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The study of the pine sawdust drying kinetics was carried out using thermal analysis. The evaporation rate of free
and bound moisture was determined using thermogravimetric data. Differential scanning calorimetry allows to
evaluate the effect of evaporation on the deviation of the sample temperature from the heating gas temperature.
In experiments, this temperature deviation increases with the heating rate and can be several tens of degrees.
Using the developed theoretical approach, the values of the energy of moisture sorption were obtained from the
data on the rate of evaporation at different temperatures under conditions of diffusional evaporation (the period
of decreasing drying rate). This approach operates with the thermodynamic parameters of interfacial interaction,
which affect the change in the saturated pressure of water vapor above the biomass surface. The results show that
with a decrease in the moisture content of the pine wood, the sorption energy of moisture increases rather
sharply, and at a moisture content of less than 5%, this dependence is close to exponential.

1. Introduction
Wood biomass is an attractive energy resource due to its availability,
renewability and environmental friendliness (compared to coal and
hydrocarbons). There is a wide range of technologies for biomass con
version into energy: combustion, pyrolysis, gasification, bioprocessing,
etc.
Wood is a complex composite consisting of macromolecules of
different types, that has specific structural characteristics. The proper
ties and composition of wood vary widely depending on the sort and
history of a sample. These features determine the complexity of transfer
phenomena in wood (diffusion, thermal conductivity, filtration). In turn,
these phenomena determine many practically important processes, first
of all, drying, which can be both a target stage when wood is used as an

engineering material, and an intermediate stage during its thermal
processing. In the latter case, the wood is often exposed to intense
thermal effect. In such conditions, the widely used simplified models of
the drying process become inadequate.
According to the classification proposed by A.V. Lykov [1], wood is a
capillary-porous body. In addition to the system of large pores, there is a
developed system of capillaries in the wood that are less than a micro
meter in size [2–4]. Pores provide permeability of wood for condensed
moisture and water vapor, as well as excessive vapor-pressure equilib
rium. This is why their size largely determines the kinetics of drying.
Humidification and drying of wood are accompanied by changes in
linear dimensions and porous structure, therefore effective transfer co
efficients are often very sensitive to moisture content of a sample [5,6].
Moisture in wood is in several states [7]. Usually, for simplicity, two

