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Ilpeocmaenenst pesyromamol uccie008anus PUIUKO-XUMUUECKUX CEOICIE CHIUPOJI-aK-
PUIOBBIX U YPEMAHOBBIX NOTUMEPHBIX NICHOK, 4 MAKMCe NOAUMEPHBIX KOMRO3UYUIL HA UX OCHOBE C
O0obasneHuem cuiusarOuiux azenmoas. /Insa ghopmupoeanus nieHokK o0uliu UCnOIb308aHbl 600HbBIE OUC-
nepcuu cmupoJi-akpuiogsix nonumepos Jlaxpumexc 309, Jlakpumexc 430, Jlakpumexc 640 u noau-
ypemana Axeanon 14. B kauecmee cuiugaowjux azenmos nPUMeHAIUC, MPUSTTUYHOUTO08bLE IPUpPb
noauokcunponuienmpuona u mpumemuioanponana —Jlanpoxcuo 703 u Jlanpoxcuo TMII. Ycmoii-
YUEOCHb NOJIUMEPHBIX HIIEHOK K 2UOPOIUMUYECKOU 0eCIPYKYUU Oblna oyenena nocie oopasomku
npu memnepamype 20, 40 u 100 °C, k mviavHo-codoeomy pacmeopy — npu 40 °C. Yemanoeneno, umo
Hauboee CMOTIKUMU K 2UOPOTU3Y U MBLILHO-CO0060U 00padomKe AGAAIOMCA NAEHKU U3 CIUPOIl-
axkpunoeozo nonumepa Jlakpumexc 309 u komnoszuyuii Jlakpumerc 640 / Jlanpoxcuo 703, Axeanon 14 /
Jlanpoxcuo TMII, Axeanon 14 / Jlanpoxcuo 703. Taxice 013 ucciedyemvlx nOAUMEPHBIX NIEHOK
OvLIu onpeodenenvl Paspvl6HAA HAZPY3KA NPU PACHMANCEHUU, OMHOCUMENbHOE YOIUHEHIUE NPU Pa3-
pulee, meepoocme u AunKocms noeepxnocmu. Haiioeno, umo nauéonvuieit RPOUHOCmMbI0 U yoiuHe-
HUueM, HemeepOoll U HETUNKOW NOGEPXHOCMbIO XAPAKMEPUIYIOMCA NOAUMEPHbIE NIEHKU HA OCHOGE
Jaxkpumexc 309 u komnozuyuii Jlakpumerxc 640 / Jlanpokcuo 703, Axeanon 14 / Jlanpokcuo 703.
Beeoenue Jlanpoxcuo TMII ¢ noauypeman Axeanon 14 odecneuusaem cozoanue meepooit u neina-
CMuUYHON naeHku. /Ina OUeHKU 6AUAHUA NOJIUMEPHBIX NOKPOIMULL HA JCECKOCHb MEKCMUIbHOZ0
Mamepuana 6vl1a UCNOAb308AHA XTIONYUAMOOYMAINCHAS MKAHD CAPIHCEE020 NEPEniemenus, KOmopas
UCROIb3Yemca Os cneyooedcovl. Ilonumepol u ux KOMRO3UYUY HAHOCUIUCH HA MKAHb U3 PACMEOPA
konyeumpauueii 150 2/n ¢ nocnedyrowieit cywikoi u mepmogpuxcayuei. /Ina annpemupoeanHoil
XJ1ONYAMOOYMAIHCHOU MKARU ObLIU ONpPedeieHbl NOKA3AMENU HCECMKOCU U PA3PbleHON HAZPY3KUL.
Kecmkocmey annpemuposannoii Xa0n4amoOymMarcHoil MKAHU ORPedeleHa MemoooM KOHCOJIU.
Yemanoeneno, umo npumenenue nonuypemana Axeanon 14 u komnosuyuu nHa e2o 0cHose, a maxice
cmupon-axkpuiosvix oucnepcuit Jlakpumexc 309 u Jlakpumexc 430 npugedem K noyueHuro uzoenuii
¢ acecmkum zpugpom. Komnoszuyusa na ocnoee Jlakpumerxc 640 ¢ oobasnenuem ¢ kauecmee cuiuea-
mena Jlanpokcuo 703 obecneuugaem nonyuenue INACMUYHO20 U NPOUHO20 MEKCIMUILHO20 MAMEPUANa.

