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ABSTRACT

A study is presented of the adsorption capacity of a number of different activated
carbons for hydrogen at 100 bar and 298 K. The hydrogen adsorption isotherm was measured
by isothermal gravimetric analysis, using a microbalance. The effect of activated carbon's
porosity on hydrogen adsorption capacity is surveyed. It is concluded that hydrogen adsorption
capacity of activated carbon is lineally increased according to the increase of specific surface
area and total pore volume. It seems that microporosity is more contributive than mesoporosity.
Most of the adsorbed quantity is due to physical adsorption and chemisorption is negligible. In
this work, 0.79 wt.% of hydrogen adsorption capacity is reached.

FRIIWBO : Activated carbon(¥4 &), Hydrogen(4=2), Adsorption(F &), Porosity(7] & X£)
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Table 1. Activated carbon identification

sample shape precursor maker (brand)
AC1 granule coconut shell -
AC2 granule coal -
AC3 granule wood -
AC4 powder - KANSAI (MSP15)
AC5 powder - KANSAI (MSP20)
AC6 powder - KANSAI (MSC25)
AC7 powder - KANSAI (MSC30)
ACB8 powder - NORIT (A SUPRE EUR)
AC9 powder - KURARAY (BP25)
AC10 fiber phenol KURARAY (FR25)
AC11 fiber pitch OSAKA GAS (FN-200PS20)
AC12 fiber phenol -
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Fig. 1. Hydrogen adsorption isotherm (100 bar, 298 K)
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Table 2. Maximun hydrogen adsorption capacity (100 bar, 298K)

hydrogen adsorption capacity (wt.%,

sample
measured)
AC1 0.43
AC2 0.32
AC3 0.44
AC4 (first measurement) 0.71
AC4 (second measurement) 0.69
ACS 0.76
AC6 (first measurement) 0.60
AC6 (second measurement) 0.63
AC7 0.75
AC8 0.53
AC9 0.79
AC10 0.73
AC11 0.48
AC12 0.15
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Fig. 2. Hydrogen adsorption capacity vs. specific surface
area (100 bar, 298 K)
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Fig. 3. Hydrogen adsorption capacity vs. micro-
pore surface area(100 bar, 298 K)

0 800

Fig. 3% Fig. 49 44845z & o #4%
A3 71327309 4BUAE F7F o
e & /gt nHAZF olse Fe
718 Bt #dEg & 4 Uk 23A
9l AC3® A9stn: giRE Nz 9B
EWAol 100 m¥/g °©lst2Ax 7] W&
:szr-%:ou yE sdest Adn Aztdo

B AygoME 9y Edd vA7|FEHEA
o FaFieg Pesd 2AHA 2o
Z7te] $AFHYEE A2 4+ AU
a2y 2@ 1A YAwe H
S v A7]1Fe EHA o Blwzqsﬂ RS
2 AA 57 BB $LEFHES JRER
A grie w7 FEHH ulawv:m A
Zteloh,

33 73RN +2B8HSUY UN

F3A9 vEHFo] 1000 mYg °13Y wE
HEAY 28§ 24297 %o}%oqok g gs
7k ek vl EW A o] 1,000 mY/g oleldd F
o] fRE w47 B o %owok &0 u] A7)

|
A *
~ 747
®
3
6 ]
¢ @ AC1
5 ® ® AC2
@ v AC3
[~ . v AC4 v
4 w ACS
. ACe
® & AC?
31 ¢ ACs
A& ACO
& AC10
2 ® AC1t
. ® AC12

0 20 4 60 80 100 120 140 180 180
external surface area (m?/g)

Fig. 4. Hydrogen adsorption capacity vs external
surface area(100bar,298 K)

Trans. ‘of the Korean Hydrogen and New Energy Sociely (2003.12), Vol. 14(4) 309



pd}-1m]

SoPbrooEEICOO

hydrogen adsorbed (wt.%)
. . -

00 2 4 & B 10 12 14 18 18
total pore volume (cc/g)