Abbreviations: DSC, differential scanning calorimetry; STA, synchronous thermal analysis; TG, thermogravimetry; a, empiric coefficient; b, empiric coefficient; D,
diffusivity, m2/s; Eads, adsorption energy, J/mol; h, specific enthalpy, J/mol; IDSC, DSC signal, W; Jw, evaporation rate, kg/s; jdr, drying rate, kg/m2/s; Kev,
evaporation rate coefficient, kg/m2/s/Pa; Kr, pseudo-kinetic coefficient, 1/s; kD, transfer number, kg/s/Pa; lev, specific evaporation heat, J/mol Nu – Nusselt
number; m, sample mass, kg; P, pressure, Pa; Pr, Prandtl number; pw, saturated vapour pressure, Pa; Qev, evaporation heat, J/kg; q, heat flux, W; R, universal gas
constant, J/mol/K; Re, Reynolds number; r, crucible radius, m; S, surface area, m2; Ssp, specific wood internal surface, m2/g; s, specific enthropy, J/mol/K; T,
temperature, K; t, time, s; tend, evaporation time, s; x, spatial coordinate, m; W, water content, kg/kg; w, moisture fraction, %; α, heat transfer coefficient, W/m2/K; β,
mass transfer coefficient, kg/m2/s/Pa; δw, water height in crucible, m; δD, diffusion layer thickness, m; δw, sorption layer thickness, m; λ, thermal conductivity, W/
m/K; μ, chemical potential, J/mol; ρw, water density, g/m3.
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types of moisture are distinguished: free and bound moisture but
sometimes additional gradations are identified. These states of moisture
differ in the energy required for its evaporation. In this case, evaporation
is represented as a sequence of phase transitions between moisture of
different types until the final transformation into vapor occurs.
The processes of drying and thermal decomposition can overlap [8,
9] during pyrolysis and combustion of wood particles (in furnaces, py
rolyzers, gasifiers). This results in changes in the porous structure of the
char and in the kinetics of its gasification [10–13], in the conditions for
combustion of a solid fuel in fixed bed and of pyrogas above wood
surface [14–17]. This also leads to the formation of Stefan flow that
affects the rate of heterogeneous reactions and aerodynamics of particles
[18]. In the case of a very rapid heating (for example, due to intense
radiation) there can be a steam explosion leading to the particle
destruction [19]. High initial moisture of a fuel under intensive heating
produces steam that acts as a gasification agent [20–22]
Kinetics of drying is experimentally studied for both individual
particles and backfilling. One of the widely used methods is thermal
analysis, including thermogravimetric analysis [23–25] in combination
with differential scanning calorimetry (DSC) [26–28].
A thermal diffusion model of moisture transfer was proposed by A.V.
Lykov [1,29]. In this model, consideration is given to thermal conduc
tivity, diffusion and thermal diffusion of moisture, and the rate of phase
transitions is averaged over an elementary volume. In this case, the
effective transfer coefficients, however, often prove to be purely
empirical values that are very sensitive to experimental conditions.
Simplifying the Lykov model, we can obtain a diffusion model [30,31].
In the studies discussed in [32–35], the authors use numerical and
analytical approaches to solve the system of Lykov equations (in a full
form and a truncated form). More detailed models are based on the
theory of multiphase media and include the filtration transfer equations
[36–38]. In these cases, the drying rate of the particles is determined
through the diffusion and convective flow of moisture of different types
at the interphase boundary.
In [39], the study identifies three states of water in a wood particle:
vapor, liquid film, and sorption moisture. Transfer coefficients and heat
of evaporation were estimated for all states of moisture. The transition
from one state of moisture to another was determined through the
boundary values of local moisture. In [40], the authors proposed three
types of moisture in wood: capillary, bounded and vaporous. The cal
culations showed that, at low heating rates, the main contribution to
moisture transfer is made by bound and capillary moisture, whereas at
high rates – by water vapor. Three types of moisture were also consid
ered in the models presented in [38,41].
Much more often, the modeling of thermal conversion processes in
volves simplified approaches, including widely applied balance esti
mates [42], identification of the evaporation front and solving the
corresponding Stefan problem [43,8,44–48]. At low rates of interphase
heat and mass transfer, the process can be described more simply in
terms of the effective transfer coefficient [49–54]. At high intensity of
interphase transfer, an effective moisture diffusion coefficient can be
introduced [24,55–57]. In the studies discussed in [58–60,25], the au
thors use the effective drying rate coefficient that normally has an
Arrhenius temperature dependence, which follows from the kinetic
theory of evaporation [61]. This kinetic coefficient is often associated
with the diffusion coefficient, but the form of the kinetic equation for
drying is similar to that for the one-stage pseudo-chemical reaction:

