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1. Introduction

Adsorption is an important operation for gas mixture
separation and purification of gaseous effluent streams [1].
Estimation of the heat effects involved during adsorption is
crucial for the correct designing and operating of adsorp-
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A B S T R A C T

In the present work the adsorption of toluene on microporous activated carbon was

chosen as an illustrative example in order to show that different values of the heat effect

might be obtained following the procedure used. Values ranging from 85 to 40 KJ/moL

were obtained for the isosteric heat of adsorption at different adsorbate loadings using

adsorption isotherm data measured under static conditions. However, the application of

temperature programmed desorption (TPD) experiments carried out under dynamic

conditions yields apparent energy of desorption values that cannot be systematically

correlated with the heat of adsorption which is a thermodynamic parameter relevant to

the adsorption equilibrium. This issue is of interest because the use of accurate values of

the heat of adsorption is important for the correct designing and operating of adsorption

facilities.

� 2012 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

R É S U M É

Dans le présent travail, l’adsorption de toluène sur un charbon activé microporeux a été

choisie comme un exemple illustratif pour montrer que différentes valeurs d’effets

thermiques mises en jeu pendant l’adsorption pourraient être obtenues en fonction de la

procédure de calcul utilisée. Ainsi, des valeurs situées entre 85 à 40 KJ/moL ont été

obtenues par la méthode isostérique, à différents recouvrements en utilisant des données

d’isothermes d’adsorptions mesurées dans des conditions statiques. Tandis que

l’application de la méthode désorption à température programmée (DTP) avec des

expériences effectuées sous des conditions dynamiques conduit aux valeurs d’énergie

apparente de désorption qui ne peuvent pas être systématiquement corrélées avec la

chaleur d’adsorption qui est un paramètre thermodynamique caractéristique de

l’équilibre d’adsorption. La connaissance des valeurs précises de ce paramètre relève

d’une importance majeure pour le dimensionnement et le fonctionnement correct

d’installation d’adsorption.

� 2012 Académie des sciences. Publié par Elsevier Masson SAS. Tous droits réservés.
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on facilities [2]. Calorimetry is known as the best
chnique for the measurement of this thermodynamic

arameter [3]. However, it is reported that the technique
hould overcome a number of experimental difficulties
ost of which are caused by the possible errors in the
easurements of the adsorbed amounts [4,5]. In addition,

ignificant challenges on the calorimeter design are
eeded in order to prevent measurement imprecision
cluding those due to convective heat losses and artifacts

elated to side effects [6].
In the particular case of physical adsorption, the heat

ffects involved during adsorption could be determined
ith the isosteric method based on the Clausius-Clapeyron

quation using adsorption equilibrium data at various
mperatures [7]. However, it is to be noted that the isosteric

rocedure is limited only to physisorption processes
volving relatively low heat of adsorption and for

quilibrium reached within an accessible range of pressure
nd temperature [8]. In the case of physisorption on porous
aterial, the adsorbed species are trapped in different

otential wells predisposed within the accessible porosity.
uring desorption, the species adsorbed in more easily
ccessible porosity desorbs first. As for those adsorbed in the
ss accessible porosity, one has to supply the required
ermal energy for their transfer into the gas phase. This

nergy could be estimated by the TPD method using a
elatively inexpensive and simple experiment to set up and

 run [9]. Nevertheless, a criticism is reported concerning
e validity of the assumption related to experimental

onditions permitting to achieve a TPD measurement free of
e influence of diffusion and readsorption [10].
The adsorption experiments carried out under static

onditions are often considered to provide the most
eliable data because they make it possible to assure
orrect equilibrium conditions between gaseous and
dsorbed phases. This statement is the basic hypothesis
equired for the validity of the Clausius-Clapeyron
quation that allows the use of the isosteric method.
lthough for adsorption under static conditions it is
ecessary to cope with some technical difficulties most
f which are related with vacuum handling and longer
nalysis time required to reach the equilibrium. TPD
xperiments under dynamic conditions are easy to carry
ut but they require careful consideration of the contribu-
on of different physical processes related to diffusion
eat and mass transfers), particularly in case of molecules
ith sizes similar to those of adsorbent pores.

In the present study we show through the example of
luene adsorption on microporous activated carbon that a

ignificant difference could be found between values of the
eat effect involved during adsorption and desorption
etermined by isosteric and TPD methods using data
btained with experiments carried out respectively under
tatic and dynamic conditions. This issue requires particular
ttention because the knowledge of accurate values of the

heat effect parameters is important for the engineering and
operating of adsorption facilities, particularly with respect
to safety considerations. The heat involved during adsorp-
tion and/or desorption may induce significant local warm-
ing to start combustion of either the adsorbate or the
adsorbent itself [11].

