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Findings. Multivariate calculations of stressstrain 
state around the gasgen for different values of the coal 
seam thickness, depth of mining and composition of 
blowing mixture were realized. The results were summa
rized for different geological conditions as dependencies 
of movements, destruction zones and displacement of the 
gasgen contour. 

Originality. The bilayer artificially created shell thick
ness dependency on pressure and temperature of blowing 
mixture and rockmass deformations near gas generator was 
determined. The formulas obtained for determining these 
basic geomechanical characteristics are necessary in the se

lecttion of the method of rock stresses control and provision 
of a necessary space for the gas mixture passage. 

Practical value. The mathematical mechanism for set
ting heats in the rock mass was proposed. The dependencies 
to determine the main geomechanical characteristics that can 
be used for engineering method of artificially created bilayer 
shell thicknes determination for effective rockmass control. 
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ТЕХНОЛОГІЯ УПРАВЛІННЯ СТАНОМ  
МАСИВУ ГІРСЬКИХ ПОРІД 

Purpose. The development of progressive technological schemes of roof bolting for mine tunnels for ensuring safe and ef
fective support in the zones with increased stresses in the border rocks, unstable and broken enclosing rocks. 

Methodology. The study of stressedandstrained state, rockpressure manifestations, conditions of the workings mainte
nance depending on miningandgeological, mining and technological parameters that is aimed to establish the extent of their 
impact on the efficiency of the mine tunnels roof bolting and justification of support patterns ensuring stability and decreasing 
imperfection and costs spent on its mounting and maintenance. 

Findings. We have developed technical and technological solutions aimed to improve the technology and means of 
roof bolting: carrying out inseam workings on an outburstprone seam; supporting development openings in unstable 
rocks; supporting preparatory workings in the zones with various mining pressure; constructing workings in the joint 
development of coal layers. 

Originality. We have established consistent patterns of change in the zones of inelastic deformations with their develop
ment in time and dependence of contours stability on miningandgeological and mining factors; determined the support pa
rameters ensuring reliable operation of the working. Based on the analytical modeling we have developed technology, sys
tems and means aimed to decrease the imperfection of contours of workings. 

Practical value. The rational parameters and the field of application of roof bolting in the conditions of the Karaganda 
coal basin have been determined and justified. The rational technology of drifting workings has been developed based on con
trolling the geomechanical condition of the enclosing rock massif. Its optimum parameters depending on mining conditions 
have been determined. Progressive technological solutions on the ways and means of roof bolting of mining workings for 
complicated operation conditions have been found. The progressive technology of the development opening in coalandrock 
massif with complicated mining technological operation conditions has been developed. The parameters of roof bolting in the 
conditions of development of inseam mineral deposits in the presence of the complicating factors have been justified. Tech
nological developments passed the industrial testing at the Saranskaya, Kuzembayev, Kostenko, Kazakhstanskaya mines of 
the UD JSC ArcelorMittal Temirtau. The operating capacity of the means and techniques of the roof bolting has been proved. 
The main conclusions and recommendations provided by the research were used in practice in the design process of the coal
mines development and in the educational process. 

Keywords: technology underground mining, coalandrock massif, contour of a mine tunnel, parameters of support setting, 
imperfection of workings, geomechanical processes control, system, means and ways of support, stressedandstrained state 
 

Formulation6 of the problem. In the issue of the min
ing efficiency increase, solution of the problem of im
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provement of the technology of reliable support of workings 
is of great importance. The costs spent on carrying out min
ing workings are rather considerable and make 15–20% of 
the total cost of mining operations. 



ISSN 2071-2227, Науковий вісник НГУ, 2015, № 5	 43

Р О З Р О Б К А  Р О Д О В И Щ  К О Р И С Н И Х  К О П А Л И Н 

 

Findings. Multivariate calculations of stressstrain 
state around the gasgen for different values of the coal 
seam thickness, depth of mining and composition of 
blowing mixture were realized. The results were summa
rized for different geological conditions as dependencies 
of movements, destruction zones and displacement of the 
gasgen contour. 

Originality. The bilayer artificially created shell thick
ness dependency on pressure and temperature of blowing 
mixture and rockmass deformations near gas generator was 
determined. The formulas obtained for determining these 
basic geomechanical characteristics are necessary in the se

lecttion of the method of rock stresses control and provision 
of a necessary space for the gas mixture passage. 

