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Aiming to reduce aircraft weight, aeronautic industry seeks alternative materials and processes
used to join its different structural parts. An option to traditional methods are high performance
adhesive joints, which reduce weight, number of parts and component final cost, also resulting in
higher strength structures. Although, the lack of experimental data to provide a detailed structural
characterization of these joining techniques had limited their commercial application. The proposal of
this work is to investigate the Mode I interlaminar fracture toughness under quasi-static loading using
DCB specimens of carbon composite joints made by co-bonding and secondary bonding techniques,
the latter giving more reliable results. For a better understanding on the failure in the systems, DSC and
microscopy techniques were applied, from which three stages of delamination process during testing
were observed: 1 Stage) Cohesive failure represented by an unstable crack propagation from a high
energy level; 2" Stage) transition from cohesive to adhesive and final intralaminar failure mode with
lower energy levels than Stage 1; and 3™ Stage) completely stable propagation at low energy levels

(delamination migrates from intralaminar to interlaminar, entirely in the substrate).
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1. Introduction

In the last few decades, the use of composite materials in
the aeronautic industry has grown, resulting in the development
of aircrafts with higher structural performance and optimized
manufacturing processes, decreasing fabrication time, costs
and operational risks'. Such development is due to the
advantages the use of these materials brings, like resistance
to corrosion, fatigue, impact and thermal stability, besides
the more attractive mechanical characteristics in comparison
to metallic materials? traditionally used.

Additionally to composite material itself, the study of
alternative bonding techniques has also become a topic of
relevance in the industry, taking place of the conventional
screws and rivets, which not only increase weight but also
deteriorate the components structural capacity because they
actuate like a stress concentrator contributing to severe
delamination problems®*.

In this manner, co-cure, co-bonding and secondary
bonding techniques have received special attention in recent
years, with emphasis on the last two for allowing more
varied project designs, sizes and simpler manufacture?®,

*e-mail: camila.cbgb@gmail.com.

besides lowering or suppressing the stress concentration®.
The difference between each of them is that in co-cure, two
uncured laminates are cured simultaneously, in the presence
of an adhesive or not. For secondary bonding, both laminates
are already cured when the bonding is established by an
adhesive that requires the system to return to autoclave to its
cure. Lastly, co-bonding has only one of the laminates cured
prior bonding, requiring the system to return to autoclave to
cure the uncured laminate and the adhesive.

Nevertheless, a deeper understanding on the mechanical
and failure behaviors of structures obtained using these new
joining technologies is still needed in order to enable their
use on applications of high structural loading, replacing
the fasteners used in conventional designs. In this case,
fracture toughness under Mode I failure (G, ), is one of the
parameters to be evaluated in order to verify the reliability
and certifiability of these new joining technologies®.

In the work of Blackman et al.¢, for example, a polymeric
composite reinforced with unidirectional carbon fiber IM7/977-2
manufactured by Cytec Fiberite®, epoxy structural adhesive
of general use and secondary bonding process resulted in
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the G, values of 151 J/m* (0.151 N/mm) (initiation) and
208 J/m? (0.208 N/mm) (propagation). In a complementary
work, Blackman et al.” studied the effects of water in the
carbon fiber reinforced polymer plates prior to bond them
by secondary bonding technique, which resulted in a G, of
202 J/m? (0.202 N/mm) for joints prepared with substrates
that were not submitted to a previous conditioning.

Ashcroft, Hughes and Shaw® reported a detailed study
on G, characterization of secondary bonded joint samples
produced from cured graphite fiber and matrix BMI/epoxy
panels with a toughened epoxy adhesive film. According to
the authors, the delamination process in this type of joint is
dominated by a sequence of rapid growth and arrest phases,
named stick-slip behavior. The authors related a different
G value for each phase observed in this phenomenon: G,
that starts the rapid and unstable crack propagation (where
light-fiber-tear failure is dominant) and G, that stops the
fast crack growth when it is reached and initiates the phase
of slow growth (with cohesive failure in the adhesive as the
dominant failure mechanism). Therefore, G, was found to
present values up to 400 J/m* (0.4 N/mm), while G, varies
between 200-300 J/m? (0.2-0.3 N/mm). Throughout this work,
the terms "stable propagation" and "unstable propagation”
will refer to crack growing in a steady slow rate and in a
fast unexpected manner, respectively.

