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Final report

Modeling the water vapour isotherm in order to understand the influence of pre-
adsorbed water on filter breakthrough performance.

1 Introduction

The adsorption of water molecules on carbon adsorbents has a number of peculiarities
compared with the adsorption of nonpolar substances [1-3]. Regularities and features of water
vapour adsorption on carbon adsorbents are determined, e.g. a tendency of the polar water
molecules to form hydrogen bonds at relatively weak dispersion interactions with the carbon
surface [1, 2]. One of the distinctive properties, which largely determines the application of carbon
adsorbents, is their relative hydrophobicity [4-6]. However, depending on porosity and chemical
state of the surface, which can be changed during extended storage or long-term use of the
adsorbents, the humidity of the environment can significantly affect the adsorption capacity of
carbon adsorbents to certain substances [7, 8]. In connection with this, the investigation of the
features and particularities of water vapour adsorption and the modeling of the water vapour
isotherm in order to understand the influence of pre-adsorbed water on carbon filter breakthrough
performance assume an important practical significance.

For the comprehension of the water vapour adsorption mechanism, first of all, it is necessary
to know the characteristics of the pore structure of the investigated activated carbon as well as the
chemical state of the surface and the nature of the primary adsorption centres [1, 5, 9-12].

2 Experimental

Materials. Three pairs of activated carbons (Norit, the Netherlands) with similar values of
surface area but different pore size distribution (volume of micropores versus mesopores) have been
chosen for the investigation in this study.

Methods. Sorption of Nitrogen and Carbon Dioxide. The pore structure characteristics of
the examined materials were determined by employing physical adsorption methods (Nitrogen
adsorption at 77 K and Carbon dioxide at 273 K). The adsorption isotherms were measured on an
Autosorb-1 (Quantachrome instruments, USA). Before to adsorption, the samples were outgassed at
100°C during 24 hours in vacuo (10°-10° Torr). The build-in Quantachrome software (AS1Win,
Version 1.53) was used for carrying out of the data acquisition and computing.

Thermogravimetric Analysis (TGA). TGA experiments were carried out with a Mettler
Toledo TGA/SDTA 851 Star system thermobalance (Switzerland). In a typical analysis, about
20 mg of sample was heated in an alumina pan at a heating rate of 10 °C/min up to 1050 °C in an Ar
(or N) atmosphere, flowing at 60 cm*/min.

Temperature-Programmed Desorption Mass-Spectrometry (TPD-MS). Gases and vapours
which evolved during the TGA decomposition were monitored continuously by using a Pfeiffer
Vacuum Introduces ThermoStar™ Gas Analysis System (Germany). Intensity of evolved mass (A)
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as well as concentrations (%) of CO, CO, and H,O in an Ar and N, flow, time and temperature are
recorded by a computerized data acquisition system.

X-ray Photoelectron Spectroscopy. The XPS measurements were carried out on a Clam 2
(XPS) hemispherical electron energy analyzer and a XR3E2 (VG Microtech) twin anode X-ray
source, using nonmonochromatic Mg K, (1253.6 eV) radiation. The base pressure of the analysis
chamber was 5-107 Pa. Wide scan spectra were recorded in the 0-1000 eV binding energy range at
50 eV pass energy for all samples while the high resolution (detailed) spectra of the main
constituent elements (C 1s and O 1s signals) were recorded by 0.05 eV steps at 20 eV pass energy.
Peak area intensity data were obtained after background subtraction. The C 1s and O 1s lines of the
high resolution spectra were decomposed into Gaussian components by the peak synthesis method.

Sorption of Water. Water adsorption isotherms were determined at 293 K using Hydrosorb
(Quantachrome instruments, USA). Samples were evacuated at 150 °C and 10 Torr for 12 hours
prior to adsorption measurements.