KuroueBsble ciioBa: CTUPOI-aKpUIIOBask JUCIIEPCHS], YPETAHOBAS AUCIEPCHUs, ITOJIMMEPHAs IIJIEHKA, TU-
ponus, }KEeCTKOCTh
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The results of the study of the physicochemical properties of styrene-acrylic and urethane
polymer films, as well as polymer compositions based on the studied polymers with the addition of
crosslinking agents are presented. Aqueous dispersions of styrene-acrylic polymers Lacritex 309,
Lacritex 430, Lacritex 640 and polyurethane polymer Aguapol 14 were used for the formation of
films. Triglycidyl esthers of polyoxypropylene triol and trimethylolpropane — Laproxid 703 and
Laproxid TMP — were used as crosslinking agents. The stability of polymer films to hydrolytic
destruction was evaluated after treatment at 20, 40 and 100 °C, and to the soap-soda treatment —
at 40 °C. It was found that the most resistant to hydrolysis and soap-soda treatment are films from styrene-
acrylic polymer Lacritex 309 and compositions Lacritex 640/ Laproxid 703, Aquapol 14/ Laproxid TMP,
Aquapol 14 / Laproxid 703. The tensile load, elongation at break, stiffness and surface tackiness
were also determined for the studied polymer films. It was found that polymer films based on Lac-
ritex 309 and compositions Lacritex 640 / Laproxid 703, Aquapol 14 / Laproxid 703 are character-
ized by the greatest strength and elongation, non-rigid and non-tacky surface. Adding Laproxid
TMP to polyurethane Aquapol 14 provides creation of a solid and inelastic film. To assess the effect
of polymer coatings on the textile material rigidity, a cotton fabric with twill weave was used, which
is used for special work clothes. Polymers and their compositions were applied to the fabric from a
solution with a concentration of 150 g/l, followed by drying and heat setting. For dressed cotton
fabric, rigidity and breaking load were determined. The rigidity of the treated cotton fabric was
determined by the method of console. It has been established that the use of polyurethane Aquapol
14 and compositions based on it, as well as styrene-acrylic dispersions Lacritex 309 and Lacritex
430 will result in hard handle of textile materials. The composition based on Lacritex 640 with the
addition of Laproxid 703 as a crosslinker provides an elastic and strong textile material.
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INTRODUCTION

The production of fabrics that have special
properties is a priority development direction of world
leaders in the textile industry. The use of polymer coat-
ings is a versatile way to give textiles a sustainable
functional finish. The creations of coatings on textile
materials gives to fabric the additional properties and
protect it from the effects of water, oil, fire, bacteria
and microorganisms, dirt [1-6]. Coatings are also
known that give a textile material a complex of prop-
erties [2, 7, 8]. It is expected that in future the textile
coatings market will grow steadily [9]. Despite the de-
velopment of polymer chemistry and the creation of
new monomers, styrene-acrylic and urethane polymers
are widely used for the final finishing of cotton textile
materials for clothing due to high adhesive and cohe-
sive strength and optical properties [10-13]. Polymer
coatings should not deteriorate the hygienic and
strength properties of a textile material, as well as be

stable throughout the life of the products. Therefore,
polymers and polymer compositions, which are used to
create coatings on textile materials, must meet a num-
ber of requirements to the physicochemical properties.
These properties primarily include the tensile strength,
resistance to hydrolysis and soap-soda treatment, as
well as elongation, stiffness, and tackiness, which are
depend on the parameters of the spatial network of the
polymer [14, 15]. Specified parameters for polymers
and polymer compositions should be examined on free
films, and then the properties of textile material after
the application of polymer coating should be determined.
Studies have found that the polyurethane dis-
persion Aquapol 14 is capable of forming films with
high physical and chemical properties only in compo-
sition with crosslinking agents of the trade mark
Laproxid TMP and Laproxid 703. The obtained sam-
ples are characterized by a high degree of structuring
and strength and can be used as polymer matrices for
immobilization of additives with various purposes on
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the surface of textile material [16]. In [17], it was found
that styrene-acrylic individual polymers Lacritex 309
and Lacritex 430 are capable of forming strong three-
dimensional spatial structures of films. This fact allows
to use of specified polymers without crosslinking
agents. It was found that the use of styrene-acrylic dis-
persion Lacritex 640, which has a low index of struc-
turing, requires the additional introduction of a cross-
linker. It was established that the triglycidyl esther of
polyoxypropylene triol of the trade mark Laprox-
ide 703 has the most effective crosslinking effect.

