
Journal of Physics: Conference
Series

     

PAPER • OPEN ACCESS

Mechanism of HF condensive complex plasma
modification of polyurethane membrane coatings
in the air environment
To cite this article: O V Vishnevskaya et al 2019 J. Phys.: Conf. Ser. 1328 012012

 

View the article online for updates and enhancements.

You may also like
Research of the influence of a
hydrocarbon coating on the operational
stability of membrane fabric
O V Vishnevskaya, E F Voznesensky, V V
Vishnevsky et al.

-

ON THE STABILIZATION OF
SOLUTIONS OF WEAKLY COUPLED
COOPERATIVE PARABOLIC SYSTEMS
M P Vishnevski

-

Formation of the hydrophobic coating on
polymeric textile materials in
nonequilibrium low-temperature plasma
O V Vishnevskaya, E F Voznesensky, V V
Vishnevsky et al.

-

This content was downloaded from IP address 18.216.220.21 on 15/05/2024 at 22:02

https://doi.org/10.1088/1742-6596/1328/1/012012
https://iopscience.iop.org/article/10.1088/1742-6596/1588/1/012006
https://iopscience.iop.org/article/10.1088/1742-6596/1588/1/012006
https://iopscience.iop.org/article/10.1088/1742-6596/1588/1/012006
https://iopscience.iop.org/article/10.1070/SM1994v077n01ABEH003435
https://iopscience.iop.org/article/10.1070/SM1994v077n01ABEH003435
https://iopscience.iop.org/article/10.1070/SM1994v077n01ABEH003435
https://iopscience.iop.org/article/10.1088/1742-6596/1058/1/012007
https://iopscience.iop.org/article/10.1088/1742-6596/1058/1/012007
https://iopscience.iop.org/article/10.1088/1742-6596/1058/1/012007
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsuFEqMViT34_0jCN9fgTZV28reF61S1g61-obhFRUPWglPAXUt6IN4HLcGCJ3XDE5EYyJKR4QntUJKFXS0vlltFZtorxGo4_Ws36C9FUGEVTmOo9iY_np-uHxJLDx3UC6o7Gwx6P9oUDrnIIw1oRO8EksF1p567u8cu1hEQHIMOLehYGARwDyDrQZrR6kfp1dAltTk5RrXVEHi5hqTN_GOlYwS1ZrVl3vSCsl6zgIhjab22MhK-UC9l8qfD2creZCXQjMMfSKokJeL-ySSjPRtEmfDxnS1Hm_2QzAME41XmT44ylvL9C08Mf2jGlh_TEbK-oEXM_wA2fm9hxysh1vDimGNePSdF&sig=Cg0ArKJSzINccgdXmn53&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

LTP Coatings 2018

IOP Conf. Series: Journal of Physics: Conf. Series 1328 (2019) 012012

IOP Publishing

doi:10.1088/1742-6596/1328/1/012012

1

Mechanism of HF condensive complex plasma modification of 

polyurethane membrane coatings in the air environment 

O V Vishnevskaya1, E F Voznesensky1, R G Ibragimov1, V V Vishnevsky1,  

Yu V Kharapudko1, V V Vishnevsky1, V A Sysoev1 and N V Tihonova2 

1 Department of Plasma Technology and Nanotechnology of High Molecular Weight 

Materials, Kazan National Research Technological University, Kazan, 420015, Russia 
2 Department of Designing clothes and shoes, Kazan National Research Technological 

University, Kazan, 420015, Russia  

 

olesya-zef@yandex.ru 

Abstract. The mechanism of the high frequency condensive complex plasma modification of 

polyurethane membrane coatings in air is investigated. The study revealed that after plasma 

modification in air, oxidation and hydrolysis of polyurethane membrane coatings occurs, which 

is expressed in an increase in the intensity of absorption bands corresponding to primary OH 

groups in the range of wave numbers 1005–1070 cm-1, 1310 cm-1 and 1420 cm-1, as well as in 

partial destruction of polyurethane chains with the formation of urea groups, which 

corresponds to the vibrations of CO-groups in the range of wave numbers 1590‒1690 cm-1. 

1.  Introduction 

Due to the development and improvement of technologies in the textile and light industry, fabrics with 

a membrane coating have become widespread among consumers. 

In the modern sense, "membrane" is either the thinnest film that is laminated (welded or glued 

using a special technology) to the fabric, or a coating applied in a liquid form to the fabric in the hot 

way [1]. On the inside, the membrane can be protected by another layer of fabric. From the outside, 

the material is waterproof, but if there is a difference in the partial pressure of water vapor under 

clothing and outside, the body evaporates. Thus, the use of new polymer compositions and 

improvement of coating compositions led to the creation of fabrics that have high protective and 

improved hygienic and operational properties, which contributes to the production of high-quality and 

comfortable products for workwear, tourism and outdoor activities. 