2. Experiment

2.1. Textural characterisation

The nitrogen adsorption/desorption isotherms at 77 K
were measured with an automatic apparatus Omnisorp
100cx (Coulter, USA). Before adsorption experiments, the
samples were out-gassed under vacuum at 573 K for 2.5 h,
which was found to be enough to ensure the cleaning of the
adsorbent surface.

2.2. Procedure of dynamic adsorption and desorption

experiments

Adsorption/desorption experiments were performed
under dynamic conditions at atmospheric pressure using
the experimental apparatus as reported elsewhere [12].
Prior to adsorption, a gaseous mixture with a given
concentration of toluene vapor in nitrogen flow was
prepared by means of a saturator connected to a condenser
that was immersed in a thermostatically controlled bath.
This temperature was carefully checked so as to maintain
constant toluene vapor pressure and consequently keep its
concentration unchanged. It should be pointed out that
due to technical limitations, it was not possible to obtain
lower condenser temperatures, which does not allow
lowering toluene concentration (e.g., between 0 and 7%).
Attention was paid to always hold the toluene partial
pressure lower than the vapor pressure value at adsorption
temperature to avoid vapor condensation from gas phase.
In addition, all tubes, valves and connections of the
experimental apparatus were permanently heated. The
resulting toluene concentration, expressed as molar
fraction Cin before contact gas/solid (Table 1), corresponds
to P/Patm, where P is vapor pressure of toluene and Patm the
atmospheric pressure (Patm = 760 torr).

The sample pretreatment as well as adsorption and
desorption experiments were made using a flow rate of
100 cm3 min�1 that was passed through a quartz reactor (U-
type) containing 0.3 g of RB1 sample. The latter was first
pretreated under N2 flow at 573 K for 2.5 hours then
adsorption was carried out under toluene/N2 flow until
saturation was reached. The mixture flow was then
switched again to pure N2 flow, to proceed with isothermal
desorption until desorbed toluene concentration in N2 flow
at the reactor outlet reached zero. This step was followed by
subsequent linear heating under N2 flow in order to perform
the TPD experiment.

able 1

xperimental toluene vapor pressure and its concentration in N2 flow used in adsorption experiments under dynamic conditions.

Condenser temperature/K 274 276 278 280 283

Toluene vapor pressure in N2 flow (Torr) 7.19 8.16 9.24 10.43 12.47
Concentration of toluene in the gas stream (%) 0.95 1.07 1.22 1.37 1.64
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The toluene concentrations at reactor outlet during
sorption and desorption were monitored with a Fourier
ansform Infra Red (FTIR) spectrometer (Jasco 410,
solution 4 cm�1), using a Pyrex gas cell equipped with
F2 windows. It is to be noted that the quantitative analysis

 currently, facilitated by FTIR instrumentation and
ograms that allow high frequency spectra acquisition
d manipulation (subtraction, multiplication, smoothing).
is operation is particularly easy when there are no Infra
d (IR) bands overlapping, which allows the application of
er-Lambert law relating IR band area to concentration. In
e present work, the quantitative treatment was achieved

 integrating characteristic toluene IR bands located
tween 2600 and 3200 cm�1. Preliminary calibration with
luene/N2 mixtures of known composition was carried out
ing reactor bypass, in order to correlate bands area with
ncentration. The toluene vapor IR bands between 2600
d 3200 cm�1 has been used to obtain the calibration
rve. The FTIR detector response was found to produce
ear plot in the studied concentration range and its
curacy was checked over three experiments and repre-
nted as mean values as shown in Fig. 1.

. Gravimetric measurements

The adsorption isotherms of toluene (Aldrich, < 99.5%)
ere determined using a gravimetric adsorption assembly.
e apparatus consists of a microbalance (from C. I.
ctronics) having a precision of 10 mg and a vacuum

stem composed with rotary and diffusion pumps that
n achieve sufficiently low vacuum (better than
3 � 10�2 Pa). Before each experiment the samples were

st out-gassed under vacuum at 573 K for 2.5 h. The
essure readings during experiments were made with a
essure transducer (Pfeiffer Vacuum-CMR 262). The
therms were studied at two different temperatures

98 K and 318 K) � 0.1 K, which were maintained with the
lp of a stirred thermostatic water bath from Scientific VWR
odel 325).

