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COMPREHENSIVE APPROACH TO EVALUATING 
THE MACRO- AND MICROPORE STRUCTURES 
OF TEXTILE MATERIALS

Introduction. The assessment of the macro- and microporous structure of textile fabrics is increasingly relevant 
for predicting their permeability, dyeability, and decorative potential. This evaluation plays a crucial role in de-
termining the hygienic properties of clothing materials, optimizing dyeing and fi nishing processes, and assessing 
the fi ltration capabilities of technical fabrics in various dispersed media.

Problem Statement. Challenges persist in accurately predicting the permeability of textile fabrics, as well as 
in determining the optimal parameters for dyeing and fi nishing processes.

Purpose. The purpose of this research is developing a rapid, cost-eff ective, and accurate method to evaluate 
the macro- and microporous structure of textile materials is essential for assessing their permeability and suita-
bility for dyeing and fi nishing processes.

Materials and Methods. To study the porous structure of textile fabrics, we select the fabrics that varied in 
the thread structure — yarn produced by traditional and shortened methods — and in the fi brous composition. The 
fi rst fabric is made from complex polyamide threads in a plain weave, the second from twill-woven polyester fi ber 
yarn, and the third diff ers from the second in the structure of the weft thread. The macro- and microporous struc-
tures of these textile fabrics have been assessed by means of drying methods and sorption thermograms.

Results. The micro- and macroporous structures of textile fabrics made from polyamide threads and polyester 
fi bers have been compared. It has been found that the fabric made from polyamide threads exhibits a signifi -
cantly higher sorption capacity than the fabric made from polyester fi bers. This fi nding suggests that the fabrics 
made from polyamide threads possess a more developed microporous structure. This fact enhances their dyeing 
and decorating capabilities as compared with the fabrics made from polyester fi bers. A comprehensive approach, 
utilizing both drying methods and sorption thermograms, has been employed to evaluate the macro- and micropo-
rous structures of the textile fabrics.
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Conclusions. The proposed comprehensive approach enables comparative studies of various textile materials, allowing for the 
refi nement of technological processes for dyeing and decorating, as well as the identifi cation of potential applications for these 
materials.

Keywords: textile materials, textile fabrics, fabrics, micropore structure, complex approach, macropore structure, drying thermo-
gram method, sorption method.

Various methods and devices are used to assess 
the pore structure of textile materials and their 
permeability. For example, research [1] has pro-
posed the development of warp threads for the 
design and manufacture of fabric with a given 
pore size. At the same time, they found that two-
component network materials of the “island in 
the sea” type can be precisely designed to achieve 
the target pore diameters and porosity. The defi-
ned mathematical models can be used to develop 
fabric specifications under standard manufactur-
ing conditions of basis weight and fiber diameter. 
The measured mean pore diameters for the test 
fabrics showed a high correlation with the target 
mean pore diameters for both models. Experimen-
tal agreement with the Breiner model is the bet-
ter of the two mathematical models, but requires 
refinement of fabric thickness in addition to bulk 
mass and fiber diameter to achieve an actual mean 
pore diameter that approximates the target value.

The virtual permeability benchmark [2] is used 
to predict the permeability of fibrous reinforce-
ments based on real images. At the first stage, the 
focus is on the microscale computation of fiber 
bundle permeability. Subsequently, various nume-
rical methods, boundary conditions and identifi-
cation techniques are used to calculate the per-
meability. Dominant effects on the permeability 
have been found to be the boundary conditions in 
tangential direction, number of sub-domains used 
in the renormalization approach, and the permea-
bility identification technique.

In [3], the model for predicting the pore size 
distribution of non-woven structures has been 
de veloped by combining the stochastic and ste-
reological or geometrical probability approaches. 
These techniques have incorporated the effects of 
fibre orientation characteristics in non-woven 

structures. The analytical model formulated is 
compared with the existing theories to predict 
the pore size distribution of non-woven struc-
tures. A comparison is also made between the ex-
perimental and theoretical pore size distributions 
of spun-bonded and needle-punched non-wovens. 
The effect of various fibre and fabric parameters 
including fibre volume fraction, fibre orientation 
distribution characteristics and number of layers 
on pore size distribution of non-woven struc tures 
has been investigated.