Practical value. The mathematical mechanism for set
ting heats in the rock mass was proposed. The dependencies 
to determine the main geomechanical characteristics that can 
be used for engineering method of artificially created bilayer 
shell thicknes determination for effective rockmass control. 

Keywords: georeactor, blowing mixture, twolayer arti
ficially created shell, stressstrain state control 

Рекомендовано до публікації докт. техн. наук 
В.І. Бузилом. Дата надходження рукопису 04.09.14. 

UDC 622.281 (574.32) 

V. Demin, Dr. Sci. (Tech.), Professor, 
N. Nemova, Cand. Sci. (Tech.), 
Т. Demina, Cand. Sci. (Tech.), 
Yu. Stefluk 

Karaganda State Technical University, Karaganda, Kazakhstan,  
email: vladfdemin@mail.ru; nemovanataly@mail.ru;  
tdemina@mail.ru; stefluk@gmail.ru 
 

TECHNOLOGY OF ROCK MASSIF STATE CONTROL 
В.Ф. Дьомін, др техн. наук, проф., 
Н.А. Немова, канд. техн. наук, 
Т.В. Дьоміна, канд. техн. наук, 
Ю.Ю. Стефлюк 

Карагандинський державний технічний університет, м. Ка
раганда, Казахстан, email: vladfdemin@mail.ru; 
nemovanataly @mail.ru; tdemina@mail.ru; stefluk@gmail.ru 

ТЕХНОЛОГІЯ УПРАВЛІННЯ СТАНОМ  
МАСИВУ ГІРСЬКИХ ПОРІД 

Purpose. The development of progressive technological schemes of roof bolting for mine tunnels for ensuring safe and ef
fective support in the zones with increased stresses in the border rocks, unstable and broken enclosing rocks. 

Methodology. The study of stressedandstrained state, rockpressure manifestations, conditions of the workings mainte
nance depending on miningandgeological, mining and technological parameters that is aimed to establish the extent of their 
impact on the efficiency of the mine tunnels roof bolting and justification of support patterns ensuring stability and decreasing 
imperfection and costs spent on its mounting and maintenance. 

Findings. We have developed technical and technological solutions aimed to improve the technology and means of 
roof bolting: carrying out inseam workings on an outburstprone seam; supporting development openings in unstable 
rocks; supporting preparatory workings in the zones with various mining pressure; constructing workings in the joint 
development of coal layers. 

Originality. We have established consistent patterns of change in the zones of inelastic deformations with their develop
ment in time and dependence of contours stability on miningandgeological and mining factors; determined the support pa
rameters ensuring reliable operation of the working. Based on the analytical modeling we have developed technology, sys
tems and means aimed to decrease the imperfection of contours of workings. 

Practical value. The rational parameters and the field of application of roof bolting in the conditions of the Karaganda 
coal basin have been determined and justified. The rational technology of drifting workings has been developed based on con
trolling the geomechanical condition of the enclosing rock massif. Its optimum parameters depending on mining conditions 
have been determined. Progressive technological solutions on the ways and means of roof bolting of mining workings for 
complicated operation conditions have been found. The progressive technology of the development opening in coalandrock 
massif with complicated mining technological operation conditions has been developed. The parameters of roof bolting in the 
conditions of development of inseam mineral deposits in the presence of the complicating factors have been justified. Tech
nological developments passed the industrial testing at the Saranskaya, Kuzembayev, Kostenko, Kazakhstanskaya mines of 
the UD JSC ArcelorMittal Temirtau. The operating capacity of the means and techniques of the roof bolting has been proved. 
The main conclusions and recommendations provided by the research were used in practice in the design process of the coal
mines development and in the educational process. 

Keywords: technology underground mining, coalandrock massif, contour of a mine tunnel, parameters of support setting, 
imperfection of workings, geomechanical processes control, system, means and ways of support, stressedandstrained state 
 

Formulation6 of the problem. In the issue of the min
ing efficiency increase, solution of the problem of im
                                           
© Demin V., Nemova N., Demina Т., Stefluk Yu., 2015 

provement of the technology of reliable support of workings 
is of great importance. The costs spent on carrying out min
ing workings are rather considerable and make 15–20% of 
the total cost of mining operations. 