In a work conducted by Moura, Campilho and Gongalves’,
G, of 0.4+0.02 N/mm was found for secondary bonding
samples, composed of unidirectional carbon/epoxy prepreg
(SEAL® Texipreg HS 160 RM) and Araldite® 2015 adhesive,
using the corrected beam theory for data reduction, same
method used in this work.

To investigate the influence of manufacturing and in-
service factors that may deteriorate the bonding quality of
adhesively bonded composites for aeronautical applications,
Markatos et al.'’ loaded carbon/matrix T700/M21from Hexcel®
specimens on Mode I delamination tests considering different
processes. For the reference samples, values of 1200 J/m?
(1.2 N/mm) were found, while the worst case, corresponding
to a poor curing of the adhesive, condition defined by the
temperature being kept below the one prescribed in the
respective guidelines (resulting in a unfinished curing process),
caused a decrease in the G, value under 100 J/m* (0.1 N/
mm), lightening the influence bonding joint manufacturing
has in the final structure strength.

In an opposite direction of investigation, Gude et al."!
studied the improvement on composite adhesively bonded
structures due to the addition of carbon nanoreinforcements.
The work shows the results obtained from unidirectional
carbon fiber/epoxy prepregs 8552/34%/UD134/AS4-12K
from Hexcel® cured in autoclave and joined by an epoxy
adhesive produced by Sigma-Aldrich®. The value of G, for
samples joined with conventional epoxy adhesive by the
corrected beam theory method was 85 J/m? (0.085 N/mm).
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On the other hand, samples made out with adhesive reinforced
with carbon nanotubes was 115 J/m? (0.115 N/mm). The
crack growth behavior also changed from stable continuous
to unstable stick-slip, changing as well the failure mechanism
from purely adhesive to adhesive with some areas of cohesive
failure in the adhesive.

Similarly, Guo et al.> developed a work that evaluates a
method based in the integration of nylon veil surface-loaded
with silver nanowires to increase both electrical conductivity
and interlaminar fracture toughness of an unidirectional
carbon fiber/epoxy matrix T800/5228 prepreg cured in an
autoclave following manufacturer's instructions. For the
control sample, with no interleaf, a G, of 306 J/m* (0.306
N/mm) was found.

Still analyzing the influence of the adhesive on the
fracture energy release rate, Katsiropoulos et al."* performed
tests with both LMB Huntsman® and Epibond® 1590 A/B
adhesive and evaluated the influence of adhesive thickness
in joints between AS4/8552 laminates. Surprisingly, for an
adhesive thickness of 0.5 mm, LMB presented a G, value
of 250 J/m? (0.25 N/mm), but for a thickness of 1.5 mm,
this value decreased to 125 J/m? (0.125 N/mm), while the
Epibond adhesive showed an enhance in the Mode I fracture
toughness value from 115 J/m? (0.115 N/mm) to 250 J/m?
(0.25 N/mm) when its thickness is increased.

As presented, although composite laminates adhesively
bonded and their fracture toughness have been largely
studied, there is no consensus in the open literature about a
consistent value of G, for each joining technology, once it
depends on the substrate material and manufacturing process
as well of the adhesive type and curing process used, besides
other specimen preparation variables. As a conclusion, the
results from open literature cannot be compared because the
materials (both fiber and resin), specimens' dimensions and
cure parameters are different from the ones used in this project.

Few studies regarding systems identical to those tested
in this work were found in literature: Encinas et al.> used a
similar system, with unidirectional TS00H/3900-2 prepreg
from Toray® and adhesive film EA 9696 from Henkel®
Hysols, where values around 0.6 kJ/m? (0.6 N/mm) were
obtained for the Mode I fracture toughness, even though the
bonding technique has not been defined.

Therefore, the objective of this work is to investigate
the Mode I fracture toughness of two distinct joint systems
applied to laminates composed of unidirectional carbon
fiber T800 and epoxy matrix 3900-2C (Toray®) with epoxy
adhesive EA 9695 (Henkel®). For a better understanding
on the failure process, adhesive from each technology was
subjected to differential scanning calorimetry in order to
assess possible variations in its molecular structure and the
fracture surfaces of the tested samples were examined with
stereoscopy and scanning electron microscopy to identify
the mechanisms involved in the failure modes.
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2. Experimental Procedures