Fig. 5. Hydrogen adsorption capacity vs. total pore

volume (100 bar, 298 K)
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Table 3. Pore filling degree

saﬂmlﬁ  total pore calculated adsorption pore filling degree,
o volume (cclg) _capacity (wt.%)" _measured*™
ACA1 0.50 3.47 0.12
AC2 0.41 2.88 0.1
AC3 1.59 11.10 0.04
AC4 0.86 6.04 0.12
AC5 0.99 6.94 0.1
AC6 1.17 8.16 0.07
AC7 1.72 12.03 0.06
AC8 0.99 6.94 0.08
AC9 1.29 9.00 0.09
AC10 0.96 6.70 0.1
AC11 0.97 6.76 0.07
AC12 0.21 1.45 0.10

(«is calculated: from multiplying total :pore volume by liquid hydrogén density, 0.070 cc/g.
*xis calculated from dividing adsorbed hydrogen quantity by calculated adsorption. capacity)

F2EFHHwt%) = 007 x 71349 (oc/p) x fa
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Fig. 7. Hydrogen adsorption capacity vs. meso-
pore volume(100 bar, 298 K)

€ ¥3AY F3AY4YE gold /FASEEEE
F7HNE # d& Rol9 Gurvitch ¥ 2§
e AAEAFLARYE A2 73Ry
7t $42 100% A9AGn ARG F£42F
A& d& BU ACTEL 3% 12 wt.% AL
AZeZE 7HeE Aoz AFHUL

.=

@A FoAR24E ALY A 712
TEN F3EAY FLAANE AFse gy
8 n¢F2FHSE 0-100 bar, 288 Kol &34
dtseon 1 dA2RY dgd e FZES 4
Ak

D F2FRFLHE G ¥z E534
H71E Yol

2) #4253 F2 BAERY JREFL
A L)

3) F2FHTE vRUY EE VTR

Trans. of the Korean Hydrogen and New Energy. Society (2003.12), Vol. 14(4) 311



vl se d F71FROE vA7FY )
qx7} 2

4) #2F%%5H 713 49 BAE B
o @3] oAy YAMHE FAEe
7NZAA Ao T & Hg A7 d
28 Aeg Bt

FHEANE & B89 F2EHAFE
Z7HN71E 477 988 Aoz Asd
o},

5)

2 Jl
£ d7E #W)eF 2047 ZEHAATA
dhalgl’el Aoz FP3F

dugd

1) R. Strobel, L. Jorissen, T. Schliermann, V.
Trapp, W. Schutz, K. Bohmhammel, G.
Wolf, and J. Garche, "Hydrogen adsorption
on carbon materials”, J. of Power Sources,
Vol. 84, 1999, pp. 221-224.

2) F. Darkrim, D. Levesque, "High Adsorptive
Properties of Opened Carbon Nanotubes at
77 K", J. Power Sources Vol. 84, 1999, pp.
21-224

3) A. C. Dillon, K. M. Jones, T. A. Bekkedahl, C.

H. Kiang, D. S. Bethune, and M. J. Heben,

"Storage of hydrogen in single- walled carbon

nanotubes ", Nature, Vol.

312

tk-igm}

386, 1997, pp. 377-379.

4) Ralph T. Yang,
alkali-doped  carbon  nanotubes-revisited”,
Carbon, Vol. 38, 2000, pp. 623-626.

5) B. C. Lippens and J. H. de Boer, J.
Catalysis, Vol. 4, 1965, p. 319

6) L. Gurvitch, J. Phys. Chem. Soc. Russ. Vol.
47, 1915, p. 805.

7 AFE, ATE ‘€T FLAEREA,
L8338, Vol. 6, No. 1, 2002, pp.
143-146.

8) M. G. Nijikamp, J. E. M. J. Raaymakers, A.
J. and K. P. de
"Hydrogen storage using physisorption
materials demands", Appl. Phys., A 72,
2001, pp. 619-623.

9) L. Zhou, Y. Zhou, Y. Sun, "A comparative
study  of
superactivated

"Hydrogen storage by

van Dillen, Jong,

hydrogen  adsorption  on

carbon  versus  carbon
nanotubes”, Int. J. of hydrogen Energy (in
press).

10) R. Chahine and P. Benard, "Assessment of
hydrogen Storage on Different Carbons",
IEA Task 12: Metal Hydrides and Carbon
for Hydrogen Storage 2001.

11) C. Pierce, J. W. Wiely, and R. N. Smith, J.
Phys. Chem., Vol. 53, 1952, p.733

12) M. M. Dubinin and E. D. Zaverina, Zhur.

Fiz. Khim. Vol. 23, 1949, p. 1129

B=hA U ALK =2E M43 H4S 20038 128



