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In this study, we develop the equation describing the enthalpy of adsorption corresponding to the cooperative
multimolecular sorption approach proposed by Malakhov and Volkov. For different shapes of adsorption isotherms
plotted from this model (and analyzed by Rutherford and Coons), we generated the corresponding enthalpy of adsorption
curves. We also discuss other enthalpy plot shapes predicted by the CMMS. The new relations are verified for
simultaneous description of $@dsorption data, and enthalpy of sorption, measured on graphitized carbon black and
on activated carbon. Finally, we apply the CMMS model to description of adsorption data,ah&Bured on the
series of modified activated carbons. The porosity of adsorbents was characterized via description of low-temperature
N isotherms applying the method of Nguyen and Do. Oxygen content in carbons was measured applying the elemental
analysis. From the results of the correlations between the parameters of the CMMS and elemental analysis data, it
is concluded that the interaction between,&@lecules and carbon surface oxygen groups is crucial during adsorption
of this adsorbate. Our results explain and summarize up the conclusions concerning the effect of carbon surface
nitrogen functionalities on S{&orption mechanism presented by other authors. Finally, we conclude that the CMMS
approach can be successfully applied to the description of this process.

1. Introduction Kqh

a =

The problem of S@adsorption on carbons is widely studied am(1 — K, h)(Koh + WAL — K.d)
in the literature particularly in view of flue gas desulfurization.
There are, however, some contradictory results and observationsvherea anda, are the adsorption and adsorption capacity (the
considering the influence carbon surface modifications (especially number) of the primary adsorption sites, respectivklis the
those leading to creation of nitrogen containing functionalities) relative pressure (i.e., the ratio of gas-phase pres)réo(
on SQ adsorption capacity. One of the mostimportant problems saturated vapor pressum)j, Ko is the equilibrium constant for
of the theoretical description of adsorption of polar molecules sorption of the central unit on the primary sitys is the
(among them Sg) on carbons is the lack of theoretical models equilibrium constant for sorption of the site associate, and
being able to describe the adsorption isotherms and related )
adsorption enthalpy data. Therefore, some new models are still 1 2 4K0h

TIs Ka@ \/( - Kagw) )

1)

proposed to take into account the possibility of association of W= 5
adsorbed molecules.

Here a very important and interesting attempt was made (1a)
by Malakhov and VolkoV, who proposed in 2000 the new
equation of cooperative multimolecular sorption (called the
CMMS). They assumed that the adsorption process follows

the scenario of cooperative filling of channels (interrelated . o
nanovoids) of the adsorbent, and this process is combined withMalakhov and Volkov themselvésMoreover, its applicability

the growth of associates of sorbed molecules within the sor- t%th? dd%scription gf expe;]imenhtal data w?scv'\\//le'\ljlgoc#mented It
bent bulk. The final adsorption equation, which can be reduced S"°Y e pointed out that the origina theory was

to the Henry’s, Langmuir, Ising, and/or BET models, can be proposed to explain the uptake of alcohols in a high free volume
written ad—4 ' ' ’ ' polymer? This theory has been subsequently applied to water

carbon system;*and it was also employed to characterize the
various types of observed equilibrium isotherms. It was shown

a

whereKj is the equilibrium constant for sorption of the side unit
on the primary side.
The properties of the CMMS were extensively studied by

