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2.2 Hysteresis curves analysis in the processes of heat and moisture conductivity 

of textiles’ nanosurfaces 

 

The mechanism of moisture absorption in the general case includes the 

processes of adsorption, absorption, capillary condensation and is accompanied by 

swelling of bodies, which is especially characteristic of colloidal capillary-porous 

materials. Absorption processes predominate in bodies whose structural elements are 

located quite freely and sorbent molecules can diffuse into the material. Such bodies 

are contained in a most of museum materials. The adsorption processes on the surface 

of textile fibers are too small and can be neglected in comparison with the processes of 

vapor absorption by the inner layers of materials. The crucial role of absorption in the 

framework of moisture absorption processes can explain the dependence of the 

hygroscopic properties of dispersed bodies (textiles) on their fiber composition. 

One of the most commonly used methods for studying the sorption is 

adsorption mechanism (the method of sorption-desorption isotherms), which allows to 

obtain structural characteristics of the adsorbent, differential moisture exchange 

properties and thermodynamic parameters of mass transfer in the material [98]. 

The analysis of isotherms of various fiber textile class and threads shows that 

all of them are similar in the form of curves and have the look characteristic of leading 

capillary-porous bodies. Hysteresis loops for almost all textiles are observed in the 

entire range of environment relative humidity. At high values of φ, the hysteresis is 

usually explained by the influence of the mechanism of vapors’ (moisture) capillary 

condensation in the micropores, and the width of the loop characterizes the 

inheterogeneity of the micropores [98]. 

Thus, the fibers’ absorption in materials can be explained by a combination of 

three processes [99]: linking of water molecules at the active centers of the main and 

side chains of macromolecules; displacement of water molecules and polymer 

macromolecules by way of immersion of water molecules in the intermolecular space 

of the polymer (swelling of the fibers); using the capillary condensation of moisture in 

the pores of fibers. The first process is decisive at the initial stage of sorption 
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(0<φ<20%), when the filling of the first hydrate layer, which, conditionally, 

corresponds to monomolecular adsorption. At this stage, normal diffusion is observed 

(according to Fick's law), and swelling of materials is insignificant. At the second stage 

(20 <φ <80%). as a result of anomalous diffusion of water molecules, the second and 

subsequent hydrate layers are filled, and associates (clusters) of water molecules are 

formed in the intermolecular space, which cause swelling of the polymer. At the third 

stage, the main is the process of displacement, which can be assumed as corresponding 

to the polymolecular absorption. Swelling of the fibers in water is limited, the structure 

is stabilized, and the sorption ends with capillary condensation of moisture in the pores 

(80<φ<100%). The moisture content in the fiber when equilibrated at φ→1 

corresponds to the maximum amount of hygroscopic moisture Wг. 

The process of swelling destroys the structure due to the rupture of weak 

linkages and the way for sorbate molecules is opened into previously inaccessible 

cavities. 

During desorption, the deformation of the structure is not completely reversible 

and some water molecules are closed in the pores. Therefore, for some types of fibers, 

the sorption isotherm is partially irreversible even after prolonged removal of moisture 

[99]. The textile deformation isotherms ε(φ) referred to in this paper and obtained from 

the sorption unit simultaneously with the absorption isotherm W(φ) (Fig. 1), show that 

during the moisture desorption, the change in textile size is also partially irreversible 

and may be the reason that some of water molecules are not desorbed. Sorption 

isotherms provide information about the sorption properties of the studied fibrous 

materials, but the vision of these properties will be insufficient and incomplete if the 

kinetics of moisture sorption processes in these materials is not considered. 