3 Results and Discussion

Determination of the pore structure characteristics of activated carbons. The isotherms of
the nitrogen adsorption on the activated carbon samples have forms similar to a type IV isotherm
(IUPAC) (fig. 1) [6, 13]. The steep raise in the first part of the isotherms indicates the presence of a
considerable quantity of micropores. The narrow hysteresis loops between the adsorption and
desorption branches observed at relative pressures p/p,>0.5, which are observed for samples
110362, 110361, 110680, can be explained by capillary condensation of the adsorbate into the
lower limits of the mesopore range (2-50 nm) [14, 15]. The increased slope at high relative
pressures indicates the existence of an external surface. The calculations of the specific surface area,
the pore volume, the average pore width, and the pore size distribution of the activated carbons
were carried out by using the DR, DFT and BJH methods. The comparative data of different
methods are presented in Table 1 and 2.
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Fig. 1. Adsorption isotherms of N, measured at 77 K on activated carbon samples: linear (a)
and logarithmic scale (b).

Analysis of the data given in Tables 1 and 2 shows that the calculation of structural
parameters of the samples such as total pore volumes, micropore and mesopore volumes by using of
different methods (DR, DFT and BJH) gives similar results for each carbon. Concurrently each pair
of activated carbons with close values of surface areas have approximate the same micropore
volumes (and, probably, microporous structures), but different amounts of mesopores and, as a
result, different total pore volume.



Table 1. Structural characteristics of the activated carbons derived from N, adsorption isotherms.

Sample | Sger | Total pore | Smicropore | Vmicropore | Adsorption | Average Vmesopore
code (m?/g) | volume DR DR energy (Eo) | pore width |=col 3 —col 5
(p/po=0.98) | (m?g) | (cm%g) | (kJ/mol) (nm) (cm®/g)
(cm*/g)

1 2 3 4 5 6 7 8
110362 | 997 0.63 973 0.35 19.3 1.35 0.28
110168 | 1029 0.56 1056 0.38 22.8 1.14 0.21
110361 | 1295 0.70 1307 0.47 19.9 1.31 0.23
110456 | 1296 0.74 1257 0.45 20.0 1.30 0.29
110680 | 1628 0.95 1546 0.55 17.9 1.45 0.40
110104 | 1604 0.81 1532 0.55 18.1 1.44 0.26

Table 2. Structural characteristics of the activated carbons derived from N, adsorption isotherms.

Sample |Pore volume| Vmicropore DFT | V' mesopore DFT Cumulative | Vimesopore BJH
code DFT (<20 A) =col 2 —col 3 |desorption surfacel  (cm®/g)
(cm®/g) (cm®/g) (cm®/g) area BJH
(m?/g)
1 2 3 4 5 6
110362 0.58 0.33 0.25 729 0.32
110168 0.54 0.36 0.18 508 0.23
110361 0.64 0.46 0.19 741 0.25
110456 0.68 0.45 0.23 899 0.29
110680 0.88 0.55 0.33 1291 0.41
110104 0.73 0.56 0.17 1195 0.23
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Fig. 2. Pore size distribution of activated carbon samples 110362 (a), 110168 (b), 110361
(c), 110456 (d), 110680 (e), and 110104 (f) obtained from the DFT analysis of N, isotherms.
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“Mesoporous” samples, which give hysteresis loops between adsorption and desorption
branches of nitrogen isotherms, in general, have bigger mesopore volumes, than “microporous’
samples. But this rule doesn’t work in case of carbon pair of 110361 and 110456 (see table 1 and 2).
The main distinction in pore structures of the “mesoporous” (110362, 110361, 110680) and
“microporous” samples (110168, 110456, 110104), which can be observed by the pore size
distribution analysis (DFT), is the existence of additional porosity in range of pore width 35-45 A
(fig. 2).

Nitrogen adsorption results agree with Carbon dioxide analysis at 273 K in the range of
small micropores (where CO, adsorption is most applicable) that can testify, in addition, to the
existence of ultramicropores in the tested materials (Fig. 3, Table 3) [16, 17].
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Fig. 3. Adsorption isotherms of CO, at 273 K on Norit activated carbons: lineal (a) and
logarithmic scale (b).

Table 3. Structural characteristics of the activated carbons derived from Carbon dioxide adsorption

isotherms.