 

 

Stable support of development workings also requires 
considerable costs for repair both before and after the 
breakage faces commissioning [1], which reach 15–20% 
of the mine workings construction cost [2]. In the Kara
ganda coal basin the depths of development reach 
600−850 m where it is impossible to manage repairfree 
support of workings with modern supports. 

Now, in the deepseated seam workings in the Karagan
da basin the frequency rate of workings retimbering reach
es 2, 3 and even 4. In general, the costs for supporting in
crease with the growth of the depth. They make in the total 
costs at small depths 4−5% and at large depths, up to 15%. 
Therefore the problem of protection and support of mine 
workings at large depth [3], like in the case of the Karaganda 
basin, becomes topical in the technology of coal mining. 

Definition of the main problem. One of the rational 
ways of improving the condition of workings and saving 
material resources is using roof bolting. The volume of in
troducing roof bolting in mining workings of the Karaganda 
coal basin makes 12% in the pure form now and 42% in the 
mixed (combined) support. An important stage for establish
ing the parameters of the support is the assessment of 
schemes of the rock collapse and the parameters of the roof 
bolting mounting. The form and the dimensions of the zone 
of possible rock collapse round a working depend on the 
structure of the roof, sides and soil rocks. 

Analysis of the study results. Schemes of the rock 
collapse and the scheme of roof bolting mounting do not 

always consider miningandgeological conditions of the 
development and the strengthening impact of roof bolting 
on the massif [4].  

At this, the condition of exposures and loss of the 
rock stability can be: stable (when carrying out field 
workings); with formation of the arch of natural balance 
(in stable rocks), the arch in plastic stable rocks (middle
stable rocks, out of the zone of mining operations im
pact) or zones of rock destruction in the roof and sides (it 
is possible also for soil) of the working (in the zone of 
mining operations impact, basic pressure, the broken 
sites) [5]. 

Basic material. The fig. 1 shows a scheme of form
ing a jointing of the massif near the drifted working in 
horizontal and inclined layers. The quality of roof bolting 
in many respects depends on the reasonable arrangement 
of anchors in a working taking into account the layer 
bedding and selection of the roof bolting parameters (di
ameter, length, the ratio of the diameter of the shot and 
diameter of fittings and polymeric ampoules of anchors 
and speed of hardening the fixing structure located in 
them) that provides the efficiency of the roof bolting 
technology and chemical hardening of the massif. 

In the drifted working there is formed a natural col
lapse arch and there appears the stress in the massif ad
joining the working contour sides. The hanging part of 
the massif is more inclined and unstable than the zone 
located on the opposite side. 

     а b 
 

Fig. 1. Schemes of the massif rock jointing formation near the drifted working: а – layer horizontal bedding; b – layer in
clined bedding; В – working width 

 
When forming the massif jointing with various in 

forms and sizes of sites round the contour of the drifted 
working, it is necessary to provide the multicircuit sup
porting of the massif with locating longer metal (on rocks) 
and fiberglass (on layers) anchors from the hanging part of 
the coal layer. To ensure stability of the working when it 
appears in the zone of the stoping, it is necessary to estab
lish the second level anchors ahead of the zone of the basic 
(increased) mining pressure. It is required to fix them in 
the areas that are not subject to stratification of the massif 
(out of the zone contour with the developed jointing) with 
formation of the secondlevel support of the massif in 
which the shifts of rocks may be prevented. It will permit 
to increase the quality of support of the interfaces of lavas 
and adjoining developments, ensure safety of work, unload 

the interface and increase stability of the working in its 
supporting and reuse (the arch of the natural collapse be
hind the line of the breakage face will be formed at more 
remote distance from the working contour). See fig. 2. 

When constructing a steelpolymer support near the 
established anchor, at the expense of the binding compo
sition of polymeric ampoules, there is formed the massif 
in which the jointing is not manifested, i.e. it is rather 
stable and forms a beam bridge of the supported rocks. 

The above theoretical and practical recommendations 
allow suggesting progressive technological schemes of 
workings roof bolting for ensuring supporting works in 
the zone with the increased stresses in the contour rocks, 
especially in the conditions of drifting workings in out
burstprone layers. 
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The developed technical and technological solutions are 
aimed to improve the roof bolting technology and means: 
the way of fastening of development workings in the zone 
of the increased mining pressure and the method of for
mation of an inseam working that is prone to sudden out
bursts of coal and gas, etc.