model of moisture evaporation from wood. This model relies on the
basic concepts of interphase equilibrium (it is based on the model No. 2
in Table 1). The parameters for this model are determined using thermal
analysis. A simple experimental scheme is proposed that allows to
determine the sorption energy and its dependence on moisture.
2. Experimental section
In this work, two types of experiments were carried out: evaporation
of free water and evaporation of moisture from wet wood. The experi
ments were carried out on an STA 499 F1 thermal analysis equipment.
Distilled water was used for both types of experiments. The use of two
types of experiments is associated with the need to calibrate the DSC
signal: when processing data on sawdust drying, the characteristics
associated with the thermal inertia of the device are used.
Experiments of the first type were carried out as follows. Distilled
water was poured into a corundum cylindrical crucible (diameter 5 mm, height - 5 mm, water sample mass is 80− 100 mg). Weight loss
was measured under linear increase in the temperature on the crucible
surface. The crucible was purged with absolutely dry argon (90 ml/
min). Simultaneously, the DSC signal was recorded. Water evaporation
was carried out both at a constant temperature (50, 70, and 90 ◦ C) and
at a constant heating rate (1, 5, and 30 K/min up to 200 ◦ C).
Experiments of the second type were carried out with pine sawdust
soaked in water (the water:sawdust ratio is approximately 4:1, the
exposure time is 24 h for complete saturation). Pine sawdust was presieved through a caliber of 0.06− 0.12 mm. Externally, the sample had
the form of a wet spongy mass without a visible phase of liquid water.
The weight of the sample of wet sawdust in experiments is 50− 70 mg.
Drying of wood was carried out at a constant temperature below the
temperature of the onset of thermal decomposition (50, 70 and 90 ◦ C).
3. Theoretical section
3.1. DSC data processing
When the crucible is heated with water, evaporative cooling occurs,
as a result of which the temperature of the sample can be significantly
lower than the ambient temperature. In order to assess this effect, it is
necessary to study the DSC signal.
During the experiment, a heating gas (argon) flows around the cru
cible with the sample, water evaporates and water vapor diffuses into
the flow (Fig. 1). The crucible wall is thin enough that its thermal
resistance can be neglected. According to the theory [75], the DSC signal
value is proportional to temperature difference between reference
sample and reacting sample. The difference is related to the thermal
effects of processes taking place in the sample within crucible and is
proportional to intensity of internal heat source (or sink). In our case,
these are the processes of heating and evaporation of moisture, i.e.:
bIDSC = qh + qev

(1)

where IDSC – DSC signal; qh – heat for the moisture heating; qev – heat for
evaporation; and b is an empirical coefficient, representing thermal
inertia of crucible. Further, we assume that the sample in the crucible
can be characterized by an average temperature (estimates show that
the Biot number under the indicated conditions is about 10− 3–10-2,
which means that the temperature distribution in the sample is suffi
ciently uniform). This average temperature may differ from the ambient
temperature due to evaporative cooling. If we assume that most of the
heat goes to evaporation of moisture, we can write the relationship as
follows:

Wood (H2O) => Wood + H2O
The rate of the phase transition at the evaporation front is modelled
in a similar way [62,63]. In [27,64,65] the authors approximate the
drying curves with suitable functions (devoid however of a clear phys
ical meaning). Such data can be used either in a graphical form or in a
tabular form but the applicability of this approach is very limited.
In this paper, given the adsorption interaction, we propose a kinetic

bIDSC ≈ qev =
or:
2

λw S
(T − TS )
δw

(2)
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Table 1
Models of wood drying and their formulas.
No.

Limiting stage

Expression of drying
rate

1

External heat transfer

jdr =

α(Tenv − T)

)
( Q
= β Peq
H2 O − PH2 O
(
)
1
∂T
= ev λ
Q
∂x x=F
)
(
∂W
= D
∂x x=F
ev

2

External mass transfer

3

Internal heat transfer

4

Internal mass transfer

5

Phase transition rate

jdr =
Kevap (pw − pst )x=F

6

Rate of pseudochemical
reaction

jdr = Kr W

jdr
jdr
jdr

Coefficient

Notes

References

α = f1 (Re, Pr)

Temperature distribution in a particle is considered to be uniform

[66]

β = f2 (Re, Pr)

Moisture distribution in a particle is considered to be uniform

[67,68]

λ = f3 (W, T)

Temperature gradient is taken at the boundary of evaporation front (Stefan
problem)
Temperature gradient is taken at the boundary of evaporation front (normally
at the external surface)

[69,70]

Kevap is a rate of phase transition known from kinetic theory; equilibrium
pressure allows for the correction of capillary effects

[73]

The model is equivalent to the diffusion one (No. 4)

[74]

D = f4 (W, T) =
(
)
E1
= D0 (W)exp −
RT
Kevap = f5 (P, T) =
(
)
E2
= A(P, T)exp −
RT
)
(
E3
Kr = k0 exp −
RT