3. Results and discussion

3.1. Textural characterisation

The nitrogen adsorption isotherm at 77 K obtained with
the RB1 sample (a commercial activated carbon recom-
mended for the adsorption of Volatile Organic Compounds
manufactured by the NORIT Company) is presented in
Fig. 2, where the adsorbed amounts are expressed as liquid
volume. The resulting isotherm is, as expected for an
activated carbon, essentially of Type I according to the
IUPAC classification [4]. Despite the predominance of
microporous texture as revealed by N2 isotherm, the
presence of a slight hysteresis indicates the existence of
additional mesoporosity. The isotherm, which should be
classified, so far, as a mixed Type I + II, allows the
determination of textural characteristics according to t-

plot method [4–13]. The total porous volume (Vt) was
estimated from the adsorption at P/P0 = 0.98 The micropo-
rous volume vmic value, on the other hand, was extracted
from the interception of t-plot line whereas, the mesopore
volume Vmeso value was obtained by subtracting the
microporous volume from the total porous volume (Vt).
Thus, the resulting microporous and mesoporous volumes
values correspond respectively to 0.46 and 0.05 cm3/g
(where mesoporous volume represents nearly 10% of the
microporous volume).

The micropore size distribution was evaluated from the
Horvath-Kawazoe method [14] and the mesopore size
distribution was obtained from the Broekhoff-de Boer
method [15]. As shown in Fig. 3, the micropore widths are
centred at 0.60 nm while a very wide distribution of
mesopore sizes was found as large as 30 nm. It is
noteworthy in the context of the present work that the
micropores dimensions of RB1 activated carbon are closer
to those of toluene molecule (0.8 � 0.62 � 0.39 nm) [16].

3.2. Adsorbed-desorbed amounts by flow measurements

The monitoring of toluene IR bands during adsorption
at 298 K shows gradual increase of IR bands until
equilibrium was reached, which corresponds to adsorbent
saturation (Fig. 4 part A). Following this step, the gas

. 1. Calibration curve of toluene infra red (IR) bands’ area integral

tween 2700 and 3230 cm�1 using different concentrations of toluene in

(molar fraction, %) with a flow rate of 100 cm3 min�1.

Fig. 2. Nitrogen adsorption isotherm at 77 K in the RB1 activated carbon.



Fig. 3. Micropore size distribution, from the Horváth-Kawazoe method (A) and mesopore size distribution, by the BdB-FHH method (B), obtained from the

nitrogen adsorption data at 77 K for the RB1 activated carbon.

Fig. 4. Evolution of toluene infra red (IR) bands during the following successive experiments: (A) isothermal adsorption at 300 K, (B) isothermal desorption

and (C) temperature programmed desorption (TPD) under N2 at linear heating rate of 5 K/min.

T. Chafik et al. / C. R. Chimie 15 (2012) 474–481 477
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ixture was switched to pure nitrogen flow to carry out
thermal desorption. The latter yields to a gradual
crease of IR bands with time as observed in part B of
. 4. The sample was, then, linearly heated under N2 flow

 to 650 K to carry out the TPD experiment (part C of
. 4). It is to be noted that the recorded FTIR spectra do
t reveal any formation of new species that might be
iginated from toluene transformation as result of
sorbent catalytic activity. This information, provided
 the use of FTIR analysis technique, can be considered as
 additional advantage of the experimental approach
2].
The evolution of toluene concentration at the reactor

tlet (Cout) obtained from FTIR spectra, permitted the
onitoring of adsorbent loading as function of time during
sorption (i.e. breakthrough curve) and desorption. Fig. 5
ows the profile of the variation of toluene concentration

 the gas flow at reactor outlet, represented as relative
lues (Cout/Cin), during the aforementioned cycle (adsorp-
n at 298 K until saturation, followed by isothermal
sorption then TPD).
In the present work the RB1 pellets were contained in a

artz microreactor (type U with an internal volu-
e � 1 cm3) at atmospheric pressure (760 Torr) using a
tal flow rate of 100 cm3/min yielding to a residence time
s than 1 s. Under these conditions, the experiments could

 considered as occurring under negligible pressure drop
ith almost no variation in fluid velocity between the
actor inlet and outlet [17]. The application of the mass
lance method yields to equation (1) allowing determina-
n of the adsorbed mole number, by considering the curve
rresponding to reactor response in the absence of solid.

