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The electrical response of NH2 functionalized graphene nanoplatelets composite
materials under strain was studied. Two different manufacturing methods are proposed
to create the electrical network in this work: (a) the incorporation of the nanoplatelets
into the epoxy matrix and (b) the coating of the glass fabric with a sizing filled with the
same nanoplatelets. Both types of multiscale composite materials, with an in-plane
electrical conductivity of ~10 3 S/m, showed an exponential growth of the electrical
resistance as the strain increases due to distancing between adjacent functionalized
graphene nanoplatelets and contact loss between overlying ones. The sensitivity of the
materials analyzed during this research, using the described procedures, has shown to
be higher than commercially available strain gauges. The proposed procedures for
self-sensing of the structural composite material would facilitate the structural health
monitoring of components in difficult to access emplacements such as offshore wind
power farms. Although the sensitivity of the multiscale composite materials was
considerably higher than the sensitivity of metallic foils used as strain gauges, the
value reached with NH2 functionalized graphene nanoplatelets coated fabrics was
nearly an order of magnitude superior. This result elucidated their potential to be used
as smart fabrics to monitor human movements such as bending of fingers or knees. By
using the proposed method, the smart fabric could immediately detect the bending and
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recover instantly. This fact permits precisely monitoring of the time of bending as well
as the bending degree.
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SHORT ABSTRACT:

The integration of conductive nanoparticles, such as graphene nanoplatelets, into glass fiber
composite materials creates an intrinsic electrical network susceptible to strain. In this work,
different methods to obtain strain sensors based on the addition of graphene nanoplatelets
into the epoxy matrix or as a coating on glass fabrics are proposed.

LONG ABSTRACT:

The electrical response of NH,-functionalized graphene nanoplatelets composite materials
under strain was studied. Two different manufacturing methods are proposed to create the
electrical network in this work: (a) the incorporation of the nanoplatelets into the epoxy matrix
and (b) the coating of the glass fabric with a sizing filled with the same nanoplatelets. Both
types of multiscale composite materials, with an in-plane electrical conductivity of ~103S/m,
showed an exponential growth of the electrical resistance as the strain increases due to
distancing between adjacent functionalized graphene nanoplatelets and contact loss between
overlying ones. The sensitivity of the materials analyzed during this research, using the
described procedures, has been shown to be higher than commercially available strain gauges.
The proposed procedures for self-sensing of the structural composite material would facilitate
the structural health monitoring of components in difficult to access emplacements such as
offshore wind power farms. Although the sensitivity of the multiscale composite materials was
considerably higher than the sensitivity of metallic foils used as strain gauges, the value reached
with NH;-functionalized graphene nanoplatelets coated fabrics was nearly an order of
magnitude superior. This result elucidated their potential to be used as smart fabrics to monitor
human movements such as bending of fingers or knees. By using the proposed method, the
smart fabric could immediately detect the bending and recover instantly. This fact permits
precise monitoring of the time of bending as well as the degree of bending.

INTRODUCTION:

Structural health monitoring (SHM) has become increasingly important because of the need to
know the remaining life of structures'=3. Nowadays, difficult to access locations, such as
offshore wind plants, lead to higher risks in maintenance operations, as well as greater costs?™.
Self-sensing materials constitute one of the possibilities in the field of SHM due to their ability
of self-monitoring strain and damage®.

In the case of wind turbines, blades are generally manufactured in glass fiber/epoxy composite
materials, which are electrically insulators. In order to confer self-sensing properties to this
composite material, an intrinsic electrical network susceptible to strain and damage needs to
be created. During the last few years, the incorporation of conductive nanoparticles such as
silver nanowires®’, carbon nanotubes (CNTs)®19 and graphene nanoplatelets (GNPs)'13 has
been studied to create this electrical network. These nanoparticles can be incorporated into the
system as filler into the polymer matrix or by coating the glass fiber fabric4. These materials
can be also applied to other industrial fields, i.e. aerospace, automotive and civil engineering®,



and coated fabrics can be used as smart materials in biomechanical applications”°.

