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Abstract
In order to engage filling by filter depth in filtration - water purification, two-layer filter fillings
consisting of the upper layer, with larger grains size
obtained by technological methods of domestic
anthracite processing (Filtracit) and lower layers
of quartz sand was introduced. Filters with a twolayer filling allow higher speeds of filtration, which
are in the range of 5-15 m/h (instead of those with
single layer 2-5 m/h) equal to or better filtrate quality, higher productivity and longer service life of filters. The newly conquered filtering material based
on anthracite, also provides a doubling of revenue
compared to the previous way of placement.
Key words: innovation, technology, sorption,
anthracite, water
1. Introduction
Anthracite belongs to the group of oldest and
best-quality coal and is an important raw material
in industry and energy. Due to the increasing demand for this type of mineral resource, there has
been an exhaustion of quality deposits and surface
deposits so we are now faced with the exploitation
of less valuable deposits, that is, thin layers less
calorific value, dipping layers at greater depths
and layers of complex tectonic structure.
A similar case is in the exploitation of anthracite
in Eastern Serbia, more precisely, about 10 kilometers east of Zajecar, near the Bulgarian border,
where “Vrska Čuka”, the active anthracite mine
which is now a part-JPPEU Resavica is located,
where some 130 years almost continuously is performing exploitation in a primitive way, usually
producing between 15 and 20 thousand tons of anthracite annually. The maximum annual capacity of
the previous period was around 65.000 tons.
Anthracite from Vrska Čuka characterize a
dark brown color, shell-like structure, burning
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short bluish flame without smoke releasing calorie value of 33 GJ/kg. It is mainly distributed to
brick plants and cement plants, and less frequently
to smelters as a fuel.
Based on experience of Germany, England,
Austria and other developed countries, research
on application of technology in the Serbian anthracite filtration of drinking water, waste water
containing oil and heavy oil and residue briquetting were carried out in recent years from which
positive results were obtained.
This paper is regarding the evaluation of research opportunities in the anthracite production
technology of new adsorbent materials used in
water purification technology. The studies were
conducted on the basis of relevant data obtained
from the mines, the OFH Institute in Belgrade,
also with the cooperation and assistance of mine
staff, entitled „Application of anthracite in water
treatment technology“ and „Application of anthracite as filtration-sorption means for treatment
wastewater containing oil and heavy oil“ both
were positively implemented.
2. Research goal
After the disintegration of former Yugoslavia
possibility of exporting anthracite has become
very problematic, partly due to the disruption of
industrial production and due to the events of the
war and partly due to frequent political changes
that followed in all countries of the former Yugoslavia. Consumers of this raw material until 1990,
used to be forges in Slovenia, Bosnia and Herzegovina and Serbia, then, cement factories, brick
plants, RTB Bor, etc. Some of these consumers
have switched to another form of energy, reduced
or suspended production, which all together led to
a break in continuity of operations and great loss
of market share.
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In period 2002 - 2005, numerous studies on
evaluation of anthracite in order to improve the
operations and effects to repair bad status of the
mine as much as possible were carried out. While
researching numerous variations were considered,
but primarily those solutions that require minimum investments were the chosen ones.
One proposed solution is the research „Application of anthracite in water purification technology“. Thanks to a positive result, research was
expanded on the theme „Implementation of anthracite in the technology of EPS’s waste water
purification containing oil and crude oil“ and it
also had a positive ending.
Since in both cases is provided that the best
part of the anthracite is distributed on the market
at much higher prices through the filtration material, it was decided to find more options of valorization of the remaining amount of anthracite, which
would be, at the technological procedures in effect, a technological waste. Given the fact these
are tiny particles of high energy value (over 25 GJ/
kg) they approached the possibility of finding the
way to make them bigger with the aim of winning
consumer products.
Institut za Bakar, Bor, had been done the studies and acquired technology of briquette producing by merging of small anthracite particles, then,
enlarging them using various mixtures of lowcalorie coals and anthracite in order to provide a
wider range of different energy fuel in size and
calorific values.
Increasingly stringent legislation on the protection of the environment is in favor of this research
and the production and application of newly won
products for drinking water purification and wastewater containing oil and fuel oil. The raw material can be effectively applied as a replacement
of expensive activated carbons and other similar
imported products.
Only in Serbia huge amounts of waste water
from power plants and the EPS containing oil and
fuel oil are letting out are they were the initiator
of this research in a period when the mines were
operating within the EPS. [1].
Studies have shown that the production, taking into accout the production capacity of mines
in recent years, wouldn’t be enough for the needs
of Serbia, especially when it comes to a product
1356