[71,72]

moisture evaporation into the environment runs only through the
external surface of the particle. The sum of cross-sections of the external
orifices of the capillaries should be considered as such a surface. It can be
assumed that the various states of moisture inside the particle are in
mutual equilibrium, which is established faster than the equilibrium
between the particle and the environment. Under isothermal conditions,
the water molecules along the capillary walls are transported along the
isoenergy surface up to the external boundaries, where a partial pressure
gradient that determines the evaporation rate is formed. In equilibrium,
the partial pressures of moisture inside and outside the wood level off. In
this case, chemical potentials of gaseous and condensed moisture are
also equal, i.e.: μliq = μgas, or:
( / )
(4)
μ0liq − εads = μ0gas + RTln peq P
where μ0liq and μ0gas – the standard chemical potentials of liquid water
and vapor, J/mol; εads – additional heat of water evaporation due to the
interaction with the wood surface, J/mol [76]; peq – the saturated vapor
pressure, Pa; P – the total pressure in the system, Pa. Since the energy
state of the liquid surface inside the capillaries depends on the layer
thickness and consequently on the total moisture of the wood, the value
of Eads can be estimated from an analysis of relationships between the
saturated vapor pressure and temperature at constant moisture. This
circumstance also applies to a partially filled capillary, since there is an
equilibrium between the surface of the meniscus and the surface of
moisture adsorbed on the walls of a capillary in contact with it. To this
end, (4) will be represented as follows, considering that μ0 = h0 – Ts0:
Rln(pw /P) = s0gas − s0liq +
Fig. 1. Simplified scheme of water evaporation in TG experiments.

TS ≈ T −

bIDSC δw
=T−
λw S

bIDSC δw
(
)
λw π d δw + d4

h0liq − h0gas − εads
εads + lev
= Δs0 −
T
T

(5)

where lev – heat of free water evaporation, J/mol; s – specific enthropy,
J/mol/K; h – specific enthalpy, J/mol.
Switching to the model of kinetics of water evaporation from wood
particles, it is worth noting that the impact of adsorption on the evap
oration process implies primarily a change in the energy of water mol
ecules in the condensed phase due to its interaction with the surface of
wood capillaries.
The process of liquid evaporation can be considered as a conditional
reversible endothermic chemical reaction, where a molecule, bypassing
some potential barrier, transitions from one energy state to another. The
presence of a surface layer at the interphase boundary characterizes the
staged nature of such a transition, which, in terms of chemical kinetics,
represents a set of consecutive chemical reactions with successive buildup of the potential barrier between the initial liquid and final gaseous
state. At the phase boundary, there is a surface layer due to intermediate
transition states between the initial liquid and final gaseous states, i.e.
the total evaporation process approximates the sequence of transitions
between such states. Thus, according to a simplified consideration, the
evaporation process consists of two successive transitions: of the flow of

(3)

Here TS – the temperature of evaporation surface, T – the measured
temperature of the crucible surface, λw – теплопроводность образца, S –
the surface of water and crucible contact, δw – the evaporating water
height calculated using the thermal analysis data (δw = mw/(ρw), where
mw – water mass in crucible, ρw – water density), d – inner diameter of
the crucible. Thus, it is possible to clarify the temperature of the samples
during the evaporation of water and drying of wood under the condi
tions of a thermal analysis device.
3.2. Moisture sorption energy and diffusional effects
Moisture is present in the wood pulp in different energy states.
However, regardless of the diversity of such states, the process of
3
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molecules from the liquid volume to the surface layer and their diffusion
transfer from the surface layer to the gas phase. In this case, the diffusion
flow is limiting, therefore an equilibrium is established between the
liquid phase and the surface layer, and it is determined by the rela
tionship μliq = μgas. Moreover, the concentration of water vapor at the
outer boundary of this layer will correspond to the pressure of saturated
vapor at a given temperature, i.e. the temperature of water surface. It is
worthwhile to note that the vapor pressure under these conditions cor
responds to the concentration of free water molecules, which are in
equilibrium with various associates (groups of molecules that retain
some of the hydrogen bonds characteristic of the condensed phase) in
the surface layer. The limiting diffusion flux can be found from the
standard diffusion equation, given the experimental conditions. Для
установившегося потока газа вокруг тигля МоЖно рассМатривать
процесс диффузии в приблиЖении приведенной пленки:
Jw =

