MODELING AND RESEARCH OF POLYMER COATINGS ON CLOTHING MATERIALS
Serhiy Horyashchenko, Georgiy Paraska, Susanna Petegerych
Khmelnitsky National University, Ukraine
1. Introduction
In recent years, demand for products from synthetic leather (SL) is stably sustained. This expands the range synthetic clothes and garments from it. Use of SL reduces the deficit of natural raw materials, especially leather and provides the relatively cheap materials usually with unique and specific properties. In time of economic crisis the use of SL will produce high quality, competitive products in a relatively small price, which at present is very important.

One of the main directions of improving the processes of making clothes from SL providing quality products, lower material consumption is the use of more efficient ways of forming and adhesive fixing for details of garments. Analytical researches [1,2,3] show the increase of the stiffness of parts of garments from SL and the possibility of the direct method of stabilization of SL surfaces by polymer compositions, in particular polymer composition based on waste of polyethylene terephthalate (PET).
2. The approach
One of the major problems of quality stabilizing of surfaces of polymer composition is the choice of the method of coating the polymer compositions to the SL surface. The solving of this problem considers the applying of the method of dispersion of polymer compositions on the SL surface, but for its implementation we should solve some of structural and technological problems, including the temperature of polymer composites in liquid state. For polymeric compositions based on PET waste the temperature in liquid state begins at the 1500C.

Unique technologies for the coating and duplicating of the surface of leather and textile materials by the polymeric films have been developed on the basis of experimental device. The proposed technology involves the application of simple polymers, adhesives, molten glues, compositions with nanoparticles which can be distributed as drops or continuous films according to the required characterictics of the surface of material. 

2.1 Simulation and theory 
First of all, we made the model of device is SolidWorks (Fig.1) and carried out the visual experiments in FloWorks (Fig.2). 
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           Fig.1 - The virtual model                     Fig.2 - Research of the moving of hot air 
The application of polymers for the quality coating depends on: 
- The pressure force at coating polymer;

- The surface and physical properties of the material;

- The physical and chemical properties of the polymer;

- The time of application;

- The area of contact materials;

- The temperature of the heating of the polymer;

- The quantity of polymer.

Research has shown that the formation of the polymer layer is accompanied by the occurrence of such phenomena: the wetting of the surface of the upper parts of the details of clothing; capillary penetration of substances into the structure of porous material (Fig.3) and adhesion (Fig.4). 
We found the force of adhesion as formula (1):
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(1)
where 
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- volume and elastic modulus of polymer; 
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 - factor of capillary liquid; 
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- surface tension; 
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 - wetting angle on the solid surface; 
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- radius and depth of capillaries;
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 - porosity; 
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- area of the flat of contact surface of material with polymer.
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	Fig.3 - Graphs of depth of polimer penetration

in materials in dependence on the strength of pressure and area.
	Fig.4 - Graphs of the force of adhesion in dependence on the strength of pressure and area.

	1 – cotton fabric; 2 – synthetic leather SK-2; 3 –natural beef product


2.2 The device for polymer coating 
The device (Fig.5) consists of module of heating air and air supply 1, compressor 2, cutting module 3, module of preparation of polymer 4. This device, unlike analogues involves the application of composite materials on the surface of artificial leather, both outdoors and in cells. The design of the device allows the changing of technological parameters in wide borders with the possibility of introducing of nanoparticles into composite materials.

Module of heating air and air supply provides air heated up to temperatures of 1000C, followed by serving in the ejector chamber - cutting module, which comes already heated composite material, while heating temperature composite material can range from 50 to 2500С. Working pressure spraying composite material can be regulated from 0.2 to 1 MPa.
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a)                                                           b)
Fig.5 - Device for coating the polymer compositions to the SL surface: 
general view (a) and cutting module (b)
The criterion of the effectiveness of the proposed units for polymer compositions selected the process and importance of adhesive interaction between polymer composition and SL surface.

In the first stage research has considered the adhesive interactions between polymer composition and SL surface on the basis of optimization of parameters of device for the application of polymer compositions for coating of SL surface. Criterion of optimization is adhesion strength of interaction between polymer composition and SL surface.

