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ABSTRACT

Introduction. The purpose of the study is to investigate the influence of the impregnation degree of a non-woven needle-punched
fabric with aqueous polyurethane dispersions of varying compositions on the formation of the porous structure of composite ma-
terials for construction applications. Materials and methods. The object of the study is a non-woven needle-punched fabric made
of polyethylene terephthalate fibers (Technical Specifications TU 6-13-0204077-95-91) with a linear density of 0.33 tex (diameter
20-25 um), impregnated with aqueous polyurethane dispersions of different compositions. The fibrous web was formed by mechani-
cal means and strengthened with a primary needle-punching density of 180 cm=. The impregnation process employed aqueous
dispersions of anionically stabilized polyurethane: the brand IMPRANIL DL 1380 (China), based on an aliphatic diisocyanate with
a polymer concentration of 38+5%; and the brands Aquapol-11 and Aquapol-21, based on aromatic diisocyanates, produced by LLC
“NPP ‘Makromer’ named after V.S. LebedeV’, Vladimir, with a polyurethane concentration of 40+2%. Results and discussion. The
influence of the aqueous polyurethane dispersions on their distribution pattern on the fibers during impregnation was determined.
Materials with an optimal porous structure were obtained, which governs the heat and mass transfer processes while maintaining
the required physic-mechanical properties. Conclusion. At an impregnation degree of less than 0.1 or a porosity coefficient of 0.8,
fragmentary structures of the IMPRANIL DL 1380 polyurethane form on the fiber surfaces. This results in strong composite materials
whose air permeability is practically the same as that of the original non-woven fabric. The development of such materials is of inter-
est for thermal and sound insulation in building structures. When using Aquapol-11 and Aquapol-21 dispersions for impregnation,
the polyurethane binder almost completely fills the space between the fibers. This leads to a decrease in the overall porosity of the
composite, making it promising for use as a waterproofing material in road construction.
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AHHOTALINA

