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Abstract: This article describes the hydrogen storage capacity in different carbon nanotubes. The
hydrogen storage capacities in the armchair, zigzag, and chiral nanotubes are investigated. The
hydrogen storing capacities as a function of the carbon nanotube (CNT) diameter are investigated for
the single-walled (SWNT), multi-walled (MWNT), and CNT bundles and results are compared.
Hydrogen storage capacity in SWNTs is increased by increasing the nanotube diameter. For diameter
d=0.3887 nm of (5,0) CNT the hydrogen capacity is 0.99 %, while for the (17,17) SWNT with a
diameter d=2.289 nm the capacity is increased to 5.06%. In comparison of different MWNTs for a
common external diameter d=1.6064 nm the hydrogen storage in the MWNT with 5 shells is 1.15%,
while with 10 shells the capacity is reduced to 0.66%. Thus higher shells in the MWNTs structure
causes reduction in the hydrogen storage capacity. The effect of the number of the SWNTs that forms
the CNT bundle is also investigated for hydrogen storage. For the CNT bundle consisting of 7
SWNTs (17,17) the hydrogen storage capacity is 2.95%, while for the CNT bundle consisting of 217
similar SWNTs the storage capacity is reduced to 0.61%
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INTRODUCTION
 

Recently CNT materials have shown a great potential to be used in different applications such as in
producing composite materials, field emission, electrochemistry, electronics, Micro- and Nano-electro-
mechanical devises, and catalyst supports (Khabasheskua, 2005; Zeng, 2006; Demoustier, 2008; Popov, 2004;
Paradise, 2007). Industrial applications of the CNTs are in the field of energy storage (hydrogen storage, super
electrochemical capacitors) molecular electronics (field emission devices (Wang, 2010; Kiselev, 2005; Somani,
2007; Ferna´ndez, 2009), transistors), probes and sensing devices, composite materials and nanowires (Atashbar,
2005; Dresselhaus, 2003). For examples sensors and actuators can be constructed by using such materials
(Baughman, 2002). In general there are two types of single-walled (SWNT) and multi-walled nanotubes
(MWNT), which have different structural characteristics. Single-walled nanotube consists of a sheet of graphene
that is wrapped into a cylindrical tube. Multi-walled nanotube consists of an array of such SWNTs, which are
concentrically arranged like rings of a tree trunk. However, in spite of structural similarity of SWNT to that
of graphite sheet, which is a semiconductor with zero gap, the SWNT can be either metallic or semiconducting,
depending on the sheet direction about which graphene is rolled to form the cylinder tube. 

The characteristic of the CNTs depends on the chiral vector defined by two integers (n,m), and the chiral
angle. The armchair is defined when n=m, the zigzag is defined for the case that m is zero and n is nonzero.
When both integers are nonzero (n>m) then nanotube is recognized as chiral. All armchair SWNTs have the
metallic properties, and the CNTs with n-m=3k+q (where k is a nonzero integer) for q=0 are metallic and those
with q=±1are semiconductor (Dresselhaus, 2000). The goal of this study is to find out how hydrogen can be
stored in the SWNTs, MWNTs, and nanotube bundles and what is the optimum structure and tube dimension
for such applications. 

2. Theoretical Considerations:
A simple model to compute the hydrogen storage capacity in the CNTs is given in the report by (Zuttel,

2002). Their approach is based on finding the specific mass and to determine the effective diameter of the
nanotube. Following the analysis given in (Zuttel, 2002), the main formula is given by:



Aust. J. Basic & Appl. Sci., 5(7): 483-490, 2011

484

     (1)

2

1
( %)

( )
1

( )

C mass
m C

m H




where m (C) is the carbon atomic mass and m (H2) is the hydrogen molecular mass. In the given model it is

required to compute the ratio         for different cases. For the case of a SWNT one can write:
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where S1 is the Specific Surface Area (SSA),       is the nanotube diameter, and       is the hydrogen density.NTd Ad

