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750 priority patents filed / year

200 start-ups since 1972 in the innovative technologies sector
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A Materials
A Polymer synthesis and transformation FASTCURE 2

A Characterlsa.tlon and H, permeation Re- s7%2
A New Fastcuring Towpreg S

CPV Concept & Design & Mech. Simulation (FE calculation)

Fiwiqus : CEA filament winding tool for Abaqus

Process and simulation (reactive/non reactive Rotomolding, Filament Winding, Curing...)
Manufacturing (Liner, Composite) s cunnts (@,ﬂ
Instrumentation

Testing Process : Proof, Burst, Cycling Text, Creep, Flaw, Gun, Impact, Fire, Chem, Proof ...
CPV Testing (standard, Regulation EC79 or R134, additional severe conditions)

PHM, SHM

RCS participation (AFNOR, I1SO-TC197, EC-SFEM, UNECE-GTR13)

HRS : Fast Filling (FCH-JU PRHYDE Project) wi$ PRHYDE ©)
CPVprototyping andtesting =T

R&D collaborative projects (with academics, industrials)

Industrial transfer (ex. Liner manufacturing to RAIGI) (Caic

Patents, IP

Education

Conference (H2PV http://h2pv.org/, ICHS, ICCM 27 - 31 July 2009 Edinburgh, others)
Expertise

Consulting (industrials, end-users)

cea 1) CEA H2 70 MPa CPV R&#dvity since2002 at CEA Tours

CPV : Composite Pressure Vessel

Dedicated R&D CPV plateform at CEA

CP\Wdesign prototyping andtesting
plateform
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1) Processand CP\Manufacturingat CEA @E&%
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CEA K62L 700 bar CPV
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1) Testingand Certificationtests at CEA (EC79 & R134) C@EJ%"
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1) FCHIU PRHYDttoject: Heavyduty hydrogenrefuelling

u PRHYDE, a European-funded project, is working on 3 types of

protocols reducing the worst-case assumptions in SAE J2601 mE PRHYDE ‘ ﬁ'ﬂ:m::”mw

that would lead to excessive fuelling times when refuelling Protocol for heavy-duty g Hydroge
HD vehicles Hydrogen refuelling y artnership

u PrOjeCt lifetime: Janua ry 2020 - Se ptember 2022 This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now
Clean Hydrogen Partnership) under Grant Agreement Mo 874357, This Joint Undertaking receives

u Expected results: recommendations to the relevant o ey 20 Research and Imenaton programme, Fycreger
standardization forums — with the aim of achieving
standardization at ISO level (e.g. ISO TC197 WG24 — Task- Members of the PRHYDE Consortium;
. A
Force 3, targeting 1ISO 19885-3 standard
, argeting ) @aAirLiquide PR it EReEaE
CRICEM

u For further information, see www.prhyde.eu
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2) StandardlypelV H2 CP\definition C@ %520
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1 tow of 24k filaments

7um filament diameter

A Metallic boss (AL)
A Plastic liner (PE, PA)
A Composite shell (CF+epoxy)

thermoplastic powder
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2) CP\ypes

Meta llic Liner

FL_

£

Metallic boss

Plastic Liner

J.- b
= Composite
=l i
__.:f_.
3
=
Type | Type I Type Il Type IV Type V

= 0,60 g /L/bar* = 0,42 g /L/bar* = 0,35 g /L/bar*

S B ————

Metallic vessel Circunmferential Full Composite Full Composite Full Composite
Compaosite Metallic liner Plastic liner Linerless
Metallic vessel
20 MPa 25-30 MPa 30-70 MPa 70 MPa x MPa?
Metallic « liner » Plastic liner Linerless

* Approximative vessel mass for 1 bar of burst pressure and 1 liter internal volume with vessel diameter around 300-500 mm
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Firstorder evaluation
Applicationexample
A 62L, 700 bar, type IV
A EC79RM134Burstratio: 2,25=> 1575 bar

CPV Total mass=0.42 3062 * 1575 = 41 kg




3) StandardlypelV CP\tanufacturingsteps @ %520
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62 L, 700 bar H2 CPV

Rotomolding Rotomolding:
e Filament Winding:
L
Winding
: Epoxy Curing: 12h00-18h00
Curing
e —— Total = 14h00-20h00
W ¥
Proof test Batch IESﬁI‘"Iﬂ
tank proof tested
2 — Time order for CPV manufacturing:
o OTV installation
hour
2 ¥ -
E N./H, Leak test Y=

i
Time order for automotive industry :
Packaging

T minute

tank + OTV packaged
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3) Standardl'ypelV CPWanufacturingcost