BsepgeHue. Lienbto paboTbl ABNAETCA MCCIeAOBaHUE BIAHNA CTENEHV NPOMNUTKM HETKaHOTO UIONPO6UBHOIO NONOTHA BOAHBIMU
ANCNEePCUAMM NOSIMYpPEeTaHa PasfIMYHOro cocTaBa Ha GOPMUPOBaHVE MOPUCTON CTPYKTYPbl KOMMO3ULIMOHHbIX MaTeprasioB CTPOU-
TeNbHOTrO Ha3HauveHuA. MaTepuanbl U MeToAbl nccnefoBaHUA. B kauectBe o6beKTa UCCieoBaHUA NCMNONb30BaNN HETKaHoe
UrnonpobuBHOE MOJIOTHO, M3rOTOBJIEHHOE 13 NONMITUNIEHTEpPedTaNaTHbIX BOMOKOH (TY 6-13-0204077-95-91) NnUHEeHOW NNOTHOCTY
0,33 Tekc (anameTtpom 20-25 MKM), NPONMUTaHHbIe BOAHbIMU ANCMEePCUAMY NONNYPETAaHOB Pa3IMYHOro COCTaBa. BONOKHMCTbIN
XOJICT MOJMyYann MexaHN4eCcknm cnocobom GopmrpoBaHUA 1 YNPOYHANW NPU MAIOTHOCTU OCHOBHOTO NpoKasbiBaHua 180 cm—2.
[na NponuTKY NCNoNb30Bany BOAHbIE ANCNEePCHM aHMOHHO CTabUnM3npoBaHHOro nonvypeTtaHa mapku IMPRANIL DL 1380 (KHP)
Ha ocHoBe anndaTUYeCcKoro Aumn3oLmaHaTa C KOHLeHTpaumen nonmmepa 38+5% 1 aHMOHHO CTabUNM3NPOBAHHbBIX NMONMYPEeTaHOB
mapok AkBanon-11 n AkBanon-21 Ha OCHOBe apomaTunyeckunx guumnsounaHatos npounssopctea OO0 «HIIM «Makpomep» nm.
B.C. JlebepeBa», r. Bnagumup, ¢ KoHUueHTpauuen nonnypeTtaHa 40+2%. Pesynbratbl n ux o6cyaeHue. OnpeaeneHo BAnAHVE
BOAHbIX ANCNEPCUI NONIMYPETaHOB Ha XapaKTep 1x pacrnpefeneHnsa Ha BOJIOKHe B npoLliecce NponuTKy. lNonyyeHbl maTepuarbl
C ONTUMaNbHOW NOPUCTOCTON CTPYKTYPOW, ONpeaenaioLLen MpoLecch Tenio- 1 MacconepeHoca Npu oLHOBPEMEHHOM COXPaHeHUN
TpebyembIx NoKa3zaTenei GU3nNKo-MexaHNYeCKnX CBONCTB. 3akaloueHune. MNpyv cteneHn nponutkn meHee 0,1 nnn KospduureHTe
nopuctoctn 0,8 Ha NOBEPXHOCTN BOJIOKOH 06pasytoTcs dpparMeHTapHble CTPYKTYpbl nonnypeTtaHa mapku IMPRANIL DL 1380,
4TO NPUBOANT K MOJTYUEHMIO MPOYHbIX KOMMO3ULMOHHbIX MaTePManoBs, MPOHNLAEMOCTb KOTOPbIX MO BO3AYXY NPaKTUYECKM He
OT/IYAETCA OT NPOHMLLAEMOCTU NCXO[HOMO HETKAHOrO NONoTHa. Pa3paboTKa Takmx MaTepuanoB NpeacTaBiseT nHTepec anA
TeNnou3onALMn 1 3ByKOM30MAL MU B CTPOUTESTbHbIX KOHCTPYKLMAX. [py ncnonb3oBaHum Ana nponutku gncnepcun Aksanon-11
n AkBanon-21 nonnypeTaHoOBOe CBA3YylOLLee MPAKTUYECKN NOJIHOCTbIO 3aMoJHAET NPOCTPAHCTBO MeXAY BOTOKHaMU, 4To npu-
BOAMT K CHVXEHMI0 06LLiell NOprCTOCTA KOMMO3MTa 1 MPeACTaBNAeT MHTepeC K ero 1Crosb30BaHMIo B KauecTse rmapoun3onaymum
npu JOPOXHOM CTPOUTENbCTBE.

KJTIOYEBbBIE CJIOBA: HeTKaHOe Uronpo6rBHOE NOMOTHO, BOAHAsA ANCNepCrs NoanypeTaHoB, NPONMTKa, KOMMO3MLUOHHbIA Ma-
Tepwan, MoprCTas CTPYKTypa, HaHOpa3mMepHasa 06onouKa.

Aana UNTUPOBAHUA:

Hazapos B.I, lenos A.B., bokosa E.C., iBaHOB J1.A. HeTKaHble nrnonpo6usHble NOf0THA C HAHOPA3MePHbIMU yCUBAOLWMMU 060-

JIoUKaMu 13 NoanypeTaHa ana NnpruMeHeHnsa B CTpouTenbCcTBe. HaHomexHono2uu 8 cmpoumesnscmae. 2026;18(1):32—41. https://doi.
org/10.15828/2075-8545-2026-18-1-32-41. - EDN: WBWDXB.

INTRODUCTION levels required for practical application, such as tensile
and compressive strength.

Porous non-woven needle-punched fabrics based on To address this compromise, the technology of im-

synthetic fibers [1, 2] are widely used in civil and in-
dustrial construction as thermal insulation [3—6] and
sound insulation materials [3, 7—10], as well as in road
and hydraulic engineering as geotextiles [11—13]. The
primary requirement for construction-grade fabrics is
the combination of high porosity for effective thermal
and acoustic insulation with the mechanical property

pregnating non-woven fabrics with polymer binders, par-
ticularly aqueous polyurethane dispersions, is employed
[14, 15].

