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DEVELOPMENT OF A 3D MODEL FOR THE ASSESSMENT OF THE STABILITY OF THE
SLOPES IN THE MIZIA QUARRY

Evgenia Alexandrova

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, jogeni@abv.bg

ABSTRACT. The main aspects of three-dimensional modelling for the assessment of the resistance of the slopes in open pit mines and quarries are reviewed in the
article. Methods based on the boundary equilibrium and the mechanics of the continuous environment are analysed. An example is presented for the assessment of
the stability of the slopes in the Mizia quarry based on a 3D model.

Keywords: open pit mining, slope stability

PA3PABOTBAHE HA 3D MOJEJ 3A OLIEHKA HA YCTOMYMBOCTTA HA OTKOCUTE B KAPMEPA ,MU3UA“
EezeHus AnekcaHdpoea
MurHo-eeonoxku yHusepcumem ,,Ce.Mear Puncku®, 1700 Cocpusi

PE3IOME. B cratusita ca pasrnefaHu OCHOBHWUTE acnekTW Mpu TPUU3MEPHOTO MOAENMpaHe 3a OLeHKA Ha YCTOMYMBOCTTA Ha OTKOCUTE B OTKPUTU PYAHULM W
Kapuepu. AHanuaupaHu ca MeTOAMTE, OCHOBAHW HA rPaHMYHOTO PaBHOBECKE M HA MeXaHMKaTa Ha HerpekbcHaTta cpeda. MpeAcTaseH e mpUMep 3a OleHKa Ha

YCTOMYMBOCTTA Ha OTKOCUTE B kapuepa ,Muans* Ha 6asata Ha 3Dmogen.

Kniouosu AYMU: OTKPUT pobms, OLeHKa Ha yCTOVILMBOCTTa

One of the important and increasingly developing areas in
the field of slope stability assessment is the three-dimensional
analysis, i.e. solving the so-called volume task.

Creating a 3D model is a widely used method for solving a
number of practical engineering problems (for example, a
numerical modelling of the strained distorted state of the
object) as well as in solving a wide number of ecological and
hydrogeological problems. Applying a 2D analysis for solving
the planar task to estimate the stability of slopes remains one
of the recent fundamental methods. Along with that, 2D
modelling in this area has significantly changed in the past
years. A large number of methods are developed for 3D
analysis of slope stability based on the concepts of boundary
equilibrium and the mechanics of continuous mediums. The
first attempt to develop a three-dimensional method for
estimating the slope stability dates back to the early 60’s of the
last century but 3D methods have been used more intensely
during the past few years. A number of specialised software
products are used that already have program modules for 3D
modeling of slope stability, e.g. SoilVisionSystems, Inc.
(Canada), TAGAsoft, Inc (USA), ltasca International, Inc.
(USA), O.Hungr Geotechnical Research, Inc. (Canada), etc. It
can be assumed that the popular companies like GEO-SLOPE
Internatioanal, Inc. (Canada) and Rocsiense, Inc. (Canada) will
soon develop similar products. Based on this information, a 3D
innovation in slope stability assessment in the near future is
coming.

Improving the analysis for slope stability assessment from 2D
to 3D is a challenging task because of the additional
dimension. Modelling the stability in three dimensions is
undoubtedly the better and more perspective choice than the
2D models, and the advantages come from the volume
analysis:

- In a 3D problem, the possible sliding surface is modelled (in
conditions of continuous medium) as a segment of an elliptical
surface, while the circular cylindrical surface in a 2D problem
remains unchanged. In terms of mechanics, the problem in
focus cannot be considered planar, so the 2D task could be
solved appropriately in case of significant assumptions only.

- In solving the 2D problem for slope stability assessment, a
large number of conditions that must be considered exist (for
example, the homogeneity of the massif in the vertical profile
and the topographical homogeneity of the slope in the direction
of its incidence). But in practice, these factors significantly
affect the stability (for example, tectonic leaps intersecting the
slope at an angle or cutting the slope in parts when opening
roads). These additional components can be taken into
account only in 3D models.

- A significant advantage in 3D analysis for slope stability
assessment is that these calculations make it possible to
predict the development of a landslide or a deformation
process not only in depth but also in plane. Besides, these can
solve the problem with respect to the location of the most
dangerous area of sink or loss of stability. The results are
towards a more precise risk assessment with regards to the
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spatial activation of a landslide process and for taking well-
grounded constructive solutions for landslide prevention.

2D modelling of slope stability has basically used-up its long
term potential. When solving the 2D problem, the main ideas
and methods for slope stability assessment have been formed
in their current state in the mid 60’s of the last century and no
significant scientific contributions are added nowadays. Only
detailed analyses are added of the specifics of the earlier
developed methods.

In most of the cases, the graphical presentation of the
calculating work scheme for solving the 2D problem for slope
stability assessment is significantly simplified and rarely
corresponds to the real situation. Anyway, the practical solution
of the 2D task is surprisingly successful. The main reasons for
that are:

- In 1987, S. Cavounidis showed that the stability coefficient
of a slope in 3D analysis was greater than the one in the planar
problem. Thus, the 2D method is more conservative and
contains significant reserves of stability.

- The mathematical realisation of 2D methods is much more
developed in comparison with 3D modelling where there aren’t
important tools like probability analysis, analysis of the
sensitivity, optimisation of the probable slope of sliding, etc.

- 3D methods of numerical analysis are less resistant than
2D calculations, especially when they are based on the
consideration of force equilibrium conditions.

- 3D methods for slope stability assessment, as well as 2D
models, require additional assumptions for achieving a static
determination of the problem. There are several ways to do
this: reduce the number of variables, increase the number of
equations, or use them both. The introduction of additional
assumptions in 3D methods depends on the specific area of
application.

The best-known methods for spatial modelling of the slope
stability are as follows:

Methods based on the boundary equilibrium
theory

The Anagnosti method. In 1969, Anagnosti developed a 3D
method for calculating the stability coefficient using potential
surfaces with different shapes (Anagnosti, 1969). This method
is actually an amplification of the 2D methods of Morgenstern-
Price with the inclusion of additional equations for the
equilibrium of a thin vertical plate. The main assumption
concerns the distribution of the moving forces which satisfies
all equilibrium conditions. The results show that the actual
coefficient of stability increases more than 50%. Detailed
investigations come to the conclusion that the calculated
stability coefficients strongly depend on the assumptions
concerning the moving forces between the plates. Anagnosti
proves that all six equilibrium equations require four times
more static assumptions than 2D calculations.

The Hovland method

The method which was developed by Hovland is based on
the Fellenius method with additional assumptions in the third
dimension (Hovland, 1977). Instead of plates, columns are
used in this method. Here, all moving forces between the
columns are ignored. The normal and tangential forces acting
at the base of each column are obtained as a component of
the weight of the column. Another assumption is that there is
movement in only one direction and the equilibrium of the
system is calculated for this direction.

The 3D stability coefficient is defined as the ratio of the total
sum of the holding forces on the sliding surface and the total
sum of the driving forces. The computational scheme of the
Hovland method is presented in Figure 1.

3

Fig. 1 The Hovland method
a) plan, b) profiles, c) 3D view of the column

It is assumed that the X and Y coordinates are perpendicular
to each other in a horizontal plane, the Z coordinate is vertical,
and the Y axis is along the side of the movement of the
landslide (downstream). The column dimensions on a
horizontal plane are determined by the Ax and Ay. Assuming
that Ax u Ay are constant for all columns (the net is uniformly
scaled), the stability coefficient can be calculated by the
expression:

- =ZXZ y[ cA, +W, cos(DIP)tge | "

> XY yW;sina,,

\/(1—sin2 a,sin’a,,)

= AXA 2
A y cosa,, cosa,, @
1
cos(DIP) = (3)
\/(1+tgzaxz +tg’a,, )
W, = yzAXAy (4)

Hovland finds that any ratio between cohesion and the angle
of internal friction of the mass may have its own critical surface
of sinking and geometry. Studies also show that the ratio of the
stability coefficient in the 2D and the 3D case is very sensitive
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to the strength of the scales, as well as to the shape of the
sliding surface, but are relatively insensitive to the width. The
results obtained show that the 3D stability coefficient is much
higher than the 2D coefficient, excluding some situations
where the 3D coefficient could be lower (for example, for
unbound soils).

The Chen method and the modified Chen and
Chameau method

Chen and Chameau (1983) perform complex studies on the
influence of the 3D model on the slope stability using a wide
range of different mass properties. They offer two methods for
calculating the stability coefficient based on the Spencer
method for the 3D model and depending on the nature of the
landslide movement. The landslide surfaces are presented in
Figure 2 and Figure 3.

Fig 2 Calculation scheme for block shifting of a landslide body

0
\\axis of rotation
o
oy

single column

Fig 3 Calculation scheme with a landslide rotating body

Studying the block motion of the landslide in the 3D model,
P. Chen makes the following conclusions:

- The 3D stability coefficient is always greater than the 2D
coefficient;

- The 3D effect is greater for the slopes with connected
masses;

- Staggering weak layers always give a smaller ratio of the
stability coefficients obtained by the 3D and 2D models than
those for sloping layers;

- In weak rocks, the 3D effect is more pronounced;

- When developing a wedge-shaped landslide, the ratio
between the 3D and the 2D coefficient is usually less than one;

- Decreasing the surface slope of the landslide is the cause
of a higher stability coefficient.

Based on the calculations for a rotating body, Chen
concludes:

- The 3D effect is more significant when the landslide has a
shorter length;

- For slanted slopes, the 3D effect is most significant for
scales with a high coefficient of cohesion and a low internal
friction angle;

- Pore pressure can cause significant three-dimensional
effects.

In addition to the 3D modelling and slope analysis methods,
there are also a number of methods based on 2D, such as the
Hungr (1987) method (the Bishop method, the Yanbu
simplified method), the Duncan method (1996), and others. In
these methods, there is a tendency for higher values of the 3D
stability coefficient.

Methods based on the mechanics of a
continuous environment

Software products developed in recent years and based on
the final difference method (FLAC3D, Itasca Consulting Group,
Inc.) and the finite element method (PLAXIS3D) make it
possible to solve the problem of slope stability with methods
using the mechanics of non-continuous environments in three
dimensional spaces.

An attempt of calculating a 3D slope stability coefficient has
been made for the Mizia quarry by using the software product
SVSlope 3D - SoilVisionSystems (Canada). Figure 4 presents
the slope pattern used for the calculations. The properties of
the mass are given in Table 1.

Table 1
Number | Density, | UCS,kPa | GSI | IRC | Distribance
kN/m3 Factor
1 243 55000 25 9 0.7

UCS - Unconfined Compressive Strength
GSI - Geological Strength Index
IRC - Intact Rock Constant

/ENTRY

EXIT

Fig.4 General overview of the model
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Fig.6 Results of the 3D model by the Janbu method

The following calculation methods were used for the
modelling:

- The Yanbu method referring to the group of methods that
satisfy the force equilibrium;

- The Bishop method referring to the group of methods that
satisfy the moment equilibrium;

- The Spencer method referring to the group of methods
satisfying the general equilibrium of moments and forces.

For searching the most dangerous sliding surfaces in the 3D
model, the "entry and exit" algorithm is used. The results of the
modelling are presented in Fig.5 and Fig 6.

A comparison between the results of 3D and 2D models is
given in Table 2.

Table 2
Comparison of 3D and 2D computing results
Type Estimation method
Spencer Bishop Yanbu
3D 2.866 1.969 1.893
2D 2.828 1.334 1.412
Ratio 3D/2D 1.01 1.48 1.34

Considering the obtained
observations can be made:

results, several important

1.The critical sliding surface obtained from the 3D model
differs substantially from the sliding surface when solving the
plane task.

2.The 3D stability coefficient is higher than the coefficient
obtained by the 2D model.

Three-dimensional modelling based on boundary equilibrium
methods has a number of significant constraints:

First, three-dimensional methods of analysis are less
persistent than two-dimensional calculations. The analysis of
the obtained results shows that the area of possible solution is
not closed, and the result is significantly different from that
obtained by the Entry and Exit method.

Secondly, it is necessary to mention that, in general, solving
the slope stability task with the methods of the boundary
equilibrium is statically undefined. In particular, using lamella
methods, the task becomes statically determined for each
element, but the need for accepting different assumptions
arises.

Conclusions

Two-dimensional models based on the mechanics of the
continuous medium imply conditions for flat stressed condition,
which is not applicable for slopes with a complex structure and
with a varying lithology and surface relief. The main methods of
three-dimensional analysis of the slope stability are the
methods of boundary equilibrium and the methods based on
the mechanics of a continuous environment.

Several important conclusions can be drawn based on the
results of the three-dimensional calculations of the slope
stability:

- The values obtained for the slope coefficient by the 3D
model are higher than those obtained in solving the planar
task.

- When there is a transition from 2D modelling to 3D, it is
necessary to take into account the following aspects:

1) The concept of describing the shape of the probable
sliding surface is changed. In the 3D model, it is in the form of
a segment of an elliptical surface. The circular-cylindrical
sliding surface in the volume model can not be its analogue.

2) The forces at the boundary of the lamellae are distributed
not in one but in two directions in the 3D modelling of slope
stability and boundary equilibrium methods.

3) Three-dimensional methods of analysis are numerically
less resistant than two-dimensional calculations.

Regardless of the limitations, it should be noted that in the
near future, the implementation of the three-dimensional
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models in the quantitative assessment of slope stability will be
applied in the Bulgarian specialised software products, too,
and the methods for three-dimensional calculations will be
introduced and updated in the normative documents.
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OPTIMISATION OF SAMPLING OF COAL FROM THE OBEDINEN OPEN CAST MINE AND
THE REPUBLIKA MINE

Daniel Georgiev

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, daniel__georgiev@abv.bg

ABSTRACT. The article discusses in detail the processes that the coal undergoes after it enters the Pernik Preparation Plant. Special attention is paid to one of the
main problems in the quality management of the coal from the Obedinen open cast mine and the Republika mine, namely the sampling of coal. Two modern sampling
methods are presented, with instruments that provide the necessary information about the quality of the coal in real time, taking into account the problems of the
Pernik Preparation Plant.

Keywords: open cast mining, quality management, coal

ONTUMU3UPAHE HA MPOBOB3EMAHETO HA BBLIWLLA OT OTKPUT PYAHUK OBEAWHEH U PYOHUK PEMYBIUKA
HaHuen eopaues
Murro-eeonoxku yHusepcumem ,Ce.WeaH Puncku®, 1700 Cocpusi, daniel__georgiev@abv.bg

PE3IOME. B craTusita nogpo6Ho ca pasrneaaHy npouecute npes KouTo NpeMuHaBaT BbrivliaTa cnep TAXHOTO nocTbnBaHe B OboratutenHa gabpuka "MepHuk" u
no-cneLuanHo BHUMaHue € 0BbpHaTo Ha eauH OT OCHOBHWTE Npobnemu B ynpaBneHMeTo Ha kayeCTBOTO Ka Bbramwarta ot Otkput Pyanuk ObeamnHeH u PyaHuk
Penybrnvka, a nmeHHo npoBoB3emaHeTo Ha BbrmuwaTa. MpeactaBeHn ca ABa CbBPEMEHHU MeToAa Ha npoboB3emaHe, C ypeaw, KOWTO fasaT Heobxopumara
MHGopMaLWst 3a Ka4eCTBOTO Ha BbIMMLLATa B pearnHo BpeMe, cbobpaseHu ¢ npobnematukata Ha Oboratutenta abpuka "MepHuk".

Knio4oBm gymm: oTkpuT JOGUB, yNpaBreHe Ha KaYecTBOTO, BbITULLA

Introduction It includes two open pit mines: the Republika and the
General information  and  technological Obedinen. Their object of production is brown coal. They

. . . occupy an area of 5608 dka and cover terrains on the territory
processes in the Obedinen open cast mine and of the town of Pernik, the village of Divotino, the village of

the Republika mine Lyulin, and the village of Golyamo Buchino.

The Pernik Coal Basin is located about 30 km southwest of The development system in the two open pit mines is a
Sofia, with the following approximate boundaries of the transport system with the removal of the waste rock by trucks.
productive horizon: the Viskyar Mountain to the north; the Segments use the cyclic-flow technology. Coal is loaded with
Vitosha Mountain and the Lyulin Mountain to the southwest, to excavators and transported to a reloading point. The maximum
the east, and to the northeast; the village of Golo Bardo to the height of the benches in the mines is determined depending on
south; and the Chernogorski heights to the west. the maximum height of rowing of the excavator and the

conditions for drilling and blasting operations. The array is pre-
crushed according to well-established drilling and blasting
projects. The exploded waste rock is loaded onto trucks with
excavators and transported to the internal embankments. The
height of the benches is less than 15 m in order to improve the
compaction of the array.

The annual program of the Republika and the Obedinen
open pit mines is as follows:

- Coal =1 078 000 t (with a Coal Volume = 1,82t/ m3)

- Waste rock = 11 040 000 m3

The mode of operation is continuous: two shifts of 12 hours.
Work is suspended only on public (bank) holidays and due to
annual repairs and planned repairs. Or:

Fig. 1. Location of the Obedinen and the Republika open pit mines

10
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365 days - the total number of days within a year;

less 7 days - the number of public (bank) holidays within a
year;

less 18 days - planned repairs;

less 40 days - yearly repair is done for 40 days on average.

The development system is a transport system with the
removal of the waste rock in the bulldozer embankments by
trucks.

The coal-mining scheme is implemented as coal is
transported with the help of trucks. For this purpose, reloading
points have been constructed in the sections. Through bunkers
in which coal is poured, they are transported along a conveyor
belt that is connected to the main conveyor belt. Coal loading
is done with hydraulic excavators.

Methods
Coal sampling and technological processes in
the Pernik Preparation Plant

After elimination of the main processes at the Pernik
Preparation Plant, the coal undergoes a process of sampling,
charging, crushing, and sieving. The supply of coal for
processing from the mines to the filling plant is carried out by
railway transport.

After reaching the landfill by means of a folding ramp at the
top of the wagons, the sampler enters the wagons and takes a
sample, digging a hole at a depth of about 30 centimeters and
then taking a sample of a few shovels large. Two samples are
taken from each bunch from the wagons coming from the
Obedinen open pit mine, a total of 6 samples from each
wagon. One sample of each bundle is taken from the wagons
coming from the Republika open pit mine, a total of 3 samples
from each wagon, because the material there is relatively
homogeneous. The sample results are obtained within 4 hours.
Although the results have not been obtained yet, the coal is
discharged into the receiving hoppers. Trains arriving from
both pits can be unloaded simultaneously on two tracks: the
wagons from the Republika open pit mine are unloaded on the
sixth track, and the wagons from the Obedinen open pit mine
are unloaded on the seventh track. The unbaked pieces are
manually crushed on 400-250 mm grills. Once the material
passes through the grate, it goes into a pick-up hopper. Under
each track, there are eight receiving hoppers distributed in a
column, but over them there can be precisely three wagons.
Under each wagon, there are 2.67 bunkers making it
impossible to accurately distribute the coal from the wagons to
the bunkers. Each bunker has a volume of 90 tons. By means
of four finers with a capacity of 300 tonnesf/hour, coal is fed to
two conveyors belts with a total output of 600 tonnes/hour. The
two conveyor belts are then assembled into one that weighs
the coal from the Republika open pit mine and from the
Obedinen open pit mine and transports the material for
screening. The sieve has a gradient of 15 degrees and 100
mm holes. The 200 mm offshore fraction is transported to
another conveyor belt for further crushing in cone crushers
where a 100 mm fraction is obtained. The cone crushers are
two and below each there are five storage hoppers with a
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volume of 200 tons each, meaning that 1000 tons of coal can
be stored under each tapering crusher. The submerged
material of the size of 0-100 mm and the crushed material are
combined onto one conveyor belt. This transports the material
to a rotor crusher that crushes the material to a size of up to 30
mm, as is the requirement of the Republika thermal power
plant.

s TEIL "Penyfonra”
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Fig. 2. Diagram of the processes in the Pernik Preparation Plant

After studying the ways of coal sampling and the mode of
operation of the Pernik Preparation Plant, it was found that no
more than 60+62% of the coal supplied is suitable for energy
fuel, which shows that the percentage of reduction of the useful
component is about 35%.

Discusions

In view of what has been discussed in this article, the
following could be proposed to improve the coal quality
management and to increase the volume of coal used for
energy use. This could be achieved after a change in the
method of coal sampling.

1. After reaching the coal layers in both the Obedinen and
the Republika open pit mines, samples must be taken with the
ENELEX GE3030 device. Then, the results are set in a
mathematical model for quality management, and only then
can we proceed to loading the coal. After solving the algorithm,
the two open pit mines receive accurate information about how
many tons of coal they should take and transport to the
preparation plant.

The GE 3030 coal fast-analyser enables fast analysis of the
non-combustible content and the calorific value of coal
samples immediately on site or in the laboratory. Operational
evaluation of coal quality can significantly raise processing
efficiency and, consequently, keep running costs lower, too.
Coal is one of the most important energy sources. The need of
saving all kinds of energy is strongly emphasised nowadays
and though coal mining and efficient processing, it becomes
the first-degree interest. The need of immediate coal quality
evaluation or evaluation in reasonably short time results from
the requirements of combustion and mining process
optimisation. The unit is intended for fast measurement of ash
content and calorific value of coal samples. The unit is
produced as a desktop unit. The whole measurement is
performed with no user manipulation of samples in the
radiation beam. After putting the 'sample into the measurement
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container and closing the cover, the sample is moved to the
measurement radiation beam. The measurement is performed
automatically. After
finishing the measurement,
the sample is automatically
moved out of the radiation
beam for user
manipulation. The
complete information on
the measurement process
is displayed on the
touchscreen user interface
panel with possibility of

. data transfer to the
supervisory system.
System setup and

calibration can also be
performed using the user
interface panel in a simple
and user-friendly way. The
measurement method
evaluates the coal non-
combustible content
according to differences of
attenuation of two gamma
beams of different energy
passing through the coal.
While the changes in
chemical composition in
the ash content are low,
there's a  significant
correlation between the ash content and the average proton
number. The measurement beam passes through coal sample
while the resulting radiation is evaluated by a detector with a
control unit. Based on the retrieved attenuation values of
radiation beams, the control unit can compute the ash content
and the calorific values within no longer than 10 minutes.

&)

2. After the wagons arrive at the landfill, apart from the
sampling that has already been performed to make a
laboratory analysis of the coal, "The Ash Probe", produced by
Bretby Gammatech, could also be employed. Again, the data
from it is set in a mathematical model. On the basis of the
decision taken, we can dispose of those wagons with which the
decision of the algorithm for the average of the quality of the
coal will be as accurate as possible.

The Ash Probe is a hand portable instrument for measuring
the ash content of piles, wagons or trucks of coal. It provides
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the user with quick and
accurate ash readings within
seconds. It contains no
radioactive sources. The Ash
Probe consists of two parts:
the Probe and the Display
Unit. The ash measurement is
obtained by inserting the
probe into the coal and
operating the Display Unit.
The ash reading is displayed
and its precision improves with
measurement  tme.  The
desired precision is user
selectable from four values
ranging between 0.25% and
1% ash. The measurement
times out once the required
precision has been reached. In
Pile Mode, the Ash Probe is
used at several locations
around the pile. Up to 99
readings per pie can be :
made. Both the individual readmlgs and the pile average ash
can be displayed, along with the standard error for the pile.
Results from up to 99 piles can be displayed and stored.
Calibration is readily achieved by the customer using the
supplied sample gathering equipment. The Display Unit can
store up to nine separate calibrations for different coal types.
Stored data can be transferred to a PC for off-ine data
archiving and analysis.

Conclusion

The article discusses how coal was sampled at the Pernik
Filling Plant which is served by the the Obedinen and the
Republika open pit mines. The results of the study suggest that
the use of the abovementioned coal sampling technique will
improve the quality of coal management and the volume of
coal that is suitable to be used for energy.
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ABSTRACT. Ore recovery and ore dilution are very important parameters in all mining exploitation methods, butespecially in the sublevel caving mining method. In
this exploitation method there is a functional dependence between the ore recovery and ore dilution, and for this reason it is very important to determine the optimal
values for these parameters.