that is 10% better than the German, 15% better
than the English, etc. Prices of similar products on
the world market are around 650 Euros of Chinese
origins over and 1.000 Euros for European. [1].
The briquettes are the commodity used as energy
fuel whose production is of controlled quality and
size, for which it is possible to find market in the
near vicinity. Large industrial consumers as FeNi
- Kavadarci from Macedonia, and others, showed
there interest in for this type of products. [2].
Purpose and aim of the study were to increase
the revenue and to win market through new product programs.
3. Potential reserves
The exploitation of coal in our mines is done in
a very difficult mining-geological conditions, with
great presence of manual labor, which is mainly
caused by using low-yield mining methods, which
were imposed by a complex mining-geological
conditions [3], [4].
Exploitation anthracite coal region “Vrska
Čuka” encompass eastern part of Serbia near the
Bulgarian border. In that area, in the extremely
cramped conditions are placed industrial and surface objects of the „Avramica“ mining pit. In the
village Grljan, the place only 3km away, there are
loading station objects associated with the regular Zaječar - Niš railroad through which the shipment of a commercial product and delivery of raw
materials for the needs of the mine is performed.
Besides the railway track, Grljan village is connectod to mine through a narrow asphalt road with
Zaječar - Knjaževac asphalt road of the second
category. The relatively good communication with
mine provides a smooth and quick contact with
customers and suppliers of raw material.
Exploitative parts are thicker than 0.5m, arranged
in three layers unevenly distributed, 1.3 - 1,8 m of
average size. Considering structural characteristics
and thickness of layers, this reservoir can be characterized as an atypical deposit, which does not belong to any group and subgroup. The complexity of
this deposit give blistering and ruptured forms that
cut up, collect, and tear layers apart, causing sometimes the appearance of the lens. The entire deposit
is break into pieces of smaller tectonic blocks and
in all blocks has been a breakout of coal layer. Such
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complex natural conditions are imposed the usage
of „chamber“ low-productive mining method with
a high share of manual labor.
The calculation of coal reserves is made based
on data obtained by deep drilling exploration and
mining data from the investigation-preparatory
work and according to latest certified study on
geological deposit, deposit has reserves of anthracite as shown in Table 1 [5].
Table 1. Coal reserves [2]
Category
„A“
„B“
„C“
Total

Balance (t)
42.894
378.717
760.020
1.181.631

er elements and compounds that affect the hardness and water quality.

Exploitation (t)
40.749
359.781
722.019
1.122.549

4. Sorption equipment production technology
Technological process of water filtration materials production, i.e. sorption of unwanted impurities in potable and waste water is based on the
separation and classification of range with low ash
content (less than 6%), grain size usually between
0.5-1.6mm, 1.6-2.5mm and so on.
Classical filtering means filters filled with sand
whose layout encompasses smaller particles on
the top and larger and larger grain at bottom. This
arrangement makes the top layer of filter filling
less porous, which is why in the top 10-20 cm the
filtering process practically takes place, i.e. suspended particles are here. Typical filtration velocities are 2-5m/h for such filters.
In order to engage even more in depth filtering,
two layer filter filling was introduced, which consist
of an upper layer with larger size grains of „Filtracit“ and the lower layer of quartz sand Figure 1. [6].
Filters with a two-layer filling have higher
speed of filtration, which are in the range of
5-15m/h, equal or better quality - the effect of filtering, greater productivity and significantly longer service life of filters.
Filtracit is a domestic product produced by
separation, classification and thermal refining of
domestic coal - anthracite. This filter material is
widely used in open and closed filters in the filtration of potable and wastewater. In the course
of applications - exploitation, Filtracit behave as
inert agent and does not release the virtually any
substance during the filtration, silicic acid nor othVolume 8 / Number 3 / 2013

Figure 1. Layout of two-layer filter
Analysis confirmed that Filtracit obtained by
classification of the high quality range of separated anthracite has the following chemical composition: [5].
– Moisture 0.95 ℅
– Ash 3.74 ℅
– C 89.96 ℅
– N 0.70 ℅
– H 3.66 ℅
– S 0.99 ℅
Using qualitative analysis of the ash following
basic elements were determined - Si, Al, Fe, Ti,
Mg, Na, K and C, as well as trace of Bo, Sr, Mn,
Cr, Cu, Co, Ni and V.
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Detailed analysis of the Filtracit sample was
performed at Dr „Milan Jovanovic – Batut“, the
Institute of Public Health, Center for ecotoxicological diagnosis, because of its applicability in the
technology of potable water purification. The study
included the determination of the characteristics of
the coal (volatility and the metal content), and the
release of substances soluble in water to simulate
all the conditions assumed in the planned use of
Filtracit. Analysis of water characteristics change
was also performed after contact with Filtracit and
dynamics of migration of total organic matter after 24, 48 and 72 hours of continuous contact was
followed. Based on the results of these tests it was
concluded that the extraction of organic and inorganic substances using distilled and deionized

