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The Determination of the Micropore Volumes of Turkish Coals and Cokes
by Gas Adsorption

MUAMMER CANEL, YUKSEL SARIKAYA, SUREYYA AYBAR

Department of Chemistry. Faculty of Sciences, Ankara University

Ankara, Turkey

Abstract

Adsorption of carbon dioxide at 195, 273, 298, 323 K by Seyitémer lignite and its cokes
which have been obtained at 300, 400, 500, 600°C has been studied. Adsorption of nitrogen at
77 X and 195 K by the same adsorbents has also been investigated. The adsorption isotherms of
carbon dioxide and nitrogen at these temperatures were examined by using the Dubinin theory
to give micropore volume. The change in pore-structure of coal during carbonization has also
been criticized.

Introduction

An extensive study has been reported!,2,3 of the evolution of inter-
nal porosity during carbonization of coals. Many years have been spent
for the selection of suitable adsorption temperatures and theories
for interpretation of the adsorption phenomenon on coals and their
cokes. No method has so far been described which can be applied to all
coals without some degree of critism.

Coals and cokes are microporous materials with their internal
volumes contained within pores less than 25 A° in diameter; in fact
many have the property of ultramicroporosity possessing pores of
molecular dimensions (i.e. about 5 to 10 A°diameter)4. Dubinin5, Spen-
cer and BondS pointed out that, it is questionable to use the BET equa-
tion to interpret isotherms for microporous materials, because miec-
ropore-filling by adsorbate occurs before monolayer formation and in
a pore of molecular dimensions, one adsorbate molecule is possibly shared
by several surfaces. According to Dubinin’ the application of the BET
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or Langmuir theories or any modification of them to give a monolayer
coverage is purposeless. Therefore the Dubinin theory is used in order to
interpret the adsorption isotherms in terms of micropore limit volumes.

The aim of this study is to apply the Dubinin theory to a Turkish
lignite from Seyitémer and its cokes in order to increase our knowledge
of the carbonization process.

Experimental

A Turkish lignite from Seyitémer and its carbonization products
have been examined. Carbonization of this coal were carried out in
nitrogen atmosphere at the temperatures of 300, 400, 500, 600°C.

Adsorption of carbon dioxide and nitrogen were measured by using
conventional volumetric apparatus. This apparatus and experimental
procedures have been described in detail elsewhere’. The adsorbents
were activated by heating at 110°C, and under about 1073 mm Hg pres-
sure for 4 hours.

Adsorption of carbon dioxide on coal and cokes was studied at tem-
peratures of 195, 273, 298, 323 K at pressures up to 800 mm Hg. For the
same adsorbents adsorption of nitrogen was also carried out at 77 K

and 195 K.

The Dubinin-Polanyi equation to describe adsorption in micropo-
rous adsorbents is:

log V = log V,~ D log2(P/P,) 1)

A plot of log V against log2(P /P,) is linear. The slope is equal to
to D where

D — 2.303 R2T2k /2 | 2)

V is the volume adsorbed in the adsorbed state per gramme of coal at
relative pressure P /P, V is the limiting micropore volume per gramme
of coal, B is the affinity coefficient of adsorbate relative to nitrogen,
k is a constant characterizing the micropore size, and R is the gas cons-
tant.

The volume in adsorbed state, V, which can be obtained from the
volume in the gaseous state, v (ecm3 /g STP), is
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v.M

V' = 0. or

®3)

where p (g /cm3) is the density of adsorbate in adsorbed state at T K. The
density of adsorbate in adsorbed state is expressed as,

pe= po ot (T-Ty) )

where p.. and p, are the densities for the critical temperature (T_,) and
for the boiling temperature (T,).

The filled volumes of adsorption space for gases are expressed as:
V = nb (5)

where n is the amount of adsorption in moles and b is the van der
Waals constant.

The filling of pores by adsorption in the micropore range may be
described by the potential theory. According to Polanyi8 the adsorption
potential expresses the work of temperature independent dispersion
forces. The change in free energy when one mole of adsorbate is trans-
ferred from vapour state to the adsorbed state is

AG = - e = 2.303 RT log (P/P,) (6)
A plot of the volume of the filled adsorption space, V, against the adsorp-
tion potential, ¢, gives the characteristic curve which is independent of

temperature. The Dubinin approach to deseribe adsorption potential
of gases is given by the following equation

e = 2,303 RT log (P.72/P) )
where 7 is the reduced temperature and P, is the critical pressure. P,
is empirically equated to

P,= P.. (T2 /Tzct) (8)

Table. 1 shows the saturation vapour pressure of carbon dioxide9
and the densities in the adsorbed state calculated from equation (4) by
using M = 44 g /mol, p,= 1.176 g /cm3, T, = 216.4 K, b = 42.8 cm3 /mol.