Piezoresistivity of these sensors is achieved by three different contributions. The first
contribution is the intrinsic piezoresistivity of the nanoparticles; a strain of the structure
changes the electrical conductivity of the nanoparticles. However, the main contributions are
changes in tunnel electrical resistance, due to modifications in distances between adjacent
nanoparticles, and electrical contact resistance, because of variations in the contact area
between overlying ones®. This piezoresistivity is higher when 2D nanoparticles are used as a
nanofiller compared to 1D nanoparticles because the electrical network presents a higher
susceptibility to geometrical changes and discontinuities, usually one order of magnitude
superior?®,

Due to the 2D atomic character!” and the high electrical conductivity'®?°, graphene
nanoplatelets have been selected in this work as the nano-reinforcer of multiscale composite
materials in order to obtain self-sensors with enhanced sensitivity. Two different ways to
incorporate the GNPs into the composite material are studied in order to elucidate possible
differences in sensing mechanisms and sensitivity.

PROTOCOL:

1. Preparation of the functionalized graphene nanoplatelet filled epoxy for multiscale
composite materials.

1.1) Disperse functionalized graphene nanoplatelets (f-GNPs) into the epoxy resin.

1.1.1) Weigh 24.00 g of f-GNPs to achieve a 12 wt% of the final nanocomposite material inside a
ductless fume hood.

1.1.2) Add 143.09 g of the bisphenol A diglycidyl ether (DGEBA) monomer and manually mix it
to achieve homogeneity.

1.1.3) Disperse the f-GNPs into the monomer by a two-step method, which combines probe
sonication and calendering processes?°.

1.1.3.1) Sonicate the mixture at 50% of the amplitude and a cycle of 0.5 sec for 45 min.

1.1.3.2) Apply 3 cycles of calendering using a roller gap of 5 um and increasing roller speed at
each cycle: 250 rpm, 300 rpm and 350 rpm.

1.1.3.3) Weigh the mixture of f-GNP/monomer after completing dispersion.

1.1.4) Degas the f-GNP/monomer mixture under vacuum and magnetic stirring at 80 °C for
15 min.

1.1.5) Weigh and add the hardener in a weight ratio of 100:23 (monomer:hardener) and
manually stir until achieving homogeneity.



2. Coating of the glass fabric with functionalized graphene nanoplatelet filled sizing
(suspension) for multiscale composite materials.

2.1) Disperse functionalized graphene nanoplatelets into the sizing.

2.1.1) Weigh 7.5 g of f-GNPs, the quantity needed to achieve a 5 wt%, into 142.5 g of solvent
(sizing/distilled water specified in 2.1.2) inside a ductless fume hood.

2.1.2) Prepare the mixture of the f-GNPs and the sizing diluted with distilled water (1:1 wt)
inside the ductless fume hood. Once the distilled water has been added, perform the work
outside the ductless fume hood.

2.1.3) Disperse the GNPs by probe sonication for 45 min at 50% amplitude and a cycle of
0.5 sec.

2.2) Coat the glass fabric with the f-GNP filled sizing.

2.2.1) With scissors suited for fabric cutting, cut 14 layers of glass fabric with dimensions of 120
x 120 mm? and then coat them with the mixture of f-GNPs and sizing (2.1.3) by dip coating (one
immersion) using a dip coater in the f-GNP filled sizing.

2.2.2) Dry the f-GNP coated glass fabric in a vacuum oven at 150 °C for 24 hr as indicated in the
technical sheets provided by the manufacturer.

3. Manufacturing of multiscale composite materials.

3.1) Manufacture f-GNP/epoxy composite materials.

3.1.1) After degassing the mixture, keep the f-GNP filled epoxy resin under magnetic stirring at
80 °C for all the manufacturing process.

3.1.2) Place the 14 layers of the glass fabric into an oven at 80 °C.
3.1.3) Alternatively, place a layer of the f-GNP filled epoxy and a layer of glass fiber fabric (14
layers) sequentially by hand on a metallic plate using a de-airing roller after placing each glass

fabric layers.

3.1.3.1) Use scissors to cut and place the anti-adherent polymer film (120 x 120 mm?) on a steel
plate.

3.1.3.2) Apply a layer of the f-GNP/epoxy mixture on the anti-adherent polymer film with a
brush. Place a layer of glass fiber fabric. Note the importance of covering the area of the
f-GNP/epoxy region and alignment of the different fabric layers. Remove the air and compact
the plies by using a de-airing roller.

3.1.3.3) Repeat step 3.1.3.2 until completing all of the layers of the laminate.

3.1.3.4) Apply a final layer of the f-GNP/epoxy mixture with brush and cover the laminate with



another layer of anti-adherent polymer film.