The paper [4] considers the capillary flow of 
New tonian fluids along a single fibre yarn and 
through a plain-woven fabric. In the first case, one-
dimensional Darcy’s flow is considered thro ugh 
the micro-pores of the fibre yarns. In the second 
case, two-dimensional in-plane network infiltra-
tion is considered through the micro-pores of the 
network of fibre yarns in the fabric. In both cases 
predictions include the infiltration length as a 
function of time, the apparent permeability and 
the capillary pressure. The latter case also inclu-
des the number of unsaturated transverse yarns 
and the degree of saturation. 

Non-destructive measurement of air permea-
bility of materials is proposed in the work [5]. 
This method is based on the flow of air, which is 
created between flat circular templates contain-
ing flow rate and pressure sensors. The presented 
studies show that, based on data on flow rate and 
pressure distribution, the method clearly distin-
guishes changes in volume fraction and pore ar-
rangement, while it can be applied to a number of 
woven and non-woven textile materials.

The paper [6] presents a method for determi-
ning the equivalent average pore size in woven 
materials. The equivalent average pore diameter 
is defined as the diameter of a certain number of 
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cylindrical pores that provide the same air per-
meability as real woven sample with the same 
number of pores (macropores). It gives the realis-
tic correlation with air permeability taking into 
account all characteristics of pores involved in 
ener gy loss, i.e. the length of pores, their structu-
re and their bottle necks. The method, combined 
with the geometrical porosity parameters deter-
mined by planar structure of woven materials can 
give connection between them and better under-
standings of porous structure in relation to its 
transmission properties.

An immersion method for measuring porosity 
parameters for woven and knitted fabrics and 
even thin non-wovens is presented in [7]. The ex-
perimental results correlate to the theory to a 
great extent. The method is based on the selec-
tive squeezing out fluid from the pores of wet fab-
rics under air pressure. Porosity parameters such 
as hydraulic pore diameter, pore distribution, 
open area for fluid flow and the number of hyd-
raulic pores are estimated. The parameters have 
been estimated based on the measurement of the 
air volume velocity through dry and wet samples 
as a function of the air pressure. All measured 
data are input into a computer programme deve-
loped for this purpose. The method is quite rapid 
and the results obtained by this method are in 
good agreement with those received optically.

In the paper [8], the effect of fabric structure 
on its macroporosity properties is reported. The 
cross-sectional area of the macropore, equivalent, 
maximum, and minimum pore diameters, pore 
den sity, and open porosity are considered taking 
into account the parameters of the fabric struc-
ture — yarn linear density, fabric tightness, weave 
type, and denting. Using genetic programming, we 
have obtained predictive models describing the 
effect of fabric structure. The results have shown 
good agreement between experimental and pre-
dicted values. This work provides guidelines for 
engineering staple-yarn cotton fabrics in a grey 
state in terms of macroporosity properties.

The determination of a small number of para-
meters that have the greatest impact on the air 

permeability of cotton fabrics and enable its pre-
diction is presented in the paper [9]. To specify the 
influence of fabric structure parameters, a com-
bined parameter, the hydraulic pore diameter, 
known from fluid theory, is included. It considers 
rectangular pores as round. In addition to the hyd-
raulic pore diameter, two other parameters are 
used to predict air permeability: the number of 
macropores and the total porosity of woven fab-
rics. The resulting multivariate statistical me thod 
confirms the suitability of the three selected pa-
rameters for predicting air permeability, which 
has been done by multiple linear regression.

Research [10] describes the flow mechanism 
that is realized in 3-D depending on the porosity 
structure of the fabric and determines the fabric’s 
permeability characteristics. In this method, the 
cross-sectional image of the cotton yarn in the 
fabric is first obtained, and then the porosity in 
yarns is predicted by image processing and analy-
sis. In addition, the intra-yarn porosity is calcu-
lated theoretically depending on fibre and yarn 
parameters. The results obtained through the ima-
ge analysis method and theoretical approaches 
are compared with experimental data obtained 
with the Stereo Investigator. As a result, it has 
been found that the image analysis method gives 
fast, objective, successful, and expected results 
while predicting the intra-yarn porosity.

A theoretical model is proposed to predict the 
porosity and air permeability of single-layer knit-
ted fabrics [11] depending on parameters such as 
weave type, vertical and horizontal density, loop 
step, fabric thickness, yarn diameter, and linear 
fibre density. For this purpose, a theoretical model 
of porous systems based on Darcy’s law has been 
used, the validity of which has been confirmed by 
experimental results using 100% cotton plain knit-
ted fabrics produced from ring and compact yarns 
of different yarn linear density and tightness.