      
 In a working that is drifted in an outburst
prone layer, there the antioutburst events by means of 
drilling a complex of the vent advancing wells investigat
ing the massif drilling on the front and adjoining the bor

der areas with defining the outburstprone zones within 
the limits of the distribution of the adjoining side rocks 
of the roof and the soil. 

After establishing the outburstprone forecast, the 
zones with high indicator of outburst danger and their as
sessment by the system of criteria signs of packs with pure 
coal, raised gas permeability, smaller ashcontent and 
hardness and increased stressedandstrained state (for ex
ample, when changing by 90° the working contour, the 
zones of an adjunction of side packs to the soil of layer) 
there is performed breaking the layersimilar packs. 

   а b 

Fig. 2. The second level anchors placing in horizontal (а) and inclined (b) bedding of the coal seam: В – working width; 1, 2 
and 3 – roof anchors mounted out of the contour of the natural balance arch; 4, 5 – side anchors; 6, 7 – rope anchors of 
deep placing 

 


The use of this method will permit to support be
forehand the rocks in the zone of the raised stresses and this 
will prevent deformations (decrease by 20–30%) in the 
course of drifting a working [6]. 

It is proposed to place the anchors at an angle to the 
bedding directed to the zone with high stresses, focused at 
an angle on the front of the drifted working, which is deter
mined by the formula 

2
nm γγ

β
+

= , (1) 
 

where γm and γn are the directions of the vertical and lateral 
stress vectors action respectively. 

In fig. 3, a there is presented a scheme of support of a 
development working with the mining pressure distribution 
curve round the contour, and in fig. 3, b the plan view. 

In the presented version of roof bolting, the unstable 
layered rocks of the immediate or false roof are suspended 
by anchors to the main roof. Various rock layers, being sup
ported with anchors, form a compound beam protecting the 
roof from a collapse. Decreasing or total absence of the un
even stretching and squeezing stresses impact, which work 
in the roof corners, is reached due to mounting angular roof
ing rope anchors. 

Pliable active support works as a safety valve of a pow
ered support, i.e. at critical loadings the pliable element is 
partially rumpled that permits the support to perform its 
functions without destruction. 

 
 
 

Fig. 3. Method of development workings support: 1 – verti
cal mining pressure curve power lines; 2 – the face of 
the drifted development working; 3 – lateral mining 
pressure curve power lines; 5 – direction of the working 
drifting; 6 – roof inclined anchors mounted out of the 
broken rocks contour; 7 – side inclined anchors mount
ed out of the broken rocks contour; а – longitudinal 
view of the mining working; b – plan view 
 

a 

b 
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Conclusions and development prospects. At large 
depths of the layers development in the Karaganda basin the 
frequency rate of workings retimbering reaches 2, 3 and 
even 4. In general, the costs for supporting increase with the 
growth of depth and make in the total costs at small depths 
4−5%, and at large depths up to 15%. 

Therefore, the problem of protection and supporting of 
the mining workings at large depths in the Karaganda basin 
becomes topical in the coal mining technology. 

One of the rational ways of improving the condition of 
workings and saving the material resources is the use of roof 
bolting. The volume of the roof bolting introduction at 
mines of the Karaganda coal basin makes 12% in the pure 
form now and 42% in the mixed (combined) support. 

The scheme of the rock collapse and the scheme of an
chors mounting consider the working miningandgeo
logical conditions and the strengthening impact of roof bolt
ing on the massif. 

There are developed progressive ways of supporting 
workings with active control of the border rock massif. 
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Мета. Розробка прогресивних технологічних схем 

анкерного кріплення гірських виробок для забезпечення 
безпечного та ефективного проведення робіт із кріплен
ня в зоні з підвищеними напруженнями у приконтурних 
породах, нестійкими та порушеними вміщуючими по
родами. 

Методика. Дослідження напруженодеформирова
ного стану, проявів гірського тиску,  умов підтримки ви
робок у залежності від горничогеологічних, гірничоте
хнічних і технологічних параметрів для встановлення 
ступеня їх впливу на ефективність анкерного кріплення 
виїмкових виробок і обґрунтування паспортів кріплення 
із забезпеченням стійкості, зниження дефектності й ви
трат на їх проведення та підтримку. 