ds ¼
FCin

m
ta �

Zta

0

Cout

Cin
dt

2
4

3
5 (1)

here nads is the adsorbed mole number of toluene at
turation (adsorption capacity in moL/g, Cin and Cout the
olar fractions of toluene at reactor inlet and outlet, m is
e absorbent mass, ta the saturation time and F the
seous molar flow rate). Accordingly, the numerical
tegration of the breakthrough curve using MathCAD
ftware yields to total adsorbed amount of
2 � 10�3 moL/g, for an adsorption experiment carried
t with N2 flow containing 1.21% of toluene (Fig. 5).
The numerical integration of the isothermal desorption

rve (part B of Fig. 5) using Eq. (2), permitted the
termination of an amount of 0.78 10�3 moL/g corre-
onding to the loosely adsorbed fraction (n1ads) released
ring isothermal desorption.

ads ¼
FCin

m

Ztb

ta

Cout

Cin
dt

2
64

3
75 (2)

In Eq. (2), ta and tb correspond to starting and ending
e of isothermal desorption. It is to be noted that

hough the toluene desorption curve reached zero, the
sorbed n1ads fraction represents only about 25% of the
tal adsorbed amount. The remaining adsorbed toluene is

removal of this amount was achieved using TPD method
under N2 flow by heating in such a controlled way that the
adsorbent temperature varies linearly with time. The
integration of the corresponding curve, shown in part C of
Fig. 5 using Eq. (3), permits obtaining n2ads value of
2.38 � 10�3moL/g (where tb and tc correspond to the
starting and the ending of TPD curve).

n2ads ¼
FCin

m
�
Ztc

tb

Cout

Cin
dt

2
64

3
75 (3)

Therefore, the data corresponding to the total adsorbed
amount (nads) were found to fit the mass balance equation
(nads� n1ads + n2ads) with a precision around 2%, which
gives an indication of the accuracy of the used analytical
methodology. It is to be noted that the nads values do not
suffer major changes during multiple successive cycles of
adsorption desorption experiments carried out with the
same RB1 samples and the precision remains at worst
around 5%. This methodology was applied to the measure-
ment of adsorbed and desorbed amounts at 300 K using
different toluene pressures in the flow as summarized in
the Table 2.

3.3. Amounts adsorbed by gravimetric (static) measurements

The amounts of toluene adsorbed under static condi-
tions at two different temperatures are given in Fig. 6. Both
isotherms are of type I according to the IUPAC classification
[4], indicating that toluene is mainly adsorbed in micro-
pores. The limiting amount of adsorbed toluene (from the
plateau) is 3.97 � 10�3 moL/g which corresponds to a value
of 0.42 cm3/g when converted to liquid volume, by
considering the toluene density. This value is of similar
magnitude of microporous volume (0.46 cm3/g) obtained
from the nitrogen adsorption at 77 K. This finding strongly
suggests that the adsorption of toluene, as measured by the
adsorption isotherms, occurs essentially in the micropores

Fig. 5. Profile of the variation of toluene concentration in the gas flow at

reactor outlet, represented as relative values (Cout/Cin), during the

aforementioned cycle of successive steps; adsorption using a mixture of

1.21% toluene in N2 at 300 K until saturation followed by isothermal

desorption then temperature programmed desorption carried out with a

linear heating rate of 5 K/min (. . .. . ., without adsorbent;– – –, heating

profile during temperature programmed desorption [TPD] experiment).
 RB1 sample.
ore strongly retained by the adsorbent. The complete of
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.4. Determination of the isosteric heat of adsorption

The isotherm data (Fig. 6) corresponding to adsorbed
mounts under equilibrium at 300 and 353 K for different
luene pressures, were used to estimate the isosteric heat
st) of adsorption according to Clausius-Clapeyron equa-
on [4–13],

st ¼ �R @ln p/@ 1
Tð Þ

� �
nads

(4)

here nads is the number of moles adsorbed, R is the perfect
as constant, p and T correspond, respectively, to pressure
nd temperature at equilibrium. This approach does not
equire any assumption on model fitting with experimen-
l data and the qst values were obtained only by using data

f two isotherms as described in fundamental texts books
f adsorption [4–13]. As revealed by Fig. 7, values of the
osteric heat of adsorption ranging from 85 to 40 kJ/moL
ere obtained at different adsorbate loadings. Similar

alues were also reported for other microporous activated
arbons [18]. Moreover, the profile of the evolution of the
btained qst values with surface coverage (Fig. 7) shows, as

 is often the case, a decrease of qst values with coverage
ntil being closer to the heat of vaporisation [4,7,19].