3.1.4) Once all the fabric layers have been piled up, cure the laminate in a hot plate press at
140 °C for 8 hr with increasing pressure up to 6 bars.

3.1.5) Extract the cured laminate from the hot plate press.

3.2) Manufacture f-GNP/glass fiber composite materials by vacuum assisted resin infusion
molding (VARIM).
3.2.1) Prepare the metallic plate where VARIM is going to be carried out.

3.2.1.1) Clean the steel plate surface with acetone.
3.2.1.2) Place anti-adherent polymer film onto the steel plate.

3.2.2) Place the sequence of f-GNP coated glass fabric (14 layers with dimensions
120 x 120 mm?) onto the plate. Ensure that the layers of fabric are aligned visually and by
touch.

3.2.3) Seal the vacuum bag with sealant tape for the VARIM process and pre-heat the system at
80 °Cin an oven.

3.2.4) Degas the DGEBA monomer under vacuum and magnetic stirring at 80 °C for 15 min. Add
the hardener in a weight ratio of 100:23 (monomer:hardener) and stir until achieving
homogeneity.

3.2.5) Add the epoxy resin at 80 °C with a vacuum pump connected to the vacuum bag with a
polymeric tube until the glass fabric pile is totally filled by the epoxy resin and cure the laminate
in an oven at 140 °C for 8 hr.

3.2.6) Extract the cured laminate from the oven and remove the vacuum bag and auxiliary
material.

4. Preparation of the samples for strain sensors tests.

4.1) Machine samples (Computer Numerical Control - CNC milling machine) of multiscale
laminates to the required dimension for flexural tests following the ASTM D790-022! and cut
glass fabric bands 10 mm in width in order to study the strain sensitivity of the f-GNP coated
fabric.

Note: Samples are fixed onto the machining table with adhesive tape and machined using the
following parameters: feed speed of 500 mm/min, idle speed of 5000 min™! and depth steps of

0.1 mm.

4.2) Carefully clean the surface of the machined samples with acetone to eliminate dust.



4.3) Paint lines of silver (acrylic conductive paint) on the surface of the materials distanced

20 mm apart to minimize the electrical contact resistance and adhere copper wires to the wet
silver lines as electrodes to facilitate the measurement of the electrical resistance during the
tests.

Note: Electrical contacts are located on both surfaces: compression surfaces and tensile
subjected surfaces.

4.4) Once the silver paint is dry, fix the electrical contacts with hot melt adhesive to avoid
electrical contact detachment.

5. Testing the strain sensor.
5.1) Analyze the electrical behavior of sensors under flexural loads (three-point bending test).
5.1.1) Measure the specimen’s width and thickness with a caliper.

5.1.2) Set the specimen in the mechanical test machine with the flexural test configuration.

5.1.3) Set the test speed (controlled by strain) to 1 mm/min and the start position that defines
the initial length of the specimen.

5.1.4) Connect the electrical contacts to the multimeter. Measure the electrical resistance
between each two adjacent electrical contacts as it is specified in Figure 1.

[Place Figure 1 here]

5.1.5) Run flexural test and monitor the electrical resistance simultaneously in order to study
variations due to the induced strain in the specimen.

5.1.6) Repeat all steps for at least 3 specimens of f-GNP/epoxy and f-GNP/glass fiber composite
materials to confirm the electrical behavior of the composite materials.

5.2) Analyze f-GNP/glass fabric as strain sensors of human movements.

5.2.1) Monitor finger bending.

5.2.1.1) Attach glass fabric bands to each of the fingers of a nitrile glove with hot melt adhesive
on the internal surface as indicated in Figure 2.

[Place Figure 2 here]

5.2.1.2) Repeat step 5.1.4 but measure the electrical resistance of contacts placed on a same
finger.

5.2.1.3) Start the sequence of finger bending to monitor and measure the electrical resistance
while fingers are bending. The sequence of finger bending in this particular case is: (1) thumb,



(2) index, (3) middle finger, (4) ring finger, (5) all the fingers simultaneously and (6) sequence of
bending (higher speed): (1), (2), (3), (4), (4), (3), (2) and (1).