Sample | S micro |V micro pore| Adsorption | Average pore | Pore volume

code pore DR DR energy (Eo) width (micro) DFT

(m?/g) (cm®/g) (kJ/mol) (nm) (<14.75 A)
(cm’/g)

110362 895 0.31 17.22 1.51 0.25
110168 860 0.30 18.28 1.42 0.23
110361 1030 0.36 17.11 1.52 0.29
110456 1011 0.35 17.80 1.46 0.26
110680 1130 0.39 16.45 1.58 0.33
110104 1337 0.47 16.25 1.60 0.32

The investigation of activated carbon surface chemistry by Thermogravimetric Analysis
and Temperature-Programmed Desorption Mass-Spectrometry techniques. In order to describe
the surface chemistry of the activated carbon samples, their thermal regenerations were determined
by both Thermogravimetric Analysis (TGA) and Temperature-Programmed Desorption Mass-
Spectrometry (TPD-MS) techniques.

The shapes of the TGA curves of the used activated carbons show that the evaporation of
physically adsorbed water vapours is generally finished at 120 -150 °C (Fig. 4, 5). Furthermore
shifts of peak maximum of water evaporation to lower temperature are observed with the increase
of specific surface area (micropore volume) of the samples (Fig. 4 b, 5). The weight losses in all
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range of temperatures higher than 150 °C testify to a multi-step decomposition of the carbons with
formation of gaseous reaction products (Table 4). Concurrently for the mesoporous samples
(110362, 110361, 110680) are observed more significant decomposition peaks with the maximum
at 660-690 °C, that indicate the presence of addition functional groups on the surface of these
carbons (Fig. 4 b).
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Fig. 4. TG (a) and DTG (b) curves of the carbons in Ar atmosphere.
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Fig. 5. DTA curves of the carbons in N, atmosphere.

The TPD spectra of 18, 28 and 44 masses have quite similar forms and peak positions for all
examined activated carbons that testify to sufficiently close compositions of their surfaces. H,O
desorption maxima in the TPD spectra can be detected at temperatures below 100 °C, where loosely
bounded physically adsorbed molecules of water are desorbed [18]. This indicates that water is not
a product of the decomposition of surface hydroxyl groups in the case of the samples (Fig. 6).

The sources of the low-temperature CO, desorption might be sites with carboxyl groups,
which are less stable [19]. Carbon dioxide evolution at higher temperatures (400-700 °C) can be
explained by the presence of very stabilised carboxylic groups, anhydrides or lactones [18-20]. The
characteristic peaks centred at 670-690 °C, which are observed on DTG and MS curves of the
mesoporous samples (110362, 110361, 110680), could be identified as the decomposition of
calcium carbonate (as it will be shown by the XPS method the presence of calcium is a distinctive
feature of these carbons) [21, 22]. In addition CO, desorption was still significantly high at the
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termination point (1050 °C) for all samples, so some oxides remained on the surface at the end of

the TPD run (Fig. 7). The CO, desorption at these temperatures may be assigned to the presence of
acid-anhydride and/or lactone groups [18].

Sample code:
110362
—— 110168
110361
b —— 110456
110680
T —— 110104

0.1%
—

H,O concentration (%)
1

0 200 400 600 800 1000
Temperature (°C)

Fig. 6. H,O concentration (m/z = 18) as a function of temperature in Ar flow for activated
carbon samples (TPD-MS data).

The profiles of CO, have a wide bands ranging from 250 up to 1050 °C with a few maxima
near 120, 400, 520, 670-690 and 900-1000 °C (Fig. 7).
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Fig. 7. TPD-MS spectra (a) and CO, concentration (m/z = 44) as a function of temperature
in Ar flow for activated carbon samples (TPD-MS data) (b).

CO evolution begins at higher temperatures and has the main maxima at 900 °C (Fig. 8). In
this temperature range (700-980 °C) phenol, ether, carbonyl and quinone groups can be
decomposed with CO emission [18-20]. The CO desorption from the sample at temperatures above
1000 °C may be due to the presence of carbonyl, pyrone groups [20] and/or to the decomposition of
semiquinone groups [18].