water from Filtracit is equal and very small. After
contact of Filtracit with water (deionized and distilled), there was no significant migration of any of
the tested compounds, i.e. all tested parameters are
in the range of values provided by Regulation on
hygienic potable water. Extraction of poly-aromatic
hydrocarbons and benzo(a)pyrene is negligible and
below the detection limit. [6].
Based on all researches, the conclusion is that
this type of anthracite coal preparation can be used
in the technology of processing and production of
potable water. Test results of material content in
the sample of Filtracit are shown in Table 2.
Results of testing the Filtracit materials migrating after a certain period of contact with water at
room temperature are shown in Table 3.

Table 2. Results of the metal content research
Designation and appearance of the
sample
Odor
Mineral substances
(Residue after annealing)
Metal content in the sample (mg/kg)
Lead
Cadmium
Copper
Zinc
Iron
Chrome
Manganese
Nickel
Mercury
Arsenic

Anthracite - tiny irregular granulation
coal, black color
Odorless

Organoleptic

8.82

Gravimetric

1:52
0.007
2.484
2.634
6411.08
2.701
29.81,
17.64
0.001
≤ 0.002

Determination
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS

Method

Table 3. Results of testing the material migration
Designation and appearance of the
sample
Migration of soluble material substances in
During the 24hrs contact (mg/L)
Total migration
Organic migration
Inorganic migration
Lead
Cadmium
Copper
Zinc
Iron
Chrome
Manganese
Nickel
1358

Anthracite - tiny irregular granulation coal, black
color

Method

Distilled water

Deionized water

Determination

11.50
5.80
5.70
0.006
0.001
0.016
0.010
0.090
0.004
0.001
0.001

10.50
5.30
5.20
0.014
0.001
0.001
0.014
0.280
0.001
0.001
0.001

Gravimetric
Computing
Gravimetric
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS
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Test results of physical-chemical characteristics
of water before and after 24-hour contact with the
filtration medium to filter water at room temperature
are shown in Table 4. The results of monitoring the
dynamics of the extraction of organic substances are
shown in Table 5. In order to check the quality of
newly-won adsorption agents based on processing
of domestic coal-anthracite, the comparative analysis of physical, chemical and mechanical properties
and, in this case the most important, sorption characteristics with similar products of world famous
manufacturers, such as Evers GmbH (Germany),
Shanxi friends chemicals union CO., LTD. (China),
Latop (Austria), Sutcliffe carbons (UK) and others,
where it is clear that the sorption characteristics of
Filtracit are not far behind, [6].
The results of comparative analysis are shown
in Table 6 where the sorption characteristics of Fil-

tracit on some samples for 10 percent better than
EVERSIT of a German origin. In addition to physical-mechanical and sorption characteristic, comparative analysis of the purchase price of imported
filtration materials with local manufacturing cost
of Filtracit Figure 2 was carried out, where it is
clear competitiveness of domestic products.

Figure 2. Comparative analysis of the domestic
price of imported Filtracit sorbent

Table 4. Results of the researching physic-chemical characteristics of water before and after contact
with the filtration medium
Designation and appearance of
the sample
Test conditions (10g in 1000ml
of distilled or deionized water)
Test results of physical-chemical
parameters of water
Turbidity on “Si” scale
Color, unit on Pt-Co scale
Odor
pH value
Conductivity
Ammonia
Nitrite
Nitrates mg/L
Chlorides
Consumption of KMnO mg/L
Total hardness
Dry residues mg/L
Calcium mg/L
TOC

Anthracite – tiny irregular granulation coal, black color
24 hours contact with
deionized water

Blind test in
24hrs contact with Blind test in
deionized water
distilled water
distilled water
0.55
5
No
6.25
4
0.05
0.009
0.83
2.13
1.91
0.0
3
0.0
1.5

0.7
5
No
6.3
12
0.05
0.020
0.55
9.28
6.76
0.28
12
1.6
3.55

0.25
5
No
7.66
2.50
0.05
0.003
0.05
1.80
1.59
0.0
6
0.0
1.48

0.6
5
No
7.83
7.6
0.08
0.006
2.61
2.58
2.55
0.0
12
0.0
2.74

Table 5. Results of tracking the rate of organic matter extraction
Designation and
appearance of the sample

