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The moisture that is present in industrial hydrocar�
bon streams can have significant influence on the effi�
ciency of many processes. For example, high humidity
significantly reduces the activity of hydrocarbon alky�
lation and oligomerization catalysts. The optimal
humidity of circulating gases is necessary for main�
taining the catalyst in the active state in catalytic
reforming [1]. Drying of hydrocarbon gases is neces�
sary for the transportation of natural gas in order to
prevent the formation of hydrocarbon gas hydrates and
water slugs [2].

Aluminum oxides have been used for a long time as
adsorbents for drying of different industrial gases (air
and natural gas). For the first time, alumina was used
in water adsorption by ALCOA company in 1932. The
wide application of aluminas as water sorbents is due
to both their high efficiency in the drying of gases with
a relative humidity of 1 to 100% [3] and the fact that
alumina shaped as pellets or extrudates has a high
abrasion resistance and breaking strength and with�
stands many regeneration cycles without changing its
water sorption capacity [4]. Aluminas can be used as
the matrix for deposition of various hygroscopic com�
pounds increasing their water sorption capacity and
allow maintaining a constant (optimal) humidity of
the medium owing to the reversibility of the hydra�
tion–dehydration process [5–8].

The rapid development of petrochemical technol�
ogies, as well as the competition in economy, con�
stantly raise the requirements for alumina driers,
including an increase in their water sorption capacity

(degree of drying) at a given relative humidity. At
present, the well�known basic principles of design of
gas drying apparatuses include calculation of the
diameter and length of the reactor, gas flow rate, heat
removal, and regeneration conditions for the required
level of gas drying [9–11]. The principles of sorption
of carious molecules, including water, as a result of
their concentration on the surface of a solid are also
known. It is believed that the amount of adsorbed
compound is directly related to the surface area acces�
sible to the sorbate. The porous structure also plays an
important role in water sorption [4]. So far, the nature
of the forces that hold particular molecules on the sur�
face has not been completely understood and a num�
ber of theories have been proposed for explanation of
this phenomenon [4]. The best known theory is the
one proposed by Langmuir, which assumes that the
interaction of water molecules with the surface is
mainly physical in nature (coordination, van der
Waals, dipole–dipole and quadrupole interactions)
[2, 4, 12, 13]. For example, it was suggested that water
sorption occurs through the formation of adducts of
the H+(H2O)n type on high�silica zeolites as a result of
the interaction of water molecules with Brønsted acid
sites [14]. At the same time, individual aluminas with�
out strong Brønsted acidic sites [15] also adsorb water
well and, consequently, other sites can also participate
in water sorption. IR spectroscopy method has shown
that there are strong Lewis acid sites on the surface of
aluminum oxide [15]. The spin probe method has
revealed that the surface of aluminum oxides has elec�
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tron acceptor and electron donor sites capable of
reducing (oxidizing) adsorbed molecules due to the
transfer of one electron (Single Electron Transfer
(SET) mechanism) [16–19]. It is reasonable to
assume that the change of the concentration of the
mentioned sites can influence the physicochemical
properties of the surface and, therefore, the sorption
rate and sorption capacity of alumina.

An important stage of alumina preparation is calci�
nation which can dramatically influence the ratio of
Lewis acid sites (LAS’s) and Brønsted acid sites
(BAS’s) (electron donors and acceptors, respectively)
on the surface of the oxide and, consequently, its acid–
base properties and water vapor sorption capacity.

The present study considers the influence of the
temperature of the preparation of aluminas on their
acid–base properties and static (equilibrium) water
vapor sorption capacity in the humidity range from 1
to 60%. The original compound was bayerite�contain�
ing hydroxide obtained by the thermochemical activa�
tion (TCA) technology [20]. The specific feature of
bayerite�containing hydroxide is the formation of low�
temperature alumina (first of all, η�modification) at a
calcination temperature of >300°С, which enable
obtaining samples with a large specific surface area,
with a large number of micropores, and, accordingly,
with a higher static capacity than that of the water sor�
bents based on γ�Al2O3. In addition, the acid–base
properties of such water sorbents will obviously differ
from the properties of γ�Al2O3 prepared from pseudo�
boehmite.

The aim of the present study was to investigate the
influence of the temperature of calcination of the pel�
lets of the alumina�based adsorbent prepared from
bayerite�containing hydroxide (product of the ther�
mochemical activation of hydrargillite) on the static
water vapor sorption capacity at high (60%) and low
(1–1.5%) relative humidities and to study of the role
of the acid–base properties of the resulting samples in
water sorption.