In order to compare all the results quantitatively, the amounts of desorbed H,O, CO and CO,
for each sample were calculated. The calibration method was based on the use of suitable salts of
K,C,04-H,0 and CaCOj; for the calibration of CO (H,0) and CO, respectively [18]. The results
were obtained in mole of the gases desorbed from 1.00 g of each samples (Table 4).
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Fig. 8. CO concentration (m/z = 28) as a function of temperature in Ar flow for activated
carbon samples (TPD-MS data).

The data given in table 4 indicate that mesoporous samples (110362, 110361, 110680)
consist bigger total amounts of the surface oxygen complexes, which desorbed as CO and CO,
groups at the heating to 1050 °C, than microporous carbons. These data are agreed with the results
of TG analysis.

Table 4. TGA and TPD-MS experiment results.

Sample TGA data TPD-MS data

code WEight loss (Wt%) Ch20 CH20 Cco Cco? Cco | Ccoz, C(co+coz)
total |30-120°C |120-1050|(mmol/g)|(wt.%)|(mmol/g)|(mmol/g)|(wt.%)|(wt.%)| (wt.%)
(Hzodes.) OC
110362 | 15.06 4.62 10.44 2.70 4.86 0.42 172 |1.18 | 757 | 8.75
110168| 9.05 3.32 5.73 1.92 3.46 0.29 0.63 |081] 279 | 361
110361| 12.04 3.95 8.09 2.12 3.82 0.61 162 | 171|712 | 884
110456| 8.68 2.28 6.40 1.36 2.45 0.40 116 |1.11| 511 | 6.22
110680| 12.14 3.13 9.01 1.75 3.14 0.91 2.02 |255] 888 | 11.43
110104| 11.46 2.99 8.47 1.73 3.11 0.56 173 | 157 | 759 | 9.17

Characterization of the surfaces of the carbon materials by the method of X-ray
Photoelectron Spectroscopy. The surface compositions and chemical state of the activated carbon
samples were also studied by the method of X-ray Photoelectron Spectroscopy (XPS).

The wide scan spectra of the activated carbons show the existence, except two main
constituent elements (carbon C 1s and oxygen O 1s), also signals of K 2s, F 1s, and Ca 2p on the
surface layers of the samples. Contents of the elements on the surface of the investigated carbons
are given in Table 5. It should be noted that the presence of Ca is specific feature of the mesoporous
samples. Moreover the mesoporous carbons have higher degrees of surface oxidation (oxygen
contents) than microporous samples.

Six types of carbon atoms can be found in the surface layers of the investigated carbon
materials by resolving of each high resolution C 1s spectrum into peaks (Fig. 9). The values of
binding energy (EB) in C 1s spectra were [23-30] EB = 284.2-284.4 eV (peak 1), which can be refer
to amorphous graphitic carbon; EB = 285.1-285.3 eV (peak Il) — carbon atom in composition of
C-H, C-H,-groups, hydrocarbons; EB =286.0-286.2 eV (peak I1I) — carbon, which present in
alcohol (C-O-H), phenolic or ether (C-O-C) groups; EB =287.7-287.9 eV (peak IV) — carbonyl
(C=0), quinone groups or F-bounded carbon (C-F); EB =289.9-290.1 eV (peak V) — carboxyl
(C(O)-OR), ester groups (O-C=0) or carbon in carbonate (O-C(O)-0); and EB =292.3-292.5 eV
(peak V1) — 2F-bounded carbon (-CH,-CF,-) or C in polytetrafluoroethylene (-CF,-CF,-) (Table 6).



Table 5. Composition of surface layers of activated carbons from the survey XPS spectra.