Anthracite – tiny irregular granulation coal, black color

Method

Migration of organic
matter mg/L

24 hours contact
48 hours contact 72 hours contact Blind test in
with distilled water with distilled water with distilled water distilled water
2.22
1.96
2.07
1.44

TOC

Migration of the total
PAH (mg/l)
benzo (a) pyrene (mg/l)
Volume 8 / Number 3 / 2013

0.2
0.01

0.2
0.01

0.2
0.01

0.2
0.01

GC
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The analysis of wastewater of a crude oil station was performed whose results before and after
purification with Filtracit are shown in Table 7.
The results showed that Filtracit effectively remove – absorb from wastewater mineral oils, phenols, turbidity, etc.
The addition of chemicals can improve adsorption characteristics of Filtracit, for example,
adding base or acid in certain quantities leads to

degradation of dispersants, adding alum in the pH
range between 8 and 9 and using pherosulphate at
pH between 8 and 10 significant coagulation of oil
could be achieved, etc. [1].
5. Economic effects of sorbents production
Changes to improve the economic effects of
business relating to the modification of processing

Table 6. Comparative analysis of filtering means
Eversit
Chinese
Characteristics of filter
Southclf
Recommended
latop Filtracit
materials
Offer Lab
Offer
Lab Anthracite
I. Physical properties
Grain size (mm)
0.6–5.0
0.6–5.0 0.6-5.0 0.6– 5.0 0.6–5.0 0.6-5.0 0.6-1.6 0.6-1.6
Uniformity coefficient
1.1-2.6
1.4
1.4
1.2-1.3 1.2-1.3
<1.5
<1.4
1.5
Effective grain diameter (mm)
1.5
1.2
II. Chemical properties
Carbon (%)
>90
90
90
min 80 min 80
90
90
90
Sulfur
<0,8
0,63
0,63 max 0,5 max 0,5
0,79
0,71
0.8
Moisture
<5
1,0
1,0
2
2
<5
1.0
1.0
Volatiles
5,0
5,5
5,5
6
6
5,5
5,5
5
Ash
4,0
3,5
3,5
12
12
4,0
3,5
4
III. Mechanical properties
Bulk density (g/cm3)
700-800
730
730
770
770
720
730 720-730
Density (g/l)
1,4-1,5
1,45
1,45
1,53
1,53
1,45
1,45
1,41
Hardness (Mos)
3,5-4,5
4,0
4,0
3-4
3-4
4,4
4,0
4,0
Porosity (%)
<10
<10
<10
50
50
<10
Solubility (%)
<2 in acid
< 0,1 < 0,1 2 in acid 2 in acid
0,18
4
IV. Other properties
Sorption (%)
3,1
3,4
3,8
Quality rating (1 - 10)
10
10
8,5
10
10
9,0

Table 7. Analysis of crude oil station wastewater before and after purification
Parameter
Date of taking sample
Turbidity
pH
Fluoride
Ac
Cl
Ut.KMnO2
HPK
BPK2
Resid.nonfiltr.
Resid.filtrat.
Susp.m 105°
Susp.m 700°
Mineral oils
Phenols
1360

Unit
NTU
mg/l
mg/l
mg/l
mg/l
mgO2 /l
mgO2 /l
mg/l
mg/l
mg/l
mg/l
mg/l
µ g/l

Before
10. 02 2002
16.60
8.10
0.5
<0.2
12.02
15.86
8.12
4.8
269.0
115.0
110.3
83.1
4.60
3.6

After
10 .02 2002
0.56
8.05
0.5
<0.2
11.82
5.48
2.04
2.4
0.7
96.0
0.4
0.1
0.28
0.5

MDK*
-

MDK**
-

6.8-8.5
10-12
2-4
350-1000
10-30
1

6.0-9.0
20-40
7-20
1500
80-100
300
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and the introduction of newly won commercial
products whose demand is increasing worldwide,
due to the intense pollution of the environment and
their production in this case would slightly affect
the increase of total production costs of coalmines.
Table 8 shows the sales prices of existing commercial products, essential for this comparative
analysis without VAT. [7]. According to the tabular data, there are mainly three ways to distribute
the entire production on the market: [8].
1. To sell whole quantity in the form of what is
exported out of the pit (raw).
2. To be sold after grinding – milling, and
3. To perform separation of the excavated
quantities (washing and classification) after
which is possible to get the range of three
types under the numbers 3 - 5.
Using existing mode of production and distribution of anthracite to consumers in the product
range according to Table 7, the processing and
classification is performed in the separation plant
located within the mine site.
The existing plant is not sufficiently equipped
for the production of filtration material-sorbents,

