I *I Innovation, Sciences et Innovation, Science and CA 3102238 C 2024/02/13

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 1 02 238
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépot PCT/PCT Filing Date: 2019/06/11 (51) ClLInt./Int.Cl. CO9D 5/00 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2019/12/19 E02D 31/00 (2006.01)
" . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2024/02/13 ALVAREZ-ALVAREZ, ABEL, ES:
(85) Entrée phase nationale/National Entry: 2020/12/01 PEREZ VIDAL, OSCAR, ES;
(86) N° demande PCT/PCT Application No.: IB 2019/054844 RODRIGUEZ MARTINEZ, CARLOS JAVIER, ES;
. L L FERNANDEZ ALVAREZ, JOSE PAULINO, ES;
(87) N° publication PCT/PCT Publication No.: 2019/239302 SUAREZ GARCIA, CARLOS, ES:
(30) Priorité/Priority: 2018/06/15 (IB PCT/IB2018/054427) BLANCO IGLESIAS, HUGO, ES;
MELCONMIGUEL, JORGE, ES
(73) Propriétaire/Owner:
ARCELORMITTAL, LU
(74) Agent: SMART & BIGGAR LP

(54) Titre : SUBSTRAT NON CONDUCTEUR REVETU D'UNE PEINTURE A TENEUR REDUITE EN OXYDE DE GRAPHENE ET
METHODES DE DETECTION D'UNE FUITE ET D'UNE DEFORMATION

(54) Title: A NON-CONDUCTIVE SUBSTRATE COATED WITH A REDUCED GRAPHENE OXIDE CONTAINING PAINT AND
METHODS OF DETECTING A LEAK AND A STRAIN DEFORMING IN SAME

e Thickness

(57) Abrégé/Abstract:

The present invention relates to a non-conductive substrate being at least partially coated with a paint comprising reduced
graphene oxide and a thermosetting polymer, the non-conductive substrate being directly coated by the paint, a method for the
manufacture of this coated non-conductive substrate, methods for detecting leaks or strain deformation and the uses of said
coated non-conductive substrate.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191




CA 03102238 2020-12-01

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
19 December 2019 (19.12.2019)

‘O 000 0O 0 0 A
(10) International Publication Number

WO 2019/239302 Al

WIPO I PCT

(51) International Patent Classification:
C09D 5/00 (2006.01) E02D 31/00 (2006.01)

(21) International Application Number:
PCT/IB2019/054844

(22) International Filing Date:
11 June 2019 (11.06.2019)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
PCT/1B2018/054427
15 June 2018 (15.06.2018) IB

(71) Applicant: ARCELORMITTAL [LU/LU]J; 24-26, Boule-
vard d'Avranches, L-1160 Luxembourg (LU).

(72) Inventors: ALVAREZ-ALVAREZ, Abel, C/Soto de
Abajo (Grupo Nalon), N°1-4°A, 33100 Trubia-Oviedo, As-
turias (ES). PEREZ VIDAL, Oscar; C/Ribera de Arri-
ba 22 3°B, 33006 Oviedo, Asturias (ES). RODRIGUEZ
MARTINEZ, Carlos Javier; Progreso Street, portal num-
ber 5, Floor 4 door B, 33209 Gijon, Asturias (ES). FER-
NANDEZ ALVAREZ, José Paulino; C/ la Vega 40 3°,
33600 Mieres Del Camino, Asturias (ES). SUAREZ GAR-
CIA, Carlos; Calle Sahara 29 3A, 33208 Gijon, Asturias
(ES). BLANCO IGLESIAS, Hugo; Camino de Prado Ro-
drigo, 35, 33429 La Fresneda (Siero), Asturias (ES). MEL-
CONMIGUEL, Jorge; ArcelorMittal Global R&D, P.O.
Box 90, 33400 Aviles, Asturias (ES).