)
)
(
Dw SMw (
peq − pw = kD (T) peq − pw
δD RT

(

4. Results
4.1. Water evaporation
Fig. 2 shows TG-curves of free water evaporation. The heating rate
determines the heat transfer conditions in the crucible, so the curves are
expectedly different. As can be seen from the graphs, the temperature of
the external surface of the crucible in the case of heating rates of 5 and
30 K/min significantly exceeds the boiling point of water, although the
boiling itself is not observed, since this process would certainly affect the
monotony of the curves. As mentioned above, the temperature of the
water inside the crucible is lower than heating gas temperature due to
the evaporation cooling and differs from the temperature recorded by
the device. Moreover, it is obvious that the temperature of the liquid
water phase is non-uniform and varies from the surface of contact with
crucible to the evaporation surface, where the endothermic process
takes place.
In order to specify the real conditions of the evaporation process,
DSC signal processing technique was used. DSC curves are presented in
Fig. 3. In accordance with the operation principles of the thermal
analysis system, the temperature change program is performed on the
basis of a signal from the surface of the crucible with the sample. In this
case, if endothermic processes occur in the crucible, the temperature of
the external heat carrier rises to compensate them. Inertia of this process
can be seen from the curve of evaporation at a heating rate of 30 K/min
(Fig. 3), when the moisture has evaporated but the process of “thermal
pumping” still continues and the temperature exceeds a given limit for
some time. Its subsequent decline to the norm leads to a curve deviation
to the left.
The time dependences of the heating gas temperature during the
experiment are shown in Fig. 4. These dependences show that the
temperature program of the experiment at high heating rates is not
maintained accurately enough. The device automatically compensates
for the temperature difference between the crucible and the heating gas,
therefore, with rapid evaporation and intense heat absorption, the
heating gas temperature can exceed 473 K. At a heating rate of 5 K/min,
a small step of about 7 K is observed in the area of the maximum

(6)

we will write (6) as:
(
(
)
)
μ0liq − μ0gas
μ0liq − μ0gas
Dw SMw P
Jw =
exp
= kD (T)exp
δD RT
RT
RT

μ0liq − μ0gas
RT

(12)

In other words, if the adsorption energy εads is a decreasing function
of humidity, then at high humidity values, free moisture evaporates,
with εads = 0 and Jw = Jw0 . With decreasing humidity, εads increases,
which means that the evaporation rate Jw becomes lower. From this
decrease in the evaporation rate, the sorption energy εads can be deter
mined using Eq. (12).

where Jw – evaporation rate, kg/s; S – evaporation surface area, m2; Dw –
diffusion coefficient, m2/s; Mw – Молярная Масса воды, кг/Моль; peq –
the pressure of saturated vapor at a given temperature, the pressure is
determined from relationship (1) at εads = 0; pw – pressure of water
vapor in a gas phase, Pa; δD – apparent thickness of the diffusion layer,
m. The thickness of the diffusion layer depends on the flow parameters.
When a cylindrical body is flowed around, the diffusion layer thickness
at its edge may be determined by the relation [77]: δD = d/Nu;
Nu = 0.5Re0.5Pr0.38.
Since the sample in the system was purged by the absolutely dry
argon (no more than 0.0003 % of vapor), the value of pw in equality (3)
may be taken equal to zero, and considering that the saturated vapor
)
(
pressure in accordance with (1) may be expressed: peq = Pexp

/ )

εads = − RTln Jw Jw0

,

(7)