The parameter SSA ( S1) can be obtained from
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in which Sh is the area of a hexagon in a graphene sheet and Wh is the weight of such a unit cell for a
graphene sheet as shown in Fig.1 with two carbon atoms (there are two inequivalent carbon atoms in the unit
cell of unfolded SWNT). The area of a hexagon is calculated to be 5.24×10-22 m2 and Wh is computed for two
carbon atoms per unit cell of the SWNT that is 3.988×10-23 g. Thus the SSA for the SWNT is calculated to
be 1315 m2/g, which is used in the given calculations. The diameter of the SWNT can be obtained from

     (4)
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where the number 1.42 Å in Eq. (4) shows the carbon-carbon bond length and (n,m) are the chiral indexes.

The hydrogen density,      , is assumed to be 0.0708 g/cm3 for the reported computations.Ad

Fig. 1: Diagram for the calculation of the specific surface area for the SWNT.

Following the analysis given in (Zuttel, 2002) the same formula (1) can be used for the MWNT with some
modifications. Consider a MWNT with n shells, then external diameter of de must be considered in Eq. (2)
for the MWNT. The modified formula for the specific surface area is given by

     (5)( ) MW

MW

S
SSA MWNT

W


where WMW is the weight factor for MWNT and SMW is the SSA for such a CNT. The weight factor for a
MWNT, WMW, is 
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where WGS is the weight factor for a graphene sheet and SGS is the SSA for such a sheet. The final general
formula for the SSA (MWNT) is given by (Peigney, 2001).
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where summation is over variable (i) related to the shell number. Eq. (7) is valid for a given MWNT where
the shell number n> 2, and for the external diameter de in (nm) unit the SSA unit is (m2/g). Using Eq. (7) in
Eq. (2) for the SSA, the ratio in relation (2) is obtained, and by using such a ratio in the main Eq.(1) the
hydrogen storage capacity is determined for this case.

For a CNT bundle the specific surface area, SSA(BN), in terms of the single SWNTs is written as

     (8)( ) ( )SSA BN SSA SWNT f

where the fraction factor, f, is given by

               (9)eqN
f
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in which N is the number of the single SWNTs forming the bundle and the equivalent tube number, Neq,
should be calculated for a given bundle geometry (Peigney, 2001). 

3. Computational Results:
In order to estimate the hydrogen storage capacity in the CNTs simple programs are written based on Eq.

(1) and evaluated by using MATLAB software. The results for different CNTs are discussed in this section.

3.1 Results for the SWNT: 
Using Eq. (2) for the mass ratio in the main Eq. (1) the hydrogen storage capacity C (wt %) as a function

of the SWNT diameter is computed. Fig. 2 shows the capacity for different SWNT types with different chiral
numbers (n,m), which resulted different tube diameters. As can be seen in Fig.2, the stored hydrogen capacity
is increased by increasing the nanotube diameter. For instance for diameter d=0.3887 nm (5,0) the hydrogen
capacity is 0.99 %, while for the CNT with a diameter d=2.289 nm (17,17) the storage capacity is increased
to approximately 5.06%. It must be pointed out that the specific surface area for all types SWNTs is calculated
to be 1315 (m2/g). Thus the only reason for the hydrogen capacity increase is the nanotube diameter that is
increased from 0.3887 nm to 2.89 nm.

3.2 Results for the MWNT: 
In another study by using the modified SSA in Eq. (1) the hydrogen storage capacity as a function of the

tube external diameter is calculated. Fig. 3 shows the hydrogen storage capacity for the MWNT types having
5 shells, with different chiral numbers (n,m), which resulted different tube effective diameters. As can be seen
the hydrogen storage capacity is increased by increasing the nanotube external diameter. For example, for
external diameter d=0.6996 nm (5,0) the hydrogen storing capacity is 0.51%, while for the CNT with an
external diameter of d=2.563 nm (17,17) the capacity is increased to approximately 1.82%. It must be
mentioned that the specific surface area for all the MWNT is calculated to be 410 (m2/g) for this computation.
Thus the only reason for the hydrogen capacity increase here is the tube diameter that is increased from 0.6996
nm to 2.563 nm. 