The paper presentsthe methodology for monitoring and analysis of the ore recovery and ore dilution in the underground mine for lead and zinc ,SASA* - M.Kamenica,
by applying geodetic surveying measurements of the volume of excavated and unexcavated ore for each workplace.

Keywords: ore, recovery, dilution, sublevel caving, underground exploitation
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PE3IOME. V33emBaHeTo 1 06eaHsBAHETO Ha PyAa Ca MHOTO BaXHU NapameTpu 3a BCUYKM MUHHO-LOBMBHU MeToAW, 0coGeHo 3a cucTemata Ha paspaboTsaHe ¢
nogeTaxHo obpyliasaHe. Mpu To3u MeToA Ha paspaboTBaHe MMa (pyHKLMOHANHA 3aBUCMMOCT MEXay M33eMBAHETO Ha pyaaTa W HeitHoTo obeaHsiBaHe 1 nopaau
Tasn Npu4mMHa € 0coBEHO BaXHO Aa Ce ONPeaensT ONTUMANHIUTE CTOMHOCTY Ha Tean napameTpu.

B HacToswwus fokrag e npencTaBeHa METOAONOMMS 38 MOHUTOPUHT W aHanus Ha U33eMBaHeTo W 06eHSIBAHETO Ha pyda B MOA3EMEH PYAHUK 33 OIOBO W LMHK
,CACA* — M. KameHuLa 4pes npunaraHeTo Ha reoaesnyHn MapKLIaiaepcky aMepeaHmus Ha 06emuTe 133eTa U HeusseTa pyaa 3a BCAKO paboTHO MACTO.

KniouoBu gymu: pyaa, ussemsare, 0befHsiIBaHe, NogeTaxHo obpyllaBaHe, nog3eMeH Jobus

Introduction bodies, etc.) to determine these masses were used in the past,
which were not sufficiently accurate and therefore certain

The sublevel caving mining method is applied in the errors occurred, which indirectly affected the accuracy of
underground mine for lead and zinc ,SASA" (Fouescku u calculating the coefficient for ore recovery. As a drawback, we
Mwujankoeckn, 2008). In this exploitation method, the can add the engagement of a large number of consultants and
coefficients of ore recovery and ore dilution are in mutual the increased number of working hours for performing this kind

functional dependence, that is, by increasing the ore recovery of analysis.
the ore dilution is also increased and vice versa. For this

reason, it is necessary to calculate the optimal values for ore Due to the above-mentioned negative factors, today,
recovery and ore dilution (Mijalkovski et al., 2017; Mijalkovski, computer graphics are used for faster and more accurate
2015). calculation of the excavated surfaces and volumes. This
method is very favorable for 3D visual representation of ore
When calculating the coefficient for recovery of geological bodies and mining objects, where the spatial distribution of all
reserves from the ore deposit, the ratio of the unexcavated ore objects in the mine can be perceived (Mijalkovski et al., 2013).
and ore masses contained in the geological ore reserves is of For this purpose, the software packages "Promine" and
high importance (Mujankoscku, 2013). Classical methods "Vulcan" were introduced in the underground mine ,SASA*
(measuring surfaces with plan-meters, calculating volumes by (Mijalkovski et al., 2016).

approximating curved surfaces with a set of regular geometric
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Ore recovery and ore dilution in sublevel caving
mining method

The sublevel caving mining method is characterized by a
mutual connection between ore recovery and ore dilution,
which in this case is such that by increasing the values of one
parameter there is an increase in the values of the other
parameter. In underground mining deposits with low thickness,
ore recovery can be caused by the inability to monitor the
contour of the deposit, which may be result in ore losses.
When analysing the exploitation of ore deposits with big
thickness, ore recovery and ore dilution arise primarily in the
process of leached or caved ore (Mijalkovski et al., 2015).

In the leaching process of the mined ore, first the clean ore is
leached, and then there is interference with the fragmented
waste rock, which is in contact with the belt of the crushed ore.
If an ore leak is stopped early, the ore dilution will be less, but
the ore losses will be bigger. In order to have bigger ore
recovery and at the same time reducing the ore losses, the
leak continues, and as consequence of this the ore dilution is
increasing according to the exponential dependence. This is
the essence of the previously stated functional dependence of
the ore recovery and ore dilution (Mijalkovski, 2015), where our
goal is to obtain a high ore recovery for the purpose of small
ore dilution.

These changes are particularly pronounced in the sublevel
caving mining method with face loading. In the magnitude of
the ore dilution the thickness of the blasting belt and its height
have the biggest influence, also certain influence has the
method of ore loading, i.e. the depth of engagement with the
loading basket along the slope of the ore in the production
drifts (Milicevic, 2008).

Ore dilution also occurs during exploitation. From this point of
view, there are two types of ore dilution, planned and
unplanned, shown schematically in Fig. 1 (Soyer, 2006;
Stewart, 2012).

= Unplanned dilution
o {
Ore loss

N '}
{

\ .'
=% % Unplanned ore|
i

% L} v |

Fig. 1. Planned and unplanned diluti

Ore recovery is largely dependent on the human factor, that
is, on the person managing the mining operations, but with
disciplined work this influence can be reduced to a minimum.

Ore recovery (losses) of the reserves has an impact on the
mine's exploitation period, and therefore on the size of the total
revenue. While ore dilution, which is in direct functional
dependence with ore recovery, has the greatest influence on
the value of one ton of produced ore, that is, the value of a ton
of produced concentrate, and thus on the size of the total
revenues. Also, ore dilution has big impact both on the size of
production costs and on the value of flotation utilization of
metals in the technological processing (Mijalkovski, 2015).
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Optimization of ore recovery and ore dilution in
sublevel caving mining method

Taking into account the above-mentioned arguments, there
is a necessity to determine the optimal values for the
coefficients of ore recovery and ore dilution.

In order to optimize ore recovery and ore dilution when
applying a sublevel caving mining method, the following steps
have to be defined (Mijalkovski et al., 2017; Mijalkovski, 2015):

- Defining the geological parameters of the ore deposit (ore
reserves, metal content, boundary content of metals);

- Defining the technological parameters for exploitation of the
ore deposit (optimal annual production capacity, age of
exploitation, content of metals in the ore, ore recovery
during excavation, ore dilution during excavation, flotation
utilization, metallurgical utilization of metals);

- Calculation of economic parameters (costs, revenues, net
present value-NPV, internal rate of return of capital-IRR).

The last step is the decision making, whereby, by maximizing
the net present value, the optimum values of the coefficient for
ore recovery are reached (Mijalkovski et al., 2017; Mijalkovski,
2015). Net present value is obtained as the difference between
total revenues and total cost of ore production.

Scientific research (Mijalkovski, 2015) has been carried out
in order to calculate the optimal values for the coefficient of ore
recovery and ore dilution for the sublevel caving mining
method (Mijalkovski et al., 2017), applied for the conditions in
mine ,SASA®. On the basis of experimental tests of similarity
models, the functional dependenice between the coefficient of
ore recovery and ore dilution was determined and also the
optimization area for these two technical-economic parameters
of the excavation (Fig. 2). The values for the coefficient of ore
recovery are ranged from 70% to 90%, while the values of the
coefficient of ore dilution are ranged from 10% to 30%. The
optimization results showed that the optimal value for the
coefficient of ore recovery for the: conditions in mine ,SASA" is
ir=80%, and for the coefficient of ore dilution is Or=20%
(Mijalkovski, 2015).
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0 . ' >
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Fig. 2. Functional dependence between the coefficient of ore recovery
and ore dilution with a display area of optimization

Monitoring of ore recovery and ore dilution in
workplace areas in the mine ,SASA"

Monitoring and calculation of the ore recovery and ore
dilution are carried out by applying geodetic surveying
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measurements for the volume of excavated and unexcavated
ore for each workplace (Mijalkovski et al., 2013; Mijalkovski et
al., 2016; Mijalkovski et al., 2015). After calculating the
coefficient of ore recovery and ore dilution for each workplace
individually, the next step is to calculate the average coefficient
for ore recovery and ore dilution for each ore block and then for
each horizon. At the end, the average coefficient for ore
recovery and ore dilution for each month and for a whole year
is calculated (Mijalkovski et al., 2015; Mijalkovski, 2015).

Measurement of the volume of excavated and unexcavated
ore for each workplace is done with modern geodetic
instruments which in themselves are mini computers and with
their speed, accuracy and output data allow acceleration of
many steps leading to the final product of the whole procedure,
i.e. maps and plans (Mijalkovski et al., 2013; Mijalkovski et al.,
2016).

The ,SASA‘ mine has the Total Station Leica Flex Line
TS02/TS06/TS09/, which fully meets all the needs of the
geometer when performing geodetic measurements in the pit.
The advantage of this geodetic tool is that it does not need any
trigonometric form template for recording the measured values
(angles, lengths), because they store, process and output
coordinates and elevation for all measured points.
Furthermore, the measured data is very quickly and simply
transferred to a computer and processed through the drawing
program AutoCAD (Mijalkovski et al., 2016).

With the electronic mapping of mine maps, i.e. plans, high
accuracy and precision is achieved, which in the past was
complicated due to the size, type of paper, the way of storing
the maps, the geodetic drawing tool, etc.

The maps and plans in the mining industry are of varying
content, because the situation of the performed works is
changed daily, and especially in the excavation zone, so that
they have to be constantly updated, which is actually done in
the ,SASA" mine.

If safety conditions permit, after excavation of a certain
production drift, a final measurement needs to be made for the
safe production of some future mining facilities near the
excavated part. In this way, the amount of excavated ore from
the production drift is calculated and is compared with the
value of the geologically projected quantity of ore, which
calculates the ore recovery and ore dilution at that certain
production drift (Mijalkovski et al., 2015; Mijalkovski, 2015).

The three geological profiles shown on Fig. 3 and in Fig. 4
display a plan for the given location between these three
geological profiles. On the situation plan, as well as on the
geological profiles, the forecast geological contours for the ore
zone and the results of the geodetic survey of the mining
workplace area are given, i.e., graphically we have the
geological data before and after the excavation of that part in
the ore zone.

Geodetic surveying of mining operations is carried out during
excavation and in this way the monitoring of ore recovery and
ore dilution is constantly done. According to the mining project,
when ore dilution has increased above the planned, then the
excavation of that part is stopped.
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Fig. 3. Profiles for completed mining for theworking place: Level XIVb,
Block 1, Level XIVb-37 footwall, Between profiles 750-700
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When the excavation is completed at one workplace, then a
final surveying is performed for that area, i.e., the final
recording for the completed mining operations. From Fig. 3 and
Fig. 4 (geological profiles and plan), the surface can be
calculated, i.e. the volume of the excavated parts, as well as
the parts where the ore is not excavated due to certain
technical reasons (leaving the protective pillars, etc.) By
comparing the quantities of geological reserves and quantities
of excavated ore, the ore losses are calculated and compared
with the planned losses according to the mining project. It is
possible to calculate how much ore has been excavated
without ore dilution and with ore dilution, i.e. with waste rock. In
this way, the total ore dilution at the considered workplace can
be calculated and then it can be compared with the planned
ore dilution according to the mining project. In this way, it can
be verified if there is a growth in geological ore reserves and its
value, i.e. whether some unconfirmed geological reserves are
involved (Mijalkovski et al., 2015; Mijalkovski, 2015). Then a
report for each workplace is prepared and the values for the
excavated parameters for each workplace are entered in a
common table (Table 1), to make a record for the entire ore
block or horizon.

Analysis of ore recovery and ore dilution for a specific
workplace

An example for calculating the coefficient of ore recovery and
ore dilution (MwnaHos, 2018) for the following workplace
locations in the, SASA” mine is presented further on:

- Level XIVb;

- Mining Block 1;
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- Sublevel XIVb - 37 (footwall ore body — north);

- Horizontal distance: L=50 m (from geological profile 700 to
geological profile 750);

- Vertical distance: h = 8 m (from sublevel -37 to sublevel -
29);

- Thickness of ore zone: variable (from 10 m to 20 m).

a) b)
750' 750

725 725 725 ]

700" 700f5:

O18
d)
750" 750

o 725 725

O18
Fig. 4. Situation of the working place: Level XIVb, Block 1, Level XIVb-37
footwall, Between profiles 750-700, with excavation layout

On the basis of the geological data and the results of the
geodetic surveying measurements of the mining works (Fig. 4 -
a), it was stated that in the beginning, before , the preparatory
mining works and the excavation of the ore, real geological
reserves for excavation have been read for Qgeo.=18,9 t.

After the mining works, i.e. the excavation of the ore (Fig. 4 -
b and c), the situation was as follows:
- quantity of excavated ore reserves without ore dilution
Q1=13,3t (from which 1,0 t is unconfined ore);
- quantity of excavated ore reserves with ore dilution
Q2=16,6t (from which 3,3 tis waste rock).

On the basis of the predetermined quantities of excavated
ore reserves, the coefficient of ore dilution can be calculated
(Mijalkovski et al., 2015), as follows:

Q,— 0, 16,6 — 13,3

or = =7 — 100 16,6

The planned average coefficient of ore dilution according to
the mining project, which is actually the optimal coefficient, is:
Oy rp. = 20 %.

-100 = 19,87 %
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On the basis of volumetric measurements, the quantities of
the remaining ore in the temporary protective pillars are
determined (Fig. 4 - ¢ and d) and their amount is Qz = 2,9 t.
Knowing the geological reserves and the ore losses in the
pillars, we can calculate the coefficient of ore losses:

QZS

100 29 100 = 15,3 %
= . = —_— = , 0
geol. 1“8:9

ZZS

The planned average coefficient of ore losses according to
the mining project, which is in fact the optimal coefficient, is:
Zysrp. = 20 %.

The coefficient of ore recovery at excavation is:
ip=1—2,=1-0,153 = 0,847 or 84,7%

The total quantity of unexcavated ore and ore remaining in
the protection pillars for this workplace is:

Quk =0+ 0Q,,=16,6+29=19,5¢

Now the ratio of total excavated ore with the ore in the
geological reserves for this workplace can be calculated,
expressed in percentages:

19,5
ok 00 = 199 100 = 103,1 %

Qgeol. 18’9
The explanation for the high ratio of the excavated ore for
this workplace is proved by the following arguments:
- increment of geological reserves:

Qpr = Qui- Qeor. = 19,5 — 189 = 0,6 t or 3,1 %,

- unconfirmed geological reserves: 0 t or 0%,
- unexcavated ore for technical reasons: 0 t or 0%,
which can be seen from Fig. 3 and Fig. 4.

Conclusion

In the sublevel and block caving mining method the
increasing of ore losses causes a reduction in ore recovery
and ore dilution. Calculation of the parameters that have an
impact on the ore recovery and ore dilution, can be carried out
practically or through laboratory analyses.

In mining practice, the coefficients of ore recovery and ore
dilution can be calculated with satisfactory accuracy using the
already existing mathematical formulations with previously
made detailed geodetic surveying measurements of the
volume for excavated and unexcavated ore for each
workplace.

The occurrence of losses or the utilization of the ore lead to
significant economic consequences, which can be expressed
in terms of value indicators. It must be kept in mind that the ore
losses cannot be entirely avoided in practice, and therefore, as
the main task, the question arises as how to minimize, i.e., how
to achieve greater ore recovery, having in mind the fact that
ore wealth is a non-renewable natural resource.

The ,SASA® mine constantly monitors the coefficients of ore
recovery and ore dilution to provide optimum values for them,
obtained on the basis of scientific research backed up by
practical experiences.
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GROUNDWATER IMPACT INVESTIGATION DUE TO INSTALLATION OF A “LWS”
SILICATE GEL SEALING SOLE IN THE WATER SATURATED SOIL ZONE

Tondera, D.", Beier, D.2, Tamaskovics, N., Pavilov, P.3, Totev, L.3
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3 University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, pavel.paviov@abv.bg

ABSTRACT. The present study investigates the effects of the newly developed "BAUER LWS" silicate gel on the water-saturated soil zone on a test site in Berlin,
Germany. For this purpose, a project comprising the grouting of a sealing sole of a construction trench has been accompanied by a groundwater sampling and
analysis program. Four groundwater observation wells were sampled and analyzed at fixed time intervals over a period of 18 months to monitor changes in
groundwater conditions due to the soft gel injection. For comparison with original conditions, a zero measurement has been performed at the beginning of the
investigation programme in accordance with the groundwater regulatory framework in order to determine the groundwater chemistry affected by the grouting activities.
It has been found, that some of the analyzed parameters showed no response to the gel injection. These parameters were not considered further during the
monitoring programme. Other parameters changed significantly during the grouting operations. However, already after the completion of the grouting, all parameters
dropped back to their original values. The pH-value of the tested silicate gel was adjusted to an acceptable level of less than 10 in permanent contact with
groundwater in order to prevent mobilization processes into the subsoil. The investigation results show, that the injection of silicate gel "BAUER LWS" involves lower
substance mobilization than other well established grout material. Therefore, the "BAUER LWS" silicate gel can be applied as environmentally friendly and beneficial
grout material in construction projects without expecting large-scale impact on the groundwater replacing alternative substances, such as chemical grouts.

Keywords: Grouting, Silicate gel, Sealing sole layer, Water saturated soil, Groundwater, Chemical impact

W3CNEABAHE HA Bb3AEACTBUETO BbPXY NOA3EMHUTE BOAW CNEL UHCTANMPAHETO HA YNITHTHABALLA
OCHOBA “LWS” CbC CUNMUKATEH 'ENn BbB BOOJOHACUTEHA NO4YBA

Tondepa, 4., baiiep, 4.2, Tamawkoeuv, H.", [Maenos, .3, Tomes, J1.3

1 TexHuyecku yHugepcumem MuHnHa akademus ®palibepe, []-09599 ®palibepe, tondera@tu-freiberg.de

2 BAUER Spezialtiefbau GmbH, yn. bayep 1, [1-865629 LLipobeHxay3eH, dirk.beier@bauer.de

3 MuHHo-2eonoxku yHusepcumem ,Ce.MeaH Puncku®, 1700 Cogpus, pavel.paviov@abv.bg

PE3IOME: HacTosLoTo u3cneaBaHe pasrnexaa BMWSHUMETO Ha HoBus cunvkateH ren "BAUER LWS" Bbpxy BogoHacuTeHM nmousu B TecToBo none B bepruH,
['epmaHus. 3a Tasu Len NpOeKTBT BKMOYBA TAMMOHMPaHEe Ha YNMbTHsBALlA OCHOBA Ha CTPOUTENHA TPaHLLEsl, KOETO € NPUAPYXEHO OT NpoboB3eMaHe Ha NOA3EMHM
BOAM M nporpama 3a aHanu3. Baetu ca npobu oT YeTupu coHgaxa 3a MOA3EMHU BOAM W Ca aHanuavpaHu Ha uKCMpaHu BpeMeBW WHTEpBanM 3a nepwog oT 18
Mecela, 3a Aa ce HabnioaaBaT NPOMeEHN B CbCTOSHNETO Ha MOA3EMHUTE BOAW MOPaAN UHXEKTUPAHETO Ha MeKus ren. 3a CpaBHEHWE C OpUTVHAMHUTE YCIOoBUS e
HanpaBeHO HyrNeBO W3MepBaHe B HA4arnoTo Ha M3cnefoBaTesnickata nporpamMa B CbOTBETCTBME C perynaTopHaTa pamka 3a nof3emMHUTe BOAW, 3a Aa Ce onpeaeni
XMMUSITa Ha NOA3EMHIUTE BOAMW, NOBMMSIHA OT TAaMMOHMpPALLUTE AEAHOCTU. YCTAHOBEHO €, Ye HSKOW OT aHanuaupaHuTe napameTpu He pearupar Ha UHXEKTUPaHETO Ha
rena. Teau napameTpu He ca pasrnexaaHi AOMbIHUTENHO MO BPEME HAa MOHUTOPWHra. [lpyri napameTpy Ce NPOMEHSIT 3HAUUTENHO MO BPEME Ha TaMMOHUPAHETO.
Crep npukrioyBaHe Ha TamnoHMpaHeTo, obaye, BCUYKV MapameTpy Ce BPbLUAT KbM MbpPBOHAYanHUTe cu CToMHOCTH. CTOMHOCTTa Ha pH Ha TecTBaHMS cumnkaTeH
ren ce Kopuripa go NpuemMnmBo HUBO, no-manko oT 10, B MOCTOSIHEH KOHTAKT C MOA3EMHUTE BOAM, 3@ Aa ce u3berHaT npouecute Ha MoBUnM3aLns B MOLNOYBEHNS
cnoit. Pesyntatute OT M3Cne[BaHETO MOKa3BaT, Ye WHXEeKTMpaHeTo Ha cunukate ren "BAUER LWS" npegnonara mo-Hucka mobunusauus Ha BelyecTsata,
OTKOMKOTO Apyrv fobpe yCTaHOBEHM TamnoHupalwy matepuanu. ETo 3awo cunvkathuat ren "BAUER LWS" moxe pa ce 43nonasa kato eKOnorudeH W nomneseH
TaMMoHvpalL, Matepuan B CTPOUTENHUTE NpoekTH, Be3 Aa ce 04akBa ronsMo Bb3AENCTBIE BbPXY NOANOYBEHUTE BOAW, KAaTO CE 3aMEHST anTepHaTUBHUTE BELLECTBa,
KaTo Hanpumep XMMUYECKUTE TaMMOHUPaLLM Pa3TBOPY.

KnrovoBu AyMU: TaMFIOHVIpaHe, CunukaTteH ren, yniibTHABaLLa OCHOBA, BOAOHACUTEHM NOYBK, NOA3EMHM BOAN, XUMNYECKO Bb3geicTeme

Introduction

Within the construction project "Ringcenter 1" designed by
In the mid-1990s, the Berlin Senate for Environment banned Brauns etal. (2001), the chemical influence of the grouting
the construction of grouted sealing soles with aluminate-based material on the groundwater has been investigated for the first
soft gel base due to their alleged negative chemical influence ~ time in detail (BRAUNS et al., 2001). At a construction site of
on the groundwater. This ban has also been followed by other ~ Bauer Spezialtiefbau GmbH in Berlin, Germany, with grouting
municipalities and their responsible authorities (especially of a sealing sole in a construction trench, the influence of the
Water Authorities). grouting process and grouting material on the groundwater
quality has been investigated in detail according to the current

In recent years, the composition of grouting materials has state of the art.

been significantly optimized towards a significantly better
environmental compatibility.
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Investigation schedule

The present study examined the chemical impact on the
groundwater resulting from the installation of a sealing sole in
the water saturated soil zone using an "BAUER LWS” silicate
gel grouting operation. (The letters “LWS” in the product name
stand for the abbreviated initials in the names of its inventors
and do not represent chemical components.)

In order to track the spreading of dissolved grout material
components, four groundwater extraction wells with different
horizontal distance to the silicate gel sealing sole layer have
been installed at the project location, one extraction well
located in the groundwater inflow and three other extraction
wells located in the groundwater outflow area. The depth range
of water extraction extended over a 2 meters long filter section
installed both above and below the sealing sole layer.

Project description

The construction trench with an overall surface extension
over an area of approximately 3000 m? has been created after
installing a sheet pile wall along the outer contour line up to a
depth of about 15 m to 16 m (see Fig.1 below).

IRLILIARY
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11\
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Fig.1. Construction trench during sheet pile wall installation

After the removal of a 2m to 3m thick sediment layer mostly
consisting of anthropogenic material fill, a working plane has
been created and the grouting wells have been drilled. The
grouting sealing sole has been created with an average
thickness of one meter in a depth of 15 meters below the
ground surface. After the groundwater lowering, a residual
dewatering has been operated in the construction trench above
the grouted sealing sole.

Subsequently, the excavated soil and the concrete floor slab
of the building have been installed. After completion of the
shell work in the construction trench (below the original
groundwater level), the sheet pile wall has been pulled back,
exposing the grouted sealing to the regenerating groundwater
flow regime.