EXPERIMENTAL

Preparation of Alumina Adsorbents

The original material was thermally activated alu�
minum hydroxide (OAO Achinsk Alumina Refinery,
Specifications TU 1711�001�05785164�2002). The
powder was hydrated in a ball mill at room tempera�
ture in a solution of NH3 at pH 11–12 for 24 h at a
component ratio of 1 : 1.

The dried powder was plasticized with a solution of
nitric acid (acidic modulus of 0.1 mol acid/mol
Al2O3). The resultant paste was extruded in a ram
extruder through a die with a hole diameter of 4 mm.
The pellets were calcined in a tubular furnace in flowing
dry air for 4 h. The temperature of calcination of the
pellets was varied in the 350–550°С range in 50�deg
steps. The chosen temperature interval (350–550°С)

was especially interesting for investigation of the prop�
erties of alumina as a water sorbent.

For comparison, we used 100% γ�Аl2O3 (Tcalcin =
550°С), which was obtained by conventional reprecip�
itation [21].

Investigation of the Physicochemical and Water Sorption 
Properties of Alumina Adsorbents

X�ray diffraction (XRD) analysis of the samples was
carried out using an HZS�4 diffractometer (Germany)
with monochromated CuK

α
 radiation (λav = 1.54184 Å).

Diffraction patterns were recorded in the 2θ range
from 10° to 75°. The phase composition of aluminum
hydroxide and alumina, unit cell parameters, and
crystallite sizes were determined from the diffraction
patterns. In quantitative phase analysis, we used plots
of diffraction peak intensity ratios versus the concen�
tration of reference phases [22].

Thermal analysis was carried out using an STA 449 C
Jupiter apparatus (NETZSCH, Germany) in the tem�
perature range from 20 to 1000°С.

The thermoanalytical curves—T, DTA, TG, and
DTG—were recorded under the following condi�
tions: heating rate of 10 deg/min, air flow rate of
30 mL/min, sample weight of 100 mg, corundum cru�
cibles, calcined alumina was the reference sample. 

The textural properties of alumina were investigated
by means of low�temperature nitrogen desorption at
77 K using an Asao 2400 analyzer (Micromeritics,
United States). The specific surface area was calculated
using the BET equation. The micropore volume and the
mesopore surface area remaining after micropore filling
were determined by a comparative method [23, 24].

Acid–base sites on the surface were quantified
spectroscopically using the adsorption of CO probe
molecule [25, 26]. IR spectra were recorded on a Shi�
madzu 8300 Fourier spectrometer (Japan) with 4 cm–1

resolution and 100 coadditions per data point. The
spectra were processes using the ORIGIN software
package. The error in the concentration measure�
ments was ±15%. Before CO adsorption, the sample
was heated in a vacuum at 300oС for 1.5 h. The adsorp�
tion of CO was performed at the liquid nitrogen tem�
perature and a pressure of 0.1–10 Torr. The concen�
tration of Lewis acid sites was derived from the absorp�
tion bands at 2183–2186 cm–1, which appeared as a
result of the adsorption of CO molecules on LAS’s at
a CO pressure of 0.1 Torr. The concentration of OH
groups was determined from the absorption band at
2152 cm–1, which appeared as a result of CO adsorp�
tion on BAS’s at a CO pressure of 10 Torr.

The concentration of electron donor and electron
acceptor sites was determined using the spin probe
method [16–19]. Before the experiments, the samples
were dehydrated at 300°C in air. The probes for elec�
tron donor sites were the radicals generated by the
adsorption of the acceptor molecules of trinitroben�
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zene (0.02 M solution in toluene). For the diagnostics
of electron acceptor sites, we used the radical that
appeared as a result of the adsorption of the donor
molecules of anthracene (0.04 M solution in toluene).
In all cases, the ultimate concentration of radicals was
determined after keeping the samples with adsorbed
probe molecules at 80°C for 12 h using an ESR�221
EPR spectrometer (Germany) which operating in the
X�band frequency range (9.3 GHz). The power of the
microwave radiation in the resonator was up to 200 mW,
and the attenuation of the radiated power was below
60 dB. The sensitivity of the spectrometer at a con�
stant time of τ = 1 s was 3 × 1010 spin/10–4 T. The error
in the concentration measurements was ±10%.

