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Abstract 
 

Application of hydrogen gas for energy resources has been facing problems in three important 
aspects, i.e: production, storage and distribution. Therefore, technology development, especially in the 
area of production and hydrogen storage becomes an important task for future human living. In the 
hydrogen storage problem, one promising method in gas storage technology is by “adsorptive 
storage” method, especially using new material such as carbon nanotube (CNT). In this study, the 
capability of CNT in adsorbing hydrogen gas was evaluated. Adsorption test in this study used a 
volumetric method at temperature of 25 oC and pressures up to 10 MPa. The results show that CNT-
CAS (Carbon Nanotube from Chinese Academic Science) has superior performance compared to 
CNT produced in our laboratory (CNT-DTK), i.e.: CNT-CAS adsorbs hydrogen gas as much as 3 
mmol/g, or 50% higher than hydrogen adsorbed by CNT-DTK (2 mmol/g) at the same pressure of 600 
psia. However, CNT-DTK shows much better performance compared to a normal activated carbon 
(AC) where AC adsorbs hydrogen gas only half amount of the one adsorbed by CNT-DTK at the 
same pressure of 600 psia. Meanwhile, observations on the adsorption and desorption dynamic 
processes show that adsorption and desorption processes occur almost instaneously, it takes only less 
than one minute in NTC-CAS and about two minutes in NTC-DTK. In general, desorption process 
takes slightly” longer” time than the adsorption one. 
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1. Introduction 
Declining of oil and gas production and increasing the demand has become a serious concern in 

seeking an alternative energy sources in the world. Moreover, type of energy for the future should be 
more environmentally friendly and can be considered a renewable energy.  Hydrogen is one of most 
suitable energy regarding these criteria. However, application of hydrogen gas for energy resources is 
still facing problems in three important aspects, i.e: production, storage and distribution. At current 
condition, technology development  in those aspects has not been  established to be widely 
implemented for public needs [Viswanathan, 2003]. Therefore, technology development, especially in 
the area of production and hydrogen storage becomes an important task for future human living. 

In the production aspect, hydrogen can be produced from water by electrolysis, however, this 
process is too expensive due to high electrical energy consumption. Promising alternative technology 
in producing hydrogen is by photocatalysis process, however eficiency of this processes is still low 
[Fujishima, 1972].   The cheapest hydrogen production and widely used is by catalytic decomposition 
of methane (CDM),  This process, not only produce high quality hydrogen, but also produce valuable 
nanotube carbon which has many application [Ermakova, 2002; Li, 2000].  Our research group has 
been a long time studying the production of hydrogen using this process with focusing on obtaining 
the best catalyst for the process. However, not until recent years, serious attention has been focused on 
the nanotube carbon produced and its applications. 

In the hydrogen storage problem, one promising method in gas storage technology is by 
“adsorptive storage” method [Zhou, 2001]. Moreover, by sigficant progress in developing material 
engineering such as carbon nanotube (CNT) for hydrogen adsorbent, this storage method is becoming 
more  atractive . Meanwhile, CNT produced in our research in the Deparement of Chemical 
Engineering (DTK-UI) has not been tested its capability to be used for hydrogen storage. Therefore, 
the objective of this study is to further evaluate the capability of our CNT product in adsorbing 
hydrogen gas, as well as to study its adsorption and desorption time. The results will also be compared 
to the CNT obtained from Chinese Academic of Science (CNT-CAS). 

 
2. Experimental 

The methods employed in this research consists of adsorbent preparation and nitrogen BET 
surface area determination, adsorption apparatus set up and adsorption measurement. Detail of these 
activities is described in the following sections. 
 
2.1 Adsorption Preparation 

Two NTC were used in this study, one was obtained from our own laboratory (NTC-DTK) and 
the other was obtained fom Chinese Academy of Science (NTC-CAS). A known amount of nanotube 
carbon was dried in the oven at 120 oC for 24 hours before it was put in a 10 cm3 mini storage acting 
as an equilibrium cell. Prior to do any experiment, the NTC and the equipment system was connected 
to the vacume pump to evacuate unnecesary gas in the system. 
 