The groundwater and soil analyses took place over the entire
construction period from May 2015 to July 2016. The
groundwater extraction wells were positioned outside the
construction trench in a depth of approximately 19m. The lower
edge of the installed sheet pile walls reached a depth 0.5m
below the grouted silicate gel sealing sole layer.
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Fig.2. Analysis results at the first groundwater sampling well (GSW1) - ph-Wert=ph-value, Sulfat = Sulphate
Table 1.
Analysis result overview for the groundwater sampling wells GSW1 and GSW4
Parameter Zero GSW1 GSW1 GSw4 GSw4 Eluate Eluate
measurement | (Grouting) (RDW2) (Grouting) (RDW?2) | analysis E1 | analysis E2
(14-16m) (16-18m)
pH-value [-]
74 8.4 7.5 7.3 71 8.1 85
(ALV': 6.5 - 8.5)
Filterable
substances Mg/l | 5410 5130 228 11,0 8,0 - -
(ALV': 30 mg/l)
Iron [mg/I]
0,33-4,2 25 1.7 3.0 4.7 0,18 0,065
(ALV': 2,0 mg/l)
Sulfate [mg/l]
120 -240 256 200 367 487 6.9 21
(ALV': 400 mgll)
Nitrate [mg/I]
<1-27 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
(ALV': 50 mg/l)

ALV' — Admissible limit value; RDW2 —

Investigation programme

The effects of soft gel injection on groundwater quality have
been observed over a time period of 18 months. In order to
document the ground water conditions before the construction
measures, a first zero measurement with an extensive
analytical programme has been carried out on samples from
four groundwater extraction points. A second zero
measurement has been carried out after the installation of the
sheet pile walls and immediately before the grouting operation
has started.

21

Residual dewatering; GSW — Groundwater sampling well

The groundwater samples have been taken from four
groundwater sampling wells accompanying the construction
and grouting operations. During dewatering of the construction
trench, the sampling period was extended to two weeks and
during the residual dewatering to two months until the end of
the observation in June 2016. In order to measure the
chemical impact from the grouting material on the
groundwater, the following analytical examination programme
has been imposed:

e separable substances, filterable substances
e  pH, electrical conductivity
e ammonium
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slightly soluble anions (sulphate, nitrate, chloride)
metals (cations, iron, lead, chromium, nickel, etc.)
cyanide, vinyl chloride

volatile halogenated hydrocarbons (LHKW)
polycyclic aromatic hydrocarbons (PAHSs)
aromatic ~ hydrocarbons  benzene,
ethylbenzene, xylenes (BTEX)

o total organic carbon (TOC),

o dissolved organic carbon (DOC)

toluene,

Depending on the results during the observation time, the
analytical programme has been reduced to the relevant effects.
The investigation programme has been adjusted to the
construction operation in the trench and has been focussed on
mobilization and transport processes in connection with the
chemical influence on the groundwater from the grouting.

From the groundwater sampling wells GWS1 and GWS4, two
liner soil samples (cores BK1 and BK4) have been extracted.
After a sedimentological documentation, the grain size
distribution and density have been measured in the laboratory.
On two mixed samples from the liner BK1, an eluate test has
been carried out in order to determine the potential hazard
from leaching out the sand due to the grouting operation.

Investigation results
Soil analytics results

Below an approximately 2m to 3m thick local fill, a changing
deposit of fine and coarse sands with obvious coal inclusions
have been observed in the subsoil up to the investigation depth
of 19m.

The heat loss examination of the soil samples has shown
values of 0,2 to 2,6% in the sample BK1 and values of 0,2 to
2,3% in the sample BK4 and indicates the organic content that
could be potentially mobilized due to the grouting measures.

For the determination of potential pollutants, samples have
been taken from different depths in the liner sample cores.
With the exception of the increased values for iron and
sulphate, the results of the eluate analyses have generally
shown a low pollutant content, so that the pollution of the
groundwater triggered by the grouting operation measure could
be expected to remain within tolerable limits.

Groundwater analytics results

The investigation results of the groundwater analyses can be
readily demonstrated on the results in the inflow area at the
groundwater sampling well GSW1 and in the outflow area at
the groundwater sampling well GSW4 (see Tab.1).

The mobilization processes of substances influencing the
groundwater are primarily triggered by a pH-value in the non-
neutral range. The experimental results show, that the pH-
value in the examined groundwater remained constant in a
range of 6,5 to 8,5 and exceeded the higher limit of 8,5 in only
one single measurement (see Fig.2). Although an elevated pH-
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value is inevitable in immediate contact with the grouted
sealing sole, the investigations point out a strong dilution
process due to the groundwater leaving very low potential for
possible mobilizing processes around the sealing sole. During
the grouting operation, the chemical impact on the
groundwater could be kept very low with success.

After the start of grouting, a significant increase in iron and
DOC (dissolved organic carbon) concentrations have been
observed in the groundwater at the groundwater sampling well
GSW1, reaching a maximum iron concentration value of 25.0
mg /|,

With completion of grouting and start of dewatering, the iron
concentration in the groundwater has decreased, reaching
values in the admissible range. An increase of the iron
concentration above the tolerable limit has occurred during the
removal of the sheet pile walls from the subsoil. At the end of
the observation period, the measured iron concentration values
have been in the legally admissible range. Significantly lower
changes in iron concentration have been observed on other
examined groundwater samples during the investigation
period.

As a general result of the investigations on samples from all
groundwater sampling wells can be derived that the observed
parameters have shown an increased value immediately after
the grouting operation, exceeding slightly the legally admissible
limit values, returning to values of the zero measurements with
increasing time after completion of grouting operations.

The analysis results from the groundwater sampling well
GWS4 with larger distance to the grouted sealing sole have
shown the slightest changes and due to limited mobilizing
processes from the grouting operation. During the observation
period, only the iron and sulphate concentrations have shown
values exceeding the legally admissible limits. The content on
filterable substances has also slightly exceeded tolerable
limits, but only at the zero measurements before and thus,
independently of the grouting operations.

The parameters of electrical conductivity, ammonium, nickel,
cyanide, chloride, chromium, mercury, cadmium, copper, zinc,
nitrate, ZLHKW, vinyl chloride, ZMKW, ¥BTEX and XPAH have
always remained below the legally admissible limits of specific
water authority regulations during the observation period.
Some of the parameters have shown values below the limit of
quantification and have been excluded from the investigation
campaign.

Furthermore, from the analysis results at the groundwater
sampling well GWS4 it could be obviously concluded, that
spatial influence by the grouting operation on the groundwater
was significantly low and the groundwater impact form grouting
has apparently been restricted to the immediate vicinity of the
silicate gel sealing sole. Due to dilution effects, obviously a
water cleansing process must have taken place.

The analysis results from the last measurement series have
shown a decreasing tendency reaching values corresponding
to the natural initial groundwater chemistry over time.
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Summary and Outlook

The present study has investigated the impact of a grouting
operation with the newly developed “BAUER LWS” silicate gel
on the water saturated soil zone at a construction trench in
Berlin, Germany. During the investigation period, from the
installation of the sheet pile walls until the exposition of the
grouted sealing sole to the environment for a long period of
time, the groundwater quality has been observed with
systematic ~ groundwater ~ sampling and  analytical
measurements in order to detect changes and influences due
to the grouting operation.

It has been observed, that the monitored analysis values
have increased significantly during the grouting operations and
returned to their initial zero measurement values after the
grouting operations have been completed. It has also been
found, that some of the observed analysis parameters have not
been influenced by the installation of the grouted sealing sole.

The investigations have pointed out that the “BAUER LWS”
silicate gel grouting material induces slighter mobilization
processes than other comparable, known and practically
utilized alternative grouting materials. The adjusted pH-value of
the grouting material influences the groundwater and the
grouted soil only over a limited time period and only in a limited
extent. During contact between groundwater and “BAUER
LWS” silicate gel, the pH-value of the groundwater has
continuously remained in the upper neutral range.

The groundwater pH-value has been observed within a
desired limit value range during the measurement campaign,
restricting possible material transport and mobilizing processes
to a minimum. The “BAUER LWS" silicate gel can be utilized in
construction projects avoiding significant impact on the
groundwater, where alternative chemical grouting materials are
being planned to be used.

Conclusions

Despite fundamental improvements with the use of the new
‘BAUER LWS” silicate gel, there are still plenty of opportunities
for further development. Since it has been observed that
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substances contained in the soil, especially during grouting,
are dissolved and transferred into the groundwater, appropriate
approaches are being examined in order to isolate and
manage individual solution mechanisms by adjusting the gel
properties in order to especially avoid the release of iron and
sulphate. Due to the local variation of soil and groundwater
conditions on different sites, the subsoil carries different
reactive partners or even pollutant substances that could be
dissolved and transported by the groundwater and a universal
solution for the grout substance recipe appears to be difficult.
Furthermore, other undesired side effects and drawbacks have
to be excluded, also.

Finally it can be concluded, that with the “BAUER LWS”
silicate gel, a well-designed, examined, tested and
environmentally friendly grouting material is currently available
for practical use.
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ABSTRACT. The method of constructing an experimental dependence on temperature of the pyrite-containing ore samples during microwave exposure time is given.
According to the results of the experiments, the stabilization temperature and the optimum microwave exposure time are determined. The character of the
dependence of the stabilization temperature on the pyrite content in the samples is defined.

Keywords: pyrite-containing ore, microwave exposure, optimum microwave exposure time, stabilization temperature
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PE3IOME. OnucaHa e MeToauKa 3a MocTposiBaHe Ha eKCriepUMEeHTanHa 3aBIUCMMOCT Ha TeMnepaTypaTa Ha obpasel| oT NMPUTChAbPXaLLa pyaa oT BpemeTo Ha CBY
Bb3aelicTere. Ha ocHoBaHWe Ha pesynTaTuTe OT eKCriepuMEHTUTe e OnpeaeneHa TeMnepartypata Ha cTabunusauns 1 onTuManHoTo speme Ha CBY BbageitcTaue.
YCTaHOBEH € XapaKTepbT Ha 3aBMCMMOCTTA Ha TeMnepaTypaTta Ha CTabunnaaums OT ChAbpKaHUETO Ha NupuTa B 06pasuyTe.

KniouoBmn gymu: nuputchabpxalya pyaa, CBY BbageiicTaie, ONTUMANHO BpeMe 3a 06byBaHe, Temnepatypa Ha cTabunusauus

Defining the task reduction of its hardness (strength). The electrophysical fields
. . ) used can be classified into several groups: based on the use of
 Itis well known that during the technological processes for direct current or industrial frequency current, high voltage
mineral processing — crushing and grmdmg -a Iarge quantity electrical pulses, high and ultra-high frequency (UHF)
of hard to be ground ores and rocks is involved in order to  ejectromagnetic field energy, infrared or optical effects.
extract the useful components. Since the ores of ferrous
metals are, as a rule, of high strength, the use of traditional From the point of view of impact on the physico-
processing and grinding methods leads to a significant mechanical properties of the rocks and ores, the effect of the
increase in energy costs, intensive wear on the metal parts of microwave exposure is quite perspective. The decrease in rock
the mills, and considerable losses of extracted useful mass strength under such an impact is predetermined by the
Components due to the incomp|ete uncovering of the twins. volumetric nature of the conversion of the radiated UHF energy
Therefore, it is necessary to determine the methods for into heat energy within the depth of waves’ penetration as well
purposeful modification of the technological properties of the as by the high heating temperature and the influence of the
hard to be ground minerals, which increase the efficiency of resulting thermal stresses ~ which ensure the rate of the
their processing. Finding new approaches that take into strength reduction, commensurate with the mechanical loading
account the heterogeneity of the rock types that make up the ~ Velocities [1,2].
ore body gnd the reasons .for thq structu.ral.tlransformations of Duration of the microwave exposure is one of the key
the ore minerals will make it possible to significantly reduce the points for determining the parameters of microwave exposure
energy intensity of the grinding process. Such studies have on minerals in hard rocks. Most of the scientists studying the

been carried out by well-known scholars — I.A.Birger, N.P.VlIoh,

. ) ) A effects of microwave exposure on rocks determined the
Julij |. Zetser, M.G. Zilbershmidt, V.A.Kondrashov, J.M.Misnik,

temperature of the samples by using a calculation method

AN. Moskalev, G.Y. Novik, A. D. Sashurin, R. M. Sultanalieva, based on their thermoformance and the experimental results

K. Tazhibaev, M. Friedman and others. for the relative (specific) volumetric intensity of the grinding
One of the possible impacts on rock types with high dppending on the optimum exposure time. Data show that this

hardness (strength), which increases the efficiency of their time ranges from 3 to 5 minutes [3]

destruction, are the electrophysical fields. Their action is based This paper presents the results of the experimental studies

on the absorption of the energy supplied to the rock and after of the heating temperature dependence of pyrite-containing
its transformation, the rock is broken or there is a significant

24
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ores’ samples on the microwave exposure time and the
content of the metal-containing minerals.

Description of experimental studies

The following tools were used to perform the experimental
tests:

+ microwave oven «Electronics» (1300 Watt power, 2450
MHz frequency);

+ DT-8868H high temperature pyrometer (temperature
range from -50°C to +1850°C, 50: 1 optical resolution, + 1.5%
error, 0.1°C resolution, double laser scope).

The tested specimen was placed in a microwave oven and
subjected to repeated heating with a time step of 30 seconds.
The temperature was fixed by the pyrometer at the time of
completion of heating at an open door of the oven, whereby
the pyrometer was mounted on a stand so that the spot of the
beam was dropped into a fixed area of a stationary specimen
containing pyrite grains. The tests were carried out by fixing
the maximum of the measured temperature with an emission
factor of 0.95. As a damper for protection from drilling the

w
\

-

\
\:

‘ P

Fig. 1. Equipment for the experiments

Table 1.
Results from the experimental tests

Time for Temperature of the sample, °C
microwave | Sample | Sample | Sample | Sample
exposure,s Ne 3 No 2 No 6 No 5

0 25 25 25 25
30 46.2 725 70.4 98.5
60 53.2 111 106.2 133.4
90 69.9 1414 122.1 162.6
120 78 1594 1441 195.7
150 84.1 177.9 182.9 203.1
180 107.2 239 182.3 243.8
210 116.2 234 195.7 236.1
240 1121 239 221.7 276.7
270 113.2 290.7 218.1 246.8
300 119.9 303.6 219.7 285.4
330 124.6 324.6 207.8 301

25

specimens with high content of pyrite, a 500 ml water cuvette
was placed in all oven tests and the measurements were
discontinued at the point when the water started to boil [4].
After the oven and the sample were completely cooled to room
temperature (25° C), the measurements were repeated over a
longer period of heating.

Figure 1 shows the installation with which the
measurements were made. The results of the measurements
are summarised in Table 1. 1 and shown in the graphs - Fig. 2.

The analysis of the temperature dependence of the sample
on the microwave exposure time shows that with the general
tendency to increase the temperature of the specimen with the
increase of the microwave exposure time, at some of the
intervals of impact there is a temporary temperature
stabilization followed by a rise in temperature. The values of
the stabilization temperature are shown in Table 2, and the
microwave exposure time at which this stabilization occurs is in
the range of 3 to 5 minutes, which coincides with the
experimental data of other scientists who determined the
optimal time for microwave exposure [3].

g

g

—

—_—3

g

—_—5

Temneparypa obpasuya, 9C

g

wn
=]

Fig. 2. Results from the experimental tests of samples of pyrite-
containing ores NeNe 2, 3, 5, 6

Since the specimens of the pyrite-containing ore contain
different amounts of FeS2, it is necessary to determine the
pyrite content in each specimen. Optical measurements were
used for this purpose: in the microphotographs of the samples,
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the percentage of pyrite in the samples was determined using
a set of Microanalysis programmes to create special masks.
The results of the measurements are shown in Fig. 3 and
Table. 2 and the dependence of the stabilization temperature
on the pyrite content in the sample is shown in Fig. 4.

o s F y Lk - d

Table 2

Dependence of stabilization temperature on pyrite content
Ne of the sample 3 2 6 5
Pyrite content, % 0.8 2.8 16.7 52.9
Stabilization
temperature, °C 115 140 180 235

Fig. 3. Microsamples of specimens of pyrite-containing ore (a, ¢c) and masks on pyrite (b, d) of samples of pyrite-containiing ore No 2 (a, b) and No 5 (c, d)

Discussing the results

As a result of the tests, it has been found that in case of
microwave exposure of pyrite-containing ores their heating
temperature increases with the increase of the duration of
exposure. Exposure time intervals (from 3 to 5 minutes) have
been found in which the temperature stabilizes in the specimen
(the time for microwave exposure increases, the temperature
of the sample practically does not change). From the point of
view of the energy intensity of the disintegration, these time
intervals coincide with the optimal ones and with the time
intervals for microwave exposure of samples of different rock
types. The dependence of the stabilization temperature of the
specimens on the pyrite content is similar to that of 0.5. The
coincidence of the range of stabilization temperature with the
optimum exposure time may allow the difficult tests for
determining the energy intensity of rock disintegration in case
of microwave exposure to be replaced with easier, but not less
informative, results.

26
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Fig. 4. Dependence of the stabilization temperature on the pyrite content
of the sample
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INFLUENCE OF THE ARRANGEMENT AND PERFORMANCE OF SHOVELS ON THE
OPTIMUM POSITION FOR RUN-OF-MINE STOCK LOCATION

Valeriy Slobodyanyuk?, lvan Maksimov', Roman Slobodyanyuk?

1 Ukraine, Krivoy Rog, “KNU” SIHE, slobod_v@i.ua
2 France, Nancy, University of Lorraine; slobod.roman@gmail.com

ABSTRACT. The purpose of this paper is to develop a methodology to determine the coordinates of an optimum point for run-of-mine stock and influence of spacious
arrangement of excavation faces on an optimum point of run-of-mine stock location. This article represents an overview of studies, where algorithms of the Fermat-
Torricelli point are used in order to minimize the logistic processes. The methods of mathematical optimization and analytical geometry were applied in this work. It is
proved that when the performance of one of the shovels is 1.7 times greater than the performance of the others, the Fermat-Torricelli point shifts to this shovel. The
undertaken studies are aimed first at optimization of road and rail transport in the open pit mines. Considering an optimization of haulage for a group of three shovels,
it is obvious that moving the rock mass from two shovels to the working area of the third one, which has the highest capacity we thereby determine an optimum
position of the reloading point for the shovel. Since the depth of the open pit grows, the railway transport loses its efficiency mainly not because of the lesser gradient
in comparison to the road transport, but because of the need to freeze a section of the pit wall in order to locate the reloading points for shovels. By eliminating the
afore-mentioned shortcoming, it is possible to improve significantly the efficiency of haulage in the open pit mine. The article considers a new method of arranging and
operating a reloading point for shovels.

Keywords: reloading station, Fermat-Torricelli point, minimum haulage

BINUAHWETO HA PA3MNONOXEHUETO U MPOU3BOOUTENHOCTTA HA EAHOKO®OBUTE BATEPU BBPXY
ONTUMANHOTO MECTOMONOXEHUE HA HEOBPABOTEHATA MUHHA NMPOAYKLWUA OT AHEBHUA IOBMB
Banepuli Cno6odsiHrok!, Uean Makcumoe?, PomaH Crio600siHIOK?

YkpatHa, ep. Kpusoli Poe, []BY3 ,KHY”; slobod_v@i.ua

2Qpanyus, ep. HaHcu, YHugepcumem Ha Jlomapureus; slobod.roman@gmail.com

PE3IOME. Llenta Ha HacTosiwata paspaboTka e ga ce pa3paboTu MeToAonorus 3a onpedensHe Ha KOOpAWHATWTE Ha ONTUMANHOTO MECTOMONOXEHWe Ha
HeobpaboTeHaTa MMHHA NPOLYKUMS OT [HEBHUS [0OMB W BNMSHWETO HA MPOCTPAHCTBEHOTO pa3nonoXeHWe Ha A0OMBHUTE 3abou BbpXy OMTUMANHOTO
MeCTONoNoXeHne Ha HeobpaboTeHata MMHHA NPOAYKUMA. B cTatusiTa npefcTaseH e nperneda Ha M3cneaBaHWATa, B KOUTO 3@ MUHUMWU3MPaHE Ha NOTUCTUYHUTE
npoLecu ce npunarat anropuTMM C W3nonaeaHe Ha Todykata Ha Topuyenu-®epma. B pabotata ce usnonsear MeToaUTe 3a MaTemaTiyecka ONTUMU3ALMA U
aHanuTM4YHa reomeTpusi. [lokaaHo e, Ye KoraTo MpOM3BOAWTENHOCTTA Ha eduHWst OT eaHokodoBuTe Barepu e 1,7 MbTW No-ronsiMa oT NPOW3BOAMTENHOCTTA Ha
ApyruTe, Toukata Ha (Pepma-Topudenu ce mpeHacouBa KbM Tosu Oarep. V3BbpLUeHWTe M3CMEABaHMS Ca HAaCOYeHW MPedy BCUYKO KbM OMTUMM3MPaHE Ha
aBTOMODMIHNA 1 XeNe3onbTeH TPAHCMOPT B OTKPUTK pyaHMLM. KaTo ce nma npepBua ONTUMUNPAHETO Ha TpaHCnopTa 3a rpyna ot Tpu efHokodosy barepa, e
0YEeBMOHO, Ye 4Ype3 NnpemecTBaHe Ha ckanHata maca OT fBa barepa B paboTHWs 06XBaT Ha TpeTWs, KOWTO € C MO-BUCOKA NMPOM3BOAMTENHOCT, onpeaensme
ONTUMAnHOTO MOMOXEHWe Ha ToukaTa Ha npeToapBaHe Ha Garepa. C yBenuyaBaHeTo Ha AbnbGOYMHATA Ha PYAHUKA, KENe3ombTHUAT TpaHCMopT rybu ceosTa
e(heKTMBHOCT He Mopan Mo-Mankus HaknoH B CPABHEHWE C aBTOMOBWIHNS TPaHCMOPT, @ Nopaau Hyxaata OT 3aMpassBaHe Ha y4acTbk OT pyAHUYHUS BopT, 3a Aa
ObaaT nokanuaMpaHn TOYKM Ha npeToBapBaHe Ha Oarepute. peosonsBaiikv ropecrioMeHaTUTe HefocTaTbly, € Bb3MOXHO 3HauuTenHo Aa ce nopobpu
eeKTUBHOCTTa Ha Py[HUYHIS TpaHCNOpT. B foknaaa ce pasrnexaa HOB HauMH 3a pasnonaraHe W akcnroaTauyms Ha NpeToBapHUTe TOYKM Ha Barepute.

KniouoBu AYMU: TOYKa 3a NpeToBapBaHe, TOYKa Ha TopmqenM-GDepma, MUHUMU3NPAHE Ha TpaHcnopTa

Introduction lower part of the open pit mine side occur mainly in open pit
mines. Such solutions reduce the economic efficiency of

Background of the problem and its relation to practical mining operations. In the theory of mining, insufficient attention

issues has been devoted to problems of optimization of parameters,
To minimize the transport work during open pit mine design, ~ such as volume and location, of the reloading point (for

determination of the rational point of mining mass dumping is instance temporary dump) that provides a minimization of the

important. This task arises during the justification of the rational transportation work for haul trucks.

position of the reloading point of combined mine transport. The

analysis of the design decisions on the combined transport ~ Analysis of recent studies and publications

usage shows that the position of reloading points often In the mining and many other industries, the problem of

unfavorably affects the dynamics of mining operations ~ determining an optimum point for run-of-mine (RoM) stock (an

(Fkoenes, 1989; Bunkyn n ap., 2008; Vilkul et al., 2016; optimum location of the reloading point) that minimizes the

Benosepos, 2012; Apcenmbes, 1986; Cno6opshiok 1 ap., cumulative haulage volume (S is Fermat-Torricelli point) is

2006). Reloading points that suspend mining operations in the topical. Throughout 350 years, several methods have been

28
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proposed for determining the optimum point, but they have
some drawbacks and are not universal (lpomacos, 1989;
Yenenckudi, 1958). A detailed analysis of the geometric
methods (proposed in the XVII-XIX centuries) and an analysis
of influence of the shape and dimensions of the triangle on the
change in the position of the point S are made in
(Slobodyanyuk et al., 2017), and formulas for the coordinates
of the point S for the quadrangle are given. Similar formulas for
the triangle cannot be applied because of the uncertainty of
some intermediate operations (the uncertainty of the sign when
the square root is found; the formulas vary for points "on the
left" or "on the right", "on the top" or "on the bottom").

In (Slobodyanyuk et al., 2017; MakcumoB n.CnoboasHtok,
2017), the authors proposed a universal gradient method to
find the point S for any quantity of points n with the same or
different performance. Applying the simple formulas, we first
find the coordinates of the gravity center (a starting point) and
the volume of road haulage for the selected point and eight
adjacent points (in different directions, at a distance of +Ax;
1Ay); from nine points we choose the point with the lowest
haulage volume and so on until the optimum point S is finally
found.