An artificial intelligence method based on tex-
ture features is developed to predict the porosity 
and air permeability of non-wovens [12]. For this 
purpose, two image processing algorithms have 
be en developed to measure the porosity of the fab-
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ric and extract texture statistical characteristics. 
An Artificial Neural Network (ANN) model is built 
to predict the properties of the studied fabrics. 
The tested samples consist of polyester and vis-
cose fibres with different specific gravities. High 
regression values have been obtained between 
the predicted and actual values for both porosity 
and air permeability. According to ANN results, 
it has been found that the air permeability and po-
rosity properties of non-wovens can be predicted 
with high accuracy from their texture images.

The paper [13] deals with the possibility of a 
fast and accurate assessment of the number, size, 
and distribution of pores in transparent woven 
materials based on light penetration. The proce-
dure of analysing the pore structure in the fabrics 
based on digital images is described in detail. Fib re 
pores are treated as image particles and analy sed 
with the Java-based image processing software 
ImageJ. The obtained data relate to the structu-
ral parameters of the fabric that allow for further 
analysis, provide the possibity to compare structu-
rally similar or different samples as well as double 
check the results generated by optical or other 
means. This paper describes work on plain and 
similar to plain weaves. The analysis revealed se-
veral expected and some unexpected results. The 
former include the range of pore sizes in the wo-
ven materials under study, the distribution of po-
res by their degree of similarity, and the effect of 
dents. Examples of the latter are the magnitude 
of the cumulative percentage of pores in regard to 
the weave and the degree to which they partici-
pate in the inter-yarn and inter-fibre pores.

Prediction of the pore diameter of cotton fab-
rics by considering yarn count, twist, and packing 
density is presented in the paper [14]. After fin-
ding the warp and weft densities of the fabric, the 
pore area and their equivalent diameter in the 
fabric are predicted. The predicted values had 
very good agreement with the experimental re-
sults in yarn diameter and other structural pa-
rameters of fabric. The air permeability of fabrics 
is measured and several well-known analytical 
models for predicting air permeability are compa-

red. The results showed that the Hagen-Poiseuil le 
equation had much better prediction than other 
models and also had good agreement with experi-
mental results, especially when applied to dense 
fabrics at the low-pressure drop (≤ 60 Pa). The 
Hagen-Poiseuille equation could be improved by 
considering the Reynolds number, interfiber in-
terstices, and the deformation of pores under 
higher pressure drop.

In [15], the fabric porosity has been determi-
ned by the light transmission coefficient and this 
characteristic has been compared with the air per-
meability and idealised geometric structure of the 
selected weaves. The standard equipment is used 
to determine air permeability. Light transmission 
through the fabrics is measured by the LUCIA 
image analysis system. The porosity of fabrics is 
measured with the use of the relevant design pa-
rameters and idealised models of the fabric geo-
metry. The relationships between the above cha-
racteristics are formalised by regression analysis.

T he theoretical 3D modelling of stitch overlap-
ping, maximum set, and open structures by using 
AutoCAD software is presented in [16]. Fabric 
thickness is divided into several sections, and the 
theoretical porosity at each section is analysed 
and calculated. Furthermore, single jersey knit-
ted fabrics SJKF with and without spandex are 
produced to obtain overlapping and open struc-
tures. The total porosity has been measured and 
calculated theoretically, with the values compa-
red. The study has shown the effect of stitch over-
lapping on fabric porosity. In addition, the results 
show that the proposed model captured to some 
extent the change in fabric porosity as its struc-
ture changes.

The SCP method, as well as SEM and TEM 
[17], are used to diagnose the pore structure of the 
skin dermis. Thus, pores formed by spirals, mic-
rofibrils, fibrils, fibril bundles, and fibres are iden-
tified. The model that describes the hierarchi cal 
structure and includes porosimetry data has been 
developed. Therefore, the contribution of ele-
ments of each structural level to the overall der-
mis porosity has been determined. The parame ters 
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that characterise the porosity due to the elements 
and allow estimating the loosening-compaction 
and shrinkage-swelling of the hierarchical struc-
ture have been proposed.