The following values are used for adsorption isotherms of nitrogen:

b = 39.1 cm3 /mol, p = 0.808 g/em3(at 77 K)
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Table. 1 Vapour Pressure and Densities of Carbon dioxide

Temperature Saturation vapour Density in adsorbed
(K) pressure (mm Hg) state (g/cm®)
195 1414 1.360
273 . 26140 1.080
298 48300 1.038

Results and Discussion

The experimental carbon dioxide isotherms were obtained at 298
K for the Seyitémer lignite and for its cokes are given in Figure 1, the
nitrogen isotherms at 195 K in Figure 3 and the Dubinin-Polanyi isot-
herms of adsorption of carbon dioxide and nitrogen are given in Figures

2 and 4.
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Fig.l Adsorption of carbon dioxide at 298 K on carbonizated Seyitomer Lignite (Isotherms)

The extent of carbon dioxide adsorption for different cokes are
shown in Figure 1. The enhanced adsorptive capacity with increasing
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Fig.4 Adsorption of nitrogen at 195 K on carbonizated Seyitémer lignite (Dubinin plots)

carbonization temperature up to 500°C has been observed. The adsorp-
tive capacity of 500°C coke is maximum and a decrease at 600°C coke
was also observed. The change of adsorptive capacity shows a progressive
development of new pores during carbonization. Above 500°C, contrac-
tion or sintering can take place within the coal, and this causes decrease
in adsorptive capacity.

The equilibrium points of different adsorbents fell satisfactorily on
a single straight line of the Dubinin plots (Figures 2 and 4). This shows
that the Dubinin-Polanyi equation is suitable to explain adsorption of
carbon dioxide and nitrogen on coals and cokes. The micropore volume
of coal and cokes, V,, and D factors can be obtained respectively from
the intercepts and slopes of Dubinin plots. As the carbonization tempe-
rature is increased up to 500°C, the micropore volume of the cokes also
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increased. This effect can be seen on both of adsorption of carbon dio-

xide and nitrogen.

The Seyitomer lignite and its cokes have adsorbed more nitrogen
at 195 K then at 77 K. Coals and some cokes have micro-and submicropo-
res. Because the submicropores are of the same order of magnitude as the
molecular diameters of the gaseous or vaporous adsorbates, the penet-
ration of adsorbates into the pores is difficult. For the submicropores
the phenomenon of activated diffusion of adsorbates is observed!9,l1,
which is characterized by the exponentially rising adsorption rate with
temperature. Another reason can probable be the contraction of pores
at lower temperatures.

The adsorption isotherms of carbon dioxide on 500°C Seyitémer

coke at 195, 273, 298, 323 K are shown in Figure 5. The characteristic
curve of adsorption (i.e. a plot of V against €, where V is the volume
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Fig.5 The adsorption isotherms of carbon dioxide on 500°C Seyitomer coke at 195, 273, 298,
323 K
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adsorbed in the adsorbed state and € is the adsorption potential) is
temperature independent (Figure 6). The non-agreement of 195 K isot-
herm is the result of inability to establish the thermodynamic equilib-
rium because of the slow rates of adsorption.
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Fig.6 The characteristic curve of 500°C Seyitomer coke for the carbon dioxide adsorption at
273 K(@). 298 K (O), 323 K (W)

The amount of adsorbed carbon dioxide at 298 K and average
micropore volume of adsorbents against the carbonization temperature
is shown in Figure 7. The gradients of Dubinin plots of isotherm at
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Fig.7 The amount of adsorbed carbon dioxide at 298 K and average micropore volume of
adsorbents against the carbonization temperature

298 K and the adsorption potentials at a definite adsorbed amount
against the carbonization temperature are also shown in Figure 8. As
the carbonization temperature is progressively increased to 500°C, an
increase in micropore volume of adsorbents and a decrease in D values
may be interpreted as a progressive narrowing of average pore diameter,
which is also supported with the increase of the adsorption potentials
(Figure 8). An explanation of this is that during the carbonization process
of coal, the material is decomposed and new pores with smaller diameters
are produced and the accessibility into the micropores is increased.
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Fig.8 The gradients of Dubinin plots of isotherms at 298 K and the adsorption potentials at a
definite adsorbed amount against the carbonization temperature

OZET

Seyitémer linyiti ve bu linyitin 300, 400, 500, ve 600°C da koklas-
tirilmasindan elde edilen koklar iizerinde genis bir sicaklik arahginda
karbondioksit ve azotun adsorpsiyonlar: incelenmistir. Adsorpsiyon
izotermlerine Dubinin’in hacim dolma kuraminin uygulanmasi oldukga
iyi sonuglar vermistir. Dubinin egrilerinin egimlerinden adsorplayicinin
gozenek acikliz hakkinda bilgi edinilmis, kaymalarindan ise mikrogoze-
nek smir hacimleri bulunmustur. Ayrica berbir 6rnek igin karakteristik
egriler cizilerek, adsorplanan miktarla adsorpsiyon potansiyelinin de-
gisimi gozlenmistir. Buna gore koklagma sicakhginin artmas: yeni géze-
neklerin olusumunu sagladig1 gibi, gozeneklerin daralmasma da neden
olmaktadir.
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