Contents of element, % atomic

Sample code | C total area | O total area

C1s O1s K2s F1s Ca2p
110362 4694.1 788.4 82.8 14.1 0.8 0.3 2.0
110168 4166.1 367.3 90.4 8.0 0.9 0.8 0.0
110361 3862.3 486.8 87.1 10.7 0.9 0.4 0.9
110456 4524.2 339.4 91.9 6.9 0.7 0.4 0.2
110680 4423.0 535.0 88.2 9.7 1.1 0.2 0.8
110104 3959.8 361.1 88.5 9.6 1.3 0.5 0.0
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Fig. 9. X-ray photoelectron spectra showing the C 1s core level in activated carbon for
samples 110362 (a), 110168 (b), 110361 (c), 110456 (d), 110680 (), and 110104 ().

Table 6. Peak positions and quantitative distributions of C-structures on the surfaces of
activated carbons from C 1s spectra.

Sample Peak positions [eV] % of the components (by element)

code I I Il v \Y VI I I Il v \Y Vi

110362 | 284.2 | 285.2 | 286.1 | 287.7 | 290.0 | 292.3| 48.1 | 174 | 175 | 7.6 6.3 3.1

110168 | 284.2 | 285.1 | 286.0 | 287.7 | 289.9 | 292.3| 54.9 | 23.0 | 8.7 6.3 5.1 1.9

110361 | 284.2 | 285.2 | 286.0 | 287.7 | 290.0 | 292.3 | 51.8 | 209 | 12.7 | 6.9 5.5 2.2

110456 | 284.3 | 285.3 | 286.2 | 287.8 | 290.1 | 292.4| 55.8 | 20.4 | 9.3 6.0 6.1 2.3

110680 | 284.4 | 285.3 | 286.2 | 287.9 [ 290.1 | 292.5| 56.1 | 164 | 120 | 7.1 6.2 2.3

110104 | 284.2 | 285.2 | 286.1 | 287.8 | 290.0 | 292.4 | 54.3 | 26.0 | 51 6.9 6.1 1.6
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The data of XPS analysis testify that the mesoporous carbons (110362, 110361, 110680)
have in consist of their surfaces relatively more intensive peaks with values of binding energy
EB =286.0-286.2 eV (peak I1l), which can be identified as those originating from alcohol or ether
groups, and less intensive peaks with EB =285.1-285.3 eV (peak Il), which correspond to
hydrocarbons.

Four types of oxygen were distinguished in the O 1s spectra (Fig. 10). Peak | at lower
binding energies (EB =530.4-531 eV) is most likely corresponding to non-bridging oxygen in
-O-Me (where Me = K or Ca) [23, 24, 29]; peak Il (EB =531.8-532.6 €V) could be ascribed to
oxygen atom in carbonyl functional groups (C=0, O-C=0); peak Il (EB =533.4-534 eV) to C-O
oxygen in ether (C-O-C=0), anhydride, lactone or carboxylic acids [23, 24]; and peak IV
(EB = 535.2-536.1 eV) to chemisorbed O,, adsorbed or bulk water [25-28], respectively (Table 7).

CPS

sis sit <28 B 537 s34 531 <28 s40 537 sis sit
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)

Fig. 10. X-ray photoelectron spectra showing O 1s core level in activated carbon for samples
110362 (a), 110168 (b), 110361 (c), 110456 (d), 110680 (e), and 110104 (f).

Table 7. Peak positions and quantitative distributions of O-structures on the surfaces of
activated carbons from O 1s spectra.

Sample Peak positions [eV] % of the components (by element)

code I ] i v I ] i v
110362 | 531.0 | 5326 | 534.0 | 535.6 13.9 19.6 24.2 42.3
110168 | 5304 | 5319 | 533.6 | 535.2 11.5 33.1 43.5 11.9
110361 | 5304 | 531.8 | 5335 | 535.7 11.2 21.4 37.3 30.0
110456 | 5304 | 531.8 | 533.4 | 535.8 6.7 27.1 52.6 13.6
110680 | 530.4 | 5319 | 533.8 | 536.1 8.4 33.3 33.1 25.1
110104 | 530.5 | 532.1 | 533.7 | 535.5 12.7 46.8 32.3 8.3




10

Concurrently microporous samples (110168, 110456, 110104) have relatively bigger
peaks with binding energy EB = 531.8-532.6 eV (peak 1), which are probably due to carbonyl, and
with EB = 533.4-534 eV (peak Il1) due to ether, anhydride, lactone or carboxylic acids, whereas the
main distinction of mesoporous carbons are more intensive peaks with EB = 535.2-536.1 eV (peak
IV), which are probably related to adsorbed or bulk water.