In Fig.4 the storing hydrogen percentages are plotted for the MWNT types with 10 shells with different
chiral numbers (n,m), resulting different effective tube diameters. As can be seen in Fig.4, the hydrogen storing
capacity in this case is also increased by increasing the nanotube effective diameter. For effective diameter of
d=1.0883 nm (5,0) the hydrogen storage capacity is 0.45 %, while for the CNT with an effective diameter of
d=2.9159 nm (17,17) the capacity is increased to approximately 1.2%. The specific surface area for all the
MWNTs is calculated to be 234 (m2/g) in this study. Thus the only reason for the hydrogen storage capacity
increase is the tube external diameter that is increased from 1.0883 nm to 2.9159 nm. In comparison of
different MWNTs for a common external diameter d=1.6064 nm (compare Fig.3, and Fig.4) the hydrogen



Aust. J. Basic & Appl. Sci., 5(7): 483-490, 2011

486

storage capacity in the MWNT with 5 shells is 1.15%, while for the MWNT with 10 shells is only 0.66%.
Thus the main reason here for the reduction in hydrogen storing capacity is the existence of higher shells in
the MWNT formation.

As described the number of shells plays important role in the hydrogen storage process in the MWNTs,
therefore, in the next study hydrogen storing capability is investigated as a function of the number of shells.
Fig. 5 shows the hydrogen storage capacity for MWNT types with different number of the shells in the
MWNT. As can be seen in Fig.5, the hydrogen storing capacity is decreased by increasing the number of shells
in the given MWNT. When the number of shells is one (practically SWNT structure) the effective diameter
is d=2.289 nm; the hydrogen capacity is 5.06%, while for the MWNT with 10 shells, the effective tube
diameter is d=2.9159 nm (17,17); and the hydrogen storing capacity is decreased to approximately 1.2%. It
must be pointed out that the specific surface area for the corresponding MWNT is also decreased. By plugging
Eq.(7) for the SSA(MWNT) in the mass ratio in Eq. (1) the hydrogen storing capacity as a function of the

Fig. 2: Hydrogen storage capacity for the SWNT type with different chiral numbers (n,m), which resulted
different tube diameters. 

Fig. 3: Hydrogen storage capacity for the MWNT types with 5 shells with similar chiral numbers (n,m), and
different tube effective diameters.
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Fig. 4: Hydrogen storage capacity for the MWNT types with 10 shells with similar chiral numbers (n,m), and
different tube effective diameters. 

Fig. 5: The capacity for the MWNT types with different number of the shells in the MWNT with different
chiral numbers (n,m). 

Fig. 6: Hydrogen storage capacity for MWNT types with different specific surface areas.

calculated specific surface area of the MWNT can be obtained. As can be seen in Fig. 6, the hydrogen storage
capacity in this case is also increased by increasing the MWNT specific surface area. When the specific surface
area is 1315 (m2/g), the number of shells is one, and the hydrogen storing capacity is 5.06%. For the MWNT
with 10 shells, when the specific surface area is decreased to a value of 234 (m2/g) the hydrogen storage
capacity is decreased to 1.2%, accordingly.
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3.3 Results for the CNT Bundle: 
By using the developed Eq. (8) for the SSA(BN) and plugging for the mass ratio in Eq.(1) the hydrogen

