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The addition of two-dimensional nanomaterials to a polymer matrix is a widely known manner to mechanically
reinforce the material. The stress-transfer in the polymeric matrices, however, depends on an array of filler and
matrix properties as well as on their interface. In this work, we discuss the effects of the distinct levels of
interaction of graphene oxide, reduced graphene oxide and molybdenum disulfide with poly(vinyl butyral) in the
reinforcement of the polymer. For that, we employed the micromechanical analysis model originally developed
by Young et al., which describes the reinforcement behavior of graphene nanoplatelets in a wide range of
polymer matrices. Then, using an innovative approach derived from such analysis, we propose novel methods to

mathematically evaluate the effects of the filler content upon the polymer/filler interface, and for the deter-
mination of the mechanical percolation threshold.

1. Introduction

Poly(vinyl butyral) (PVB) is a terpolymer formed by randomly ar-
ranged vinyl butyral (VB), vinyl alcohol (VA), and vinyl acetate (VAc)
monomers, with properties varying according to the proportion of these
monomers in its structure. While VB monomers are hydrophobic,
granting elasticity, toughness, and compatibility with various plasti-
cizers to the polymer, VA provides adhesion to inorganic materials [1].
Moreover, the hydroxyl side group of the VA units is a suitable site for
hydrogen bonding [2,3], acting as a physical crosslinking and leading to
chain entanglement [4-6]. Windshield grade PVB has a considerable
amount of plasticizer in its composition, 25 to 30 wt%, that lowers the
polymer glass transition temperature to 16-18 °C [7], and make it to
present an elastomer-like tensile behavior [8-10]. The main PVB
application is as the intermediate layer of laminated glass, with auto-
motive and civil construction industries accounting for 52 and 43% of its
worldwide consumption. Nonetheless, the clean energy sector is

considered an emerging field for PVB due to its adoption in the encap-
sulation of photovoltaic cells and glasses [11].

Several nanofillers have already been reported to enhance diverse
PVB properties [12-16]. However, graphene oxide (GO) has been
identified as the most efficient to reinforce PVB [17]. The better effi-
ciency of GO was attributed to the interactions between the filler’s
oxygenated groups and polymer matrices. Hajian et al. [18] employed
GO to enhance not just mechanical properties of PVB, but its thermal
stability as well. The addition of small amounts of GO, from 0.1 to 0.6 wt
%, was enough to improve the thermal stability of the polymer. In terms
of mechanical reinforcement, with only 0.1 wt%, Young’s modulus and
tensile strength increased by 48.7% and 27.3%, respectively. The au-
thors attributed these improvements to the high aspect ratio of GO,
uniform dispersion in the matrix, and strong interactions between the
nanofiller and the polymer. Differently from graphene, which is well
known to be inert to polymers [19], the oxygenated groups that decorate
the GO surface tend to generate stronger interactions with the matrix,
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improve filler dispersion and, consequently, facilitate stress transfer [20,
21].

Another interesting class of nanomaterials to be employed as rein-
forcement for PVB is transition metal dichalcogenides (TMD), among
which molybdenum disulfide (MoS5) is the most studied [22]. The great
interest comes from the fact that the mechanical properties of MoS, are
comparable to those of GO. Moreover, the polarity of the sulfur surface
of MoS; may lead to interactions with polymers [23-25]. Wang et al.
[23] showed that polyurethane chains were adsorbed on the surface of
MoS; nanoplatelets via hydrogen bonding, generating nanoconfined
regions, which increased the effective volume fraction of the rein-
forcement. As a result, the stress transfer from the polyurethane matrix
to the nanofiller was highly efficient.

Within that scope, the development of polymer composites enhanced
by 2D nanomaterials is reaching a high degree of technological maturity.
Since the emergence of the pioneering graphene-based polymer nano-
composite [26], many advances were achieved, and the main challenges
are now being addressed on how to adopt these nanomaterials at the
industrial level in different applications [27-30]. However, the suc-
cessful mechanical performance of polymer artefacts depends on the
reinforcement of the filler, the matrix, and the interface. Thus, variables
such as the filler’s size, dispersion, and surface properties directly
interfere in the reinforcement efficiency, making the mathematical
assessment and manipulation of the behavior and features of a given
nanocomposite still a challenge to be addressed [28,31].