Thus, compositions of styrene-acrylic poly-
mers and polyurethanes with crosslinkers were devel-
oped with the aim of forming polymer coatings on tex-
tile materials [16-18]. The use of polymer binders will
allow immobilization of many functional additives that
cannot be added and fixed on the surface of textile ma-
terials by other methods, as well as increase the re-
sistance of the obtained finish to wet treatments and
dry cleaning [19, 20].

The long term effective use of products is the
most important task when creating polymer coatings
on textile materials. Hydrolysis is one of the most com-
mon types of chemical degradation of polymers for
textile products. Furthermore, protective polymer films
must be non-toxic, have elasticity, mechanical strength
and transparency. Also a necessary requirement for the
polymer composition is high adhesion to the fiber with
a reduced tackiness of the polymer coating, which con-
tributes to low dirt retention.

The creation of polymer coatings is a universal
way of obtaining special types of final finishes on tex-
tile materials that are stable under the product operat-
ing conditions. The use of polymers allows applying to
the textile material substances that cannot be fixed on
it in another way. In this case, the polymer plays the
role of a matrix in which any functional substances can
be placed, such as flame retardants, light stabilizers,
antimicrobial agents, etc.

The main task in the development of polymer
compositions for special finishing of textile materials
is the search for a film-forming polymer. The choice of
polymer matrix should be based on the chemical and
physical and mechanical properties of both the polymer
film and the textile material with a polymer coating.

Thus, the goal of the work was to conduct a
comparative study of the stability of styrene-acrylic
and urethane polymer films to hydrolysis and soap-
soda treatment, tensile strength, relative elongation at
break, stiffness and tackiness with a view to using pol-
ymers under study as coatings for textile materials, and
also to determine the influence of the films obtained on
the rigidity and breaking load of textile material.
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EXPERIMENTAL TECHNIQUE

The studied polymer films were formed from
compositions of polymer dispersions with crosslinking
agents in the amount of 6%.

The following water dispersions of polymers
produced by Polymer-Lak LLC were used:

— Lacritex 309 — thermally crosslinkable co-
polymer of butyl acrylate and styrene (dry residue is
50%, pH = 4-7, particle size ~ 0.2 pm, viscosity at 25 °C is
100-1000 mPa-s);

— Lacritex 430 — copolymer of acrylic acid es-
ter and styrene (dry residue is 50%, pH = 7.5-8.5, particle
size ~ 0.1 um, viscosity at 25 °C is 5000-15000 mPa-s);

— Lacritex 640 — acrylic copolymer, modified
by the addition of an adhesion promoter (dry residue is
55-57%, pH = 2-3, particle size ~ 0.2 um, viscosity at
25 °C is not less than 5000 mPa-s);

— Aquapol 14 — aliphatic polyurethane (dry
residue is 35%, pH = 7.36, particle size = 0.1 um, vis-
cosity at 25 °C is 20.1 mPa.s).

Laproxid 703 and Laproxid TMP (Scientific-
Production Enterprise Macromer LLC), which are tri-
glycidyl esthers of polyoxypropylene triol and trime-
thylolpropane, were used as crosslinking agents.

Polymer films were formed on glass sub-
strates, followed by drying at 80 °C for 60 min and heat
treatment at 150 °C for 3 min. The thickness of the
studied composite polymer films was 0.05 mm. The
films had no visible defects.

The test of film resistance to hydrolytic degra-
dation was carried out at a temperature of 20, 40 and
100 °C for 60 min, and to soap-soda treatment at 40 °C
for 60 min. The stability of polymer films to hydrolysis
(Sn) and soap-soda treatment (Ssst) was determined by
the gravimetric method.