In the paper [99], the experimental sorption curves W(t) and the curves of 

samples’ volume (
∆𝑉

𝑉
) depending on the moisture content were obtained (Fig. 2). The 

curve W(t), which is given on a logarithmic scale (lgW from lgt), shows three rectilinear 

type segments (Fig. 2, a). The first segment characterizes the diffusion, which 

corresponds to Fick's law (normal diffusion), the other two segments represent 



THEORETICAL FOUNDATIONS OF ENGINEERING. TASKS AND PROBLEMS 

 

 77 

anomalous diffusion. In the first segment, the diffusion of water vapor into the polymer 

corresponds to mono- and polymolecular adsorption, when sorption occurs at active 

centers and in the free volume of the polymer, and its swelling is negligible. The higher 

the degree of crystallinity of the polymer, the smaller is the area (in time, at value of 

W and φ accordingly), which determines the sorption according to Fick's law. For 

example, this type of sorption for phenyl fibers occurs only up to W=5,4% (φ=52%), 

and up to W=15,1% (φ=75%) for viscose fibers [99]. 

а) 

 

b) 

 

Fig. 1. Isotherms of sorption W(φ) and deformation ε(φ) of textile materials: а) 

viscose threads (1) and fabric (2); b) woolen thread (1) and fabric 

(2), phenylone (3). 

An intense swelling of fibers and threads corresponds to segments with abnormal 

diffusion. At this stage of sorption, water molecules penetrate into the intermolecular 

space of the polymer, thus changing the conformation of macromolecules. The effect 

of increasing the rate of moisture vapor sorption associated with this relaxation process 

is not observed. The slope of curves (𝑡𝑔𝛼 = 𝑙𝑔𝑊/𝑙𝑔𝑡) shows less than 0,5, i.e. the 

intensity of sorption decreases, which is explained by several reasons. Firstly, this is 
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due to a decrease in the sum of the free mixing energy of components and the free 

energy of the conformation change in stretched macromolecules during the process of 

swelling. Secondly, macromolecules in considered polar polymers are rather rigid; they 

intensively form hydrogen linkages and changes of their conformation as a result of 

plastification are insignificant. Thirdly, the decrease in the rate of sorption with 

increasing W is also explained by the increased effect of the formation of water 

molecules’ clusters in intermolecular microcavities, and due to this, a part of the water 

molecules becomes relatively static [100]. 

а) 

 

b) 

 

Fig. 2. Kinetics of sorption (a) and swelling of materials: 

1 - cotton threads; 2 - woolen threads; 3 - viscose threads; 4 - phenolic threads. 

In fig. 3 and fig. 4, Wmax and εmax are the maximum values of moisture content 

and deformation of textile materials at φ=100%. Wres and εres are (residual) values of 

moisture content and deformation, which are retained in the materials after the 

desorption process is terminated. Conditionally, the index "1" further denotes the 

dependence W(φ) and ε(φ) for the sorption process, and the index "2" is applied for the 

dependence W(φ) and ε(φ) for the desorption process. A two-dimensional vector 
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𝑈𝑖(𝜙) = [𝑊𝑖(𝜙), 𝜀𝑖(𝜙)]𝑇 , 𝑖 = (1,2) is introduced. Then, according to mathematical 

analysis methods, the area limited by the hysteresis curve (Fig. 3, 4) can be calculated 

as follows: 

𝑆𝑊 = ∫ [𝑊2(𝜑) − 𝑊1(𝜑)]
𝜑𝑚𝑎𝑥

0

, 

𝑆𝜀 = ∫ [𝜀2(𝜑) − 𝜀1(𝜑)].
𝜑𝑚𝑎𝑥

0

 

(1) 

Typical isotherms of sorption W(φ) and deformation ε(φ) (Fig. 3, Fig. 4) of 

colloidal capillary-porous (textile) materials are considered and their geometric 

analysis for a comprehensive study of their moisture absorption mechanisms is 

performed. 

The geometric content of the indicators 𝑆𝑊 𝑎𝑛𝑑  𝑆𝜀  is as follows: the value of 

𝑆𝑊 determines the moisture content and  𝑆𝜀 determines the deformation of the material, 

which are remained in the material after one cycle of the sorption-desorption process 

is terminated. The length of the curve, which describes the hysteresis, is determined as 

follows: 

𝐿𝑤 = ∫ {√1 + (
𝑑𝑊1(𝜑)

𝑑𝜑
)

2

+ √1 + (
𝑑𝑊2(𝜑)

𝑑𝜑
)

2

} 𝑑𝜑,
𝜑𝑚𝑎𝑥

0

 

𝐿𝜀 = ∫ {√1 + (
𝑑𝜀1(𝜑)

𝑑𝜑
)

2

+ √1 + (
𝑑𝜀2(𝜑)

𝑑𝜑
)

2

} 𝑑𝜑
𝜑𝑚𝑎𝑥

0

. 