In this sense, Young et al. [32] has proposed a micromechanical
analysis-based model, derived from the shear-lag theory, capable to
predict the stiffening effect of graphene nanoplatelets (GNP) in poly-
meric nanocomposites. The model showed an excellent agreement with
the experimental results achieved in the case of composites made of
polymeric matrices of different stiffness. The efficiency of filler rein-
forcement [33], percolation threshold [34], filler confinement [35], and
agglomeration [36] could be discussed by Young’s group under the light
of the proposed model, but there is still space to increase the applica-
bility of the model, as shown in this work.

Herein, we evaluated the effect of the polar interactions between two
distinct nanofillers, i.e., graphene oxide and MoS; with a PVB matrix in
its mechanical reinforcement. The interactions between PVB and GO or
MoS; were assessed using Fourier transform infrared (FTIR) and ther-
mogravimetric analysis (TGA). Reduced graphene oxide (rGO) was also
employed to complement the observations. It was verified that the
higher the polymer/filler interactions, the better the filler dispersion and
mechanical reinforcement. The PVB/GO and PVB/MoS,; microstruc-
tures’ analyses through scanning transmission electron microscopy
(STEM) and X-ray diffraction (XRD) was employed to support such a
hypothesis.

Finally, the micromechanical analysis was employed in an innova-
tive way to assess the extent of the polymer/filler interphase upon the
volumetric fraction of these nanofillers. The observed interphase
behavior with the volumetric fraction of the filler enabled us to propose
a novel approach for the determination of the mechanical percolation
threshold within the matrix. The results agreed with the observed in
both mechanical and dynamic mechanical analyses of the corresponding
nanocomposites.

2. Materials and methods
2.1. Materials

Graphene oxide was exfoliated in absolute ethanol (LabSynth) at a
concentration of 1 mg mL~! in an ultrasound bath for 180 min from a
graphite oxide (GrO) produced in a process development reactor [37].
Aiming to compare PVB/GO and PVB/rGO interactions, rGO was syn-
thesis procedure is detailed and briefly discussed in Appendix A
(Fig. S1). MoS, was obtained from the liquid exfoliation of molybdenum
(IV) disulfate powder (Sigma-Aldrich, particle size of ~6 pm) under the

Composites Science and Technology 243 (2023) 110236

same conditions as GO.

PVB films from the glass lamination waste were provided by Inbra-
Filtro Ind. e Com. de Filtros Ltda after being granulated in a knife mill.
Nanocomposites were obtained by solution casting of the granulated
polymer with GO or MoS; in absolute ethanol for 24 h under stirring.
Films with a thickness of ~0.7 mm were obtained by casting the polymer
nanocomposite solutions in glass molds, followed by solvent evapora-
tion for 21 days under ambient conditions. The mass fraction (w¢) and
volume fraction (¢;) of the obtained nanocomposites are summarized in
Table S1.

2.2. Characterization methods

GO and MoS; characterization was performed according to a pro-
tocol discussed elsewhere [38]. Nevertheless, the relevant aspects of the
employed nanofillers are shown in Appendix A (Figs. S2-3).

Films were analyzed by XRD in a MiniFlex II (Rigaku) diffractometer,
using CuK a radiation, 0.02 step, and a scan rate of 1 min~'. FTIR
spectroscopy was performed on a Tensor 27 (Bruker) spectrometer with
a resolution of 2 cm™!. TGA was performed in a thermal analyzer model
TGA Q500 (TA Instruments®) with a 20 °C min ! heating ramp in a
nitrogen atmosphere. Tiny portions of each film were cut in a microtome
and analyzed in a Hitachi SU8020 ultrahigh resolution scanning electron
microscope for STEM with an acceleration voltage of 30 kV.

For dynamical mechanical analysis (DMA), 0.7 mm thick ribbons
were cut from the films and evaluated on a DMA Q800 (TA In-
struments®) in the tensile mode under 1% strain at a frequency of 1 Hz
and a temperature ramp of 2.5 C min~!. The length of the specimens was
chosen considering a geometry factor of 2. At least seven dumbbell-
shaped specimens of each composition were extracted from the films
for the tensile test, performed on a universal QTEST (MTS® Systems)
testing machine according to ASTM D 638 under 50 mm min~! defor-
mation. The fracture surface of the specimens was covered with gold via
sputtering and analyzed by scanning electron microscopy (SEM) in a
JSM-6510 (Jeol) scanning electron microscope with a secondary elec-
tron detector and an acceleration voltage of 25 kV.