Agent: PLAISANT, Sophie; ArcelorMittal France, Re-
search & Development, Intellectual Property, 6 rue André
Campra, 93200 Saint-Denis (FR).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

84

HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: A COATED NON-CONDUCTIVE SUBSTRATE

Figure 1

Thickness

w0 20197239302 A1 |0 000 T 0000000 A O 0
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reduced graphene oxide and a thermosetting polymer, the non-conductive substrate being directly coated by the paint, a method for
the manufacture of this coated non-conductive substrate, methods for detecting leaks or strain deformation and the uses of said coated
non-conductive substrate.



A NON-CONDUCTIVE SUBSTRATE COATED WITH A REDUCED GRAPHENE OXIDE
CONTAINING PAINT AND METHODS OF DETECTING A LEAK AND A STRAIN
DEFORMING IN SAME

The present invention relates to a non-conductive substrate being at least partially coated
with a paint comprising reduced graphene oxide and a thermosetting polymer, the non-conductive
substrate being directly coated by the paint, a method for the manufacture of this coated non-
conductive substrate, methods for detecting leak and strain deformation. It is particularly well suited
for mining industry, electronic industry, plastic piping systems, clothing industry and engineering

plastics used in automotive or aerospace industry.

It is known to use geomembranes, geotextiles or geosynthetic clay liners (GCL) as water
barrier layers used when building water retention facilities (e.g. dams and ponds) or water guidance
facilities (e.g. drainage and canals). These textiles can be deployed on a large scale and may
potentially cover many thousands of square meters. Geotextiles can serve many purposes, but they
are predominately not in themselves a barrier to water ingress. Where water barrier properties are
required an additional waterproof layer is typically used. Geosynthetic clay liners (GCL) can be
waterproof plastic membranes and/or composites containing clays. Clay lining is the traditional
method of waterproofing water retention facilities. These offer improved performance over traditional
clay earthworks and are used in reservoirs and landfils. Geomembrane are very
low permeability synthetic membrane liner that are used with any geotechnical engineering related

material so as to control fluid (or gas) migration in a human-made project, structure, or system.

A GCL typically comprises at least three layers: i.e. a layer of clay sandwiched between two
geosynthetic layers. The two geosynthetic layers used to sandwich the clay can be any combination
of woven or non-woven geotextile, geogrids, geonets or geomembranes. For example, the structure
may comprise a strengthening or backing layer of geogrid or geonet and a non-woven geotextile.
The strengthening layer can be a woven textile or net. The clay is often bentonite and may contain
additives, such as polymeric binders and or stabilizers.

Water barrier layers, such as pond liners and GCL, usually require protection against damage
to ensure they retain their barrier properties. A small hole in the liner can result in significant water
leakage, especially over time. In some cases, for example in containing mining waste where the
water is contaminated and is being
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retained or directed to protect the environment, small amounts of leakage can have
a significant effect and can cause substantial environmental harm, and potentially
incur large costs to rectify. In such applications the integrity of the liner is critical, as
is the ability to determine and monitor that integrity at all times.

Inspection of barrier integrity can include electrical inspection, where a
voltage is applied to the surface of the insulating barrier and under the right
conditions a circuit can be formed through any defects in the barrier material. For a
circuit to be formed, an electrical conduction mechanism on the opposite side of the
barrier to which the voltage is applied is required. Where an electrolyte, even a very
weak one, is present under the barrier, sufficient current can be carried to form a
circuit through the defect and to the inspection equipment. For example, clay is often
a sufficient electrolyte due to its salt and water content.

To assist with the formation of a conducive pathway water can be used as
part of the structure, to facilitate the inspection process. In cases where the clay is
dry it does not function as an electrolyte, so the conductive inspection mechanism
becomes unreliable. In cases where multiple layers of insulator are present in the
barrier layer no reliable mechanism for forming a circuit exists.

The patent application WO2017/132734 discloses an electrically conductive
textile incorporating graphene to detect leak. Incorporation of graphene into a textile
can be achieved by different methods including mixing the graphene into the
polymer prior to forming the fiber. It is also possible to coat fibers or a textile with
graphene to make the conductive textile. The graphene can be present as a powder
or as a dispersion in a fluid to facilitate dispersion of the graphene in the polymer.
Suitable methods of incorporation of graphene into the polymer include: Melt-
compounding of graphene into the polymer; in-situ polymerization of the polymer
with the graphene, and; solution blending. In the Examples, graphene dispersed in
ethanol, xylene, water or acrylic was used to coat the geotextiles. Graphene oxide
dispersed in water was also deposited on the geotextile. It was followed by the
reduction of graphene oxide into graphene using citric acid.