which could be applied in water purification technology. To produce them, it is necessary to purchase of a number of screens and conveyors, storage of finished products for and packaging device.
For the production of briquettes the acquisition of
the entire plant is required, whose cost, along with
part of the necessary equipment for the production
range of water purification, is shown in Table 9 [9].
Since the monthly wage bill of the mine’s worker is over 10 million dinars of investments, commenting the amount of named purchase isn’t necessary at all. Based on previous report, it is easy to
conclude that after investing in a processing and
briquetting plant, there are four possibilities for
commercial distribution of anthracite to consumers:
– Raw
– Raw ground
– Separated
– Purification water assortment and briquettes
All four modes of anthracite distribution on
the market as a commercial product through the
various ranges are considered separately and the
results of research are shown in Table 10. The results of calculations relating to the calculation of

Table 8. Prices of existing commercial anthracite products
Number
1
2
3
4
5

Assortment
Raw
Raw ground
Separated -30+0,5
Fine -0,5+0
For brick plants -30+0,5

Thermal value (KJ/kg)
28 016
24 550
29 000
27 000
15 400

Price without VAT (RSD)
6403,00
6397,00
5 617,00
5 354,00
3 461,00

Table 9. Investments in the acquisition of additional equipment
Number
1.
2.
Total

Equipment designation
Equipment for production of sorbents
Equipment for enlarging the small anthracite class

Purchase price (RSD)
4 000 000
6 000 000
10 000 000

Table 10. Results of the research of four modes of anthracite distribution on the market as a commercial
product considered separately through the various ranges
Number
1.
2.
3.
4.

Participation – ton Price per unit Total cost
of raw coal (%)
(din/t)
(din/t.r.c.)
Raw
100
5 427,00
5 427,00
Raw ground
100
5 421,00
5 421,00
separated -30+05
25
5 617,00
Separated
For brick plants -30+05
25
3 461,00
4 946,00
fine -05+0
50
5 354,00
8
64 550,00
Filtration assortment Filtration assortment
10 944,00
and briquettes
briquettes
85
6
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the profit gained by selling one ton of raw anthracite in relation to one of these four ways.
In this case the cost of production and processing
have not commented but based on experience with
previous work and on the basis of literature we know
that the cost of grinding in this case is around 100
RSD/t, the cost of separation (washing and grading)
around 400 RSD/t and an additional costs of production range of water purification and enlargement of
the small fraction is approximately 1000 RSD/t.
The calculation was made based on currently
valid mining prices for all ranges, including filtration though as yet not produced, because without
new investments there are no conditions for production, while the price of briquettes is taken on
the basis of analogy in relation to the prices in other mines that operate within JPPU-Resavica. Production of Filtracit was performed several times
at the request of the consumers in a very primitive
way, with great presence of manual labor.
It is unnecessary to comment the results of
research because Table 10 clearly shows that the
largest revenue per ton of raw coal is provided in
scope of the distribution of filtration materials and
briquettes as commercial products on the market,
in spite of the additional expenditure for further
processing and technological losses of about 7 per
cent, twofold increase of profit is obvious compared to the best version so far.
In any case, it should be noted there are losses
in the previous three versions too, but much smaller, although in relation to the benefits, the last one
is not necessary to comment.
6. Conclusion
Anthracite mine “Vrška Čuka” is located 10
kilometers from the town of Zajecar nearby Bulgarian border and is one of eight mines operating
within JPPEU-Resavica. It operates about 130
years with an annual production of between 15 and
20 thousand tons of anthracite, a calorific value of
about 33GJ/kg. Full production was distributed on
the market as energy fuel in the form of raw, raw
ground or separated anthracite.
Since it is rare case globally that anthracite is
used as energy fuel, but as technological resources, it was necessary to find more profitable options, so joint researches of mines and IOFH from
1362

Belgrade won a new product (Filtracit) in potable
water treatment technology and wastewater containing oil and crude oil, based on anthracite.
Filtracit is a very effective tool in the technology of potable water purification; it is not soluble
in water, does not release harmful substances, hazardous to human health, and does not affect the
hardness of water.
In addition to potable water, can be used as an
effective means of wastewater treatment, especially those that contain oil and crude oil, phenols, etc.
Production of Filtracit was performed several
times at the request of the consumer in a very
primitive way, with great presence of manual labor. For the full realization of the production program only 10 million dinnars is necessary, including briquetting plant, which would represent the
utilization of industrial waste in this case.
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