Despite the uniqueness and versatility of membrane tissues, there is a number of disadvantages, 

such as low vapor permeability of non-porous membrane coatings, low strength and high cost of 

porous coatings. In this paper, we study membrane tissues with a non-porous membrane coating, due 

to the fact that they are widespread among the largest domestic manufacturers of textiles for special 

clothing. To eliminate the disadvantages associated with reduced hygienic properties, the HF 

condensive complex plasma modification was applied in air, which made it possible to improve these 
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properties [2–5]. In this work, the mechanism of the HF CCP modification of non-porous membrane 

coatings in air is investigated. 

2.  Materials, methods and equipment 

The object of the study was a polyurethane (PU) membrane coating Climate 3 applied to fabric art. 

80304 Climate 150 RS (100% polyether) with oil-water-repellent impregnation produced by Ltd. 

«TK Tchaikovsky Textil», Tchaikovsky city. 

The modification was carried out in an experimental-industrial high frequency condensive plasma 

unit [6]. The modes of plasma modification were regulated by varying the parameters: plasma-forming 

gas consumption (G) 35 g/s, power (Wp) 1–1,5 kW, working pressure in the discharge chamber (P) 

21–27 Pa; generator frequency (f) 13,56 MHz, processing time (τ) 5–20 min. Air was used as a plasma 

gas. 

Changes in the chemical composition of PU coatings after plasma modification in air were studied 

by IR Fourier spectroscopy on an FSM-II 1202 spectrometer with the addition of multiple impaired 

total internal reflection (multiple violation of total internal reflection): in the range of wave numbers 

650-4000 cm-1.   

3.  Results  

IR spectra of the control and modified samples of PU membrane coatings Climate 3 are presented in 

Fig. 1. 

 

 
original sample            modified sample 

Figure 1. IR spectra of the control and modified PU coating Climate 3 (HF-plasma modification mode: Wp = 

1.5 kW, P = 22 Pa, τ = 15 min, G = 35 g/s, plasma-forming gas - air) 

 

The spectra of PU membrane coatings of the control and modified samples (Figure 1) demonstrate 

characteristic absorption bands for PU compounds [7‒11]: 

- absorption bands corresponding to the vibrations of the primary OH groups in the range of 1005–

1070 cm-1  (in this case they appear due to the plasma treatment destruction); 

- absorption band corresponding to asymmetric stretching vibrations of ether groups in PU in the 

range of 1210 cm-1; 

- absorption bands corresponding to planar deformation vibrations of OH groups superimposed on 

fan vibrations of CH groups in the range of 1310 cm-1 and 1420 cm-1; 

- absorption bands corresponding to the deformation vibrations of the N–H– urethane groups, 

manifesting themselves in the range of 1524–1526 cm-1; 

-  absorption band characteristic of the C=O groups in carbamide groups in the range of 1590-

1690 cm-1; 

- absorption bands corresponding to the C=O stretching vibrations of urethane groups, manifesting 

themselves in the range of 1700–1740 cm-1; 
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- absorption bands corresponding to C–H stretching vibrations in methylene groups in the range of 

2858–2924 cm-1; 

- absorption bands corresponding to –NH- vibrations in amides in the range of 3300–3350 cm-1. 

Based on the results obtained by IR spectroscopy, it can be assumed that the mechanism of the HF 

CCP modification of PU membrane coatings in air lays in the following: 

- destruction of intermolecular hydrogen bonds of the surface layer of the membrane with the 

release of hydrogen-containing functional groups, such as NH or NH2 groups with the subsequent 

formation of amine salts [12], which is reflected in an increase in the intensity of the absorption bands 

in the range of 2858–2924 cm-1, as well as partial destruction of intramolecular bonds with the release 

of urethane groups, which corresponds to an increase in the intensity of the absorption bands in the 

range of 1524–1526 cm-1; 

- oxidation, which is reflected in the an increase in the intensity of absorption bands corresponding 

to the primary OH groups in the range of wave numbers 1005–1070 cm-1, 1310 cm-1 and 1420 cm-1 and 

which are accompanied by the following processes: 

 
-  the formation of free active radicals 

 
- hydrolysis of a thin surface layer of the membrane, consisting in partial destruction of PU chains 

with the formation of carbamide groups, which corresponds to vibrations of CO-groups in the range of 

wave numbers 1590‒1690 cm-1. Presumably, the following processes occur: 

                               

4.  Conclusions  

Thus, it has been established that the HF condensive complex plasma modification in air leads to 

partial oxidation and hydrolysis of PU membrane coatings, which is expressed in an increase in the 

intensity of absorption bands corresponding to primary OH groups, in partial destruction of PU chains 

with the formation of carbamide groups, destruction of intermolecular hydrogen bonds of the surface 

layer of the membrane with the release of hydrogen-containing functional groups, such as NH or NH2 

groups, followed by the formation of amine salts and partial destruction of intramolecular bonds with 

the release of urethane groups. 
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