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Three activated carbons are synthesized in a rotary reactor at different
activation times. The adsorption isotherms of the samples are measured
The pore size distribution of the samples is determined using combined
Saito and Foley method, BJH method. An average potential function has
been determined inside the cylindrical pores. The effect of activation
time on the pore size distribution samples was investigated. In the
micropore size range, as the reaction started, the SF method show the
initial micropore was generated. As the activation reaction progress, the
micropore volume is developed and widened and therefore area under
the PSD curve is increased. Improving the reaction, the pore
overlapping was carried out and this occurrence causes decreasing in
micropore volume. In the mesopore size range, mesopore volume is
increased as the reaction progress. It is acceptable because both
developing and overlapping of pores causes improvement of mesopore
(and macropore) volume.
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1. Introduction
….Pore size distribution (PSD) is a main factor of
porous material in adsorption capacity which is used in
several systems such as heterogeneous catalysts, mass
transfer in porous materials, separation processes,
removal of various pollutants, gas storage and physical
adsorption. There were several methods to calculate
the PSD, more works was done on activated carbon
adsorption and desorption of N2 at constant
temperature of 77 K [1]. It is difficult to compare one
adsorption isotherm with another one, but
determination of the deviation of isotherm from the
representative comparison plots are the t and α plots

[2]. A method is derived by Horvath and Kawazoe
1983 to determine the micropore size distribution from
standard data is called comparison plot. The (HK) in
linear get important information about the adsorption
phenomena. The plot constructed with the aid of the
information of experimental isotherm data the average
potential energy for a slit shape pore. Later, Saito and
Foley (SF) extended this method for cylindrical pores
[3]. Barret-Joyer-Halenda (BJH) in 1951 proposed a
method for calculated PSD in mesopore range basis on
Kelvin equation [2]. In this paper the PSD factor of
activated carbon synthesized at different time was
determined using two methods and the effect of
activation time on the PSD of the product was studied.
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Fig. 3. Explanation of Saito–Foley model [7].
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(

Fig. 2. Potential function in a slit-like pore [7]
.

….Note that increasing in the adsorption pressure
causes increase in the effective pore width, but the
HK method has a high accuracy in the micropore size
range and not in mesosize range [4].
Later, Jaroniec et al. [8] developed an equivalent
procedure based on the adsorption potential (A)
distribution which is used in this study. In this
procedure, with assumption of the condensation
approximation, the pore volume distribution J(rp)
can be related to the adsorption potential
=
/
distribution through the following equation:
J

≡

=

=

(4)

….The adsorption potential is equal to the change in
the Gibbs free energy of adsorption with the minus
sign of A = -∆G = RTln(po/p). This relation with
equation 3 are used to determination second term of
equation (4). The first term in equation (4) can be
calculated from the isotherm data of adsorption.
….As Saito and Foley theory developed the
cylindrical pore shape of the HK method. The
cylindrical shape of pore is shown in the figure 3 [7].
….In the SF method, the cylindrical potential is line
averaged. Calculation of PSD by this average
potential is the same of HK method. Therefore, the
following equation can be presented for the SF
method.
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3. Experimental study
….The selected coal sample is a bituminous coal
from Goltoot mine which is located in the Kerman
province in Iran. The proximate analysis of the asreceived coal sample is shown in Table 1. The
proximate analysis was carried out with LECO
instrument model MAC-400 and sulfur analysis with
LECO instrument model SE-32. The coal with
particle size 0.35-0.7 mm was selected as raw
material. Washing in heavy media is used for ash
washing of the coal samples with the final ash content
about 8%. The low ash coal is used as raw material
for the experiments. The process of pre-oxidation,
charring and activation of the coal samples carried
out in a rotary kiln reactor. The reactor was a quartz
glass tube with a 25 mm diameter and 100 mm length
heating zone. The charring step of the samples as
heating of oxidized coal at 410 oC in the nitrogen
flow stream during for 1 hr are good enough to yield
a char without softening and swelling at high
operating condition of the activation process. Pore
development during activation within carbon matrix
of char is the most important step for char activation.
By these experiments, the effects activation time on
porous structure of activated carbon are studied. The
adsorption isotherm was measured by nitrogen
adsorption at 77 K with Autosorb AP-1 apparatus
(Quantachrome Corp.) [9].
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Table 1
Proximate analysis of as-received coal sample
Fixed
carbon