Non-woven needle-punched fabrics are predominantly
manufactured by the mechanical method of forming fi-
brous webs, which results in pronounced anisotropy of
their mechanical characteristics [19, 20]. To mitigate this,
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polymer binders ensuring a high degree of impregnation are
used [21], leading to composite materials with low porosity.

The authors of this study have developed a method
for thermomechanical treatment of non-woven fabrics.
Its use allows for the production of fibrous webs with an
adjustable balance between the porosity coefficient and
mechanical properties [22—24]. The fabrics are processed
in the gap between a heated metal roll with a diameter of
1 meter and a conveyor belt. Compared to processing on
roll calenders [25, 26], this ensures gentler heating of the
fabrics, as well as adjustable and layer-by-layer compac-
tion of fibers across the fabric thickness. Collectively,
this does not lead to a reduction in porosity but improves
mechanical properties, ensures similar mechanical char-
acteristics in the longitudinal and transverse directions
[25, 26], and also influences the subsequent impregnation
process, allowing for a reduction in the concentration and
amount of polymer binder used.

In general, when using polymer dispersions for im-
pregnation, several key technological factors determin-
ing the formation of the porous structure of composite
materials can be identified.

This includes, first and foremost, the amount of poly-
mer in the finished fabric, which reflects the degree of
impregnation; the dependence of the structure formation
character of the polymer binder in the non-woven fabric
on the change in its volume during impregnation; as well
as the nature of its distribution on the fiber and within the
inter-fiber space [16—18].

The degree of fabric impregnation is a technological
characteristic in the production of composite materials
and is calculated by a known method based on the differ-
ence in material mass before and after impregnation. The
method for monitoring changes in fabric volume during
impregnation is described in detail in [18]. More complex
is the analysis of polymer binder distribution within the
structure of the non-woven fabric, as it is based on the
visual assessment of photographs obtained by various mi-
croscopy methods or on determining indirect indicators
characterizing the nature of porosity (air permeability,
vapor permeability, etc.).

Controlling all the aforementioned factors allows for
the production of composite materials with varying char-
acteristics of heat and mass transfer, fluid permeability,
and thermal and acoustic insulation properties.

The aim of this work is to investigate the process of
porous structure formation in composite materials for
construction and road applications depending on the de-
gree of fabric impregnation with aqueous polyurethane
dispersions of different brand compositions.

MATERIALS AND METHODS

The object of the study was a non-woven needle-
punched fabric made from polyethylene terephthalate fi-

bers (Technical Specifications TU 6-13-0204077-95-91)
with a linear density of 0.33 tex (diameter 20—25 um).
The fibrous web was formed by a mechanical method
and strengthened with a primary needle-punching
density of 180 cm~2. The thermomechanical treatment
of the needle-punched fabric with an initial porosity
coefficient of 0.94 was carried out on the aforemen-
tioned device at a temperature of 240 °C and a speed
of 1.5 m/min. The porosity coefficient of the treated
material was 0.88.

For impregnation, aqueous dispersions of anioni-
cally stabilized polyurethane were used: the brand
IMPRANIL DL 1380 (China), based on an aliphatic
diisocyanate, with a polyurethane concentration of
50%2%; and the aqueous polyurethane dispersion brands
Aquapol-11 (AKV-11) and Aquapol-21 (AKV-21), based
on aromatic diisocyanates, produced by LLC “NPP
‘Makromer’ named after V.S. Lebedev”, Vladimir,
with a polyurethane concentration of 40+2%. The main
properties of the AKV-11 and AKV-21 dispersions were
investigated in the study [27].

Samples of the heat-treated fabric measuring
10x10 cm were immersed in a container filled with the
aqueous polyurethane dispersion at room temperature
and rolled with a roller for 3—5 minutes, which was suf-
ficient for the dispersion to completely fill the fabric vol-
ume. The degree of fabric impregnation was controlled by
diluting the initial dispersions with distilled water. After
removal from the container, the samples were placed on
a metal mesh until excess dispersion completely drained
off, and then passed between squeeze rollers with a gap
set to 1/4 of the fabric thickness, equal to 2.5 mm. The
heat treatment of the impregnated fabric was performed
at a temperature of 160 °C until the samples reached con-
stant mass.

