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Abstract: 

Planar microwave (MW) device for thermal treatment of cellulose material (textile and wood) was constructed, tested and patented. The device is based on a magnetron-fed travelling wave applicator with meandered waveguide. The treated material, which is in a wide state, is horizontally passed through the slots of the applicator. The feasibility of use of developed device for textile treatment was tested on cellulose materials impregnated with different finishes. Obtained effects of microwave treatments were compared with conventional drying and curing method and significant improvements of physical and mechanical properties were found. 

This might pave a way toward use of proposed technology for drying and curing of textiles, as well as for chemical wood modification. 
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Introduction

In the electromagnetic radiation spectrum, microwaves (300 MHz – 300 GHz) lie between radiowave (RF) and infrared (IR) frequencies, with relatively large wavelength (1m-1mm).

The energy of microwave photons is very low (0,125 kJ/mol) relative to the typical energies for chemical bonds (335-84 kJ/mol); thus MW will not directly affect the molecular structure. They cannot change the electronic structure around atoms or among them, but they can interact with the electronic differences between atoms.

However, chemical reactions can be accelerated due to selective absorption of MW energy by polar molecules, while non-polar  molecules are inert to the MW radiation.

Some important applications of microwaves come from their interaction with various types of material. The interaction of microwaves with dielectric materials causes a net polarization of the substance. There are several different mechanisms of polarization: electronic polarization, ionic, molecular (dipole) polarization and interfacial (space-charge) polarization. The overall net polarization creates a dipole moment. 

For a microwave electromagnetic field oscillating at 2.5 GHz, which is preferred frequency for heating applications, the charge changes polarity nearly 5 billion times per second. Under the influence of high frequency alternating electrical field the particles that oscillate about their axes creates intermolecular friction associated with the dissipation of energy in a form of heat. 
The oscillating microwave energy is not absorbed to any degree by nonpolar materials. These include most polymeric materials and most fibers of interest to the textile and nonwoven industries. Different materials can be divided according to their response on microwave radiation:

· The materials that reflect MW radiation (stayed cold)

· The materials that are transparent to MW radiation (non-heated)

· The materials that absorb MW energy (being heated).

The main difference between conventional heating with hot air and microwave heating is the heating mechanism. During the conventional heating, the heat is generated outside the treated product and conveyed by conduction or convection. Hence, the surface is heated at first and afterwards the heat flows toward the inside, which always remains colder than the surface. The required internal temperature can be reached only by sufficient increase  of the surface temperature of the material above the temperature needed for particular treatment.

On the contrary, in MW treatment, the heat is generated in a distributed manner inside of the material, allowing more uniform and faster heating. While conventional techniques heat a surface, the microwaves heat the whole volume of the treated object. The result is almost instantaneous heating of any material that responds to microwave radiation with either dipole rotation or ionic conduction. Dipole rotation is an interaction, in which polar molecules or species try to align themselves with the rapidly changing electric field of applied radiation. The motion of the molecule as it tries to orient to the field results in a transfer of energy. The second way to transfer energy is ionic conduction, that occurs if there are free ions or ionic species present in the substance being heated.

Additional advantage of MW treatment lies in a fact that the energy (heat) and the mass (water) flow are travelling in same direction. According to the literature, the energy consumption is 60-70 % lower than in a case of conventional heating. 

During the Second World War microwaves were used in radiocommunication and radar technology. The heating effects of microwave radiation were discovered accidentally during the radar-related research project. After more than 50 years of investigation and development, the MW  heating technology is nowadays widely used in a number of fields – from food preparation, chemical sludge, medical waste, organic synthesis, analytics, curing of hi-tech polymers, to industrial drying processes. There are also other various applications of microwaves in various aspects s of human life varying from mobile phones, radiocommunications and wireless computer networks to some special applications such as rocket engines. 

First idea of MW application for textile finishing processes originated in 1970-es when cellulose fabrics were treated with Durable Press (DP) finishing agents and cured in MW oven. Although these first results were promising, the idea was abandoned till 1995, when Miller patented his Pre-set process without awareness of the earlier patent. Both cases involved garment microwave treatment, but they were abandoned because the efforts to control the process failed.

Until now, MW irradiation for textile finishing has been used for the combined desizing, scouring and bleaching processes, dyeing and drying processes, as well as for eradication of insects from wool textiles (Reagan 1982).

Majority of the experiments used a cavity-based applicator. However, American company Industrial Microwave Systems (IMS) uses a meander type of travelling wave applicator for planar drying of materials in a rope state. This system offers uniform heat distribution across the treated material. 
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Apparatus
Fig. 1. Planar microwave device constructed at Faculty of Textile Technology

Laboratory microwave device, shown in Fig. 1, was constructed at the Department for Textile Chemistry and Material Testing of Faculty of Textile Technology, University of Zagreb. This novel system is completely different from the resonant cavity used in domestic ovens and offers more uniform energy distribution. The idea was to treat textile material on a continuous flow basis. It is achieved by passing the textile material through the slots of waveguide-based applicator. With proper design of the waveguides and supporting equipment, a specific environment (at the particular wavelength) can be created in order to provide controlled distribution of the microwave energy, making it possible to achieve uniform exposure to material passed through a channel.

The applicator was fed by two 500 W magnetrons and the waveguide is terminated with water-based dummy load that prevents leakage of residual microwave energy. The system consists of 6 rectangular waveguides (4 x 8 cm) centrally slotted in order to obtain planar passage of textile material in a wide state. The leakage of microwave energy is inherently small due to fact that waveguide slots are oriented along the waveguide line of symmetry, and therefore they cannot act as efficient slot antennas. Furthermore, in this way the material lies in the maximum of the electric field that assures effective coupling to the flowing microwave energy.

Before this novel device comes into commercial use, the unintentional leakage of microwave energy must be checked in order to comply with existing safety regulations (Ministry Regulations 2003).  The upper limit of tolerable microwave irradiation for professional exposure is 10 W/m2 (1 W/m2 in higher sensibility range). Preliminary determination of irradiation level has been performed at Department of Radiocommunications and Microwave Engineering at Faculty of Electrical Engineering and Computing.

Meander type of travelling wave applicators provides uniform energy distribution accros the treated material. In a case of single pass applicator, exponential decay of electric field might cause non-uniform heat distribution. To prevent this negative tendency, the material is passed through a number of waveguide passes (the present device uses six passes). Additionally, the  level of applied microwave energy is increased by the use of  the second  magnetron, that feeds the applicator at the other end. The amount of microwave energy is absorbed by the textile (or other) material in each waveguide pass depends on  the material thickness and moisture content.  (Ministry Regulations 2003).
Conclusions

From the results of textile finishing treatment with different finishing agents further conclusions can be made:

1.) Application of microwaves in Durable Press finishing treatments offers significant improvement in comparison to the classical curing method performed at tenter frame.

2.) In water and oil-repellent finishing with fluorocarbon polymers microwave treatment have offered minor improvements

3.) In flame retardant finishing with organophosphorus agents microwave treatment  obtained equal and durable treatment effects.

4.) In chemical modification of wood with different environment safe reactants improvement of dimensional stability was obtained.

Application of microwave irradiation for drying and curing processes of cellulose materials showed significant improvements of treatment effects, but as a measure of precaution, the preliminary tests have to be performed for each reagent.

A fact that MW radiation can be successfully applied for drying, as well as curing of cellulose materials (textile and wood), is stressed as a final conclusion. Favourable and economical conditions are the best reference for future investigations and application of microwave technology in practice. After this preliminary laboratory investigations further experiments should be performed for the purpose of construction of semi-industrial or industrial microwave device.
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