                        Summary of theoretical studies carried out by grand canonical Monte Carlo

                        simulation for the physisorption of hydrogen on CNF
	Material
	Conditions
	d-spacing

(nm)
	H2 Adsorbed

(wt%)


	Reference

	CNF

CNF

CNF
	-196 °C, 101 bar

-73 °C, 101 bar

27 °C, 101 bar
	0.7

1.0

0.7

1.0

1.0
	4.0

7.0

2.4

2.6

1.2
	(Rzepka et al., 1998)

	CNF
	-196 °C K, 101 bar

25 °C, 101 bar
	0.6

0.9

0.1

0.2

0.6

0.9

0.1

0.2
	3.0

7.5

9.0

12.5

0.8

1.4

1.6

2.4
	(Wang et al., 1999a; Wang et

al., 1999b; Wang et al., 1999c)

	CNF
	25 °C, 100 bar
	0.3
	1.5
	(Cracknell, 2001)


Summary of hydrogen storage capacities of a selection of carbon material recorded

utilsing electrochemical methods
	Sample
	Hydrogen Adsorption Measurement
	Reference

	Type
	Preparation
	Doped
	H2

Adsorbed

(wt%)a
	Measurement Method

Hydrogen adsorption

conditions
	

	CNT
CNT (∅ ~60 nm)

SWNT 90 %
	Arc-discharge in He

 CVD, 600 °C, C2H2
using Ni catalyst 
Laser Ablation 
Commercial from

Smalley


	Li
Li

Li
	0.1
0.6

0.1

0.6
1.6

2.3
	Electrochemical, Ni counter,
Ag/AgCl reference, KOH 6M, current 0.4 mA/cm2, 25 °C
	(Kibria et al.,

2001)

	SWNT 65 %

(∅ 2 nm)
	Arc-discharge in H2/Ar
	
	1.8
	Electrochemical, 200 mg

carbon, Ni counter, Hg/HgO

reference, KOH 6M,

current 25 mA/g, 25 °C
	(Dai et al.,

2002)


Summary of hydrogen storage capacities of a selection of carbon materials recorded

by volumetric methods
	Sample
	Hydrogen Adsorption Measurement
	Reference

	Type
	Preparation
	H2

(wt%)a
	Measurement Method
	

	CNF 

AC
	CVD, 600 °C using C2H4-H2
	0.01

0.005
	Volumetric direct,

25 °C, 160 bar
	(Ahn et al.,

1998)

	CNF
	CVD, 550-750 °C using C2H4,

CO, H2 with bi-metallic catalysts
	67

(20 hrs)
	Volumetric direct,

100-300 mg, 25 °C, 121 bar
	(Chambers et

al., 1998)

	CNF
	CVD, 550-750 °C using

hydrocarbon, CO, H2 with bimetallic transition metal catalysts
	40
	Volumetric direct 

500-1000 mg, 25 °C, 110 bar
	(Park et al.,

1999)

	CNF

(∅ ~90 nm)

Demineralised
	CVD floating catalyst,

1200 °C using benzene with
ferrocene and sulphur
	~13
(4 hrs
	Volumetric direct,

200-600 mg, 25 °C, 110 bar
	(Fan et al.,

1999)

	SWNT 50 %

(∅ ~1.85 nm)
	Semi-continuous arc discharge

with Ni, Co and Fe Catalysts,
Vacuum treated, 500 °C
	4.2
(5 hrs)
	500 mg, 100 bar
	(Cheng et al.,

2000; Liu et

al., 1999)

	MWNT°

°

MWNT
	CVD, 700 °C from C2H4 with Ni

Annealed to 2200 °C under Ar

CVD Floating catalyst from

benzene with ferrocene

Annealed to 2200 °C under Ar
	°0.8°

°

°4°
	Volumetric direct,

100 mg, 25 °C, 100 bar
	(Jia et al.,

1999; Li et

al., 2001)