REPRESENTATIVE RESULTS:

The protocol to obtain two different materials has been described in the procedure. The
difference is in the way the nanoreinforcement is incorporated in the composite material to
achieve an electrical network that could be used to strain monitoring. The first method consists
of the coating of a glass fiber fabric with f-GNP sizing that can be used as a smart fabric (named
f-GNP/glass fiber) or as reinforcement of polymer matrix multiscale composite materials
(named f-GNP/glass fiber composite material). The other method is the nanoreinforcement of
the epoxy matrix of composite materials with f-GNPs (named f-GNP/epoxy composite material)
using glass fiber as a continuous reinforcement. The infusion of the resin was carried out by
using VARIM because it is one of the most common methods used in the industry, but other
methods could be used. An alternative manufacturing method could be resin transfer molding
(RTM).

Due to the insulating character of the glass fiber, the incorporation of the f-GNPs following the
protocol described above creates an electrical network inside the material that causes an
increase of the electrical conductivity up to ~103 S/m and can be modified by inducing strain.
Figure 3 shows representative results of the variation of normalized electrical resistance caused
by strain induced during flexural test (three-point bending) in an f-GNP/glass fiber band. The
normalized electrical resistance exponentially grows with the increasing strain due to the
mechanism of tunnel resistance. When failure occurs, jumps in the normalized electrical
resistance can be observed, which are correlated to a drop of load.

[Place Figure 3 here]

The electrical behavior of the multiscale composite materials, f-GNP/epoxy (Figure 4.a) and
f-GNP/glass fiber (Figure 4.b) composite materials, shows some differences with the described
above for coated fabrics. When the compression subjected surface is monitored, two regions
can be discriminated. At low strain values, the normalized electrical resistance diminishes up to
~0.010 and ~0.015 mm/mm for f-GNP/epoxy and f-GNP/glass fiber composite materials,
respectively. In contrast, at strains higher than the mentioned threshold, the normalized
electrical resistance increases with an exponential tendency. In the case of monitoring the
tensile subjected surfaces, the normalized electrical resistance augments in both of the
systems. The sensitivity shown in all the configurations is in the order of 10 to 40 (per unit). At
high strain values, the gauge factor was -1.4 and 7.8 (per unit) for the compression subjected
surface of f-GNP/epoxy and f-GNP/glass fiber composite materials and on the order of 17 and
41 (per unit) for the tensile subjected surface of f-GNP/epoxy and f-GNP/glass fiber composite
materials, respectively.

[Place Figure 4 here]

As an example of the application of f-GNP coated glass fiber fabrics, Figure 5.a shows the



monitoring of finger bending. Each finger and the electrical response of the coupled glass fiber
band are distinguished by a different color to make it understandable. The first sequence
corresponds to bending of the thumb (Figure 5.b), the index (Figure 5.c), the middle finger
(Figure 5.d) and the ring finger (Figure 5.e). The normalized electrical resistance diminishes
when the related finger bends and recovers the initial value when the finger recuperates the
initial position. The second sequence of movements includes simultaneous bending of the four
fingers and the third, a sequence of faster movements showing the instantaneous response and
recovery of the normalized electrical resistance. This could be used to remotely monitor the
evolution of bone diseases or count footsteps during running and in physical therapy to
evaluate the recuperation.

[Place Figure 5 here]

Figure 1: Electrical contacts set up in flexural tests of multiscale composite materials.
Copper electrodes are attached on the surface of composite materials by using lines of silver
paint (in gray) in order to minimize the electrical contact resistance.

Figure 2: Location of f-GNP/glass fiber bands on the internal surface of the fingers of a nitrile
glove to monitor fingers bending.

Once the glass fiber fabric has been coated and dried, bands 10 mm in width are cut and
attached on the different fingers of a glove with the aim of monitoring the finger bending and
corroborate the viability of the protocol described above.

Figure 3: Example of strain monitoring of f-GNP/glass fiber bands under flexural test.

The figure represents the variation of the normalized electrical resistance (4R/Ro, R:
instantaneous electrical resistance and Ro: initial electrical resistance) and force (F) versus beam
depth during flexural test. The normalized electrical resistance increases with the strain. This
phenomenon occurs because tensile forces cause distancing between the nanoparticles and
loss of contact of overlying GNPs. The exponential tendency observed during loading of sample
is due to a major contribution of changes induced in tunnel resistance. Tunnel resistance varies
exponentially with the distance between nanoparticles when they are at a distance in the order
of 10 nm*22%, For that reason when distances between adjacent GNPs increase, the electrical
resistance also increases with an exponential tendency. This effect is dominant when the GNP
content is close to the percolation threshold?3 but its contribution diminishes at higher GNP
content?*?>, During failure, the electrical behavior changes and jumps are observed in the
electrical response. These jumps can be correlated to drops in load provoked by the fiber
breakage, which constitutes discontinuities in the electrical network. These discontinuities act
as obstacles causing the increment of the electrical resistance of the GNP/glass fiber bands.