The patent application WO2017/177269 discloses geosynthetic clay liner
incorporating an electrically conductive textile to detect leak. Said textile may
incorporate conductive fibers or be coated with a conductive coating. The



conductive fibers preferably contain graphene, or are coated with graphene, or alternatively the
textile itself may be coated with graphene. Incorporation of graphene into a textile can be achieved
by many methods including mixing the graphene into the polymer prior to forming the fiber. It is also
possible to coat fibers or a textile with graphene to make the conductive textile. The graphene can
be present as a powder or as a dispersion in a fluid to facilitate dispersion of the graphene in the
polymer. Methods of incorporation of graphene into the polymer can include: Melt- compounding of
graphene into the polymer; in-situ polymerization of the polymer with the graphene, and; solution
blending.

Melt- compounding of graphene into the polymer; in-situ polymerization of the polymer with
the graphene, and; solution blending are techniques used for thermoplastic polymers.

However, in both patent applications W02017/177269 and W02017/132734, whether
graphene or graphene oxide is dispersed into solvent such as xylene, ethanol, water before being
deposited on the geotextile allowing a bad adherence of graphene on the geotextile; whether
graphene is dispersed in acrylic before being deposited and melt on the geotextile resulting in a high
risk of bad dispersion of the graphene since thermoplastics are known to be viscous polymers. The
bad adherence and bad dispersion can result in a poor detection quality of leaks.

Additionally, there is a need to evaluate the strain deformation of the non- conductive
substrates geomembranes, geotextiles or GCL. Indeed, very sensitive strain sensing devices are
greatly needed for monitoring a state of such products for early detecting a defect that occurs in an
extreme situation such as a natural disaster (e.g. earthquake) or in a usual situation such as wear.

Thus, a purpose of the invention is to improve the quality of the leak detection of non-
conductive substrates. Additionally, the purpose is to detect the strain deformation of said non-
conductive substrates to among others improve the life time of the substrates.

In accordance with a first aspect, the disclosure relates to a non-conductive substrate being
at least partially coated on at least one side with a paint comprising reduced graphene oxide having
a surface area below 300m2.gr' and at least one thermosetting polymer, the non-conductive

substrate being directly coated by the paint.

In accordance with another aspect, a non-conductive substrate is provided being at least
partially coated on at least one side with a paint comprising reduced graphene oxide having a surface
area below 300m2.gr' and at least one thermosetting polymer, the non-conductive substrate being
directly coated by the paint, wherein:

the reduced graphene oxide has a lateral size of 40 to 80 um,
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the reduced graphene oxide has a weight percentage of oxygen between 2% and 10%, and

the paint has a concentration of reduced graphene oxide between 0.5% and 4% by weight.

The following terms is defined:

- Reduced graphene oxide means graphene oxide that has been reduced. The reduced graphene
oxide comprises one or a few layer(s) of graphene having some oxygen functional groups including
ketone groups, carboxyl groups, epoxy groups and hydroxyl groups and

- Biopolymers are polymers produced by living organisms; in other words, they are polymeric
biomolecules. Biopolymers contain monomeric units that are covalently bonded to form larger
structures.

Other characteristics and advantages of the invention will become apparent from the
following detailed description of the invention.

To illustrate the invention, various embodiments and trials of non-limiting examples will be
described, particularly with reference to the following Figures:

Figure 1 illustrates an example of one nanoplatelet of reduced graphene oxide according to
the present invention.

Figure 2 illustrates an example of a few nanoplatelets of reduced graphene oxide according
to the present invention.

Figure 3a and 3b illustrate an example of a leak detection.