*To whom correspondence should be addressed. E-mail: aterzyk@

chem.uni.torun.pl. Web site: http://www.chem.uni.torunsalterzyk/. Tel: that _CMM_S the°f>_’ can account for type |, ”_’ Il, and V and
(+48) (056) 611-43-71. Fax:+48) (056) 654-24-77. hybrid equilibrium isotherms (II/11l and 11/V) which fall between
TN. Copernicus University. these types.On the other hand, this theory suffers from the
’;égi':h' Xg;\éirrﬂtyo?fsi?(i;r::cee and Technology. inability to characterize type IV isotherms. Therefore, Ruthefford
(1) Malakhov, A. 3('3.; Volkov, V. V.Polym. Sci., Ser. £00q 42, 1120. modified the origingl model proposed by Malakho_v and Volkov
(Malakhov, A. O.; Volkov, V. V.Vysokomolekulyarnye Soedineniy2@0Q 42, and the dual (hybrid) equation was developed (i.e., the sum of
1721 (in Russian)). two CMMC ones) where the result of simplification is a composite
% Eﬁmggg:g: o w.(;:%rggrgsz’ 033E‘;];195g3i'r200 4 20, 8681, isotherm with contributions from the Ising equation (representing
(4) Rutherford, S. WLangmuir2006 22, 702. the first mode of water adsorption) and the Langmuir equation
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(representing the second mode). Moreover, the theoretical
dependence of the Fickian diffusivity and the linear driving force
rate constants upon relative pressure was studied applying the
different shapes of the mentioned above adsorption isotherm
equation. Additionally, the parameters derived from fitting of
equilibrium data were shown to be correlated with the primary
adsorption sites density.

On the other hand, it is interesting to derive the enthalpy of
adsorption formula related to the CMMS theory and to verify
the applicability of this model to simultaneous description of
experimental adsorption and adsorption enthalpy data. This is
the major subject of our study. We also show that CMMS can
be successfully applied as the useful tool for the investigation
of the role of carbon surface chemical composition playing during
SO, adsorption.

2. Enthalpy of Adsorption Related to the CMMS
Model

Development of Equations and Simulations of the Proper-

ties.Developing the formula describing the enthalpy of adsorption,
we assumed the following well-known temperature dependence
of the parameters of the model:
QO)
0
Ky, =K exp(RT (2a)
q
_ 0 as
K,s= K3 eX[{RT) (2b)
Q1)
_ 0
K,=K ex;{RT (2¢)

whereq; are the average enthalpy values connected with the
constantK; and Ki0 are the entropic factors being slightly
dependent on the temperature.

During derivation also very applicable are the following

relations:
dw(hT) = (aiv) dh + (B—W) dT
’ onr aT/n

a = anhar * 57

The double-sided multiplication of eq 1 by the denominator,
the differentiation with respect to the temperature, and the
application of the following notation

(3a)

(3b)

B, = 2(‘%% (4a)
s, = T2 (4b)

together with the ClausiusClapeyron formula, and with eqgs 3a
and 3b, lead to

L= R.I.z(alnh)

aT
GoanKo * Ga@KodKoh + WAL — K b)) +
a(L — K)(— oo + WB,(1 — K,d) + .vK,)
a,K, + aK (Kqh + w1 — K ) +
(L — K)(— Ko — WBy(1 — K,d) +wK,)

®)
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Figure 1. Shapes of adsorption isotherms generated by Rutherford
and Coondfrom CMMS model (eq 1) and related adsorption enthalpy
plots (egs 5 and 6). The values of the appropriate parameters are
taken from Table 1.

where

|

ho)
Kl 1_m - KO

1= > K.+
1-K K:;h )2 4K h
\ \/(1_1—@) 1ok
(6a)
-1 _
Bz - (1 _ KaJ])Z Kl(ql + (qas ql)KaJ]) +

K,h
Kl(l - m)(ql + (qas - ql)KaJ.') -
2K0(q0 + (qas - qO)KaJ])

Kh \2 4K h
Voo

(6b)

1-Kh 1-Kh

It can be pointed out that the procedure leading to eq 5 is similar
to that applied by us recentdy.