storing capacity as a function of the calculated specific surface area of the CNT bundle is computed. In Fig.7,
the hydrogen storage capacities are plotted as a function of the bundle specific surface area for different
bundles consisting of different armchairs (10,10), (13,13), (15,15) and (17,17) SWNTs tubes. Two points are
noted in the results shown in Fig.7. First, in general increasing the chiral number (n,m), and as a result the
SWNT diameter will increase the hydrogen storage capacity in the CNT bundle. For example, the bundle
consisting of (17,17) armchair SWNTs shows a higher capacity than the bundle made of (10,10) armchair
SWNTs. Second, as can be seen in Fig. 7, the hydrogen storing capacity for each CNT bundle is also
increased by increasing the nanotube bundle specific surface area. For a bundle made of (17.17) armchair
SWNTs when the specific surface area is 751 (m2/g) the hydrogen storing capacity is 2.95% and when the
specific surface area is 151 (m2/g); the hydrogen storing capacity is decreased to 0.61%. Similarly, for the
bundle made of (15,15) SWNTs when the specific surface area is 751 (m2/g) the hydrogen capacity is 2.6%
and when the specific surface area is 151 (m2/g), the hydrogen storage capacity is reduced to 0.54%.

Fig. 7: Hydrogen storage capacity as a function the nanotube specific surface area for the CNT bundle.

Fig. 8: Hydrogen storage capacity as a function of the numbers of the single SWNT forming the CNT bundle.

In the last study the effect of the number of the SWNTs that forms the CNT bundle is investigated for
the hydrogen storing purpose. In Fig.8, the hydrogen storage capacities are shown for different bundles
consisting of different armchairs (10,10), (13,13), (15,15) and (17,17) SWNTs, as a function of the numbers
of the SWNTs considered in each bundle. As can be seen in Fig.8, for the CNT bundle consisting of 7 single-
walled nanotubes (10,10) the hydrogen storage capacity is 1.76%, while for the CNT bundle consisting of 217
single-walled nanotubes the hydrogen capacity is decreased to 0.4%. The same behavior is noted for the other
CNT bundles. For the bundle made of 7 armchair (17,17) SWNTs the hydrogen storage capacity is 2.95%,
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while for the CNT bundle consisting of 217 single-walled nanotubes the hydrogen capacity is reduced to
0.61%. As a result of increasing the number of the SWNTs in the CNT bundle the hydrogen storing capacity
is reduced accordingly. Considering the results for the CNT bundles (see Fig.7 and Fig.8) it is noticed that
a CNT bundle consisting of a few number of the large diameter SWNTs has a higher potential for the
hydrogen storage purpose.

4. Conclusions:
This article described the hydrogen storing capacity (weight %) in different carbon nanotubes. The

hydrogen storage in the armchair, zigzag, and chiral nanotubes is investigated. In another study the hydrogen
deposition capacities as a function of tube diameters are investigated for the single-walled, multi-walled CNTs,
and nanotube bundles. As shown the hydrogen storage capacity in a SWNT with the higher chiral numbers
(n,m) , resulting higher tube diameter, has a greater value and vice versa. It has been found that the hydrogen
storage capacity for the SWNT is higher than that of the MWNT. The result of this study suggests that a large
diameter SWNT structure is more suitable for the hydrogen storing purpose.

In comparison of different MWNTs for a common external diameter d=1.6064 nm the hydrogen storage
in MWNT with 5 shells is 1.15%, while with 10 shells is reduced to 0.66%. Therefore, higher shells in the
MWNT cause reduction in hydrogen storage capacity. The effect of the number of the SWNTs that forming
the CNT bundle is also investigated in this study. For the CNT bundle consisting of 7 single-walled armchair
nanotubes (17,17) the hydrogen capacity is 2.95%, while for the CNT bundle consisting of 217 single-walled
(17,17) nanotubes the capacity is decreased to 0.61%. Comparing the results for the SWNT, MWNT, and CNT
bundle, it is concluded that in general SWNT (17,17) shows the highest hydrogen storage capability (5.06%),
next is the CNT bundle with a few number (7 CNTs) of the individual SWNTs (17,17) that shows the medium
storing potential (2.95%). Finally the MWNTs consisting of a few shell numbers (5 shells in this study) with
the armchair structure (17,17) shows the lowest storing potential (1.82%) for the hydrogen storing applications.
Our results show that the hydrogen storage capacity in the carbon nanotubes strongly depends on the chiral
numbers (n,m)/tube diameter, structure (single-walled, multi-walled) , and the bundle geometry. 
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