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FOREWORD

Over the past two decades we have witnessed a growing interest in the problems of a
permanent and efficient use of natural resources and preservation of the environment as a
single, composite resource of a specific purpose. The tide of interest in the world has been
accompanied by efforts in the field of economic theory and practice, with a desire to reconcile
economic and environmental interests, and find more appropriate instruments and measures to
promote sustainable social development. Unfortunately, these new breakthroughs in the field
of economics and management have largely remained unknown to our public. For these
reasons, Faculty of Management Zajecar is organising the Third International Symposium on
Natural Resources Management this year.

The largest number of submitted papers has in their focus increasing efficiency of resource
use (and hence reducing the intensity of use) and reducing the impact on the environment. In
short, most of the researches have focused on finding practical policy options for separating
the trend of economic development, and more generally, development in general, from the
trend of resource use and environmental impact. There is a connection established between
the use of resources and the negative impact of resource use on the environment and it is
being determined where it is necessary to take certain actions in order to overcome the
problem. The ability to accurately assess the capacity of an individual resource, the most
effective method of its allocation and the willingness to adopt measures in the event of quality
deterioration of the resource or its depletion are essential for management efficiency, and they
should be accompanied (in the case of non-renewable sources) by an optimal level of
exploitation, the allocation of the corresponding part of the yield from the natural resource
exploitation in other forms of capital in order to prevent the overall reduction of capital, as
well as appropriate measures to prevent or compensate the negative consequences, especially
those concerning the negative impact on the environment. It is necessary to perform a detailed
analysis of stakeholders in terms of their interest in the exploitation of certain natural
resources, identifying winners and losers in the current policies of natural resources
exploitation and with alternative policies, their ability to make decisions, use resources, seek
alternatives. It is necessary to establish a coordinated, cross-sector management of natural
resources, decentralized to the greatest extent possible and with the maximum involvement of
the public in order to achieve the desired efficiency and distribution effects of the use of
natural resources. The application of modern tools, such as the strategic assessment of the
environmental impact is certainly one way to achieve this goal. Also, the empowerment of the
poorer people and less developed regions to manage natural resources in an appropriate way,
for example, through better access to information and participation in decision-making
mechanisms by involving the public in the early stages of decision-making or in any other
appropriate way, significantly contributes to maximum distribution effects as well as poverty
reduction and balanced regional development.

The contributions to the international symposium have come from the professors and
associates of Megatrend University as well as from authors from other universities in the



country and abroad. Professors and doctoral students from universities in Italy, Slovenia and
Bosnia and Herzegovina have also made contributions to this conference.

The Proceedings are intended for the scientific and professional community as well as
students of master and doctoral studies. The contents allow readers to learn about
contemporary approaches, perspectives and challenges in the natural resources management
of the new millennium.

Zajecar, May 2013 Editor in Chief
Bojan S. Pordevi¢, PhD



COPPER PRODUCTION TRENDS IN THE WORLD WITH TURNING
ON SERBIAN POSITION

TRENDOVI PROIZVODNJE BAKRA U SVETU SA OSVRTOM NA
POLOZAJ SRBIJE

Branislav Mihajlovic, PhD, grad. min. eng.*

Abstract: The past few decades the production of copper in the world characterized by increasing mass,
productivity and profitability. Production growth is in line with the continual growth of demand in the market. In
order to maintain such a long-term trend, the most powerful companies in the world in the production of copper
made continuously adapt to rapidly changing conditions, both natural and market. Technological development of
copper production worldwide has reached its fully developed highly sophisticated form, but the art technology is
increasingly concentrated in the hands of a few powerful companies and countries. Other companies and
countries are beginning to fall behind. Where the position of Serbia in that? This text is written primarily
because it would be timely to point out the possibility that our country, which has a requirement to take a
favorable position in the complex production and processing of copper, in the long-term development goal and
achieve it.

Apstrakt: Unazad par desetina godina proizvodnju bakra u svetu karakterise sve ve¢a masovnost, produktivnost
i profitabilnost. Rast proizvodnje je uskladen sa permanentnim rastom traznje na trzistu. Da bi se dugorocno
odrzao takav trend, najmocnije svetske kompanije u proizvodnji bakra vrse stalno prilagodavanje brzim
promenama uslova, kako prirodnih, tako i trzisnih. Tehnoloski razvoj proizvodnje bakra u svetu je dostigao
izuzetno razvijene visokosofisticirane forme, ali ta vrhunska tehnologija se sve vise koncentrise u rukama
nekoliko najmo¢nijih kompanija i drzava. Ostale kompanije i drzave pocinju da zaostaju. Gde je polozaj Srbije u
tome? Ovaj tekst je napisan prvenstveno zbog toga da bi se pravovremeno ukazalo na mogucnost da nasa
zemlja, koja ima uslova da zauzme povoljnu poziciju u kompleksu proizvodnje i prerade bakra, u dugorocnom
razvoju taj cilj i postigne.

1. INTRODUCTION

At the beginning of the twentieth century, consumption of copper in the world was at about
half a million tons of metal per year, and the end of 2012. has exceeded 20 million tons, which
is the country's per capita average of 3 kg / year. Average growth of copper consumption in
that period is 3%. Forecasts of experts that this trend will continue in the future. At first it will
affect growth of the world population and rapid industrialization in developing countries.

Copper production in the world are characterized by permanent decrease of copper content in
the ore dug up with the constant increase in the depth of excavation and the amount of waste.
These two factors - the decline in metal content, and increasing the amount of waste can be
summarized in a single indicator: an increase in the amount of excavated materials per ton of
copper produced. In the last period this parameter in the world reached 566 t and in Serbia
1548 t of excavated material per ton of copper produced. Of these quantities only 1 t is useful
product — copper.

1 Rukovodilac sektora za plan i analizu RBB Bor, Kestenova 8, 19210 Bor, banem8@hotmail.com
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2. MASS CHARACTER OF PRODUCTION OF COPPER

Over the past decade strongly established the need for sustainable development and reducing
the overall pollution of the environment, which has been in the production and processing of
copper imperative imposed by the need to reduce the amount of excavation material per ton of
copper produced. Surface mining because its essence is not able to give a favorable response
to this request, and has in recent decades developed large-scale underground mining of copper
through the use of highly sophisticated mining methods. They have slashed the cost of
excavation to a level that can successfully compete with surface mining costs, and most
importantly, the amount of excavation per ton of copper decreased by several times.
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Figure 1. World refined usage per capita, 1950-2012 [2]

Mass production of the copper should not be unrestrainedand uncontrolledperform, but in
terms of sustainability copper complex in Serbia must meet the following elements:

- The sustainability of the technological part

- The sustainability of economical part and

- Environmental sustainability part.

For themselves each of these units must have arguments for their sustainability, all three parts
must fit into a strategy of sustainable development.

3. PROFITABILITY OF COPPER PRODUCTION

All major copper producing companies in the world have observed a substantial difference
between revenues and costs, respectively selling prices of copper and its cost. Although both
of the prices of essential importance for the survival of mining companies in the market, the
main difference between them is that the mining companies can not affect the selling price of
copper on the market, but it certainly can affect its cost price. Continuous and persistent cost
control and constant struggle to reduce it, the world's leading companies in the production of
copper developed high advantaged technologies of its production, thereby enabling
acquisition itself enormously high profits. With the by-products of copper production (mainly
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gold and silver) the amount of annual profits from the sale of the copper market is over $ 100
billion. The profit is increasingly concentrated in the hands of a small number of leading
companies in the production of copper. Forecasts are that this trend will in the future continue
even stronger.

Table 1. Top 20 copper mines by capacity [2]

Rank Mine Country Owner(s) Source Capacity
1 Escondida Chile BHP Billiton (57.5%), Rio Tinto Corp. (30%), Japan Escondida (12.5%) Concs & SX-EW 1,250
Codelco Norte
2 includes Chuqui F iro |Chile Codelco Concs & SX-EW 920
Tomic, Mina Ministro Hales project)
3 Grasberg Indonesia P_T. Freeport Indonesia Co. (PT-Fl), Rio Tinto Concentrates 750
4 Collahuasi Chile Anglo American (44%), Xstrata plc (44%), Mitsui + Nippon (12%) Concs & SX-EW 520
5 Los Pelambres Chile Antofagasta Plc (60%). Nippon Mining (25%), Mitsubishi Materials (15%) Concentrates 470
6 El Teniente Chile Codelco Concs & SXEW 434
7 E::;;:hpl\jﬂ::;um {horilek/ Russia Norilsk Nickel Concentrates 430
8 Morenci United States Freeport-McMoRan Inc 85%, 15% affiliates of Sumitomo Corporation Concs & SXEW 420
= 5 = = R
9 Kidaniing Peru 3);;)8dlnon (33.75%), Teck (22.5%), Xstrata plc (33.75%), Mitsubishi Corp. Bocertiaias 370
10 Andina Chile Codelco Concentrates 300
11 Bingham Canyon United States Kennecott Concentrates 280
n i T =
12 Kansanshi Zambia First Quantum Minerals Ltd (80%), ZCCM (20%) Concs & SX-EW 250
14 Los Bronces Chile Anglo Amercian 75.5%, Mitsubishi Corp. 24.5% Concs & SX-EW 246
15 Zhezkazgan Complex Kazakhstan Kazakhmys (Samsung) Concentrates 230
16 Olympic Dam Australia BHP Billiton Concs & SXEW 225
17 Rudna Poland KGHM Polska Miedz S.A. Concentrates 215
18 Sarcheshmeh Iran National Iranian Copper Industry Co. Concs & SX-EW 204
19  [Spence Chile BHP Billiton SX-EW 200
20 La Caridad Mexico Mexicana de Cobre S. A. (Grupo Mexico) Concs & SXEW 195

4. COMPATIBILITY OF GROWTH PRODUCTION AND DEMAND OF COPPER

The main enigma that is placed in front of the mining profession and sciencetoagree onlong-
termgrowth trendsin demand andproduction . Demand is growing exponentially, and the
production term cannot follow this trend. How to solve this enigma? World for now is the
answer:

a. mass surface mining,

b. use SE -/ EW technology,

c. mass underground mining (block, panel and super caving excavation) and

d. the increasing share of copper recycling.

Our participation in these trends, except in the mass surface exploitation, is very limited.

Surface mining of copper in the world, the last few decades, closer to maximum productivity
and minimum allowed costs. To the limit was enhanced development of equipment for mass
excavation, using the modern achievements of science and technology, as well as the
increasing computerization of the entire technological process.

Mining companies that surface mined copper ore the average direct cost of producing from
mining to the cathode were strengthened at the $ 5 / t excavated material very difficult to
make progress and improve this parameter. Productivity has also reached a very high level of
40 to nearly 400 tons of copper / employee / year (average about 235 tons of copper /
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employee / year). In this way, surface mining reached its peak in achieving optimal
technological parameters.

However, each open pit mining characterized by increase the total amount per ton of copper
produced over time caused by the deterioration of environmental conditions during the
excavation, which is reflected in the decrease of copper content and increase the amount of
overburden due to increased depth of excavation. Next it was stated that surface mining
technology has already reached the limits of productivity and costs, under which it is very
difficult to get off. In the world,when reach the limit of 700 to 800 t excavated material per
ton of copper, mine out of the zone of optimal operation. Therefore, surface mining can not
provide a reliable and stable longterm prospects of copper in the world, but increasingly it has
supplemented from underground mines.

Start of application of technology SX-EW sixties and seventies of the last century made it
possible to exploit low content oxide ores which were previously unusable. This technology
has enabled much cheaper to extract copper from the classical pyrometallurgical processing,
and thus much lower content of copper in the ore from the mines to the content standard
technology. Mean copper content in the ore from the mine to conventional excavation 2012™
amounted to 1,08% Cu, and if we add the average content of the SX-EW mine (0,35% Cu),
then that content drops to 0,92% Cu.
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Figure 2. World copper mine production [2]

However, this low-cost copper production technology has brought many environmental
disadvantages: excessive water consumption and the risk of pollution of watercourses and the
enormously large amounts of excavation (waste) per ton of copper produced, much more than
in conventional technologies. Rehabilitation of existing denying the new environmental
damage resulting from the application of this technology is often caused by excessive costs
and difficulties that many mining companies are not able to handle it. Therefore, in the
developed world, the application of this technology avoiding in urban areas, but in the
deserted and uninhabited areas.
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Underground mining of copper in the world in recent years are in expansion. A quarter of
the total mine production of copper, about four million tons, is produced annually in this way.
Trends and forecasts predict a rapid increase of participation in the structure of underground
mining of copper, so that by the end of this decade, it is expected to be 50%, with further
growth.

The main reasons for this trend is the development of underground mining of copper lies in
two facts:
1. Environmental factor
2. The development of highly sophisticated mining methods based on the development
of geomechanics and computer software.

Environmental factor in decades is gaining increasing importance in a mine production.
Sustainable development of the mining industry is built into the new legal form and becomes
a rule that must be followed.