Figure 4: Example of strain monitoring of (a) f-GNP/epoxy and (b) f-GNP/glass fiber composite
materials under flexural test.

The figure represents the variation of the normalized electrical resistance (4R/R., R:
instantaneous electrical resistance and Ro: initial electrical resistance) and stress (o) versus
strain (&) during flexural test. In this case, the electrical contacts are place on the compression



subjected (blue line) and the tensile subjected (red line) obtaining different electrical behavior.
Two different graphs are included, which correspond to the two routes proposed in the
protocol: (a) f-GNP/epoxy and (b) f-GNP/glass fiber composite materials showing their viability.

Figure 5: Example of strain monitoring of fingers bending by coupling of f-GNP/glass fiber
bands on a nitrile glove.

(a) Electrical response of the sensor during 3 sequences of fingers bending and (b-e) first
sequence of fingers bending. Following the protocol explained in the present work, monitoring
of fingers bending capability was possible. 4R/R,, R: instantaneous electrical resistance and Ro:
initial electrical resistance

DISCUSSION:

Self-sensor properties of nanoreinforced composite materials are due to the electrical network
created by the f-GNPs through the epoxy matrix and along the glass fibers, which is modified
when strain is induced. Dispersion of the f-GNPs is then crucial because the electrical behavior
of the sensors strongly depends on the microstructure of the material. Here, we present an
optimized procedure to achieve a good dispersion of the GNPs into the epoxy matrix and to
avoid wrinkling of the nanoparticles, which causes the detriment of the electrical conductivity.
The critical steps are the sonication (operating parameters) and calendering processes (roller
gap and speed). These steps strongly influence the mechanical®®, thermal?’ and electrical®®
properties of the multiscale composite materials. Usually, dispersion of nanoreinforcement is
carried out into solvent that need to be evaporated before curing of nanocomposites?®:3°. In the
process proposed in this work, the use of solvents is avoided making it more environmentally
friendly. Another step of the protocol, which also strongly influences the microstructure of
composite materials and, therefore, the electrical behavior of the sensors, is the manufacturing
procedure for multiscale composite materials. During manufacturing of these materials, even if
good dispersion of the nanoparticles into the epoxy matrix is initially achieved, f-GNP
distribution can be strongly affected by filtering phenomena. Additionally, degassing of the
epoxy matrix is essential in order to maintain mechanical properties of the multiscale
composite materials, which becomes more difficult when the matrix is filled with the GNPs
because of a major viscosity.

Electrical contact placement needs to be carried out carefully in order to assure that the
electrical contact resistance is as low as possible. For this, it is important to ensure that surfaces
are completely cleaned before applying the silver paint to fix copper electrodes. Furthermore,
before applying the hot melt adhesive, the silver paint needs to dry. If not, the solvent
evaporates and provokes the appearance of bubbles, increasing the electrical contact
resistance. One of the advantages of positioning electrical contacts on the surface of the
material, in contrast to the electrodes located inside the sample3?, is that it is non-intrusive and
is not a detriment to any mechanical properties. During monitoring tests, the electrical contacts
can detach from the surface of samples. Consequently, proper fixing is essential to ensure that
the electrical signal that is going to be registered corresponds only to the intrinsic electrical
response of the material.



The protocol described above can be applied or modified with different nanofillers such as
carbon nanotubes or other conductive nanoparticles that also lead to electrically conductive
composites with self-sensing properties3%33, The monitoring protocol can be extrapolated to
other test configurations for damage detection and quantification. One limitation of the system
used for the electrical contacts is that their location on samples surfaces restricts the volume of
material where the electrical resistance is analyzed. By designing another system involving
volumetric measurements, internal damage could be detected and quantified but in this case,
mechanical properties could be compromised. The protocol could be useful in biomechanical
applications to remotely monitor the evolution of bone diseases or count footsteps during
running or in physical therapy to evaluate the recuperation process.
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Name of Reagent/ Equipment Company Catalog Number Comments/Description
Graphene Nanoplatelets XGScience M25 NA
. Araldite LY556 NA
Epoxy resin Huntsman
XB3473 NA
Probe sonication Hielscher UP400S NA
Three roll mill Exakt Exakt 80E (Exakt GmbH) NA
Glass fiber fabric Hexcel HexForce ® 01031 1000 TF970 E UD 4H NA
Hot plate press Fontijne Fontijne LabEcon300 NA
Sizing Nanocyl Sizicyl™ NA
Multimeter Alava Ingenieros Agilent 34410A NA
Strain Gauges Vishay Micro-Measurement (MM®) CEA-06-187UW-120 NA
Mechanical tests machine Zwick Zwick/Roell 100 kN NA

