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Volumetric Hydrogen Sorbent Measurement at High Pressure and
Cryogenic Condition - Basic Measurement Protocols

HYUNCHUL OH "

Department of Energy Engineering, Gyeongnam National University of Science and Technology, 8 Naedong-myeon,
Naedong-ro 139beon-gil, Jinju, Gyeongnam, 52849 Korea

Abstract >> Volumetric capacity metrics at cryogenic condition are critical for technological and commercial
development. It must be calculated and reported in a uniform and consistent manner to allow comparisons among
different materials. In this paper, we propose a simple and universal protocol for the determination of volumetric
capacity of sorbent materials at cryogenic condition. Usually, the sample container volume containing porous sample
at RT can be directly determined by a helium expansion test. At cryogenic temperatures, however, this direct helium
expansion test results in inaccurate values of the sample container volume for microporous materials due to a
significant helium adsorption, resulting significant errors in hydrogen uptake. For reducing this container volume
error, therefore, we introduced and applied the indirect method such as ‘volume correction using a non-porous
material’, showing a reliable cold volume correction.

Key words : Sieverts apparatus(A|HE €} Hu]=4 Z2)), Hydrogen storage(s=AA4h), PCT(YE-ZA-25 A),
Cold volume correction(=+#]-2& Hu] H7A)

Nomenclature Vike : skeletal volume, cm’
Nexcess : excess hydrogen amount, mole

mH : hydrogen mass, g Napsolwte ~ : absolutely adsorbed hydrogen amount,
Mgmple  : sample mass, g mole
Vexess @ €xcess volume, cm’ Nexperiment (P, T): raw data of hydrogen uptake meas-
Vies : reservoir volume, cm’ urement for the porous sample, mole
Veon . sample container volume, cm’ Ngea sand (P,T) : hydrogen uptake for the sea sand,

mole
TCorresponding author : oh@gntech.ac.kr Plq : density of liquid hydrogen, g/m3
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mole
Z : Compressibility factor
R : gas constant, 8.3145 J/mol-K
Subscripts
res : reservoir
Sys : system
con : sample container
i . initial
f : final
ske : skeletal
H, : hydrogen
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Fig. 1 (a) Hydrogen adsorption isotherms for Takeda CMS
4A measured at 77K by 11 participants in the interlaboratory
study, (b) For more clarity, it is plotted for pressure up to
2.5 MPa. Reproduced with permission from Zlotea et al.”

Copyright 2009 International Association for Hydrogen
energy

AP,

SHARL S Qe AT e 2 A9 i
v Ao 270] WA glol FHL wekel et
23 WG 0 ES, 6] AT A oA
ol QEAL Wadt 71EH =
g0l $38] WHol sl g slek st




fo

3 Agoleh.

E3), IALINY FAF 249 A BAyo
adt olg 8k F AR 8719 L Hof tfat 1
o] WAole. upeba] £ A Rulie o] 83
2277 K, 87 K) T1QH~20 bar) =Aad2lef =
oA W22l A= §719] A& 59](Cold Volume)
2 slaeAdeR sl 24 oxg
4:3}A]7]) WY (calibration) WHo] tato] t=]5}
%Ack.

—

oL, [+

2. XL AA S Xo|

2.1 0™l CH5d SZEoMe °'0=I(Excess) Ay
(Absolute), Hxl|(Total) 4 EX2F Ho|

ne,
=
2
o
il

a4 chgd B SHE S
o] oelgmz, w o)
4 FE 7Pgstel A0 =T

1#4 e bwhﬂuq 7%

ox

iy
X
)

(surface excess)

_‘N_t’
&
—{ >‘ (
> ¢

2 ¥ fa rlo
o L

e?

(s}

[N}

o

c

rlo

20,

o
2
g2 1

R
0 % 2

ol o ﬂ# ) g
wol WEsl B e 7|8 FUon a4E
714 Az EAje17] HE] WEst olde wol

50
T
~
of
]

<=tk

o F2A 23 A2 24 37HR= Uk
Fig. 2b0] ®oli= A Zfre nly| chg4 24
FEHo| &2k $A7AH TR ou|shs Aojn(dE
ol oJs} 713 ol 718 Az EAfsts e A

o)), JelFig. 20) AL Al FANA S
BAALS] JEAE Fo] Grk PSP Ao,
AR EE1A7E AASH 9l BHvolume)olA

e 71AFE W e iRty v eez A

(a) Excess uptake (b) Absolute uptake (c) Total uptake

Gas density ——
Gas density ——
Gas density —>
4
e

Pore width Pore width Pore width

(d)
c) Total uptake
b) Absolute uptake

a) Excess uptake

Amount adsorbed —

Pressure —»

Fig. 2 Schematic representation of the relation between (a)
surface ‘excess’ adsorbed amount, (b) surface ‘absolute’
adsorbed amount and (c) Total (adsorbed and gas in pore)
amount, (d) Typical isotherms for excess, absolute and total
uptake
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The linear increasement of concentration is due to the
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