The determination of the tensile load of the
films and relative elongation at break, as well as the
breaking load of cotton fabric was carried out using a
RT-250M machine.

The surface stiffness of polymer film was
measured by determining the time to reduce the ampli-
tude of oscillations of the pendulum according to Konig.

Determination of the tackiness of polymer
films was carried out according to the FINAT method
(Test Method Number 9), which consists of lowering
the loop from the polymer onto a rigid plate of known
area and measuring the force required to detach the
loop from the substrate. The measurement was per-
formed on an LT-1000 Loop Tack Tester (Cheminstru-
ments, USA).

Cotton fabric diagonal art. 0-166 twill weave
with a surface density of 230 g/cm? produced by
Tekstil-Kontakt LLC was used in the work, which is
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used for special work clothes. The polymers and poly-
mer compositions were applied to the fabric from a so-
lution with a concentration of 150 g/l by impregnation
with double immersion and pressing to a residual mois-
ture content of 80%. Then the treated textile material
was dried at a temperature of 100 °C and was subjected
to a heat setting at 150 °C for 3 min.

Determination of the bending rigidity of
treated cotton fabric was performed on a PT-2 device
using the console method. Rigidity of the samples was
measured separately for warp and weft directions. The
rigidity coefficient was determined as the ratio of warp
and weft rigidity values.

RESULTS AND DISCUSSION

The tendency of polymer films to hydrolysis is
determined by the nature of the functional groups and
bonds that included in the polymer. During the hydrol-
ysis of the side functional groups, the chemical com-
position of the polymer changes. Hydrolysis of the
bonds that make up the main molecular chain leads to
a decrease in the molecular weight of the polymer. The
results of determining the stability of the studied poly-
mer films to agueous treatments at different tempera-
tures presents in Fig. 1.
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Fig. 1. Hydrolytic stability of styrene-acrylic and urethane poly-
mer films at 20, 40 and 60 °C: 1 — Lacritex 430; 2 — Lacritex 309;
3 — Lacritex 640; 4 — Lacritex 640 / Laproxid 703; 5 — Aquapol 14;

6 — Aquapol 14 / Laproxid TMP; 7 — Aquapol 14 / Laproxid 703

Puc. 1. I'mpponutiyaeckast CTabMIEHOCTh CTHPOJI-aKPHIIOBBIX 1

YpeTaHOBBIX MonmmuMepHbIX mieHok npu 20, 40 u 60 °C: 1 — Jla-
kputekc 430; 2 — Jlakpurexc 309; 3 — Jlakputekc 640; 4 — Jlakpu-

tekc 640/JIanpokcun 703; 5 — AkBamon 14; 6 — AxBaroun
14/JTanpoxeun TMIT; 7 — AxBamnon 14/Jlanpoxcun 703

According to the data obtained, which charac-
terize the process of dissolution of polymer films, it can
be seen that the studied samples are subjected to vary-
ing degrees of hydrolytic destruction. The highest hy-
drolytic stability has a styrene-acrylic film Lacritex
309, which is not destroyed under the influence of wa-
ter. The films of the individual polymer Lacritex 430
and compositions Lacritex 640/Laproxid 703, Aquapol

14/Laproxid TMP and Aquapol 14 Laproxid 703 are
not destroyed at a temperatures of 20 and 40 °C, how-
ever, they lose some weight at a temperature of 100 °C.
Individual films Lacritex 640 and Aquapol 14 have a
relatively low indexes of hydrolytic stability, which
decrease with increasing temperature.