The invention relates to a non-conductive substrate being at least partially coated on at least
one side with a paint comprising reduced graphene oxide having a surface area below 300mZ2.gr"
and at least one thermosetting polymer, the non-conductive substrate being directly coated by the
paint.

Without willing to be bound by any theory, it seems that the paint including the reduced
graphene oxide having a surface area below 300m2.gr' and the
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thermosetting polymer well adheres on the non-conductive substrate increasing the
lifetime of the coated non-conductive substrate. Indeed, it is believed that thanks to
the thermosetting polymer, the reduced graphene oxide is highly dispersed in the
paint leading to an improvement of the detection quality. Finally, the paint deposited
on the non-conductive substrate is an easy and simple system allowing the
detection of leak and strain deformation.

Preferably, the reduced graphene oxide has a surface area below 290m?.gr-
1. Preferably, the reduced graphene oxide has a surface area above 200m?2.gr"
When the surface area is equal or above to 300m?2.gr, it seems that the quality of
the leak detection of non-conductive substrates decreases since the paint is too
sensitive and therefore, the background noise is also detected.

The reduced graphene oxide can be produced from kish graphite as
disclosed in the patent applications PCT/IB2017/000348 or PCT/IB2018/053416. It
can also be produced from electrode scraps as disclosed in PCT/IB2018/053643.

Preferably, the non-conductive substrate is coated on both sides.

In a preferred embodiment, the coated non-conductive substrate is covered
by a protective layer. The protective layer can be made of thermosetting polymers.
In this case, the coated non-conductive substrate is protected against corrosion, etc.

Preferably, the lateral size of the reduced graphene oxide is between 1 and
80um, more preferably between 40 and 80um and advantageously between 60 and
80um.

Preferably, the weight percentage of oxygen in the reduced graphene oxide
is between 2 and 20% and preferably between 2 and 10%. Indeed, without willing
to be bound by any theory, it is believed that the percentage of oxygen plays a role
in the conductivity and electrical resistance of the paint.

Preferably, the reduced graphene oxide is not functionalized by a biopolymer.
Indeed, without willing to be bound by any theory, it is believed that the biopolymer
can decrease the sensitivity of the leak and strain deformation detection.

Preferably, the reduced graphene oxide is in a form of one or more
nanoplatelets. Indeed, without willing to be bound by any theory, it is believed that
the form of the reduced graphene oxide can play a role in the detection since it
seems that the nanoplatelets can easily form a path in the paint wherein the
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electricity runs. Figure 1 illustrates an example of one nanoplatelet of reduced
graphene oxide. The lateral size means the highest length of the layer through the
X axis, the thickness means the height of the layer through the Z axis and the width
of the nanoplatelet is illustrated through the Y axis. Figure 2 illustrates an example
of a few nanoplatelets of reduced graphene oxide.

Advantageously, the thickness of the paint is between below 2mm and
preferably between 50 and 500um.

Preferably, the concentration of the reduced graphene oxide in the paint is
between 0.05 and 10% by weight, preferably between 0.05 and 7% by weight and
advantageously between 0.5 and 4% by weight. Indeed, without willing to be bound
by any theory, it seems that having the reduced graphene oxide in the above
concentration can further improve the detection sensitivity in the case of strain
because in that range the conductivity of the network of nanoparticles formed inside
the thermosetting resin is more sensitive to deformations allowing to detect smaller
strains.

Preferably, the paint does not comprise a thermoplastic polymer. In particular,
the paint does not comprise acrylic polymer. Indeed, it is believed that the
thermoplastic improves the viscosity of the paint leading to a bad dispersion of
reduced graphene oxide and therefore a poor quality of the coated non-conductive
substrate.

Advantageously, the thermosetting polymer is chosen from among: epoxy
resin, Polyester resin, Polyurethanes, Polyurea/polyurethane, Vulcanized rubber,
Urea-formaldehyde, Melamine resin, Benzoxazines, Polyimides, Bismaleimides,
Cyanate esters, polycyanurates, Furan, Silicone resins, Thiolyte and Vinyl ester
resins or a mixture thereof.

