
refrigerator or freezer for one component thermal curable epoxy
adhesive, during which the adhesive can be still used with no
obvious property changes. Determination of shelf life, however,
is based by far on real time measurement at the designed storage
temperatures. The determination normally needs up to several
months or even years and always causes delay of introduction of
new one component thermal cure epoxy adhesive product to the
market. Differential scanning calorimetry, abbreviated
commonly as DSC, is the most popular method used to
determine curability of thermoset resins including one
component thermal cure epoxy adhesives. DSC has also been
used for the kinetics reaction study on epoxy adhesives [19-26].

In this study, the newly developed novel pure liquid one
component thermal cure epoxy adhesive is selected as adhesive
material. Pot life and shelf life are measured by monitoring the
viscosity change at the set temperatures. Curability is measured

at various cure temperatures by DSC isothermal method.
Kinetics curve is plotted based on DSC isothermal measurement
result. Regression of the curability and workability, stability is
studied and discussed. Stability behavior at frozen storage has
also been investigated and discussed.

2. Method
2.1. Adhesive Material

The newly developed pure liquid one component thermal
curable epoxy adhesive was used directly for measurement and
analysis without any modification. This novel epoxy adhesive is
composed of blend epoxy resins with a liquid type latent
modified imidazole curing agent and a liquid accelerator. All
these components are reactive components in liquid state. It
appears as an amber liquid at room temperature. Initial viscosity
is 7100 mPas/25°C. Glass transition temperature is 121°C,
measured with TMA (Thermal Mechanical Analysis) method by
cured @ 90°C for 60 minutes.

2.2. Viscosity Measurement

Viscosity was measured at 25°C by HAAKE RheoStress
3000 Viscometer with the use of a 2°C one. Adhesive
samples stored in a refrigerator or freezer were thawed to
room temperature for 30 minutes before testing. Adhesive
sample cured at 90°C was cooled momently down to room
temperature by using a cool dryer.

2.3. DSC Measurement

Cure behavior of the novel epoxy adhesive was measured
by PerkinElmer Pyris 1 Differential Scanning Calorimeter at
temperatures of 80°C, 90°C, 100°C, 110°C, 120°C, 130°C,
140°C and 150°C. Standard isothermal method was used to
analyze the result. Crystallization temperature of the novel
epoxy adhesive was measured by DSC with a scanning rate
of 5°C per minutes starting from -60°C to 250°C.

3. Result
3.1. DSC Cure Behavior
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Figure 1. DSC Isothermal Cure Chart.
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Figure 2. Cure Degree vs Cure Time.

Curability of the novel epoxy adhesive was measured at
various temperatures ranging from 80°C to 150°C by
isothermal DSC method. DSC isothermal results measured at
90°C to 140°C, were shown in Figure 1. It can be seen that
full cure of the novel epoxy adhesive can be almost achieved
within 30 minutes at 90°C, within 10 minutes at 110°C and
within 5 minutes at 130°C, respectively. Figure 2 shows cure
degree vs. cure time at various testing temperatures. DSC
testing results clearly confirmed that the novel epoxy
adhesive possesses very good curability. It can cure well
within 30 minutes at relatively low temperature of 90°C.
Cure time can be further shortened to within 5 minutes at
temperatures with higher than 130°C.

3.2. Viscosity Stability and Pot Life

Viscosity change is commonly used to check work time of
epoxy adhesive products. Figure 3 shows viscosity
measurement results of the novel epoxy adhesive stored at
25°C. At the beginning stage, viscosity increasing rate was
relatively moderate. It became much faster after stored
around 20 hours. Its pot life, the storage time at which the
viscosity increases to two times of initial one, is measured at
19.2 hours from Figure 3. This pot life is much longer than
only less than two hours of conventional two component
epoxy adhesives that have similar curability and product
performance.
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Figure 3. Viscosity Stability at Room Temperature.

3.3. Storage Stability and Shelf Life
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Figure 4. Viscosity Stability at 5°C.

One component epoxy adhesive product normally needs
storage conditions in a refrigerator or a freezer due to its
high reactivity to ensure no obvious property change
during storage before use. Typical storage temperatures
used are around 5°C for refrigerator condition, -20°C or -
40°C for frozen storage. Viscosity of the novel epoxy
adhesive stored at these three typical temperatures was
measured periodically. Figure 4 shows the result at 5°C
storage. As expected, viscosity increase rate became
slower than that stored at room temperature, 25°C but its
viscosity was still doubled within only a few days.
Refrigerator storage is not suitable for this epoxy adhesive
product due to its relatively short shelf life. Viscosity
stability result at -20°C frozen storage in Figure 5 Shows
that the shelf life of this adhesive extended to a few
months at -20°C storage, indicating that short time storage
is acceptable for this novel epoxy adhesive product.
Figure 6 shows viscosity stability results for -40°C frozen
storage. As can be seen, there is completely no viscosity
change for up to nearly three year storage at -40°C. The
result showed that this novel one component epoxy
adhesive product is extremely stable and its shelf life
could be several years long at suitable frozen storage
condition. The above measurements confirmed that this
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novel one component pure liquid thermal curable epoxy
adhesive product possesses very good low temperature
curability with useful level workability and long enough shelf
life at suitable frozen storage condition.
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Figure 5. Viscosity Stability at -20°C.
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Figure 6. Viscosity Stability at -40°C.