.5. Determination of the heat effect values with temperature

rogrammed desorption (TPD) method

In the following section, the part C of the cycle (Fig. 5),
orresponding to TPD experiment carried out after

adsorbent saturation followed by isothermal desorption,
will be used for the determination of the activation energy
of desorption. The TPD method proposed by Cvetanovic
and Amenomiya [9] was used by several authors [20–24],
including for the particular case of microporous activated
carbon [25–27].

The application of this method for the estimation of the
binding energy between the adsorbate and adsorbent is
justified by the need for values of the heat involved during
the adsorption and desorption processes measured under
experimental conditions similar to those used in practice.
These data might be, also, of interest from the viewpoint of
adsorbent regeneration and could help understanding, not
only, the adsorption process but also the thermal desorp-
tion behavior. The TPD method consists on following the
shift of temperature at desorption peak maximum (Tm) as a
function of linear heating rates (b). Thus, apparent energy
of desorption Ed value is extracted the slope of the line
obtained from the plot of Cvetanovic and Amenomiya
equation:

2lnTm � lnb ¼ Ed=RTm þ constant (5)

where Tm is the desorption temperature at peak maximum
(K), b is the linear rate of temperature rise (K/min), Ed is
desorption energy (kJ/moL) and R is the perfect gas
constant (kJ/molK).

Therefore, in order to provide reliable data on desorp-
tion energy, the TPD curves have to be well defined, with
clearly detectable Tm positions. This was the case of our

able 2

dsorbed and desorbed amounts (in mmoL/g) measured at 298 K for multiple successive adsorption desorption cycles using different toluene pressures in

e flow (in torr).

Cycle number P = 7.19 P = 9.24 P = 12.47

nads N1ads n2ads nads N1ads n2ads nads n1ads n2ads

1st 2.99 0.68 2.27 3.22 0.78 2.38 3.45 0.91 2.51

2nd 2.95 0.70 2.21 3.18 0.74 2.35 3.45 0.84 2.48

3rd 3.01 0.68 2.25 3.21 0.76 2.34 3.42 0.85 2.50

4th 2.99 0.61 2.21 3.18 0.75 2.41 3.44 0.88 2.48

or each toluene pressure the measurements were carried out with same RB1 sample.

ig. 6. Toluene adsorption isotherms at the indicated temperatures on Fig. 7. Isosteric heats of adsorption of toluene, in the range 298–318 K.
B1 active carbon. DHv stands for the heat of vaporization.
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periment as shown in part C of Fig. 5. Additional sets of
sorption desorption cycles using a pressure of 7.19 torr
r adsorption at 298 K, were carried out but with the TPD
p (part C of the cycle) performed using different linear
ating rate b (curves not shown). The resulting Tm

sitions are given in Table 3 and the slope of the plot
presenting 2lnTm–ln b as function of 1/Tm shown in Fig. 8
rmits obtaining a value of Ed of 46.3 kJ/moL. Similar
periments were carried out with adsorption of toluene
essures of 9.23 and 12.47 torr and yielded respectively to
values of 51.8 and 56.3 kJ/moL as summarized in Table 4.
e small increase of Ed values with the adsorbate pressure

 the flow could be explained by the fact that for
sorption experiments carried out using flows with
gher pressure of toluene, more molecules will be
aching narrowest porosity that will obviously require
gher energy of desorption for their removal, as reported
o in the literature [28].

. Comparison of the isosteric and temperature

ogrammed desorption (TPD) methods

In the present work, the adsorbent RB1 used in pellets,
e favoured shape for various technological applications,
mainly microporous but contains larger pores including
ose resulting from extrusion processes. These larger
res (cf. the pore size distribution presented in Fig. 3)
esent a lower adsorption potential for small molecules
ch as toluene. It is expected that adsorption in these
res yields to lower heats of adsorption related with the

eakly adsorbed fraction (n1ads), whereas, the micropo-
sity prevailing in the studied RB1 sample is associated
ith the stronger adsorbed fraction (n2ads) trapped in
eper and narrower pores (e.g. less accessible porosity).
In the present work, isosteric and TPD methods were

lected because they are often used for the characterization
 the strength of adsorbate–adsorbent interaction [2]. The
tained values of the heat effects involved remain within
e magnitude of those usually reported for physical
sorption processes [18]. In the case of isosteric method,
e observed decease of the heats values with sorbate
adings is usually attributed to the combined effect of
rbate–sorbent and sorbate–sorbate interactions [7].