A detailed comparison of the techniques which have been employed for the surface
characterization of the used sorbents (TGA, TPD-MS and XPS) show that XPS method gives higher
values of total contents of oxygen on activated carbon surfaces (Fig. 11). This can be explained by
the fact that we didn’t have complete removal of organics from the activated carbon surfaces at the
end of TPD-experiments as it has already noted above. Another reason for the phenomenon, which
Is observed, may be that there are oxygen-contents groups on the surfaces of the investigated
carbons, which can’t be removed as CO or CO; during the TPD-experiments (for example oxygen
in inorganic oxides). Nevertheless, the change tendency of the total oxygen contents in the
investigated activated carbons (higher for the mesoporous samples in each pair of carbons with
close values of surface areas) remains essentially the same regardless of the research method.
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Fig. 11. Concentration of O-content groups (a) and total contents of oxygen on the surfaces
of activated carbons (b).

Water vapour adsorption isotherms on the activated carbons. The isotherms of water
adsorption on the research activated carbons correspond to type V isotherms [3, 4, 7, 9, 11, 31]
(Fig. 12). The water adsorption isotherms begins from an extremely low relative pressure p/po for
all samples and have noticeable bulging parts which could be explained by an existence of
ultramicroporosity in the carbons or by a significant amount of surface active centers (oxygen
functional groups) and the primary water adsorption on them [1, 5, 9]. Then the amounts of water
adsorption rise almost linearly with p/po until p/po = 0.3. Steep increases in adsorption amounts are
observed at about p/po = 0.55-0.6. Features of the pore volume filling for each pair of the activated
carbons at average relative pressures (the steep rise of the isotherms occurs at approximately the
same p/po) indicate the similarity of their microporous structures.

The desorption branches for all samples do not overlap with the adsorption ones, giving a
representative pronounced hysteresis (Fig. 12). The adsorption and desorption branches of water
adsorption isotherms for the microporous carbons (110168, 110456, 110104) come close to each
other and give a plateau at high relative pressures. As opposed to this, a gradual rise of water uptake
and the existence of wide hysteresis loops at high relative pressures up to p/po = 0.95 are observed
for the mesoporous carbons (110362, 110361, 110680).

Whereas microporosity of activated carbon is a critical factor which determines the total
sorption uptake [32], comparison of the maximum values of water adsorption and the micropore
volumes was carried out in the research (Fig. 12).
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Fig. 12. Uptake of water and liquid nitrogen on the activated carbon samples: 110362 (a),
110168 (b), 110361 (c), 110456 (d), 110680 (e), and 110104 (f).

The water adsorption capacities for the microporous samples are almost equal (or slightly
less) to their micropore volumes determined from nitrogen adsorption isotherms, Vmicro. The
maximum values of water adsorption in the case of mesoporous carbons considerably exceed the
micropore volumes Vnicro, and are attributable to the capillary condensation in mesopores [4, 9, 31].
Nevertheless, the total volumes of water uptake both for micro- and mesoporous activated carbons
are significantly less than those determined from nitrogen adsorption (Fig. 13). (The values of water
adsorption in mesopores, which are presented in the figure, have been determined as a difference
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between the volume of micropores and the maximum water adsorption). This could be due to a
mechanism of cluster pore filling in which the water density is less than its bulk density [33-36].
Alternatively, it is possible water is not able to condense in the bigger mesopores [37] (Fig. 14).

—e— Total pore volume
Micropore volume (DR)
0,9 Mesopore volume
—A— Water adsorption (maximum)
Water adsorption in mesopores
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B g5 \/\A
€
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>
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Sample code

Fig. 13. Comparison of the structural characteristics of the activated carbon samples and the
values of water adsorption.
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Fig. 14. Comparison of the pore volumes in different size ranges and the values of
maximum water adsorption.