2.1 Samples preparation

Two adhesive bonding techniques are studied in this
project: co-bonding (CB) and secondary bonding (SB). For
the first one, two composite plates were manufactured with
a [0°],, layup, using unidirectional Toray® T800/3900-2C
prepreg. One of the plates was cured in an autoclave at 177
°C with its surface protected with peel ply, which consists
in a ply applied to the laminate surface prior cure. After that,
the ply is removed, which creates a rough surface as a result
of the peel ply's fibers imprints, consequently improving
adhesion. To form the [0°],; laminate, the cured plate and
the second plate (still uncured) were bonded using the epoxy
Loctite® EA 9695 adhesive with a polyester net placed in
its middle plan to maintain its thickness of 0.226 + 0.3 mm
homogeneous throughout its length. A Teflon® film of 0.085
mm thickness and 60 mm length was inserted on one end
of the total laminate, between the two plates, to simulate
an initial crack. Finally, the entire system returned to the
autoclave at 177 °C for the cure of the adhesive.

For the second technique, two unidirectional [0°],,
laminate plates also made out of Toray® T800/3900-2C
prepreg were cured in autoclave at 177 °C also with the peel
ply surface treatment to improve adhesion. To produce the
specimens, the cured laminates were bonded together using
the epoxy Loctite® EA 9695 adhesive with 0.226 + 0.3 mm
of thickness containing the polyester net. The Teflon® film
of 0.085 mm thickness was also inserted between the two
plates, in the middle of the total laminate to simulate an
initial crack and the entire system returned to the autoclave
to cure the adhesive accordingly to the material data sheet
specifications'®. Therefore, in the co-bonded laminate, only
one of the [0°] , laminates is post-cured, whereas in the
secondary bonding, both sides are post-cured in the autoclave.

After fabricating the [0°],, laminates, test samples of
double cantilever beam type (DCB) with standardized
dimensions of 170x20x5 mm were cut from the plates, as
shows Figure 1, following the ASTM D5528-13" standard,
to characterize the Mode I interlaminar fracture toughness.

Figure 1. DCB specimens dimensions for Mode I interlaminar
fracture toughness tests. h =5 mm for all samples

2.2 Mode I fracture toughness characterization

The crack propagation was measured using a high
definition camera with macro lens attached to it. The samples
were white painted on both sides in order to enhance the
crack tip visualization. Vertical lines were drawn every 1 mm
from the end of the Teflon® insert, where the delamination
process should start, until 50 mm and then after every 5 mm
for the following 30 mm.

For all tests, aluminum loading blocks were used to
apply the load in the samples. Each block was bonded with
epoxy adhesive in the specimens' ends where the Teflon®
insert was placed.

The samples were then attached to an Instron® 5500R
testing machine (Figure 2) with a loading cell of 2 kN.
The load was applied with a constant displacement rate of
1 mm/min. The tests were conducted at 25°C and relative
humidity of 50%.

The delamination extension as a function of the applied
load was registered using a crack marker that was pressed
every time the crack crossed one of the vertical marks made
in the lateral of the samples, which was observed with an
Imetrum® Video Gauge 3.0 camera placed in front of the test.

The energy release rate expression, given by Equation
(1), is obtained from the beam theory for a double cantilever
beam, considering the correction factors for both rotation
at the delamination front and large displacement effects'>!¢:

_ 3PSF.
G1_2w(a+|A|) M

where P is the applied load, J corresponds to the
transversal displacement where the load is applied, a is the
crack length, w is the sample width, 4 is the correction for
the rotation that may occur at the delamination front and F,
is the correction factor for large displacements'>.

2.3 Stereoscopic analysis

Looking for a better understanding of the failure process
on each specimen, the surfaces were examined with a
Olympus® Infinity SZ 61 stereoscope, with 110AL2X-2
WD38 lens and SZ2-LGB lighting system with a LED lamp
of 3290K (Olympus®).

2.4 Fractographic analysis

Stereo microscopes are not always the most appropriate
equipments to study fracture surfaces. In those cases, Scanning
Electron Microscopy (SEM) must be used to achieve a satisfactory
magnification when analyzing a fracture process. A Vega3
Tescan® system was used. The samples required cleaning in
an ultrasonic bath and drying before being sputtered with a
thin gold layer by a Q150R Quorum® coating system. After
this preparation, the samples could be investigated.
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Figure 2. a) Experimental apparatus used for the Mode I interlaminar fracture toughness characterization; b) Specimen attached to the

machine by the loading blocks

2.5 Differential scanning calorimetry

For a deeper understanding on the molecular differences
between each bonding technology, Differential Scanning
Calorimetry (DSC) was performed to assess the glass
transition temperature of the adhesive used in each one.
Approximately 3.5 mg of granular samples collected from
tested specimens were tested in a PerkinElmer® Pyris 1 DSC
equipped with a PerkinElmer Intracooler 2P cooling device
with a purge rate of nitrogen of 20 cm*/min at a heating rate
of 10°C from 20°C to 350°C.