(2) 

 

Fig. 3 - Adsorption isotherm W(φ) of textile materials:  

1 - sorption process, 2 - desorption process 
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Fig. 4 - Deformation isotherm ε(φ) of textile materials: 

1 - sorption process, 2 - desorption process 

Provided that the square of the expression under the sign of the radical is much 

greater than 1, i.e.: 

𝑑𝑊і(𝜑)

𝑑𝜑
>> 1,  

𝑑𝜀𝑖(𝜑)

𝑑𝜑
>> 1,   𝑖 = (1,2), (3) 

Therefore: 

𝐿𝑤 ≈ ∫ {
𝑑𝑊1(𝜑)

𝑑𝜑
+

𝑑𝑊2(𝜑)

𝑑𝜑
} 𝑑𝜑

𝜑𝑚𝑎𝑥

0

 

𝐿𝜀 ≈ ∫ {
𝑑𝜀1(𝜑)

𝑑𝜑
+

𝑑𝜀2(𝜑)

𝑑𝜑
} 𝑑𝜑.

𝜑𝑚𝑎𝑥

0

 

(4) 

The geometric content of the expressions 𝐿𝑤 𝑎𝑛𝑑 𝐿𝜀 in this case is as follows: 

𝐿𝑤 𝑎𝑛𝑑 𝐿𝜀 are proportional to the mean value at average relative humidity φ of the 

total rate of sorption-desorption processes W and deformation ε, respectively, for the 

full cycle of such a process. The following definition is used for the average at φ total 

velocities of sorption-desorption processes W and ε: 

(
𝑑𝑊

𝑑𝜑
)

𝜑

=
𝐿𝑤

𝜑𝑚𝑎𝑥
 

(
𝑑𝜀

𝑑𝜑
)

𝜑

=
𝐿𝜀

𝜑𝑚𝑎𝑥
 

(5) 
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Next, a geometric analysis of the graph of the sorption kinetics of textile materials 

𝑊(𝑡), which are close by structure to museum exhibits, is performed. 

According to the diffusion mechanism (Fick's law), the absorption of moisture 

vapor by a fiber with a diameter d (absorption kinetics) is described by the equation 

[100]: 

𝑀𝑡

𝑀∞
= 1 −

8

𝜋2
⋅ ∑

1

(2𝑛 + 1)
⋅ 𝑒𝑥𝑝 {−

(2𝑛 + 1)2 ⋅ 𝜋2 ⋅ 𝐷 ⋅ 𝑡

𝑑2
}

∞

𝑛=0

, (6) 

where 𝑀𝑡 𝑎𝑛𝑑 𝑀∞ - the amount of absorbed moisture, respectively, during the time t 

at equilibrium; d - diameter of the fiber; D – diffusion coefficient; t - time. When 

calculating the sum of  series is usually limited to three or four terms, and for large 

values of t, in general, only one term is used (the first one). At the beginning of the 

sorption process, until the moisture penetrates to the center of the fiber, it can be 

considered as a semi-infinite body. For this case, the amount of absorbed moisture is 

determined from the ratio [101, 102]:  

𝑀𝑡

𝑀∞
=

4

𝑑
{
𝐷𝑖𝑛𝑖𝑡 ⋅ 𝑡

𝜋
}

1/2

, (7) 

where 𝐷𝑖𝑛𝑖𝑡 - the initial diffusion coefficient of the material. 