Determination of the Equilibrium
Adsorption Capacity

The static (equilibrium) water vapor capacity of the
driers was determined in a flow apparatus with a ~10�cm3

quartz reactor at atmospheric pressure and room tem�
perature. The apparatus was placed into a glass heating
chamber in which a constant temperature (20–21°С)
was maintained. A bubbler filled with water (Drexel
bottle), a tube with a zeolite, and a cylinder with com�
pressed air were also placed in the heating chamber.
This allowed reliable results to be obtained under iden�
tical conditions. Before being loaded into the reactor,
the water adsorbent was calcined at 300°С for 4 h. The
adsorbent weight was 0.5 g (pellet size of 0.5–1 mm),
the height of the adsorbent bed was 1 cm, and the total
air feed rate was 20 L/h. The relative humidity of the
supplied air was varied from 1 to 60% (normalized to
20°С) using gas flow controllers. For this purpose, two
air streams were created. One of them was preliminary
dried by passing it through a tube filled with zeolite
NaA, and the other was saturated with water to a rela�
tive humidity of ~90% in a bubbler (Drexel bottle).
The streams were combined in a mixer. After that, the
combined air stream with a preset humidity was fed
into the reactor. The air humidity at the inlet and out�
let of the reactor was monitored using an IVA�6B ther�
mohygrometer (Mikrofor, Russia).

It was assumed that the equilibrium was established
when the humidity at the outlet of the reactor was the
same as its value at the inlet. Thereafter, the adsorbent
was withdrawn from the reactor and was weighed. All
measurements were carried out at room temperature
(20–21°С) at a low relative air humidity in the labora�
tory. Under these conditions, we studied the rate of
water adsorption after the sample was exposed to the
atmosphere. For this purpose, preliminarily dried
samples were weighed at 5�min intervals over 1 h. After
1 h, the weight gain was 1–1.5 wt %. Therefore, the
short�term exposure of the samples to the atmospheric
conditions hardly influenced the value of the experi�
mental error.

The water vapor capacity was calculated using the
following equation:

Capacity, % = 100(mа – m0)/m0,

where m0 and ma is the weight of the adsorbent before
and after water adsorption, respectively.

The error in the measurements of static capacity
was ±10%.

The results of the measurements were compared
with the data of vacuum adsorption method at relative
air humidities of 10% (supersaturated solution of
orthophosphoric acid) and 60% (supersaturated solu�
tion of NaBr). The results of these measurements
coincided.

RESULTS AND DISCUSSION

Phase Composition and Textural
Characteristics of Alumina

The phase compositions of the original bayerite�
containing hydroxide (SW�5), the adsorbents pre�
pared in this study, and the reference sample are pre�
sented in Table 1. This table shows that the original
hydroxide contained over 50% crystalline bayerite,
13% gibbsite, and 35% amorphous phase, which can
apparently be classified as X�ray�amorphous hydrox�
ide and hydrated χ�phase. The concentration of boe�
hmite in the sample did not exceed 1%, and no
pseudoboehmite was found.

Table 1. Phase composition and structural characteristics of the original aluminum hydroxide and alumina samples

Sample a*, Å

Phase composition, % (D, Å)

gibbsite bayerite boehmite pseudoboemite (γ + η)�Al2O3
X�ray�amorphous 
phase + χ�Al2O3 

SW�5 7.89 13 51 1 (155) – – 35

Al2O3�350 7.92 – – 10 (240) ~2 (35) 30 (45) 58

Al2O3�450 '' – – – – 35 (45) 65

Al2O3�550 '' – – – – 45 (50) 55

γ�Al2O3 '' – – – – 100 (40) –

* Unit cell parameter averaged over all phases.
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According to the data of thermal analysis, the cal�
cination of the original hydroxide from 20 to 1000°С
gives rise to three endothermic peaks. The first one (at
80–200°С) can be assigned to the loss of adsorbed and
chemisorbed water; the second one (at 280–340°С),
to the conversion of gibbsite and bayerite into χ�Al2O3
and η�Al2O3, respectively; the third one (at 500–
560°С), to the conversion of boehmite (pseudoboeh�
mite) into γ�Al2O3. The thermoanalytical data indi�
cate that the initial hydroxide contains 55% trihydrox�
ide phases (bayerite + gibbsite) and 11% boehmite
(pseudoboehmite). The difference between the TA
and XRD data indicate that either the original hydrox�
ide contains an X�ray amorphous phase of pseudoboe�
hmite or boehmite (pseudoboehmite) forms inside the
gibbsite and bayerite particles during thermal treat�
ment as a result of the creation of hydrothermal con�
ditions. We were unable to distinguish the thermoana�
lytical peak due to the conversion of aluminum trihy�
droxide into boehmite (180°С) against the
background of the broad endotherm (80–200°С) due
to the loss of both physically adsorbed and chemi�
sorbed water.