Conductive silver paint Monocomp 16062 — PELCO® Conductive Silver Paint NA
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Item 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish ) via: M Standard Access !_J Open Access

Item 2 (check one box):

lﬂ The Author is NOT a United States government employee.

I__l The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

E The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0  Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.




1 Adawifs T #200
Camizr !\AC f;

t&l B17.. .965‘5
v;suam-nh. WwWw.jove.com

4, Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a} to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in {a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, prometion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the responsihility
of the Author and shall be undertaken at the Author’s

expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Rebuttal Comments
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Editorial comments:
1. Some additional details are required:

1.1.1: What are the f-GNPs dissolved in?
The f-GNPs are not dissolved in any solvent, they are dispersed (1.1.2) into the monomer.

2.1.1: What is the solvent used here?

A comment has been included to clarify it: “2.1.1) Weigh 7.5 g of f GNPs, the quantity needed to
achieve a 5 wt% into 142.5 g of solvent (sizing/distilled water specified in 2.1.2) inside a ductless
fume hood.”

2.2.1: Dip in which sizing, the one from 1.1.5 or 2.1.3?
A clarifying note has been included: *, prepared in 2.1.3,". The point 1.1.5 is related to the
reinforcement of the epoxy matrix where sizing is not used.

4.1: We need more details on the CNC if this is to be filmed. What parameters are used,
etc.

A clarifying note has been included: “Note: samples are fixed onto the machining table with
adhesive tape and machined using the following parameters: feed speed of 500 mm/min, idle
speed of 5000 min-1 and depth steps of 0.1 mm.”

Please provide a reference for ASTM D790-02.
The reference has been added.

4.3: What type of silver is used? Please include in the Materials Table as well.
The type of paint has been added into brackets: “(acrylic conductive paint)”. Additionally, the
silver paint has been included in the Materials Table as indicated.

5.2.1.3: What sequence of finger bending?

A note has been included:

“Note: The sequence of finger bending in this particular case is: (1) thumb, (2) index, (3) middle
finger, (4) ring finger, (5) all the fingers simultaneously and (6) sequence of bending (higher
speed): (1), (2), (3), @), 4), (3), (2) and (1)."

2. Please revise the X axis label in Figure 5 to say "Time (sec)".
The X axis label has been corrected.

3. Please include comparisons of the method presented with other protocols and provide

citations in the Discussion.

Some additional discussion has been included:
“Usually, dispersion of nanoreinforcement is carried out into solvent that need to be
evaporated before curing of nanocomposites®**°. In the process proposed in this work, the
use of solvents is avoided making it more environmentally friendly.”

- “One of the advantages of positioning electrical contacts on the surface of the material, in
contrast to the electrodes located inside the sample31, is that it is not intrusive and do not
cause detriment of mechanical properties.”

4. Please revise the highlighting of the protocol to represent 2.75 pages of protocol text.
You currently exceed this hard limit for the videography.

The protocol has been revised. Two descriptions have been removed of the highlighted text (in
red).
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5. Some grammatical issues are still in the manuscript. I have done some light copy-
editing. Please use the attached file for all revisions.

The text has been revised carefully. If any other issues are in the manuscript, please do not
hesitate to contact.

The electrical behavior of the multiscale composite materials, f-GNPs/epoxy (Figure 4.a)
and f GNPs/glass fiber (Figure 4.b) composite materials, shows some differences with the
described above. What is the "described above" referring to?

A brief comment has been included: “for coated fabrics”.

0.015 mm/mm??
This is the value of the strain induced in materials during the test. Units can be mm/mm or per
unit. It is the same but usually mm/mm is used in order to differentiate from percentages.

The sensitivity shown in all the configurations is on the order of 10 to 40 - What are the
units here?

These values are per unit, for sensitivity there is no necessity of including it. Nevertheless, units
have been added into brackets.