Preferably, the molar mass distribution of the polymer is below or equal to
1300 and advantageously between 700 and 1200.

Preferably, the non-conductive substrate is a textile or a plastic substrate. In
particular, the textile is a geomembrane, a geotextile or a geosynthetic clay liner.
Preferably, the geomembrane, the geotextile or the geosynthetic clay liner are
woven or non-woven.



In a preferred embodiment, the plastic substrate is chosen from among: Poly(methyl
methacrylate), Acrylonitrile Butadiene Styrene, Polyamides family, Policarbonate, Polyvinyl chloride,
Polypropylene, Polyethylene and Polyethylene terephthalate or a mixture thereof.

Preferably, the plastic substrate does not comprise Poly-4-vinylphenol, polyethersulfone or
Polydimethylsiloxane. Indeed, without willing to be bound by any theory, it is believed that the

presence of these polymers can reduce the detection sensitivity.
Advantageously, the paint does not comprise titanium dioxide or copper.

Preferably, the non-conductive substrate is coated with paint strips to form an alternation
between painted and non-painted non-conductive substrate.

In another embodiment, the non-conductive substrate is coated with one entire layer of paint.

The second object of the present invention is a method for the manufacture of the non-
conductive substrate being at least partially coated according to the present invention, comprising
the successive following steps:

A. mixing the reduced graphene oxide, a thermosetting monomer, a curing agent and
optionally a solvent,

B. depositing the mixture on the non-conductive substrate and

C. a curing step.

Preferably, in step B), the mixing is performed as follows:

i. The mixing of reduced graphene oxide having a surface area below 300m2.gr' and a
thermosetting base polymer and optionally a solvent,

ii. The addition of a curing agent,

iii. The mixing of the mixture obtained in step B).

Preferably, in step A), the solvent is chosen from among others: xylene, n-butanol,
ethylbenzene, naphtha, n-butyl acetate, toluene, cyclic hydrocarbons, isopropanol and benzyl
alcohol or a mixture thereof.

Preferably, in step A), the thermosetting monomer is chosen from: epoxy resin, ester,
urethane, urea/polyurethane, WVulcanized rubber, Urea-formaldehyde, Melamine resin,
Benzoxazines, imides, Bismaleimides, Cyanate esters, cyanurates, Furan, Silicone resins, Thiolyte
and Vinyl ester resins or a mixture thereof.

Advantageously, in step A), the curing agent is chosen from among:
polyamide, phenols, amines and polyaddition isocyanate or a mixture thereof.

Date regue/Date received 2023-05-25



Preferably, in step B), the deposition of the coating is performed by spin coating, spray
coating, dip coating, film coating, coil coating, brush coating or spatula coating.

Preferably, in step C), the curing step is performed by drying at room temperature.

The third object of the present invention is a method for detecting a leak with the non-
conductive substrate being at least partially coated according to the present invention comprising
the following successive steps:

a) applying an electric voltage to the non-conductive substrate being at least partially
coated using an electronic system, and

b) detecting a water leak through the non-conductive substrate when an electrical circuit
is formed in the non-conductive substrate being at least partially coated.

Without willing to be bound by any theory, it is believed that as illustrated in Figures 3a and
3b, when the coated non-conductive substrate detects a leak, an electrical circuit is formed. Indeed,
it seems that initially, the non-conductive substrate 1 coated with the paint 2 forms an open electrical
circuit even with the application of an electric voltage applied by a voltage source 3. The coated non-
conductive substrate is for example deposited on mining waste 4. When there is a leak 5, a
conductive fluid (e.g. water) comes into contact with the paint 2 present on the non-conductive
substrate 1 and close the circuit. Then, an emitter 6 indicates the leak.

Preferably, in step 1), the electronic system comprises a power supply system and an emitter
able to indicate the leak. For example, the power supply system is a battery. Preferably, the emitter
is a light. Preferably, in step lI), the light is a light emitting diode (LED). In this case, when the
electrical circuit is closed as the leak is formed, the electronic system turns on the LED. Alternatively,
the emitter is a computer able to indicate the leak by showing a map with the area affected by the
leak.