3. Results and Discussion

In total, sixteen samples were tested (eight for each
technology). During the mechanical tests, stick-slip behavior
was observed in CB technology, which is a phenomenon
characterized by regions of almost no crack growth as
the load increases and, reaching a critical energy release
rate value, crack propagates unstably and the load drops
unexpectedly®, which leaves a very well-defined pattern on
the fracture surface, as shows Figure 3.a.

The regions where almost no crack growth was observed
are seen as the thin light-gray vertical stripes that separate
the dark-gray regions where unstable propagation occurred.
In the case of SB samples, after the first length of unstable
propagation (dark-gray area), the remaining length experienced
a crack growing stably (light-gray area), as can be seen in
Figure 3.b. Figure 3 also correlates each fracture surface with
the corresponding Load versus Crack length curve. The red
lines relate how far the crack propagated (unstably) when
the drop in load happened. For each peak, the correspondent
region where crack remained almost completely stagnated
while the load increased is the light-gray stripe that precedes
the dark-gray region of unstable propagation.

The stick-slip behavior can be explained as a result of a
plastic region formation in the crack tip just after the unstable
growth. A slow propagation is observed while the crack stays
inside this region, which is followed by a rupture where the
crack rapidly enters the "virgin" material region that was
not affected until then'’. In Figure 3, the stable propagation
regions are evident as they present a lighter color than the
unstable regions.

The Mode I propagation fracture toughness values are
presented as a function of crack length on Figure 4 for both
bonding techniques. These values were obtained using the
Modified Beam Theory Method®!"s (Eq. 1). The initiation
values were obtained by visual observation (VIS)!'S, which
accordingly to Blackman et al.%, presents values between
the most and the less conservative methods for determining
G, (deviation from linearity (NL) and 5% offset/maximum
load (5%/Max), respectively).

In Figure 4.a, it can be seen that the fracture toughness
mean values obtained from the arrest phase for co-bonded
specimens varies between 0.3 N/mm in the beginning of
propagation, with a larger standard deviation, to 0.25-0.2 N/
mm at the end of propagation, with much lower deviation.
For the secondary bonding (Figure 4.b), however, the
standard deviation remains practically the same for all crack
lengths with fracture toughness mean values varying more
in comparison to co-bonded results, even though the initial
and final values of CB and SB are almost equal. Table 1

shows the initiation, G, ., and propagation (all other values

with exception to the inlictiation one), G, fracture toughness
values for co-bonded and secondary bonded samples with
their respective standard deviation.

Even though stick-slip occurs in co-bonded samples
only, this behavior did not affect in a relevant manner the

mean values of fracture toughness compared to the secondary
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Figure 3. Load versus Crack Length curves correlated to the tested specimens fracture surfaces. a) co-bonded; b) secondary bonding

Figure 4. a) Mode [ fracture toughness of co-bonded joints; b)
Mode I fracture toughness of secondary bonded joints. The black
line corresponds to the mean fracture toughness and the shaded
area corresponds to the standard deviation

Table 1. Pure Mode I initiation (G,.) and propagation (G]p) fracture
toughness values of co bonding and secondary bonding techniques.

Bonding

Technology G, [N/mm] Glp [N/mml]
Co-bonding 0.158 +0.026 0.235+0.048
Secondary bonding 0.191 £ 0.093 0.220 + 0.068

bonded ones, what makes both technologies very similar if
compared quantitatively. However, because stick-slip consists
of a sequence of rapid, unexpected propagation phases, its
presence is not desirable for a project, making secondary
bonding a better technology to be applied in the structure.

Itis observed from Figure 4 that the dispersion is greater
in the beginning of the propagation for the co-bonded
technology, becoming more homogeneous and less sparse
from a crack length of 105 mm, whereas for secondary
bonding, standard deviation is practically constant along
the propagation. This fact is related to the failure locus: as
crack leaves the adhesive and migrates to the substrate, it is
observed that propagation tends to become more stable and
fracture toughness decreases. This difference experienced
by fracture toughness that is related to the failure locus is
reported by other authors, where cohesive failure presents a
higher energy release rate than interlaminar failure'®.