X�ray diffraction analysis of the alumina samples
(Table 1) obtained by the calcination of bayerite�con�
taining hydroxide (SW�5) in flowing dry air at 350,
450, and 550°С showed that the Al2O3�350 sample
contains over 50% X�ray amorous phase (hydroxide/
oxide + χ�Al2O3), approximately 30% (γ + η)�Al2O3,
10% boehmite, and a small amount of pseudoboeh�
mite. Since the conversion of the X�ray amorphous
hydroxide/oxide into the well�crystallized boehmite
phase as a result of calcination is unlikely, it can be
concluded that boehmite results from the decomposi�
tion of the trihydroxides (gibbsite and bayerite). The
sample obtained by the calcination of SW�5 at 450°С
(Al2O3�450) contains about 35% (γ + η)�Al2O3 and
65% amorphous phase (hydroxide/oxide + χ�Al2O3).
The XRD data did not indicate the presence of boeh�
mite in Al2O3�450 sample. Since the temperature of
450°С was not sufficient for the formation of crystal�
line γ�Al2O3, we suppose that, at this stage, pseudo�
boehmite can turn into amorphous alumina. This
assumption is confirmed by the increase in the propor�
tion of the (amorphous hydroxide/oxide + χ�Al2O3)
phases (Table 1) and by the absence of the pseudoboe�

hmite decomposition endotherm in the 500–550°С
range for the Al2O3�450 sample. Raising the tempera�
ture to 500–550°С results in the crystallization of
part of the X�ray amorphous phase of alumina and in
the formation of γ�Al2O3. The Al2O3�550 sample
contains about 45% crystalline phases (γ + η)�Al2O3
and 55% χ�Al2O3.

Therefore, the prepared samples are heterogeneous
and consist of amorphous and crystalline phases, and
the difference between their phase compositions does
not exceed 10% as the calcination temperature is
increased. The low�temperature samples contain
pseudoboehmite.

Table 2 lists the textural characteristics of the tested
samples of alumina. All of the samples have a high spe�
cific surface area (over 320 m2/g). As the calcination
temperature is raised, the specific surface area (as well
as the micropore volume and surface area) passes
through an extremum at 400°С. This behavior can
possibly be due to the complete decomposition of
hydroxides and the formation of alumina followed by
the sintering of the latter. The average specific surface
area of the sample calcined above 400°С is 340 m2/g,
higher than that of, e.g., γ�Аl2O3; even after calcina�
tion at 550°С, the oxides have micropores, unlike the
reference sample. The mean pore radius of the pre�
pared samples is 3 times smaller than that of the refer�
ence sample. The mean pore volume remains practi�
cally invariable as the calcination temperature is
raised. The micropore volume is largest for the sample
calcined at 400°С. Therefore, the increase in the cal�
cination temperature mainly affects the micropore
volume and surface area. The synthesized samples are
significantly different from the reference sample in
terms of both phase composition and texture.

Acid–Base Properties of Alumina

It was established that, as the calcination tempera�
ture is elevated, the concentration of electron acceptor
sites (including weak ones) per gram of water adsor�
bent initially decreases (350–450°С), then increase by
a factor of 1.5 (500°С), and then again decreases as the
calcination temperature grows to 550°С (Table 3). The
same trend was observed also for the concentration of
electron acceptor sites per unit area of the surface

Table 2. Influence of the temperature of the synthesis of alumina samples on their textural characteristics

Sample SBET, m
2/g Vpore total, cm3/g Vpore (1.7–300 nm), cm3/g Vpore (<1.7 nm), cm3/g Dpore mean, Å 

Al2O3�350 327 0.24 0.10 0.11 22.0

Al2O3�400 390 0.27 0.12 0.16 28.0

Al2O3�450 343 0.26 0.12 0.13 30.0

Al2O3�500 340 0.27 0.13 0.12 31.8

Al2O3�550 328 0.28 0.15 0.10 33.8

γ�Al2O3 294 0.67 0.57 0 92.0
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(1 m2), indicating a change in the chemical properties
of the surface. The concentration of electron donor
sites increases steadily as the calcination temperature
is increased to to 500°С and remains practically
unchanged at higher temperatures.