The degree of impregnation (C,, relative units), char-
acterizing the polyurethane content in the fabric, was
calculated using the equation:

C, = m m, n

m

where m, and m are the mass of the samples after and
before impregnation, respectively, kg.

The mass of fabric and composite material samples
was determined using electronic scales with a weighing
accuracy of £0.002 g. The thickness was measured ac-
cording to GOST 12023-93 using a thickness gauge ac-
cording to GOST 11358-70 with a scale division value of
0.01 mm. The relative error in mass determination did not
exceed £8%. The length and width of the samples were
determined with a measurement accuracy of 0.5 mm.
The sample thickness, which primarily influenced the ac-
curacy of composite material density determination, was
measured at six uniformly spaced points on the surface
of samples sized 10x 10 cm. The maximum relative error
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in determining thickness and, consequently, the density
of composite materials was +9%.

The porosity coefficient (§, relative units) of the com-
posite materials, obtained by varying the degree of fabric
impregnation, was calculated using the equation:

B mf/pf +Mpy | Ppy
V b

o=1 ()

where m ), — mass of the fabric sample before impregna-
tion with aqueous polyurethane dispersions, kg; o ) — den-
sity of polyethylene terephthalate fiber, kg/m?3, equal to
1370 kg/m?; m,,, — mass of polyurethane in the sample, kg;
0, — density of polyurethane, kg/m?, equal to 920 kg/m?;
V — volume of the composite material samples, m3.

The determination of material air permeability was
carried out in accordance with the requirements of GOST
12.088-77. Sample testing was performed on an FF-12/A
instrument (Great Britain) at a constant air pressure of
49 Pa. To determine the air permeability of the heat-
treated fabric and composite materials, the permeability
coefficient was used, which was calculated from Darcy’s
linear law [28, 29]:

w=K— 3)

where: w is the air filtration velocity, m/s; K is the
permeability coefficient, m?; AP is the air pressure drop,
Pa; d is the thickness of the composite materials, m; 7 is
the air viscosity, Pa-s, equal to 1.8 X107 Pa-s.

The sorption capacity of the treated fabric and com-
posite materials was determined on samples in the form
of discs with an area of 100 cm?. Five samples were si-
multaneously placed in a container with distilled water
and removed after a 2-hour immersion. Each individual
sample was then placed on a grid until the liquid com-
pletely drained off. The sorption capacity (Q, kg/kg) of
the samples, expressed as the ratio of the absorbed water
mass to the mass of the heat-treated fabric or composite
material sample, was determined as the average of five
measurements using the equation:

—m
0="17,
m

where m: is the mass of the sample after immersion
and holding in distilled water for 2 hours, kg.

“4)

RESULTS AND DISCUSSION

To assess the change in fabric volume during impreg-
nation, it has been proposed [16—18] to use a dimension-
less ratio of the coefficients from equations describing the
dependencies of composite material density (o, kg/m?3) on
the degree of impregnation (CM):

kP
p:po l+p—CM 5 (5)
0

where o, is the density of the fabric used for impregna-
tion, kg/m3;k, is an empirical coefficient with dimensions
of kg/m?3.

A constant volume of the treated fabric during im-
pregnation with an aqueous polyurethane dispersion is
characterized by the condition k,/o, = 1, which indicates
a directly proportional relationship between the density of
the composite materials and the change in polyurethane
content determined by the degree of impregnation. A de-
crease in fabric volume during impregnation corresponds
to the condition k,/p, > 1, reflecting a sharp increase in
the density of the composite materials compared to the
density achieved when impregnation preserves the fabric
volume. An increase in fabric volume during impreg-
nation is determined by the condition k,/p, < 1, which
characterizes a lesser increase in the density of the com-
posite materials compared to the density achieved when
impregnation preserves the material volume.

