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How to storage H2

2

https://www.energy.gov/eere/fuelcells/hydrogen-storage

 Pressure and temperature:
◦ Compression up to 700 bar

◦ Liquefaction of H2 at 20.3 K 

◦ Cooling + compression

 Interaction with other materials:
◦ Physical interaction: adsorption

◦ Chemical interaction: absorption
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Introduction – Why nanoporous Carbons?
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What is important for H2 storage?
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• Specific surface area
• Specific pore volume
• Pore size distribution
• Surface functionalities

> 2 nm 1-2 nm < 1 nm
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What do we want to know?
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Small momentum transfer 
diffractometer D16 @ILL
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Sample material
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• How does the pore size influence the gas density?
• How does the pore shape influence the uptake?
• What are the optimal pore size and shape 

characteristics for highest adsorption?

Q
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Gas density from SANS – Two-phase model approach
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Incident
neutrons

Sample material
𝐼 ொ =  𝐼௣௔௥௧௜௖௟௘ + 𝐼௣௢௥௘ + 𝐼௙௟௨௖௧

𝑘 = 4 𝑠ℎ𝑎𝑟𝑝 𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒𝑠
𝑘 < 4 𝑛𝑜𝑛 −  𝑠ℎ𝑎𝑟𝑝 𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒𝑠

lim
ொ→ஶ

𝐼௣௢௥௘ = B ∗ 𝑄ି௞ + 𝐼௙௟௨௖௧ + 𝐼௜௡௖

𝐼௜௡௖ ∝
𝑏ுଶ,௜௡௖ ȉ 𝑁஺

𝑀ுଶ
ȉ 𝜌ுଶ

ଶ

∝  
𝑀ுଶ ∗ 𝑢𝑝𝑡𝑎𝑘𝑒

𝑉௣௢௥௘
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 Incoherent scattering of H2
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Gas density from SANS – Two-phase model approach
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Incident
neutrons

Sample material
𝐼 ொ =  𝐼௣௔௥௧௜௖௟௘ + 𝐼௣௢௥௘ + 𝐼௙௟௨௖௧

𝑘 = 4 𝑠ℎ𝑎𝑟𝑝 𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒𝑠
𝑘 < 4 𝑛𝑜𝑛 −  𝑠ℎ𝑎𝑟𝑝 𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒𝑠

Element bcoh  
(10-13 cm) 

binc  
(10-13 cm) 

C 6.65 0 
H2 -7.48 25.27 
D2 13.34 4.04 

 

𝜌 ொ ,ுଶ ஽⁄ ଶ =
𝑏௖ ȉ 𝑀ுଶ ஽⁄ ଶ ȉ 𝜌஼

𝑏ுଶ ஽⁄ ଶ ȉ 𝑀஼
ȉ 1 −

𝐼 ொ,௉ ,௖௢௛

𝐼 ௉ୀ଴ ,௖௢௛

(Gallego et. al., 2011)

Q lim
ொ→ஶ

𝐼௣௢௥௘ = B ∗ 𝑄ି௞ + 𝐼௙௟௨௖௧ + 𝐼௜௡௖
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H2 physisorption 
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D2 physisorption
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What can we learn?

10

6 8 10 12 14 16 18 20 22 24 26 28 30
0.0

0.2

0.4

0.6

0.8

1.0

D
if

fe
re

n
ti

a
l 

p
o

re
 v

o
lu

m
e 

(a
rb

. u
.)

Pore width (Å)

 YP-80

6 8 10 12 14 16 18 20 22 24 26 28 30

0.0

0.2

0.4

0.6

0.8

1.0

D
if

fe
re

n
ti

a
l 

p
o

re
 v

o
lu

m
e 

(a
rb

. u
.)

Pore width (Å)

 MSP-20

5 6 7 8 9 10 11 12
0.00

0.02

0.04

0.06

0.08

0.10

0.00

4.93

9.85

14.78

19.70

24.63

D
2  d

e
n

s
ity

 (m
m

o
l/c

m
³)

 127 mbar
 274 mbar
 557 mbar
 731 mbar
 972 mbar

D
2

 d
en

s
it

y
 (

g
/c

m
³)

Pore size ≈ p/Q (Å)

5 6 7 8 9 10 11 12
0.00

0.02

0.04

0.06

0.08

0.10

0.00

9.92

19.84

29.76

39.68

49.60

H
2  d

e
n

s
ity

 (m
m

o
l/cm

³)

 92 mbar
 250 mbar
 510 mbar
 735 mbar
 964 mbar

H
2

 d
en

si
ty

 (
g

/c
m

³)

Pore size ≈ p/Q (Å)

Fractional pore filling

𝜌 ொ ,ுଶ ஽⁄ ଶ =
𝑏௖ ȉ 𝑀ுଶ ஽⁄ ଶ ȉ 𝜌஼

𝑏ுଶ ஽⁄ ଶ ȉ 𝑀஼
ȉ 1 −

𝐼 ொ,௉ ,௖௢௛

𝐼 ௉ୀ଴ ,௖௢௛
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What can we learn?
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What can we learn?
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Future work
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Inelastic neutron scattering
Quasi-elastic neutron scattering

& 
Neutron diffraction
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