The binary diffusion coefficient is proportional to a one-and-a half
temperature degree [78]: Dw ~ T3/2. This magnitude has a weak
dependence on the temperature, therefore, preexponential factor in (7)
can be written as kD(T) = k0DT1/2. Based on (2), the obtained expression
may be transformed into the form:
)
( 0) (
√̅̅̅̅
Δs
lev
Jw = kD0 T exp
exp −
(8)
R
RT
or considering that Δs0 in the studied temperature range weakly de
pends on the temperature we have:
( /√̅̅̅̅ )
( 0) l
ev
T = Rln kD −
Rln Jw
(9)
T
On the basis of this fact and subject to (4) and (5), for the case of
moisture evaporation from the wood surface relation (8) may be written
in the form:
)
) (
( 0) (
(
√̅̅̅̅
Δs
lev + εads
lev
εads )
0 √̅̅̅̅
Jw = kD0 T exp
exp −
= kD T exp −
exp −
R
RT
RT
RT
(10)
where εads may depend on wood moisture. Under the isothermal
conditions:
(
) (
( ε )
√̅̅̅̅
lev
εads )
0
ads
Jw = kD (T) T exp −
exp −
= Jw0 exp −
(11)
RT
RT
RT
hence:

Fig. 2. Water evaporation curves. Heating rates (from left to right), K/min: 1,
5, 30.
4
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convenience, the time scale (x-axis) in Fig. 5 is given in relative values,
t/tend, where tend is complete water evaporation time in each experiment.
At a heating rate of 1 K/min, the time of complete evaporation tend is
2880s, at a heating rate of 5 K/min tend = 1275s, and at a heating rate of
30 K/min, tend = 300 s. As can be seen from the Fig. 5, the actual tem
perature of the evaporation surface differs significantly from that
recorded by the TGA system in all cases.
To determine the heat of vaporization of water, Eqs. (9) and (10) are
used. Fig. 6 presents dependence of Fw = Rln(JwT− 1/2) on the reciprocal
evaporation surface temperature which is calculated by (3). The evap
oration rate was calculated on the basis of the thermogravimetric curves
(Fig. 2) as a finite difference derivative of the sample mass with respect
to time: Jw = Δm/Δt.
The Fig. 6 shows that relation (9) is linear for all studied heating
rates. The values of lev determined from the tangent of curve slope are
44.04, 43.58 and 44.68 kJ/mole in accordance with the increasing
heating rates.
Evaporation of free water without significantly influencing evapo
rative cooling was considered under constant temperature conditions.
Fig. 7 presents experimental values of water evaporation and calculated
values (solid lines) by Eq. (11). Applying Eq. (9), we can also estimate
the value lev: it is equal to 44.39, 44.24 and 44.15 at 50, 70 and 90 ◦ C,
respectively, which indicates a fairly good agreement with the values
obtained at constant heating rate. The values of k0D are 2.95, 2.76 and
3.16; the average one is 2.96.
As is seen from the Fig. 7, the calculated and experimental values
coincide fairly well, which allows the conclusion on adequacy of the
postulated model representations. Minor deviations of the experimental
values from the calculated ones towards the process completion is
related with small variations of evaporation surface temperature.

Fig. 3. DSC signal (relative current units, c.u.) in the process of water evapo
ration. Heating rates (top to bottom), K/min: 1, 5, 30.

4.2. Pine sawdust drying
TG-curves of pine sawdust drying at temperatures of 50, 70, and
90 ◦ C are shown in Fig. 8. The initial sections of the curves are not
isothermal, since at this time interval the predetermined temperature
was adjusted in the furnace. The curve sections corresponding to the
process of isothermal evaporation which is limited by the surface
diffusion (recalculated for a new initial state) are presented in Fig. 9.
The initial linear sections that allow us to determine kD are well seen
on these curves. It is necessary to underline the following fact. In rela
tion (7) it is supposed that the evaporation area does not change during
drying. When we deal with an individual wood particle, it seems to be
so, since the evaporation proceeds through the external capillary ori
fices, which change negligibly during drying. In addition, the diffusion
of particles from the wood surface is the limiting factor, and the vapor
pressure in capillary channels will be saturated for the given level of

Fig. 4. Temperature curves during water evaporation experiments. Heating
rates (from right to left): 1, 5, and 30 K/min. Thin solid line is level of boiling
temperature.

evaporation rate. Evaporation occurs at 30 K/min so intensively that
overheating reaches 15 K. The recovery time of the temperature pro
gram (transition to isothermal holding) is about 5 min.
The results of the calculation based on (3) are shown in Fig. 5. For

Fig. 5. Temperature deviations ΔT = T–TS (3) calculated from the TGA data for
different heating rates.