As it was described above, Rutherford and C8mstowed
recently that the CMMS model (eq 1) can generate the isotherm

(5) Furmaniak, S.; Terzyk, A. P.; Gauden, P. A.; Rychlicki, I5.Colloid
Interface Sci2005 291, 600.
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Table 1. Values of the Parameters Applied for the Calculation of Adsorption Isotherms from the CMMS Model Shown in Figure 1
(*Based on the Results Published by Rutherford and Coorfs

type of isotherm* am [mol g Ko* Kq* Kag Qo [kJ mol?] gz [kJ mol?] Qas [kJ mol™]
| 0.01 50 50 0 10 5
I 0.01 10 10 0.77 10 5 1
1] 0.01 0.05 1 0 10 5
\% 0.01 0.057 1.71 0 10 5
171 0.01 1 1 0.88 10 5 1
v 0.01 0.27 3.5 1 10 5 1
of types I, Il, lll, and V (and intermediate) from the BET same adsorbate measured on Norit A carbon (323 and 373 K)

classification. Figure 1 shows the recalculated results of thoseand reported by Murphy et &.As it can be observed from
authors, together with the corresponding enthalpy of adsorption Figure 3, the fit of the CMMS model to experimental data is
plots (eqs 5 and 6). We applied the parameters collected in Table

50 = 45 =

1. It can be noticed that for the first type of BET isotherm the ] .
. - 1SPHERON 1
CMMS model generates the linearly decreasing enthalpy plot 40 - ::_ Norit A
(Figure 1). This is caused by the assumed equality between both & 0 2 70
of the constants (Table 1). For other types of isotherms, 5 ] 2 25 1] g
progressively decreasing hyperbolic-like plots are observed. On % = - _5. ~3
the other hand, Figure 2 shows other possible shapes of the = ] 0] o ook
5 e o @T=373K
16 - 80 — 0 T T T T 1 o T T —T
q, 0 01 02 03 04 05 0 200 400 600
12 60 — [kJ mole] h p [Torr]
5o\ |TTT S 53 07 120
& o0 ;40— '1:30—0 7
© : 20 — g g &
s _ 2 20 2 %
0.4 - 4 | = = 40
° _ =;, 10 o =;_ 20
*TTr1 1 111 ® — T T T T 1 o.,.,.o,., -zg,.,.,.,.,
0 02 04 n 06 08 1 0 05 2! 15 0 10 20 30 0 0 10 20 30 40
50 e , q,l ) 50 = aan afcm’(STP) g™ a [umole m?
w0 tmote s o] LA Figure 3. Applicability of the CMMS model (eq 1) and related
- 30 \ N iteiod I N S ® enthalpy formula (eqs 5 and 6) (lines) for description of,SO
2 0] \\ L 30~ — —o adsorption and adsorption enthalpy data (points) measured on
2 0] \ AN ~ 3] graphitized carbon black SPHERON 6 (273%and on activated
S, a7 n carbon Norit A (323 and 373 Kt The best-fit parameters-
b ] \ / % 0] \\ - SPHERON: ay, = 24.97 cmi (STP) g%; Ko = 137.2;K; = 209.2;
2] </ 04 N Kas= 0.8115;q0 = 35.45 kJ molel; gq; = 21.35 kJ mat?l; gas=
] 7.461 kJ mott; DCisotherm= 0.9819; DGninaipy= 0.9747; Norit A
: o s T - T 3 (323 K): am = 24.26umol m2; Ko/ps = 0.007485 Torr%; Ky/ps =
aa,’ aa,’ 0.01843 Torr!; Kodps = 0.0005264 Torr; go = 125.2 kJ mot?;

o1 = 36.22 kJ mot?; gas = 20.47 kJ motl; DCisotherm = 0.9881;
Figure 2. Influence of the parametergy( q;, andgas respectively) DCenthaipy= 0.9866; Norit A (373 K): an = 15.41umol m™2; Ko/ps
on the shapes of adsorption enthalpy plots generated from the= 0.003786 Torr!; Ki/ps = 0.01315 Torr!; Kadps = 0.0006930
CMMS model Ko = 60,K; = 30,Kzs= 0.3,q0 = 50 kJ mot?, g, Torr%; go = 75.90 kJ mot?; g; = 17.10 kJ mot?t; gus= 4.977 kJ
= 20 kJ mott, andgss= 10 kJ moi ™). Note that all enthalpy plots mol~?; DCisotherm= 0.9825; DGnthaipy= 0.9660.
are generated for the same adsorption isotherm.

satisfactory. Summing up, we can conclude, that the CMMS

adsorption enthalpy plots generated from egs 5 and 6. It can beadsorption isotherm equation postulates very realistic model of
noticed that for the same adsorption isotherm shown in this figure, adsorption of associating molecules.

due to the combination of the parameters, there are possible
different nonmonotonic plots of the enthalpy very similar to
those measured experimentally and reported in the liter&ture.
Summing up, this makes the CMMS model very promising for
further studies.