Результати. Розроблені технічні й технологічні 
рішення, направлені на вдосконалення технології та 
засобів анкерного кріплення виробок, способи: про
ведення  пластової гірничої виробки по викидонебез
печному пласту; кріплення підготовчих гірничих ви
робок за нестійких порід; кріплення підготовчої 
гірничої виробки в зонах з різнозмінним  гірським 
тиском; проведення гірничих виробок за спільної ро
зробки вугільних пластів, що знаходяться в зоні вза
ємного впливу; проведення гірничих виробок за су
місної  розробки вугільних пластів, що знаходяться в 
зоні взаємного впливу.  

Наукова новизна. Полягає в наступному: встанов
лені закономірності зміни зон непружних деформацій 
з розвитком їх у часі та стійкості контурів виробки у 
залежності від гірничогеологічних і гірничотехнічних 
чинників з визначенням параметрів кріплення для на
дійної експлуатації виробки; створення на базі  аналі
тичного моделювання технології, систем і засобів для 
проведення, що сприяють зниженню дефектності кон
турів виробки. 

Практична значимість. Полягає в наступному: 
встановлення раціональних параметрів і обґрунту
вання сфери застосування анкерного кріплення для 
умов розробки вугільних пластів Карагандинського 
басейну; створення раціональної технології прове
дення гірських виробок на основі управління геоме
ханічним станом  масиву вміщуючих порід, зі вста
новленням її оптимальних параметрів у залежності 
від гірничотехнічних умов розробки; розробка про
гресивних технологічних рішень по способах і засо
бах анкерного кріплення виїмкових виробок для 
складних умов експлуатації; створення й впрова
дження прогресивної  технології  в підготовчих  ви
робках  у складних гірничотехнологічних умовах 
експлуатації; обґрунтування параметрів анкерного 
кріплення для умов розробки пластових родовищ ко
рисних копалини за наявності ускладнюючих чинни
ків. Технологічні розробки пройшли промислову пе
ревірку на шахтах „Саранська“, „Ім. Кузембаева“, 
„Ім. Костенко“, „Казахстанська“ УД АТ „Арселор
Міттал Теміртау“, при їх випробуванні підтверджена 
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працездатність способів і засобів кріплення. Основні 
висновки та рекомендації, отримані в роботі, викори
стані у практиці проектування та розробки родовищ 
вуглевидобувної галузі, у навчальному процесі. 

Ключові слова: технологія ведення підземних робіт, 
вуглепородний масив, контури гірничих виробок, пара
метри кріплення, дефектності виробок, управління гео
механічними процесами, системи, засоби, способи кріп
лення, напруженодеформований стан 

 
Цель. Разработка прогрессивных технологических 

схем анкерного крепления горных выработок для обес
печения безопасного и эффективного производства ра
бот по креплению в зоне с повышенными напряжения
ми в приконтурных породах, неустойчивыми и нару
шенными вмещающими породами. 

Методика. Исследование напряженнодеформиро
ванного состояния, проявлений горного давления,  ус
ловий поддержания выработок в зависимости от горно
геологических, горнотехнических и технологических 
параметров для установления степени их влияния на эф
фективность анкерного крепления выемочных вырабо
ток и обоснования паспортов крепления с обеспечением 
устойчивости, снижения дефектности и затрат на их 
проведение и поддержание. 

Результаты. Разработаны технические и техноло
гические решения, направленные на совершенство
вание технологии и средств анкерного крепления вы
работок, способы: проведения  пластовой горной 
выработки  по выбросоопасному пласту; крепления 
подготовительных горных выработок при неустойчи
вых породах; крепления подготовительной горной 
выработки в зонах с разнопеременным горным дав
лением; проведения горных выработок при совмест
ной разработке угольных пластов, находящихся в 
зоне взаимного влияния; проведения горных вырабо
ток при совместной разработке угольных пластов, 
находящихся в зоне взаимного влияния.  

Научная новизна. Заключается в следующем: 
установлены закономерности изменения зон неупру
гих деформаций с развитием их во времени и устой
чивости контуров выработки в зависимости от 

горногеологических и горнотехнических факторов с 
определением параметров крепи для надежной экс
плуатации выработки; создание на базе аналитиче
ского моделирования технологии, систем и средств 
для проведения, способствующих снижению дефект
ности контуров выработки. 