If the logarithmic scale is taken, then (7) can be presented as follows: 

𝑙𝑛 (
𝑀𝑡

𝑀∞
) = 𝑙𝑛 [

4

𝑑
(

𝐷𝑖𝑛𝑖𝑡 ⋅ 𝑡

𝜋
)

1/2

] +
1

2
𝑙𝑛 𝑡, (8) 

Therefore, in the logarithmic scale [𝑙𝑛 (
𝑀𝑡

𝑀∞
) , 𝑙𝑛 𝑡] the tangent of the angle (α) of the 

graph slope of sorption kinetics (Fig. 2) has a value of 
1

2
: 

𝑡𝑔𝛼 =
1

2
 (9) 

For a finite interval/segment of the sorption kinetics curve, when t is large 

according to (6): 

𝑙𝑛 {1 −
𝑀𝑡

𝑀∞
} = 𝑙𝑛 {

8

𝜋2
} −

𝐷𝑓𝑖𝑛𝑎𝑙 ⋅ 𝜋2

𝑑2
⋅ 𝑡, (10) 
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where 𝐷𝑓𝑖𝑛𝑎𝑙 is the final (at the end of the sorption process) diffusion coefficient of the 

material. 

The expression (10) can be presented differently: 

𝑙𝑛 {1 −
𝑀𝑡

𝑀∞
} − 𝑙𝑛 {

8

𝜋2
} = 𝑙𝑛 {𝑒𝑥𝑝 [−

𝐷кінц ⋅ 𝜋2

𝑑2
⋅ 𝑡]} . (11) 

In the general case of vapors sorption of low molecular weight substances in the 

polymer, the amount of moisture can be determined using the equation [100]: 

𝑀𝑡 = 𝑘 ⋅ 𝑡𝑛, (12) 

where the coefficient 𝑘 takes into account the diffusion and geometric factor (shape 

and size of samples). In the logarithmic scale [𝑙𝑛 𝑀𝑡 , 𝑙𝑛 𝑡] (18.7): 

𝑙𝑛 𝑀𝑡 = 𝑙𝑛 𝑘 + 𝑛 ⋅ 𝑙𝑛 𝑡, (13) 

Therefore, in the general case, the tangent of the angle (α) of the graph slope, 

which describes the kinetics of sorption 𝑊(𝑡) in textile materials (for the logarithmic 

scale of the results interpretation), is important: 

𝑡𝑔𝛼 = 𝑛. (14) 

This expression (14) allows to conclude the following: 

1) the first segment corresponds to the diffusion according to Fick's law 𝑡𝑔𝛼 = 0,5, the 

second one ( 𝑡𝑔𝛼 ≈ 0,33) and the third one 𝑡𝑔𝛼 ≈ 0,17 correspond to an anomalous 

diffusion. 

2) Normal diffusion of water vapor in the polymer corresponds to mono- and 

polymolecular adsorption, i.e. to the situations where sorption occurs at the active 

centers and in the free volume of the polymer, and its swelling is insignificant. 

3) Segments with anomalous diffusion correspond to intense swelling of fibers and 

threads; at this stage of sorption, there is a deepening of water molecules in the 

intermolecular space of the polymer, and a change in the conformation of 

macromolecules. 

The process of diffusion, when the limited swelling of polymers during the 

sorption of water vapor is considered as mixing of the active centers of macromolecular 
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substance (sorbent) and sorbate molecules. The equation that determines the condition 

of sorption equilibrium has the following form: 

𝑙𝑛 𝜑 = 𝐴 −
𝑛0𝑀

𝑈
−

𝑁𝐴𝑛0
2𝑀2

2𝑈2𝑅𝑇
𝛽(𝑃, 𝑇), (15) 

where А – structural value that characterizes the swelling pressure; 𝑛0 – number of 

active centers; φ – relative humidity (expressed as a decimal fraction; 𝛽(𝑃, 𝑇)  – 

variance coefficient; 𝑈 – specific moisture content, kg/kg; М – molecular weight of the 

adsorbed moisture; 𝑁𝐴  – Avogadro’s number; 𝑅  – universal gas constant; Т – 

temperature of the wet body at time t. 

Sometimes the term containing the variance coefficient 𝛽(𝑃, 𝑇)  is excluded 

from the right-hand side of equation (18.15), then the sorption equilibrium equation 

takes the following form: 

𝑙𝑛 𝜑 = 𝐴 − 𝑛0𝑀
1

𝑈
. (16) 

In the paper [99], experimental sorption-desorption isotherms in the coordinates 

[
1

𝑈
− (𝑙𝑔 𝜑)] for fabrics made of natural raw materials (Fig. 18.5) and fabrics made of 

chemical threads (Fig. 6) are plotted. 