Validity of CMMS : Description of the SO, Adsorption
Isotherms and Related Enthalpy Data.The validity of the
CMMS model was checked for three sets of data reported
previously. Applying the genetic algorithm of Storn and Price,
we fitted the data of SPadsorption measured on graphitized
carbon black at 273 K by Beebe and B&hnd the data of the

3. Description of SGQ, Adsorption on Carbons

Experimental. Carbon samples with different surface chem-
istry were obtained from the de-ashed commercial activated
carbon D43/1 (CarboTech, Essen, Germany) by heat treatment
at various temperatures in ammonia, hydrogen, or helium (DN,
DH, and DHe series, respectively). The detailed conditions of
chemical modification are given in Table 2. The samples were
stored in air. The porous structure of carbon samples was
elucidated from low-temperature nitrogen adsorption data. The
adsorption measurements were conducted volumetrically with
an automatic ASAP 2010 sorption apparatus (Micromeritics,
Atlanta, USA) at 77 K. Before the experiment, the samples were
heated at 498 K under vacuum to constant pressure® (Tl@rr)
and then outgassed at room temperature up to the pressure of

(6) Rouquerol, F.; Rouquerol, J.; Sing, Kdsorption by Powders and Porous
Solids. Principles, Methodology and Applicatipiscademic Press: London,
1999.

(7) Storn, R.; Price, K. IEEE International Conference on Evolutionary
Computation, Nagoya, New York, 1996; p 842.

(8) Storn, R.; Price, KJ. Global Optim.1997, 11, 341.

(9) Gauden, P. AJ. Colloid Interface Sci2005 282, 249.

(10) Beebe, R. A.; Dell, R. MJ. Phys. Chem1955 59, 746.

(11) Murphy, W. J.; Ross, R. A,; Glass, R. \Mid Eng. Chem., Prod. Res.
Dev. 1977, 16, 69.
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Figure 4. Differential pore size distributions obtained on the basis of the ND method.

Table 2. Conditions and Agent of the Carbon D43/1 Modifications

carbon applied procedures
D D43/1 de-ashed with concentrated HCI and HF solutions (298 K)
DHe5733 D heated in He (20 dth, 573 K, 3 h), cooled in He (25 dfftn)
DHel1023 D heated in He (20 drh, 1023 K, 3 h), cooled in He (25 difh)
DHel1733 D heated in He (20 dfh, 1173 K, 3 h), cooled in He (25 dfin)
DH11733 D heated in (20 dn¥#/h, 1173 K, 3 h), cooled in He (25 diin)
DN10233 D heated in Nk(20 dn#/h, 1023 K, 3 h), cooled in He (25 df)
DN10236 D heated in NE(20 dn/h, 1023 K, 6 h), cooled in He (25 dfi)
DN10239 D heated in Nk(20 dn#/h, 1023 K, 9 h), cooled in He (25 df)
DN11733 D heated in NE(20 dn/h, 1173 K, 3 h), cooled in He (25 dfi)
DN11736 D heated in Nk(20 dn#/h, 1173 K, 6 h), cooled in He (25 dff)
DN14233 D heated in N§{(20 dn¥/h, 1423 K, 3 h), cooled in He (25 df)

1075 Torr. Elemental composition was determined using a vario
El 1l CHN analysator (Elementar Analyzensysteme GmbH,

SO, Adsorption. Activated carbons are often used for flue
gas desulfurization because of their ability to adsorh,, SO