2.3. Data analysis

Whenever possible, the measures are reported in a confidence in-
terval as X & u, where x is the mean measured value and u is the un-
certainty calculated as the Student’s t-distribution with a equal to 0.05
(95% of confidence) times the standard deviation divided by the square
root of the number of values in the sample. Tensile test results were
analyzed using one-way analysis of variance (ANOVA) test and the
Tukey’s honestly significant difference (THSD) post hoc test with a
simultaneous confidence level of 95% (P < 0.05) using the Minitab 17
(Minitab) software.

3. Results

Hydrogen bonding was the type of interaction expected to occur
between PVB and the nanofillers employed. As already mentioned, the
hydroxyl side group of the PVB structure is a suitable site for this kind of
interaction [2,3], which has been observed between both GO and MoS,
for polymers such as poly(vinyl alcohol) [3,24], polyurethanes [23,39],
and poly(ether sulfone) [25]. The polymer/nanofiller interaction was
therefore assessed by FTIR and TGA, as deeply discussed in Appendix A
(Figs. S4-7). Results indicated that GO presented a strong interaction
with PVB via hydrogen bond, confirming the expectations [17,18,20,
21]. With rGO, which had less oxygenated groups available, the inter-
action level with the polymer was lower than with GO. MoS,, in turn,
had even poorer interaction with the polymer, despite the evidence from
other works [23-25].
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3.1. Nanocomposites’ microstructure

The distinct levels of polymer/filler interactions verified in the case
of PVB/GO and PVB/MoS; led to different microstructures. As can be
seen in the STEM images shown in Fig. 1, even with the increasing filler
content, GO was well dispersed in the PVB/GO nanocomposites with
0.05, 0.25, and 1.50 wt%. On the other hand, as the filler content
increased in PVB/MoS, composites from 0.10 to 0.50 and 1.50 wt%,
aggregates were formed. Consequently, MoS, presented a poor disper-
sion in PVB. The STEM images were also useful to verify that both fillers
presented a random orientation, which is an important input for the
following theoretical discussion.

The difference in the dispersion of GO and MoS, in PVB was also
evidenced by XRD. The (002) diffraction peak that GO exhibits at 10.2°
[40] did not appear in the diffractograms of the PVB/GO nano-
composites (Fig. S8a). The diffractograms of PVB/MoS; nanocomposites
(Fig. S8b), in turn, had several MoS; peaks. The major evidence of the
restacking of MoS; flakes was the emergence of the (103) and (105)
diffraction peaks, typical of the bulk MoS; and not of the exfoliated [38].

3.2. Dynamic mechanical analysis

The structural differences of PVB/GO and PVB/MoS; led to different
dynamic mechanical properties. Fig. 2a shows that GO enhanced the
storage modulus (E) of the polymer in the glassy state (—20 °C)
regardless of filler content. From the loss factor (tan §) curve, it was
possible to see that the damping property of the polymer was enhanced
for most compositions, becoming lower than the neat PVB only above
1.00 wt%. Both results imply that GO nanosheets increased the internal
friction of PVB [41], which again might be related to the H-bonding
between filler and polymer. Fig. 2b reports the Cole-Cole plot, i.e., the
loss factor as a function of the storage modulus for the PVB/GO nano-
composites. The presented diagrams were imperfect semicircles, indi-
cating heterogeneity in the system, but the shape of the curves pointed
towards a good polymer-filler interaction [42]. Moreover, the area
under the curve increased with wy up to 1.00% and decreased at higher
loading, indicating that a better reinforcement effect was obtained with
wy of around 1.00%. The PVB/MoS; nanocomposites’ dynamic proper-
ties were similar to those of PVB/GO. However, the composition that
showed the biggest enhancement in E in the glassy state (Fig. 2¢) and the
largest area under the Cole-Cole plot (Fig. 2d), was the one with w; of
0.50%.

PVB/GO 1.50 wt.% S o um
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3.3. Tensile test and fractography

Fig. 3a and b shows the tensile curves of PVB/GO and PVB/MoS,,
respectively. The typical outcome of the reinforcement of polymers by
two-dimensional nanomaterials is increases in stiffness and mechanical
resistance, as they act as barriers for the crack propagation. However,
these improvements are usually accompanied by a decrease in the
ductility due to the interlocking of the polymeric chains [43,44]. As
shown in Figs. S9a-b, GO led to the expected decrease in strain, con-
firming the chains interlocking effect. On the other hand, MoS; showed
tendencies of a slight increase in strain and decrease in strength. This
effect presented by MoS; as PVB nanofiller was similar to the elucidated
by Ferreira et al. [45,46], which may be the result of the formation of
agglomerates that cause a lubricant effect during deformation due to the
incommensurable contact between the particles. In turn, rGO did not
affect the mechanical properties of PVB, probably, due to the poor
polymer/filler interactions. Figs. S9a—c exhibits the properties achieved
by the PVB/rGO systems.