Main Exposition

Formulation of the problem

The purpose of this article is to investigate the specific
features of the influence of excavating face capacity on the
position of the optimum point for RoM stock at three excavating
faces, and to justify the results obtained in the context of
further improvement of combined road and rail transport.

Presentation of the main study material

The methods proposed and developed earlier do not allow us
to analyze the behavior of change in the cumulative haulage
volume with change in the position (coordinates) of the RoM
stock point; the dependence of the coordinates of the optimum
point S on the parameters of the triangle is not determined.
Similar methods have led to a system of irrational equations
that do not give an unambiguous answer (the reasons were
given above). In this paper we analyze the position of the
optimum point for some symmetrical figures for which one of
the coordinates is known (e.g., ys=0). Let us consider an
isosceles triangle with a center of the coordinate system
located in the middle of the triangle base (Fig. 1).

If the face capacities are the same (Q), the cumulative
transport operations are:

F(x) =Q{24 Zz+x2 +(b—x)]:> min

Let us find the derivative, equate to zero and obtain the
equation:

a’, . @)
4

(1)
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Fig.1. Diagram for finding the optimum point for RoM stock for an
isosceles (symmetrical) triangle (AB = BC)

B(b:0)

The resulted value corresponds to the geometric solution
(Slobodyanyuk et al., 2017) and is equal to half the radius of
the circle circumscribed about the Napoleon’s equilateral
triangle, constructed "on the left" on AC=a. The conclusion that
the position of the optimum point depends only on the
parameter a and does not depend on the distance b, where the
point B is situated is confirmed. While the point B is moving off
along the OX axis, the position of the optimum point does not
change.

Let us consider a similar problem provided that the
performance of point B is greater (or less) than the
performance of points A and C and is equal to K-Q, where K is
some coefficient. Then, equation (2) takes the form as follows:

Zzix_Kzo ’
a .y (4)
4

Finally, we find:

(5)

At K = 1, the performance of points A; B; C is the same, we
get the value (3). At K=2 (the performance of point B is twice
the performance of points A and C), we obtain x—-°. In view
of the physical and geometric meanings of the problem, the
optimum point for RoM stock will be point B. This conclusion
coincides with the other researchers’ conclusions obtained by
modeling.

We set the positions of points A, B, C on the solid surface
(model) and make holes in these points. Using the laces run
through the holes, we hang the weights and tie the laces. The
position of the knot corresponds to the position of the optimum
point for RoM stock (lTpomacos, 1989; Ycnerckud, 1958). If
the weight corresponding to the point B is doubled, then the
knot "falls through" to the point B (i.e., the point B is an
optimum point for RoM stock). In (MakcumoB n.CnobogsHiok,
2017) this conclusion is proved by geometric methods. It is
easy to verify this conclusion if two adjacent vertices of the
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quadrangle infinitely approximate one another, then the point
of intersection of the diagonals approaches this double point
(the point of intersection of the diagonals for the quadrangle is
the Fermat-Torricelli point). A similar conclusion follows from
(5), being a more rigorous proof.

We substitute in formula (5) the value x=b and find the
coefficient K at which the point B will be optimum:

K 2b

(6)

b?+—
4

a3

For an equilateral triangle ABC b:T and we

have K = /3 ~1.73.

The point B will be optimum at its performance (by 73%
higher than the performance of points A and C). When the
point B is moving off, the value of the coefficient K increases,
at b= 2a K = 1.95. Fig. 2 shows a function graph (6), which
reflects the nature of increasing the coefficient K when the
point B moves off.

K

2 -

/

15 A

/)
/

0.5

0
a 2a
Fig.2 The graph of change in the parameter K when the point B moves off

Fig. 3 shows a graph of the function (1), i.e. the cumulative
haulage volume. From the graph it is evident that the lowest
tonnage will be available when the reloading point is located at

the optimum point (Ferma-Torricelli) atx:%. With

increasing x, the cumulative tonnage increases, and with x>a,
the increase is proportional to the distance x.

Function (1) has an obligue asymptote y=Q(x+b), that
indicates a proportional increase in tonnage (x>a). The
efficiency of choosing the optimum point for RoM stock will be
considered using an equilateral triangle. When hauling the rock
mass to one of the triangle vertices, the cumulative haulage
volume is 2aQ. When placing the point for RoM stock in the
middle of either side (the point O, Fig. 1) the cumulative

NG

tonnage is ax Q[1+ ZJ ~1.87axQ (decreases by 6.7%),

and when choosing the optimum Fermat-Torricelli point the
cumulative tonnage is axQ-/3 ~1.73axQ (decreases by
another 7.2%).

A similar study of changing the cumulative haulage volume
was made for the case when the performance of the point B

30

was twice as large as the performance of points A and C.
Formula (1) looks like this:

F(x) =Q[24 i+ x? +2(b—x)}
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Fig.3. Change in the cumulative haulage volume when moving the point
for RoM stock along the OX axis

However, the optimum point for RoM stock (Fermat-Torricelli)
is point B. Analysis of the graph (Fig. 4) shows that when
shifting the point for RoM stock from the point O to the point B,
the cumulative haulage volume is reduced by 30%.

35
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Fig.4. Change in the haulage volume for the case when the performance
of the point B is twice as large as points A and C

Comparison of graphs (Fig. 3, 4) shows that with increasing
the performance of the point B, the behavior of the cumulative
haulage changes drastically.

The undertaken studies are primarily aimed at optimization of
road and rail transport in the open pit mines. Considering an
optimization of haulage for a group of three shovels, it is
obvious that moving the rock mass from two shovels to the
working area of the third one, which has the highest capacity,
we thereby determine an optimum position of the reloading
point and open pit face for the shovel with a "zero" truck
haulage (i.e. for the shovel operating for the second link of
combined transport - rail transport).

Since the depth of the open pit grows, the rail transport
loses its efficiency mainly not because of the lesser gradient
(30-40%o vs. 80%o) in comparison to the road transport, but
because of the need to freeze a section of the pit wall in order
to locate the reloading points for shovels. By eliminating the
afore-mentioned shortcoming, it is possible to improve
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significantly the efficiency of road and rail haulage in the open
pit mine. The article (Slobodyanyuk, Turchin; 2017) proposes a
new method of arranging and operating a reloading point for
shovels.

The drawbacks of reloading points equipped with the rope
shovels are that during operation of the reloading point, the
trucks and dump cars intersect, which leads to a decrease in
the tonnage capacity of trucks, and unloading the trucks at a
level higher than the shovel is located makes it impossible to
combine the handling operations in time and space. This
causes a decrease in the shovel performance and an increase
in the distance haulage of rock mass by trucks. In order to
locate the reloading point, it is necessary to deactivate a
section of the pit wall that resulted in a decrease in the rock
mass output. The developed technology reduces the negative
impact of reloading points on the dynamics of mining
operations, increases the tonnage capacity of trucks due to
eliminating the additional lift of rock mass by trucks and
avoiding the intersection of roads and railways (Fig.5).

The mining operations using the developed technology are
made as follows (Figure 5). A backhoe hydraulic shovel (1)
excavates a receiving trench (2). This trench (2) is conditionally
divided by width into two sections: the unloading wall (3) and
the loading wall (4). The receiving trench (2) is filled with rock
mass on the unloading wall (3) by trucks (5). In the general
case, in order to prevent from intersecting the haul roads, the
receiving trench wall (2) located closer to the lower pit benches
is the unloading wall (3). The receiving trench wall located
closer to the higher pit benches is the loading wall (4). The rail
track is located (7) along the loading wall (4) of the receiving
trench (2).

Fig.5. Diagram of mining operations when shifting a reloading point

The rock mass from the receiving trench (2) is reloaded by a
hydraulic shovel (1), located on the loading wall (4) of the
receiving trench (2) onto dump cars (8) located at the level of
the hydraulic shovel.

The reloading point in the given place operates until the
higher benches (8) are mined out. After this, a backhoe
hydraulic shovel (1) excavates a new receiving trench (2) on
the extended site. After commissioning the relocated reloading
point, the lower benches (9) are mined out. In order to increase
the capacity of the reloading point, two or more backhoe
hydraulic shovels are placed on the loading trench wall at a
safe distance from each other. The use of the proposed
reloading point design provides an increase in the capacity of
mining equipment and reduces the negative impact of open pit
transport on the dynamics of mining operations. The reloading
point of the proposed design is easily relocated as the mining
operations progresses and does not freeze the pit wall.

Conclusions and trends for further studies

The use of a simplified model (an isosceles triangle) made it
possible to conduct an analytical study, to find the coordinates
of the optimum point for RoM stock at different performance of
three points, to determine the behavior of change in the
haulage volume when the point of stock was moved. In the
future, similar studies are planned to be conducted for more
points.

Minimum operation of three shovels, one of which has a
higher performance (1.5-1.7 times higher) is ensured if the
point for RoM stock tends to the location of the shovel with
maximum performance. This rule determines the general
approach to separation of open pit space into the operating
zones for combined transport.

Minimum operation of the open pit transport, being the first
link of road and rail transport, will be provided, if the truck
haulage distance of maximum rock tonnage to the reloading
point will be minimum. This imposes a number of requirements
on the optimum mining technology, such as the use of more
powerful shovels on the border of adjacent links of combined
transport and the possibility of operating the second link of
combined transport without freezing the working pit wall. The
second requirement is fulfilled when using the developed
design of the reloading point for shovels.

In further studies, the developed mathematical apparatus will
be used to establish the regularities for the optimum location of
reloading points and temporary truck dumps and to provide the
conditions for circular truck routing.
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ANALYSIS AND DEVELOPMENT OF SLOPE HOISTING SYSTEMS FOR OPEN PIT MINES

Roman Slobodyanyuk?

'France, Nancy, University of Lorraine; slobod.roman@gmail.com

ABSTRACT. The purpose of this article is to develop and substantiate rational designs of slope hoisting systems for dump trucks in open pit mines to reduce the time
losses associated with an idle mileage in the transport cycle. The basic arrangements of slope hoisting systems have been analyzed and a rational field of their
application has been determined. The lack of experience in operation of slope hoisting systems with multi-rope friction winders, the possibility of reducing a friction
ratio due to freezing and wetting the rope leave no chance to recognize this technical solution as a reliable. The article presents the results of the design study and
determination of parameters of a hoister with a reeving system for suspension of one platform to haul down the 130-ton trucks. The developed hoisting plant consists
of the following main parts two 1-6 x 5.6/0.8 single-drum hoisters; a platform for transporting the truck; a headframe for placing the deflection sheaves; two deflection
sheaves; two inclined rail tracks to move the platform. The article proposes new technical solutions for hoisting plants with two platforms. The developed technology
promotes improvement of the operational performance of haul trucks in open pit mines.

Keywords: slope hoisting plant, haul trucks, drum hoister, reeving system of vehicles, resource-saving technology

AHAINU3 U PASPABOTBAHE HA KOHCTPYKLIUX 3A HAKNOHEHU KbM KAPUEPA CUCTEMU 3A NOOEM
Poman Cnobo0dsiHiok!
'®panyus, ep. HaHcu, YHusepcumem Ha JlomapuHausi; slobod.roman@gmail.com

PE3IOME. Lienta Ha pabotata e paspaboTeaHe 1 060CHOBaBaHe Ha paLyOHanHN KOHCTPYKLMN 3a KapyepHW HaKMOHEHW kpaHoBe 3a CamMocBany, 3a Aa ce Hamanst
BpemeBuTe 3arybu, CBbp3aHW C HanpasHusi MbT B TPAHCMOPTHUS LMKBI HA CaMOCBANHUTE KaMWUOHM. VI3BbPLLEH € aHanu3 Ha OCHOBHUTE CXEMMW Ha KapuepHUTe
MOAIEMHM CUCTEMM C HAKIOH U € ONpeAenieH paLvoHanHus 0BXBaT Ha TAXHOTO u3non3saHe. Jluncata Ha onuT B ekcnnoataunsTa B kapuepuTe Ha NOAEMHN CUCTEMM C
TErnUTEmNHN CHOMOBE Ha TPUEHE, Bb3MOXHOCTTA 3a HamansBaHe Ha KoeduLMeHTa Ha TPUEHe, [biKally Ce Ha 3aMpb3BaHe 1 OMOKPSHE Ha BLXETO, He Onpenenst
TOBa TEXHUYECKO PeLUeHMe KaTo HaaexaHo. B cTatusiTa ca NpeAcTaBeHyn pesyntaTuTe OT M3CNEeABAHETO U ONpeAensHeTo Ha napameTpuTe Ha NOfeMHa MalunHa C
peMbyHa crvpadka Ha egHa nnatopma, KosTo CRyXK 3a CnyckaHe Ha camocBanu ¢ noneaeH ToBap ot 130 ToHa. PaspaboTeHaTa nogemHa cucTema ce CbeTon OT
CrefHUTe OCHOBHM YacTu: ABe eaHobapabaHHu nogemHn mawwmHu Tun 1-6x5,6/0,8; nnatdopma 3a TpaHCMOPTMPaHe Ha kaMMoHa; Kyn 3a MocTaBsHe Ha Laibu 3a
OTKMOHsBaHe; f1Be OTKMOHABALLY Walibu; ABE HAKNOHEHM PencoBM NMHUK 3a NpemMecTBaHe Ha nnatdopmata. MpeanaraT ce HOBY TEXHUYECKN PELLEHNS 3@ NOAEMHM
MaLumHK ¢ ABe nnatcopmu. PaspaboteHata TexHonorns cbanasa HeobxoaumuTe ycrnosms 3a nogobpsiBaHe Ha ekcnnoaTaLyoHHUTE XapakTepUCTUKMA Ha kKapuepHUTe
camocBan.

Kniouosu AYMU: KapuepHa nogemHa cuctemMa C HaknoH, TPaHCNOPTHU KaMUOHN, 6apa63HHa noAgemMHa MallnHa, nonucnact, TEXHOJOMA 3a cnecrsaBaHe Ha pecypcu

Introduction the open pit mines (Opemun u ap., 1993; Jluctonaa, 2001;
Bonpapes v ap.1, 2011). However, numerous projects in this
Articulation of the problem regard have not been implemented. The reason for this is not
By the end of the 20th century, considerable progress had only the technical complexity of slope hoisting plants, which
been made in the development and implementation of heavy should conform to the pit dump trucks in their parameters, but
hoisting plants in the underground mines. There are examples also the doubts about the economic efficiency of such plants at
of mines with a depth exceeding 2 000 m, the lifting capacity of a state-of-the-art open pit. The systems designed for hauling
hoisting plants has reached over 50-60 tons. Advances in the down the empty and lifting the laden trucks are distinguished
development of mine hoisting plants have awaken fresh by high metal consumption and complexity of technical
interest in the use of steep-slope hoisting plants in deep open solutions on multi-rope hoisting.
pit mines (Hoeoxwnos n gp., 1962; Hockipes, 1972; Shilling
and Adams, 1971; Bacunbes, 1975; Kynb6una u ap., 1981; Progress in mining machinery manufacturing has increased
Cagpbikos, 2011). In the 60s, in the US, South America and reliability of pit dump trucks and led to an increase in the
China, more than 10 projects of slope skip hoisting plants were reasonable distance of rock mass haulage. There are
implemented (Hosoxwnoe u ap., 1962; Shilling and Adams, examples when the rock haulage by trucks reaches over 10
1971). In 1972, Siemag, the West German company, built the km. In these conditions, the main negative factor that needs to
only slope skip hoisting plant in the USSR in the Sibaisky Open be solved is the idle run of trucks. One-way traffic and equal
Pit Mine (Bacunbe, 1975). Along with the development and number of loaded and idle runs of trucks are the main features
implementation of slope skip hoisting plants, a number of of truck haulage at the open pit; elimination of idle runs can be
teams of authors elaborated an idea of using a slope hoisting considered as the key method for improvement of truck
plant to haul down the empty and lift the laden dump trucks in haulage efficiency.
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Analysis of recent research and publications

A great contribution to the development of the theory of slope
hoisting systems was made by Bbenobpos (2002). His work
deals with multi-rope slope hoisting plants designed to haul
down and lift the trucks, as well as to lift the skips of over 120
ton capacity. However, the main orientation of research was
focused on lifting the cargo to the surface. In order to solve the
problem, we used a multi-rope hoisting system with a large
angle of the drive sheave contact (a=3m). With increasing a,
the lifting capacity of the hoister is increased:

o aof

where S; is the tension of the rope lifting the laden vehicle; S+
is the same from the side of the empty vehicle; fis an adhesion
(friction) factor between the rope and the lining of drive
sheaves (0.2 + 0.3).

The hoisting plants with several drive sheaves of friction
have a lifting capacity 3 to 6 times greater than single-drive
machines. A weak point of this plant (Cageikos, 2011) is that
the hoisting ropes are subjected to multiple (up to 8-9 times)
kinking on the sheaves during a lifting cycle, half of them
bends in different directions, that will lead to a short lifespan of
the ropes.

Siemag has developed a project for a slope hoisting plant for
laden trucks, which is equipped with a single platform with a
counterweight. In this project, a multi-rope hoisting system with
a large angle of the drive sheave contact is also used. In the
world, there are several examples of using the hoisting plants
for dump trucks in the mining operations under extreme
conditions - in the construction of hydraulic structures in the
highlands (Nant de Drance, Tokuyama, Tateyama, Miyagase,
Kaprun, etc.). The capacity of these plants does not exceed 40
tons.

Main Exposition

Statement of the problem

The purpose of this article is to develop and substantiate
rational designs of slope hoisting systems for dump trucks in
the open pit mines, the use of which will reduce the idle runs.

Presentation of the main study material

The main idea of this study is to increase the truck capacity
by reducing the downtime associated with idle mileage in the
transport cycle using the slope hoisting plants to haul down the
empty trucks to the open pit. Obviously, the hoisting systems
equipped with two lifting platforms alternately used for hauling
down the trucks can achieve maximum economic effect.

It is known that when lifting vertically using drum winders or
hoisters with friction sheaves, the vehicles move in two
mutually perpendicular vertical planes: in plane, where the
head sheave is located and in plane being tangential to the
sheave circle (the rope leaving point from the sheave). The line
of intersection of these planes coincides with the axis of the
hoisting rope. When lifting vertically there are no critical
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difficulties with creating conditions for movement of two skips
in the shaft. The skips used for vertical lifting are structurally
adapted to move within a limited section of the shaft (the height
of the skip is greater than its dimensions in plan).

This principle is maintained even at slope hoisting — the
vehicle moves along the line of intersection of two mutually
perpendicular planes, but one of them (tangent to the sheave)
is located at an angle to the horizon. In this case, the design
solution to arrange the movement of two vehicles (skips or
platforms) associated with one or more hoisters is more
difficult, especially when the trucks are lowered on the platform
(the length of 130-ton truck is about 12 m, the width is 6 m, the
weight is 105 t, the weight of lifting platform is 50 t). In most of
proposed slope hoisting systems for dump trucks, this has led
to placing the deflection sheaves on the headframes or in the
hoist house, which makes these hoisting plants complex and
unreliable.

A great contribution to the development of the theory of slope
hoisting systems was made by b5.A.Hocbipes. In his work
(1972), eight basic arrangements of slope hoisting plants are
defined, the estimation is given and the rational application
area is specified. Fig.1 shows the schematic diagrams of slope
hoisting plants in the open pit mines, the analysis of these
plants is given in Table 1. The absolute lack of experience in
operation of slope hoisting systems with multi-rope friction
winders in the open pit environment does not optimize the
possible increase in the calculated friction factor and even
more, the friction factor may be reduced due to rope freezing
and wetting during the periods of rain and snow melt
(Hocblpes, 1972).

In order to determine the main technical characteristics of the
plant for hauling the empty trucks (Fig. 2), the design was
elaborated for the following mining conditions: the hoisting
plant is single-end type; liting height, Hn = 400 m; a slope
angle of the liting way, a = 40 °; lifting length, Ln = 622.48 m;
the type of vehicle is a platform; capacity of the platform is Qgr
= 105 000 kgf; mass of the platform, Qu = 50 000 kg; the
purpose of the hoisting plant is men and cargo hoisting.

The maximum static load of the slope hoisting plant is 155t.
At present, the mine hoisters manufactured by the industry
have no capacity required to meet a target. The hoisting plant
with two synchronized hoisters and a reeving system for
suspension of the cargo platform is proposed, that will allow
reducing the suspended load on the hoisting ropes. The
suspended load is:

Qgt 155000

Qo = =
’ nxi,xn, 2x2x099

= 39142 kgf 2)

where: n = 2 - number of hoisting ropes;

in= 2 - mechanical advantage of a tackle block (number of
ropes);

nn = 0.99 - efficiency of a tackle block on the roller bearings



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part Il, Mining, Technology and Mineral Processing, 2018

o

5

Fig.1. Diagrams of hoisting plants (Hockipes, 1972)

Table 1

Analysis of arrangements of slope hoisting plants

Design features

Advantages

Disadvantages

A single-rope hoisting plant with
multilayer rope winding on a cylindrical
hoist drum (Fig. 1.1, 1.2), (drum hoist).
Capacity is up to 40 tons.

Simplicity and reliability of the plant; the
possibility of using the lubricated ropes.

The use of this plant is limited by the
traction properties of the rope, the static
tension of the rope line and the greatest
static unbalanced circumferential force.
With a greater unbalanced circumferential
force, it is necessary to balance the
hoisting system (Fig. 1.2).

A multi-rope  hoisting plant  with
multilayer rope winding on the section
of cylindrical drums (Fig. 1.3), (Blair
hoist). Capacity is over 40 t, lifing
height is over 400 m.

Simplicity and reliability of the plant; the
possibility of using the lubricated ropes, the
use of a winding reel of smaller diameter than
in the case of friction sheaves; lower
consumption of ropes.

When lifting cargo from deep levels, the
improvement of energy effect may be
achieved by using lower balancing ropes
(Fig. 1.4).

The hoisting plants with a reeving
system for suspended vehicles (Fig.
1.5, 1.6).

The harmful phenomenon of uneven force
distribution along the rope lines has been
eliminated; due to the high speed of the rope,
itis possible to use gearless drives.

The use of block hoisting arrangements is
reasonable for cage hoisting plants with a low
lifting speed of the cage (platform).

Complication of the vehicle construction
due to placing the circumferential sheave
on its frame, an increase in the vehicle
weight by 10-15 tons; increased wear of
the rope, because of the doubled speed of
its movement and additional bending on
the by-pass sheave; the use of double-
length ropes.

A multi-rope hoisting plant with friction
sheaves (Fig. 1.7, 1.8), (Koepe hoists).
Capacity is over 40 t, liting height is
over 400 m. A hoister with one driving
friction sheave provides no high
traction and requires balancing ropes.
In the hoisters with several driving
friction sheaves, the angle of the drive
sheave contact is 3.

It can be used with long ropes; decrease in
inertial masses of the winding reel; increase in
efficiency of the hoisting plant; rope rupture
hazard prevention when the vehicle is derailed
(jammed) and re-lifted.

Limited use due to the rope stress ratios;
increase in wear and corrosion of the rope
due to the lack of protective lubrication;
reduction of the friction factor due to rope
freezing and wetting during the periods of
rain and snow melt; constructive
complexity of two-vehicle slope hoisting
plants; the low balance ropes considerably
complicate the design and reduce the
reliability of the hoisting plant.
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single-drum
hotsters

single-drum
hoisters

Fig.2. Diagram of a hoisting plant

As a hoister, it is rational to use the mine hoister with one
cylindrical drum that has been developed by NKMZ. Based on
the dimensions of the winding reel and suspended loads, the
1-6x5.6/0.8 mine hoister fits well having the following
parameters: 6 000 mm drum diameter; 5 600 mm drum width;
560 kN static rope tension; 400 kN difference in static rope
tension and 11 200 kNm? flywheel effect.

The developed hoisting plant consists of the following parts:
- two 1-6x5.6/0.8 single-drum hoisters;
- a platform for transporting the truck;
- a headframe for placing the deflection sheaves;
- two deflection sheaves (@ 5 000 mm);
- two inclined rail tracks to move the platform.