As mentioned above, the surface mining and SX-EW burdened with enormous amounts
excavated material per ton of copper produced and that they can not provide a long-term
positive response to tougher environmental requirements for their reduction. Underground
mining is the only one able to give a positive response to such claims, for the simple reason
that in her gangue — no waste. Quantity ofexcavated material per ton of copper produced, on
average, three to five times lower than the amount of excavation in surface mining. However,
underground mining of copper versus the undoubted advantages, and has a major drawback -
the high cost of production, as it has for decades suppress the background.
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Fig . 3. Evolution of underground copper mines [7]

The development of highly sophisticated methods of underground mining of copper-based
accomplishments in the application of geomechanics and computer software in the production
of copper has introduced a revolution. In this regard, the most progress has been made in the
development of large-scale underground block and panel caving methods. This method has
been applied over a hundred years and holds primacy in productivity and low production
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costs, but it is only in recent decades undergone a full expansion, so currently % of copper
from the underground mining (about three million tons per year) produced in this way.

Geomechanics and software packages development have made it possible to be done with
detailed knowledge of all the features of the rock mass and to establish full control over its
management. Thus makes it possible to develop a variant of giant size and capacity method of
mining (panel caving) that literally "swallow all mountains”. Mining of copper ore in this way
with its basic characteristics - mass production, productivity and unit costs to successful
approached to surface mining, while meeting environmental constraints.

The largest world producers of copper in a timely manner understood the significance of these
trends. The above described technology is increasingly concentrated intheir hands allowing
them primacy in the production of copper, and on its market.

Constant hunger for profit is mentioned company took one step further - to the early
implementation of the so-called "super caving” mining. Their characteristic is a huge
production (100-180 thousand tons / day), with the enormous production costs low, making
the most developed beyond surface mining.

The world momentary working to develop more such projects:
— Bingham Canyon, USA
— La Escondida, Chile
— Grasberg, Indonesia
— Oyu Tolgoi, Mongolia
— Resolution, USA and
— Pebble, USA.

Each of these projects includes mineable reserves over of a billion tonnes of ore, with total
volumes of development drifts from 200,000 to 300,000 meters, with an annual production
volume of development from 20.00 to 50.000 m and daily production of 100 to 180 thousand
tons of copper ore. Only these six mines in a few years to give more copper than it provides

complete underground mine today. Such parameters have been unthinkable until recently.
25,000

mTotalscrap m Primary refined

20,000

15,000

10,000

5,000

0

2002 2003 2004 2005 2006 2007 2008 2009 2010
Figure 4. Total copper usage, including copper scrap [2]
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In recent years the production of copper from recycling are increasingly gaining in
importance in the total production of copper it accounts for 39%. This is the aspect of
sustainability and environmentally friendly way and form of copper. Therefore, to propagate a
greater volume of this type of copper production, although this is fraught with limited
resources.

5. OPPORTUNITIES IN THE APPLICATION OF NEW FORMS OF
TECHNOLOGICAL DEVELOPMENT IN SERBIA

The above-mentioned developments have led to a concentration of the most modern
technology in the development of copper mining in the hands of a small number of the most
advanced companies in the world. These companies are winning a growing monopoly on the
world copper market and earn huge profits. Other companies do not follow this trend and are
increasingly falling behind technologically, environmentally and economically.

For us, the important question: where is the place in Serbia this? Can copper production in
Serbia to "join the train" with technologically advanced producers of copper?

Of the 46 countries in the world that are engaged in industrial production of copper, Serbia is
last year ranked 24™ place, with a production of 32000 tons of copper. The realization in 1548
t excavated material per ton of copper produced, mainly from surface mining and collection
costs of 6,5 USD /t excavated material Serbian complex production and processing of copper
is far behind the world.

Surface mining of copper with these parameters has no chance to compete with the world
because of too much excavated materials per ton of copper produced, the devastating effect on
the ecology. In Serbia, per ton of copper produced three times more waste than the world, and
the cost of copper production is so almost three times more expensive than in the world.
Technology SX-EW in Serbia has no future due to lack of proper raw materials. Also
contributes to the geographic and demographic factors - the long and harsh winter with lots of
rain, and a relatively high population density.

Processing of scrap has very limited options because of the small Serbian market - is limited
to an annual rate of several thousand tonnes, although this amount is not insignificant.

The best chance to "climb on the train" of modern technology of copper production in Serbia
is underground mining. For more than twenty years, Serbia has systematized database of
mineral deposit "Borska reka" that is ideal for the application of the above described highly
sophisticated technology. The problem is that Serbia is not present such technology, no
experience and no staff that is trained to carry out its implementation. On the other hand,
Serbia is on the scene working out long-term development program of copper, which is based
on the dominant surface mining and which, as described above, leads to technological,
economic and especially ecological impasse.
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6. CONCLUSION

The most important thing for the optimum development of mining copper production -
appropriate resources on which it can be successfully implemented, Serbia has. Herself do not
have the technology, the appropriate kind of knowledge and personnel capable to implement
it. Aggravating circumstance was that the development is directed in the wrong direction - a
massive surface mining that achieves an awkward technological, economic and especially
environmental parameters. In such circumstances, there is little chance that Serbia "climb on
the train™ of modern trends in the production of copper. It certainly should not discourage, but
on the contrary to be the pulse of mining professionals and related professions in Serbia to
make the maximum effort into learning and mastering advanced technologies underground
copper production. Only in this way complex production and processing of copper in Serbia
can successfully to take an appropriate position in the world's copper production.
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PELLETIZED FLY ASH AS AGGREGATE FOR BUILDING
MATERIALS

PELETIZIRANI LETECI PEPEO KAO AGREGAT ZA GRAPEVINSKE
MATERIJALE
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YInstitute for Materials Testing, Belgrade, Serbia
%Institute for Technology of Nuclear and Other Raw Mineral Materials, Belgrade, Serbia

Abstract: Although secondary waste material pelletization process is a world wide known technique in the
production of artificial aggregates, it has not been widely used in construction sector. The cold-bonded fly ash
aggregate was produced in semi-industrial pelletizing device. The fly ash particles were bonded with water-glass
(Sodium silicate - Na,SiOs) and used as aggregate substitution in Portland cement based concrete. The
performance characteristics of lightweight concretes and normal-weight concrete were investigated through
compressive strength, modulus of elasticity and tensile strength representing the mechanical behavior.Utilizing
fly ash to produce quality aggregates should yield significant environmental benefits.

Key words: pelletization, fly ash, aggregate, concrete.

Apstrakt: lako je peletizacija sekundarnih siriovina postupak koji je ve¢ dugo poznat i primenjivan za dobijanje
vestackih agregata, on se i dalje dovoljno ne primenjuje u oblasti konstrukcionih materijala. Hladno vezani
agregat na bazi leteceg pepela je dobijen uz pomoé polu-industrijskog peletizatora. Zrna leteéeg pepela su
medusobno povezana pomocu vodenog staklas (natrijum silkata - Na,SiOs), a potom upotrebljena kao zamena za
agregat u standardnom Portland cementnom betonu. Ispitivana su finalna svojstva lako-agregatnih betona i
standardnih betona (normalne zapreminske mase) tako Sto je odredena pritisna cvrsto¢a, modul elsticnosti i
évrstocéa na istezanje kao glavi reprezenti ponasanja gradevinskog materijala. Ocekuje se da primena lete¢eg
pepela za proizvodnju kvalitetnog agregata ostvari znacajan benefit po zZivotnu sredinu.

Kljucne reci: peletizacija, leteci pepeo, agregat, beton.

1. INTRODUCTION

The “reuse” strategy in construction materials industry and environmental protection is
becoming necessary. This principle refers to waste minimization through planning and design
and it refers to the waste material recovery and transferring into secondary raw materials [1,
2]. Ash as by-product of the coal combustion is one of the most imminent environmental
polluters. The annual global fly ash production is over 600 million tons which makes this by-
product a serious problem with severe implications for the environment [3-5].

The construction industry is the biggest consumer of recycled raw materials with reapplication
rate of approximately 21 million tons of fly ash per year, which is about 3 to 4 % of total ash
production [5]. The relatively high recycling rate is obtained mainly due to the fly ash
pozzolanic behavior. Possibilities for fly ash reapplications are numerous: as bonding agent or
aggregate in concrete/mortar [7-10], filler in road base [11], raw material in cement clinker
production [12, 13], component in bricks and tiles [14, 15], as injection material, as
geopolymers [16, 17]. One possible fly ash reuse, which has not been, to this day, seriously
investigated, is fly ash reapplication as a raw material for high-temperature and refractory
materials. Therefore, the fly ash has to adequately answer the thermal stability criteria, in
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terms that it should not affect the behavior of final product under exposure to elevated
temperatures.

This paper presents the results of one part of an investigation with a much larger scope. The
main objective of this investigation was to make a comparison between the mechanical
properties and durability of lightweight concretes produced with lightweightfly ash aggregates
and those of normal-weight concrete.

2. MATERIALS AND METHODS

Investigated fly ash originated from the filter system of coal-fired power plant “Kolubara”,
Lazarevac, Serbia. The fly ash was collected directly from the filter of the power plant and
transported to a special closed silo; a sample of 500 kg of each fly ash was randomly taken
from the silo and re-sampled by the quarter method (obtaining 50 kg samples); the samples
were preserved in hermetically sealed boxes until further analyses. The chemical analysis of
the investigated fly ash is given in Table 1, as well as content of oxides present in Portland
cement used for preparation of experimental concretes. Analysis of chemical constituents was
performed by means of X-ray fluorescence technique - XRF spectrophotometer ED 2000 —
Oxford.

Table 1. Chemical composition of the fly ash (FA) and Portland cement (PC).

Oxide, |SiO, |Al, |Fe; |TiO|Ca [Mg |P, |SO |Na; |K, |Mn |CO; | Lol

% O; |03 |2 O |0 Os |3 O] O |O

FA 533 [20.1 |6.78 |06 |7.7 |329|00 |12 |05 |12 |0.03 |0.11 |3.82
1 9 7 2 2 5 1

PC 19.3 |8.69 [4.93 | 0.1 |59. | 256 |- 32|01 |03 |- - 0.6
5 6

Grain size of the original fly ash varied from several um up to 2 mm. Fly ash particles fraction
content was analyzed by means of cyclo-sizer diffraction particle size analysis (Cyclo-sizer -
Warman International LTD, Australia). Particle size distribution of the fly ash after
mechanical activation is shown in Figure 1.
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Figure 1. Distribution of fly ash particle fractions given in percentage of total mass
Preparation of fly ash pelletized aggregate

A pelletizer plate of 50 cm diameter and 15 cm depth was used for manufacturing of the
lightweight fly ash pellets. The disc was operated at an angle of 45 ° and a rate of 50 rpm.
The amount of 10 % by weight of fly ash of water-glass (Sodium silicate - Na;SiO3) was
mixed with fly ash in order to produce lightweight aggregate (Figure 2). The pelletizer
plate was rotating until the firm sphericalpellets have been formed (approximately 30
minutes). The pellets were afterwards placed in a furnace to be dried at 110°C to
prevent its cracking.

Figure 2. Obtained fly ash pellets (before drying)

Preparation of concrete samples

Concrete components were mixed for 8 minutes in laboratory RILEM-cem mixer and,
afterwards, poured in 200 x 200 mm cubic steel moulds and thus shaped. After 7 days of
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curing in a climate chamber at 20 °C and humidity 60 %, the samples were demoulded and
stored for another 21 days under the same conditions as in the climate chamber. The
preparation of the samples was conducted in accordance with standards SRPS EN 12390-
1:2012 and SRPS EN 12390-2:2010. Concrete mixtures were designed as it is given in Tab. 2.

Table 2. Mix-design of the experimental concretes.

Component: | Cement content | Fly ash content Sand content Water content
Control specimen
(NC) 450 g - 1350 g 2259
(FI'_%")"Sh concrete 450 g 350 g 1000 g 225 g

Testing of the concrete samples

The mechanical strength (compressive and tensile) of the concrete samples were tested
using a conventional laboratory hydraulic pressure device. Samples were tested at
ambient temperature in accordance with standard procedure SRPS EN 12390-
2:2010.Modulus of elasticity of concrete specimens was calculated using Eq. (1).

E, =9.25-3/f, +10 (1)

Where: E: - modulus of elasticity, (GPa); fc - compressive strength of the cubic sample
(200 x 200 mmm), (MPa).

3. RESULTS AND DISCUSSION

The uniformity of fly ash pellets was proved by visual inspection - the color and the size
of newly formed aggregates should be relatively uniform. The uniformity in aggregate
appearance furthermore resulted in the homogeneity of aggregate properties and also
provided consistence in concrete properties, thus it is of utmost importance that the
produced aggregate is of high quality and consistent characteristics. After visual
examination it was concluded that pellets are of uniform size and color. The color, which
was gray after pelletization, changed into yellow after drying procedure.