Nevertheless, GO and MoS; led to a remarkable increment of Young’s
modulus, as shown in Fig. 3c. The stiffness of PVB/GO increased with wy
while the stiffest PVB/MoS; nanocomposite was that with only 0.05 wt
%. It is noteworthy that the Young’s modulus of PVB/GO with 1.50 wt%
was not statistically different from the one with 1.00 wt%. Therefore, in
terms of efficiency, 1.00 wt% seems to be the ideal GO concentration for
PVB mechanical reinforcement, corroborating with the results from
DMA. For PVB/MoSy,, it must be highlighted that, although the stiffness
of the nanocomposite decreased with the increase of wy, the moduli of
the nanocomposites with wr up to 0.50% were significantly higher than
that of neat PVB.

SEM images of the tensile fracture surface of the nanocomposites are
shown in Fig. S10. When the images of PVB and nanocomposites are
compared, it is possible to see that both nanofillers led to an increase in
the corrugated area of the surface. This indicates that the crack found a
more tortuous path, requiring more energy to propagate, and, conse-
quently, that new fracture-resistant mechanisms were present in the
nanocomposites [47,48]. This is clearly seen by comparing the SEM
images of the probable end-of-the-fracture regions of the PVB and
nanocomposites with wy of 1.00 wt%, as shown in Fig. 4. It is possible to
see that, in neat PVB, the fracture propagated with high energy finding
almost no barriers. This resulted in a smooth surface caused by a fracture
with low energy dissipation. On the other hand, the very rough fracture
surface of the nanocomposites indicates that the energy required for the
crack to propagate was higher than in PVB, leading to plastic defor-
mation at several points of the surface [43]. Moreover, once again, the
distinct dispersion levels of GO and MoS; were apparent. As GO was

\

PVB/MoS, 0.50 wt.% Zum

T

PVB/MoS,; 1.50 wt.% 500 nm

Fig. 1. STEM images of a-c) PVB/GO and d-f) PVB/MoS, nanocomposites in low, medium, and high filler proportion.
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Fig. 2. a) Storage modulus and b) loss factor of PVB/GO;

better dispersed than MoS,, more barriers for crack propagation were
available, leaving a rougher aspect on the fracture surface.

4. Discussion

The micromechanics-based model proposed by Young et al. [32]
departs from the classical rule of mixtures, shown in Equation (2), where
E., E; and E,, are the composite, filler, and matrix Young’s moduli, and
@; is the filler volumetric fraction.

E.=Ewp; +En(1—g;) 2

Going further, those authors showed that when the filler is
nanoplatelet-like, E; depends on the orientation and size of the particle,
according to Equation (3), where E is the effective Young’s modulus of
the filler, 7, is the Krenchel orientation factor, and the 7, is the filler
length factor.

3

The 7, varies from 8/15 for randomly oriented to 1 for highly ori-
ented particles while the 5, goes from 0 to 1, according to Equation (4),
where s and t are the aspect ratio and the thickness of the nanoparticles;
G, E,, and v are the matrix shear and Young’s moduli, and Poisson’s
ratio, respectively; and T is the thickness of the polymer/filler
interphase.

tanh 2 2Gn, E
n= 1_M where n=/ iadem:—
ns/2 Eeff T 2(1 +I/)

By applying in Equation (3) the parameters listed in Table S2 along
with an assumed t/T factor of the order of 102, which will be discussed
in the following, the theoretical E; for GO and rGO would be 1.87 GPa,
and for MoS; it would be equal to 0.20 GPa in the PVB matrix. However,
as shown in Fig. S11a, there was a discrepancy between the predictions
made through Equation (2) for the nanofillers E; for a large interval of E,,
(continuous lines) and the experimental results (points) obtained from
the slope of the curves [32] shown in Fig. S12. Hence, the consideration
of the filler’s size and orientation effect was not enough for the model to
be applicable to GO, rGO, and MoS,.

Ey = Eereni,

4

Loss factor

Loss factor
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c) Storage modulus and d) loss factor of PVB/MoS,.