Only articles that analyzed secondary bonding technology
were found in the open literature. Blackman et al.® found
more conservative values of G, (151 J/m? (0.151 N/mm)
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for initiation and 208 J/m? (0.208 N/mm) for propagation)
for a IM7/977-2 laminate, while Ashcroft, Hughes and
Shaw® and Moura, Campilho and Gongalves® obtained
values above those calculated here, between 400-600 J/m?
(0.4-0.6 N/mm) during the unstable propagation stage for
a graphite fiber BMI/epoxy system and 0.4+0.02 N/mm for
a Texipreg HS 160 RM system, respectively. Meanwhile,
Guo et al."” found values of G around 306 J/m* (0.306 N/
mm) from the reference tests on unidirectional carbon fiber/
epoxy matrix T800/5228 prepregs. These works show that
even with some variation, the results obtained herein are in
the same order of magnitude for carbon/epoxy composites
adhesively bonded tested worldwide, validating the current
methodology.

Figure 5 shows stereoscopic images of the surface areas
of more interest for study. Thus, regions from the beginning
of propagation and regions where the transition between
cohesive and interlaminar failure occurs are presented.

Figures 5.a.A and 5.b.C were made at the insert/first
crack propagation border region. Figures 5.a.B and 5.b.D
were made at the border between cohesive and intralaminar
failure in the composite. During cohesive failure, the polyester
net placed in the adhesive middle can be seen in detail.

The similarity between Figures 5.a.A and 5.b.C indicates
that the beginning of propagation occurred in a similar manner
for both technologies, starting with cohesive failure (which can
also be observed by maximum point of stick-slip in Figure 3,
where the maximum load and drop of load are practically
equal), corresponding to the first stage of delamination. The
first high peak, common to both technologies, might be a
result of a resin pocket in front of the insert, which holds
the crack propagation until a critical value is achieved. On
the other hand, Figures 5.a.B and 5.b.D show three different
regions: dark-gray region of cohesive failure, where unstable
propagation happened; light-gray region, also of cohesive
failure, where stable propagation happened; and adhesive/
intralaminar failure, where the yellow color of the adhesive
and substrate fibers can is observed, corresponding to the
second stage of delamination.

However, notice that these figures differ because in
Figure 5.a.B, the stable propagation area is limited to a
small stripe, while in Figure 5.b.D it extends for all the
remaining length. Propagation also becomes more stable
as the failure changed from cohesive to adhesive and then
intralaminar, finally becoming completely interlaminar,
progressing in the substrate, where the third and final stage
of delamination occurs.

As microscopy made with stereo microscope could not
address conclusive images, SEM analysis was performed.
Figure 6 brings fractographic images of the most interesting
areas. Figures 6.a and 6.c show regions where the separation
between unstable and stable propagation occurred, while
Figures 6.b and 6.d show the transition from cohesive to
interlaminar failure.
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As seen from Figure 3, the larger the region of
interlaminar failure, the lower maximum load magnitude.
This transition caused a consequent diminish in the value of
fracture toughness, once substrate was found to be the path
of lower energy for the propagation'®. From fractographies
presented in Figures 6.b and 6.d, it is possible to see crack
growing from cohesive region (first stage of propagation),
crossing the most superficial resin layer that covers substrate,
where microcracks and scarps (tradicional fractographic
features from Mode I failure) are observed (second stage
of propagation), before finally reaching substrate and starts
to propagate among fibers (interlaminar and third stage of
propagation).

From Figures 6.a and 6.c, for both CB and SB samples it
is possible to see that where stable crack growth happened,
a more deformed surface can be seen, corresponding to
the light-gray areas previously observed, while unstable
propagation resulted in a featureless surface, with almost
no deformation, corresponding to the dark-gray regions.
This evidence corroborates the explanation for the stick-
slip mechanism, with crack tip blunting and formation of a
plastic region ahead of it, but it cannot explain the different
behavior between CB and SB, that has not presented stick-
slip, even though both technologies seem to be very similar
to one another.