Практическая значимость. Заключается в следую
щем: установление рациональных параметров и обосно
вание области применения анкерного крепления для 
условий разработки угольных пластов Карагандинского 
бассейна; создание рациональной технологии проведе
ния горных выработок на основе управления геомеха
ническим состоянием  массива вмещающих пород, с ус
тановлением ее оптимальных параметров в зависимости 
от горнотехнических условий разработки; разработка 
прогрессивных технологических решений по способам и 
средствам анкерного крепления выемочных выработок 
для сложных условий эксплуатации; создание и внедре
ние прогрессивной технологии в подготовительных вы
работках в сложных горнотехнологических условиях 
эксплуатации; обоснование параметров анкерного креп
ления в условиях разработки пластовых месторождений 
полезных ископаемых при наличии осложняющих фак
торов. Технологические разработки прошли промыш
ленную проверку на шахтах „Саранская“, „Им. Кузем
баева“, „Им. Костенко“, „Казахстанская“ УД АО „Арсе
лорМиттал Темиртау“, при их испытании подтверждена 
работоспособность методов и способов крепления. Ос
новные выводы и рекомендации, полученные в роботе, 
использованы в практике проектирования и разработки 
месторождений угледобывающей отрясли, в учебном 
процессе.  

Ключевые слова: технология ведения подземных 
работ, углепородный массив, контуры горных вырабо
ток, параметры крепления, дефектности выработок, 
управление геомеханическими процессами, системы, 
средства, способы крепления, напряженнодеформиро
ванное состояние 
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ПРОЦЕС ВИДАЛЕННЯ ЗАЛІЗА ДЛЯ ВИРОБНИЦТВА 
ВИСОКОЧИСТОГО КВАРЦУ ШЛЯХОМ ВИЛУГОВУВАННЯ  

ТА ТЕХНІКИ МАГНІТНОГО ПОДІЛУ 
Purpose. The preliminary study of ElAouana (Algeria) sandstone quality improvement aimed to obtain highpurity silica 

sands without iron oxides to meet the standards of glass manufacturing. 
Methodology. The sandstone from ElAouana deposit was crushed and sieved. The mineral was characterized by Xray 

diffraction and chemically analyzed by Xray fluorescence, and atomic absorption spectrophotometry. The material 
(250+125 µm) was leached with hydrochloric acid. The study of main parameters of the leaching process in different ranges 
was realized. Thus, magnetic separation by means of the dry highintensity magnetic separator was employed. 

Findings. The leaching allows us to reduce the iron content in quartz sand significantly, while wet sieving removes only 
the fraction of these contaminating minerals (<125 µm). The applicability of magnetic separation requires further study and 
substantiation. 

Originality. The originality consists in the utilization of hydrochloric acid as the leaching agent. Various preliminary ex
periments were conducted to determine the conditions of the main experiment. 

Practical value. The results obtained by leaching method can satisfy the specifications for glass manufacturing. The 
sandstone enrichment by magnetic separation is practical and simple at minimum cost, but it is not effective for impuri
ties removal. 

Keywords: leaching, magnetic separation, sandstone, mineral processing 
 

Introduction. 1Silica is a major component used in var
ious applications such as glass, ceramics and foundry man
ufacturing [1] and in high technology sectors such as pho
tovoltaic solar cells. Despite its importance, the use of silica 
sand in Algeria remains limited due to the quality of the 
material containing harmful mineral inclusions, including 
the case of El Aouana deposit, where the presence of impu
rities, mainly iron oxide, restricts the use of sandstone for 
the production of highquality glass.  

The sand with iron content lower than 0.03% is suitable 
for float glass manufacturing [2]. In addition, the particles 
size influences the release of siliceous minerals compared 
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to the gangue. The average size of quartz grains used in 
glass furnaces varies between 100 and 250 µm. 

A number of physical, physicochemical or chemical 
methods can reduce the iron, being the most detrimental 
impurity, namely: attrition processes, aiming at removing 
ironbearing minerals from the surface of the particles [3]; 
separation processes (magnetic separation or flotation) for 
the separation of ironrich minerals [4, 5]. When the ap
plicability of physical methods is not effective for the re
moval of chemical or physical impurities which are not suf
ficiently liberated in mineral structure, other methods are 
then used at dissolving iron oxide: chemical [6] or bio
logical [7] treatment, however they have a rather restricted 
use in industrial scale due to their high operation costs and 
environmental hazards. 