4.1. Polymer/filler agglomeration coefficient

Such a discrepancy corroborated with the observed by Li et al. [36],
who noticed that distinct levels of dispersion of the fillers led to different
reinforcement effect. Therefore, according to them, the filler volumetric
fraction factor should be instead an effective volume fraction (¢.q)
parameter to consider an agglomeration factor (,), turning Equation (2)
into Equation (5). According to them, 5, varies from O to 1 meaning that
n, equals to 0 when the nanoparticles are agglomerated and no longer
acting as nanoflakes but a bulk filler instead; and equals to 1 when they
are well dispersed and in good interaction with the polymer matrix to
enable efficient stress transfer.

)

From our observation, the interactions between the GO oxygenated
groups and the polymer were of crucial importance to sustain a good
dispersion of the filler and ensure mechanical reinforcement to PVB. On
the other hand, MoS; stiffened the polymer, but the low interaction with
the matrix, made the nanofiller dispersion to be precarious as the filler
volumetric fraction increased, leading to a decay in the reinforcement
effect efficiency. Thus, the values of , of each sample were assessed by
isolating the term in Equation (5). In this calculation, E; was obtained for
each nanocomposite sample using Equation (3), employing the param-
eters listed in Table S2 and assuming that t/T is virtually equal to ¢,
[32]. As can be seen in Fig. 5a and b, 7, much higher than 1 was observed
for the lowest filler volumetric fractions, once we employed much lower
filler contents than Li et al. [36]. Nonetheless, as the ¢; increased
causing the GO and MoS;, agglomeration at some extent, 5, values
decayed tending to 0. In the highest ¢, #, of 0.4 and 0.3 were found for
PVB/GO and PVB/MoS,, respectively. PVB/rGO 5, values are not
shown, but as expected, they were close to 0 despite of the ¢,, reflecting
the poor interaction between the filler and the polymer.

Ec=n,pEctr ® ,00; + Enn (1 - ‘/’f)

4.2. Interphase thickness

Going further in the theory, it was shown that for soft matrices, a
simplification of the model can be assumed. Then, E; may be determined
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Fig. 3. Stress-strain curves of a) PVB/GO and b) PVB/MoS,, and c) Young’s
moduli of the nanocomposites where letters represent the TSHD test grouping,
meaning that values that do not share a letter are significantly different (only
letters of the same color are comparable).

as presented in Equation (6) [32-34].

s>t E,

E~myn 7 a3 ©)

Moreover, by combining Equations (2) and (6) [32], one can predict
the modulus of a nanocomposite through Equation (7).

2

sty
E.~E,|l— — = o 7
TR T+ 7

The parameter t/T is a key element of the model. Analyzing the stress
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transfer from a matrix to a single flake with thickness t, one can see that
the portion of the continuous matrix which can be affected by the flake is
finite, with a thickness equal to T. The flake and the surrounding portion
of the matrix, which is the interphase, form a shear-lag unit [34], as
illustrated in Fig. 6.

Liu et al. [34] fitted E. to experimental results in a rearranged
Equation (7), varying s, which they called effective aspect ratio (sefr).
The s¢r concept was useful for determining the mechanical percolation
threshold (MPT) of GNP in the polymer. Besides, they showed that the
thickness T of the composite interphase varies with the filler content in
the composite. When the particles are far enough from each other, in low
¢;, the interphase thickness is as high as possible, according to the
matrix shear modulus. But with the increase of ¢;, interphase regions of
different particles start superposing, promoting a decrease in T.

From all the stated, we saw a different approach for Equation (7),
which revealed itself particularly useful. Instead of substituting t/T by
¢, we herein substituted ¢; by t/T in the equation to assess the thickness
of interphase region. With that, the model, rearranged and considering
the 5, coefficient, became Equation (8).

L N
Ee ~ En 17+§(1+,,)(;)} ®)

Thus, we calculated T for every sample, considering the same pre-
viously used parameters listed in Table S2, and the 7, coefficient of each
composition. As shown in Fig. 7, the thickness of the interphase for both
PVB/GO and PVB/MoS; nanocomposites decreased as a function of ¢;.
Such behavior is akin to the observed by Liu et al. [34] for GNP in a
thermoplastic elastomer through other approaches. Moreover, as the
filler content decreases, better dispersion occurs, allowing the filler
surface to be better covered by polymer chains that tend to align to said
surface, which in turn leads to a thicker layer of highly “attached”
molecules. On the other hand, the proximity of the filler neighboring
particles and/or their agglomeration imply to the surface of the filler to
be not that well covered and, consequently, a thinner layer of molecules
to be affected by the filler. These correlations have been already
demonstrated both theoretically [49] and experimentally [50].