Approximate strength of individual fly ash pellets was determined by measuring load
necessary for crushing a pellet when placed between two parallel plates of hydraulic
pressure device. The crushing strength of a “green” pellet was approximately 4 MPa,
while the crushing strength of dried pellet was 6 MPa. Values of approximate pellets
crushing strength makes them as appropriate substitution for normal stone aggregate
used in production of concrete.

The values of compressive strength of normal-weight concrete (NC) and light-weight
concrete (LC) are shown in Figure 3. The 28-day compressive strength of light-weight
concrete varied from 7 to 43 MPa through period of 56 days. As it was expected, the
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light-weight aggregate concrete showed lower compressive strength than the normal-
weight concrete due to the higher porosity and lower strength of the lightweight
aggregates applied.
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Figure3. Normal and light-weight concrete compressive strength change

The Figure 4. presents the tensile strength of light-weight andnormal-weight concretes
investigated. LC concrete exhibited the lower 28 and 56-day tensile strength-2.92 and 2.95
MPa, respectively, than NC concrete whose tensile strength was 3.38 MPa and 3.42
MPa,respectively.Increase rates in tensile strength were smaller than those shown in case of
the compressive strength.
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Figure 4. Normal and light-weight concrete tensile strength change

In the Fig 5., the change of modulus of elasticity for NC and LC concrete samples through
time is shown. Same as in the case of compressive and tensile strength light-weight
aggregate concrete had lower values of modulus of elasticity than the normal-weight
concrete.
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Figure 5. Normal and light-weight concrete modulus of elasticity change

The replacement of the normal aggregate in the concrete with the lightweight aggregate
resulted in a 30 % reduction in the 28-day compressive strength. Reduction ratio decreased in
56-day strengths to 21 %.
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Modulus of elasticity for LC ranged from 22.6 to 32.4 GPa, and for NC from 23.8 to 34.8 GPa
through period of 56 days.The modulus of elasticity of depends on the density, but also on the
pore structure and the surface texture of the light-weight aggregate. Therefore, an aggregate
with a dense structure and evenly distributed pores gives higher modulus of elasticity and
more concrete stiffness than a more porous aggregate.

4. CONCLUSION

The concreteprepared withpelletized fly ash aggregate seems to be a promising constructi-
onand insulation material. The general conclusions made after results of the performed
preliminary investigations are:

e The fly ash from “Kolubara” thermal plant in Serbia is applicable as secondary raw
material in light-aggregate production. The uniformity of fly ash pellets was proved by
visual inspection: the color and the size of newly formed aggregates were uniform.

e Workability of fresh lightweight concrete was positivelyaffected by the spherical shaped
lightweight fly ash aggregateswhich may also result in a decrease of water demand for
constantslump.

e Lightweight concretes with dried fly ash aggregate had lower compressive strength,
tensile strenth andmodulus of elasticity compared to the normal-weight concretes. Lower
density and crushingstrength of the fly ash aggregate were most probablyresponsible for
this.

e Further investigations will concentrate on varying the fly ash aggregate content in
concrete mixes to understand their dependence on mechanical characteristics and final
performece.
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USING TOPSIS METHOD FOR ORE DEPOSIT SELECTION

PRIMENA TOPSIS METODE ZA IZBOR RUDNOG LEZISTA
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Abstract: This paper develops an evaluation model based on TOPSIS method (Technique for Order Preference
by Similarity to Ideal Solution), to help the decision makers in selection of the optimal ore deposit for
exploitation. The weights of criteria are determined by using Entropy method. A real case study is used to
illustrate the utilization of the model for ore deposit selection problem. Shown example demonstrates the
effectiveness and feasibility of the proposed model.

Key words: Ore deposit selection, TOPSIS, entropy method, real case study.

Apstrakt: U radu je razvijen evaluacioni model baziran na TOPSIS metodi (Technique for Order Preference by
Similarity to Ideal Solution), u cilju pruzanja pomoéi donosiocima odluka u izboru optimalnog rudnog leZista za
eksploataciju. Entropi metoda je upotrebljena za odredivanje teZine kriterijuma. Realna studija slucaja je
upotrebljena radi ukazivanja na primenljivost modela kod problema izbora rudnog lezZista za eksploataciju.
Prikazan primer demonstrira efikasnost i opravdanost predlozenog modela.

Kljucne reci: Izbor rudnog lezista, TOPSIS, Entropi metod, realna studija slucaja.

1. INTRODUCTION

Country progress is measured by degree of using minerals. It is impossible to list all the uses
of minerals in an advanced economy, but very interesting is the fact that, on a tonnage basis,
oldest materials have the greatest use. Minerals are very important input for nearly every
sector in the industrialized economy and abundant and varied supply provide the abundant
productivity of the diversified industry.

In minerals exploitation very important thing is selection of the appropriate ore deposit among
several alternatives. The problem of ore deposit selection represents the multi-criteria decision
making (MCDM) problem because of the set of alternatives and set of often conflicting
criteria which complicated decision making. The MCDM methods enables better management
decisions because they take into account variations in stake-holders preferences for criteria,
and conflicting interests and values. In present conditions it is very difficult for decision
maker (DM) to identify suitable alternative which maximizes all decision criteria.

Many authors have discussed the advantages, disadvantages and possibilities of using MCDM
methods in the area of renewable energy resources, and examples are reviews include:[1-7]. In
the field of non-renewable resources these methods are mainly used for mining method
selection and for assessment of sustainable mining and minerals sector development [8-14].
Goal of this paper is to evaluate ore deposit in order to select the most suitable for exploitation
from technical point of view and according to production costs by using combined TOPSIS
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and Entropy method. The paper is organized as follows: the used methods are explained in
section 2; section 3 contains numerical example; and in section 4 conclusions are discussed.

2. METHODS
2.1. The Entropy method

Entropy method was developed by Shannon 1948 [15, 16], and it is widely used in many
different fields because of its simplicity and reliability. This method is very useful for
determination of the criteria weights and this is performed by following formula:

1-e.
W= ————, 1)

| Zn:(l_ej)

j=1
where j=,...,n.

The output entropy e; of the j—thfactor is calculated as:

1 n
€ __W;rij In(rij ) (2)
where j=,...,n..

n
Determined criteria weights should satisfy the term: ij =1.
j=1

2.2. The TOPSIS method

The TOPSIS was first introduced by Hwang and Yoon 1981 [17]. According to this method
the most suitable alternative would have the shortest distance from the ideal solution and
largest distance from the anti-ideal solution [18]. The positive-ideal solutions includes all best
values attainable from the criteria, whereas the negative-ideal solution is vice versa. There
have been many papers using TOPSIS for the solution of MCDM problems [19-21].

The TOPSIS method consists of following steps:

Step 1. Establish decision matrix.The matrix structure can be as in Table 1 [22]:

Table 1.The information table of TOPSIS

Alternatives Criteria
C. C. C.
A1 Xi1 Xy, X,
A, X51 X,y X,
Ai Xn]_ an i
w W, W. W;

2
z
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where A, A,,...,A represent possible alternatives among which decision maker have to
choose, C,,C,....,C; are criteria with which alternative performance are measured, x; is the

rating of alternative A, with respect to the criteria C;,w, is the weight of the criteria C |,
i =1...,m, mis number of alternatives, and j =1,...,n, nis number of criteria [23].

Step 2. Calculate the normalized decision matrix. The normalized valuer; is calculated as:

Step 3. Create the weighted normalizeddecision matrix. The weighted normalized value v,

is calculated as:

Step 4.Determine ideal solution A™and anti-ideal solution A~. The ideal solution A" and
anti-ideal solution A~ are calculated by using following formulae:

AT =4y, = {(mngij| icl’)(miny,|iel”) (5)

i
A = {v{,...,v;}: {(miin vilie I’Mm?xvij| ie I”)}, (6)
where 1'is associated with set of benefit criteria, and 1”is associated with set of cost criteria.

Step 5.Calculate the separation of each alternative from ideal solution D,", and anti-ideal
solution D; using the n-dimensional Euclidean distance. The ideal solution D, and anti-
ideal solution D, are calculated as:

D = Z(Vij _Vj+)’ (7)
D = Z(V” —vj‘). (8)

Step 6.Calculate the relative closeness to the ideal solution and rank the alternatives. The
relative closeness to the ideal solution can be expressed as:

C' =D/ (Di+ +Dy )’ ©)
where 0<C* <1.
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3. ANUMERIC APPLICATION OF PROPOSED MODEL

Proposed model is applied to a real problem in mining industry. The aim of paper is to asses
possible ore deposits and to help the DM accordingly to their requirements. Compared ore
deposits are:

= A;- Brezanik

= A,-Tilvaros

- A3 - PzA
In this case only three alternative ore deposits are evaluated, but proposed model could be
applied to any number of alternatives.

Assessment is based on the following criteria:

= C; - mass of copper (t).The ore deposit which contains the highest amount of copper
has the advantage.

= C, - mass of gold (kg). The ore deposit which contains the highest amount of gold has
the advantage.

= Cs - mass of silver (kg). The ore deposit which contains the highest amount of gold has
the advantage.

= C4— variation coefficient of the copper content (%). This coefficient represents the
variability of useful components distribution, and mineralization in the ore deposit.
Mineralization is considered as uniform when is variation coefficient of the useful
components content (Vo) up to 40%, and non-uniform when it is 40 to 100%.

» Cs - mineralization coefficient. Calculation of this coefficient is based on the
quantification of mullock share in the reserve contur. Ore deposit which mineralization
coefficient is higher has the advantage.

= Cg— production costs (US$/t). Ore deposit exploitation which produces lower costs has
the advantage.

In following example TOPSIS method is used for evaluation and selection of the most
appropriate alternative ore deposit for exploitation. Raw data, which are retrieved from paper
entitled Geologicaly — economic estimate factor’s of current push-back — ,,Jama Bor*, are
presented in Table 2 [24].

Table 2. Raw data

Mass of | Mass | Mass of | Variation . L. Production
) . Mineralization
copper of silver | coefficient cosfficient costs
(®) gold (kg) (%) (US$ /1)
max max max min max min
Brezanik | 12340.00 | 261.50 | 1773.00 135.00 0.94 20.60
Tilva ros 8071.00 | 169.00 | 986.00 46.60 0.89 14.10
P,A 14729.00 | 809.00 | 3061.00 54.60 0.86 15.10

Normalized decision matrix (Table 3) is calculated by using formula (3).
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Table 3. Normalized decision matrix

Criteria
Alternatives G, C, Cs C_4 Cs C_G
max | max | max | min | max | min
A 0.5921 | 0.3017 | 0.4828 | 0.8829 | 0.6047 | 0.7061
A, 0.3873 | 0.1950 | 0.2685 | 0.3048 | 0.5744 | 0.4833
A, 0.7067 | 0.9333 | 0.8335 | 0.3571 | 0.5518 | 0.5176

In order to determine the weights of shown criteria the entropy method is used. The results are
gained by using formulae (1) and (2) and they are follows:

Table 4. The criteria weights

Criteria

W;

C,

0.0535

2

0.4090

w

0.1816

0.2231

[$3]

0.0013

SANSANSANSINS

6

0.1315

Based on data from Tables 3 and 4, using formula (4) the weighted normalized decision

matrix is calculated and presented in Table 5.

Table 5. Weighted normalized decision matrix

Criteria
C, C, C, C, Cs Cs
Weights 0.192 | 0.025 | 0.118 | 0.198 | 0.080 | 0.386
Alterantives | max max max max min max
A 0.0317 | 0.1234 | 0.0877 | 0.1970 | 0.0008 | 0.0929
A, 0.0207 | 0.0797 | 0.0488 | 0.0680 | 0.0008 | 0.0636
A, 0.0378 | 0.3817 | 0.1514 | 0.0797 | 0.0007 | 0.0681

The ideal A™and anti-ideal solutions A~ are determined by formulae (5) and (6), and they are

as in Table 5.
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Table 6. The ideal A" and anti-ideal A~ solutions

A+

0.0378

0.3817

0.1514

0.0680

0.0008

0.0636

A

0.0207

0.0797

0.0488

0.1970

0.0007

0.0929

The separation measures D,” and D, are determined by using the formulae (7) and (8). The

results are shown in Table 7, columns | and I1.Relative closeness of a particular solution to the
ideal solution C, is calculated by using formula (9), and it is given in column I11.

Table 7. The separation measures and relative closeness to the ideal solution

Alternative D’ D, C,
I I i
A 0.2972 0.0595 0.1668
A, 0.3194 0.1323 0.2929
A, 0.0125 0.0125 0.9646
According to the results, the ranking is followed (Table 7):
Table 8. Ranking results
Alternative C, Rank
A 0.1668 3
A, 0.2929 2
A, 0.9646 1

4. CONCLUSION

A decision model presented in this paper is provided for ore deposit selection problem.
TOPSIS decision-making method has been used in the proposed model as a tool that can help
in making the right decision. Entropy method is used to assign weights to the criteria. These
weights are included in TOPSIS computations and the alternative priorities are determined
based on them. Proper determination of criteria weights is very important because they could
change the ranking.