The fourth object of the present invention is a method for detecting a strain deformation of
the non-conductive substrate with the non-conductive substrate being at least partially coated
according to the present invention comprising the following successive steps:

1. the application of an electric voltage to the non-conductive substrate being at least

partially coated using an electronic system,

2. the measurement of the electrical resistance variation of the non-conductive substrate

being at least partially coated.

Without willing to be bound by any theory, it is believed that in the paint, the reduced graphene
oxide nanoparticles form a conductive network. When the material is subjected to a strain, the
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internal geometry of the network which is stronger than the thermosetting changes in an important
way. The consequence is a change in the electrical resistance of the paint.

In this case, preferably, the gauge factor, being the ratio of relative change in elecirical
resistance to the mechanical strain c, is above 5.

Preferably, in step 1), the electronic system comprises a power supply system. Preferably, it
is a battery.

Finally, the last object of the present invention is the use of a non-conductive substrate being
at least partially coated according to the present invention for detecting a water leak of the non-
conductive substrate or a strain deformation of the non-conductive substrate.

The invention will now be explained in trials carried out for information only. They are not
limiting.

Examples:

Example 1: conductivity test

Different nanoparticles were mixed with an epoxy resin having a molar mass distribution
between 700 and 1200, bisphenol A-(epichlorhydrin) epoxy resin having a molar mass distribution
below or equal to 700 and xylene. The mixture was mixed and dispersed using a device called
DISPERMAT. Then, a curing agent comprising polyamide was added in the mixture before being
mixed. The mixture was deposited on poly(methyimethacrylate) (PMMA) substrate.

Then, an electric voltage (10V) was applied on all the trials using an electronic system
including a battery. The electrical resistance was determined. The surface
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area was measured by Brunauer—-Emmett—Teller (BET). The conductivity of all

Trials was calculated.
The results are in the following Table 1:

Nanopatrticles Nanoparticles Sheet -
. Minimum
, Oxygen | Lateral | Surface | Concentration | Resistance o
Trials ] . . Conductivity
Nature content size area in the paint (Q/sq) S/m)
(Wit%) (umy) (m?/gr) (wt.%)
Reduced 287 2.7x108
Between
Graphene Around
1* . 2and 05 3.7x10°
oxide 70
25
(rGO)
Between 287 6.7x104
Around
2" tGO 2 and 70 0.75 1.5x101
25
Between | Around 287 3.6x108
3* rGO 05 2.8x105
2and8 70
Between | Around 287 4.8x1010
4> GO 0.6 2.1x107
2and 10 30
5 graphene <2 >5 - 0.5 »1012 <1x10%
6 graphene <2 >5 - 0.75 >101? <1x10¢

*: according to the present invention.

Trials 1 to 4 show a high conductivity and therefore a high
detecting leak and strain deformation compared to Trials 5 and 6.

Example 2: leak detection test

sensitivity for

Nanoplatelets of Reduced graphene oxide having from 1 to 5% by weight

oxygen and a lateral size around 20um was mixed with epoxy resin having a molar
mass distribution between 700 and 1200, bisphenol A-(epichlorhydrin) epoxy resin

having a molar mass distribution below or equal to 700 and xylene. A solvent

comprising xylene, n-butanol, ethylbenzene and naphtha was added. The mixture

was mixed and dispersed using a device called DISPERMAT. Then, a curing agent

comprising polyamide was added in the mixture before being mixed
was deposited on a non-woven geotextile made of polyethylene
(PET). Then, a drying was performed at room temperature.

. The mixture

terephthalate
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The coated geotextile was perforated to create a small hole and then it was
positioned between two layers of mining wastes. An electronic system, comprising
a battery and LEDS, was connected to the coated geotextiles. Water was poured
on the top of the mining wastes. When the water flows through the hole in the coated
geotextile, the electrical circuit is formed and the LEDS switch on.

