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HyCentA Research — Leading
Hydrogen Innovation

* 120+ researchers mechanical engineering, physics,
chemistry, process engineering, electrical engineering

« 600+ projects successfully completed
« 20+ years of R&D expertise

« State-of-the-art research, testing
and refueling infrastructure
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Why use adsorption storage?

Why create a simulation model?
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Absorption in Adsorption on
metal hydride activated carbon

Hydrogen —

Hydrogen

Metal alloy

Activated
carbon

lllustration of Absorption lllustration of Adsorption

Henoegl, E. M., “Hydrogen Adsorption Storage in Porous Solid Materials. How intrinsic and extrinsic material properties
in conjunction with tank design influence the storage system performance” (working title). PhD Thesis (ongoing). Slide 4
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\ Comparison of cH2 and adsorption H2 storage
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Adsorption storage tank Compressed storage tank

V=68L V=68L
Pressure = 40 bar Pressure = 40 bar
Temperature = 77K Temperature = 77K

Storage capacity = 2 kg Storage capacity = 0.9 kg

M. Jorda-Beneyto et al., ,Advanced activated carbon monoliths and activated carbons for hydrogen storage”,

. N S https://webbook.nist.gov/cgi/fluid.cqi? T=77&PLow=100&PHigh=300&PInc=508&Digits=5&|D=C1333740&Action=Load&Type=IsoTherm&TUnit=K& 5
Microporous and Mesoporous Materials, pp. 235-242, 2008, DOI 10.1016/j.micromes0.2007.09.034.

PUnii=bar&DUnit=ku%2Fm3&HUnit=kJ%2FmoI&WUnit=m°/u2Fs&VisUnit=uPa*s&STUnit=N%2Fm&RefState=DEF last checked: 05.02.2026



https://webbook.nist.gov/cgi/fluid.cgi?T=77&PLow=100&PHigh=300&PInc=50&Digits=5&ID=C1333740&Action=Load&Type=IsoTherm&TUnit=K&PUnit=bar&DUnit=kg%2Fm3&HUnit=kJ%2Fmol&WUnit=m%2Fs&VisUnit=uPa*s&STUnit=N%2Fm&RefState=DEF
https://webbook.nist.gov/cgi/fluid.cgi?T=77&PLow=100&PHigh=300&PInc=50&Digits=5&ID=C1333740&Action=Load&Type=IsoTherm&TUnit=K&PUnit=bar&DUnit=kg%2Fm3&HUnit=kJ%2Fmol&WUnit=m%2Fs&VisUnit=uPa*s&STUnit=N%2Fm&RefState=DEF
https://webbook.nist.gov/cgi/fluid.cgi?T=77&PLow=100&PHigh=300&PInc=50&Digits=5&ID=C1333740&Action=Load&Type=IsoTherm&TUnit=K&PUnit=bar&DUnit=kg%2Fm3&HUnit=kJ%2Fmol&WUnit=m%2Fs&VisUnit=uPa*s&STUnit=N%2Fm&RefState=DEF

\ Hydrogen adsorption storage ~ (@centn
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Operation pressures below cH2
- mitigated safety risks

a hydrogen is bound to
® :
T activated carbon

Activated carbon: > mitigated safety risks

high specific surface area
-> high storage density

lllustration of Adsorption

N. Kostoglou et al., “Nanoporous polymer-derived activated carbon for hydrogen adsorption and electrochemical N. Klop¢i¢, “Advancing hydrogen storage technologies and infrastructures”, 2024, Institute
energy storage’, Chemical Engineering Journal, pp. 131730, 2022, DOI 10.1016/j.cej.2021.131730. of Thermodynamics and Sustainable Propulsion Systems, DOI 10.3217/R6BFQ-FR092. 6



Benefits of a simulation model

Operation pressures below cH2
- mitigated safety risks

©

8 i
Activated carbon: J T
high specific surface area
- high storage density \

f Ads

hydrogen is bound to
activated carbon
- mitigated safety risks
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. Benefits of a simulation model

Quick estimate of interrelations

between system parameters No safety risks

Operation pressures below cH2

Vary system e
parameters
independently

Cheaper than
conducting
experiments




@

centA

HYDROGEN CENTER AUSTRIA

ion

t

rp

mulated adso

f

ram o

Schematic diag
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PLim ---external pressure |