In order to reduce the suspended load on the hoisting ropes,
provision is made for two hoisters with fixing the ropes via a
tackle block to the platform frame. This type of arrangement
makes it possible to use commercially available hoisters. In
order to distribute an even load, the operation of hoisters
should be synchronized in terms of rope speed and tension.
The parameters of the hoisting plant are determined by
calculation as follows: the hoisting speed is 9.9 m/s, the time of
one cycle is 214.2 s, the time for a truck to drive on and off the
platform is 60 s, the cycles per hour are 12-15. Fig. 3 shows
the diagrams of acceleration, speed and force. When the
loaded platform is lowered, 1+3 periods (Fig. 3), the values of
driving forces on the circumference of the rope winders have
negative values, i.e. the engines operate in a dynamic braking
mode. When the platform is lifted, the drive motors operate in a
traction mode, overcoming the static resistance of the hoisting
system and at the same time ensuring the actual linear speed
with the proper acceleration and deceleration adopted
according to the requirements of design standards. The
hoisting plant is equipped with two P2-800-217-8SUHL4
electric motors of 3 150 kW nominal.

The efficiency of mining operations with the use of a
developed system for hauling the trucks to the working area
depends on the number of downward trips per hour. The
performance of the hoisting plant with one platform is sufficient
to provide operation of one shovel with a 12-15 m3 bucket
capacity. In order to provide a working area of the open pit with
twice as many trucks, it is necessary to build two similar single-

36

rope hoisting plants or to develop a hoisting plant with two
platforms. The main idea that needs to be implemented in the
hoisting plant with two platforms is to balance the hoisting
system and haul down the trucks when engines are operating
in a regeneration mode.

The arrangements can be classified as per location of tracks
with respect to the longitudinal hoister and the position of
tracks relative to each other. We will compare the advantages
and disadvantages of alternative arrangements of hoisting
plants having two platforms with two independent hoisting
plants having one platform. Analysis of possible kinematic
diagrams allowed the following solutions to be called
competitive. From the position relative to the hoister, both
tracks can be located either on one side (Fig.4, 5) or on
opposite sides of the hoister (Fig.6). When the tracks are
located on opposite sides of the hoister, they are located in the
same vertical plane, but not parallel to each other (Fig.6). In
order to ensure mining technical conditions for this track
location, it is necessary to provide the hoister’s site on a rock
pillar, protruding in plan from the general strike trend of the pit
wall. This design of the hoisting jplant allows to haul down the
trucks at two different sections of the working area. The
distance between in-pit sites of the hoisting plant can reach
600-800m. When the tracks are located on one side of the
hoisting plant, they are also located in the same plane, in
general, parallel to each other, but this plane can be either
parallel to the pit wall plane (Fig.4)or vertical and pass through
the hoisting sheaves of the hoisting plant (Fig.5).

Fig.5 shows a general view of the hoisting plant with one-
sided arrangement in a vertical pllane of two parallel tracks (the
top and bottom tracks), where 1,2 - platforms; 3 - dump truck;
45 - inclined rail tracks; 6,12 - hoisting ropes; 7,13 -
headframes; 8,14 — top headframe sheaves; 11,17 - bottom
headframe sheaves; 9,15 - rope winding reel; 10,16 - electric
motors; 18 - a hoist house (deflection sheaves on the platforms
and a reeving system are not shown in the figure). Fig.6 shows
a general view of the hoisting plant with an opposite-sided
arrangement (in relation to a vertical plane passing through the
longitudinal axis of the drum) in a vertical plane of two tracks
(conditionally applied to Fig.7, left and right tracks), where 1 is
platform of the right track; 2 - platform of the left track; 3 -
dump truck; 4,5 - inclined rail tracks; 6,14,13,21 - hoisting
ropes; 7,15,11,19 - headframes; 8,16,12,20 - headframe
sheaves; 9,17 - rope winding reels; 10,18 - electric motors; 22
- a hoist house (deflection sheaves on the platforms and a
reeving system are not shown in the figure).

The arrangement shown in Fig.4 differs from two
independent, side-by-side located hoisting plants with one
platform in that the adjacent single-drum hoisters are replaced
by one double-drum hoister. The double-drum hoister serves
both tracks and operates all the time in a regeneration mode,
the single-drum hoisters operate alternately. In this case, the
hoisting plant is equipped with three hoisters. One of the main
drawbacks of this arrangement is that there is no possibility to
provide a through movement of trucks, that is, when driving on
or off the platform, the truck drives in reverse.
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Fig.3. Diagrams of acceleration, speed and force Fig.4. General view of a hoisting plant with a single-sided arrangement of
two parallel tracks in a plane of a pit wall
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Fig.5. General view of a single-sided hoisting plant in a vertical plane of two Fig.6. General view of a hoisting pla_nt with an opposite-sided arrangement of
parallel tracks two parallel tracks in a vertical plane

The diagram in Fig. 5 differs from the diagram in Fig. 4 in that capital work to prepare the sites for construction of a hoist
the hoisters are statically more balanced, two ropes are wound house and a track and can be used at the open pit with a long-
on the cylindrical drums: when one rope reels in, another one distance haulage.
reels out. Two hoisting plants provide hauling two platforms up
and down, and operate all the time in a regeneration mode.

The location of tracks in section of one step-shaped trench Conclusions and trends for further research
allows the trucks to arrive and depart without additional

maneuvers. The drawback of this arrangement is the need to The article presents the results of research on the
construct a special trench with the location of rail tracks at two development and substantiation of rational designs of slope
levels. The upper platform is structurally more complex than hoisting systems for hauling the empty dump trucks in the open
the lower one. pit mines, the use of which will reduce the idle runs.

The diagram shown in Fig. 6, in terms of arrangement of The basic arrangements of slope hoisting plants using drum
hoister operation is similar to the diagram in Fig.5. However, in hoisters and hoisters with friction sheaves have been
this case, two tracks of the hoisting plant are located in analyzed. The design complexity of slope hoisting plants with
diametrically opposite directions. This design is characterized friction sheaves, the rope exposure to atmospheric
by a safer arrangement of the truck movement on the upper precipitation (wetting and frosting), the increased rope wear
loading station and provides driving the trucks off the platform due to friction against the supporting rollers and sheaves
inthe lower position without additional maneuvers. This cause the low reliability of the hoisting plant. The hoisters with
arrangement is characterized by a large amount of mining and cylindrical drums do not have the above-mentioned drawbacks.
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The issue of providing the required hauling ability of the
hoisting plant is proposed to be solved by using several drum-
type hoisters in its construction.

The results of the design study of the hoisting plant for
hauling the trucks of 130-ton capacity are presented. The
arrangement of the hoisting plant with two synchronized drum
hoisters and a reeving system for suspension of one cargo
platform, that allow reducing the suspended load on the
hoisting ropes is considered.

The developed hoisting plant consists of the following main
parts: two 1-6x5.6/0.8 single-drum hoisters (manufactured by
NKMZ); a platform for transporting the truck; a headframe for
placing the deflection sheaves; two deflection sheaves; two
inclined rail tracks for moving the platform. When lowering the
dump trucks, the hoisters operate in generator mode that
allows for electrical energy regeneration.

The efficiency of mining operations with the use of a
developed system for hauling down the trucks to the working
area depends on the number of downward trips per hour. In
order to provide a working area of the open pit with more
trucks, it is necessary to build two similar hoisting plants or to
develop a hoister with two platforms. The article proposes new
technical solutions for hoisters with two platforms, which are
alternately used for hauling the trucks. The developed
technology promotes improvement of the operational
performance of trucks in the open pit mines.
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VELOCITY FIELD VISUALIZATION, MEASURED WITH 3D ULTRASONIC ANEMOMETER
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ABSTRACT. The advance in technology development makes it possible to use state of the art devices for 3D measurements such as ultrasonic anemometers. These
devices are able to acquire great amounts of data which need to be further processed. By adding a GPS device and SD card storage the data can be analysed by
engineers in offline mode or can be accessed wirelessly through Bluetooth connection. The above mentioned improvements are presented in this paper in their final
version. A very important point in the overall practical application of the device is the visualization of the obtained velocity vector field. Several possible ways of
visualization with the aid of different software packages such as Surfer and Grapher are discussed. A real 3D velocity vector field, measured with ultrasonic
anemometer MODEL 81000 by R.M. YOUNG COMPANY, USA is presented in the paper along with cross sections in the xy, yz and xz planes.

Keywords: ultrasonic anemometer, velocity field measurement and visualization, data logging

BM3YANU3ALUKWA HA BEKTOPHO MOJNE, UBMEPEHO C 3D YNITPA3BYKOB AHEMOMETHP
3axapu [unyee?, SiceH MopbyHoe?, Hadexda KocmaduHosa3
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PE3IOME. Pa3suTveTo Ha TEXHOMOrMUTE MPaBM Bb3MOXHO W3MON3BAHETO HA CbBPEMEHHM YCTPOWCTBA 3a TPUAMMEHCWOHHW WM3MEPBaHWS KaTo Hampumep
yNTpa3sByKoBUTE aHeMOMETpH. Ypes Tean ycTpoicTaa ce nonyyasat ronsm obem 3mepeHn AaxHm, kouto upes GPS nosuumoHupalya cuctema v 3anuc Ha SD kapTa
nocpeacTBOM De3xnyHa Bpb3ka Ca Ha PasnonoXeHue Ha WHXEHEPHUTE CMEeLManncTi B eNeKTPOHEH B, YCBbBBPLIEHCTBAHMATA HA ypeda ca peanuavpanyu ot
aBTOpMTE W Ca NPeACTaBEH B OKOHYATEMHMUS CU BapuaHT. BaxHo npopbmkeHue Ha pabotata e BU3yanu3aLms Ha BEKTOPHOTO none. CTaTusaTa NpeacTaBst HAKOMKO
HauMHa 3a BM3yanu3auuns ¢ U3nonasaHe Ha NpunoxHuTe codryepHn npoayktn Surfer u Grapher. MpeacTaBeHo e peanHo n3mepeHo 3D BEKTOPHO none v pa3pesu no
XY, YZ ¥ XZ paBHUHWTE.

Knio4oBu gymu: yntpa3sykoB aHEMOMETBP, CKOPOCTHO NOfe, M3MEPBAHE, BU3yanu3aLys, PErucTpupaHe Ha faHHu

Introduction Connecting the anemometer with the data

logging device
Real time velocity field measurement is a valuable and

highly useful technique in many spheres of aerodynamics and A general overview of the setup is given in Fig. 1. As a main
ventilation (Francia V. at. all, (2016)). In the Report of Project controller unit an 8-bit MCU-based Arduino platform is used. It
MTF 159/2017 and in the paper (Dinchev Z., Gorbunov Y., represents an open software and open hardware project and
2017) the main features of the ultrasonic 3D anemometer are provides short devek)pment times and easy programmabi“ty at
presented, together with the possibilities for instrumentation a rational price. Programming is performed in the Arduino IDE

improvements in the following aspects: automation of via built-in libraries. The source code of the program is given in
measurements by implementing a data logging device with a Appendix 2 of Report of Project MTF 159/2017, while the

possibility for storing on a SD card, automatic location  description of the included components is in Appendix 3 of the
registration via GPS, addition of a Bluetooth connection for same project.

easing mobile data transfer and for user convenience. Other
authors also present modernization and special approaches in
measurement technique with ultrasonic anemometers

The anemometer has battery power supply of 12-24V which
is further reduced by a DC-DC converter down to 3.3V. Such

; voltage is required by the Arduino system and the attached
(Hietanen J. 2010). GPS, SD card (Elecrow Model MCS01107S) and Bluetooth,

This paper presents the ultimate realization of these device  The anemometer communicates with the controller via the four
modernizations. The great amount of acquired data in the provided analog voltages for the U, V, W and T vectors. The
process of measurement needs specific treatment in order to MCU reads the GPS data, adding coordinates to measured
get the output in applicable engineering presentation in a values of velocity vectors in the x, y and z directions. Next, it
plane, surface and volume. Special attention is paid to the records the full information about the measured values and
methodology for visualization of velocity fields by utilizing coordinates on the SD card.

different software products.

39



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part Il, Mining, Technology and Mineral Processing, 2018

.,/ antenna

antenna
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HC-05 | Elecrow
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SD Card
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Anemometer Signal Interface
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' 3D Ultrasonic
Anemometer

MODEL 81000

Fig.1. A general overview of the system

In Fig. 2 the final view of the controller is shown.

Fig.2. Final view of the controller

The Arduino board is located into a secure plastic box, which
is mounted on the anemometer stand — see Fig.3. The external
GPS antenna and the Bluetooth receiver placed inside the box
are not shown.

Performed measurements with MODEL 8100

First, it is important to place and orient the anemometer in
the right position (fig. 4) — ideally facing the north geomagnetic
pole or in the position that is along the tube. After this step the
anemometer performs synchroniization of devices for link to
GPS and Bluetooth and initiates measurement. A new file in
the comma-separated (CSV) format is created for every
measurement cycle and the data is saved every second. The
content of the file has the structure given in Table 1.

Table 1.

GPS_ | GPS_ | GPS_ GPS | U \Y w T

LAT LON DATE _TIME | [m/s] | [m/s] | [m/s] [K]
X y z

where:

GPS_LAT - latitude, deg

GPS_LON - longitude, deg

GPS_DATE - data in format dd/mm/yyyy

GPS_UTC_TIME -time of record, UTC hh:mm:ss

U [m/s] - velocity vector, m/s (orientation east / west) — Fig. 4;
V [m/s] - velocity vector, m/s (orientation north/ south) —Fig.4.;
W [m/s] - velocity vector, m/s (orientation down/up), Fig. 5 m/s
T['K] - temperature of air flow, °K.

TYPICAL ORIENTATION: TOP VIEW
JUNCTION BOX FACES SOUTH

NORTH = O DEGREES AZIMUTH
EAST = 90 DEGREES AZIMUTH
SOUTH = 180 DEGREES AZIMUTH
WEST = 270 DEGREES AZIMUTH

N——

—
+V - WITH WIND
FROM THE NORTH

JUNCTION BOX

+U - WITH WIND
FROM THE EAST

Fig.4. Orientation of the anemometer device

In case if no GPS connection is available (for instance
underground) or the measurement is performed in a restricted
area where the latitude and the longitude in different points are
negligible, a close spare scenario is developed. The GPS data
is switched off by a hardware loutton. Then the user inputs
unique coordinates in the measuring points.

The orientation shown in Fig. 4 and 5 is used when
performing measurements outdoor. When measurements are
being taken indoor, the device orientation is the following: the
direction north should coincide: with the ordinate Y, thus
receiving data in XY coordinated system — 2D surface velocity
field. Changing the orientation allows 2D visualization in all
planes (XY, XZ, YZ). Using three coordinates (X - GPS_LAT ,
Y - GPS_LON, Z - height) it makes it possible to achieve 3D
visualization of the vectors — this is called the volumetric
velocity field. Special attention is paid to data transformations,
depending on specific application of results (Walker lan J.,
2004). Different approaches are possible to perform graphical
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visualization in the chosen view. Further presented in the
paper are 2D and 3D visualizations with specialized software
products of Golden Software company — Grapher and Surfer,
as well as with MatLab.

—ELEVATION ANGLE
WITH WIND FROM ABOVE

-
S

+ELEVATION ANGLE
T WITH WIND FROM BELOW

+W WITH WIND
FROM BELOW

SIDE VIEW OF
ULTRASONIC ANEMOMETER

1

JUNCTION
BOX

Fig.5. Side view of the anemometer device

The collected data from the file is transformed into EXCEL
columns, representing vectors in three dimensions, thus giving
a chance to calculate velocity scalar — Table 2.

Table 2.
tau u v w CKOpocCT
1 -0.3 -0.2 0.86 0.932523
2 -0.7 0.28 -0.3 0.811419
3 -1.18 0.96 0.68 1.666253
4 -0.8 0.48 0.58 1.098544
5 0.68 0.08 0.48 0.836182

Velocity field visualization
2D Visualization

The 2D visualization requires selection of surface in which
velocity field needs to be drawn - XY, XZ or YZ. To do so
additional transformations of measured data are fulfilled. The
purpose of these transformations is to locate each vector
direction, value and azimuth angle. As stated above, the
planes for visualization and data required for each of them are:

«  forplane XY -Uand V
«  forplane XZ-U and W
+ forplane YZ -V and W).

The approach for each plane is similar to the one presented
hereafter for plane XY. Vector's scalar mXY is:

mXY= JU?2+Vv2 mis

The azimuth angle is defined depending on the vector
position, bearing in mind that the anemometer measures the
direction from where the wind flows, while the picture should
visualize the direction of the vector. Following the structure

(1)
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given in Table 1, the value of U follows the East-West

direction, while the value of V follows the direction Nord-South.

Which means that if U<Q and V<0, the azimuth angle is in Ist

quadrant, i.e. 0°<@<90°. The azimuth angles 6,

representing the values of U and V are defined in the following

way:

e if U<O and V<0 an =0 =arctan |U /V|- angle is in Ist
quadrant;

e ifU<0and V>0 an =6 =180-arctan |U /V|- angle is in
[Ind quadrant;

e if-U>0and V>0 an=¢ =180+arctan|U /V| angle is in
Il quadrant;

e if U0 u V<0 an=¢=360-arctan|U /V|- angle is in
[Vt quadrant.

The velocity vectors on other planes are drawn in similar
way, changing measured data for V and W (YZ) and for U and
W (XZ) respectively.

Table 3 shows an EXCEL file, which is used by the software
applied by authors to draw the velocity field.

Table 3.
X y z u- dx v-dy w-dz V-xy angle
0 0 O -0.3 -0.2 0.86 0.36 56.31
2 0 O -0.7 0.28 -0.3 0.75 111.80
4 0 O -1.18 0.96 0.68 1.52 129.13
0 2 0 -0.8 0.48 0.58 0.93 120.96
2 2 0 0.68 0.08 0.48 0.68 263.29
4 2 0 0.08 0.78 0.18 0.78 185.86
0 4 O 0.28 0.48 0.38 0.56 210.26
2 4 0 -0.1 -0.6 0.18 0.61 9.46
4 4 0 0.28 0.38 -0.1 0.47 216.38
0 6 O 0.38 0.58 0.58 0.69 213.23
2 6 O -0.2 0.86 1.06 0.88 166.91
4 6 0 0.38 0.68 0.6 0.78 209.20

Visualization, after the above presented modification (Tabl.3)
of measured data, is presented by Grapher and Surfer. Both
ways are discussed below. Grapher software makes 2d and
3D visualization without interpolation between measuring
points — i.e. it only registers the measurement. Surfer software
makes interpolation between measured points and its velocity
field is more fluent, but it can make only 2D plots. Very useful
product of the same company (Golden Software) is Voxler,
which creates 3D grid and surface diagram of isolines of equal
velocities.

Visualization with GRAPHER

Fig. 6b shows 12 vectors in the XY plane, achieved by the
data transformation shown in Table 3. Starting from the point of
origin (X,Y), then taking into account angle (an) and scalar
value mXY, veclors are drawn in the plane with size,
representing measured area. Parts of GRAPHER's properties
are shown in Fig. 6a, while the diagram itself — in Fig 6b.
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Property Manager - Vector Plot 1

Plot Chppeng | Labels | Symbol | Line
= Plot Properties
Worksheet Copy of Book2.xkx
X axs X Axs 1
Y axs Y Axs 1
Vector ype XYAM
X colurmn Column A: x
Y colurmn Colurrn B: y
Angle column Column H: an

Magntude column
= Worksheet rows

Column G: mXY

Frst row |
Last row 13

Step row value 1
Fig. 6a. Golden Software Grapher properties

Y \.

o !

Pd
2\ —— I
S S R i e A

xXm

Fig. 6b. Golden Software Grapher plot of 12 vectors
Visualization with SURFER

This software generates 2D velocity field by interpolation
between measured single vectors in a chosen plane (XY, YZ or
X2). If selecting ,2 — Grid Vector Map” from the program menu
two interpolation grid files with extension GDR are created.
First of them holds information about the initial coordinates of
the vector in the plane (XY) and the azimuth angle, while the
second one contains the coordinates and scalars. The two files
are created sequentially by ,Surfer”, taking as an input file the
one, shown in Table 3. Fig. 7a shows part of the positions in
Surfer, while Fig 7b shows the velocity field in the XY plane.

Otject Manager

v @ x

=] o _

[#] | Right Awxis

[l Left Axis

= Top Axis

[#] __ Bottom Auxis

[ 8 Contours-Book-vec.grd
Property Manager - Map: Vectori-Book-ang.grd v 3 x

Dats  Symbol | Scaling | Layer | Coordinate System | Info

Input Grids

Angle component 15
Length component » RAVKONK MG\ Bl &F
General

Coordinate system Polar (angle, length) -
Angle Oznorth, increases CW -|
Angle units Degrees b |

Fig. 7a. Golden Software Surfer Object Manager screen
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Fig. 7b. Golden Software Surfer velocity field plot in the XY plane
3D Visualization with GRAPHER

3D visualization with “Grapher” is performed by using the
function “XYZ vector plot”. The diagram may be in two different
views according to the available data:

e absolute coordinates given by the GPS device of origin
point of vectors (X, Y, Z) in the measured region and vector
projections on three axes (dx, dy, dz) or relative
coordinates given by the user when the GPS is switched
off;

e evaluation of vector's end (X2, Y2, Z2) coordinates based
on vector's origin (X1, Y1, Z1) and azimuth angle. This
approach is complicated, because it requires numerous
mathematical transformations, but when the location is
important it may be used for special purposes.

Fig. 8a shows part of the Grapher parameters used in
function “XYZ Vector Plot”, while Fig 8b — the 3D velocity field.

Property Manager - XYZ Vector Plot 1

Plot | Clipping ] Labels | Symbol | Line
- Plot Properties
Worksheet Book2.xisx!3d (Z:\K
X axis X Axis 1
Y axis Y Axis 1
Z axis Z Axis 1
Vector type XYZ-dx,dy,dz
X column Column A: x
Y column Column B: y
Z column Column C: z
DX column Column D: u- dx
DY column Column E: v-dy
DZ column Column F: w

Fig. 8a. Golden Software Grapher XYZ vector plot settings
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Fig. 8b. Golden Software Grapher 3D velocity field plot

3D Visualization with MATLAB

A 3D data visualization can be performed with the aid of the
MathWorks Matlab matrix laboratory mathematical package.
This visualization is performed by Matlab’s function "quiver3"
with the following syntax:

quiverd(x,y,z,u,v,w)

quiver3(z,u,v,w)

quiverd(...,scale)

quiverd(...,LineSpec)
quiverd(...,LineSpec,filled')
quiverd(...,'PropertyName',PropertyValue,...)
quiver3(ax,...)

h = quiver3(...)

A velocity field plot obtained by using the “quiver3” function
is shown on Fig. 9.

\\.-!5‘ ¢f
5 - i, arf
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'_ — —
10 N — 15
<
- _— 10
~N. _— 5
~
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Fig. 9. Velocity field plot obtained by using the ‘quiver3’ function

In situ experiment

Fig. 10 shows the experimental measurement setup, which
is performed in a restricted space with dimensions: L= 30 m,
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W= 2,7 m. An axial fan, located 10 meters away from
measurement points, is connected to a flexible duct. The 3D
anemometer is consecutively located into 20 points, at three
levels:

o Zo=1.1 m below center axis of the pipeline;

o Z4=1.55m along the center axis of the pipeline;

e Z,=1.8 m above the center axis of the pipeline.

The points create a regular mesh in rows and columns. The

space between the points in a row is 0.54 m, while the row to
row distance is 2 m.
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Fig. 10. The experimental measurement setup

As the anemometer measures 32 values per second, the
measurement in each point has a duration of 1 min and data is
saved into a file with a unique name. The results of the
measurements are saved into 20x3=60 data files. Then,
following the methodology explained above, velocity vectors in
each point can be evaluated and different visualizations can be
performed.

Fig. 11 shows the XY velocity vectors and lines of equal
velocities for two elevations:
e forZ=1.1monfig. 11a;
e  forZ=1.55mon fig. 11b.
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Fig. 11a. The XY velocity vectors and the isolines for Z=1.1[m]
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Fig. 11b. The XY velocity vectors and the isolines for Z=1.55[m]

The elevation Z=1.55 m is in plane, parallel to the main flow
current from the pipeline. There velocities are higher,
compared to Figure 11a. They are within a range of 1.2 m/s to
0.3 m/s, while on the lower level maximum velocity is 0.9 m/s.
Another interesting point is that at the lower level wall the effect
is bigger and can be observed in Fig. 11a.