 

Fig. 5 – Isotherms of adsorption of textiles from natural raw materials: 

s – sorption; d – desorption; 

1 – cotton; 2 – wool; 3 – natural silk. 
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Fig. 6 - Isotherms of adsorption in textiles made from chemical fibers: 

s - sorption; d - desorption; 

4 - viscose; 5 - phenylone; 6 - kapron 

Sorption and desorption isotherms are linear, but at φ = 0,2…0,25 they have an 

inflection point, which is associated with a change in the energy of intermolecular 

interaction (or chemical potential). At the beginning of the sorption process, when the 

first hydrate (or monomolecular) layer is filled (φ < 0,2), each active center of the 

sorbent interacts on average with one molecule of sorbate (moisture) so that these 

molecules do not form a continuous layer. Further at φ > 0,2…0,25, the number of 

molecules of the sorbed substance increases so much that each active center interacts 

already with two or three molecules and they form the second and subsequent hydrate 

(polymolecular) layers. In this case, since μ ~ ( - lgφ), the interaction energy in the 

sorbent-sorbate system changes, which corresponds to the inflection on the isotherm. 

According to (18.16), within the linear segment of the isotherm in the 

coordinates [
1

𝑈
− (𝑙𝑔 𝜑)] , the structural value А, which characterizes the swelling 

pressure, must remain constant that can be explained by the elastic deformation of 

fibers. 

The reconsideration of the equation (15) allows to present it in the following 

form: 
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𝜇 ∼ (− 𝑙𝑔 𝜑); − 𝑙𝑛 𝜑 = −𝐴 +
𝑛0𝑀

𝑈
+

𝑁𝐴𝑛0
2𝑀2

2𝑈2𝑅𝑇
𝛽(𝑃, 𝑇) (17) 

The notation 
𝑁𝐴𝑀2

2𝑈2𝑅𝑇
 𝛽(𝑃, 𝑇) = 𝑎;

𝑀

𝑈
= 𝑏 is introduced, then (17) resolves itself into the 

following equation: 

𝑎 ⋅ 𝑛0
2 + 𝑏 ⋅ 𝑛0 − 𝐴 + 𝑙𝑛 𝜑 = 0. (18) 

The equation (18) is quadratic with respect to 𝑛0 and can be determined: 

𝑛01,2
=

−𝑏 ± √𝑏2 − 4𝑎(𝑙𝑛 𝜑 − 𝐴)

2𝑎
, (19) 

or 

𝑛01,2
=

−𝑏 ± √𝑏2 + 4𝑎(− 𝑙𝑛 𝜑 + 𝐴)

2𝑎
. (20) 

If −𝑙𝑛𝜑~1, then 

𝑛01,2
=

−𝑏 ± √𝑏2 + 4𝑎𝐴

2𝑎
. (21) 

The root with the sign (+) as physically justified is chosen, since for 𝑙𝑛 𝜑 → 0, 𝑛0 →

0, providing that 4𝑎𝐴~𝑏. 

If 4𝑎𝐴~𝑏, then the number of active centers can be determined using the following 

expression: 

𝑛0 →
√4𝑎𝐴

2𝑎
= √

𝐴

𝑎
. (22) 

The dependence (18.21) with a positive sign in front of the root is further analyzed: 

𝑛01,2
=

−𝑏 + √𝑏2 + 4𝑎𝐴

2𝑎
. (23) 

At 𝑏 → 0  (
𝑀

𝑈
→ 0) , 𝑛0 → √

𝐴

𝑎
; at 𝑏 ≫ 4𝑎 ⋅ 𝐴: 

𝑛0 ≅
−𝑏 + 𝑏√1 +

4𝑎𝐴
𝑏2

2𝑎
≈

−𝑏 + 𝑏 (1 +
2𝑎𝐴
𝑏2 )

2𝑎
=

𝑏 ⋅ 2𝑎𝐴

2𝑎 ⋅ 𝑏2
=

𝐴

𝑏
. 