The concept of mesoscopic intrafilament po-
rosity of any woven and non-woven textile mate-
rials is formulated in this paper [18]. Based on 
this concept, an alternative basic model for estima-
ting the effective porosity of hydrophilic and hyd -
rophobic materials is developed. Following the 
developed method, the formulas of the basic model 
are proposed. They make it possible to estimate the 
density of the material (wet and dry), the observed 
effective porosity (at any moisture level), and the 
maximum hygroscopicity of the textile material.

The paper [19] describes analytical studies of 
the process of liquid absorption by a fibrous ma-
terial based on non-woven fabrics produced in dif-
ferent ways and consisting of different types of 
fibres (monofilaments). An analytical description 
of the process of liquid lifting by porous media — 
fibrous materials — is carried out. The propor-
tionality coefficients of a certain function Y(x) 
that ideally describes the process of absorption of 
a viscous liquid by a fibrous material have been 
determined.

The calculation of the total, surface, and volu-
metric fabric porosity in the paper [20] is carried 
out by taking into account the yarn diameters 
and the structural characteristics of the woven 
fabrics themselves.

Research [21] proposes the use of a thermogra-
vocalorimetric (TGC) method for calculating the 
material porosity. By this method, the porous struc-
ture of a textile material has been quantified, ma-
king it possible to conclude about its permeability.

The above methods of studying the pore struc-
ture of textile materials can be conditionally divi-
ded into the following: based on capillary pheno-
me na; based on filtration phenomena; electron mic-
roscopy; analytical and mathematical-statistical.

Methods based on capillary phenomena have 
the complexity of methodological support for re-
search and calculations. Methods based on filtra-
tion phenomena have approximate calculations, 

as well as determination of pore sizes only in the 
range of about 5—50 microns.

Electron microscopy methods require rather 
complicated sample preparation and characterise 
mainly the micropore structure of materials, 
which does not allow them to determine the mac-
ropore structure and predict the air and water 
permeability of materials.

Analytical methods are used to calculate the 
total porosity of materials, the volume of through 
pores, pores in fibres and the volume of dents on 
the surface of materials. These methods are also 
used to calculate the structural characteristics of 
materials. The disadvantage of analytical meth-
ods is the inability to calculate the pore size dis-
tribution function.

Mathematical and statistical methods allow for 
calculating macropores in textile fabrics. At the 
same time, they provide virtually no information 
about the micropore structure of fibres and yarns. 
This makes it impossible to use them to predict 
the dyeing and finishing ability of textile materials.

Thus, the search for sufficiently accurate and 
fast methods for studying the macro- and micropo-
re structure of textile fabrics is relevant [22—26].

The purpose of this scientific work is to propose 
and apply a comprehensive approach to determi-
ning the macro- and microporous structure of tex-
tile materials to assess their permeability and abi-
lity to dye and finish. Along with this, an example of 
the application of the proposed complex approach 
that involves of thermographic and sorption me-
thods, is given to evaluate the pore structure of 
fabrics of different fiber composition and structure.

The main quantitative characteristics of the 
pore structure of textile materials that belong to 
capillary-porous bodies are: total porosity, pore 
diameter (radius), integral and differential func-
tions of pore size distribution, and their specific 
surface area. The total porosity or simply porosi-
ty is calculated as the total number of all pores in 
a textile material and is determined by various 
methods [22—26]. In a capillary-porous material, 
the pores are modelled by a system of intercon-
nected cylindrical capillaries. In this case, the con-
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cept of pore radius (diameter) is conditional and 
it is used to estimate its size.

In the presented research, it has been proposed 
to apply a comprehensive approach to assessing 
the porous structure of textile materials, which 
uses a combination of drying thermogram me-
thods, as well as sorption methods. By combining 
these methods, it is possible to calculate with suf-
ficient accuracy (up to 2%) the micro- and mac-
roporous structure of textile materials, predict 
their permeability and ability to be dyed and pro-
cessed. Below are the components of a compre-
hensive approach to assessing the porous struc-
ture of textile materials.

The method of drying thermograms or thermo-
graphic method allows considering the pore struc-
ture of capillary-porous bodies in the material-
water system, which is typical for textile mate-
rials. This method is the least labour-intensive, 
fastest (up to 2 hours) and makes it possible, ba-
sed on the results of one study of moisture evapo-
ration from a material sample, to obtain data on 
the differential moisture exchange properties of the 
material in relation to moisture of various forms 
and types of bonding with it. Also, the drying ther-
mogram method allows to calculating the spe cific 
pore surface and determining the volume of mi-
cro- and macropores of the material.