Hanau, Germany). Sulfur dioxide adsorption under static especially whenthey demonstrate well developed microporosity

conditions was carried out at 273 K up pfps = 0.33, using

and “proper” surface chemistry, i.e., a surface with basic

conventional volumetric equipment. The irreversible adsorption properties®2! The basic properties of carbons are mainly

of SO, at 273 K was determined by evacuation at 273 K of the
sample with previously adsorbed $0p to constant pressure
(1072 Torr) and subsequent readsorption of ,Serior to the

ascribed to the presence of surface basic oXfdé€d%2%as well
as to the electron donecceptor interactions involving delo-
calizedr electrons of carbon plateletdAnother way to obtain

adsorption measurements, the samples were outgassed at 423 Kasic carbons is the incorporation of nitrogen into a carbon
up to constant pressure (X0Torr).

Carbon Porosity. Pore size distributions (PSDs) of studied

matrixll7,19,21,24—30

It was shown that the presence of certain nitrogen groups on

adsorbents were determined applying the method proposed bythe carbon surface enhances its adsorption ability t@ SO

Nguyen and D& 15 and the ASA code developed by!t®
recently. Figure 4 shows the plots of obtained differential PSDs.
Nearly all of the studied carbons reveal the same porosity. There
are observed two peaks corresponding to pores having the
diameters around 0.7 and 1.5 nm, respectively. The plots show
that for only two of the carbon samples (DN1173 and DN11736)
applied modification procedures lead to the changes in porosity

(16) Anurov, S. A.Russ. Chem. Re1996 65, 663.

(17) Moreno-Castilla, C.; Carrasco-Marin, F.; Utrera-Hidalgo, E.; Rivera-
Utrilla, J. Langmuir1993 9, 1378.

(18) Davini, P.Carbon199Q 28, 565.

(19) Rubio, B.; Izquierdo, TFuel 1998 6, 631.

(20) Daley, M. A.; Mangun, C. L.; DeBarr, J. A; Riha, S.; Lizzio, A. A.;
Donnals, G. L.; Economy, Larbon1997, 35, 411.

(21) Mangun, C. L.; DeBarr, J. A.; Economy, Qarbon2001, 39, 1689.

and the second PSD peak is shifted toward larger pore diameters. (22) Bagreev, A.; Bashkova, S.; Bandosz, TLdngmuir2002 18, 1257.

(23) Leon Y Leon, C. A,; Solar, J. M.; Calemma, V.; Radovic, L. Garbon

This causes the increase (by about 25%) in the value of the BET ;995739 797.
apparent surface area. Therefore, it is reasonable to assume that (24) Boudou, J. P.; Chehimi, M.; Broniek, E.; Siemieniewska, T.; Bimer, J.
the differences in surface chemical composition of studied carbonsCarbon 1999 41, 1999.

are mainly responsible for observed differences in &f3orption,
especially at low relative pressures, as it is reported below.

(25) Boudou, J. PCarbon2003 41, 1955.

(26) Biniak, S.; Szymaski, G.; Siedlewski, J.; Biatkowski, A.Carbon1997,
35, 1799.

(27) Stdr, B.; Boehm, H. P.; Schlogl, RCarbon 1991 29, 707.

(12) Nguyen, C.; Do, D. DLangmuir1999 15, 3608.

(13) Do, D. D.; Nguyen, C.; Do, H. DColloids Surf. A2001, 187—188, 51.
(14) Gauden, P. A.; Kowalczyk, P.; Terzyk, A.[Pangmuir2003 19, 4253.
(15) Terzyk, A. P.; Gauden, P. A.; Kowalczyk, arbon2002 40, 2879.

(28) Li, K.; Ling, L.; Lu, C.; Qiao, W.; Liu, Z.; Liu, L.; Mochida, ICarbon
2001, 39, 1803.

(29) Raymundo-Pinero, E.; Cazarola-Amoros, D.; Linares-SolanGafbon
2003 41, 1925.

