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Abstract

Application areas of microwave energy which has been used for many years in science and technology are increasing.
The studies about the usage in textile industry are recent and open to improvements. It is known that usage of
microwave energy provides advantages in whole processes in textile industry like pre-treating, dyeing, bare finishing
and drying. In this study microwave energy in Turkish textile finishing applications are researched and its advantages,
process efficiencies and contributions to energy gain are given. Microwave energy has not been efficiently used in
Turkish textile sector. Promotion of microwave technology is expected to contribute to Turkey’s economy especially
in terms of energy and time conservation.
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1. Introduction

Textile and apparel sector has a vital role in England, North America and Japan which are propellants
of developing industries in the world throughout the history [1]. But since seventies the manufacture and
exportation of textile products has been shifting from developed countries to developing countries.

Textile sector that has an important role in economic growth period in Turkey as textiles is one of the
industries which Turkey is in leader position in terms of manufacture, employment, export volume,
created by added value and technology used. Further development is expected within the next years.
Energy consumption of this sector is gradually increasing corresponding to the new developments in the
textile industry. According to 2008 TEDAS (Turkey Electricity Distribution Company) data, textile
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industry has used the most energy after iron and steel production and processing industries [2]. Also in
textile industry reduction of energy expenditure is crucial for promoting competitive power as in all
branches of industry.

Microwave (MW) energy has been successfully applied in many low-temperature (<500°C)
applications, such as rubber pretreatment and vulcanization, food processing, wood curing, textiles,
polymers and biochemistry. In most of these areas the technology has been successfully commercialized,
and low-temperature industrial microwave furnaces are now available worldwide [3].

In this study microwave energy and its properties are discussed for increased applications of MW in
textile sector. The information relative too textile finishing applications, advantages, processing
efficiency and contribution to energy gain are given.

2. General Structure of Textile Sector

Textile is covering the processes which start from fibers such as spinning, weaving, knitting and
dyeing. And apparel industry covers transformation of this processes to the user stuffs. From fiber to
finished fabric all processes are assessed as textiles and the process from finished fabric to garment is
assessed as confection sector.

Textile and apparel are important building blocks for industrialization period and this is the leading
labor intensive sector which makes major contributions to recovery of developing countries.

Turkish textile and apparel sector is a strong position of Turkey’s economy as both provided
employment and in excess of one billion dollar export revenue. According to January 2010 data of Social
Security Institution, while 687 441 insured people are determined as working in textile and apparel sector,
in general 2,5 million people is estimated to be employed. Additionally 40320 offices have been
registered in textile and apparel sector according to social security institution. On the other hand, there are
approximately 11 000 manufacturing and exporting companies within and around the city of Istanbul.

According to the published statistical study of International Textile Manufacturers Federation (ITMF)
about the sales of textile machinery in the world, as of 2008 in terms of machinery park, 3% of the short
fiber spindle capacity, 5% of the long fiber spindle capacity, 7.3% of open end (OE) rotor capacity, 3.5%
of cotton system shuttleless loom, 1.3% of cotton system gripper shuttle loom, 0.6% of silk/filament
weaving loom and 5.1% of wool woven fabrics are located in Turkey. According to the same study, for
the European part of the study, 43.5% of the short fiber spindle capacity, 12% of the long fiber spindle
capacity, 19% of the OE rotor capacity, 19.2% cotton system shuttleless loom, 46.3% of the cotton
system gripper shuttle loom, 7.2% of the silk/filament weaving loom and 12.2% of the wool woven
fabrics are located in Turkey.

3. Energy Usage in Textile Sector

Textile industry is one of the industries which use intensively water and energy. Very high amount of
energy and water is being consumed and long lasting process is required during wet processing,
especially washing off, dyeing, rinsing, desizing, being hydrophilic and bleaching [4]. In addition,
technological improvements in textile industry increase energy consumption ratios. According the results
of a survey made by Turkish Textile Finishing Industry Association, energy costs (16%) have the biggest
share after human resources (26%) in expenditure [5]. In reference to 2010 general energy balance,
approximately 40% of energy- and 47% of electricity consumption originates from the textile industry in
Turkey [6]. Power usage values in Textile industry are shown in Table 1. Electricity consumption (in
terms of tone equivalent to petroleum TOE) indicates the maximum value for all textile industry as shown
in Table 1. Similar results are also seen in textile finishing sector that uses the most energy (Table 2).
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Table 1. Energy Distributions Used in the Textile Sector

Quantity TOE

Total 29885
Electricity (MWh) 187290 16107
Natural gas (000 m3) 9666 7558
Diesel oil (liter) 1916149 1629
Fuel oil (ton) 736 707
Gasoline 764755 585
Acetylene - -
LPG 55 60

Others (Acetylene; Kerosene ;Geothermal Energy (MWh); Central heating fuel; Coking coal;
Lignite 2000; Steam; Wood; Petroleum coke; Prina olive-pomace oil; Propane; Hard coal) 3239

TUIK 2005 (Turkey Statistical Institute)

Increasing expenditure of energy and electricity consumption values indicate a requirement for
productive usage of energy in Turkey. For this reason the use of MW radiation in especially textile
finishing processes, is expected to decrease electricity consumption and make a favorable contribution to
the Turkish economy in a very short period of time.