The thermographic analysis of the form of mo is-
ture bonding with the material is based on the re-

gularities of the drying kinetics of a wetted sample 
at a constant ambient temperature. On the curves 
of the drying thermograms, critical areas that cor-
respond to the boundaries of the periods of succes-
sive moisture removal during the drying process 
from the textile material are identified. Such mois-
ture differs from each other in terms of its bon ding 
forms and position in the pores of the material.

The thermograms of textile materials (Fig. 1) 
are S-shaped, which is typical for capillary-po-
rous bodies [22].

Critical point 1 (Fig. 1) on the thermogram 
cor  responds to the total moisture capacity of the 
sample, point 1’ — to the beginning of evaporation 
of hygroscopic moisture from macropores with a 
radius of more than 10–7 m. The moisture content 
at this point can characterise the volume of open 
macropores of the sample. Point 2 corresponds to 
the beginning of the evaporation of adsorbed mo-
isture from the polylayer and point 3 is the begin-
ning of the evaporation of adsorbed moisture from 
the fibre polymer monolayer, which corres ponds 
to the evaporation of moisture from the sample of 
micropores with a radius of less than 10–7 m. For 
textile materials (capillary-porous bo dies), the area 
between points 2 and 3 on the thermogram is stra-
ightforward. By calculating the difference in the 
moisture capacity of samples at adjacent critical 
points of the drying thermograms, it is possible to 
determine the pore volu mes that characterise the 
micro- and macropore structure of the fabrics.

The thermographic method of analysing the 
forms of moisture bonding with textile material is 
fast enough to determine the ability of a test sam-
ple to retain moisture in relation to all possible 
forms and types of moisture bonding in the mate-
rial based on the results of one experiment during 
the drying process.

To increase the accuracy of predicting (up to 
2%) the ability of textile materials to be dyed and 
finished, it is advisable to use the sorption meth-
od along with the drying thermogram method.

The sorption method uses the isotherms of mo-
isture sorption-desorption from materials and al-
lows determining the amount and forms of bond-

F ig. 1. Fabric drying thermogram (general view)
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ing of moisture absorbed by the material, deter-
mining the specific pore surface and volume of 
absorbing pores, and calculating pore distribu-
tion curves. The sorption process of absorption of 
various substances by textile materials is consid-
ered as a combination of adsorption and capillary 
condensation. The adsorption isotherm is the de-
pendence of the moisture content of a fabric sam-
ple (W) on the relative pressure of the vapour of 
the substance above it at a constant temperature. 
To determine the adsorption isotherms, the samp-
les of textile material are placed in an environ-
ment with appropriate humidity and kept until 
an equilibrium state is obtained. To accelerate the 
achievement of the equilibrium state of the tex-
tile material, the experiment is carried out in a 
vacuum (static method) or blown with air of cons-
tant humidity (dynamic method). For textile ma-
terials, sorption tests are carried out on vacuum 
sorption equipment based on the McBain tenso-
metric method.

The analysis of sorption isotherms makes it 
pos sible to clarify the nature of the form of mois-
ture bonding with the material and determine 
the structure of micropores in the textile materi-
al. A differential micropore size distribution curve 
is obtained in the textile material from the sorp-
tion-desorption isotherm curve. Thus, the sec-
tion of the isotherm in the interval  from 0 to 
80% corresponds to the moisture of macrocapil-
laries with a radius of more than 10–7 m, and the 
section of the isotherm in the interval  from 80 
to 100% corresponds to the moisture of micro-
capillaries with a radius of less than 10–7 m.

The water vapour sorption isotherm is not only 
an independent characteristic of the sample un-
der study but also helps to determine its integral 
and differential pore size distribution curves. 
These curves are calculated by the well-known 
Kelvin equation, formula (1):

 
whence ,

ln /

V
r R T Ve r

R T

 


  
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  
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2

1
          (1)

where V is the molar volume of water;  is the sur-
face tension coefficient; R is the gas constant; T is 

the temperature; r is the effective radius of the 
 li quid meniscus curvature;  is the relative hu-
midity.

