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Hydrogen — Towards technologies
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Hydrogen — Towards technologies

* Performing in cryogenic environments (20 K)

« Microcrack development

CFRP — Carbon-fiber reinforced plastic
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Hydrogen storage vessel technology

Carbon-fiber

Base resin
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Incorporation of Graphene as a
multifunctional additive
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INTRODUCTION

Hydrogen storage vessel technology

* Improves matrix-fiber interaction

CTE
carbon-fiber
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INTRODUCTION

Hydrogen storage vessel technology

* Improves matrix-fiber interaction
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* Hydrogen barrier properties
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INTRODUCTION

Hydrogen storage vessel technology

* Improves matrix-fiber interaction

* Hydrogen barrier properties

 Stiffening of the matrix




INTRODUCTION

UNIVERSAL APPLIED
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Hydrogen storage vessel technology MATERIALS

Carbon-fiber

Base resin

Incorporation of Graphene as a
multifunctional additive
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INTRODUCTION

Hydrogen storage vessel technology

Genable ® X1400

Top-down / Exfoliation Graphite

Eesasaco o

Genable ® 1000

Top-down / Exfoliation
+ oxidized function

Genable ® 1200

Bottom-up / Deposition

\412

¢

UNIVERSAL
MATTER

ADVANCED MATERIALS

Micromechanical cleavage

APPLIED
GRAPHENE
MATERIALS

Graphene

/o



INTRODUCTION

UNIVERSAL APPLIED

\
’;‘ MATTER k, GRAPHENE

Hydrogen storage vessel technology MATERIALS

Genable ® X1400

TOp-dOWI‘\ / Exfoliation Graphite Micromechanical cleavage

Graphene

Genable ® 1000

Top-down / Exfoliation g o
+ oxidized function ’

Chemical vapor
o deposition

/‘\ Graphene
Genable ® 1200 .

Bottom-up / Deposition

V_BE



14

Effect of graphene as a multifunctional additive

What is the influence of graphene on the
manufacturing process of the composite?

Can graphene suppress the CTE property of

i the CFRP laminate?

Does graphene act as a barrier towards
hydrogen permeation?

'— How will the graphene effect the delamination process of

l ] the CFRP composite
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METHODS

Prepreg Line — Manufacturing of the composite prepregs

Reference

Genable ® X1400: 0.1wt

Genable ® 1000: 0.1wt

Genable ® 1200: 0.1wt
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Manufacturing of
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RESULTS

Viscosity measurements of the Base Resin {.ﬂ
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Viscosity measurements of the Base Resin
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RESULTS

Viscosity measurements of the Base Resin {.ﬂ
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Coefficient of thermal expansion
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Coefficient of thermal expansion
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RESULTS

Coefficient of thermal expansion CTE
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Hydrogen permeation
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Hydrogen permeation
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Interlaminar Energy Release Rate
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Interlaminar Energy Release Rate

Adaptation to 77 K LN, Source
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Interlaminar Energy Release Rate G-
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Interlaminar Energy Release Rate
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Load cell: 500 N
Displacement rate: 10 mm min-
N. of specimens: 5

Carbon-fiber volume content: 56-58vol%
\
647 J\ m-2
527 J m-2
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Effect of graphene as a multifunctional additive

The use of graphene additives in the base resin does not promote
significant effect on the manufacturing of the composites
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Effect of graphene as a multifunctional additive
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Effect of graphene as a multifunctional additive

The use of graphene additives in the base resin does not promote

significant effect on the manufacturing of the composites

The CTE of the CFRP laminate is reduced by the use
of graphene additives

The hydrogen permeation of the CFRP laminate is reduced
by the use of graphene additives

F

1 - The incorporation of a rigid additive such as graphene, promotes
1 T‘"'ﬁ_’ substantial decrease on the CFRP G, indicating

F embrittlement and stiffening of the matrix
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NEXT STEPS

Tensile properties in cryogenic environments 77 K
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