COPERNIC: Cost &

: Performances
FBH N \ Improvement for CGH2
e

composite tanks

%
2016 : CEA Storage system Cost Study (CAPEX, OPEX) R .. i .
Y 600 €/ H, kg for 9000 « 700 bar 62L » units / year developments

Y Manufacturing ratio: 35% => 200 € / H, kg O®P_?\\I|O DURATION: 2013-2016
, : FCH Funding: ~3.6M€

COPERNIC (JTI, GA 325330, 2013-2016)

- Reducing costs thru increased productivity and enhanced
tank architecture

Cost structure for 61/ tank, 9000 tanks/year CEA : project leader
% Share of material cost for 61/ tank, 8,000 tanks/year
- 2.0%
H Liner i 13.7% 2%
M End-bosses 0,7% W Liner
B Glass fiber ~\*
® Carbon fiber
B Resin
L =
® On-tank valve B Glass fiber
W Manufacturing process W Resin
77,6%
23%
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4) Composite Pressure Vessedstcuring @ 2025:
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4) FCEMBusser Trucks Multiple CPV

High Voltage Junction | | BHDC/DC | | High-Voltage Cable | | 12V Awdliary Battery |
Box

High-Voltage Batiery
Assembly

Fuel Cell ﬁl
System’

- v
VU
Electric Drive Motor Hydrogen Tank

Hydrogen vessels
Fuel cell balance
of plant components Fuel cell stacks

Cooling unit,
hydraulic fans

Air condition
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4) Fastcure? project @)Eggzc
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Goal 2020 - 2023: increase CPV manufacturing rate
SOA: thick carbon- epoxy curing at low T: 12 hto 18 h

Ideal goal: 1 h, Acceptable goal: 5-6 h for thick composite (3 cm) alow
curingtemperature (PE ou PA liner)

T HLANCT
2020 — 2021 task: resin formulation % R WAL S 2 2

A towpreg formulation (2021) => 1 patent il i
A Resin formulation for wet winding (2022) => 1 patent

Project partners

Z | INSAEE"  VITECH COMPOSITES

CEA Kl62L 700 bar CPV
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E 4) Fastcure2 Project :Towpregformulation (130°C) C@ %520

@ FASTCURE (6h) u DGEBA/Iltowpreg formulation patented (2021)
.jf"u*ﬂ::j)L““::Ln#H-W
Potlife Tamb (>6 th B . .
@ u Matrix with similar propertiesthan EpoxyAmines
@ Hotmelt formulation
' _ u Validation on prototypemanufacturing(130°C =>

@ Thermo mechanical properties PA liner), dry Tg=13€,additional work: needto
increasethe bobin rigidity

CEE T

@ CPV processability u 20222023 : first 700 CPManufacturing+ burst
test +cyclingtest |

700 bar CPV performance '

130°C Towpreg curing cycle :

Fastcure 2 towpreg Towpreg Filament Towpreg Filament Ah45mi
. . . . . . mln
Winding on liner Winding on liner
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@ FASTCURE (7h) u DGEBA/Iwet winding formulation patented (2022)
.jf"u*ﬂ::j)L““::Ln#H-W

@ Potlife (>48 hours) ’ )

@ e visEesy e e 1 Pe] u Matrix with similar propertiesthan EpoxyAmines

E 4) Fastcure2 Project :Wet winding formulation (105°C, 130C) @53529

@ Thermo mechanical properties

. u Validation on prototypemanufacturing(105°C &
CNITETN R
@ SRy u 20222023 : first 700 CPWanufacturing+ burst test

+cyclingtest
700 bar CPV performance o

Impregnation Bath Wet Filament Pull out test with fastcure 2 resin
with Fastcure 2 resin Winding on liner
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5) Conclusion C@)EHEC

V 2 resin formulations for thick composite at low curing temperature for H, 700 bar on-
board type IV CPV

1 towpreg at 130°C (patented): 6 hours

1 resin for wet filament winding at 105°C & 130°C (patented): 7 hours
=>Curingtime divided by 2.5 (12k18h=> 7h)

=> CPVWnhanufacturingtime divide by 2 (14h0020h00=> 9h00)

<K< <<

2022-2023
V 700 bar pressure vessel Type IV CPV manufacturing at CEA

V 700 bar CPV regulation tests (burst, cycles) at CEA
V Scientific paper on resin formulation & characterization
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