Fig. 6. The experimental values of Fw = Rln(Jw/√T) versus 1/T (see Eq. (9)).
5
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in this case. Availability of rather obvious linear initial sections indi
rectly confirms such a supposition. The results of calculation by equality
(12) are presented in Fig. 10.
The Fig. 10 shows that at different temperatures in the region of
equal moisture the curves coincide well enough. Divergence in the
curves in the region of low moisture is apparently indicative of the
change in the mechanism of moisture evaporation from the diffusion
kinetics to the chemical one, when other regularities are in force. Thus,
the kinetics of pine sawdust drying can be described using Eq. (6), in
which the change in the evaporation heat is corrected with respect to εads
(4). Most importantly, the εads value can be specified as a continuous
function of moisture, which makes it possible to improve drying models
compared to the approach when moisture is transformed into different
forms stepwise. This approach can be naturally incorporated into com
plex physicochemical models of drying and thermochemical conversion
of wood particles.
If we assume that the inner surface of the wood is uniformly filled
with water, then the thickness of the sorbed water layer can be esti
mated. The relation between the moisture and sorption layer thickness δs
is determined by the equation δs = W/(Sspρw), where Ssp – the specific
wood surface, m2/g; ρw – the water density, g/m3; W – moisture content,
g/g (the value of W is related to the humidity w by a simple relation
W = 100w/(100-w)). If the specific surface area is assumed to be equal
to 100 m2/g [79,80], then δs = 10W nm. Dependence of ln(εads) on δs for
the curve obtained at 90 ◦ C is presented in Fig. 11.
The Fig. 11 shows that this dependence may be assumed linear, then
the relation εads = ε◦ exp(–aδs) is satisfied that may be associated with
influence of the long-range forces [81]. The orientation Coulomb
interaction of the polar water molecules with the charged wood surface
sections (adsorption centers) with formation of a polymolecular
adsorption layer takes apparently place in this case. The water molecules
are oriented layer-by-layer in the external electric field, which leads to
an observed long-range effect. The hydrogen bonds under these condi
tions play possibly an auxiliary role. The value of ε◦ determined from the
graph is equal to 3.54 kJ/mole (а ~ 0.64 nm− 1). However, this value is
more likely underestimated, because, firstly, the indicated exponential
relation is not accurate enough at small distances [80], and secondly, the
water evaporation mechanism changes at low moisture values and
relation (12) cannot be applied to determine the sorption energy.
Fig. 12 presents dependences of adsorption energy which are
calculated by relation (12) and by the formula εads = ε0exp(–aδs). As is
seen from the Fig. 12, at small distances from the solid surface (low
moisture) the exponential relation is not true. For the chosen specific
surface area, this distance equals 3–4 monomolecular layers. However,
it should be noted that the accepted specific surface area is of an esti
mated nature and was not determined for the applied wood samples
experimentally.

Fig. 7. Experimental and calculated (solid lines) TG curves of water evapora
tion at constant temperature conditions.

Fig. 8. Experimental curves of water-saturated sawdust drying.

Fig. 9. Curve sections of the isothermal water evaporation from watersaturated sawdust surface.

wood particle moisture (at high temperature gradients the gas-dynamic
flows can also emerge near the surface). This condition is obviously not
satisfied in the case of “external” capillaries emerging during formation
of hydrophile particles of different sizes. However, it may be assumed
that since such capillaries cannot be long, the change in the external
surface during drying will have a minor effect on the calculation results

Fig. 10. Water sorption energy versus sawdust moisture fraction (w).
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supposed that the nature of the interaction of water molecules with the
sorbent surface is a long-range Coulomb force due to water dipoles
orientation.
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