The right-hand side of equation (5) contains two
variables of equal dimension (kg/m?), namely the fabric
density and the empirical dimensional coefficient k,. The
following transformation of equation (5) leads to equation
(6) with one dimensionless ratio of coefficients:

k
ﬁ—:lqr (6)
Py Po

For the original fabric (non-impregnated fabric)
with IM = 0 and, accordingly, with p, = o, the condi-
tion [(0/0,) — 1] = 0 hold. Both the right and left sides
of equation (6) become equal to 0, indicating that the
dependencies of [(o/p,) — 1] on IM originate from the
coordinate origin.

The dependencies of [(o/o,) — 1] on IM for composite
materials obtained by varying the degree of fabric impreg-
nation with aqueous polyurethane dispersions of different
brand compositions are presented in Fig. 1a. Additionally,
the dependencies of 6 on IM are shown in Fig. 1b.

When impregnating the heat-treated fabric with aque-
ous polyurethane dispersions of the brands AKV-11,
AKV-21, and IMPRANIL, the values of the ratio k,,/ﬂo are
1.68, 0.91, and 1.06, respectively. Based on the established
values of the ratio kp/p0 it can be concluded that when
using the AKV-11 polyurethane dispersion, the fabric
volume decreases during impregnation, whereas when
using the AKV-21 and IMPRANIL dispersions, the fabric
volume remains unchanged.

During impregnation, the fabric volume can change
both upon contact of the fabric with the aqueous dis-
persion in the impregnation bath and during the heat
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Fig. 1. Dependence of the ratio of composite material density to fabric density on the degree of impregnation with
aqueous dispersions (a): AKV-11 (1), IMPRANIL (2), and AKV-21 (3); and dependence of the porosity coefficient (b) of
fabric impregnated with aqueous dispersions AKV-11 (1), IMPRANIL (o), and AKV-21 (A) — general dependence 2

treatment of the impregnated fabric. Upon contact of
the fabric with aqueous polymer dispersions, the volume
increases, while during the heat treatment of the impreg-
nated fabric, both a decrease and an increase in volume
are possible.

The wetting of fibers by the aqueous polyurethane
dispersion reduces friction between them, which leads
to the disruption of frictional bonds formed between fi-
bers during the needling process. A characteristic feature
of needling is the reorientation of fibers in a direction
perpendicular to the fabric surface. This reorientation is
accompanied by the interlocking of fibers and a change
in their configuration along the direction of needle move-
ment. As a result of the disengagement of deformed fi-
bers from each other, the fabric thickness increases upon
removal from the impregnation bath, leading to a cor-
responding increase in volume.

The change in volume during the heat treatment of
the impregnated fabric depends on the concentration of
polyurethane in the dispersion used. To obtain composite
materials with a relatively low degree of impregnation,
diluted and low-viscosity dispersions are employed, which
form nano-sized sheaths on the fiber surfaces (Fig. 2).

A consequence of the increased stiffness of fibers coat-
ed with polyurethane particle sheaths is a change in fiber
configuration and their disengagement from each other,
leading to an increase in fabric thickness and a decrease
in density. It is evident that when polyurethane particles
accumulate in the inter-fiber space without forming
sheaths on the fiber surfaces, the fabric volume remains
unchanged during impregnation.

As the concentration of polyurethanes in the aqueous
dispersions increases and the viscosity of the dispersions
rises, polyurethane particles form “bridges” that connect

Fig. 2. Photograph of fiber sections showing the
formation of polyurethane particle-based sheaths on
their surfaces and bridges connecting the fibers

(a - fiber section with a sheath of polyurethane
particles; b — a“bridge” at the point of fiber fusion)

the fibers (Fig. 2). During the heat treatment of the im-
pregnated fabric, water is removed, and the length of the
bridges decreases. If the adhesive bond strength between
the bridges and the fiber surfaces is sufficient, cooperative
fiber movement occurs, leading to a reduction in fabric
volume.
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The preservation of fabric volume during heat treat-
ment is a consequence of insufficient wettability of the
fibers by the aqueous polyurethane dispersions. This re-
sults in relatively low adhesive bond strength between
the “bridges” and the fiber surfaces, causing the bridges
to detach from the fibers, which remain in the position
achieved during the needle-punching process. The oc-
currence of these processes leads to the preservation of
fabric volume during impregnation.