Fig. 12 shows velocity field with vectors and scalars in plane
XZ for two Y locations:
e ForY=1.1min fig 12a —i.e. in the middle of the space in Y
direction;
e ForY=0.54 mon fig 12b - close to the wall.

Fig. 12b. The XZ velocity vectors and the isolines for Y=0.54[m]

The wall effect is perfectly observed in Fig. 12b, leading to
recirculation of the current. In Fig. 12a one can notice well
developed flow in the middle of the area with minimum
fluctuations toward walls and nearly missing recirculation.

Conclusion

The 3D anemometer, being a modern measuring device, is
capable of collecting great amounts of data when performing
flow velocity measurements. However, its ability to measure so
many values — 32 measurement per second, raise the
necessity of special data treatment in order to present the
measured velocity field in practically applicable view. This
paper shows several approaches which can be applied.
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In general, measurements with 3D anemometer have
several very practical applications:
e point measurement may serve as a tool to define
coefficient of turbulence;
e as seen from Figures 11 and 12, wall effect can be seen
and also the recirculation along it;
e itis also highly important to see how far from the end of a
pipeline, the influence of the fan can take place.

All that directions will be explored in future work.
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SUMMARY: Every household has medicaments that have become time-expired. In this case, the following issues arise: what to do with these medicaments, how
medical waste is treated, and what potential environmental impacts such medicines would have. In an attempt to answer these questions, a study was carried out in
two directions. In the first direction, matters of administrative nature were clarified, such as correspondence with institutions, structures and organisations involved in
this activity, as well as public awareness of the approaches applied. An experimental part was also carried out, namely experiments with soils contaminated with
drugs and tracking the development of crops in such soils.

Keywords: time-expired medicaments, waste treatment, safety, environment, health, sustainable development

BE3OMNACHO TPETUPAHE HA MEOUKAMEHTW C U3TEKBIN CPOK HA rOOHOCT
Bnazoeecma Bnadkoea', Jlyka Ap6anuee?’, BepoHuka Kapadxosa?

"MuHHo-2eonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Cogpus, b_viadkova@yahoo.com
2XUMUKO - mexHomoauYeH u Memanypau4eH yHusepcumem, Copus, vkar@mail.bg

PE3IOME: [MouTtn BB BCAKO €HO JOMaKWMHCTBO CE CMyyBa fa ce cbbepaT nekapcTsa, KOUTO C BPEMETO Ca OCTapenu U CPOKbT UM Ha FOAHOCT € M3Tekb. B TakbB
Ccryyaii Bb3HMKBA BbMNPOCHT KakBO Aa Ce HanpaBu C Te3l MeaukaMeHTH, kak ce TpeTupaTt oTnagbLuTe, Kakeu 6uxa noTeHUMamnHuTe Bb3aeicTBie BbpXy OKoNHaTa
cpega. B onut fa ce otroBopu Ha Tean Bbnpock 6e HanpaBeHO NpoyYBaHe B [Be HanpaBNEHWst — MPUIOXHA YacT, CbCTOSILA CE B KOPECTOHAEHLMS C KI0HOBM
ObpKaBHW CTPYKTYPU M OpraHu3aluM, U3siCHsBaHe Ha npobrema W MpeanoXeHus 3a YBENM4YaBaHe Ha CTeneHTa Ha WHKOPMUPAHOCT Ha HACENEHMETO;

eKCnepumeHTanHa 4acT — U3BbpLUBaHE Ha NPaKTUY4ECKN ONUTU CbC 3aMbPCEHN C NeKkapcTea No4BK U NpocneaABaHe pa3BUTUETO Ha NOCEBU B TakMBa NOYBU.

KnioyoBu AYMU. MEOUKaMEeHTU, TpeThpaHe Ha oTnadbLUu, U3TEKbI1 CPOK Ha roAHOCT, 34paBe, OKOMHa cpeaa, '/CTOI7|‘W|BO passutme

Introduction

The problem with the collection and treatment of waste from
household chemicals (empty packs of detergents, paints,
varnishes, etc.) as well as expired medicaments is particularly
relevant. The trend in recent years is for the flow of such waste
to be managed. Thus, and the culture of separate collection of
waste was imposed on the population.

This article is part of a conducted overview of the current
status of the topic for the treatment of pharmaceutical waste
from the households. The material discusses two directions-
results of correspondence with key institutions (the Ministry of
Health, BDA /the Bulgarian Drug Agency/, etc.) as well as the
completed experimental part [31, 32].

The correspondence with different control authorities has
shown gaps in the algorithms for providing information to the
community. People are not responsible and committed to the
common culture of treating household waste (household
chemistry, old medicines, etc.). The lack of a single media
bearer and the low information of society as a whole contribute
to this situation, too.

The experiment aims to trace how the soil composition
contaminated with expired medicines changes and,
subsequently, to monitor the crops to be planted in this soil and
their growth. It has been found that different medicaments
affect the composition and the properties of the soil solution

and, consequently, the growth of crops. Conducting of such
tests is topical, both in environmental and in agricultural
aspects, as it makes it possible to obtain information of the
ongoing processes in the soil [1, 2].

Setting the Experiment

For the represent studies, an approach was chosen in which
plots were used separately with soil from a random uncovered
area which is not prepared or pre-treated. The soil was placed
in monolithic containers (pots) wiose volume and height were
adapted to the needs of talking samples.

Seven pots of soil were prepared (Fig. 1), in five of them the
selected medicaments were placed (pots Ne 8, 10, 11, 12, and
13) and in one of the pots @ mixture of the powdered
medicaments was placed. In the last pot (Ne14), only soil from
a randomly selected uncovered area was placed, which served
as a benchmark.
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During the experiment, several types of expired "pharmacy" were selected arbitrarily. Their composition and
medicaments which the authors have at their home properties are described in Table 1 [1].
Table 1.
medicine Composition Undesirable medicine effects Quantity
Atenolol 50 mg Additional ingredients: L .
, lactose  monohyadrate, wheat  starch, Rash o n"ch/ng,' swelllng_of the fac_e
Medicament . . . and / or difficulty in breathing, pain in
) microcrystalline ~ cellulose,  sodium  starch | . . . . 6g
(film-coated tablets) . o . " | joints, with or without fever, redness,
glycollate,  gelatin, talc, silicon dioxide, . . .
. ; . severe diarrhea with bleeding
magnesium stearate, sparing white
Magnesium citrate 600 mg
Magnesium 98.6 mg
Medicament Other Ingredients: sucrose, powdered Diarrhea 21
(tablets) cellulose, citric acid, xanthan gum, calcium 9
kakonoat,  sodium  cyclamate,  flavoring
materials, coloring agent E 104
20 mg Dorzolamide like ; Lo N
.. (Dorzolamidovhidrohlorid) and 5 mgTimolol (as Faqlal SW.e”’”Q’ ltcf?y Skin, d”f’"‘!’ty
Medicine 3 ! L breathing, hives, burning and stinging
Timololovmaleat).  excipient  substancecs . . .
(eye drops - . ; . eyes, change in taste, buming| 5ml
) mannitol, hydroxyethy! cellulose, sodium citrate, T L
solution) . . . . sensation in the eye, itching of the eye,
sodium hydroxide, benzalkonium chloride, water . 2,
for injecti blurred vision, headache, dizziness,
or injections
Nausea, vomiting, loss of appetite,
Medicine 4 diarrhea, oral candidiasis, fever, skin
(powder solution for Cefazolin sodium 1.048 g rashes, in patients with renal| 1g
injection) insufficiency, nephritis, hepatic reaction
and others.
Cefaclor 5OQ mg. as (cefaclormonohydrate). Rash or itching, swelling of the face
- Other  Ingredients:  Hampuee  HuwecmeH - . . L
Medicine 5 and / or difficulty in breathing, pain in
2/lloKoIam, MaeHesueg cmeapam, XenamuH, | . . . . 49
(hard capsules) joints, with or without fever, redness,
mumaHo8 OuoKcuo, €PUMPO3UH, } . ’
severe diarrhea with bleeding
UHOUROKaPMUH
Medicine 6
(Mixture of ) ) .
powdered Me:(t)?oilol, Magnesium Diasporal, Cefazolin, 102¢
pharmaceutical
forms)

Note: The names of the medicaments used for the studies are not indicated to avoid conflict with the manufacturer

Conducting the experiment

Sample preparation

The first stage of the preparation of the samples was
powdering the tablet forms of pharmaceutical products and the
preparation of a powder mixture. Such a preparation is not
applicable to the capsules which are in manufactured in a
powder form and the drops - they come in a liquid form [1].

The next step is the weighing of the medicaments to
determine the exact quantities to be placed in the soil studied

(Figure 2).

Fig. 2. Sample preparation

The samples (medicaments) were placed in soil under
normal atmospheric conditions on 30t March 2018. The sites
prepared for testing are shown in Figure 3.
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Fig. 3. Sowing the seeds of radishes

On 2nd April 2018, the pots with the time-expired
medicament samples were planted with radish seeds (fig. 3).
The experience with the planting of crops aimed to check the
effect of medicines on the plants. The sowing was chosen due
to the rapid growth of the radishes and its large contact surface
with the soil.

The contents of the pot and the precise amounts of
medicaments therein are presented in Table 2.

Table 2.
Distribution of the drugs in the individual pots with samples
Quantities
SRy Medicinal product placed in the
sample pot soil
Pot Ne8 Medicinal product 1 4g
Pot No. 9 A mixture of the medicinal 10.2
(mixture) product 6 <9
Pot Ne10 Medicinal product 2 149
Pot Ne11 Medicinal product 4 029
Pot Ne12 Medicinal product 5 3g
Pot Ne13 Medicinal product 3 5ml
Pot No. 14 BENCHWMARK- Free of
benchmark . no
medicinal products
sample

Figures 4, 5, and 6 illustrate a crop image material and
show the growth of the crops at different stages of the study,
tracking the effect of the medicaments or lack of such (pot 14)
on the radishes.

Fig. 5. Image of the crops from 26th April 2018.
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Fig. 6. Image crop of radishes on 8t May 2018

Analysis of soil samples

The study of structure and properties of the soil solution
gives valuable information on ongoing soil processes and is of
important theoretical and practical importance [3-5, 10, 11].

In a study of soils in practice, @ number of analyses can be
carried out and their selection depends on the needs. Analyses
may include:

1. Microbiological indicators
2. Physiochemical Indicators:
Determination of pH
Determination of total and organic carbon
Determination of total nitrogen (Kjeldahl)
e  Determination of nitrate nitrogen, ammoniac nitrogen
and total soluble nitrogen
e Determination of phosphorus
Determination of carbonates
Analysis of metals
Determination of water and acid-soluble sulphates
Determination of total sulphur
Determining the mechanical structure
General exchangeable acidity/Free hydrogen
Determination of mercury
Determination of the specific electrical conductivity
Bulk density
Dry matter/moisture content

Two methods of analysis were selected to study the effects
of the selected medicaments on the soil solution - for the
determination of pH and metals which are not notably
expensive and at the same time provide information on the
changes occurred as a result of the medicaments [4-9].

The tests carried out complied with the requirements for soil
sampling, namely:

e  Soil samples were taken in dry weather;

e  The samples were taken from a depth of 0-30 cm;

e The transportation and storage of the test sample
was carried out in a in a way which ensured steadiness in the
composition of the sample taken for analysis from the time of
collection at the time of testing (Fig. 7).



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part Il, Mining, Technology and Mineral Processing, 2018

Fig. 7.

Study of pH

To study the pH of the soil samples, a soil solution was
taken which passed through the following three stages (Fig. 8,
Table 3):

e 1. Taking of soil samples and preparation of bulk
monoliths.

e 2. Preparation of a soil solution.

e 3. Analysis of the resulting solution composition.

Fig. 8.

Table 3. Results from the pH analysis of the test samples

Sample-benchmark No. 14 * pH = 7.20, No 14 ** pH = 7.22

Sample 8* 8 9* g** 10* 10%*

pH 6.88 6.90 7.10 7.10 7.07 7.09

Sample | 11* 11* 12* 12+ 13* 13*

pH 6.98 6.91 7.02 7.02 7.10 71

Note: The numbering of the samples is as follows:

The first and the second sample of the different tested soils
taken at an interval of 30 days are marked with * and **,
respectively. In such a way, the change of pH is monitored
over time and under the influence of the atmospheric
conditions.

Analysis of metals

The test samples were prepared by the method of acid
dissolution of the sediments, sludge and soils to comply with
procedures and preparation for analysis by means of atomic-
emission spectrometry with inductively coupled plasma (ICP-
AES) [9, 11]. Samples prepared by this method were analysed
by ICP-AES, with the Prodigy High Dispersion ICP-OES
apparatus (Fig. 9 and 10).

Fig. 10. The Prodigy HighDispersion ICP-OES Apparatus
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Table 4.
Results from the ICP-OES analysis of the test samples in mmol /|
Sample
element 8 g+ 9* 9** 10* 10** 11* 11
Barium / Ba 4.982 4.443 5.831 7.011 5.342 6.339 5.311 5.568
Cadmium / Cd 0.446 0.387 0.203 0.205 0.205 0.249 0.215 0.219
Chromium / Cr 2.880 3.129 1.379 1.351 3.458 3.804 3.001 3.255
Copper / Cu 6.715 6.130 4.479 4.653 4.506 5.796 4.719 4.546
Lead /Pb 7.020 6.315 4.458 4.580 5.264 6.042 5.357 6.994
Manganese / Mn 8.253 7.209 8.175 8.089 6.024 7.057 7.533 7.555
Nickel / Ni 0.270 0412 0.322 0.333 0.304 0.399 0.356 0.386
Sodium / Na 7.759 7.718 7.442 7.312 5.388 6.913 7.343 7.156
Strontium / Sr 0.822 0.736 0.674 0.692 0.566 0.682 0.576 0.572
Cobalt / Co 0.144 0.149 0.184 0.186 0.186 0.174 0.167 0.184
Aluminum / Al 93.71 95.02 115.6 1204 98.01 122.5 114.1 1151
Calcium/ Ca 689.1 578.6 366.8 356.3 284.2 337.9 279.6 287.6
Iron/ Fe 264.8 235.3 416.5 439.5 267.8 334.6 407.3 408.6
Magnesium / Mg 100.1 88.93 87.78 85.71 62.51 71.77 66.60 74.31
Potassium/K 11.16 11.32 14.59 15.08 12.08 15.04 12.54 14.07
Zinc/ Zn 44.60 40.69 41.27 44.64 36.45 43.94 40.92 39.74
Arsenic / As 0.073 0.062 0.097 0.083 0.086 0.122 0.098 0.113
Sulfur/ S 7.158 7.357 8.320 9.460 8.520 10.93 10.92 11.71
Phosphorus / P 6.739 6.229 8.100 8.427 7.918 8.584 8.782 9.154
Tin/Sn 0.149 0.133 0.062 0.053 0.067 0.118 0.076 0.083
Sample

Element 12* 12+ 13* 13+ 14* 14
Barium / Ba 5.591 5.819 6.300 5.642 5475 5418
Cadmium / Cd 0.204 0.198 0.172 0.165 0.275 0.267
Chromium / Cr 1.895 1.890 2.551 2.517 2.192 2.464
Copper / Cu 4.330 5.101 3.610 3.642 4.032 3.987
Lead/Pb 5.818 5.782 4.583 4.212 4.676 4.716
Manganese / Mn 6.911 6.878 7.718 7.221 7.468 7.437
Nickel / Ni 0.366 0.358 0.275 0.278 0.319 0.312
Sodium / Na 7177 8.616 6.172 6.907 4.758 5.664
Strontium / Sr 0.525 0.541 0.692 0.684 0.704 0.582
Cobalt / Co 0.159 0.152 0.119 0.112 0.168 0.160
Aluminum / Al 128.3 125.3 106.7 106.1 109.8 109.7
Calcium/ Ca 266.2 275.7 342.5 326.9 346.4 327.8
Iron/ Fe 4247 435.9 305.7 297.0 365.1 357.4
Magnesium / Mg 70.52 70.05 74.91 70.31 71.65 74.48
Potassium/K 13.61 14.47 13.08 12.86 13.80 13.37
Zinc/ Zn 45.25 44.74 38.24 36.02 39.38 39.68
Arsenic / As 0.084 0.091 0.090 0.085 0.081 0.071
Sulfur/ S 11.68 11.91 10.61 10.31 10.48 10.30
Phosphorus / P 8.673 8.806 7.223 7.025 8.071 8.245
Tin/Sn 0.066 0.104 0.073 0.074 0.066 0.062

The change in the content of some of the heavy metals in the studied soils against the reference soil is presented graphically in
Figure 11.
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Fig. 11. Content of some heavy metals in the tested soils, compared to the soil-benchmark

Outcomes of the chemical analysis made:

e |t has been found that the chemical composition of
the soil solution in the tested soil is influenced by the
composition of the medicament product.

e  From all the studied soil samples in samples Ne9 and
Ne13, the pH values are close to the basic of the used soil-
benchmark pH = 7.22. In the other samples tested, the pH
values < 7, i.e. a lowering the pH was observed. The lowest
value wasrecorded with the samples Ne8 (active component
Atenolol) and Ne11 (active ingredient cefazolin sodium) (pH
~6.90)

e  From the medicaments included in the experiment,
medicaments with highest content of heavy metals such as
Cadmium (Cd), lead (Plumbum (Pb)), Manganese (Manganum
(Mn)), Tin (Stannum (Sn)), and Strontium (Sr) were observed
in soil sample Ne8 compared to sample Ne14 which is the
benchmark soil.

e  The obtained values shall not be compared to the
acceptable benchmarks for the metal content and pH in the soil
but they aimed to find a change in the composition of soils
containing medicaments relative to the benchmarked soil.

e There is a difference in the growth of the crops,
depending on the soil composition containing medicaments.
Samples Ne9 and Ne13 were with better growth. Insufficient
development of the plants was observed in the sample Ne10
(Fig. 6.).

Conclusion

The effect on the environment when disposing of time-
expired medicaments should not be overlooked. In any case,
this affects the quality and composition of the soil, and there is
a danger from the passage of harmful substances in
groundwater. The results from the chemical analyses (pH and

metals) provide the basis from which the team can further
expand their studies and conduct a more detailed research on
the impact of medicinal products on the composition and
properties of the soil and on crop growth.

Broader research and detailed analyses are needed to
establish the precise degree of influence of medicaments on
the soil composition and properties (and the ongoing soil
processes). The studies presented in the present work may be
the beginning of in-depth and comprehensive experiments with
contaminated soils with medicaments. They should be
conducted on an experimental site and with larger quantities of
medicaments.

As a result of the conducted survey, notifications and
suggestions to different institutions were submitted. Thus, the
authors hope to have made the first steps towards improving
the culture of the population in the field of waste treatment.
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MASS MEASUREMENT FOR METAL ACCOUNTING IN MINERAL PROCESSING PLANTS

Irena Grigorova’, Marin Ranchev’, Ivan Nishkov?

TUniversity of Mining and Geology “St. Ivan Rilski”; 1700 Sofia, Department of Mineral Processing and Recycling; irena_mt@abv.bg

ABSTRACT. In the course of mass and metal balancing in mineral processing plants, the mass measurement of particular products which are part of the evaluation
process of the operation efficiency of the technological operations has a significant role. Unfortunately, accurate mass measurement is often overlooked, both in
primary design and in subsequent operation, and this leads to compromised results and conclusions. This paper focuses on the most common methods for mass
measurement in the mineral processing plants, as well as on the types of weighing equipment, their design features and operation characteristics. Some important
aspects of mass measurement are also discussed, e.g. sources of error, calibration methods, and requirements for the correct mass and metal accounting.

Keywords: mass measurements, metal accounting, errors, calibration

W3MEPBAHE HA MACWUTE 3A OTYUTAHE BANTAHCA HA METAJIA B OBOrATUTUTENHUTE ®ABPUKU

Upena Npueopoea’, MapuH Panyee’, MeaH Huwkoe!

"MunHo-2eonoxku yHusepcumem "Cs. UeaH Puncku”, 1700 Cocpus, kamedpa “ObozamsseaHe U PeUyUKIUpaHe Ha CyposuHu’,
irena_mt@abv.bg

PE3IOME. lMpy oTuMTaHe Ha MacoBws 1 MeTanHus 6anaHc B oboratutenHata abpuka, OCHOBHa pons 3aeMa U3MepBaHETO Ha MacuTe (Ternata) Ha CbOTBETHUTE
NpOAYKTW, yyacTBaly B M34MCrisiBaHe eeKTMBHOCTTA Ha paboTa Ha 3anmoXeHuTe TEXHOMOTUYHW onepauun. AKypaTHOTO W3MepBaHe Ha MacuTe e MHOFO YecTo
npeHebpersaHo, kakTo Npu MbPBUYHOTO MPOEKTUPaHE, Taka W MpW nocnegsaliaTa excnnoaTauusi, KOeTo 4OBEXAa 4O KOMNPOMETUPaHN PE3ynTaTh U 3aKIueHWs.
HacTosiwarta pa3paboTka ce hokycupa BbpXy Haii-pasnpoCTpaHeHUTe MEeTOAW 3a u3MepBaHe Ha MacuTe B oboratutenHute dabpuku, KakTo M BbpXYy BUAOBETE
13MepBaTenHn ypean, TEXHUTE KOHCTPYKTMBHW M eKcrnoaTauuoHHU ocobeHocTW. PasrmepaHn ca M HAKOM BaxkHM acmekTw Mpu M3MepBaHe Ha macuTe, kato
M3TOYHMLW Ha FPELLKU, METOAV 3a kanubpupaHe 1 U31CKBaHWS 3@ KOPEKTHOTO OTYMTaHe Ha MacoBMs U MeTanHus banaHc.

KniouoBu gymu: namepeaHe Ha Macute, banaHc Ha MeTana, rpeLuky, kanubpupaHe

Introduction and in-process inventory are measured, sampled, and
analysed in order to calculate the mass of each and reconcile

In literature, metal accounting is defined as a system (€ outputtotheinput, plus or minus the stock change.

whereby selected process data is collected from various
sources, including mass measurement and analysis, and
transformed into a coherent report format that is delivered in a
timely fashion in order to meet specified reporting requirements
(Morrison et al., 2008).

It is worth mentioning some of the commonly used terms in
the field of mass measurement. Authors such as Morrison et
al. (2008) suggest the following terminology:

Belt Scale/Weigher — A mass measurement device that
continuously integrates and records the load on a belt while it
passes the suspended scale or the measuring section of the
belt;

As reported by Gaylard et al. (2014), in the mineral
processing industry, reliable metal accounting is essential to
sound corporate governance and it is also becoming a focus of
increased attention and concern, particularly as the figures
generated by the metal accounting system feed directly into
the financial accounts of mining companies. Mass
measurement, sampling, and analysis provide the input data
for the metal accounting system. Sound corporate governance
requires that the procedures used be based on best practice
and that the data generated be accurate and handled correctly,
transparently, and consistently to produce the accounting
reports.

Bin Scale — A bin that is fitted with load sensors or other
mass detecting devices and has been calibrated so that the
weight of the contents can be established and weighed on a
continuous or batch basis;

In-Motion Weighing — The weighing of objects that are in
motion. Usually applied to rail or road trucks;

Platform Scale — A compound lever scale whose load-
receiving element is a platform that is supported by four or

It is also important to give an appropriate definition of mass : .
P g perop (rarely) more main bearings;

balancing as a valuable aspect of metal accounting and
reconciliation: this is the process whereby input and process
streams, or the individual components of the streams, stocks
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Weighbridges — Weigh scales designed to weigh road trucks
or rail wagons where the lever system is usually below ground
in a pit so that the vehicle or rail wagon can pass over and stop
on the scale. In a large capacity, the scale also refers to the
structural frame carried by the main bearing which supports the
load-receiving element.

Weigh Idlers — Idlers positioned in the weigh carriage
assembly so that they sense the weight of the material on the
conveyer and transmit the weight through the carriage to the
load sensor.