MF ... mass flow

m, ... mass of activated carbon

Prank --- tank pressure

Trank --- tank temperature
Trank --- target temeprature

HT... heat transfer factor

Parameter studies on hydrogen adsorption

on activated carbon
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JAdsorption isotherms
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.-A. Richard et al., “Gas adsorption process in activated carbon over a wide temperature range above the critical 11
point. Part 1: modified Dubinin-Astakhov model”, Adsorption, pp. 43-51, 2009. DOI 10.1007/s10450-009-9149-x.
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Adsorption isotherms
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.-A. Richard et al., “Gas adsorption process in activated carbon over a wide temperature range above the critical 12
point. Part 1: modified Dubinin-Astakhov model”, Adsorption, pp. 43-51, 2009. DOI 10.1007/s10450-009-9149-x.
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\Adsorption isotherms
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.-A. Richard et al., “Gas adsorption process in activated carbon over a wide temperature range above the critical 13
point. Part 1: modified Dubinin-Astakhov model”, Adsorption, pp. 43-51, 2009. DOI 10.1007/s10450-009-9149-x.
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JAdsorption isotherms
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.-A. Richard et al., “Gas adsorption process in activated carbon over a wide temperature range above the critical 15
point. Part 1: modified Dubinin-Astakhov model”, Adsorption, pp. 43-51, 2009. DOI 10.1007/s10450-009-9149-x.
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Adsorption isotherms
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.-A. Richard et al., “Gas adsorption process in activated carbon over a wide temperature range above the critical 16
point. Part 1: modified Dubinin-Astakhov model”, Adsorption, pp. 43-51, 2009. DOI 10.1007/s10450-009-9149-x.



. The modified Dubinin-Astakhov model

Ngds = Nmax * €XP

60 35K
o 45 K
=
< 50 60 K
€
.E40 77K
[}
w30 __ 113K |
_E |
820 |
10 213 K |

0 1 2 3 4 5 6

Pressure in MPa

M.-A. Richard et al., “Gas adsorption process in activated carbon over a wide temperature range above the critical
point. Part 1: modified Dubinin-Astakhov model”, Adsorption, pp. 43-51, 2009. DOI 10.1007/s10450-009-9149-x.
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Absolute H, uptake [mol/kg]
Max. H, uptake [mol/kg]
Pressure [MPa]

Saturation vapor pressure [MPa]
Temperature [K]

Universal gas constant [J/mol K]
Enthalpy factor [J/mol]

Entropy factor [J/mol K]
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. The modified Dubinin-Astakhov model

[a+ﬁT] in?( 78 )]

= Tmax * €XP

Adsorbed amount
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% 0 60 K n,.. Max. H, uptake [mol/kg]
Elio. 77 K P Pressure [MPa]
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T 0 113K T Temperature [K]
sko | R Universal gas constant [J/mol K]
ﬁ 0 __213K a Enthalpy factor [J/mol]

B Entropy factor [J/mol K]
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Pressure in MPa
M.-A. Richard et al., “Gas adsorption process in activated carbon over a wide temperature range above the critical 18

point. Part 1: modified Dubinin-Astakhov model”, Adsorption, pp. 43-51, 2009. DOI 10.1007/s10450-009-9149-x.
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\. The modified Dubinin-Astakhov model

Temperature dependent term

|
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M.-A. Richard et al., “Gas adsorption process in activated carbon over a wide temperature range above the critical 19
point. Part 1: modified Dubinin-Astakhov model”, Adsorption, pp. 43-51, 2009. DOI 10.1007/s10450-009-9149-x.
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\ The modified Dubinin-Astakhov model

Temperature dependent term

Pressure dependent term

= Tmax * €XP
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M.-A. Richard et al., “Gas adsorption process in activated carbon over a wide temperature range above the critical 20
point. Part 1: modified Dubinin-Astakhov model”, Adsorption, pp. 43-51, 2009. DOI 10.1007/s10450-009-9149-x.



centA

HYDROGEN CENTER AUSTRIA

\. Adsorption storage tank —

otal stored mass
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Influence of the target temperature on the storage
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Influence of target temperature on storage capaC|ty —

the tWO fl"lng phaseS /’ =5 HYDROGEN CENTER AUSTRIA
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_ Influence of target temperature on storage capaC|ty —L |
“\the two filling phases
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Influence of target temperature on storage capaC|ty -
temperature evolution
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Influence of the temperatu
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\_Influence of the mass fi
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 To reach high storage capacities temperatures below
room temperature are required

* The temperature control of the storage tank has to be
optimized towards high thermal conductivity to reach
these low temperatures

* Even with temperature control higher mass flows do
not result in faster filling time when loading the tank
fully — the system is self-inhibiting
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