In contrast to the linear relationships between p
and the degree of impregnation (C, ), the relationships
between 6 and C,, exhibit a complex pattern, indicat-
ing a non-uniform change in the porosity coefficient as
the degree of impregnation increases. At 0 < C, < 0.3,
the porosity coefficient decreases from 0.88 to 0.70. At
0.3 < C, <0.7, it further decreases from 0.7 to 0.6, and
with a continued increase in the degree of impregnation,
a significant reduction in the porosity coefficient is ob-
served.

The established relationship between d and C, is gen-
eral for composite materials obtained using aqueous poly-
urethane dispersions of different brand compositions. For
C,,> 0.7, compared to materials produced using AKV-21
and IMPRANIL dispersions, the porosity coefficient of
materials made with the AKV-11 dispersion decreases to
a greater extent with an equal increase in the degree of
impregnation (Fig. 1b).

The decrease in the porosity coefficient at 0 < C,,
< 0.3 is a consequence of the formation of a fabric struc-
ture with non-uniform fiber packing density during the
needle-punching process and the use of diluted disper-
sions. During needle-punching, from the side of needle
action, compaction of the surface layer of the fabric oc-
curs, leading to the formation of bundles with increased
fiber packing density (Fig. 3).

When using diluted dispersions for impregnation, they
are retained in the compacted surface layer of the fabric
(Fig. 3), forming polyurethane particle “bridges” between
the fibers. As a result of bridge shrinkage during heat
treatment, the thickness of the surface layer decreases,
leading to a significant reduction in the porosity coef-
ficient. When using relatively concentrated dispersions,
uniform impregnation throughout the fabric thickness is
achieved. However, the lower fiber packing density in the
bulk compared to the surface layer limits the reduction in
distance between the fibers and determines the decrease in
fabric volume during heat treatment solely due to changes
in the surface layer. Under the condition 0.3 < C, < 0.7,
this is characterized by an almost constant porosity coef-
ficient (Fig. 1b).

The distribution of polyurethane particles on the fi-
ber surfaces and in the inter-fiber space was determined
based on the results of air permeability tests conducted
on composite material samples. The dependencies of the
air permeability coefficient of the composite materials on

Fig. 3. Photograph of a cross-section of a needle-
punched fabric (arrows indicate bundles of reoriented
fibers with increased packing density; the compacted
fabric layer is visible in the upper part of the
micrograph)

the degree of impregnation and the porosity coefficient
are presented in Fig. 4.

For an equal degree of impregnation, the composite
material obtained using the aqueous polyurethane dis-
persion AKV-11 exhibits the lowest permeability coef-
ficient (Fig. 4a, dependence 1). Notably, according to
the aforementioned \(k_\rho/\rho 0\) ratio values, the
use of the AKV-11 dispersion leads to greater shrinkage of
the treated fabric compared to other dispersions (Fig. 1a).
The highest air permeability is observed in composite
materials produced using the IMPRANIL dispersion,
for which the relationship between the permeability co-
efficient and the degree of impregnation is represented
by an almost linear dependence. This corresponds to a
proportional relationship between the permeability coef-
ficient and the change in pore volume.

The dependencies of K on IM for composite materi-
als obtained by impregnating the fabric with AKV-11 and
AKV-21 dispersions indicate that an increase in the degree
of impregnation from 0 to 0.3 results in a relatively sig-
nificant decrease in the permeability coefficient. Further
increases in the degree of impregnation have an almost
negligible effect on changes in the permeability coefficient
for composite materials of varying compositions (Fig. 4a).
These findings suggest that the volume of interconnected
pores available for air transport is substantially reduced at
relatively low impregnation levels (C,, < 0.3). This is asso-
ciated with the concentration of the dispersion in the sur-
face layer of the treated fabric (as described above), and
further increases in the degree of impregnation have little
effect on the volume of pores accessible for air transfer.