Hunt, Kratz and Partridge'? related the stick-slip behavior
with the transition from cohesive to interlaminar failure modes
by subjecting a Hexply® prepreg to different curing paths. In
the work, the laminates submitted to a cure temperature above
the standard one (180 °C) presented unstable propagation
during testing, while the samples that stayed below this
temperature propagated stably. Comparing their results
with the ones presented on this paper, the secondary bonded
samples behaved alike the samples cured at temperatures
under 180 °C, presenting a short length of stick-slip and
then continuing with stable propagation for the rest of the
test. On the other hand, the co-bonded specimens resemble
those samples cured at the standard temperature, where the
stick-slip phenomenon is much more present.

Such observation suggests that a possible explanation
for the different behaviors between technologies is hidden
in the fact that on the secondary bonding technique, both
laminates were submitted to a post-cure process (first cure for
the fabrication of the plates and second to cure the adhesive),
while the co-bonded had only one of the laminates being in
the autoclave twice.

To assess this hypothesis, adhesive samples collected
from both bonding technologies specimens after static tests
were submitted to DSC. The main objective here is to obtain
the glass transition temperature (Tg) of the adhesive from
each technology and verify if there are differences between
both. As glass transition temperature is the temperature at
which polymer chains have mobility to move relatively
to each other, Tg also reflects the molecular structure of
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Figure 5. Samples stereoscopies: a) co-bonded; b) secondary bonding. Magnification of 1.5x

materials®. Following ASTM Standard D3418%, Tg is at
half-height between DSC curve baseline and the plateau
after shifting. This step is a result of the difference in heat
capacity that accompanies glass transition. Sometimes, it is
easier to identify the curve shift using the derivative of heat
flow versus temperature curves, where glass transition become
the peak of this new curve. Figure 7 shows the derivative
of heat flow versus temperature for CB and SB samples.

From DSC analysis, values of 105.24 + 4.31°C and
113.57 + 11.78°C were obtained for the adhesive collected
from CB and SB samples, respectively. It may not be a
considerably difference, but it can show a trend where SB
technology results in adhesive with higher cross-linking
density during cure process compared to CB, which leads
to a lower chain mobility and, consequently, higher glass
transition temperature.
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Figure 6. SEM images of: a and b) co-bonded; ¢ and d) secondary bonding specimens. Magnification of 50x, 500x, 50x and 1000x, respectively

Figure 7. Derivative of heat flow versus temperature curves of:
top) co-bonded; bottom) secondary bonding specimens

This difference in glass transition temperature between the
bonding technologies can be responsible for the differences
that occurred during their mechanical tests. The lower Tg
observed for CB adhesive could be explained by the fact
that uncured materials contain free and bound water (the
first bonds with resin by one single hydrogen bond whereas
the second bonds by multiple hydrogen bonds**?), which is
released during cure process. SB has only the water from the
adhesive to be released, while CB still has an uncured laminate
to be cured. This additional released water from the uncured
laminate could act as a plasticizer in the adhesive and, then,
contributes to the lower glass transition temperature reported
herein®** and, consequently, to the difference behavior.
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4. Conclusions

For a better understanding of the failure modes on composite
joints produced by co-bonding and secondary bonding techniques,
the Mode I fracture toughness was investigated. The G, values
obtained from the co-bonded specimens present a slightly
lower standard deviation along the propagation length than
those obtained from the secondary bonding tests, but secondary
bonding presented a more stable propagation during the tests,
which is a more desirable behavior in terms of project, as
stick-slip can be more difficult to predict.

Microscopy was applied to clarify the fracture mechanisms.
Three distinct zones could be observed for both technologies,
each one associated to stages obtained during the mechanical
tests: 1% elevated initiation energy and unstable crack propagation
(mainly cohesive failure, inside the adhesive); 2™ crack grows
with an energy lower than the one from initiation (transition from
cohesive to adhesive during a very short length, soon becoming
intralaminar); and 3™ the energy decreases considerably and
propagation is completely stable (delamination continues as
interlaminar, continuing inside the substrate). Besides that,
fractography allowed the confirmation of the hypothesis that
explained the stick-slip mechanism, where the small region
related to the arrest phases showed a more rough surface due to
the plastic deformation in that area in comparison to the larger
dark areas of fast propagation, with a more smooth aspect.

To evaluate the reason that led to different behavior between
CB and SB, glass transition temperature of adhesives obtained
from each technology was assessed using DSC technique. After
the test, it was obtained a trend where CB presents lower Tg than
SB, which can be a result of the inherent moisture present in
the uncured laminate that is released during cure, consequently
causing some plasticization effect in the adhesive.
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