4.3. Mechanical percolation threshold

Besides all the stated, it was possible to observe that the T decay with
¢, followed an exponential equation of the type T = T+ Aefosr,
Consequently, an important implication is that, mathematically, the
lowest possible thickness T of the interphase is Ty. Thus, in practice, Ty is
the theoretical thickness of the interphase at the mechanical percolation
threshold. Therefore, it is possible to say that the filler volumetric
fraction in which T tends to Ty is the percolation threshold volume
fraction of the filler (¢,). Therefore, simplifying the math, ¢, can be
easily calculated using Equation (9).

~lnA

~ & 9

Pp

By assessing PVB/GO percolation threshold volume fraction through
Equation (9), a highly plausible ¢, of 0.93% or, by extent, a percolation
threshold mass fraction of the filler (w,) of 1.26%, was found. Such a
value is right in between the 1.00 and 1.50 wt% range where a stag-
nation tendency of the nanocomposite Young’s modulus was observed.
Even more importantly for the plausibility of the found w;,, DMA showed
that the area under the Cole-Cole curve increased with w; up to 1.00%
and decreased at higher loading, indicating the saturation of the rein-
forcement effect exactly as found through the MPT calculation. Lastly,
the nanocomposite with 1.50 wt% was already too brittle to be easily
handled, suggesting that PVB/GO nanocomposites with w; higher than
w, would start losing mechanical properties. In turn, PVB/MoS; inter-
phase T presented the same exponential decay behavior of PVB/GO with
¢;. Nevertheless, the notable agglomeration of the filler from a w; as low
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100 pm f§ PVB/GO 1.00 wt.%

Fig. 4. SEM images of the fracture surface of a) PVB, b) PVB/GO 1.00 wt%, and c) PVB/MoS; 1.00 wt%.
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Fig. 6. Scheme of (left) a shear-lag stress transfer unit for an individual flake
within the polymeric matrix where t is the thickness of the flake and the T is the
thickness of the portion of the matrix surrounding the flake, which the flake can
affect when external stress is applied; and (right) the deformation of the flake
and the matrix polymer after application of strain. Reproduced from Liu
et al. [34].
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Fig. 7. Interface thickness (T) for the PVB/GO and PVB/MoS; nanocomposites.

as 0.10% made the interphase thickness drop considerably faster than
that of PVB/GO with the ¢; increase as a clear consequence of the poor
interaction MoS; with the polymer evidenced by FTIR and TGA. How-
ever, it is known that agglomerates of nanoparticles act as microparticles
within polymeric matrices [48]. Hence, the ?p of 0.12% (w, of 0.61%)
found through Equation (9) can be understood as the percolation
threshold of the agglomerates, or the resulting “microparticles”. In other
words, for the determination of the actual ¢, of MoS;, nanocomposites
containing ultralow proportions of the filler, in the order of the
employed by Rodriguez et al. [51], would have to be analyzed. In this
case, MoS, flakes probably would remain isolated, acting as a rein-
forcement in the nanoscale. Even though, the found w, of 0.61% also
agreed with the DMA observation. It was shown that PVB/MoS; nano-
composite with w; of 0.50%, was the one with the biggest E in the glassy
state and the largest area under the Cole-Cole plot. Thus, once again, the
calculated w, was close to the w; in which DMA indicated the saturation
of the reinforcement effect.

5. Conclusions

The mechanical reinforcement of PVB by GO and MoS; was
analyzed. It was shown that GO physically interacted with the matrix
through H-bonding, leading to a high degree of reinforcement. On the
other hand, the poor interaction of MoS; with the matrix led to the
agglomeration of the filler. Then, it was shown that the level of inter-
action between the polymer and the fillers was decisive in the me-
chanical behavior of the nanocomposites.

Moreover, the reinforcement mechanics of GO and MoS; in PVB were
analyzed following a micromechanical analysis model from the
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literature. An innovative look on the model allowed the thickness of the
shear-lag units interphase to be mathematically assessed by the first
time. It was also shown that T exponentially decreases with the volu-
metric fraction of the filler. This approach also allowed the assessment of
the mechanical percolation threshold of GO and MoS; in PVB in a
manner that could be closely related to DMA observations.
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