From formula 1, the effective radius of curva-
ture of the liquid meniscus in the pore is determi-
ned, which means that each value of the relati ve 
pressure of water vapor above the tissue sample 
corresponds to a certain effective pore radius that 
is determined from well-known tables that con-
tain the dependence between the relative pres-
sure of water vapor above the water meniscus at 
full wetting, the radius of the capillary, and the 
free energy of binding of the liquid at a tempera-
ture of 293 K. Knowing the dependence of W() 
for the fabric according to formula 1 or the tables, 
it is possible to proceed to the dependence of 
W(r) and thus find the integral curve of the pore 
size distribution.

Thus, the results of measuring adsorption iso-
therms can provide information about the moistu-
re exchange properties and pore structure of tex-
tile materials. A specific example of the pore size 
distribution using the sorption method is given 
in the Results and discussion section.

The proposed complex approach, consisting of 
sorption methods and a drying thermogram, is 
quite accurate and simple and allows studying 
the peculiarities of the porous structure of textile 
materials in a wide range of pore sizes. It makes it 
possible to determine the structure of micro- and 
macropores based on recorded drying thermog-
rams, and with the help of sorption-desorption iso-
therms to detail and clarify the micropore struc-
ture of the material.

The above-mentioned comprehensive approach 
makes it possible to predict the air and water per-
meability of textile fabrics, as well as the ability of 
textile materials to be dyed and processed. The lar-
ger the macropore structure of a textile material, the 
better its ability to penetrate various substan ces. As 
the microporous structure of the material increa-
ses, the absorption of various substances increa-
ses, increasing its ability to be dyed and processed.

In order to study the porous structure of tex-
tile fabrics, fabrics with different structure and 
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composition of fibers are selected by the men-
tioned complex approach.

The fabrics selected for the study in terms of 
physical and mechanical properties met the re-
quirements of the manufacturer’s specifications. 
Comparative characteristics of the properties 
and structural parameters of the investigated fab-
rics are presented in Table 1.

The fibre composition of fabric samples 1 and 2 
is the same. Fabrics 1 and 2 are produced with the 
use of a 2/2 twill weave with the same yarn den-
sity per 10 cm on the warp and weft. The diffe-
rence lies in the structure of the weft yarns for 
sample 1, which have a different spinning tech-
nology. In sample 1, the SP weft yarn is produced 
with the use of a shortened technology and is as 
good is that of the standard twisted yarn in terms 
of its mechanical properties and can be used as an 
alternative in the production of fabrics for vari-
ous purposes.

For comparison, fabric 3 that has a fibre compo si-
tion, structure and weave different from samples 1 
and 2, has been also studied. Fabric 3 is made of 
complex polyamide (PA) yarns with a plain weave.

The tasks of the research are the application 
of the proposed complex approach to determine 
the macro- and microporous structure of textile 
fabrics. 

For using the drying thermogram method, the 
prepared fabric samples of 40 × 40 mm are placed in 
a pump room and moistened as much as possible. 

Subsequently, the samples are dried at the tem-
perature of 373 K. Constant atmospheric pres-
sure is maintained, the drying temperature (ther-
mogram) is constantly measured, and the weight 
loss of the samples on the potentiometer strip is 
recorded.

After obtaining the drying thermograms, criti-
cal points that correspond to certain types of mo-
isture bonding with the material have been iden-
tified on them (Fig. 1). By projecting the critical 
points onto the weight curve, the moisture con-
tent of the samples is determined by the following 
formula:

W = 100 (Mw – Md) / Md,
                (2)

where W is the moisture content of the materi-
al at a certain point in time, %; Мd is the mass 
of the dry sample, kg; Мw is the mass of the wet 
sample, kg.

Based on the analysis of drying thermograms, 
the values of the pore volume of the studied fab-
rics, presented in Table 2, have been obtained. The 
last column of the Table shows the values of the 
fab ric specific surfaces, calculated from the amo-
unt of adsorbed moisture in the monolayer.

It is noted that the characteristics of the mic-
ro pore structure of the studied fabrics, such as 
hygroscopicity, the amount of adsorbed moisture, 
and moisture in micropores do not depend on the 
density and structure of fabrics, but are deter-
mined mainly by their fibre composition.