Efficiency of the decision making process is significantly increased by using the proposed
model. It can consider any number of different criteria and offers a more objective, simple and
reliable ore deposit selection approach. Any decision-making problem that includes a set of
different alternatives and conflicting criteria could be solved by proposed model. Proposed
model can be combined with different mathematical models that will improve its accuracy and
reliability.
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Abstract: Importance of use of ferrous and steel secondary raw materials is reflected in the economic effects,
through the preservation of primary resources, energy saving and prevention of environmental pollution. During
the mechanical processing of semi-final or final products of iron and steel, besides high-quality pieces of scrap,
a large amount of chips with various qualities are generating. Remelting of these chips in metallurgical
aggregate without previous preparation is highly undesirable. Commonly applied operations of preparation are
crushing, washing, spinning, drying, magnetic separation and briquetting. Obtained briquettes are representing
a high quality batch and raw material in foundries and steelworks. Metallurgical processes of prepared chips
are usually performed in the cupola furnace, induction and electric arc furnaces.

Keywords:iron and steel chips, recycling, preparation, melting

Apstrakt: Znacaj koriséenja sekundarnih sirovina gvozda i Celika ogleda se u ekonomskim efektima kroz
ocuvanje primarnih resursa, ustedi energije i sprecavanju zagadenja Zivotne sredine. Pri mehanickoj obradi
poluproizvoda ili gotovih proiyvoda gvozda i celika, pored visokokvalitetnog komadastog otpatka, nastaje velika
kolicina strugotine razlicitog kvaliteta i nepozeljno je njeno pretapanje u metalurskim agregatima bez prethodne
pripreme. Od operacija pripreme najcesce se primenjuju drobljenje, ispiranje, centrifugiranje, suSenje,
magnetna separacija i briketiranje. Dobijeni briketi predstavljaju kvalitetan uloZak i sirovinu u livnicama i
Celicanama. Metalurska prerada pripremljene strugotine najces¢e se vrsi u kupolnim, indukcionim i
elektrolucnim pecima.

Kljuéne redi: strugotina gvozda i Celika, reciklaza, priprema, topljenje

1. INTRODUCTION

The importance of using of iron and steel secondary raw materials is reflected in the economic
effects, first of all troughs preservation of primary resources, saving of energy and
environmental pollution prevention.

The main ferrous metallurgy products, iron and steel, are still an irreplaceable in many
industries. Besides iron ore, the main raw materials for the production of steel is steel scrap
(or scrap iron) which is an integral part of the charge in all modern procedures for steel
production. The share of steel scrap in the charge is different for different procedures and its
ranges from 20-100% of all charge. Thus, it is needful to provide 20% of scrap iron in the
charge for the production of crude steel in converters, 50% for the production in SM-furnaces,
90% for the production in electrical furnaces, and finally, 100% for the production of steel
castings. Average consumption of steel scrap is around 400-500 kg per ton of crude steel and
is not the same in all parts of the world. Out of that 84% is used to produce steel and castings,
and 16% for iron production.
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From an economic point of view, the reasons for processing of steel scrap are lying in the fact
that the costs of production of steel from scrap are up to 4 times lower in comparison with the
costs of production of steel from iron ore [1].

In addition, the quantity and quality of iron ore deposits in nature are reduced and the amounts
of steel scrap generated from year to year are increasing. Iron ore reserves are estimated at
about 95 billion tonnes, which is sufficient for the next 190 years of exploitation without
recycling. This becomes quite logical if we take into account the fact that the production of
steel was about 30 million tons at the beginning of the twentieth century and it is increased to
1200 million tonnes in year 2009 [2].

Depending on the source of derivation, iron and steel secondary raw material are classified
into two major groups. The first group includes the waste generated in the production and
processing of iron and steel as rejection, and is called process scrap [3-5]. Another large group
of secondary raw iron and steel scrap is the amortization waste (or collecting scrap) [6], which
occurs by elimination of products, that contain iron and steel, from consuming stage due to
physical deterioration and technological obsolescence.

Process scrap generated in the steel mills during the production of iron in blast furnaces, steel
production in steel plant, making semi-finished or final steel products in foundries and rolling
mills, is immediately returned in the process of making steel as raw material and is called own
or circulating steel scrap. Waste generated in mechanical treatment is called a machining
scrap. One part of the machining scrap can be immediately used in the metalworking industry,
eg remains of sheets, profiles and the like, to produce smaller parts or in other related plant.
The second part of the machining scrap is used as a batch in the iron and steel foundries at
metal-working complex plant. This part can be significant and it is mainly refers to the
category of high quality scrap. Besides of high-quality pieces of scrap, at metalworking of
iron and steel (mainly mechanical industry), a large amount of chips of various qualities
occur. Remelting of these chips in metallurgical aggregate without previous preparation is
highly undesirable. During the formation of chips, a presence of non-ferrous metals is often
due to inappropriate rearrangement of chips. The presence of non-ferrous metals is
undesirable, as it impairs the quality of the iron and steel obtained from the recycling process
of chips.

Chips also contain large amounts of oil, grease and water, whose generate a large amount of
gases at melting stage [7]. Fluid content ranges from 200 litres on 1 ton. Spiral chip has a low
volumetric weight which makes it unfavourable for the transport. Laxness in the remelting
process causes losses due to intensive oxidation. Combustion of the scattered chips ranges
from 8-15%, and also consumption of coke and electrical power is increased. Scattered chips
significantly slow down the speed of charging and melting process and tends to be bonded to
the slag, or to cleave to the revetment of the furnaces.
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2. PREPARATION OF STEEL AND IRON CHIPS

Due to the presence of undesirable impurities and low volumetric weight of chips, it is
advisable to prepare it for efficient processing in metallurgical aggregates. The most important
preparing operations are: crushing, washing, drying, magnetic separation and briquetting.
Preparing operations of chips are engaged in technological lines, as it is shown in Figure 1 [4].
The system of special transporters, feeders and dosers are linking the following operations:
crushing, centrifugation, electromagnetic separation to the final briquetting operations and
further transport to the transport vehicle. This provides an automated production line for the
preparation of steel chips, which is formed depending on specifics and needs.

Bunker
- : Press for
Crusher Centrifuge A briquetting
_rk l " | Magnetic [
»/ separator | P Container

Lo Al Ao - - P

Figure 1. Technological line for the preparation of iron and steel chips [4]
2.1. Crushing

Chips of grey iron are in such a form that can be subjected to the briquetting presses, without
crushing. Chips of steel occur in the form of helix and previously must be minced. Tangle
steel chips have volumetric weight from 100 kg up to several hundred kilograms per cubic
meter. Therefore its transportation from the place of formation to the place of processing
without previous preparation is uneconomical due to the voluminosity and presence of
impurities such as water, oil, non-ferrous metals, paper, plastics, etc.

For crushing of steel chips robust mills with hammers are employed, which are produced from
special wear and impact-resistant steels. Their construction enables efficient and cost-effective
size reduction of brass, bronze, carbon and alloy steel chips, to the grain size required for
briquetting. Certain disadvantages are reflected in the producing of high noise, which must be
reduced to some extent.

2.2. Precipitation, drying, centrifugation

Since the briquetting is the final prepare operation of chips, it is necessary to reduce the fluid
content in the chips at minimum in order to obtain good quality briquettes. Also, it certainly
makes the melting process more efficient.

For the separation of oils and fluids from chips, different types of precipitators, centrifuges,
hydro cyclones etc. are employed. Precipitators remove the liquid phase on the principle of
gravity and the main disadvantages are low efficiency and burliness. Unlike them, centrifuges
occupy less space and are more efficient. There is a large range of centrifuges, such as the
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hand running to fully automate. By centrifugation contents of liquids in the chips can be
reduced to only 1.5%. To completely eliminate moisture and oil from the briquettes, drying in
driers before briquetting or hot briquetting process can be applied. Hydro cyclones operate on
the same principle as centrifuges, but without any moving parts.

One way of removing liquids and oil from metal chips is the application of heat processing.
By combustion of non-metallic components, combustion products such as carbon dioxide,
oxygen, nitrogen and water vapour occurs, which are completely harmless to the environment.
Temperature of these gases is high (T = 1200 °C), so they can be used for other purposes. The
separation of non-metallic components (oil and water) is improved by using the heat
processing.

2.3. Electromagnetic separation

Extraction of magnetic components from non-ferrous metals, non-metals and other impurities
is done by electromagnetic separation within the separator. This method has recently being
increasingly used in the business of preparing and processing of waste materials.
Electromagnetic drum, by means of the strip that runs passing through a zone of magnetic
field transfers chips for further processing, and all nonmagnetic parts fall down into the
container out from the strip.

2.4. Briquetting

With complete and efficient implementation of prepare operations including filings and
agglomeration, we get a new, higher quality which opening the possibility of its multiple
applications in contrast to the many problems that occur in processing of chips without
previous preparation. The advantages of using briquettes compared to scattered chips are
reflected in:

- lower losses at melting,

- reduction of combustion in furnaces with about 15% to about 2%,

- saving storage space,

- pollution reduction,

- batch materials are better and easier to handle,

- more economical for transportation etc.

Standards do not provide norms for determining the quality of briquetted chips, although the
quality is determined on the basis of oil and moisture content, density, strength and other
properties.

Practice has proved that the briquettes can be successfully recast as in the electric-arc furnaces
as well as in other foundry aggregates (converters, cupola furnaces and induction furnaces).
There is no influence on the increasing of the porosity in castings and increasing of refractory
materials consumption for lining furnaces by using of the briquettes as row materials.
Additional batching with wet briquettes on the surface of molten metal does not applicable,
because it results in "jumping"” of the briquettes on the liquid metal and can cause damage to
the refractories. The best arrangement of charging is: briquettes, return iron, steel scrap.
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Briquettes are also used to fill gaps in the furnace, making the batch heavier and providing
greater production.

The briquetting of chips can be done with or without of binding medium.
2.4.1. Briquetting of steel and iron chips with binding medium

For briquetting of chips in order to achieve sturdy solid briguettes: cement, water glass, lime,
clay, chalk, charcoal and water, etc. can be employed as binding medium.

Melting the batch of briquettes made with cement binder will result in combustion of Si and
Mn and increased absorption of S, while briquettes made with clay, chalk, charcoal and water
as binders will have the worst performance.

Briquettes made with a water glass or lime as binders have very good performance.
Briquetting of chips with the binding medium has many weaknesses, and the main ones are:
uses the large amounts of binders (11-18%), technical and economic unjustifiable, the
complexity of the process for obtaining of the briquettes, increases in labour, taking lots of
space and so on.

2.4.2. Mechanical briquetting of steel and iron chips

The main advantage of this procedure over the previous is simplicity of making briquettes
without addition of any binding medium, which make it more acceptable from both
technological and economic point of view. If chips are more squashed (compact) in the
briquette, its combustion in the cupola furnace is lower. For obtaining a compact briquette,
strong mechanical or hydraulic press is required. However, the device with powerful presses
is expensive and available only to large companies, which limit the application of this method
of briquetting.

Briquettes are made in the form of low-cylinder or rectangular. Volume weight of briquettes
ranges from 5-6 kg/dm®. It is best to melt the briquettes made from chips of cast iron, and they
can be regarded, to some extent, as a substitute of cast iron fractures in melting process.
Briguettes as supplement in cupola furnaces are batching in range from 15% and up to 40%
for castings with thicker walls.

2.4.3. Electrical briquetting of steel and iron chips

In this procedure chips are subjected to the electric heating with electricity of low voltage and
high strength, and then pressing at low pressures. Electro-briquettes are close to the metal
pieces and breaks according to their physical properties. High power consumption affects that
this method can be applied only in production of expensive metals. During brigquetting of iron
and steel chips, this method is not economically justified.
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3. METALLURGICAL PROCESSING OF STEEL AND IRON CHIPS
3.1. Melting of steel and iron chips in the cupola furnace

Issues that occur with melting of unprepared steel and iron chips in cupola furnace are [4]:
- chips are loose,thusthe large surface area is exposed to oxidation, which cause
saturation of metals with sulphur from the sulphur dioxide gases in the cupola,
- tiny chips impede the passage of gases in the furnace, which causes an irregular supply
of air and the deterioration of the melting process.

To prevent the oxidation of loose chips in the cupola, it is desirable to implement the method
of protection from oxidation in the process of melting.