	Aligned

MWNT
	CVD, 800 °C from xylene with

ferrocene
	2.4
	Volumetric direct,

100 mg, 17 °C, 100 bar
	(Cao et al.,

2001a; Cao et

al., 2001b)

	CNF
	From Demco
Untreated 300 0C
	0.7
	Volumetric direct,

<1000 mg, RT, 120 bar
	(Tibbetts et

al., 2001)


Summary of hydrogen storage capacities of a selection of carbon materials recorded

by volumetric methods
	Sample
	Hydrogen Adsorption Measurement
	Reference

	Type
	Preparation
	H2

(wt%)a
	Measurement Method
	

	CNF
	CVD, 600 °C, Ni-Cu (98:2)

catalyst, C2H4
	15
	Volumetric direct, ~1g,

120 bar, measurement taken on the desorb
	(Gupta et al.,

2001)

	CNF

(∅ 30-260 nm
	CVD, 600 °C from ethylene and

Cu5Fe85Ni10
	6.5(2h)
	Volumetric Differential

100 mg, 25 °C, 120 bar
	(Browning et

al., 2002)

	CNF

(∅ 300 nm)
	CVD, 1000 °C using ethylene with nickel catalyst
	4 (3 h)
	Volumetric direct, <500 mg,

25 °C, 30-90 bar
	(Zhu et al.,

2002)

	CNF

(∅ ~90 nm)

Demineralised
	CVD, 650 °C using CH4 with

Ni0.4Mg0.6O, Heat treated, under N2 12000C
	1.4 (40min)
	Volumetric direct 500 mg, 25 °C, 120 bar
	(Hwang et

al., 2002)

	CNF

Demineralised
	CVD, 650 °C using C2H4/H2 with

Ni-Pd
	0.7 

	Volumetric direct,

500 mg, 25 °C, 100 bar
	(Lupu et al.,

2002)

	Hydrogenated

carbon nitride

MWNT
	Microwave enhanced plasma

CVD

Commercial
	0.55

0.22
	Volumetric direct,

400 mg, 27 °C, 120 bar


	(Ohkawara et

al., 2002)

	CNT

(∅ 10-25 nm)

CNT film
	Arc-discharge

CVD from C2H2

using silicon support


	0.22

(35 hrs)

8.0

(60 hrs)
	Volumetric direct with

167 mg, 1.1 bar

9 mg, 1.1 bar
	(Wang et al.,

2002)

	Ball Milled

Graphite Rods


	Commercial vacuum annealed

Graphite rods, Ball milled
	0.7
	Volumetric direct,

2000 mg, -196 °C, 51 bar
	(Awasthi et

al., 2002)

	CNF

AC MSC-30


	CVD, 600 °C using

C2H4/H2 (1:1) with Cu-Fe (1:1)

Maxorb Commercial
	0.27

0.057


	Volumetric direct,

500 mg, 35 ± 0.2 °C, 100 bar


	(Kiyobayashi

et al., 2002)

	MWNT

70 %(∅5 nm)

Demineralised
	CVD Floating catalyst, 1100 °C

from benzene with ferrocene

annealed at 1000 °C under Ar
	6.5
	Volumetric direct,

300 mg, 23 °C, 145 bar
	(Hou et al., 2002)

	MWNT

(∅ ~20-30 nm)
	CVD, 750 °C, silica supported Co

catalyst


	3.2
	Volumetric direct,

1 g, ~20 °C, 120 bar
	(Huang et al.,

2002)


Summary of hydrogen storage capacities of a selection of carbon materials recorded

utilising TPD methods
	Sample
	Hydrogen Adsorption Measurement
	Reference

	Type
	Preparation
	H2   
Adsorbed

(wt%)a
	Measurement Method

Hydrogen adsorption

conditions
	

	Soot containing

SWNT 0.2 %

cobalt 20 %
	Co-evaporation of graphite

and cobalt in an electric arc


	Projected

5-10 wt%


	TPD, 1 mg, 0.4 bar,

0 °C then -140 °C

(desorption peaks -123 °C)
	(Dillon et al.,

1997)