The concentration of Lewis acid sites determined
by IR spectroscopy increases with an increasing calci�
nation temperature (350–450°С), then falls (500°С),
and then again increases as the temperature is
increased to 500–550°С (Table 3). The increase in the
LAS concentrations with an increase in calcination
temperature to 450°С can occur as a result of both the
increase in the alumina concentration due to the
decomposition of pseudoboehmite and the dehydrox�
ylation of the alumina surface, i.e., the decrease in the
BAS concentration. The concentrations of LAS’s (per
gram of adsorbent) and electron acceptor sites (per
gram of adsorbent) vary with temperature in opposite
ways. Therefore, it can be assumed that the electron
acceptor sites are related with strong BAS’s, whose
concentration should decrease with an increase in the
calcination temperature. We proposed this hypothesis
when we developed a procedure for the determination
of the concentration of electron acceptor sites and
investigated the influence of the concentration of

these sites on catalytic activity in the dehydration of
alcohols into olefins [26]. The observed reduction of
the LAS concentration and the increase in the con�
centration of electron acceptor sites (Table 3) for the
samples calcined at 450–500°С can be due to the
stronger bonding of hydroxyl groups with the surface
aluminum cations in these samples as a result of, for
example, the increase in the proportion of crystalline
phases (γ + η)�Al2O3.

According to IR spectroscopic data, the alumina
samples contain mainly weak BAS’s (absorption band
at 2152 cm–1, P(CO) = 10 Torr). The total concentra�
tion of these sites per unit area of the surface remains
practically invariable as the calcination temperature is
increased (Table 3).

Static Sorption Capacity and Acid–Base 
Properties of Alumina

The static capacity of aluminum oxides was deter�
mined at high (60%) and low (1–1.5%) relative air
humidities.

At an air humidity of 60%, we obtained a nearly lin�
ear correlation between the static capacity of the sam�
ples and their specific surface area (Fig. 1). The devia�
tion from linearity could be due to the variation of the
pore size distribution, since the total pore volume of
the samples was nearly the same. The concentrations
of electron acceptor and electron donor sites (deter�
mined by the spin probe method) and LAS’s are not
correlated with the static capacity measured at 60%
relative air humidity. This result implies that, at high
air humidity under conditions of volume filling of
micro� and mesopores, the difference between the
acid–base properties of the sample surfaces does not
manifest itself and the static capacity of the adsorbent
is determined by the total pore volume and pore size
distribution.

We assumed that the influence of the acid–base
properties is more pronounced at low relative humid�
ity in the region of filling of micropores (<1.7 nm). A
distinctive feature of micropores is that their opposite

Table 3. Influence of the temperature of the synthesis of alumina samples on their static capacity and acid–base properties

Sample

Static capacity, % Nacc* × 
10–16 

Ndon* × 
10–17

Nacc* × 
10–14

Ndon* × 
10–15 

LAS
(2183–2186 cm–1)

OH groups
(2155 cm–1)

relative humidity, %
g–1 m–2

μmol/m2
μmol/g μmol/m2

μmol/g
1–1.5 60

Al2O3�350 3.6 17.9 9.5 0.99 2.91 0.30 284 0.87 1.22 400

Al2O3�400 3.5 21.6 8.3 5.78 2.13 1.48 520 1.33 1.01 395

Al2O3�450 2.5 20.5 7.6 8.40 2.22 2.45 607 1.77 1.24 425

Al2O3�500 2.1 19.5 11.1 11.62 3.38 3.54 511 1.56 1.07 365

Al2O3�550 1.9 19.0 9.9 10.56 2.91 3.11 559 1.64 1.10 360

* Number of acceptor and donor sites, respectively.
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Fig. 1. Influence of the specific surface area of alumina on
its static water sorption capacity at a relative air humidity
of 60% at 20°C.
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walls are extremely close together walls, leading to the
overlap of the electric fields of the surfaces of the
neighboring walls. Therefore, it is impossible to apply
the so�called theory of volume filling of micropores
[4]. Varying the concentration of electron acceptor,
electron donor, and Lewis acid sites, one can modify
the physicochemical properties of the surface in a cer�
tain range and thereby, influence the possibility of vol�
ume filling of the micropores with water molecules.