3.1.1. Melting of steel and iron chips in reducing atmosphere of cupola furnaces

To prevent chips oxidation, melting can be performed in a reducing atmosphere. Reducing
atmosphere can be achieved in the following way:

- by reducing the amount of air insufflated into the cupola furnace, the reaction of
reduction of CO; in the upper part of the furnace is favoured and the ratio of CO/CO,
grows up to 2,

- the use of high-reactive fuels cause that the cupola gases passing through the batch is
enriched with CO, wherein the ratio of CO/CO; increases to 5-5.5,s0 reducing
atmosphere is established,

- at each fill of coke a certain percentage of high-reactive fuels is addedso the cupola
gases passing through these layers are reducing, and the ratio of CO/CO; is from 4-6,

- by inserting of powdered or gaseous fuels,reduction atmosphere is created, where the
ratio of CO/CO.is approximately 4.7,

- by increasing the consumption of coke to 25% against to the metal batch, CO/CO,
ratio is changed to 5. Reducing atmosphere is established because the gases containing
CO;by passing through a layer of incandescent coke is reduced to CO. This reaction
does not occur with the normal consumption of coke.

3.1.2. Melting of steel and iron chips in oxidizing atmosphere of cupola furnaces

Increased consumption of fuel and reducing capacity of furnace at melting process of loose
chips in the reducing atmosphere had caused that other conditions and ways have been found
for melting the chips. Simplest solution was melting of chips in oxidizing atmosphere, but this
attempt had failed, because the chips were compact and prevented the passage of gases
through the batch. Therefore, the gas was passed along the walls of furnace and warmed them,
so the chips are melted and "hung™ on the walls of the furnace. All of this led to deadlock in
the work.

For melting of cast iron chips it should not inject more than 2-3 batches of chips into the
furnace, in order to avoid delays in melting process due to gas passing resistance through the
furnace. For melting of steel chips, 3-5 batches of chips can be injected, because steel chips
are very loose and the passage of gasesthrough them is much easier, allowingevenly heating
and rapidly melting of chips.
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During the melting of the loose grey iron chips in the cupola there was a large burning of
basic chemical elements and the average composition is approaching to the steel composition.
Therefore, the grey iron chips may be used as replacement of steel scraps in the cupola
furnace melting process. The entered cast iron chips along with the batch in the cupola require
no preparation. Chips are batching directly to backfill of the fuel closer to the middle of the
furnace. In the calculation of batches with the grey iron chips, it should be consider the
combustion of the elements from the grey iron. The resulting cast in terms of temperature and
castability has similar characteristics.

3.2. Melting of steel and iron chips in induction furnaces

Large steel and grey iron scraps are used for melting in order to obtain castings of grey iron
and steel, while small scraps and chips are used partially. However in foundries, recently,
chips are used increasingly for melting and obtaining the materials of grey, malleable, ductile
cast iron and steel casts [8].

In the production of grey iron and steel in the foundries trend of reduced consumption of
primary raw materials (pig iron) has been observed, along with increase of the consumption of
secondary raw materials. Foundries today tend to set the proportion of scraps in batches in
such a way to not reduce the quality of castings. From the economic viewpoint,chips as least
expensive raw materials have an important role in the steel and iron industry. Due to
limitations on the amount of chips that can be melted in cupola furnaces, it is now more
performed in the induction furnaces. The induction furnaces have no requirements about
amount of chips in batches and consequentlythe contents of chips can be up to 100%.
Nowadays, induction furnaces are widely used for obtaining of grey iron, ductile iron and
malleable iron.

Low-frequency and medium frequency induction furnaces with no channels are most common
in Europe and are simpler for working from canal type induction furnaces used in the
U.S.Medium frequency furnaces operate at medium intensity of metal mixing and take less
damage to the lining of furnace. Also, at any time, ladle of furnace may be discharged and
recharged, unlike in the low-frequency induction furnace. Gas content in the castings obtained
in an induction furnace is lower in comparison with the castings obtained in the cupola or
electric furnace.

In the induction furnace, cast iron of desired composition can be gained with low or high
carbon content. Chips must be clean and dry to prevent the higher concentration of hydrogen
in grey iron. These furnaces are good for maintaining the temperature of metals, since the
composition of the cast does not change for a long time. However, there is a problem
concerning the batching device of induction furnace when it comes to batching with screwed
steel chips. Melting of grey iron in induction furnaces has a number of advantages compared
to the melting in cupola furnaces, the most important are:

- better use of heat (60-70% for induction, 30-40% in cupola furnaces),

- better quality castings (less hydrogen due to intense mixing),

- no increase in the sulphur content,
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- less combustion,thereby the higher metals extraction,

- metal temperature is higher, which is important for casting of thin-wall casts,

- casts porosity is reduced to a minimum,

- itis possible to produce all types of cast iron,

- there is a possibility ofgrey ironcarburizing to the required composition, due to intense
mixing of metals, graphite addition, ground coal, etc...

The main disadvantage of induction furnaces in comparison to the cupola is that the costs of
installation are six times higher and the electrical energy is more expensive.

3.3. Melting of steel and iron chips by using of electric arc furnaces

In the steel production industry electric arc furnace are quite represented. They can be used
for obtaining grey and malleable cast iron, although from an economic point of view these
processes are not profitable. In the production of steel in electric arc furnace loose steel chips
can be addedand mostly the floor and walls of furnace should be protected from the impact of
larger pieces. Electric arc furnace can be with the indirect(no electrodes on the bottom of the
furnace)and with the direct heating (with electrode at the bottom of the furnace).

In the most foundries are using electric arc furnaces with the indirect heating, and often they
have three electrodes which work on the principle of establishing an electric arc between them
and the metal batch.

Advantages of electric arc furnaces are:
- easily melting of metals and alloys with high melting temperatures,
- rapid melting,
- short time required for the commencement of furnace processing,
- refractory linings of the furnace and the dome can be quickly re-build or repair,
- high temperatures in the furnace can provide performance of various metallurgical
processes,
- metal saturation with gases is insignificant (eg hydrogen),

The main disadvantage of electric arc furnace is a high cost of electric power. For melting in
electric arc furnaces, chips are crushed and then briquetted in the press. The briquettes are
then fed into the furnace. In the batches for electric arc furnace, except for briquettes of steel
chips, there are ferro-alloys, iron ore, breaks of steel and own returns from steel.

4. CONCLUSION

Steel and iron chips belong to the lower quality secondary raw materials, consequentlythey
have been in the background for a long timeand not used enough. Also, the reasons for such a
trend were in their low filling weight, immixture with non-ferrous metals, non-metals,
coolants and lubricants and the high costs of manipulation and transport. However,
bypreparing the chips they quality is significantly improved and high quality briquettes are
obtained which represent significant secondary row material in foundries and steel-works.
Commonly applied operations of preparation are crushing, washing, spinning, drying,
magnetic separation and briquetting.
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Metallurgical processing of prepared steel and iron chips are performing in the cupola,
induction and electric arc furnaces without any significant complications. In cupola melting
process of unprepared chips, losses due to oxidation should be kept to a minimum. This is
accomplished by melting in a reducing atmosphere. In induction furnace melting process of
briquette chips there is a higher utilization of the metals due to the lower combustion, the
content of chips in the batch may reach 100%, better usage of heat, better quality of casts
etc... In electric arc furnaces, melting process of steel chips is rapidly and easy to accomplish
but the main disadvantageis a high cost of electric power.
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RECIKLAZA STAKLENIH KOMPONENTI IZ ELEKTRICNOG |
ELEKTRONSKOG OTPADA

Vladimir Zivanovié?, Mihajlo Togi¢', Srdan Matijaéeviél, Jelena Nikoli¢®, Snezana Zildovi¢*, Snezana Grujiéz,
Sonja Smiljani¢?
! Institute for the Technology of Nuclear and other Mineral Raw Materials, 86 Franchet d’ Esperey St, 11000
Belgrade,Serbia.
2 Faculty of Technology and Metallurgy, University of Belgrade, Karnegijeva 4, 11000 Belgrade,Serbia.

Abstract: In this paper a review of possible technological solutions for recycling of glass component from
WEEE (Waste Electrical and Electronic Equipment) including the closed-loop and open-loop routes were
presented. The perspective of glass recycling from CRTs (Cathode Ray Tubes) of TV and PC devices and the
florescent lamp was analyzed. Despite the possible reuse of waste glass for fabrication of the new CRTs, the
ceramics industry as well as the construction sector were marked as most perspective areas for their application.
The recycling of WEEE glass should minimize all potential environmental hazards and negative impacts on
human health..

Key words: Recycling, glass, electric and electronic waste

Apstrakt: U radu je prikazan pregled mogucih tehnoloskih reSenja za reciklazu staklenih komponenti iz
elekticnog i elektronskog otpada ukljucujuci zatvoreni i otvoreni ciklus reciklaze. Analizirana je perspektiva
reciklaze TV i PC otpadnih monitora (CRTs) i fluorescentnih sijalica. Pored moguce upotrebe otpadnog stakla
za proizvodnu novih monitora kao najperspektivnije oblastii primene oznacene su keramicka i gradevinska
industrija. Reciklaza elektricnog i eletronskog otpada treba da umanji sve potencijalne rizike za Zivotnu sredinu
i negativne uticaje na ljudsko zdravlje.

Kljucne reci: Reciklaza, staklo, elekticni i elektronski otpad

1. INTRODUCTION

Fast industrial development in the word generates a huge ecological problems due to
appearance of large amounts of toxic and hazardous waste. To solve these problems the
dumping of waste material as a common disposal technique was frequently employed. In
many cases such solution is not acceptable from ecological point of view. The modern waste
management is based on the recycling technologies that can enable a sustainable development
of every country. According to the waste hierarchy defined by EC directive 2008/98, the
‘recycling’ means any recovery operation by which the waste materials are reprocessed into
products, materials or substances whether for the original or other purposes [1].

The growing consumption of electric and electronic equipment (EEE) causes also an increase
of waste (WEEE) because of their short lifetime. Such waste has been identified as one of the
fastest growing waste streams in the European Union. In The Directive of European
Communities, the WEEE (Waste Electrical and Electronic Equipment) is classified and
amount of materials and substances which should be reused and recycled were determined [2].
Therefore, because of complex composition (plastic, glass, metal, oxide coatings, etc) of these
waste materials the selection of appropriate recycling solution becomes a challenging task for
technologist. Regarding the WEEE glass components it is important to note that they are very
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different in chemical composition and cannot be recycled together in a form of cullet for glass
industry. WEEE glasses must be separated and properly cleaned previously.
In this paper a review of possible technological solutions for recycling of glass component
from WEEE including the close-loop and open-loop routes were presented.

2.WEEE GLASSES RECYCLING METHODS

Two different routes can be employed for recycling of WEEE glasses: closed-loop and open-
loop recycling. Closed-loop method is common in practice and it is referred to utilization of
waste glass for the production of new parent glass (glass to glass recycling). In contrast, in
open-loop recycling the waste glass is used for other application (new material fabrication)

[3].

The greatest amount of WEEE glasses generates from CRTs (Cathode Ray Tubes) of TV and
PC devices. CRTs contain 85% of glass and one of two main methods can employed in
recycling : shredding or dismantling. The first method refers to shredding the entire device
and further separation of metal, plastics and glass parts. By shredding the mixture of panel and
funnel glasses which are different in chemical composition was separated. In such condition
this waste glass is not appropriate for fabrication of new CRTSs regarding to strict demands
especially in panel glass production. The glass from the shredder is often sent to smelters for
use as a flux. Only well separated and cleaned panel and funnel glasses can be directed in the
production of new CTRs [4] As a first stage of the dismantling method the CRT is removed
from the devices and then the panel is separated from funnel. The glasses are then crushed,
cleaned, and sorted in an automated process that produces separate streams of glass that can
be used in new CRTs. In Figurel, the main phases in CRTs recycling (dismantling method)

are shown.

casing, cable
DISMANTLING —> | circuit board, yoke
l pins ,etc.
<« | PANELand FUNNEL | I I
PANEL GLASS SEPARATION FUNNEL GLASS
FLUORESCENT COATINGS COATINGS
REMOVAL

‘ AND CONTAMINANTS REMOVAL

! |

| cLeEan PANEL GLASS | | cLEAN FUNNEL GLASS ||

Figurel. CRTs recycling flow chart (dismantling method) [5]

In the case of florescent lamp recycling the same operations including separation of non-
glassy components and further coating removal is employed. In such recycling a special
attention must be paid on mercury removal. All modern lamp recycling plants contain one
dust filter for collection of phosphor powder and fine glass particles. By second carbon
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activated filter the mercury vapor was eliminated from the air. In Figure 4 , BALCAN M
6000-U.K recycling plant operated in BIS RecyclingCenter, Omoljica, Serbia is shown.

Figure2 BALCAN M 6000-U.K recycling plant operated in BIS RecyclingCenter, Omoljica, Serbia (Q =5 mil.
Lamps / year)

Two different glasses are present in a typical florescent lamp: soft sodium-calcium silicate
glass and lead content hard glass. CRTs are composed of the barium strontium silicate glass
(panel), lead silicate glass (funnel), solder low melting lead glass and high lead content glass
(neck). The weight contribution of the panel glass is about 65% and for funnel is 30 %
Regarding to CRTs manufacturers, the chemical composition of these glasses differs. In Table
I, the typical range of panel and funnel glass composition is shown.