associated with the progressive filling, starting from the
narrowest micropores [13]. This behavior is, generally,
explained by the energetic heterogeneity of an adsorbent
surface, particularly, in case of a sharp decrease observed at
very low coverage [17]. However, Ostrovskii [5] reported
that the molar heat of physical adsorption decreases, also,
with the surface coverage even at energetically homoge-
neous surfaces. This was explained, in case of multilayers
formation, by the differences in the values of differential
molar heats of adsorption for different physisorbed states
onto different layers, within the micropores. Thus, the TPD
profile shown in the part C of the cycle (Fig. 5) exhibits a
single desorption peak suggesting the presence of a single
energetic type of adsorption site, presumably, associated
with toluene adsorption in the microporosity prevailing in
the studied material. Note that the weakly adsorbed fraction
of toluene on larger pores has been removed during
isothermal desorption (part B of Fig. 5). These larger pores
(cf. the pore size distribution presented in Fig. 3) present
lower adsorption potential for small molecules such as
toluene. The adsorption in these pores is responsible for
lower heats of adsorption associated with the weakly
adsorbed fraction (n1ads) representing about 24% of the total
adsorbed amount. Nevertheless, this heat is needed to
complete energy balances during adsorption and desorption
cycles. The fact that this fraction has not been considered for
TPD experiment could contribute to the differences
observed in the heat values obtained by the two methods
as shown in Table 4. Furthermore, the values of the heat
effects obtained might be enhanced due to ‘‘confinement
effect’’ in the pores depending on experimental conditions,
particularly in case of physisorbed molecules with size
similar to the predisposed pores [20]. In such a case, the
influence of molecular diffusion through the pores has to
be taken into account not only during adsorption but
also during desorption [29]. Thus, it is obvious that
the application of Cvetanovic and Amenomiya formula
for the measurement of the desorption temperature
following a simplified approach, does not directly reflect

ble 3

ear heating rate b used for temperature programmed desorption (TPD)

periments and the corresponding temperature at peak maximum Tm

= 7.19 torr).

 (K/min) 5 7 10 12 15

m (K) 387 394 402 409 414

ble 4

sorbed and desorbed amounts in mmoL/g at 298 K for different toluene

ssures (torr) and the apparent energy of desorption (Ed) as well as the

steric heat of adsorption for similar adsorbed amount (qst) in kJ/moL.

P nads n1ads n2ads Ed (qst)

7.19 2.99 0.68 2.27 46.3 (62)

9.24 3.22 0.78 2.38 51.8 (46)

2.47 3.45 0.91 2.51 56.3 (38)

Fig. 8. Cvetanovic curve obtained with temperature programmed

desorption (TPD) experiments performed with b and Tm values

presented in Table 1 for adsorption at 300 K using N2 flow containing

0.95% of toluene (P = 7.19 torr).
e desorption energy. Therefore, the obtained values
wever, in case of porous material, this decrease is th
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annot be systematically correlated with those of the heat of
dsorption, which is a thermodynamic parameter relevant

 the adsorption equilibrium. Although, the activation
nergy of desorption is equal to the heat of adsorption for
on-activated adsorption (physisorption).

This issue requires careful quantification of the impact
f molecules diffusion in micropores with respect to the
ontribution of different physical processes (heat and mass
ansfers), which is beyond the scope of the present work.

. Conclusion

The present study aims at showing through the
vestigation of toluene vapour adsorption on a micropo-

ous activated carbon that different values of the heat
ffects are obtained with isosteric and TPD methods using
dsorption experiments carried out, respectively, under
tatic and dynamic conditions. The obtained values
dicate that the involved adsorption process is non-

ctivated (physisorption), that is, the activation energy of
esorption is equal to the heat of adsorption. However, the
pplication of Cvetanovic and Amenomiya equation yields

 apparent energy of desorption values that cannot be
orrelated with those given by the isosteric method. The
tter yields heat values determined using adsorption

quilibrium data obtained under static conditions that are
ignificantly different from those of the apparent energy of
esorption given by TPD experiments carried out under
ynamic conditions. Hence, the application of Cvetanovic
nd Amenomiya equation requires careful quantification
f the contribution of heat and mass transfers processes
ue to molecules diffusion in the predisposed porosity.
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