Free
moisture

Ash

%25

%2.5

%56.5

2
Total
sulfur

J(rp)

Volatil
e
matter
%16

%1

C

1

B

0.5

A

0

4. Result and discussion:

0 0.25 0.50.75 1 1.251.5 1.75 2

….Activation of the char sample was carried out at
920°C at different activation times. The isotherm data
of the three synthesized samples were shown in
Figure.4.
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Fig. 5. SF pore size distributions of activated carbons
produced by steam activation at resident time (A) 3.5 hr,
(B) 5.5 hr and (C) 7.5 hr
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Fig. 4. adsorption isotherms of activated carbons
produced by steam activation at resident time (A) 3.5 hr,
(B) 5.5 hr and (C) 7.5 hr

….The PSD data of the samples is determined by
programming code in Matlab software using the
isotherm data and the equations of BJH and SF
methods. The results are shown in Figures 5 and 6. As
it shown in the section 3 and the figures, the BJH and
SF methods are covered the mesopore and micropore
size respectively.
….In the micropore size range, as shown in the figure
5, the SF method show different behavior of activation
progress. In 3.5 hr activation time, the initial
micropore was generated. As the activation reaction
progress to 5.5, the micropore volume is developed
and widened and therefore area under the PSD curve
is increased. Improving the reaction to 7.5 hr, the pore
overlapping was carried out and this occurrence
causes decreasing in micropore volume.
In the mesopore size range as shown in the figure
6, mesopore volume is increased as the reaction
progress. It is acceptable because both developing and
overlapping of pores causes improvement of mesopore
(and macropore) volume.
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Fig. 6. BJH pore size distributions of activated carbons
produced by steam activation at resident time (A) 3.5 hr,
(B) 5.5 hr and (C) 7.5 hr

5. Conclusions
….The activated carbons synthesized in different
activation time show different PSD calculated using
SF, and BJH methods. Improvement in activation time
causes different changes in the micro and meso pore
size range. These methods introduce different
mechanism of pore size changes (pore developing,
widening and overlapping) within the porous solid
phase.

Haghighatju &.Hashemipour Rafsanjani/ TPNMS 2 (2014) 43-47

[6]

References
[1]

[2]
[3]

[4]

[5]

P. Klobes, K. Meyer, Porosity and Specific
Surface Area Measurements for Solid Materials,
National Institute of Standards and Technology,
Special Publication (2006) 960-17.
K. Kaneko, Determination of pore size and pore
size distribution1. Adsorbents and catalysts,
Journal of Membrane Science 96 (1994) 59-89.
M. Jaroniec, J. Choma, M. Kruk, Assessment of
reliability of the Horvath_Kawazoe pore size
analysis method using argon adsorption
isotherms on ordered mesoporous silicas, J.
Colloids and Surfaces A: Physicochem. Eng.
Aspects 214 (2003) 263-269.
E.P. Barrett, L.G. Joyner, P.P. Halenda, The
Determination of Pore Volume and Area
Distributions in Porous Substances. I.
Computations from Nitrogen Isotherms, J. Am.
Chem. Sot, 73 (1951) 373.
P. Kowalczyk, A.P. Terzyk, P.A. Gauden, L.
Solarz , Numerical analysis of Horvath–
Kawazoe equation, J. Computers and Chemistry
26 (2002) 125–130.

47

[7]

[8]

[9]

G. Horvath, K. Kawazoe, Method for the
calculation of effective pore size distribution in
molecular sieve carbon, J. Chem. Eng. Jpn. 16
(1983) 470–475.
G. Horvath, Energetic interactions in phase and
molecular level pore characterization in nanorange, J. Colloids and Surfaces A:
Physicochemical and Engineering Aspects 141
(1998) 295–304.
M. Kruk, M. Jaroniec, Critical Discussion of
Simple Adsorption Methods Used to Evaluate
the Micropore Size Distribution, J. Adsorption 3
(1997) 209-219.
H. Hashemipour Rafsanjani, Study on synthesis
activated carbon from Iranian coal, Ph.D.
Thesis, Amir Kabir university of technology,
Iran, 2001.