Table 1. Panel and funnel glass composition range [6]

Oxides (wt%) Panel Funnel
SiO; 58.9-65.4 51.2-63.5
Al,O3 1.2-3.7 5.0-3.9
Na,O 6.2-9.8 5.3-8.1
K,0 6.0-9.0 7.2-10.3
Li,O 0.0-0.5 -
F 0.0-0.8 -
BaO 1.9-14.2 0.0-3.0
SrO 0.0-11.6 0.2-0.7
CaO 0.0-4.6 1.6-4.5
MgO 0.0-2.0 0.9-3.0
As,0;3 0.0-0.3 0.0-0.2
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Sh,03 0.2-0.7 0.0-04
TiO, 0.0-0.6 -
CeOy 0.0-0.6 -
PbO 0.0-3.3 11.6-24.6
Zr0; 0.0-3.5 0.2-0.2
Zn0O 0.0-0.7 -
Fe O3 0.0-0.1 -

Considering possible application of WEEE glasses (mainly CRTSs) , five industrial areas with
potential to use significant quantities of these secondary raw materials were marked [3,6]: (1)
new CRTs fabrication (2) bricks and tiles(3) flux in brick and/or ceramic ware manufacture,
(4) foam glass for insulation(5) fluxing material in metal smelting.

Unfortunately, only small content of WEEE glasses is being recycled. Based on EU reports,
quantity of WEEE increased rapidly (8-9 mil.tonnes annually) and the development of
appropriate recycling technologies in this area is necessary.

3. OPEN-LOOP WEEE GLASSES RECYCLING PERSPECTIVE

In open-loop recycling the glasses from WEEE are utilized as a secondary raw material in
fabrication of different industrial products. Numerous results of investigations revealed that
the ceramics industry as well as the construction sector are one of most perspective areas for
these glasses. Applicability evaluation of waste CRTs panel in a cement blocks and clay
bricks showed that the properties of glass waste added samples are in accordance to the
industrial tolerance values for such materials [7,8]. Also, the laboratory-scale test confirmed a
possible application of CRTs for production of insulating foam glass and sintered glass-
ceramics in combination with other industrial waste materials (fly ashes, metallurgical slag,
etc) [9,10]. Based on the laboratory test results of ceramic engobes containing a waste
fluorescent lamp glass a new innovative technology named Relux was developed for
fabrication of the glazed porcelainized stoneware tile. It was revealed also that waste CTR
glasses can potentially be used as a fluxing material in metal smelting (lead and cooper) [11].
The funnel glass and frit can be used as a source for lead obtaining. To extract lead efficiently
a fully automated recycling process of CRTs was designed by Nulife Glass Processing Ltd —
U.K. The lead extracted is typically 99% pure and is suitable for battery and other lead
products fabrication [12].

It is important to note that the application of waste glass as secondary raw material requires
an adjustment of its grain size in accordance to the selected technologies. Therefore, the
equipment for additional crushing, separation, milling and storage is used. In such a way the
total cost of recycling and obtaining of appropriate glass materials can be increased
significantly. All this limits additionally the utilization of recycled glasses in a large quantity.
Also, despite the potential wide application the survey of results in this area showed that a
minor of new products based on these secondary glass raw materials were commercialized.
Mainly, the studies performed are on laboratory level without ,,scale-up” of the process
parameters defined for obtaining the new materials containing recycled glasses. Therefore, to
increase the quantity of recycled glasses from WEEE a more intensive and comprehensive
studies of their possible application in the existing industries are necessary.
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4. CONCLUSIONS

As one of the fastest growing waste streams in the world WEEE deserves a special attention
due to negative impact on environment and human health. As one of possible waste
management practices the recycling of glass components from WEEE is a challenging task
because of its complex composition. To obtain valuable waste glasses from WEEE the closed-
loop or open-loop recycling methods can be employed. Unfortunately only small quantity of
was glasses was recycled despite their possible application in different industries. To increase
the applicability as well as environmental and economical benefits of recycled WEEE glasses
a more intensive and comprehensive investigations are necessary.

ACKNOWLEDGEMENT

This work is supported by the Ministry of Education and Science of the Republic of Serbia
through the Projects

5. REFERENCES

[1]DIRECTIVE 2008/98/EC OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL , Official Journal of the European Union.

[2] Review of Directive 2002/96 on Waste Electrical and Electronic Equipment (WEEE),
Final Report, United Nations University, Germany, 2007

[3] R. Siikamaki, E.Ddring, J. Manninen, Closed-loop and Open-loopApplications for End-of-
Life Cathode Ray Tube Glass Recycling,Proceedings of “Going Green, CARE Innovation
20027, Vienna, 2002

[4] Jeremy Gregory, Elisa Alonso, Frank Field , Randolph Kirchain, CHARACTERIZING
SUSTAINABLE MATERIAL RECOVERy SYSTEMS: A CASE STUDY OF E-WASTE
MATERIALS, The Minerals, Metals & Materials Society (2007)

[5] Andreola, F., Barbieri, L., Corradi, A., Lancellotti, I., Falcone, R., Hreglich, S.,

Glass-ceramics obtained by the recycling of end of life cathode ray tubes glasses. Waste
Management 25 (2005) 183-189.

[6] ICER, 2004. Materials recovery from waste cathode ray tubes (CRTs). The Waste and

Resource Action Programme, United Kingdom. ISBN: 1-84405-077-7

[7] Fernanda Andreola, Luisa Barbieri, and Isabella Lancellotti, End of Life-Materials: WEEE
Glass Recovery in Construction Sector, Second International Conference on Sustainable
Constriction Materials and Technologies, June 28-30, Ancona, Italy, 2010.

[8] Yong-Chil Seo, Sung-Jin Cho, Jang-Su Lee, Bo-Saeng Kim , and Changho Oh, A Study
on Recycling of CRT Glass Waste, 2011 International Conference on Environment and
Industrial Innovation, vol.12 (2011), Singapore

[9] J. Bossert, E. Fidancevska, B. Mangutova, B. Panova, D. Milosevski, M. Milosevskl,
Liquid phase sintering of dense and porous glass-ceramics from coal fly-ash and waste
glass, Science of Sintering 36 (2004) 87-92

[10]Boccaccini, A.R., Blicker, M., Trusty, P.A., Romero, M., Rincon, J.M. (1997), Sintering
behaviour of compacts made from television tube glasses., Glass Technol. 38, 128— 133

[11] Sina Mostaghel, Caisa Samuelsson, Metallurgical use of glass fractions from waste
electric and electronicequipment (WEEE), Waste Management 30 (2010) 140-144

[12]. lwww. nulifeglass.com/

49



50



METHODS FOR VALUATING THE EFFECTS OF AIRBORNE
POLLUTION IN COPPER PRODUCTION
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Abstract: In copper production external costs arise as a result of degradation and damage to the environment.
Ecological external effects influence environmental media which have the characteristics of public goods. It is
indisputable that the degraded and polluted environment adversely affects human health, but that effect is
difficult to quantify. External costs can be viewed as a cash equivalent to the damage to the environment and
human health caused by copper production. This paper presents methods for evaluating the adverse effects of
airborne pollution on human health and life of an individual. The above methods can also be used when it comes
to other forms of pollution, such as the pollution of water and soil.

Keywords: External costs, copper production, air pollution, human health and life, evaluation methods.

Apstrakt:U proizvodnji bakra nastaju eksterni troskovi koji su rezultat degradacije i oSte¢enja Zivotne sredine.
Ekolosko eksterni efekti uticu na medije Zivotne sredine koji imaju karakteristike javnih dobara. Neosporno je da
degradirana i zagadenja Zivotna sredina negativno utice na ljudsko zdravlje, ali je taj uticaj tesko kvantifikovati.
Eksterni troskovi se mogu posmatrati kao novcani ekvivalent osteéenja Zivotne sredinei zdravlja ljudi
uzrokovanih proizvodnjom bakra.U radu su prikazane metode za vrednovanje negativnih efekata zagadenja
vazduha na ljudsko zdravlje i Zivotni vek pojedinca. Navedene metode se mogu koristiti i kada su u pitanju drugi
vidovi zagadenja, kao Sto je zagadenje vode i zemljista.

Kljuéne reéi: Eksterni troskovi, proizvodnja bakra, zagadenje vazduha, ljudski Zivot i zdravije, metode
vrednovanja.

1. INTRODUCTION

On a global scale, mining and metallurgy are the biggest polluters of the environment, having
cumulative and far-reaching consequences on the environment and climate change. The most
obvious and most direct consequences of pollution are manifested through harmful gases
causing air pollution (sulfur, carbon and nitrogen), mineral dust and heavy metals particles
(lead, arsenic, manganese, cadmium, mercury), whose harmful effectson the health of
population are alarming [1]. Given the above, it is easy now to prove a positive correlation
between pollution and disease. The growing negative impacts on the environment and human
health require their inclusion in the economic analysis. The main task of the economic
analysis of the environment and of the adverse impactsis to determine an efficient way to
prevent and control pollution. One way to monitor and control these influences is the
internalization of externalities, i.e.including environmental costs in the operating costs of the
emitter.

The internalization of externalities has become very interesting to many authors. On one hand,
the "environmental™ economists advocate the introduction of higher taxes in order to achieve
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more effective environmental protection. However, the "traditional™ economists hold the
position that taxes which are set too high can hurt not only the producers but the economic
picture of one country as well. Eugster —St&heli has,in his master thesis, showed external costs
characteristic in the production of copper [2].

Given the importance of environmental preservation, the most important studies on the effects
of pollution on health were conducted by U.S. researchers Schwartz, Dockery and Pope in the
first half of the 1990s [3-5]. They found that there is a statistically significant link between the
increased concentration of airborne particles and mortality and health of the population. The
thresholdof activity was not set up, which means that even the slightest increase in their
concentration in the air can cause some, even negligible effects on health. Based on these
findings the functions of exposure-effect were created which determine the relative increase in
the mortality cases, hospitalizations and days of reduced activity for a unit increase in the
particle concentration.

Many authors have proposed a cost valuation of air pollution effects on human health and life.
Remoundou et al. consider the effects of environmental changes on health in developed
countries individually and globally [6]. Mortalityand subsequent diseasescaused by air
pollution have been extensively studied through potential value inChina as well [7-9]. The
issue of extended life expectancy and reduced risk of mortality from air pollution in Europe
have been studied by Desaigues et al., Chilton et al., Krupnick et al. and many others [10-12].
Similar examples can be found in many publications, such as [13-17].

2. THE SOURCES OF AIR POLLUTION IN COPPER PRODUCTION

From an environmental point of view, the main sources of air pollution in copper production
are harmful gases and dust. Stock piles from opencast mines and flotation tailings are the most
important sources of mineral dust, especially during dry seasons. Blastingis also one of the
sources of emissions and dust from mining. The volume of the dust cloud generated by blasts
in opencast mines can reach several millions of cubic meters, their range tens of kilometers,
which can be a regional problem. The emissions in copper production are the following:

e particulate emissions from mining operations and mobile equipment;

e particle emissions from crushing and grinding of ore;

e wind-blown particles from stockpiles and landfills [18].

Air quality monitoring includes systematicmeasurement ofair pollutants: gases (sulfur
dioxide, nitrogen oxides, and carbon oxides), vapor or particles. Pollutantconcentrations are
continuously monitored in relation to the permitted emission limit values, the influence of
natural factors and changes in the condition and characteristics of the environment, as well as
the assessment of the effect of pollutants on the environment and humans. The objectives of
the airqualitymonitoring are:

¢ identification of the pollution sources;

o analysis of the exposure and implementation of the impact assessment on health;
¢ national and international standardscompliancecontrol;
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e informing the public about air quality;
e obtaining objective data needed for air quality management [19].

As an illustration, the value of the presence of sulfur dioxide in the air in Bor in 2010,
measured at two measuring points, was above the permissible annual limit of 50 pg/m*(Table
1).

Table 1. Average annual concentrations of SO2 (ug/m®), the number of days with exceeded daily LV, and
categories of air quality in 2010. determined based on the average annual values.

AMSKY, S 52> S 8 g2 | 3.

Measuring Point $S £8°9 s> 3 23 =2
2N TR | 7| 2R | E

Bor — City Park 171 111 1558 1 A 83

Bor — Institute RIM 76 65 1009 1 A 93

Legend: Data source: 1 - Agency for Environment Protection;Measurement method: A - automatically
Source: [20]

As Table 1 shows, exceeding the maximum permissible daily limit of 125 pg/m®in Bor was
very common. At the measuring point AMSKYV Bor - Park City,the limit was exceededfor 111
days, and at the measuring point AMSKYV Bor- Institute of Mining and Metallurgy for the
total of 65 days. The available data indicate that in 2010 the air in Bor was of the third
category, that is excessively polluted.

Analogous to air pollution, the concentration of the priority and hazardous priority substances
in the Borska river nearby the village of Rgotina is really worrying because cadmium
concentration is 20 times higher than the maximum permissible amount. Table 2 shows the
concentrations of nitrogen, phosphorus and heavy metals in municipal wastewater in Bor in
2010 according to the data from the Report on the Environmental Situation in the Republic of
Serbia in 2010.