The same test was performed by depositing paint strips to form a paint
alternation on the geotextile. When water came into contact with the coated
geotextile, the LEDs that switched on were the one closest to the geotextile in
contact with water. Thus, if the geotextile is broad (i.e. hundreds of meters), it is
possible to quickly see where the water leak happened thanks to the correlation
between the position and the LEDs that are shining.

Example 3: Strain deformation test
Different nanoparticles were mixed with an epoxy resin having a molar mass

distribution between 700 and 1200, bisphenol A-(epichlorhydrin) epoxy resin having
a molar mass distribution below or equal to 700 and xylene. The mixture was mixed
and dispersed using a device called DISPERMAT. Then, a curing agent comprising
polyamide was added in the mixture before being mixed. The mixture was deposited
on poly(methylmethacrylate) (PMMA) substrate.

Then, a tensile loading was applied on all the Trials and the gauge factor,
being the ratio of relative change in electrical resistance, to the mechanical strain g,
was determined. The surface area was measured by Brunauer—-Emmett—Teller
(BET). A conventional strain gauge sensitivity being made of constantan® was
added in comparison.
The results are in the following Table 2:
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Nanoparticles Nanoparticles
) Oxygen Surface | Concentration | Strain Gauge
Trials Lateral . .
Nature content . area in the paint (%) factor
size (um)
{(wt%) {m2/gr) (wt. %)
Between
77 rGO 2 and Around 70 287 0.6 0.2 8
2.5
Between
8” rGO 2 and Around 70 287 0.6 0.4 27
25
Between
9* rGO 2 and Around 70 287 0.6 0.6 27
2.5
Between
10* rGoO 2 and Around 70 287 0.6 08 30
25
conventional
12 ] - - - - 0.2 2
strain gauge
conventional
13 ) - - - - 0.4 2
strain gauge
conventional
14 ) - - - - 0.6 2
strain gauge
conventional
15 ] - - - - 0.8 2
strain gauge

*: according to the present invention.

Trials 7 to 10 show a high gauge factor and therefore a high sensitivity to
detect the strain deformation compared to conventional strain gauge.
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CLAIMS

1. A non-conductive substrate being at least partially coated on at least one side with a paint
comprising reduced graphene oxide having a surface area below 300m2.gr' and at least
one thermosetting polymer, the non-conductive substrate being directly coated by the paint.

2. The non-conductive substrate according to claim 1, wherein the reduced graphene oxide
has a lateral size of 1 to 80pm.

3. The non-conductive substrate according to any one of claims 1 and 2, wherein the reduced
graphene oxide has a weight percentage of oxygen between 2% and 20%.

4. The non-conductive substrate according to any one of claims 1 to 3, wherein the reduced
graphene oxide is not functionalized by a biopolymer.

5. The non-conductive substrate according to any one of claims 1 to 4, wherein the reduced
graphene oxide is in a form of one or more nanoplatelets.

6. The non-conductive substrate according to any one of claims 1 to 5, wherein the paint has
a thickness below 2mm.

7. The non-conductive substrate according to any one of claims 1 to 6, wherein the paint has

a concentration of the reduced graphene oxide between 0.05% and 10% by weight.

8. The non-conductive substrate according to any one of claims 1 to 7, wherein the paint does

not comprise a thermoplastic polymer.

9. The non-conductive substrate according to any one of claims 1 to 8, wherein the paint is
free of acrylic polymer.

10. The non-conductive substrate according to any one of claims 1 to 9, wherein the

thermosetting polymer is selected from the group consisting of. epoxy resin, Polyester
resin, Polyurethanes, Polyurea/polyurethane, Vulcanized rubber, Urea-formaldehyde,

Date regue/Date received 2023-05-25
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Melamine resin, Benzoxazines resins, Polyimides, Bismaleimides resins, Cyanate esters
resins, polycyanurates, Furan resin, Silicone resins, Thiolyte resin, Vinyl ester resins and a
combination thereof.

11. The non-conductive substrate according to any one of claims 1 to 10, wherein the non-
conductive substrate is a textile or a plastic substrate.

12. The non-conductive substrate according to claim 11, wherein the textile is a geomembrane,
a geotextile or a geosynthetic clay liner.