2.2 Adsorption Apparatus Set Up and Measurements  

The experimental method use a mass balance principle, based on careful volumetric 
measurements [Sudibandriyo, 2010]. The experimental apparatus is shown schematically in Figure 1.  
The apparatus is maintained in a constant temperature air bath (25 oC). The equilibrium cell (EC) has 
a volume of 10 ml and filled with the adsorbent to be studied. The void volume, Vvoid, in the 
equilibrium cell was determined by injected a known quantity of helium from a dozing cylinder that 
has a calibrated volume (50 ml). The equation is 
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where number of moles of helium injected into cell is  
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Figure 1: Schematic Graph of the Experimental Apparatus 
 
 

V is the volume of the dozing cylinder, and Pf and Pi represent final and initial pressure of that 
cylinder respectively.  The void volume was measured several times to reduce the uncertainty of this 
value. 

For pure gas adsorption measurements, a given quantity of pure gas of interest, ninj, was first 
injected into the cell.  This amount was determined by an equation analogous to Eq. (2), above. The 
condition of equilibrium was identified as the condition at which the pressure in the equilibrium cell 
stabilized. The amount of unadsorbed gas, nunads, was determined using the following expression: 

cell
gas

void
unads RTZ

PV
n )(=         (3) 

where the pressure P was measured after equilibrium was reached in the cell. The amount of adsorbed 
gas, nads, was calculated by difference as 

unadsinjads nnn −=         (4) 
The above steps were repeated at sequentially higher pressures (up to 6 MPa) to yield a complete 
adsorption isotherm. 

A high-precision electronic manometer pressure gauges with direct data acquistion is attached 
both in the dozing cylinder and equilibrium cell. The helium and hydrogen gases used in this work 
were obtained from commercial market with purities of at least 99.9% and will be used as received. 

As indicated by Eqs. (1) through (3), accurate gas-phase compressibility (Z) factors are required 
for helium and hydrogen to properly analyze the experimental data.  The compressibility factors for 
pure hydrogen were determined from highly accurate equations of state [Zhou, 2001]. For void 
volume determination, the helium compressibility factor is given by Hall (1994): 

( )21 0.001471 0.000004779 0.00000000492 /HeZ T T P= + − +     (5) 

where T is in Kelvins and P is in atmospheres.  This expression is based on the experimental data 
from National Bureau of Standards Technical Note 631 for helium. 
 
3. Results and Discussion 
 
3.1   CNT Characterization 

Two type of nanotube carbon (NTC) were prepared for the sudy, i.e.: NTC obtained from 
Chinese Academy of Scieces (CAS) and NTC obtained from our laboratory (NTC-DTK). Table 1 
shows the specification of NTC from CAS (NTC-CAS). This NTC is a multiwall type nanotube 
carbon, with the purity of more than 95%, outside diameter is less than 8 nm and the inside diameter 
is 2 – 5 nm with the surface area is more than  500 m2/g. 
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Table 1: Specification of NTC-CAS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 shows the result of Scanning Electron Microscopy (SEM) for NTC-CAS. While, 

Figure 3 shows the result of SEM for NTC-DTK.  From this result, it can be estimated that the 
diameter size of the NTC-DTK is quite wide, i.e. in between 20 -100 nm. 

 

 
 
  Figure 2: SEM of NTC-CAS    Figure 3: SEM of NTC-DTK 

 
3.2 Hydrogen Adsorption on NTC-CAS and NTC-DTK 

Figure 4 shows the results of hydrogen adsorption measurement on NTC-CAS and NTC-DTK 
at ambient temperature (25 oC) and pressures varies up to 1000 psia (6 MPa). It is shown that NTC-
CAS gives more superior performance compared to the NTC-DTK. At pressure  600 psia, NTC-CAS 
can adsorbs 3 mmol/g of hydrogen, which is about 50% higher than that can be adsorbed by NTC-
DTK (2 mmol/g). This is probably because NTC-DTK has not been purified as characterized by wide 
spread of pore size diameter that make its adsorption performance is not as good as NTC-CAS. 
However, comparison to the hydrogen adsorption on activated carbon by Yang (2000) shows that the 
adsorption capacity of NTC-DTK is much better (about twice) than that of activated carbon at 
pressure of  600 psia. 