(24) 

Formulas (21), (22), (23) are valid for [− 𝑙𝑛 𝜑] ≪ 1. 

If this condition is not met, then: 
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𝑛0 =
−𝑏 + √𝑏2 + 4𝑎(− 𝑙𝑛 𝜑 + 𝐴)

2𝑎
. (25) 

Therefore, for the significant effect (− 𝑙𝑛 𝜑) (formula (25)), the following condition 

must be met: 

−𝑙𝑛𝜑~𝐴 ⟺ 𝜑~𝑒−𝐴. (26) 

It is from such values of 𝜑∗ ≈ 𝑒−𝐴 that the increase in the number of active centers of 

moisture absorption begins. 

The graphs of adsorption isotherms (Fig. 5, Fig. 6) allow to determine two important 

characteristics of materials: the number of active centers 𝑛0 and the maximum amount 

of hygroscopic moisture. 

The tangent of the slope angle of the linear segment of isotherms according to formula 

(18.16) allows to find the number of active centers 𝑛0. So: 

(−𝑙𝑛𝜑 + 𝐴) = 𝑛0

𝑀

𝑈∗
 .  

Therefore: 

1

𝑈∗
=

𝐴

𝑛0𝑀
 (27) 

𝑛0 =
𝐴 ⋅ 𝑈∗

𝑀
⇔ 𝑛0 =

𝐴

𝑀
{

1

𝑈∗
}

−1

. (28) 

 

Fig. 18.7. Determining the slope angle of the adsorption isotherm’s 

linear segment. 
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𝑡𝑔𝛼 =

1
𝑈

(−𝑙𝑔𝜑)
; 

1

𝑈
=

−𝑙𝑛𝜑 + 𝐴

𝑛0𝑀
=

1

𝑛0𝑀
(−𝑙𝑛𝜑) +

𝐴

𝑛0𝑀
. (29) 

So, 

𝑡𝑔𝛼 =
1

𝑛0𝑀
. (30) 

Therefore: 

𝑛0 =
1

𝑀𝑡𝑔𝛼
=

𝑐𝑡𝑔𝛼

𝑀
. (31) 

The fig. 8 shows the scheme for determining the maximum amount of hygroscopic 

moisture W on the fibers. 

 

Fig. 8. Determining the maximum amount of hygroscopic moisture 

in the material. 

The values of 𝑛0,  𝐴,  𝑀 , from the equation (27) allow to find the value 
1

𝑈∗
 

[at 𝜑 → 1 (𝑙𝑛 𝜑 → 0)], which is put on the axis 
1

𝑈
. Next, the maximum amount of 

hygroscopic moisture on the fibers (W) is calculated. 

Thus, in the range of medium and high values of air relative humidity φ, which 

is practically important for the museum microclimate, the experimental adsorption 

isotherms of colloidal capillary-porous materials are well linearized using equation 

(15) of sorption equilibrium. The equation takes into account the effect of linking water 

molecules by certain discrete centers. This approach allows to explain the 

experimentally obtained isotherms of sorption-desorption of water vapor by fibrous 

materials [99]. 
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Fig. 15 ... fig. 17 shows the comparison of experimental data [99] on the kinetics of 

sorption with the theoretical dependences for threads of wool, cotton, phenylone, and the 

desorption curves of these materials. Fig. 18… fig. 20 shows the comparison of 

experimental data regarding deformation dependence on moisture content 𝜀(𝑊) for the 

same materials. 

а) b) 

 

 

Fig. 15 – The comparison of experimental data [99] of sorption kinetics of cotton 

thread with theoretical curves (a) and theoretical curves of desorption (b) 

a) b) 

 
 

Fig. 16 – The comparison of experimental data [99] of sorption kinetics of wool 

threads with theoretical curves (a) and theoretical desorption curves (b) 
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а) b) 

  
Fig. 17 – The comparison of experimental data [99] of sorption kinetics of 

phenylone threads with theoretical curves (a) and theoretical desorption curves (b) 

а) b) 

  
Fig. 18 – The comparison of experimental data [99] of the deformation dependence 

on the moisture content 𝜀(𝑊) for wool with theoretical dependences 

a) sorption; b) desorption. 