A wide range of materials with a polymer fin-
ish or treated with a polymer composition cannot be
washed, since this process can cause changes in the
physicochemical and mechanical properties of poly-
mers, primarily adhesive ones., The influence of stand-
ard detergents and mechanical action are added to the
hydrolysis at elevated temperature during washing,
which contributes to the destruction of polymers. Thus,
it is important to study the stability of polymer films
intended for the formation of coatings on textile mate-
rials to soap-soda treatment. The results of the study
are shown in Fig. 2.
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Fig. 2. Stability of styrene-acrylic and urethane polymer films to
soap-soda treatment: 1 — Lacritex 430; 2 — Lacritex 309; 3 — Lacri-
tex 640; 4 — Lacritex 640 / Laproxid 703; 5— Aquapol 14; 6 — Aqua-
pol 14 / Laproxid TMP; 7 — Aquapol 14 / Laproxid 703
Puc. 2. YcTOWIHBOCTS CTHPOJI-aKPIIIOBEIX U YPETAHOBBIX TOJIH-
MEPHBIX TUIEHOK K MBUTLHO-CO/IOBBIM 00paboTkam: 1 — Jlakpureke
430; 2 — Jlakpurekc 309; 3 — Jlakputekc 640; 4 — Jlakpurexc
640/JTarmpokcun 703; 5 — AxBamnon 14; 6 — Akamon 14/Jlanpoxk-
cun TMIT; 7 — AxBanon 14/Jlanpokcua 703
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According to the obtained results, individual
films from Lacritex 430 and Lacritex 309 are not sub-
ject to destruction under the action of soap-soda treat-
ment. The individual film Lacritex 640 is most de-
stroyed, its stability under the action of soap-soda treat-
ment is 55%. The addition of crosslinking agent
Laproxid 703 increases this index to 98%. The individ-
ual polyurethane film Aquapol 14 has a high resistance
to the action of soap-soda solution of 95%. Introduc-
tion of Laproxid TMP and Laproxid 703 crosslinkers
results in 100% stability of the films obtained.

The results of the study of physical mechanical
properties of styrene-acrylic and polyurethane films
are given in Table 1.
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Table 1
Effect of crosslinking agents on the physical mechanical
properties of polymers
Taommya 1. Bimsinue clIMBaroIMX areHToB Ha (PM3NKO-
MeXaHHYeCKHe CBOMCTBa CTHUPOJ-aKPUWJIOBLIX IIOJIUMEPOB

Table 2
Effect of polymer coating on the physical and mechani-
cal properties of cotton fabric
Tabnuya 2. Biusinue noJiMMepHOro NOKPLITHS HA (u-
3MKO-MeXaHNYeCKHe CBOICTBA XJI0MYaTO0yMAaKHOM

Composition 6y, MPa| &, % | Ko,s |S, kPa TKAHU
Lacritex 430 8 470 9 - o Ei, uN-cm? Breaking
Lacritex 309 14 | 120 | 32 - Composition oo T weft | & | load, H
Lacritex 640 6 800 — 20 No treatment 6133 | 3015 | 2.03 569
Lacritex 640/Laproxid 8 640 5 3 Lacritex 430 12997 | 3319 | 3.92 951
703 Lacritex 309 10514 | 3157 | 3.33 883
Aquapol 14 11 340 55 — Lacritex 640 6691 3132 | 2.14 680
Aquapol 14/Laproxid Lacritex
TMP 12 200 80 - 640/Laproxid 703 7154 3273 | 2.19 722
Aquapol 14/Laproxid Aquapol 14 19417 | 4822 | 4.03 1012
703 12 180 o - Aquapol
Notes: 6b, MPa — conditional tensile strength; e, % —elonga- | 14/Laproxid TMP 19854 | 5212 | 3.81 1165
tion at break; K6, s — Konig stiffness; S, kPa — tackiness Aquapol
IIpumedanne: On, MIIa - ycnoBHass IPOYHOCT MPU PACTSIKeE- 14/Laproxid 703 20072 5414 | 371 1145
HHU; &b, % - yIuIHHEHne 1pH paspeise; KO, s - )KeCTKOCTh 1Mo