According to Morrison et al. (2008), the primary goal of mass
measurement for metal accounting is to establish the mass of
the particular material or component present at a specific time,
or the mass flow of that component over a defined time period,
with a defined accuracy suitable for mass and metal balancing.

Mass measurement can be classified into: measurements
that are necessary for custody transfer and primary accounting
of the input and output streams to a plant or operation, and
measurements that are required for secondary accounting, or
management control (Wortley, 2009).

In his introduction, Wortley (2009) describes some of the
essentials for any mass measurement system which should be
followed if we want to achieve reliable results for primary metal
accounting:

o Selection of the most suitable stream and location for
measurement;

e Correct specifications and selection of the method
and equipment to suit the application;

e  Optimum design, location, and installation to permit
measurement and calibration by recognised
techniques;

o Regular calibration by approved techniques and
procedures and certification in the case of custody
transfer applications;

e Record keeping and logging of all calibration results,
corrections, and readings in order to facilitate error
detection and statistical analysis in order to enable
the accuracy/precision of the measurement to be
calculated;

o  (Cleanliness, good housekeeping, and maintenance.

The first three requirements should be incorporated into the
design of the plant. This is often not the case and thus
modifications to existing plants may be required with
associated costs and, in some cases, they may be difficult to
achieve. However, the latter three are totally under the control
of the existing management and are basically part of good
management practice.

In mineral processing plants, the mass measurements are
usually accomplished using:

Platform, truck, and rail weighbridges;

Weigh tanks, hoppers or bins;

Conveyer belt weighers;

Flow meters (volume and mass measurement).
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The mass measurements could be carried out in rail cars or
road trucks, in bins, hoppers, drums, tanks or other vessels, on
conveyer belts or in conduits, as well as in open channels. The
mass of bulk commodities is usually measured in ships or bulk
carriers.

Some of the most common problems related with the mass
measurement techniques for metal accounting are as follows:
design and equipment selection; record keeping; certification
and calibration; plant management and housekeeping.

Methods of measuring mass
Static weighing

According to Gaylard et al. (2009), the road/rail weighbridges
(Figure 1) and platform scales are the most accurate form of
mass measurement as there are no dynamic effects and they
can be easily and frequently checked in operation by the use of
internal check weights.

Fig. 1. View of Avery Weigh-Tronix weighbridge (Avery Weigh-Tronix
Ltd.)

The mass measurement by truck/platform scale is usually
performed by weighing the mass of the truck while it enters the
plant area empty and when it leaves fully loaded. Truck scales
are a practical solution for mineral processing plants with huge
production volumes and constant material flow out of the plant
through trucks. They are used particularly if the end products
are stored in the plant area and transported out later. This way,
the producer can monitor the amounts of end products when
they leave the plant (www.weighingsystems.com, 2018).

In cases where the ore entering the processing plant is
owned by one company and is treated by another company,
the most practical solution to measuring the mass of the ore
treated is in-motion rail weighing or through conveyor belt
weighers. This equipment is capable of reasonable accuracy if
the best practices for selection, installation, and calibration as
detailed in the AMIRA Code and the textbook (Morrison et al.,
2008) are followed and providing the equipment is kept well-
maintained and clean, which is often not the case (Gaylard et
al., 2014).

Road trucks, rail wagons or ships are commonly used for the
transportation of concentrates where the material could be
transferred in tankers in a slurry form, as filter cake, or as dry
powder, usually weighed several times during the transfer.
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Fig. 2. Railroad track scales (Rice Lake Weighing Systems Ltd.)

Usually, the in-motion weighing of materials in road or rail
trucks (Fig. 2) is used for large quantities of ore or bulk
commodities. The accuracy of in-motion weighing for rail trucks
depends on:

o The truck layout at both ends of the weighing section;

o The fastening of the rails on these approaches
(concrete or ballast);

e Constant speed over the weighing section, at a
speed within the capability of the system;

e Good maintenance of the track, bogeys, and trucks
in order to reduce impact and vibrations such as flat
spots on the wheel.

The authors (Gaylard et al., 2009) also suggest that the
weighbridges or platform scales should be designed in
accordance with the following principles if they are going to be
used for primary metal accounting purposes:

e The design range must take account of the various
loads being measured to ensure that the mass to be
measured is as high a proportion of the maximum
range as possible without overloading;

e Ingress of water should be eliminated or a facility for
ongoing regular removal incorporated;

e The installation must be level and the construction of
the weigh frame must be such that distortion be
eliminated;

e The weight indicator or print-out must have sufficient
graduations in order to show the measured weight
with the significant figures that are required to meet
the specified accuracy requirement for the operation;

e Maintenance and operating personnel should
undergo training in the correct operation,
maintenance, and calibration of these scales;

e The indicator and other measuring elements should
be in a weather- and tamper-proof casing;

e The zero reading should be checked every shift;
ideally, scales should be checked by the operating
personnel on a daily basis using internal check
weighs;
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e Results of these checks and of the regular
inspections should be logged and analysed in order
to establish the measuring error and any trends or
bias;

e The weighing platforms should be checked regularly
and kept clean;

e Access to the weighbridges/scales should be
restricted to authorised operating and maintenance
personnel only;

e The truck being weighed should be clean before
loading or after offloading and the correct tare must
be used (allowing for the driver, fuel, and packing
equipment, such as tarpaulin covers);

e Free movement of the platform should not be
restricted in any way, e.g. by touching the external
frame or by spillage jamming in the gaps between
the weighing platform and the frame;

e  Overloading must not occur and loads must not be
dropped onto the platform as this may damage the
load cell and/or distort the platform;

e To eliminate the possibility of fraud, good supervision
is required to ensure that checks are in operation.

In Chapter 3, entitled “Mass measurement” (Morrison et al.,
2008), the authors discuss the design and usage of hopper/bin
scales which are also capable of good accuracy although they
require a more elaborate installation for loading and offloading
the materials for weighing. Three or four load cells will be
usually spaced equidistantly around the circumference.
Authors propose that a rigid framework of support and
stabilisation of the bin or tank should be introduced, so that the
load cells are not affected by factors such as agitation, material
flow or wind.

Dynamic weighing

Belt scales

Belt scales (weighers) (Fig. 3) enable the continuous
weighing of large quantities of solid materials travelling on
conveyer belts without the disruption to the process that batch
weighing can produce. However, static scales are in general
more accurate and capable of greater “sensitivity” since a
larger quantity of material is being weighed at one time. In
addition, in practice, the accuracy of belt scales in operation is
often considerably poorer than should be expected because of
the poor choice, system design, installation or bad operation or
calibration (Morrison et al., 2008).

CARRYING

Fig. 3. Schematic diagram of belt conveyer system (Belt Scale Handbook
2016, Thayer Scale-Hyer Industries, Inc. Ltd.)
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The weight on the conveyor belt is measured by sensing the
force on one or more conveyor idlers. The motion of the
material is measured by sensing the travel of the belt with a
device which produces an “output” representing a fixed
distance of belt travel. Because the measured force represents
weight per unit of length (kg/m), it can be multiplied by the belt
travel to acquire total weight. This function can be
accomplished with an electro-mechanical or electronic
integrator. With proper scaling, total weight may be
accumulated in tons, long tons, or metric tons. In addition to
displaying total weight passed over the belt conveyor scale, the
most modern integrators also display instantaneous rate (i.e.
kg/h or tons/h) and provide the transmitted output for remote
monitoring and control requirements. The most viable belt
conveyor scale systems operate in conformity with the above
mentioned method of measuring weight per unit of length and
multiplying that by the belt travel in order to determine the total
material weight (Thermo Scientific Belt Conveyor Scale
Handbook, 2012).

Belt —

K
Fulerum —/ |

Load Sensor

Single Pivot Carriage, Single Idler

Belt ——

A
L Load Sensor LFuicrL=m

|—-'I|

Fulcrum

Dual Pivot Carriage, Multiple Idier

Belt ———

L— Load Sensor Load Sensor —

Full-Floating Carriage, Multiple Idler

Fig. 4. Various common carriage designs of the conveyer belt measuring
system (Thermo Scientific Belt Conveyor Scale Handbook, 2012)

Many manufacturers can be found in the field of mass
measurement, and in particular in the conveyer belt weighing,
but one of the world leaders and a most recognizable company
in this area is Thermo Fisher Scientific Inc. Detailed and useful
information has been presented in their Belt Conveyor Scale
Handbook (2012). The following basic components and their
function are quoted below:
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e The scale carriage (Fig. 4) transmits the forces
resulting from the belt load and directs those forces
to the load sensor(s);

e The load sensor transduces the load force to a form
acceptable to the mass totaliser;

o The belt travel (speed) pick-up contacts the belt and
transmits belt travel (speed) to the speed sensor;

e The belt travel (speed) sensor transduces the belt
travel (speed) to a form acceptable to the mass
totaliser;

e The mass totaliser (integrator) computes the total
mass that has passed over the belt conveyor scale
and provides for the indication and recording of that
value. Typically, the mass totaliser will also provide a
mass flow rate indication.

The scale carriage must transmit the forces resulting from
the material on the conveyor belt to the load sensor without
adding any extraneous forces. It is important that no forces
originating from belt travel or belt side travel be converted to a
force on the load sensor. A draw of a single weigh idler
showing forces in two dimensions is shown on Figure 5. Force
F actually is sensed by the idler, but the scale carriage must
transmit only force V to the load sensor. Force H must not be
changed to a force acting on the load cell as a false
representation of force V.

i Weigh Span I
—Belt
4 \ i
Idler
V F

Fig. 5. Single weigh idler (Thermo Scientific Belt Conveyor Scale
Handbook, 2012)

Morrison et al. (2008) suggest that the accuracy of conveyer
belt (Fig. 6) weighing could be affected by the following:

o Flexibility of the weigh carriage;
Spillage onto the weigh section;
Belt effects such as tension,
misalignment of the belt or idlers;
e Errorin the belt speed measurement;
Errors in the various processes of the measurement
chain;
Calibration errors and poor calibration techniques;
Changes in the material being conveyed;
Belt loading (proportion of design and variability);
Poor operation, housekeeping, and maintenance;
External environmental factors such as wind, dust,
and excessive vibration or shocks;

stiffness, and
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Fig. 6. Four Idler Belt Weigher - Thermo Scientific Ramsey Series 14
(Ramsey Catalogue, Thermo Fisher Scientific Inc., 2018)

Morrison et al. (2008) explain that various methods could be
applied for accurate measurement of the conveyor belt travel
speed, which is as important as the mass on the conveyer
because any error is directly proportional to the mass flow. The
authors also suggest that, for authentic metal accounting, high
quality equipment should be used and the belt speed
measurement be derived from a cylinder or wheel (Fig. 7) in
contact with the belt itself. This wheel should be: fitted so that it
is in contact with the belt at all times (spring loaded); fitted at
90° to the direction of belt travel in the centre of the belt; of as
large a diameter as is practical and as close to the weigher as
possible. In general, the more idlers on a weigh frame, the less
the effect of belt tension and alignment and the longer the
instrument will remain in calibration (Amira, 2007).

Fig. 7. Tachometer for belt speed measurement (Spangenberg, 2012)

Various calibration methods exist such as: dead (static) test
weights with the belt stopped or operating; use of an installed
calibration test weight with the empty belt running; test chains
or the material-run (bulk test) method. Calibration should cover
a range of 20-100% of the belt loading for static tests. Testing
over a range is not possible with an installed calibration weight,
nor is it practical for material tests (Annon, 2003).

It has been suggested (Thermo Scientific Belt Conveyor
Scale Handbook, 2012) that frequent zero calibrations may be
impractical although it is recommended to do a daily zero
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calibration or zero balance. A change in zero balance can be
expected over a long period of time due to material buildup on
the carriage or to belt and idler wear. Zero calibration should
only be performed by making a whole number of revolutions.
The belt weight variance will be compensated for only if whole
numbers of revolutions are used for zero calibration. Zero
shifts in the order of 0.1 to 0.2% of full scale are normally the
result of major weather changes, material buildup on the
weighbridge, belt tracking, etc. Zero shifts of a larger
magnitude normally are conveyor belt related and should be
corrected prior to zero calibration. Most belt conveyor scale
weighing errors result from improper zero calibration and lack
of understanding of factors that cause zero calibration shifts or
errors.

Morrison et al. (2008) propose that the static weights are the
easiest and most convenient method but suffer from the
following disadvantages: the dynamic effect of the normally
loaded belt is excluded; the weight length must be accurately
known and if the weigher is a pivoted type, the leverage ration
must be accurately established.

The “material-run” method is preferred since it involves
passing a known weight of the material (measured statistically
in a weigh bin or a weigh bridge), which is normally measured
by the weigher, over the specific weigher in the normal
operating mode, thus incorporating the operating belt effects.
This method is a requisite if the scale is to be certified but it
necessitates facilities such as reference weigh bins or
weighbridges to test weigh the material passing over the scale
to a higher level of accuracy than that required for the belt
scale being calibrated (Considine, 1993).

According to NIST 44 (Specifications, Tolerance, and Other
Technical Requirements for Weighing and Measuring Devices,
Handbook 44, 2015), some of the significant requirements for a
material run test are presented below:

o The test shall be conducted at normal operating load;
o The test shall be conducted over a period of:
0 notless than 1000 scale divisions;
o0 at least three complete revolutions of the
belt;
0 atleast 10 minutes of operation.

e A zero load test shall be conducted prior to the
material test for at least three complete revolutions
and ten minutes and immediately after the material
test. The zero error for the former shall not exceed +
0.06% or 1 scale division after the zero adjustment,
and for the latter test it shall not exceed + 0.12% or
12 divisions, whichever is less;

e The check weight scale must be capable of an
accuracy of at least £0.1%;

o After a zero load test, the totaliser must not change
more than 3 scale divisions for one complete belt
revolution;

o [f the error shown by the material test is less than
0.25%, no adjustments should be made. If it is grater
than 0.25% but less than 0.75%, adjustment may be
made after notifying the statutory authority. If it is
over 0.75%, adjustment may only be made by a
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competent person after notifying the authority and if
the error is over 0.75% an official test is required.

Nuclear Belt Weighers

Nuclear belt weighers use the principle of the adsorption of
nuclear (gamma) radiation to measure belt loading. Suppliers
provide guides to help select electro-mechanical or nuclear
weighers for a specific application (Morrison et al, 2008). Such
a belt weigher is shown on figure 8, where a fan-shaped
collimated beam of radiation is transmitted from the source
through the process material and the conveyor to the detector.

The nuclear belt weighers are simple to install and are less
affected by belt tension or misalignment, so the conveyer
design is not as important. Besides, they are not susceptible to
external forces such as wind, they are less maintenance
intensive, and easier to calibrate. However, they have the
some operational limitations as to the measurement of belt
speed, plant housekeeping moisture determination and regular
calibration as any type of belt weigher. Most importantly, they
are affected by variation in the size, composition, and shape of
the material being measured and are therefore normally less
accurate than electro-echanical weighers, with maximum
errors of £1 to £2% of full scale being achievable but higher
levels being normal (Jost, 1986).

Fig. 8. Nuclear Belt Scale (Measuring Bulk Solids on a Conveyor,
http://lwww.powderbulksolids.com, 2018)

The relevant national nuclear authorities control their use and
maintenance. In certain applications, they can also be used,
with neutron or microwave gauges to determine moisture
content. They should not be used for metal accounting
measurements.

Conclusion

As was mentioned in the Introduction and thanks to
researchers such as Rob Morrison, Peter Gaylard, Ralph
Holmes, Neville Randolph, Mike Wortley, Richard Beck etc.,
who were included in AMIRA P754 project, ‘Metal Accounting
and Reconciliation” and developed the Code of Practice for
Metal Accounting for the Mining and Metallurgical Industry, the
primary objective of mass measurement for metal accounting
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has been determined. It is to provide a result for the mass or
mass flow of the component of interest that is free of bias, or at
least such bias that can be established, and with a random
error that is within the maximum limits required for the metal
accounting system.

This review was made possible by the research carried out
by the AMIRA International P754 Program and by the above
mentioned scientists whose efforts and knowledge have
contributed to the publication of various textbooks, research
papers, and industrial reports. More details on this topic can be
found in the literature sources listed below.
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Marin Ranchev’, Irena Grigorova’, Ivan Nishkov?

"University of Mining and Geology “St. Ivan Rilski”; 1700 Sofia, Department of Mineral Processing and Recycling;
inishkov@gmail.com

ABSTRACT The past few decades have witnessed a significant progress in the development of various sampling and control methods, sampling equipment, and
standards. Sampling of various product streams in mineral processing plant is an extremely important process in providing information that allows the management
and optimisation of the operation in a processing plant. In order to obtain a representative sample of the lot, we must ensure that all material in the process flow
should have an equal probability of being sampled. The primary reasons for sampling in mineral processing plants, as well as some basic statistical concepts are
discussed in this paper. However, the main aim of this review is to explore and summarise the various types of sampling equipment (mechanical, manual and on-line),
sampling procedures (methods), and practices carried out in modern mineral processing plants.
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PE3IOME. NMpe3 nocrneaHUTe HAKOMKO AeceTuneTus ce Habnofasa 3HaunTeneH nporpec B paspaboTBaHETO Ha pasnnyH1 METOAM 33 ONPOBBAHE W KOHTPON, KaKTO U
CTaHgap™ u obopyaBaHe 3a OCbLUECTBABaHE Ha npoueca onpobsaHe. OnpobBaHETO Ha pasnMyHN TEXHOMOMMYHW MOTOLM € MHOMO BaXeH MPOLEC, ocurypsiBall
MHChopMaLWsl, Ypes KOSTO ynpaBnsiBame W onTumMuaMpame pabotata Ha oboratutenHata abpuka. C Len ocurypsisaHe Ha npefctaBuTenHa npoba, Tpsibea fa
rapaHTMpame, Ye BCUYKW YacTW Ha MaTepuana KoiTo ce onpobBa, Tpsibea fa ObgaT paBHOMOCTABEHW MO OTHOLIEHWE HA BEPOSITHOCTTA Aa nonagHaT B kpaiHaTa
npoba 3a aHanu3. B HacTosiwarta paspaboTka ca pa3srnefaHu rmaBHUTE MPUYMHK, MOPaaK KOWTO Ce OCHLLECTBSBA NpoLieca onpobBaHe B oboratutenHute dabpuky,
KaKTO W HSIKOM OCHOBHW CTaTUCTWYecku moHsTWs. OCHOBHaTa Len Ha To3u Mperned e fa ce npoyyaT W o6o6lwsT pasHoobpasHuTe onpobBalyy ycTpoiicTBa
(MeXaHW4YHM, PBYHU 1 OHMalH YCTPOICTBA), MPaKTUKM U NpoLiefypy (MeToamku) Ha onpobBaHe, npunaraHu B CbBpeMeHHUTe oboraTutenHn abpuku.

Kniouosu AyMu: 0npo6BaHe, np06a, oboraTtsiBaHe Ha None3Hu 13konaemy, NPaKTukK, npoueaypu

Introduction falling stream of material either from a conveyor or
particulate material or from a slurry stream;
According to Gy (1982) and Pitard (1993), the fundamental ¢ Increment — A quantity of material collected in a

rule for correct sampling and sample processing is that all single operation of a sampling device;

parts of the ore, concentrate or slurry being sampled must
have an equal probability of being collected and becoming part
of the final sample for analysis; otherwise, bias is easily
introduced and the sample will not be representative.

Before doing into detail concerning the processes of
sampling practice, measurements and procedures, it is worth
mentioning some of the terms commonly used in this field.
Authors such as Morrison et al. (2008) suggest the following
definitions:

e Best practices — The most precise method of
performing a measurement with the information and
equipment available at that time;

e Bias — The difference between the mean result of
one or more measurements and the true value of the
quantity being measured;

o  Cross-Stream Sampler — A mechanical sampling
device that is used to collect an increment from a

o Lot - A defined quantity of the material being
measured to which the mass and analysis is
applicable. For accounting purposes, a weighed
average sample of all the production or shipment
batches making up that lot is prepared and submitted
for analysis;

o Representative - A sample can be said to be
representative of the lot from which it was taken if the
mean square of the total sampling accuracy is less
than some standard of representativeness;

e Sample — A subset of population chosen in such a
way that it can be taken to represent the population
with respect to some characteristics.

Overall, sampling procedures cover the practice of selecting
representative quantities of test material in the field in order to
evaluate bulk materials. Examples of the test materials are
bulk granular solids, slurries, sludge, grains, and solid fuels. It
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is necessary to be able to sample bulk materials during
shipment and during processing operations.

Taggart (1945) defined sampling as: “The operation of
removing a part convenient in size for testing, from a whole
which is of much greater bulk, in such a way that the proportion
and distribution of the quality to be tested (e.g. specific gravity,
metal content, recoverability) are the same in both the whole
and the part removed.”

After the primary sampling stage, the increments taken by
the mechanical sampling system are usually processed on-line
to reduce the sample mass that is taken back to the laboratory
for final sample preparation and analysis. Primary increments
are either processed individually or combined into a sub-lot or
gross sample in a number of stages of crushing, division and
drying if necessary (Morrison et al., 2008).

Very important decisions, such as process flowsheet
developments, methods of improving recoveries and grades,
and reducing losses efc., are usually made in a metallurgical
plant thanks to the results obtained from sampling processes.
Logically, this confirms the need for reliability of the samples
and the methods used in obtaining them, as well as careful
control and quantitative determination (Chibwe et al., 2005).

Morrison et al. (2008) highlight the principal steps in
establishing a sampling regime and they are listed below:

e Determine what needs to be sampled — a shift
production, a stockpile or a shipment;

o  Specify the purpose of sampling and the required
precision — the purpose of sampling is particularly
important as it determines the overall precision
required;

o |dentify the nominal top size of the material to be
sampled and, hence, the dimensions of the sample
cutter and mass of increment;

o Characterise the variability of the material being
sampled for determining the number of primary
increments needed to obtain the required sampling
precision;

o Determine the sampling intervals in tonnes for mass-
basis sampling and in minutes for time-basis
sampling;

o Establish the procedure for combining increments
into sub-lot samples or a gross sample in order to
achieve the required overall precision of sampling,
sample preparation and analysis.

The sampling intervals mentioned above are usually based
on time or mass principle, i.e. mass-basis and time-basis
systematic sampling. Morrison et al. (2008) suggest that when
mass-basis sampling is adopted, the increment masses
extracted need to be of almost uniform mass to ensure that
each increment caries the correct weighting information. This
could be achieved by using a variable speed cutter, discussed
below, that adjusts its speed increment-by-increment so that it
is proportional to the flow rate at the time of taking the
increment, thereby ensuring that the increment masses are
almost uniform. On the other hand, when time-basis sampling
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is adopted, the increment mass must be proportional to the
flow rate, so a fixed speed cutter needs to be used. Both mass-
basis and time-basis sampling are equally acceptable,
although time-basis sampling is easier to implement and does
not require measurement of flow rate and control of cutter
speed.

Sampling in concentrators

Holmes (2010) suggests that the most appropriate location
for sampling a process stream in a mineral processing plant is
at the discharge point of a conveyor belt or chute where the
complete stream can be intersected at regular intervals.

This article begins with a look at the manual, mechanical and
on-line sampling techniques, requirements, and instruments
that are most widely used in practice.

Manual Sampling

According to Morrison et al. (2008), the requirements for
manual sampling of a process stream are very similar to those
for mechanical sampling, even though manual sampling can
only be conducted at relatively low flow rates.

Smith (2004) points out that the most important and
influential aspect of sampling, in the Gy sense, is the correct
sampling equipment which is also used properly. Conversely,
the incorrect equipment commonly results in biased samples.
Another essential conclusion, according to Smith (2004), is that
the sampling equipment may not perform well in practice even
though it is designed correctly. Operators (those taking the
samples) may not be properly trained in correct sampling.
Without correctness, sampling bias is introduced and sampling
variation is increased, sometimes substantially, beyond the
unavoidable statistical sampling variation. Since samples are
only as good as the sampling systems that generate them,
incorrect sampling will remain undetected without an
examination and evaluation of the sampling systems.

Fig. 1. Sampling from the top of conveyor belt (Holmes, 2010)

Taking a manual sample from the top of conveyor belt (Fig.
1) is undesirable, because the material at the bottom of the
conveyor is ignored, therefore the representativeness of the
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sample is not provided. Furthermore, sampling from the top of
railway wagons (Fig. 2A) or from the side of a stockpile (Fig.
2B) it is not recommended due to the segregation which occurs
in stockpiles because the coarser particles tend to rill down the
outside leaving the finer particles in the centre of the stockpile,
thus introducing unsatisfactory results.