Table 1. Characteristics and Properties of Fabric Structure

No.
Super-

fi cialdensity,
g/m2

Fibre 
composition, 

%

Thickness,
mm

Water permeability,

2

l
m c

Air permeability,
3

2

dm
m c

Density, number 
of yarns per 10 cm

Type and linear
density of the yarn, tex

Warp Weft Warp Weft

1 457 PEL 
100

1.3 2.23 170 157 113 72 × 2 SP
72 × 2

2 455 PEL
100

1.3 2.15 153 157 113 72 × 2 72 × 2

3 508 PA
100

1.7 2.17 160 119 81 250 250

Note: PEL — polyester fibres; PА — polyamide fibres; SP — yarn of a shortened production method.
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At the same time, it has been determined that 
such characteristics of the pore structure of fab-
rics as the total moisture capacity and the amount 
of moisture in the macropores of fabrics are deter-
mined by the structure of yarns and fabrics.

The value V1 determines the total volume of 
po res, the difference ∆V11 — the volume of mac-
ropores between filaments and fibre bundles 
(r > 10–7 m), the difference ∆V1–2 — the volume of 
micropores (r > 10–7 m), the difference ∆V2–3 — 
the volume of micropores of polymolecular ad-
sorption, the value V3 — the volume of ultramic-
ro pores of monomolecular adsorption of the ma-
terial sample.

Table 2 shows that samples of fabrics 1, 2 and 3, 
which differ in structure and raw material com-
position, have differences in the micro- and mac-
ropore structure. In samples of fabrics 1 and 2, 
which have the same fibre composition, there are 
differences only in the macropore structure. Also, 
fabric samples 1 and 2 have a significant differ-
ence in the values V1 and ∆ V11, which indicates a 
smaller macropore structure of fabric sample 1 
due to the peculiarities of the structure of the 
weft yarn and the fabric as a whole. Sample 3 has 
lower than samples 1 and 2 values V1 and ∆ V11 
but significantly higher values ∆ V1–2 and ∆ V2–3.

The smaller macropore structure of sample 3 is 
explained by the peculiarities of the yarns (struc-
ture, fibre composition) and the structure of the 
fabric as a whole. Thus, the warp and weft yarn 
density of sample 3 is much lower than that of 
samples 1 and 2, but their linear density is almost 
twice as high as that of samples 1 and 2 (Table 1). 
The higher values V3 indicate that sample 3 has a 
more developed ultramicropore structure, which 
is explained by the difference from samples 1 and 
2 in its fibre composition (Table 1). This is also 
explained by the difference in the structure of the 
polyamide polymer from polyester. To verify this, 
the microstructure of the samples of the fabrics 
has been studied in detail.

To clarify and further detail the micropore struc-
ture of the fabrics, in addition to the thermogram 
method, they have been also studied based on 

sorp tion-desorption isotherms (the sorption me -
thod). The study is carried out with the use of 
laboratory equipment based on the McBain ten-
sometric method at an ambient temperature of 
293 K. For each sample, a curve of the moisture 
con tent of the sample (W) versus air humidity is 
made (). The curve is built both in the process of 
water vapour sorption by the fabric samples and 
in the process of desorption (Fig. 2).

Figure 2 shows that in terms of hygroscopicity 
and micropore volume, fabric 3 is the most hyg-
ros copic, followed by fabrics 2 and 1, respectively.

The studies identified some quantitative diffe-
rences obtained by the drying thermogram me-
thod and the sorption method, but they generally 
confirm the results obtained. According to this, 
the fabric made of polyamide yarns has a signifi-
cantly higher sorption capacity than the fabric ma-
de of polyester fibres. This indicates a much mo re 
developed micropore structure of fabrics made of 
polyamide yarns and their better ability to be 

Fig. 2. Fabric sorptio n-desorption isotherms

Table 2. Characteristics of the Pore Structure 
of the Studied Fabrics

No.
Pore size, m3/g (×10–7) Specifi c 

surface area, 
m²/gV1 ∆V11 ∆V1–2 ∆V2–3 V3

1 87.7 78.9 6.3 1.7 0.8 32.3

2 104.8 95.3 6.4 1.8 1.3 44.9

3 84.5 67.4 10.1 5.6 1.4 59.8
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dyed and finished compared to fabrics made of 
polyester fibres.

The isotherms of fabric samples 1 and 2 (Fig. 3), 
which differ only in the structure of the weft 
yarns, have been also compared. It has been found 
that the hygroscopicity (Fig. 3) and micropore 
volumes of fabric 2 are higher than those of fab-
ric 1 (Table 2). The above means that the tech-
nology of manufacturing yarns also affects the 
pore structure of fabrics.