Kenury; S, kIla - nunkoctsb

As shown in the Table 1, the individual sty-
rene-acrylic films Lacritex 430 and Lacritex 309 have
a high tensile strength of 8 and 14 MPa. The tackiness
of both types of polymer films is absent, however, the
index of stiffness and elongation at break are signifi-
cantly different. For the Lacritex 430 film, the Konig
stiffness is 9 s with an elongation at break of 470%,
and for Lacritex 309 the stiffness is 32 s with an elon-
gation at break of 120%. Also, the results obtained in-
dicate a different effect of crosslinking agents on the
change in the properties of Lacritex 640 based films.
An individual styrene-acrylic polymer film has a tack-
iness of 20 kPa, its strength and elongation at break
corresponds to 6 MPa and 800%, respectively. The use
of Laproxid 703 eliminates the tackiness of the ob-
tained composite, the stiffness of the sample is equal to
5 s. In addition, there is a decrease in elongation at
break from 800 to 640% with constant tensile strength.
The data in Table 1 shows the results of the study of
films obtained on the basis of polyurethane dispersions
Agquapol 14. The adding of Laproxid 703 and Laproxid
TMP crosslinking agents increase the strength of com-
posite films from 11 to 12 MPa and their stiffness to
80-91 s. At the same time, a decrease in elongation at
break by 1.7-1.9 times compared with an individual
film is also observed. It should be noted that Aquapol
14 based polymer films are not tacky.

The effect of polymer coatings on the physical
and mechanical properties of cotton fabric after treat-
ment with styrene-acrylic and urethane polymer solu-
tions and polymer compositions with cross linkers was
studied at the next stage of the work (Table 2).

92

Notes: Ei, uN-cm? — bending rigidity; Kei — rigidity coefficient
IMpumedanue: Ei, MmxH * cM? - xectkocTs iy m3rube; Kei - ko-
3¢ GUIKEHT KEeCTKOCTH

The results found show that the studied poly-
mer compositions increase the rigidity and strength of
cotton textile material after treatment. In the process of
finishing the fabric, fine-particle polymers penetrate
deep into the inter fiber space and form spatially cross-
linked structures after drying and heat treatment. Poly-
mer structures impart elastic properties to the obtained
polymer-fiber composite, as evidenced by the increas-
ing rigidity of the textile material. Impregnation with
polymers increases the tensile strength of textile mate-
rial. Moreover, the obtained indices of the breaking load of
the cotton fabric correlate with the indices of rigidity.

Among individual styrene-acrylic polymers,
Lacritex 430 and Lacritex 309 impart the greatest ri-
gidity and strength to the fabric, and Lacritex 640 af-
fects the studied physical and mechanical properties
least. Addition of Laproxid 703 crosslinker to Lacritex
640 polymer increases the rigidity and tensile strength
of the textile material, however, the relevant indicators
remains lower than in case of use Lacritex 430 and
Lacritex 309. Coatings based on a polyurethane disper-
sion Aquapol 14 are characterized by high rigidity and
breaking load of the treated cotton fabric. Addition of
Laproxid TMP and Laproxid 703 crosslinkers to the
finishing composition increases the rigidity of fabric
due to the formation of structures with a high degree of
crosslinking.

Based on the foregoing, we can conclude that
polyurethane Aquapol 14 and compositions based on
it, as well as styrene-acrylic dispersions Lacritex 309
and Lacritex 430 are not advisable to use for finishing
textile materials. The use of these polymers will result
in products with a hard handle. The formation of the
elastic three-dimensional spatial structure of the poly-
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mer film is provided by a composition based on sty-
rene-acrylic polymer Lacritex 640 with the addition of
the glycidyl esther of the trade mark Laproxid 703 as a
crosslinker.

CONCLUSIONS

A comparative analysis of the physicochemi-
cal characteristics of polymer films based on styrene-
acrylic and urethane polymers was carried out, and the
effect of coatings based on the studied polymers on the
cotton fabric rigidity was determined.

The films based on the compositions Lacritex
640/Laproxid 703 and Aquapol 14/Laproxid TMP are
characterized by the best indicators according to the re-
sults of resistance to hydrolysis and soap-soda treat-
ment, strength, elongation, stiffness and tackiness.
However, when studying the effect of the specified
polymers and polymer compositions on the rigidity and
breaking load of cotton fabric, it was established that
the use of the composition Aquapol 14/Laproxid TMP
leads to a deterioration of the elastic properties of tex-
tile material.

Thus, the composition based on styrene-
acrylic polymer Lacritex 640 and crosslinker Laproxid
703 can be recommended in order to form polymer ma-
trices for immobilization of functional additives on the
surface of a cotton textile material intended for cloth-
ing. Styrene acrylic polymer Lacritex 309 and compo-
sition based on polyurethane Aquapol 14 and cross-
linker Laproxid TMP can be used to create coatings on
textile materials for which rigidity is not the main property.
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