 

а) b) 

  
Fig. 19 – The comparison of experimental data [99] of the deformation dependence 

on the moisture content 𝜀(𝑊) for cotton with theoretical dependences 

a – sorption; b – desorption. 
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а) b) 

  
Fig. 20 – Comparison of experimental data [99] of the deformation dependence on 

the moisture content 𝜀(𝑊) for phenylone threads with theoretical dependences 

  a – sorption; b – desorption. 

The analysis of the experimental data and theoretical dependences (fig. 15… fig.20) 

shows that the isotherms of textile of different fibrous composition satisfactorily coincide 

with the experimental data. The size of the sorption curve segment, on which the diffusion 

of water vapor into colloidal capillary-porous materials is carried out according to Fick's 

law, depends on the degree of crystallinity of the material. The greater the degree of 

crystallinity of the material, the greater the segment with time 𝑡, sec, moisture content 

𝑊, %, relative humidity, 𝜑, %, deformation, 𝜀, %, which corresponds to normal (Fick) 

diffusion. 

Thus, for the phenyl threads, the segment of normal diffusion ends tgα≈0.5 at 𝑊 =

5,4%;  𝜑 = 52;  𝑡 = 105 𝑐, 𝜀 = 2.4% ; for wool: 𝑊 = 10,2%;  𝜑 = 80%, 𝑡 =

245 𝑐, 𝜀 = 4,2%; for cotton: = 7,9% , 𝜑 = 60%, 𝑡 = 120𝑐, 𝜀 = 3,3%. The segments 

with anomalous diffusion (second 𝑡𝑔𝛼 = 0,33; third 𝑡𝑔𝛼 = 0,17) are characterized by 

intense swelling of threads (Fig. 15… Fig. 17), but the increase in the rate of sorption of 

water vapor does not take place. The deformation in these segments reaches: 6.9% for 

phenyl thread, i.e. it increases by 2.9 times; 7% for wool (increased by 1.67 times); 7.1% 

for cotton (increased by 2.15 times) (fig. 18… fig. 20) in comparison with the deformation 

in the segment with normal (fixed) diffusion. Thus, when storing museum collections, air 

conditioning control systems should be based on the dependences that describe the heat 

and mass transfer between the exhibit and conditioned air on the segment of the kinetic 

curve corresponding to normal (Fick) diffusion (𝑡𝑔 𝛼 ≈ 0,5) and describing processes of 
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mono- and polymolecular adsorption (the sorption occurs at the active centers and in the 

free volume of colloidal capillary-porous material, and swelling is insignificant). 

Conclusion 

It is shown on the basis of comprehensive analysis of experimental studies of 

sorption-desorption and deformation isotherms of dispersed materials of different fiber 

composition that the curves W(φ), ε(φ) are similar in shape and have a configuration, 

which is characteristic of leading capillary-porous bodies. It is shown that the hysteresis 

loop for all fibrous materials is observed in the whole range of relative humidity of the 

environment. It was found on the basis of geometric analysis of moisture exchange 

properties and characteristics of the porous structure of (textile) materials, that such 

characteristics as total moisture content and volume of macropores depend mainly on the 

technological parameters (density, weave type, etc.) of the fabric. The hygroscopicity, the 

amount of moisture adsorbed, the volume of micropores, and the specific surface area 

depend on the fiber composition of textiles. The deformation isotherms ε(φ) of threads 

show, that the deformation of the structure is not completely reversed during desorption. 

An irreversible change in the size of threads during the desorption of moisture can explain 

why some water molecules are not desorbed. 

The method of geometric analysis of sorption W(φ)  and deformation ε(φ) 

isotherms of colloidal capillary-porous materials allowed to obtain the dependences, 

which determine: moisture content Sw and deformation Sε of material remaining in the 

sorption-desorption process after one cycle of such process; average at relative humidity 

φ total rate of sorption processes Lw and deformation Lε for one process cycle. 

  