Various methods of evaluating the macro- and 
microporous structure of various materials have be-
en analyzed. It has been noted that some of them are 
quite complex and expensive, and others do not ha-
ve sufficient accuracy, which does not allow a com-
prehensive approach to predicting the permeabili-
ty of textile fabrics and the ability to dye and finish.

A comprehensive method for assessing the 
mac ro- and micropore structure of textile fabrics, 
consisting of drying thermogram and sorption 
methods, has been proposed. It enables to deter-
mine the macro- and micropore structure of tex-
tile fabrics quite accurately and quickly and, ac-
cordingly, to predict their permeability and abi-
lity to be dyed and finished. The larger the mac-
ropore structure of a textile material, the better 
its ability to permeate various substances. With 
an increase in the micropore structure of the ma-
terial, the absorption of various substances grows, 
increasing its ability to by dyed and finished.

The studies have shown that the fibre composi-
tion and structure of yarns and fabrics signifi-
cantly affect the micro- and macropore structure 
of the studied fabrics. The characteristics of the 
micropore structure of the studied fabrics, such 
as hygroscopicity, the amount of adsorbed mois-
ture, and moisture in the micropores do not de-
pend on the fabric density and structure, but are 
determined mainly by their fibre composition. 
Such characteristics of the pore structure of fab-
rics as total moisture capacity, the amount of 
moisture in the macropores of fabrics are deter-
mined by the structure of yarns and fabrics.

This comprehensive method makes it possible 
to conduct comparative studies of various textile 
materials, specify the technological modes of their 
dyeing and finishing and more accurately deter-
mine the scope of their application according to 
their intended use.

Fig. 3. Integral and differential curves of fabric pore size dis-
tribution
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КОМПЛЕКСНИЙ ПІДХІД ДО ОЦІНКИ МАКРО 
ТА МІКРОПОРОВОЇ СТРУКТУРИ ТЕКСТИЛЬНИХ МАТЕРІАЛІВ

Вступ. Актуальним на сьогодні є пошук підходу до оцінювання макро- та мікропорової структури текстильних по-
лотен з метою прогнозування їхньої проникності, а також здатності до фарбування та оздоблення. Це є важливим для 
визначення гігієнічних властивостей матеріалів для одягу, процесів фарбування та оздоблення текстильних мате ріа-
лів, а для технічних полотен — можливості фільтрації різноманітних дисперсних середовищ. 
Проблематика. На сьогодні ще є складності у прогнозуванні проникності текстильних полотен, а також визначенні 

параметрів режимів фарбування та оздоблення текстильних матеріалів. 
Мета. Розробка швидкого, доступного та точного підходу до оцінки макро- та мікропорової структури текстиль-

них полотен для оцінки їхньої проникності та здатності до фарбування й оздоблення. 
Матеріали й методи. Для дослідження порової структури текстильних полотен були взяті тканини, які відрізнялися 

між собою структурою ниток — пряжа класична та скороченого способу виробництва, а також за волокнистим скла-
дом. Першу виготовлено з комплексних поліамідних ниток полотняним переплетенням, другу — саржевим перепле-
тенням з пряжі поліестерних волокон, а третя мала відмінність від другої тканини структурою пряжі утоку. Для 
оцінки макро- та мікропорової структури текстильних полотен застосовано методи термограм сушки та сорбційний. 
Результати. Порівняння мікро- та макропорової структури досліджуваних текстильних полотен показало, що тка-

нина з поліамідних ниток має значно більшу сорбційну ємність порівняно з тканиною із поліестерних волокон. Це вка-
зує на вищу розвиненість мікропорової структури тканин з поліамідних ниток і кращу їхню здатність до фарбування 
та оздоблення. Застосовано комплексний підхід до оцінки макро- та мікропорової структури текстильних полотен 
методами термограм сушки та сорбційного.
Висновки. Запропоновий підхід дає можливість проводити порівняльні дослідження різних текстильних матеріа-

лів, уточнювати технологічні режими їхнього фарбування та оздоблення і визначати галузь подальшого застосування.

Ключові слова: текстильні матеріали, текстильні полотна, тканини, мікропорова структура, комплексний підхід, ма-
кропорова структура, метод термограм сушки, сорбційний метод.