13. The non-conductive substrate according to claim 11, wherein the plastic substrate is
selected from the group consisting of. Poly(methyl methacrylate), Acrylonitrile Butadiene
Styrene, Polyamides family, Polycarbonate, Polyvinyl chloride, Polypropylene,
Polyethylene, Polyethylene terephthalate and a combination thereof.

14. The non-conductive substrate according to claim 11, wherein the plastic substrate does not

comprise Poly-4-vinylphenol, polyethersulfone or Polydimethylsiloxane.

15. The non-conductive substrate according to any one of claims 1 to 14, wherein the paint

does not comprise titanium dioxide or copper.

16. The non-conductive substrate according to any one of claims 1 to 15, wherein the non-
conductive substrate is coated with paint strips to form an alternation between painted non-

conductive substrate and non-painted non-conductive substrate.

17. The non-conductive substrate according to any one of claims 1 to 15, wherein the non-

conductive substrate is coated with one entire layer of paint.

18. A non-conductive substrate being at least partially coated on at least one side with a paint
comprising reduced graphene oxide having a surface area below 300m2.gr' and at least
one thermosetting polymer, the non-conductive substrate being directly coated by the paint,
wherein:

the reduced graphene oxide has a lateral size of 40 to 80 um,

Date regue/Date received 2023-05-25
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the reduced graphene oxide has a weight percentage of oxygen between 2% and
10%, and
the paint has a concentration of reduced graphene oxide between 0.5% and 4% by

weight.

19. A method for the manufacture of the non-conductive substrate being at least partially
coated according to any one of claims 1 to 18, comprising the successive following steps:
A. mixing the reduced graphene oxide having a surface area below 300m2.gr', a
thermosetting monomer, a curing agent and optionally a solvent,
B. depositing the mixture on the non-conductive substrate, and
C. acuring step.

20. The method according to claim 19, wherein in step A), the solvent is selected from the
group consisting of: xylene, n-butanol, ethylbenzene, naphtha and a combination thereof.

21. The method according to any one of claims 19 and 20, wherein in step A), the
thermosetting monomer is selected from the group consisting of. epoxy, ester, urethane,
urea/polyurethane, rubber, Urea-formaldehyde monomer, Melamine, Benzoxazines, imides,
Bismaleimides, Cyanate esters, cyanurates, Furan, Silicone, Thiolyte, Vinyl ester and a
combination thereof.

22. The method according to any one of claims 19 to 21, wherein in step A), the curing agent is
selected from the group consisting of: polyamide, phenols, amines, polyaddition isocyanate
and a combination thereof.

23. The method according to any one of claims 19 to 22, wherein in step B), the deposition of
the mixture is performed by spin coating, spray coating, dip coating, film coating, coil

coating, brush coating or spatula coating.

24. The method according to any one of claims 19 to 23, wherein in step C), the curing step is
performed by drying at room temperature.

Date regue/Date received 2023-05-25
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25. A method for detecting a leak with the non-conductive substrate being at least partially
coated according to any one of claims 1 to 18 or obtained from the method according to any
one of claims 19 to 24 comprising the following successive steps:

a) applying an electric voltage to the non-conductive substrate being at least
partially coated using an electronic system, and

b) detecting a water leak through the non-conductive substrate when an
electrical circuit is formed in the non-conductive substrate being at least partially
coated.

26. The method according to claim 25, wherein in step a), the electronic system comprises a
power supply system and an emitter able to indicate the leak.

27. The method according to claim 26, wherein the emitter is a computer or a light.

28. A method for detecting a strain deformation of the non-conductive substrate with the non-
conductive substrate being at least partially coated according to any one of claims 1 to 18
or obtained from the method according to any one of claims 19 to 24 comprising the
following successive steps:

1 applying an electric voltage to the non-conductive substrate being at least partially
coated using an electronic system, and

2) measuring an electrical resistance variation after deformations of the non-
conductive substrate being at least partially coated.

29. The method according to claim 28, wherein in step 1), the electronic system comprises a
power supply system.

Date regue/Date received 2023-05-25
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