Table 2. Amounts of nitrogen, phosphorus and heavy metals in municipal wastewater in Bor

Communal Company Total nitrogen (t/year) Total phosphorus (t/year) Total(lrggi\//gag]etals
JKP Vodovod Bor 85,0 12,2 1,2

Source: [20]
3. SOCIAL AND PRIVATE COSTS OF POLLUTION

In theory, if we start from the assumption that there is a perfect competition on the market for
the products made by firms-polluters and the absence of any government intervention, the
market demand reflects the marginal social utility [21]. However, the market offer without
state regulation reflects only marginal private costs. By ignoring external costs, the supply and
demand will be in balance on the level of production Q; with the balanced cost per unit C;, as
shown in Figure 1.
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Figurel.Gap between private and social costs
Source: [21]

Since the polluter company through its production process creates costs for which it bearsno
responsibility, the C; market price does not reflect the total cost of the production mentioned.
The private cost of production increases the total cost for the amount that is presented in
Figure 1 with the movement of the supply curve P to P'. Taking into account these costs,
which correspond to internalization of externalities, requires the determination of the new
higher price C2 and lower production level Q2. By applying the facts on a concrete example,
in Figure 1 can be seen that if copper production causes harm to others, and gives no
possibility of market compensation, the marginal social costs of production are higher than the
private marginal costs of production.

It is clear that in copper production the ecological component plays an increasingly important
role in the total costs (which in turn affect the profit), because the copper price must be
competitive. If the costs of addressing environmental issues are equal to or greater than the
selling price of copper, the survival of the company is at stake. That is why the environmental
problems in copper production should not be resolved spontaneously, but they must be dealt
with a systemic approach. What is needed for a systematic solution of environmental
problems are investments (scientific research) in order to set and adjust the ecological system
to the conditions that exist in the social and business system.

4. EXTERNAL EFFECTS EVALUATION METHODS

The priority negative impact on the environment and human health in the production of
copper is attributed to air pollution. Harmful emissions of sulfur, carbon and nitrogen are the
biggest air polluters. On the basis of atmospheric models it can be concluded that even at
distances of several hundred kilometers from the source there is some, although very small,
increase in the concentration of pollutants. Exposure to pollutants is defined as the contact of
a person with a specific pollutant concentration in a given period, either through inhalation,
food intake, or skin penetration. The negative impact on health represents a disorder of
physiological functionsor the appearance of pathological changes that affect normal
functioning of the body, or that may contribute to the reduced ability of the body to protect
itself from additionalstrain [22]. In his thesis, Eugster - STAHELI pointed to some basic
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methods of evaluating harmful emissions into the air. In this case external costs are
determinedfor the following categories: health, buildings and crops.

Evaluation of adverse health effects is based on determining the cost of mortality or premature
death, as well as on defining the costof a diseases or health impacts which include three main
categories: the cost of health care (medical expenses), opportunity costs (lost productivity and
sick leave) and costs for incurred pain and suffering (reduced satisfaction, withdrawal, etc.)..

The cost of mortality is usually determined by the value of statistical life (VSL) or the value
of prevented fatality (VVPF). Thereare two basic approachesfor valuating a statistical life. The
first approach measures the economic productivity and uses an individual’s lifetime earning as
its measure of value. Another approach measures the willingness to pay (WTP) to reduce the
risk of premature death. Thefollowing methods are most often used for valuating a statistical
life:

» The compensating wage method. In this method labour market data on wage are
analysed for different jobs on their corresponding health risks. The essence of the
method is to compare the wages in the so called risky and non-risky jobs. The wage that
workers receive when they take over a risky position reflects their risk choice or WTP.
There are many critics of this method since it assumes that workers are fully aware of
job risks and the labour market is strictly competitive. According to the studies
applying this method, the mean value of a statistical life is estimated to be € 6.5 million
[23].

= The avertive behaviour method. Determines the money individuals spend on safety
equipment for reducing the risk of death (e.g. air bags, smoke detectors, etc.).
According to the case studies applying this method, the average value of a statistical
life is €1-1.5 million.

= The contingent valuation method (CVM). This direct method is based on the use of
questionnaires, which aim to determine how much an individual is willing to pay to
reduce the risk of a negative impact, for example, the risk of death (WTP) or how much
compensation he is willing to accept for additional risk (WTA) [24]. The above method
is widely used, because it provides focus on the commodity to be valued.

Long-term presence of elevated concentrations of pollutants in the air can lead to chronic
diseases and shortening of life for a number of years. Thus, air pollution can cause premature
death, but it cannot be the sole cause of death. Therefore, for the evaluation of deaths due to
air pollution is not recommended to use the value of a statistical life (VSL), but the value of
life years VOLY. Using this method allows to valuatethe change of life expectancy in the
context of air pollution. The results of the survey that ExternE team has conducted in nine
European countries shows that VOLY is 40,000 € in air pollution [23].

Monetary value for an illness is based on the fact that the total costs of an illness are the
amount that an individual is willing to pay (WTP) to reduce the negative consequences of the
illness. This amount includes direct medical costs, lost income due to absence from work, the
cost of leisure time lost, the cost of mental and physical pain of the ill person and of the
psychological stress of their loved ones, as well as the expenditures for mitigating the possible
consequences of the disease (drugs, therapy, etc.., if it is not possible to recover completely).
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The first three components can be calculated with relative certainty: the direct medical cost of
treatment is known for every illness, reduced income due to sick leave is calculated on the
basis of the value of a working hour and the cost of leisure time lost is considered, based on
CVM estimate, to be worth 30-50% the value of a working hour. All three of these
components together represent COI — thecost of illness [22].

Pollution can also cause damage to buildings due to the degradation of the construction
materials. When evaluating buildings, it is not enough to calculate only the cost of repairs and
maintenance, but also to take into account their aesthetic appearance and value of existence.
One of the most harmful pollutants is sulfur dioxide, which can also have a detrimental effect
on agricultural production. For determining the adverse impact on agricultural production
most often is used the method of exceeding critical strain, which assumes that ecosystem has a
threshold below which the damage is negligible, or that natural mechanisms of self-regulation
are in operation. Exceeding this threshold, ie. critical strain, even in very small amounts, may
in the future have serious impacts on arrable land.

The methods presented in the above paper have primarily been used for the evaluation of air
pollution. However, they may prove equally useful in the contamination evaluation of other
environmental mediasuch as water and land.

5. CONCLUSION

Copper production causes, among other things, pollution of air as one of the environmental
media, and thus damages the health of the population in the area where the production takes
place. Evaluation of the environmental damage caused by air pollution in the copper
production is based on the estimation of the people's preferences regarding the change of state
of the environment in which they live. In order to introduce the economic valuation of the
environment, one must start from the same principles as in the valuation of the product of
human labor, and these are "the principle of the willingness to pay" (WTP) in order to avoid
environmentalpollution and "the principle of the willingness to accept payment"(WTA)as
compensation for environmental pollution and degradation. When these parameters are
measured, then the economic valuation allows to show the environmental costs and benefitsin
financial terms, as is seen in determining the value of the damages caused by pollution in
various scenarios of pollution control. In this case, there is a possibility to validate the net
environmental benefits and costs to the society as a whole.

The lack of markets and prices for environmental products and services is a double challenge
for economists. The first challenge is to identify in which ways environmental damages affect
the well-being and the second one is to calculate the cash value of these changes by the use of
a number of direct and indirect techniques. This paper presents the valuation methods that
were presented in the above mentioned master thesis, concerning the evaluation of emissions
into the air with the external costs identified in the following categories: health, buildings and
crops. These methods, which include methods for the estimation of a human life and the
evaluation of illness, have their own advantages and disadvantages which suggests that there
is room for further research in this area.
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The most complex and controversial part of the evaluation of the adverse impacts on human
health and life is seen in determining the monetary values of the damages. The methods
presented in this paper are based on an estimation of the value of one’s own life and health,
the willingness to pay to prevent the risk of endangering life and health, and of the total social
costs caused by deteriorating health due to air pollution. However, determining the number of
the diseased and dead due to pollution is quite a complex issue which indicates the lack of
reliability of the methods and the need for their improvements.
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DEFECTS IN CASTINGS CAUSED BY HUMAN ERROR
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Abstract: This paper analysed the influence of various factors on moulding discontinuities and moulding quality.
The research established that most causes were rooted in a casting process itself, such as: the method of alloy
preparation, mold fabrication, moulding design and alike. Further, human fault is often referred to as a cause of
moulding discontinuities. This paper showed that business entities do not pay much attention to human errors
made in decision-making. Based on the research conducted, a series of measures have been proposed to prevent
moulding dicontinuities.

Key words: human fault, control measures, quality system.

Izvod:U radu je analiziran uticaj razlicitih faktora na pojavu greSaka na odlivcima i njihov uticaj na kvalitet
odlivaka. Sprovedenim istrazivanjem utvrdeno je da Najces¢i uzroci poticu iz samog procesa livenja: nacin
pripreme legure, izrade kalupa, konstrukcija odlivaka, a cesto se kao uzrok diskontinuiteta navodi i ljudska
greSka. Pokazano je da radne organizacije ne poklanjaju potrebnu paznju ljudskim greskama koje nastaju u
poslovnom odlucivanju. Na osnovu sprovedenih istrazivanja predlozen je niz mera za sperecavanje pojava
diskontimualnosti na odlivcima.

Kljucne reci: ljudska greska, mere kontrole, sistem kvaliteta.

1. INTRODUCTION

Moulding discontinuities refer to variations from the requirements as specified in a moulding
technical documentation with regard to: shape, size, composition, weight, mechanical
properties, structure. Discountinuities may be classified according to type, size, position or
orientation. From the operators' point of view, the types of discontinuities may be divided
into: large ( when a moulding cannot be used anymore), medium ( when it should estimate
whether to repair or re-melt a moulding) and small (when there is an opportunity to repair a
moulding in a cost-efficient manner). An estimate referring to accuracy and quality represents
the level accomplished in reference to the planned moulding properties, in particular to
accuracy of measures and shape, surface quality, structure and properties. [1-3]

Discontinuities should be revealed first; then, their prospective influence on the object
functionality should be estimated. In terms of further casting practices, it is of particular
imporance to define systematic measures for human fault prevention. Control measures
should also be introduced in order to prevent these from happening at any of the work stages,
especially on critical positions, such as preparation of batch melting components, mold
fabrication, positioning of cores etc, obeying the prescribed technology. In fact, staff practices
should be strictly controlled and the fault causes should be thoroughly examined and
eliminated.[4-7]
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2. HUMAN FAULT CLASSIFICATION

Human error should be referred to as a cause of certain notions, outcomes and activities
leading to failure to accomplish the result axpected. According to the level of awareness,
faults may be divided into the following categories: faults and violations, Figure 1.

Slips

=1 SKkill
Basled

Lapses

=1 Errors

' [base
Mistakes asc 1Stakes
Knowledge
[ ﬂuman ]
m— Routine'

based Mistakes
—=1 Violations 4 Situational

.

Exceptiona

Figure 1. Human fault classification

Errors are due to the lack of knowledge or experience, and violations are due to negligence.
Most often, faults are slips - accidental failures in carrying out certain activities or tasks, that
is, violations of the planned or established activities. Most often, a short working operation
with no long-term consequences is concerned, not leading, though, to the objective foreseen,
thus implying a repeated performance.It happens when certain activity is carried out either too
early or too late or when it is missing. Slips are also due to the actions being carried out in a
wrong direction, with inappropriate forces or objects, insufficient knowledge, insufficient or
wrong information, the lack of experience to do the job etc. Omissions are the faults due to the
lack of comprehending either planned or assigned activities, i.e. omissions of a part of the
activities to be carried out. Slips and omissions are classified into the same fault category
based on skills, i.e. due to a clumsy way of performing operations. These faults are assumed
to be caused by the lack of routine and skills to carry out a task. Intentional failures to obey
the rules cause faults classified as violations.

In a moulding production planning and organization system, a manager should carry out a
series of functions , such as: objective planning and setting; human and material resources
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organization and co-ordination; human resources policy management; human resources
selection, training and stimulation; influencing employees and motivating associates;
assignment performance control and monitoring.

3. EXPERIMENT

The subject of research referred to causes, frequency and consequences of human faults in
business decision — making during moulding production process.

Production engineer should observe a person performing certain stage of operation as either
an operational or false system component, in just the same context as if equipment is
concerned. It implies the need to deeply and thoroughly analyse the ways individuals perform
the tasks assigned within a concrete technology. Basic features of task executants are
knowledge and motivation. Apart from knowledge, a manager must have a seriers of skills
such as calmness, punctuality, ability to recognize opportunities to incite and motivate task
executants, since the more a person is motivated, the less number of faults is made. Short-
tempered, hasty, impatient managers make more mistakes. Their faults are partially due to
certain features of their personalities but also to stressful working conditions. Research and
analyses may be made in reference to whether and to which extent human personalities are
biologically pre-determined and to which extent they are the result of a wrongly adopted
desired behaviour.