Table 2. Energy Distributions Used in the Field of Textile Finishing (TUIK 2001)

Fuel type Quantity(Tons) TOE Value(10008$)

Total 921 889 236 375 641 191
Acetylene 4 5 481411
Gasoline 793 825 599 334 520
Steam 509 438 30 547 3 860 623 532

Natural gas (000 m’)
Electricity (MWh)

300 163 247 634 364 111 196 64
3359318 288 901 151 086 606 168

Fuel oil 188 076 185 443 21 648 504 454
LPG 31 064 33 860 10 599 854 668
Lignite (2000 / 3000 / 4500) 178 877 63151 4408 170 547
Central heating fuel 21929 21929 3273501 778
Diesel oil 7218 7362 2273 578 764
Others (Kerosene; Coking coal; Hard coal; Petroleum coke;

Naphtha; Prina; Propane) 668 843 42232 2209 765 683

4. The Use of Microwave Energy in Textile Sector

Electricity used in each process of textile industry, is also used to enhance the take up in dying process
and to provide adsorption of chemical finishing agent on textile materials in textile finishing especially in
the warm up operation.

Textile finishing industry is one of the principal branches of textile industry. Finishing industry
provides the special fabric to fulfill the requirements of trends in the world depending on the place of use,
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quality, sales appeal and added values to the raw clothing from weaving loom. All of the whitening,
coloring and chemical finishing are referred to as textile finishing processes. Textile finishing is separated
into three main sections with regard to structure of the applied processes and its purposes as pre-finishing,
dye-press and finish processes.

Researches about MW radiation have been aimed to shorten processing time because conventional
warm up resources used in textile finishing processes may constitute the reason for the loss of time and
energy. MW energy is observed to be used in heating, drying, condensation process, dyeing and pressing,
finishing process, surface modifications of textile materials. It is determined that the duration of the
applied method is shortening, while protecting the product quality and the efficiency of applied method is
increasing by virtue of the uniform heating provided by microwave [7]. Despite these advantages
microwave energy has not yet found a widespread application in Turkey.

4.1. Microwave energy

Microwaves which have broad frequency spectrum are electromagnetic waves that are used in radio,
TV and radar technology. Since the beginning of the twentieth century this technology has made
significant contributions to scientific and technological developments. Also due to its initial intend to be
used in telecommunications, very important progresses has been made in this area. Nevertheless from the
second half of twentieth century, MW energy is finding increased number of application area in other
industrial processes and these applications are surpassing telecommunication applications [8]. MW was
first used in radar systems during second world war in a controlled manner and in 1946 the effect of MW
heating on materials has first been studied by Dr. Spencer. In 1947 first MW oven is designed for home
appliances market [9]. Nowadays MW energy is being used in various sectors like food, chemistry, textile,
metallurgy, ceramic and furniture.

4.1.1. Basic characteristics of microwave radiation

Microwave has a wavelength ranging between lem and Im and frequencies between 30GHz and
300MHz. MW covers the infrared (IR) radiation and radio frequencies in electromagnetic spectrum [10].
Microwaves can be absorbed, diffracted and reflected. Electromagnetic waves can be absorbed and be left
as energy units called photon. The energy carried by photon is depended on the wavelength and the
frequency of radiation. Energy of MW photons is 0.125kJ/mol. This value is very low considering the
necessary energy for chemical bonds. Therefore MW rays can not affect the molecular structure of the
material directly and change the electronic structures of atoms. MW absorption is assumed to increase
kinetic energy in stimulating molecules [11-15].

4.1.2. Working principle of microwave

MW heat systems consists of three main units; magnetron, waveguide and applicator. Magnetron is
used as a microwave energy source in industrial and domestic type of microwave ovens. One of the
oscillator tube, magnetron consists of two main parts as anode - cathode, and it converts the continuous
current - electrical energy to MW energy. Circulator transmits approximately all of the waves that are sent
from magnetron and shunts transmitted waves to water burden. Thus magnetron is protected.
Electromagnetic waves are transmitting to the applicator by waveguides [16]. Applicators are parts of the
matter MW applied on. MW energy produced in generator is affected directly on the material in
applicators in MW heating systems. Type of applicators used in practice can be divided into three groups
as multi-mode (using 80% of the industrial systems), single-mode and near field MW applicators.
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4.1.3. Heating with microwave energy

MW radiation provides more uniform heating in a reaction mixture unlike the ordinary methods of
heating. The sample of a reaction mixture is heated more efficiently inside of it. This minimizes the wall
effect due to internal heating. Therefore a super heating occurs.

