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The BJH method is applied to determine the pore size distribution of several 
carbon nanofibres based on N2 adsorption isotherms at 77K. The study results 
show that the carbon nanofibres used in the present study include abundant 
mespores of 20nm. The adsorption data between 0.01 and 0.99 of relative pressure 
show features of gas adsorption in mespores adsorbents, and only the mesopores 
size distribution could be determined with the BJH method. The adsorption data at 
lower relative pressure (<0.01) must be collected if the micropores size 
distribution is determined. 

 
 

 

INTRODUCTION 
 
The determination of the structural proprieties of porous adsorbents is important in the field of gas and 
liquid adsorption. Indeed, the pore shape, the pore dimensions and the chemical structure of the walls are 
the main characteristics to be considered when studying the potentiality of a given adsorbent to fit a given 
application. The problem of relating such basic structural properties to the thermodynamic and kinetic 
behavior of a system involving the considered adsorbent and a complex liquid or gas of industrial interest 
is far from being solved. Carbon nanofibres are porous adsorbents specially developed for hydrogen 
adsorption storage [1]. The microstructure characterization of carbon nanofibres is critical for its 
application in hydrogen storage and understanding of supercritical hydrogen adsorption mechanism. In 
this paper gas adsorption method [2-6] is used to the determination of pore size distribution of carbon 
nanofibres. 
 
 
EXPERIMENTS 
 
The materials used in the present study are carbon nanofibres made from acetylene with flowing catalytic 
method [7]. The FESEM images are shown in Figure 1. The sample was respectively purified with nitric 
acid and sulfuric acid oxidation method (qb5), kali permanganate, water and sulfuric acid oxidation 
method (qb7), carbon dioxide oxidation method (qb2), water vapor oxidation for 4 hours (qb8) and water 
vapor oxidation for 5 hours (qb9). The N2 adsorption isotherms at 77K have been measured with 
Micromeritics ASAP2000 auto-analytic instrument. The adsorption isotherms are typical type-II 
isotherms, as showed in Figure 2.  
 
 
 



    

Figure1. The FESEM images of the carbon nanofibres made from acetylene 

 
DETERMINATION OF MESOPORE SIZE DISTRIBUTION 
 
The BJH method is used to determine the mesopore size distribution of carbon nanofibres. The BJH 
method is based on Kelvin equation and Halsey equation, and it has been proved that the BJH method 
could acculately determine the mesopores size distribution [3]. The detailed calculation equation is shown 
in reference [8]. The calculated results are shown in Figure 3. As shown in Figure 3, all the carbon 
nanofibres include abundant mesopores of 20nm, and the difference is just the volume of 20nm mesopores.   
The calculated results are consistent with the FESEM images of samples, and prove that different 
purification methods could not change the basic structure of carbon nanofibres, and only get rid off 
impurifies in different degrees. The volume of 20nm mesopores of carbon nanofibres purified with water 
vapor oxidation for 5 hours is maximal, then it indirectly justify the validity of water vapor oxidation. 
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Figure2. The N2 adsorption isotherms at 77K       Figure3. The pore size distribution of carbon nanofibres 

 
DETERMINATION OF MICROPORE SIZE DISTRIBUTION 
 
For porous adsorbents including micropores and mesopores, at lower adsorption pressure, gas adsorption 
may occur both in micropores and mesopores at the same time. So the adsorption isotherms in micropores 
must be determined before characterization of micropores size distribution. At some adsorption pressure, 
the adsorption amount can be described as,  
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Which Vmic

0 is the max adsorption in micropores, θmic are defined as micropore filling degree, and Vmes
0 is 

the adsorption of single molecular layer in mesopores. Vs
0 and Vs is respectively the saturation adsorption 

of single layer and the adsorption in nonporous adsorbents, and Vs (0.4) is the adsorption in nonporous 
adsorbents when relative pressure is 0.4.  The data of N2 adsorption in nonporous adsorbents is shown in 
references [9-11]. When the relative pressure is enough, the micropores are filled and the adsorption V and 
the Vs/Vs(0.4) is in line relationship. Then the relative pressure while the micropores are filled, the 
Vmes

0Vs(0.4)/Vs
0  and the micropores volume Vmic

0 could be determined with the line slope and intercept. 
So the adsorption isotherms may be corrected according to equation (1). The relationship between the 
adsorption V and the Vs/Vs(0.4) of the N2 adsorption in carbon nanofibres is shown in Figure4. 
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 Figure4. The relation curves of the V and the Vs/Vs(0.4) of N2 adsorption in carbon nanofibres 

 
As shown in Figure 4, the adsorption data are all on a line among measured pressure, which is the 
feature of gas adsorption in mesopores. But the lines do not go through the origin of coordinate, which 
proves that the adsorption of N2 in micropores occurs. But at the point of the initial measure pressure the 
micropores are already filled. So the pressure when the micropores are filled could not be determined. 
But we can get the micropores volume according to the intercept, as shown in Table1. The maximal 
micropores volume is only 20.94cm3/g (STP, Standard Temperature and Pressure). Because the 
adsorption data at the relative pressure less than 0.01 could not be obtained with equipments, so the 
micropores size distribution can’t be determined. But it is unnecessary to determine the micropores size 
distribution because of little micropores volume. 
 

Table1 The micropore volume of carbon nanofibres 
 

Materials 
Micropores Volume 

（cm
3
/g,STP） 

Materials 
Micropores Volume

（cm
3
/g,STP） 

Qb9 20.94 Qb7 9.77 

Qb5 5.22 Qb2 4.47 

Qb8 7.81   

 
 
 



CONCLUSION 
 

The mesopores size distributions are determined with BJH method based on N2 adsorption isotherms at 
77K. The results show that the carbon nanofibres includes abundant mesopores of 20nm, which is 
consistent to the FESEM images of samples. By correcting the original adsorption isotherms, it is found 
that among relative pressure of 0.01~0.99, the adsorption data show features of gas adsorption in 
mesopores. And the micropores volume are determined with the intercept of the line between V and 
Vs/Vs(0.4). The micropores volume of carbon nanofibres purified by water vapor oxidation for 5 hours is 
maximal, about 20.94cm3/g. And in order to determine the micropore size distribution, the adsorption 
data at relative pressure less than 0.01 must be gotten. But it seems unnecessary to determine the 
micropores size distribution because of little micropores volume. 
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