The series of researches was carried out for selection of the main factors affecting the efficiency of polymer composition and SL surface (Fig.6). 
Analysis of the behavior of glue-melt after heating has shown that the adhesive reaches a liquid state and normally sprayed in the ejector chamber at a temperature of 150-1700C, the boiling starts at the higher temperature and the process of burning was observed. When the air temperature comes under pressure in the ejector chamber below 1000C the process of fluidity of glue-melt was observed for collision with a jet of air (Fig.7). This process is not observed at the air temperature above 1300C. The process of ejector of sputtering device starts at air pressure of 0.2 MPa. Distance from ejecting to the surface details of SL was chosen from a position of uniformity of application of glue-melt and the minimum angle of the jet to the SL surface [2].
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Fig.6 - Polymer coatings on clothing materials
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a)                                                            b)
Fig.7 - Surface of the synthetic leather “SK-2” before (a) and after (b) coating by polymer
3. Results and discussion
The obtained result allows designing the new equipment for polymers coating to clothing materials.

Analysis of factors that can affect the adhesion strength of interaction between polymer composition and SL surface using the proposed device has shown the most significant factors: temperature of adhesive and pressure of air entering in the ejector chamber. 

To evaluate the adhesion strength of interaction between polymer composition and SL surface the tested method (a method of separation) was used.

Record of the results carried out on the machinery discontinuous 2167 R-50 which is designed to test the plastic and textile materials in tension, compression, bending hysteresis by moving the active capture and cycles tired of loading. Signals from the sensors via amplifiers and analog-digital converter get USB-port on the computer (Fig.8), where the measurements (Fig.9) were processed by LabView [4].
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Fig.8- Program signal processing, coming from the strain gauges
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Fig.9 - Receiving of the measurements in the LabView


For qualitative assessment of adhesion at the adhesive-coated melt on the surface of artificial leather metallographic microscope MIM-10 was used for visual observation and photographing of the microstructure of metals and other materials, including textiles (Fig.10).

The transverse incisions in artificial leather coated by surface-melt adhesive by spraying were photographed. 
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Fig.10 - Metallographic microscope MIM -10 
The photos present the most characteristic features of adhesion processes of coat of glue-melt on the surface of artificial leather (Fig.11).
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Fig.11 - Photos sections of samples of components of artificial skin after direct stabilization of polymer compositions
As a result, regression equation of second order was obtained and described the dependence of adhesion strength of interaction (bonding strength) on certain technological factors:
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 ,
(2)                                 
where Ті – actual temperature of adhesive, Рі – real values ​​of air pressure in the ejector chamber.

Based on the obtained regression equation the surface response was constructed that shows the dependence of adhesion adhesive, melt the surface details of the artificial skin on air pressure and temperature in the spray glue-melt. The results indicate the presence of a clear maximum value of adhesion, while it's not associated with maximum values ​​of air pressure in the ejector chamber and temperature-melt glue. The optimum technological parameters of a device to ensure maximum adhesion are following: air pressure in the ejector chamber 6∙105 Pa and temperature of adhesive 1600С (Fig.12).
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Fig.12 - Dependency of adhesive strength of glue-melt on temperature 
and air pressure in spray 

The analysis of photographs has shown that the adhesion depends on intermolecular relationships on the border of phases and also the mechanical behavior of materials. Interaction adhesives and textile fabric looks like a lock adhesive in the pores and cracks on the surface of artificial skin.
4. Conclusion 

The main processing parameters of coating technology has been determined on the basis of mathematical modeling of the influence of characteristics of the surface of the materials on the adhesion strength of interaction between polymer composition and SL surface. Also the program for the choice of the optimal conditions of the application of technology has been created.
The technology and device can be easily adapted to customer requirements and characteristics of the material. The equipment can be upgraded by additional modules for the production of smaller granules of polymers, transfer of the polymer in liquid state and for pre-inclusions of nanoparticles in the polymer.
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