In normal heating methods the outer wall heats up at first. Then the outer surface of the liquid heats up
and this warming up moves to the center. In this kind of heating method, a continual temperature
difference occurs between outer surface and central. In case of MW heating, every point of the solvent
regularly warms up. Thus it becomes possible to reach higher temperatures faster than normal heating
methods (Fig. 1) [17].

a-MW heating b- conventional heating

Fig. 1. Microwave heating and conventional heat dissipation
5. Usage of Microwave Energy in Textile Finishing Process

Microwave radiation is presented as an alternative to conventional heating techniques because it
provides fast, uniform and effective heating by enabling the heating of all particles at the same time with
its easy penetration property into the particles of the matter. Microwave energy is becoming gradually
preferred especially due to its shorter time of application, heating and drying, convenience of the change
in process time for heating in different volumes, and energy conservation. This has been proved by
various academic studies. But these studies are limited.

MW energy which is used in dying of various types of textile staple and fixation processes [18,19] has
brought positive results. Microwave energy that used in synthetic fiber dyeing like wool fiber coating and
cooling process[20], acrylic fiber[21], polyamide[22] and nylon6 [23] is seen as a performance booster
fort he dyeing processes. Microwave energy increases the diffusion of dye molecules in dyeing process
when applied to Polyamide fibers [22]. It is also used in pre finishing of silk yarns [24].

MW radiation is applied to fabrics in various conditions and thermal stability and its morphological
structure is investigated to determine the effect of microwave energy on cellulosic structure of cotton.
While crystallinity of cellulosic fabric is increased, the physical properties are improved [25].

As aresult of MW energy use in dyeing polyester fiber, rate of dye extraction and dyeing increases [19,
26-29, 30, 31]. Addition of urea also increases dye extraction when polyester is dyeing with MW energy
[32]. In consequence of polypropylene dyeing with MW energy, the fastness and strength properties of
dyed material is determined as very well and it is proposed that this method has more advantageous in
terms of time and energy conservation according to conventional method [33-35]. If cotton fabric is dyed
directly with dyestuff with the help of MW, dye process becomes faster [36].

Besides MW is used to dry a linen cloth that is soaked in urea solution and under different energy
power conditions to diffuse urea effectively into cloth. Then the cloth is dyed with reactive dyestuffs.
This method is highly effective in dyeing of linen cloth. The method has a promising future [37].

MW energy is accepted as more efficient than conventional methods for cotton fabric finishing, drying
and curing processes, durable press finishing, incombustibility, water and oil repellent finishing [38].
High wrinkle recovery angel is achieved for cotton and viscose fabric as a result of curing and durable
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press finishing applied by the MW [39]. MW is observed to be successfully used in Poly-carboxylic acid
application which provides wrinkle and deformation recovery to cotton fabric [40]. In a study of non-iron
finishing process, it is applied to cotton drying and the curing is completed in one minute, and this
method is proposed to provide higher stress and tearing strength according to conventional method [41].
Microwaves do not tend to cause a loss of high strength in application of antibacterial finishing process to
cotton fabrics. The use of MW is determined as a more advantageous process than conventional methods
[42].

On the other hand, MW energy is more effective technique in modification and grafting processes of
protein-based fibers especially in terms of cost, time and energy conversation [43]. As a result of
polyester modification by using MW, heating is observed in hydrophility and the dyeing properties and
the desired physical properties are not lost [44]. Furthermore in another study, alkaline hydration is
applied to polyester by using MW and it is determined that it hydrolyzes faster according to conventional
methods [45].

Except these studies, MW radiation used in drying, fixing [46-50] and sanitization [51,52] processes
applied to materials is examined to shorten the process time and affects positively the properties of
material.

Considering the current studies, the increase in Microwave use is expected to provide contributions to
Turkey’s economy in terms of energy conservation and also would increase the performance of material.
But microwave use in textile sector has not reached to a desired level in Turkey. The main reasons for the
limited usage of microwave energy in Turkey can be listed as follows:

o The investor is greatly affected by the economic crisis and continues his work with outdated
technology.

Lack of laws and regulations in Turkey about the renewal of the technology used in the industry.

Investors take a dim view of bids due to inaccurate or lack of information about microwave technology.

o Lack of trained personnel due to the limitations on training given about microwave technology.
6. Conclusion

The main conclusion, which may be drawn from the present study, can be listed as follows:

o The use of MW energy is more efficient than conventional method.

e To extend the use of microwave technology in textile sector will gain favor to facilities especially in
terms of time and energy.

e [t will pull down the production cost.

e About studied use of MW in textile sector is in an increasing trend.

e If various institutions, organizations and associations increase the awarenesses of their members and
explain the advantages of microwave technology to investors for an increase use of microwave
technology, this will contribute especially in terms of energy consumption and the corresponding costs
to Turkish economy and hence increase the competitiveness of the Turkish industry.
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