(30) Muniz, J.; Herrero, J. E.; Fuertes, A. Bppl. Catal. B1998 18, 171.
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Figure 5. Graphical representation of the results of the fitting of, ®&perimental adsorption data (points) by CMMS model (eq 1, lines)
for six arbitrarily chosen samples (the best-fit parameters and the values of the determination coefficient are shown in Table 3).

Table 3. The Results of the Fitting of SQ Adsorption Data by 60 1
CMMS Model. DC Is the Value of the Determination Coefficient R

carbon  an[mmolgl Ko Ky Kas DC o N °
DH11733 10.86 3251 16.71 0.3296 0.9978 g >
DHe11733 10.85 39.97 20.04 0.1368 0.9973 .
DHe10233 10.30 49.72 2443 0.3590 0.9978 204 4 s DoH
DHe5733 10.30 4536 23.15 0.2134 0.9979 | 4 g:e
DN10233 12.90 36.63 18.95 0.3499 0.9974
DN10236 12.36 30.74 16.15 0.2894 0.9963 o t+——T——T"—T"—1—
DN10239 11.69 38.16 19.31 0.1692 0.9963 o g2 3 4
DN11733 10.01 34.08 17.29 0.9619 0.9970 xygent content [4]
DN11736 12.32 18.15 10.03 0.8807 0.9990 7
DN14233 9.901 2436 13,55 0.4513 0.9988 - N

Jay

t0021:22.24.25.2830 |n some cases, when the adsorption of drg SO %9 #*
was conducted at room temperature in the presence of oxygen, <
some positive correlations were found between nitrogen content wd
and SQ adsorption capaci®2°or adsorption energy calculated
from the Dubinin-Rhadushkevich adsorption isotherm equa-
tion, respectively’ However, for dry S@adsorption and in the L e LI s
absence of oxygen, any such relationship was reported. Thus, ®  Oxygertcontentfhl

the objective of this work was to obtain some additional
information about the role of surface oxygen and nitrogen speciesFigure 6. Correlations between the constants of eq 1 and the con-
in the process of adsorption of pure SEspecially at low relative tent of oxygen in studied carbons as determined from elemental
pressures. analysis.

Our results show that there is no irreversible adsorption of
SO, at 273 K. All of the investigated carbons demonstrate
considerable adsorption capacity toward@egure 5). Among

cited data of Beebe and D¥l(the data of Murphy et df: concerns
only two samples, see the Supporting Information). In this case,
them, the most effective sorbents for S@re the samples ~ a" excellent fit to the experimental data is observed as is the
heated in ammonia. However, there is no correlation between correlation between oxygen content and the values of the constants
sorption capacity and nitrogen content. The highest sorption Ko @ndKi. However, for the latter constant the tendencies are
capacity atp/ps = 0.33 demonstrates the sample treated in NOtSO obvious due the fact that the heat treated Spheron samples
ammonia fo 6 h at1173 K (DN11736) which possesses the best contain very close and small amounts of oxygen in comparison
developed porosity. Annealing, at higher temperatures (DN14233) to the untreated sample. This correlation can be explained based
or for longer time (DN10239) diminishes the adsorption capacity On the data from Figure 7 and the detailed analysis of the features
toward SQ. of eq 1. One can observe that the ris&kin(Figure 7) leads to
Besides the experimental data of S&@isorption on studied  the increase in adsorption at low pressures (at larger pressures
carbons (six arbitrarily chosen systems are shown), Figure 5the denominator in eq 1 decreases the adsorption value), and the
shows also the results of the fitting by eq 1. As above we applied rise in the value oK; leads to an increase in adsorption in the
the genetic algorithm of Storn and Prit&.As one can notice whole relative pressure limit (see eq 1). The correlation between
from this figure and from Table 3 (where the data for all studied the values of the both constants and the oxygen content on surfaces
systems are included), the CMMS model describes the data veryof studied carbons leads to the conclusion that at low relative
well. What is more interesting, we observe the correlations pressures (low surface coverage) polar, $lecules adsorb
between oxygen content and the values of the conskyasd mainly via the interactions with surface oxygen groups. This is
K1 (Figure 6). Similar tendencies were also observed for the in agreement with previous investigations abou 8@sorption
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16 ) 6 In conclusion, carbon modification procedures, as applied in