The dependence of the maximum water adsorption on the concentration of primary active
centers on the surface of the activated carbons is shown in Fig. 15 a. The slope of the line gives the
average number of water molecules per one surface active center at p/po =1, which is from
4 (XPS data) to 9.5 molecules (TPD-MS data) per the center.

The adsorption of water vapors on the surface of activated carbon with a relatively high
concentration of active centers can take place with the formation of continuous adsorption layer [2,
34]. In this case the value of maximum water adsorption is proportional to the specific surface area
of the activated carbon samples (Fig. 15 b). The limiting value of water vapor adsorption per unit of
the activated carbon surface area was determined from the slope of dependence of Ay2omax ON SgeT,
and it was about 20 mkmol/m?.
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Fig. 15. Values of maximum water adsorption as a function of the amount of primary active
centers (a) and the values of surface area for the activated carbon samples (b).

Conclusions

In this work, the correlation between adsorption characteristics of micro- and mesoporous
activated carbons towards water and their internal structures defined on the basis of nitrogen and
carbon dioxide adsorption isotherms as well as the chemical state of the surface and the nature of
primary adsorption sites have been studied.

It has been shown that the water adsorption isotherms at low relative pressures have
noticeable bulging parts which could be explained by an existence of ultramicroporosity in the
carbons or by a significant amount of surface active centers (oxygen functional groups) and the
primary water adsorption on them. The adsorption and desorption branches of water adsorption
isotherms for the microporous carbons come close to each other and give a plateau at high relative
pressures. The water adsorption capacities for the microporous samples are almost equal (or slightly
less) to their micropore volumes determined from nitrogen adsorption isotherms, Vmicro. AS opposed
to this, a gradual rise of water uptake and the existence of wide hysteresis loops at high relative
pressures up to p/po=0.95 are observed for the mesoporous carbons. Moreover, the maximum
values of water adsorption in this case considerably exceed the micropore volumes Vmicro, and are
attributable to the capillary condensation in mesopores. Nevertheless, the total volumes of water
uptake both for micro- and mesoporous activated carbons are significantly less than those
determined from nitrogen adsorption. This could be due to a mechanism of cluster pore filling in
which the water density is less than its bulk density. Alternatively, it is possible water is not able to
condense in the bigger mesopores.
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Summary

The correlation between adsorption characteristics of micro- and mesoporous activated
carbons towards water and their internal structures defined on the basis of nitrogen and carbon
dioxide adsorption isotherms as well as the chemical state of the surface and the nature of primary
adsorption sites have been studied in the research.

It has been shown that the water adsorption isotherms at low relative pressures have
noticeable bulging parts which could be explained by an existence of ultramicroporosity in the
carbons or by a significant amount of surface active centers (oxygen functional groups) and the
primary water adsorption on them. The adsorption and desorption branches of water adsorption
isotherms for the microporous carbons come close to each other and give a plateau at high relative
pressures. The water adsorption capacities for the microporous samples are almost equal (or slightly
less) to their micropore volumes determined from nitrogen adsorption isotherms, Vmicro. AS opposed
to this, a gradual rise of water uptake and the existence of wide hysteresis loops at high relative
pressures up to p/po =0.95 are observed for the mesoporous carbons. Moreover, the maximum
values of water adsorption in this case considerably exceed the micropore volumes Vnmicro, and are
attributable to the capillary condensation in mesopores. Nevertheless, the total volumes of water
uptake both for micro- and mesoporous activated carbons are significantly less than those
determined from nitrogen adsorption. This could be due to a mechanism of cluster pore filling in
which the water density is less than its bulk density. Alternatively, it is possible water is not able to
condense in the bigger mesopores.

Keywords: activated carbons, pore structure characterization, nitrogen adsorption, surface
chemistry, primary adsorption centre, Thermogravimetric Analysis, X-ray Photoelectron
Spectroscopy, Temperature-Programmed Desorption / Mass-Spectrometry, water vapour isotherm