In contrast to the dependencies of K on IM, the de-
pendencies of K on d reflect a complex relationship be-
tween the reduction in pore volume and the permeability
of composite materials. The influence of the porosity co-
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Kx10", m?

Fig. 4. Dependencies of the air permeability coefficient of composite materials on the degree of impregnation (a)
and the porosity coefficient (b) when impregnating the treated fabric with polyurethane dispersions AKV-11 (1),

AKV-21 (2), and IMPRANIL (3)

efficient on the permeability coefficient is determined by
the composition of the aqueous polyurethane dispersion.
When using the IMPRANIL dispersion for impreg-
nation, the permeability coefficient sharply decreases at
a porosity coefficient below 0.60 (Fig. 4b, dependence 3).
At the same time, when using the AKV-11 disper-
sion, a relatively small decrease in the porosity coefficient
from 0.88 to 0.80 leads to a substantial reduction in the
permeability coefficient (Fig. 4b, dependence 1). For the
AKV-21 dispersion, the relationship between the perme-
ability coefficient and the porosity coefficient is described
by an almost linear dependence, indicating a directly pro-
portional decrease in the permeability coefficient as the
porosity coefficient decreases (Fig. 4b, dependence 2).
The relatively small reduction in permeability coef-
ficient associated with a decrease in porosity coefficient

from 0.88 to 0.60 for composite materials produced using
the IMPRANIL dispersion suggests that, when using
diluted dispersions, polyurethane particles deposit on
the fiber surfaces.

When using the AKV-11 dispersion, the significant
decrease in permeability coefficient indicates that poly-
urethane particles primarily concentrate in the inter-fiber
space. For the AKV-21 dispersion, both phenomena oc-
cur: particle deposition on fiber surfaces and particle fill-
ing of the inter-fiber space.

The dependencies of the sorption capacity of com-
posite materials on the degree of impregnation and the
porosity coefficient are presented in Fig. 5.

From the dependencies of Q on C,, it follows that the
sorption capacity of composite materials is determined by
the brand composition of the polyurethane dispersions.

G, kg/kg

b

on

=

2 3

9
E""
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Fig. 5. Dependencies of the water sorption capacity of composite materials on the degree of impregnation (a) when
using dispersions AKV-11 (1), AKV-21 (2), and IMPRANIL (3); and on the porosity coefficient (b) when impregnating
the treated fabric with polyurethane dispersions AKV-11 (o), AKV-21 (A), and IMPRANIL (o)
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For an equal degree of impregnation, composite materi-
als produced using the IMPRANIL dispersion exhibit
a higher sorption capacity. For these materials, the re-
lationship between sorption capacity and the degree of
impregnation is described by a linear dependence, indi-
cating a proportional decrease in sorption capacity with
a reduction in the porosity coefficient (Fig. 5a).

When using AKV-11 and AKV-21 dispersions for im-
pregnation, an increase in the degree of impregnation
from 0 to 0.4 leads to a relatively noticeable decrease in the
sorption capacity of the composite materials. At C,,> 0.4,
the sorption capacity shows little dependence on the de-
gree of impregnation. This result indicates a non-uniform
change in pore volume at different degrees of impregna-
tion of the treated fabric (Fig. 5a).

The relationship between Q and d for composite ma-
terials obtained using dispersions of different brands is
described by a common dependence (Fig. 5b). This find-
ing suggests that the sorption capacity is determined by
the pore volume, which is formed by varying the degree
of impregnation and changes in the fabric volume.

CONCLUSION
— When impregnating the treated fabric with the aque-
ous dispersion IMPRANIL, polyurethane particles

deposit on the surface of the fibers at an impregnation
degree below 0.4. When using the AKV-11 dispersion,
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