1 1 this study, change S@dsorption not by the incorporated surface
nitrogen-containing functionalities but rather by the changes in
the content of surface oxygen groups. According to XPS results,
ammonia treated carbons contain several nitrogen and oxygen
functional groups. The incorporated nitrogen exists in the form
of pyridine, pyrrolic, “quaternary nitrogen”, pyriding-oxide,
and pyridone structure’d;?4-26.2829 whereas oxygen forms
hydroxyl and carbonyl groups as well as ether structfre§:28.2°
These oxygen structures may result from the presence of oxygen
in the raw material as well as from oxygen chemisorption during
storage under af426:2829The incorporated nitrogen species
during NH; treatment facilitate the dissociative chemisorption
of O, as the superoxide ions and enhance the surface oxidation
of aqueous KSO; to HySOy.2729

It was proven that the observed high S&@lsorption ability
of the nitrated carbon materials during adsorption of 8Qhe
presence of oxygen and water results at least partially from
' oxidative adsorption of S£#2252829n the presence of water,
» 0 the formed S@is converted into KSOy which is accumulated

in pores on basic site;2528.29

Thus, the lack of an evident relationship between the nitrogen
content and adsorption capacity during ;Ssorption in the
absence of oxygen and water even for carbon sorbents with similar
on different carbon material8:113+35 |t was observed that  POrosity as in our case results from the absence of oxidative

adsorption of pure Sgncreased with the oxygen contéfitl3:35 adsorption.

Wang and Kaneko, using adsorption calorimetry, established a

high value of adsorption energy of $@n activated carbon fibers 4. Conclusions
and activated carbons at low surface cover&géOn the basis

of additional potential calculations, they attributed the observed
high adsorption energy to the electrostatic interactions of the
SO, dipole with the local surface field at the surface functional
group, although the interaction was not so strong to give rise to
anirreversible adsorption of $@?33Note that since the authors

Io:h
Figure 7. Influence of the constant§, (K; = 20; K,s= 0.3) and

K1 (Ko = 30; Kas = 0.3) of the CMMS equation on the plots of
adsorption isotherms generated from eq 1.

6 4
log h

We present the development of the enthalpy of adsorption
formula related to the cooperative multimolecular sorption model.
Successful simultaneous fitting the experimentaj &@sorption
and enthalpy data measured for different systems, and at different
temperatures, leads to the conclusion that the CMMS is very
dealing with SQ adsorption usually use some popular models Promising tool in the studying of the process of sorption 06 SO
to the description of adsorption data, we also tried to apply mo!ecules on dllflferentcarbon materials. Forthewgllchgractenzed
probably two of the most popular adsorption isotherm equations S€res of modified carbons, we show the applicability of the
(Toth and BET) for the description of the data shown in Figure CMMS equation to the description of $@orption data. The
5. The results are shown in the Supporting Information (Figures correlations obtained between the content of surface oxygen and
1S and 3S). One can observe that sometimes the tendencie§1€ constants of the CMMS equation leads to the mechanism of
similar to those shown in Figure 6 are observed (see Figures 255 sorption on carbons and the role of surface nitrogen
and 4S), but fitting to the straight line is poor (i.e., not as good functionalities playing in this mechanism. Our results show that
as that observed for the CMMS model parameters)_ This is duethe lack of evident relationship between the nitrogen contentand
to the physical assumptions of the CMMS approach and the adsorption capacity during SGdsorption in the absence of
reality of the adsorption mechanism of polar molecules assumedoxygen and water (even for carbon sorbents with similar porosity

in this model. as in our case) results from the absence of oxidative adsorption.
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