In order to estimate the effect of relative humidity
on the static capacity of a water adsorbent and choose
the conditions for filling its micropores only, we inves�
tigated the static water sorption capacity of the adsor�
bents at relative air humidities from 60 to 1%. The tests
were carried out for the Al2O3�400 sample, which was
obtained by calcination at 400°С. The reference sam�
ple did not contain micropores. The plots presented in
Figs. 2 and 3 demonstrate that the static capacity
grows with increasing relative air humidity. This indi�
cates that, as the partial pressure of water vapor is
increased, capillary condensation proceeds into pores
of larger size. The shape of the curve also allows indi�
rect estimation of the pore size distribution for the
tested adsorbents. Since the reference sample, which
does not contain micropores (Table 2), adsorbs water
at relative air humidities above 1–2% (Figs. 2, 3), it may
be assumed that, at lower humidities, water sorption
occurs only in micropores with a radius of <1.7 nm.
Thus, we have determined the relative air humidity at
which the micropores are mainly filled; it appeared to
be 1–1.5%.

At a low humidity (1–1.5%), the static capacity
decreases with an increasing adsorbent pellet calcina�
tion temperature. This is accompanied by an increase
in the concentration of electron donor sites (Table 3).
The total micropore volume initially (350–400°С)
increases and then (400–550°С) decreases (Table 2).
An inverse correlation with a confidence factor of 0.85
was observed between the static capacity and the con�
centration of electron donor sites (Fig. 4). The devia�
tion from linearity can be due to the tested samples
differing in micropore volume.

There is seemingly no general correlation between
the concentration of electron acceptor sites and LAS’s
and the static capacity. However, if the samples cal�
cined at 350–550°С are divided into two groups—
those calcined at 350–450°C and those calcined at
500–550°С—it will be clear that an increase in the
concentration of electron acceptor sites (supposedly
related with Brønsted acidity [27]) and a decrease in
the concentration of LAS’s leads to an increase in the
static water sorption capacity at low humidity (1–
1.5%) (Table 2). The absence of a general linear corre�
lation can be a consequence of the additional influ�
ence of the pore size distribution and of the absence of
pseudoboehmite in the samples calcined above 450°С.

Therefore, we have investigated the influence of
calcination temperature in the 350–550°С range on
the static (equilibrium) capacity at low (1–1.5%) and

high (60%) relative humidities and on the acid–base
properties, phase composition, and texture of the alu�
mina�based adsorbents obtained by calcination of
bayerite�containing hydroxide.

We have shown that the relative activity of the
adsorbents measured at low (1–1.5%) and high (60%)
humidities can be different. Since the humidity of the
entering gases in many industrial drying units is below
3%, we recommend a procedure for determination of
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Fig. 4. Influence of the concentration of electron donor
sites on the static capacity of alumina samples at a relative
air humidity of 1–1.5% at 20°C.
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water sorption capacity of adsorbents at low humidity
(1–3%), which, in our opinion, better simulates
industrial drying stages. (Nowadays the procedure
used in plants for determination of the activity of
adsorbents is based on measuring the static capacity at
relative air humidities of 10 and 60%.)

We have established that acid–base properties of
alumina have an effect on the static water sorption
capacity at low relative humidity (1–1.5%). An
increase in the concentration of electron acceptor sites
(apparently related with Brønsted acidity) and a
decrease in the concentration of electron donor and
Lewis acid sites lead to an increase in the static water
sorption capacity of the samples. Therefore, the pres�
ence of hydroxylated surface is favorable for water
adsorption at low humidity. The static water sorption
capacity also depends on the phase composition and
micropore size distribution. It seems impossible to
estimate the effect of each of these factors from the
experimental data of this study, so this will be a subject
of forthcoming studies.

At high relative humidity (60%), the static water
sorption capacity depends mainly on the volume of the
pores where capillary condensation takes place. The
concentration and strength of the electron acceptor
(acidic) and electron donor (basic) surface sites should
be sufficient for the adsorption of the first layer of
water molecules (surface wetting); i.e., at high humid�
ity the acid and basic sites initiate the process, while
the sorption capacity is determined by the pore vol�
ume of the adsorbent.
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