	Carbon nitride

nanobells
	Microwave plasma CVD of

CH4 /N2 on a silicon

substrate
	8
	TPD, QMS, 10 mg
	(Bai et al.,

2001)

	Nanostructured

Graphite
	Commercial graphite, ball

milled under hydrogen
	8
	TPD (desorption peaks

423-727 °C)
	(Orimo et al.,2001)

	CNT bundles

and peapodsb

washing


	Nd laser ablation,

1200 °C, using Ni/Co

catalysts purified by H2O2

reflux and NaOH washing
	0.01
	TPD, 0.1 and 6 MPa

(desorption peaks 77 °C)


	(Shiraishi et

al., 2002)

	SWNT

CNF

Graphite


	Arc discharge using Ni and

Y catalysts (50 %wt)

Ball milled under D2

CVD using ferrocene

ball milled under D2

Commercial,

ball milled under D2
	1

0.5

0.3


	D2 TPD, 0.08 MPa

(desorption peaks

427-527 °C)


	(Hirscher et

Al., 2002)

	CNF

(∅ 50-200 nm)

MWNT

(∅ 10-40 nm)

SWNT 90 %


	CVD using ethylene and

Co-Fe catalyst

CVD Floating catalyst

using benzene and

ferrocene catalyst

CVD, 1050 °C using

ethylene and Co-Fe catalyst

on MgO thin film
	0.05

0.18

0.63


	TPD, 20 mg, 45 bar, 25 °C

TPD, 20 mg, 45 bar, 25 °C

TPD, 20 mg, 45 bar, 25 °C


	(Ritschel et

al., 2002)


Summary of hydrogen storage capacities of a selection of carbon materials recorded

by the gravimetric methods
	Sample
	Hydrogen Adsorption Measurement
	Reference

	Type
	Preparation
	H2

(wt%)a
	Measurement Method
	

	Isothermal Temperature Gravimetric

	CNF

(∅ ~100 nm)

AC
	CVD (no further details)

Commercial
	1.2

1.6
	Isothermal Gravimetric,

<100 mg, 125 bar, 23 °C


	(Strobel et

al., 1999)

	CNT

(∅~50-100 nm)


	Plasma assisted hot

filament CVD, tube ends

opened, demineralised
	13.8 

	Isothermal Gravimetric

~70 mg, ~10 bar, ~20 °C

(desorption peaks 120-170 °C)
	(Chen et al.,

2001

	N2 doped

graphite

nanoparticles
	Microwave enhanced

plasma CVD of CH4/H2/N2,

~1000 °C
	0.8
	Isothermal Gravimetric

~100 mg, ~2 bar, ~20 °C
	(Badzian et

al., 2001

	AC
	AC From anthracite
	1.0
	Isothermal Gravimetric

<100 mg, 100 bar, 20 °C
	(de la Casa-

Lillo et al.,

2002

	Dynamic Temperature Gravimetric

	CNT Li-doped

(∅ 25-35 nm)

CNT K-doped

(∅ 25-35 nm)
	CVD from CH4,

demineralised, doped by

solid state reaction using Li

and K salts
	20

14


	Dynamic temperature

Gravimetric, <100 mg, 1 bar,

max H2 adsorbed at 600 °C and

27 °C for Li and K doped

respectively
	(Chen et al.,

1999)

	MWNT

(∅ 5-25 nm)
	CVD from CO or CH4 and

Co-La2O3 catalyst,

Demineralised with nitric acid
	0.25
	Dynamic temperature

Gravimetric, <100 mg, 1 bar
	(Wu et al.,

2000)

	MWNT CVD 


	from CH4 and

Ni0.4Mg0.6 catalyst,

demineralised
	0.6
	Dynamic temperature

Gravimetric, 20 mg, 1 bar
	(Lueking et

al., 2002)