Maximum amount of hydrogen can be adsorbed in this study is 4 mmol/g on NTC-CAS at 1000 
psia (6 MPa), or equivalent to 0.8% weight.  Eventhough this result is consider low compared to the 
hydrogen storage capacity obtained through metal-hydrite method, which can reach up to 10% weight 
[Viswanathan, B.,2003], but hydrogen storage using this direct adsorption method has obvious 
advantage, ie. faster adsorption and desorption time (discussed in next section). The hydrogen 

Characteristics Value 

Type Multi Wall  
Purity > 95 % 
OD < 8 nm 
ID 2-5 nm 
Length 10-30 um 
Special Surface Area > 500 m2/g 
Color hitam 
Bulk Density 0,27 g/cm3 
True Density 2,1 g/cm3 
Electric Conductivity > 100 s/cm 
Method of Production CVD 



The 1st International Seminar on Fundamental and Application   ISFAChE 2010 
of Chemical Engineering  November 3-4, 2010, Bali-Indonesia 
 

B001-5 
 

adsorption capacity might be increased by using Single Wall type of NTC, but the price of this Single 
Wall NTC is about ten times the price of NTC used in this study. Furthermore, as shown in this study, 
hydrogen storage using adsorptive method is much better than direct pressurized hydrogen storage 
method. Figure 4 also shows that all the adsorption data can be represented well by Langmuir 
isotherm model. 

 
3.3 Adsorption and Desorption of Hydrogen 

Beside adsorption, experiment of hydrogen desorption was also conducted using reverse 
method of adsorption.  The results can be presented in Figure 5. In this figure, the adsorption data is 
presented using solid symbols, and the desorption data is presented as empty symbols. As depicted in 
the figure, the desorption data are essensially close to the data of adsorption obtained previously. In 
other words, hysterises are not found. These results underline the observation obtained in the previous 
study that the hydrogen adsorption on nanotube carbon follows a physical adsorption phenomenon 
[Viswanathan, B.,2003]. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Hydrogen Adsorption on NTC, at 25 oC 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Hydrogen Adsorption and Desorption  on NTC 
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3.4 Adsorption and Desorption Dynamic 
In the gas storage system, time needed during recharging and discharging process is a very 

important factor to be considered. Figure 6 shows data of amount of adsorbed hydrogen during the 
adsorption and desorption time for the adsorbent system of NTC-CAS (a) and NTC-DTK (b), 
respectively. Both figures indicate that the adsorption and desorption process occur almost 
instaneously, it takes only less than one minute in NTC-CAS and about two minutes in NTC-DTK. In 
general, however, desorption process takes slightly” longer” time than the adsorption one. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)                                                                                       (b) 
Figure 6: Adsorption and Desorption Dynamic on NTC-CAS (a) and NTC-DTK (b) 

4. Conclusion 
1. NTC-CAS gives more superior performance compared to the NTC-DTK. At pressure  600 psia, 

NTC-CAS can adsorbs 3 mmol/g of hydrogen, which is about 50% higher than that can be 
adsorbed by NTC-DTK (2 mmol/g).  

2. The adsorption capacity of NTC-DTK is much better (about twice) than that of activated carbon at 
pressure of  600 psia.  

3. Maximum amount of hydrogen can be adsorbed in this study is 4 mmol/g on NTC-CAS at 1000 
psia (6 MPa), or equivalent to 0.8% weight. 

4. All the adsorption data can be represented well by Langmuir isotherm model. 
5. The desorption data are essensially close to the data of adsorption obtained previously. In other 

words, hysterises are not found. Thus, the hydrogen adsorption on nanotube carbon follows a 
physical adsorption. 

6. The adsorption and desorption process occur almost instaneously, it takes only less than one 
minute in NTC-CAS and about two minutes in NTC-DTK.  

7. In general, desorption process takes slightly ” longer” time than the adsorption one. 
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