A research method was a conventional methodological approach referring to collecting,
analysing and interpreting the data obtained. A special questionnaire with specific questions
was used; features of the questioned (cast house operators) were determined, as well as their
stand points concerning the subject. Since human fault management is a complex process,
research was carried out in a series of steps as follows: to identify weak system points; to
notice and report the events not causing likely adverse consequences; to notice the faults and
encourage fault reporting; to seek root causes; to notice and detect hidden faults. In order to
easily notice and analyse faults, three factor groups were noted as follows: occupational
factors, individual factors and organizational factors. Based on monitoring and research
results, a concept of human fault observation with regard to working situation has been
suggested, as well as a series of measures to eliminate the same.

4. RESULTS AND DISCUSSION

The research concerning moulding discontinuities and human faults as a prospective cause
showed that an attention should be paid to the three factor groups in order to minimize fault as
follows:

a) Work factors:

llogical equipment or instrument design,

Constant working process interruptions and disturbances,

Vague instructions,

Being overloaded with work,

Noisy and inconvenient working conditions.
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b) Individual factors:
e Lack of knowledge and skill,
e Exhausted workers,
¢ Indifferent and unmotivated workers and
e Health issues.
C) Organizational factors:
e Poor job planning leading to an increased pressure,
e Lack of security system and defensive mechanisms,
¢ Inadequate reaction to previous accidents,
e Management based on one-way communication,
e Lack of responsibility and co-operation,
e Poor security management,
e Poor safety behaviour.

Results of research referring to the ratio between the level of skill of executants and their job
showed that it is: fully matched - 48,8% ; mostly matched- 34,39% , not matched -
17,01%,most frequently being the cause of human error.

Having been asked whether they noticed, analysed and learnt out of own mistakes, the
questioned replied positive - 63,3% sometimes - 29,89% , while 6,8% replied that they did
not pay attention to either own or others' faults.

The question referred to executants wanting to either increase their own knowledge or to
change the current job. 12,27% replied they intended to find another job, 56,62% would
change a job if there was a better job opportunity, while 31,11% was satisfied with the current
job and wanted to increase the knowledge.

Having been asked if the organization paid enough attention to human fault issues and
whether these were reported, 51,52% replied negative, 48,48% replied positive.

4. CONCLUSION

Having analysed the measures to be taken in order to form “a faultless organization”, it was
suggested to arrange for courses required to increase knowledge of executants dedicated to the
jobs they do. Further, fault prevention courses, increased and additional trainings, general
security policy, simulation model trainings etc should also be arranged, as well as each
activity motivating employees. Research results show that human fault issues are highly
tolerated in working organizations. Organizations do not pay enough attention to human faults
emerging from business decision-making. It may be concluded that the entire human fault
concept in a working situation is relatively vague; it is influenced by a number of factors
therefore future research should be carried out in order both to have it more precisely defined
and to propose concrete measures to eliminate human faults in business decision-making.
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EFFECTS OF APPLICATION ON NEW CASTING METHODS ON
QUALITY OF CASTING AND PRODUCTIVITY OF COPPER ALLOY
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Abstract: In this paper, results of investigation of new methods of casting of copper alloys with accent on the
Lost foam process are presented. Phases of casting procedure were investigated, along with important process
parameters and their influence on structure and properties of obtained castings. This technology enabled
obtaining of the castings with complex construction and thin walls, and significant savings in casting procedure:
expensive operations such are cleaning and machine processing of castings are minimized, while exploitation of
metal is increased. Critical parameters of the process were investigated: casting temperature, types of refractory
coatings, types of polymer models and their influence on formation of the structure. Results showed that new
technology can be applied for obtaining of quality copper alloy castings which can be widely used in mechanical
industry. It was shown that application of this method of casting attributes to the increasing of the cost-
effectiveness of the manufacturing and improvement of the quality of copper alloy castings.

Key words: copper castings; Lost foam process; quality of castings; cost-effectiveness.

lzvod: U radu su prikazani rezitati istraZivanja novih metoda livenja odlivaka legura bakra sa akcentom na Lost
foam procesa livenja. Istrazene su faze procesa livenja, relevantni parametri procesa i njihov uticaj na strukturu
i svojstva dobijenih odlivaka. Ova tehnologija omogucila je dobijanje odlivaka slozene konstrukcije, tankih
zidova uz ostarivanje velikih usteda u procesu: smanjene su skupe livacke operacije ¢isc¢enja i masinske obrade
odlivaka, poveéano je iskoriséenje metala. IstraZeni su kriticni parametri procesa: temeratura livenja, vrste
vatrostalnih premaza, vrste polimernih modela i njihov uticaj na formiranje strukture u uslovima livenja u pun
kalup. Rezultati su pokazali da se nova tehnologija moze primeniti za dobijanje kvalitetnih odlivaka legura bakra
koji se Siroko koriste u masinskoj industriji. Pokazano je da nova tehnologija livenja doprinosi povecanju
proizvodnosti, smanjenju cene kostanja odlivaka i postizanju visokog kvaliteta odlivaka.

Kljucne reci: odlivci bakra; Lost foam proces, kvalitet odlivaka; ustede.

1. INTRODUCTION

Evaporative patterns casting (Lost foam casting process) is patentedby H.F. Shroyer in 1958.
Since then, up to today, developmentand practical application goes on with
changeablesuccess. Mainly, the problems of the development of thisprocess are lack of
appropriate materials for making evaporativepatterns and refractory pattern coatings.Unlike
casting in the sand moulds, the process usespatterns and pouring systems, which remain in the
mouldafter its making until pouring of metal. This justifies the title "full mould casting",
Figure 1. In the contact with liquid metal, thepattern is split in a relatively short time. At the
same time,the castings crystallization takes place. As the consequenceof the pattern splitting, a
great quantity of gaseous andliquid products is produced. If the conditions of theirelimination
from the mould are not fulfilled, many defectswill appear on the castings, which are
considered characteristicfor this process. [1-5]
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liquid metal ——
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unbonded sand

polystyren (solid state)

Figure 1. System balance: liquid metal-refractory lining-pattern-sand

Important factors on pattern’s decomposition and evaporation process, besides temperature
and pattern’s density, are also the type and refractory coat layer’s thickness which the
evaporable pattern is been coveredwith, type and size of sand grain for modeling, respectively
permeability of sand for modeling, castings and gating of moulds’ construction. The pattern’s
density and permeability of refractory coat and sandy cast determine polymers evaporation
velocity. The velocity of liquid metal coming into the cast and its contact with the pattern is
regulated by proper defining the gating of moulds. [6-9]

In order to obtain castings of a priori desired quality, critical process parameters should be
determined for each particular polymer pattern, as well as the type of alloy for casting. That
requires long-lasting researches with a goal to achieve optimization of Lost foam casting
process and obtain the castings of a priori specified properties. In order to understand
correctly the Lost foam process optimization it is necessary to know that various types of
castings’ structure determine their different properties. Besides this dependency for obtaining
the castings of a priori specified properties there also should be determined the fundamental
structure dependency on technology, which implies critical process parameters’ control and
control of useful castings’ properties, and a special consideration in this paper was given to
that matter. [10,11]

2. EXPERIMENT

A two series of experiments were done with the goal of analyzing the possibilities for
appliance of refractory coats based on talc (series mark: T) andcordierite (series mark: C) in
Lost foam casting process. The coats’ compositions were defined (table 1) and the coats
components’ preparation methods were determined. Grinding and fine grinding of refractory
loaders of talc andcordierite was done in mill with balls of Cr-Ni steel, capacity 20 kg/h, with
mill load of 70% and grinding time 45-60 minutes.
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Table 1. Compositions of used refractory coats on talc, (T), and cordierite (C) base

Composition of refractory coat type T:

-refractory filler: talc with grain size of 40um, 93 -95 %

-binding agent: bentonite 1.5-2.5%; bindal H, 0.5-1%,

-suspension maintanance agent: NasP3O3 1-3%, carboxymethylcellulose (CMC), 0.5-1%
-solvent: water

Composition of refractory coat type C:

-refractory filler: cordierite with grain size of 40pm, 92 -94 %

-binding agent: bentonite 1.5-2.5%; bindal H, 0.5-1%,

-suspension maintanance agent: Nas;P3O3 1-3%, carboxymethylcellulose (CMC), 0.5-1%
-solvent: water

At applying refractory coat on polymer pattern by techniques of immersion into the tank with
coat, overflowing and coating with brush, a special attention was given to coat’s quality
control, Figure 2. The basic criteria for quality evaluation of this type of refractory products
were-pertinence for applying, drying behavior, resistance to attrition, sedimentation and
penetration.

Figure 2. Coatings and drying

The process parameters for production of refractory coats series T and C, methods of coat
applying on patterns and drying, when optimal results of testing the structure and properties of
obtained aluminum alloy castingswere:

Coat densities: 2g/cm?

Coat temperature: 25°C

The way of coat’s excess remove from the pattern after pulling out from the tank for
lining: patterns are been seeped, in vertical position, 5-10 s, and then set 5 s under 45°
angle in order to coat layers on pattern’s surface get equally even

Slowly coat mixing in tank during the coat applying on pattern: velocity 1
revolutions/min

Methods of coat applying on pattern: “cluster" immersion into tank with coat;
overflowing; coating with brush

Drying: first layer 2 hours; final layer 24 hours

Coat layer’s thickness on the pattern after drying: 0,5-1,5 mm.
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The experimental parameters of Lost foam casting process regarding which were done the
selection of composition and preparation of refractory coats series: T and Cwere:

Tested alloy: copper alloy (chem. composition (%): Cu 86,0; Sn 13,9; P 0,1)
Preparation methods of liquid die: refinement by CusP

Casting temperature:1150 °C

Evaporable polystyrene pattern: density 20-25 kg/m®; pattern construction: plate
(200x50x20)mm; polystyrene grain size 1-1,5 mm

Mounting pattern for casting: "cluster” with four patterns-plates set on central runner
gate

Gating of moulds:central runner gate (40x40x400)mm; ingates (20x20x10) mm, 2
pieces.

Dry quartz sand for cast production:grain size: 0,17 mm; 0,26 mm; 0,35 mm.

3. RESULTS AND DISCUSSION

By controlling the critical process parameters for refractory coats’ production and controlling
the coat’s properties it was determined that the coats of all series comply with conditions for
appliance in Lost foam casting process. It was determined that coats were easy to apply on
polymer patterns, being equally lining at overflowing and immersion, were easy to been coat
with brush, without any mark of brush, leakage, drops and clots’ formation. After drying, the
coat surface was smooth; coat’s layers were of equal thickness everywhere on pattern’s
surface, without any bubbles, crazing, peelings or attrition. The coat quality and refractory
loader’s homogeneity in the coat depends on coat preparation. In order to achieve even coat
layers’ thickness on pattern’s surface it is necessary to slowly constantly mix the coat during
its applying on patterns, to maintain defined density (2g/cm®) and temperature (25°C) of coat.
On the contrary, the coat composition’s inhomogeneity appears, Figure 3.

L] .4 N ¢ /2 f o
a) homogenous composition coats b) non-homogenous composition coats
Figure 3. Refractory coats
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In order to observe the effects of casting process, evaluation of certain operation phases and
analysis of applied refractory coats’ influence, a visual control of the obtained castings was
done, testing their structural and mechanical properties. After pulling out the founded
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"clusters™ from the cast, their surface is covered with coat layer which is easy to be broken
and removed from it, so the cleaning is not necessary, which significantly reduces the
production costs. The refractory coats of all series have demonstrated positive effects on the
surface quality — shiny and smooth castings’ surfaces were obtained. The castings are true
copy of the patterns (dimensionally are precise) which indicates that the decomposition and
evaporation of polystyrene pattern was in totality, and that the gating of moulds’ solution was
satisfactory. It was noted that the lower castings’ parts of all series have flat and sharp edges,
clean and shiny surface. At some castings from the series with coat layers of higher thickness
(above 1,5 mm) the upper castings’ surfaces are a bit uneven and folded, and also on certain
castings’ parts a surface roughness appears, and more often at the castings from the series
with patterns’ density above 20 kg/m®,

The study results of castings’ structural and mechanical characteristics were within the limits
predicted by the standards for this type of alloys. That would be the castings from series with
used polystyrene patterns up to 20 kg/m?®, refractory coats of less thickness layers, below 1
mm, applied quartz sand for modeling with its grain size above 0,26 mm, casting temperature
within the limits of 1180°C and casting velocity whichenabled even decomposition and
evaporation of polystyrene, with complete elimination of gassy products from patterns’
evaporation, without any cast falling in and liquid metal penetration into sand.

On the other hand, castings from the series with applied patterns of densities above 20 kg/m®
and coat thi