4. Discussion
4.1. Correlation Between Curability and Stability

4.1.1. Reaction Rate Determination
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Figure 7. Viscosity Change at 90°C curing.

Viscosity increase of one component epoxy product is

thought to be mainly resulted from curing reaction of epoxy
resin. Figure 7 shows the viscosity increase curve at 90°C
curing condition. Cure time when its viscosity increased to
two times was measured at 7.5 minutes from the measured
viscosity increasing curve. By analyzing DSC isothermal
result at 90°C cure, cure degree for 7.5 minutes was
measured at 3.51%. In another word, cure degree of the novel
epoxy adhesive is 3.51% when its viscosity increases to two
times.

4.1.2. Kinetic Plot

By analyzing DSC isothermal result at other temperatures
[27-30], cure time at 3.51% cure degree were calculated. The
cure rate, abbreviated as r, was calculated at each cure
temperature based on below formula where t is abbreviated
from cure time: r = 0.0351 / t. Analysis results on DSC
isothermal chart from 80°C to 150°C cure are listed in Table
2. 1/Temperature and -Ln r are also calculated accordingly in
order to confirm Arrhenius kinetics regression. The kinetics
plot is shown in Figure 8. As can be seen, cure kinetics of
this novel epoxy adhesive follow well with Arrhenius
reaction model.

Table 1. DSC Cure Time at 3.51% Cure Degree.

Time @ 3.51%

o, - - - -
Temp. (°C) Temp.-1 (K-1) oo () Ln r, (sec-1)
80 0.002831 23.844 10.24
90 0.002753 7.500 9.459
100 0.00268 4.299 8.902
110 0.00261 2.379 8.311
120 0.002543 1.479 7.835
130 0.00248 1.067 7.509
140 0.00242 0.682 7.061
150 0.002363 0.633 6.593
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Figure 8. Arrhenius Kinetic Plot.

4.1.3. Correlation Between Reactivity and Stability

From Figure 8, kinetics equation is obtained as below
where t is the time when cure degree reaches to 3.51% which
means viscosity increased to two times of intial one as
described above. At lower storage temperatures, this t could
be called as pot life at room temperature or shelf life at
regregerator or freezer storage. From this kinetics equation,
pot life and shelf life can be thus calculated simply. The
calculated results with comparing to actual measred pot life
and shelf life data are listed in Table 2. As shown clearly,
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calculated data correlate very well with actual measured pot
life and shelf life results. This study verifies that DSC cure
behavior results can be used also to predict stable behavior of
one component epoxy adhesive.

-Lnr =8039.3/Temp-12.495
t=0.0351 x EXP [- (8039.3/Temp -12.495)]

Table 2. Shelf Life Comparison.

Shelf life, days

Storage condition

Calculated Measured
@ 25°C 18.6 hours 19.2 hours,
@ 5°C 5.4 5.6
@ -20°C 93 82
@ -40°C 1426 > 1073

4.2. Root Cause Analysis on -40°C Stability

From Figure 6, it was found that viscosity of the novel
epoxy adhesive was extremely stable at -40°C storage. There
2

was completely no viscosity change for up to nearly three-
year storage. The stability behavior at -40°C storage is much
different from those when stored at -20°C or above where its
viscosity is observed to increase from the beginning. DSC
was used also to measure phase change of the novel epoxy
adhesive. As shown in Figure 9, there was a phase change
observed at -23.1°C. This temperature is believed to be
crystallization temperature. The novel pure liquid epoxy
adhesive would be changed to solid state below -23.1°C.
Molecular movement of both epoxy resins and curing agent
would be almost stopped at crystallized state and this is
considered as the reason for outstanding long shelf life at -40°
C storage. This finding could, on the other hand, help to
design new epoxy products with longer shelf life by
optimizing its crystallization temperature with adjustment on
component ratio. This finding could be also utilized to
determine best storage temperature by measuring its
crystallization temperature with DSC method.
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Figure 9. DSC Crystallization Temperature Result, scanning rate @ 5°C /min.

5. Conclusion

Curability, workability and stability of a newly developed
novel pure liquid one component thermal curable epoxy
adhesive were investigated by viscosity and DSC
measurement. The results confirmed that this novel adhesive
possesses fast curability at relatively low temperature with
useful level pot life and years long shelf life at suitable
frozen storage. Regression study on cure Kinetics and
stability shows very good correlation between calculated and
real test result. This result verified that DSC isothermal
measurement can be used to predict stability of one
component epoxy adhesive product. In addition, it was found
in this study that crystallization temperature measurement
could be utilized for better stable epoxy adhesive
development and best storage temperature determination.
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