A e

Fig. 2. Taking samples from the top of railway wagons (A) and the side of
stockpiles (B) (Morrison et al., 2008)

According to Petersen et al. (2005) due to the material
heterogeneity, the Grouping and Segregation Error (GSE) is
usually inevitable in any sampling practice. The GSE mostly
depends on the level of fragment segregation which strongly
depends on the material differences in particle size, shape,
and density. Segregation usually occurs when dealing with
particulate materials, both stationary and in motion.

Figure 3 illustrates the effect of sampling a segregated (Fig.
3A) and mixed material (Fig.3B). The authors (Peterson et al.,
2005) suggest that it may be appreciated how compositing a
number of small samples gives a much more representative
sample than extracting only one large sample of the same
mass/volume. In order to minimise the grouping and
segregation error, mixing or blending the material before
primary or/and secondary sampling should be carried out; if
this is not possible, a composite sampling is the most
appropriate action that must be taken.
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Fig. 3. lllustration of segregated (A) and mixed (B) material (Peterson et
al., 2005)

Mechanical Sampling

Sample cutters are known as devices for taking samples
from a broad range of locations in the mineral processing plant,
and the portions of material extracted by a single operation of a
sample cutter are referred to as “increments”. Holmes and
Robinson (2004) suggest that the two main classes of sample
cutters are “cross-stream cutters” which pass a bucket or a
chute through a stream of falling material, and “cross-belt
cutters” which remove material from a conveyor belt by
passing a device across the belt, generally by having it rotate
around an axis that is parallel to the belt.

Cross-Belt Cutters

As reported by Morrison et al. (2008), cross-belt cutters are
widely used in the resource industries, especially as cutters
that take samples in-situ from conveyor belts, as well as for
ore, concentrate, and particularly coal sampling rather than
falling stream cutters. Generally, the cross-stream cutters are
cheaper to install and the increment mass is smaller than for
falling stream cutters.

Fig. 4. Cross-belt sample cutter illustration (Holmes and Robinson, 2004)

The most appropriate cross-belt cutters (Fig.4) should
comprise cutter blades which delimit the sample but use other
parts of the cutter to extract the sample, as reported by Holmes
and Robinson (2004). However, even the best designed cross-
belt cutters are likely to undersample any material, therefore
they are not recommended for metallurgical accounting for the
following reasons (Morrison et al., 2008):
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o  Generation of considerable turbulence when passing
through the stream, resulting in loss of material that
should have been included in the increment, as well
as in the introduction of other material into the
increment that should not be included;

o Cross-belt cutters could leave a layer of material on
the conveyor belt if the profile of the belt does not
match the cutter path and/or if the skirts at the
bottom of the cutter are not correctly adjusted. An
example of an incorrectly designed cross-belt cutter
installation where the conveyor profile does not
match the cutter trajectory is shown in Figure 5
(Docherty, 2005);

e [tis virtually impossible to check visually whether a
cross-belt cutter is performing correctly in terms of
correct increment delimitation and increment

extraction because considerable turbulence is
created as the cutter traverses the stream.

Fig. 5. Cross-belt sample cutter- the conveyor belt profile does not match
the trajectory of the cutter (Docherty, 2005; Morrison et al., 2008)

Gy (1992) considers the “Pollock samplers”, “hammer
samplers”, “strip samplers”, and “swing samplers” as having
“definitely incorrect extraction” because they undersample the

material which is near the belt.

Linear Falling Stream Samplers

The appropriate design of sample cutters is of a great
importance with respect to obtaining representative samples
from process streams. The installation of the falling stream
linear sampler (Fig. 6) at the discharge end of a belt conveyor
is the internationally preferred method of sampling the
conveyor. Correct design of the cutter shape and positioning is
critical to obtaining a correct representative sample
(http:/iwww.flsmidth.com, 2018).

Sample cutter

Sample cutter

slurry stream

Fig. 6. Correct (A) and incorrect (B) slurry stream sampling (Holmes,
2010)
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One of the world’s pioneers in the design and manufacture of
sampling and sample preparation equipment is the Australian
company Essa which was acquired by FLSmidth in 2011. Now
Essa Australia Limited are worldwide distributors of a range of
electric motor driven ball screw samplers that find particular
application in collecting representative samples from the
material stream being discharged over the head pulley of a belt
conveyor. These are setting new standards of performance
and reliability that traditional chain, pneumatic, and hydraulic
drive samplers can find difficult to match.

\‘J SN

Fig. 7. Ball Screw Linear Cross Stream Sampler - Essa® Sampling
Systems (http://www.flsmidth.com, 2018)

For cross-stream cutters (Figures 7, 8), the commonly
accepted conditions for correct sampling are based on Gy's
consulting experience and on trials discussed by Gy and Marin
(1978). As mentioned by Holmes (2015), the cutter aperture
must be at least 3 times the nominal top size (d) of the material
being sampled, i.e. 3d, to prevent preferential loss of the larger
particles, subject to a minimum of 10 mm for fine dry solids.
The cutter speed is also an important design requirement for
falling stream cutters and according to Gy (1982) must not
exceed 0.6 m/s

Fig. 8. Belt Drive Linear Cross Stream Sampler - Essa® Sampling Systems
(http:/lwww.flsmidth.com, 2018)

The synchronous belt drive samplers (Fig. 9, SBD),
engineered and manufactured by FLSmidth (Essa®), are used
where the sampler drive has to be mounted below the
discharge point. A single electric motor drives two
synchronised toothed belts located at either side of the ore
stream. This allows the sampler drive and cutter to operate on
the same plane across the falling ore stream.
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Fig. 9. Synchronous Belt Drive Linear Cross Stream Sampler - Essa®
Sampling Systems (http://www.flsmidth.com, 2018)

On-line sampling and analysis

Wills and Napier-Munn (2006) suggest that the key to
effective control is online chemical analysis which produces
real-time analysis of the metal composition of process streams.
On-line X-ray fluorescence (XRF) analysers provide elemental
assays from process flow streams and are now considered
standard hardware on large scale flotation plants (Garrido et
al., 2008). Furthermore, various measurement techniques have
been used for on-line particle size analysis of slurries. The
main analytical procedure in comminution circuit performance
measurement is the determination of the size distribution of the
solids in the samples taken during surveys. Many techniques
exist for particle size analysis (Napier-Munn et al., 2005).
Grinding circuit reduces particle size to a desired distribution. It
is important to measure the grinding product particle size for
grinding circuit monitoring and control. On-line particle size
measurement is the industry practice today.

I

Fig. 10. Courier® slurry analyser system (www.outotec.com, 2018)

Nowadays, many mine sites use analysers to replace the
time-consuming and labour-intensive laboratory methods for
routine process control assays. One of the main suppliers of
advanced process automation systems, control solutions, and
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intelligent instruments to the mineral and metal processing
industries is the well known Finland Company Outotec Oyj.
One of the primary uses of on-stream slurry analysers is in
flotation control. Outotec’s Courier analyser (Fig. 10) family, for
example, can measure elemental content in each stream of the
flotation process.

The Courier range of analysers includes Courier 5X SL,
Courier 6X SL, and Courier 8 SL (Table 1). It cannot be
sufficiently specified how essential it is to choose the most
suitable analyser since this entirely depends on your
application and on the primary process control goal (Outotec
SEAP Customer eNewsletter, 2018).

Several points of the process can be sampled with some
modern XRF analysers handling up to 24 streams and with
most machines capable of analysing for several elements and
solids content. The time to analyse a single sample can range
from 15 s to a minute, and the sampling cycle time is between
10 and 20 min — depending on the number of sample points
attached to the analyser (Laurila et al., 2002; Bergh and
Yianatos, 2011).

Table 1.
Various courier analyser details
Courier 5X | Courier 6X | Courier 8 SL
SL SL
Source X-ray tube | W-ray tube | Laser
(35W) (200 W)
Detector WDXRF/ | WDXRF / LIBS
EDXRF EDXRF
Elements Caand Caand Li and heavier
heavier heavier
Measurement | 30-120s | 15-60s 60-300s
time
Sensitivity 0.01% 0.003 % 0.05%
Samples Upto 12 Up to 24 Upto 12
Typical Base Base Fe ore,
applications | metals, Fe | metals, Fe phosphates, Ni
ore, rare ore, rare concentrates
earths earths, with Mg/Si
precious impurities,
metals, sulphide (Au),
PGMs CaCos, coal
It is well-documented that different particle size

measurement techniques will yield different results. This is due
to the fact that each technique measures a different dimension
of a three-dimensional particle. For on-stream particle
measurement, the focus is on repeatability, precision, and
reliability of the equipment (Kongas and Saloheimo, 2008).

An example of a commonly used analyser that provides real-
time, accurate particle size distribution measurements is the
PSI 500i Particle Size Analyser manufactured by Outotec.
Usually, PSI 500i is used in: monitoring grinding circuit
products with wide or bimodal distributions; monitoring regrind
circuits; controlling thickeners for optimum water recovery;
monitoring mine backfill and tailings disposal; monitoring feed
to slurry pipeline product quality measurement for industrial
minerals.
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Fig. 11. Principle of laser diffraction measurement (www.outotec.com,
2018)

Laser diffraction (Fig. 11) gives a consistent volumetric
particle size analysis result without any external calibration
which is a significant advantage. There is a small difference to
the particle size analysis measured by other methods, such as
sieve analysis. However, the repeatability and precision over a
wide particle size range are the most important features in
process control applications. Plant results have shown that
laser diffraction is a viable method for the on-line particle size
analysis of wet slurries in  mineral  processes
(www.outotec.com, 2018).

Conclusion

The objective of all sampling is to obtain a representative
sample. This is an ideal concept which is rarely realised in
practice. As mentioned above, the fundamental rule for taking
representative samples is that all parts of the material sampled
must have an equal probability of being collected and
becoming part of the final sample for analysis. There is little
point in using the latest metallurgical accounting package to
improve metal balancing if the data used are unreliable in the
first place. As pointed by Holmes and Robinson (2004) and
Morrison et al. (2008), the financial consequences can be
huge, ranging from sub-optimum utilisation of ore resources to
poor recovery in the processing plant and loss of revenue from
product sales. Therefore, it is vital for accurate metallurgical
accounting that sampling be carried out correctly to ensure that
samples are representative; otherwise the entire measurement
chain is corrupted at the outset.
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ABSTRACT. Over the past few decades, flotation has been one of the fastest developing and commonly applied processes in the mineral processing industry. Along
with that, the flotation machines are constantly developed, modified and improved. The pneumatic pre-contact flotation machines are representatives of a new
generation of flotation machines with a number of design features that improve the flotation process. This article discusses several types of pneumatic pre-contact
flotation machines e.g., PNEUFLOT, SFR (Staged Flotation Reactor), IMHOFLOT, and SIMINE Hybrid Flot.
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PE3IOME. MMpe3 nocregHuTe HAKOMKO JeceTurneTus hnotaunsta e eauH oT Hail-0bp30 passuBalLMTE CE M MpunaraHu npouecy npu npepaboTkata Ha MomnesHu
u3koraemu. lMapanenHo ¢ ToBa ce pa3suBaT, MOAU(ULMPAT U YCbBHPLIEHCTBAT (rOTALMOHHUTE MalUMHW. MpeacTaBuTeny Ha eIHO HOBO MOKOMIEHUE (HOTaLMOHHM
MalnHN ca (NOTALMOHHUTE MaLMHA OT KOMOHEH TUM C MpefBapuTeneH KOHTakT. Te npuTexaBaT peauua KOHCTPYKTMBHM OCOBEHOCTW, KOWTO nopobpseart
chroTaumoHHMs Npouec. B HacTosiLaTa ctaTus pasrnexaame HSKOMKo TUna KOMOHHM (hroTaLMOHHU MallMHK C NpeaBapUTeneH KoHTakT, a uMeHHo PNEUFLOT, SFR
(Staged Flotation Reactor — Ctbnkos ¢priotauvmoHeH peaktop), IMHOFLOT v SIMINE Hybrid Flot.

KniouoBu AYMU: KOJIOHHU (*)l'lOTaL[VIOHHVI MalUnH, (*)l'lOTaL[I/Iﬂ C NpeaBapuUTeneH KOHTakKT

Introduction

Contemporary requirements in the field of pulp aeration
theory and air bubble mineralisation require the creation of
pneumatic pre-contact flotation machines. Those are
representatives of a new generation of floating machines which
are used in the flotation of ores of ferrous and non-ferrous
metals, precious metals, coal, and other minerals.

The pneumatic pre-contact flotation machines are
representatives of a new generation of flotation machines with
a number of design features that improve the flotation process.
The mixing of the solid and gas phases in an aqueous medium
is carried out in advance, outside the volume of the flotation
cell, in heterogeneous devices designated by the various
manufacturers, such as aeration devices, mixing chambers,
and others. The elementary flotation act (attachment of
hydrophilic solid particles to air bubbles) occurs in these
devices. Pre-contact flotation machines do not have an
impeller system which means there is no wear and tear in the
stator-rotor system. Another important feature is the ability to
create finer air bubbles and lower air consumption than
conventional pneumo-mechanical machines, resulting in
flotation of fine products and production of high-quality
concentrates.
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This paper explores some of the most widely used column
pneumatic flotation machines operating under the flotation
method with pre-contact, in the process of studying the
efficiency of the processing of a variety of raw materials (the
feeding of the flotation cell, the pulp aeration, the residence
time, and others). They are as follows: PNEUFLOT (MBE Coal
& MINERALS TECHNOLOGY), SFR (Woodgrove
Technologies), IMHOFLOT G-Cell (Maelgwyn Mineral Services
Ltd.), and SIMINE Hybrid Flot (SIEMENS).

IMHOFLOT

Pneumatic flotation, as developed by Dr Rainer Imhof, has
been applied in commercial beneficiation operations since
1987. Over 85 flotation cells have been installed in more than
30 operations successfully treating a wide range of minerals.
Flotation machines with a pre-contact collar type column
include: power supply, air bubble generation, bubble/particle
contact, and phase separation of the froth from the tailings.
The Imhoflot V-Cell design is presented in Figure 1. The
suspension is pumped with sufficient fluid to obtain intense
aeration of the air and rapid dispersion for efficient air
bubble/particle contact (Imhof et al., 2005).
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Fig. 1. Imhoflot V-Cell (Imhof, et al., 2005)

The aeration unit, or bubble generator, is a fundamental
component of the process and is constructed of fused silicon
carbide components to protect it from wear. Bubble sizes
generated by the aerator have been measured in the range of
10 pym to 1500 pm, with the statistical average being around
300 um (Brown, 2001). Figure 2 shows an Imhoflot aerator in
assembly. The Imhoflot V-Cell incorporates froth level control
and variable cross sectional area for froth removal; both can be
used to control mineral enrichment and mass pull (Imhof,
2000).

Fig. 2. Imhoflot - aerator in assembly (Imhof, et al., 2005)

Pneumatic flotation technology of Imhoflot has been
developing over a period of over 25 years. This has led to the
development and patenting of G-Cell Imhoflot, where the
application of centrifugal forces to accelerate the elemental
flotation act results in a significant reduction in the amount of
space required for the flotation equipment (Imhof, et al., 2005).
Figure 3 shows the Imhoflot G-cell flotation machine.

The Imhoflot flotation machines are characterised by high
selectivity and a number of advantages such as: efficiency in
the extraction of fine (<20 ym) and large (> 350 um) particles;
absence of moving parts; low power consumption because no
rotor/stator is needed to stir the flotation pulp.
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Fig. 3. Imhoflot G-Cell (https:/iwww.maelgwyn.com, 2018)

The elemental flotation act in the Imhoflot flotation machine
takes place outside the cell where pre-contact is taking place.
The separation and recovery of the valuable component is
performed in the cell without requiring mechanical dispersion of
the air phase. The flotation process takes place at a high
speed. The pulp is discharged through the aeration facility by
means of a centrifugal pump which provides the necessary
energy for complete aeration of the pulp. The aeration system
has a self-priming aeration device. With the Imhoflot pre-
contact flotation machines, a higher recovery is achieved, with
a very short retention time of the flotation pulp in the cell. It is
also possible to make large variations in the feed rate and the
grain size of mineral particles. The design of the distribution
pipes, the aeration unit, and the flotation cell allow easy
assembly and replacement of the parts (repairs). The main
parts are made of ceramics and wear-resistant materials. The
flotation line is fully automated and operated using a PLC. The
process is suitable for recovery hard-to-float minerals, resulting
in reduced initial investment and subsequent operating costs
(Imhof, 2000).

PNEUFLOT

The first PNEUFLOT pneumatic flotation plant was put into
operation in Pennsylvania in 1987. The installation, owned by
Pittstone Coal Co., is for coal flotation, and since then
PNEUFLOT has been widely applied in the processing of coal
and coal slimes, industrial minerals, iron minerals, and non-
ferrous metals such as copper, lead, nickel, and zinc and
precious metals - platinum, gold, silver and efc.
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The PNEUFLOT pneumatic flotation machine with a pre-
contact collar type column is based on the principle of mixing
the air and solid phases in a continuous flow. The preliminary
contact between hydrophobic mineral particles and fine air
bubbles takes place in special aeration devices. The
introduction of the aerated pulp into the flotation cell ensures
the formation of air bubbles with a size appropriate for the
respective flotation cycle. The flotation pulp is fed forward to
the aerator located in a vertical tube above the flotation cell.
After aeration, the pulp stream is introduced through the
central tube into the distribution nozzles located at the bottom
of the cell. Air bubbles covered with hydrophobic particles rise
to the top of the cell and form a froth layer on the surface that
separates around the cell. The particles that remain
unattached to the air bubbles are detached at the bottom of the
cell. The pulp level is kept constant by means of a gooseneck
that actuates a control valve. The kinetic energy required for
bubble/particle adhesion is generated by the turbulent flow of
pulp in the aerator. The required flow and pressure are
achieved by a feed pump for the suspension. The slurry is
pressed through small wear-proof ceramic nozzles distributed
in circles pointing to a large Venturi, thus creating a vacuum
when the pulp is pumped through it. This effect pulls air into
the pulp. The circular arrangement of the nozzles distributes
the pulp flow creating the necessary turbulence for intensive air
bubble/mineral particle contact. The air supplied serves both to
aerate the slurry and to stabilise it. Furthermore, all parts
exposed to friction are made of special rubber and ceramic
materials that ensure their wear resistance. These aerators are
offered in various sizes to suit different pulp flow rates and
different mineral throughputs. Therefore, only one aerator unit
per flotation cell is needed to achieve high performance.
Another advantage of PNEUFLOT is the ability to obtain
bubbles with a very wide range of sizes (0.00-1000 ym), with
the same equipment being used in all stages of flotation - from
rougher to scavenger and cleaner flotation (MBE Coal &
Minerals Technology GMBH - Pneuflot, www.mbe-cmt.de,
2018).

Figure 4 shows industrial installations of the PNEUFLOT
flotation machine (left) and the PNEUFLOT laboratory flotation
machine (right) used for the laboratory flotation experiments.

Fig. 4. Industrial installation (left) and PNEUFLOT laboratory flotation
machine (right)

SFR - Staged Flotation Reactor

The Staged Flotation Reactor has been developed thanks to
the efforts of a team of specialists who have explored the
shortcomings of both conventional flotation machines and
those of a new generation, trying to improve the major stages

of the flotation process. In this way, the team has created a
flotation machine with a pre-contact column type which
separates the three stages of the flotation process into three
different reaction zones represented in Fig. 5: zone 1- particle
collection unit (PCU); zone 2 - bubble disengagement unit
(BDU); and zone 3 - froth recovery unit (FRU).

SFR is a technical and technological innovation in the
flotation practice. It has several advantages: flotation
conditions with pre-contact between the solid and air phases;
reduced electricity consumption; less equipment area;
significantly lower air consumption; a smaller number of cells;
lower maintenance costs; better control scheme and easier
automated control. The rate of the flotation process and the
content of the valuable component in the concentrate is higher
(www.woodgrovetech.com/SFR.html, 2018).
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Fig. 5. Staged Flotation Reactor Flotation Machine
(www.woodgrovetech.com/SFR.html, 2018)

Staged Flotation Reactor - Woodgrove Technologies Inc. is
applied for a second time in the world and for the first time in
Bulgaria, at Chelopech Mining EAD. Its implementation is
planned by Dundee Precious Metals Inc. for the processing of
the ore from the "Khan Krum" deposit, "Ada Tepe" section,
until a gold-silver concentrate is obtained.

Figure 6 presents the industrial pneumatic flotation machines
(SFR), put into operation at the Dundee Precious Metals
processing plant in Chelopech, Bulgaria.
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Fig. 6. SFR Flotation Machines at ,,Dundee Precious Metals Chelopech*,
Chelopech, Bulgaria



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part Il, Mining, Technology and Mineral Processing, 2018

Pneumatic flotation machine SIMINE Hybrid Flot

The SIMINE Hybrid Flot pre-contact flotation machine
effectively combines the operation of pneumatic and column
flotation machines. In the design of the cell, two basic
construction stages are identified: upper and lower. The upper
section works pneumatically with a three-phase injector - a
solid/liquid phase (flotation pulp) and a gas phase through
which the feed pulp passes where it is saturated with air. As a
result of saturation, pre-contact occurs. In the froth product, the
floating fractions of the recovery raw material are most easily
extracted, the concentrate being drawn to launders
circumferentially spaced around the flotation cell. The circular
movement in the pneumatic section, along with the conical
intersection between the upper and lower section, lead to a
centrifugal effect while the turbulent flow is destroyed to enable
a laminar flow in the second stage (column section). At the
bottom of the column, the bigger gas bubbles catch coarse
particles that have not attached in the first stage at lower
enrichment factors. This significantly increases the total
recovery while providing a high selectivity. Froth washing is
possible to lower entrainment into the froth product. The
concentrate from the second (lower) section is directed to a
separate collection chute located at the top of the flotation cell.
The regulation of the aeration device located at the bottom of
the flotation cell provides a good opportunity to optimise the
contact between the mineral particles and the air bubbles.

As with other pre-contact flotation machines, the SIMINE
Hybrid Flot does not have a flotation pulp stirring device which
contributes to the lower electricity costs and the insignificant
wear on work surfaces. Figure 7 presents a general view of the
SIMINE Hybrid Flot Flotation Machine (Primetals Technologies
Hybrid Flotation FTC LAB, https://www.primetals.com, 2018).
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Fig. 7: Principle of the Hybrid Flotation Cell (https://www.primetals.com,
2018)
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Conclusion

In the course of the past few years, constant attempts to
improve the design and optimise the operation of the flotation
machines have led to the development of a new generation of
pneumatic flotation machines with a pre-contact column type.
The established long-term trend towards decreasing the
content of valuable components, especially for ore minerals, is
one of the reasons for exploring the possibilities to optimise
and improve the efficiency of both flotation machines and
overall technological operations. One of the most important
tasks that the mineral-raw material industry faces is the
development of innovative engineering solutions aimed at
improving the efficiency of the flotation process and leading to
the full utilisation of increasingly used raw materials. The
implementation of pre-contact flotation machines in the
process of the concentrator plants and the hydrometallurgy
plant is one of the most reliable solutions for the optimisation of
the production process.

References

Brown, J., Imhof, R. and Lotzien, R., Self-aspirating aeration
reactors for pneumatic flotation and other applications. In:
Proceedings, Ninth Balkan Mineral Processing Congress,
Istanbul, Turkey, 2001, 11-13 September.

Imhof, R., Battersby, M., Parra, F., Sanchez-Pino, S., The
successful application of pneumatic flotation technology for
the removal of silica by reverse flotation at the iron ore
pellet plant of Compafila Minera Huasco, Chile.
Proceedings of the AusIMM Centenary of Flotation
Symposium, Brisbane, 2005, - 861-867 p.

Imhof, R. M., Brown, J. V., Imhoflot-Evolution of pneumatic
flotation. In: Proceedings, Major Trends in Development of
Sulfide Ores Up-Grading in the 21st Century Conference,
Norilsk, Rissia, 2000, 24-28 April.

Imhoflot G-Cell, [Online] https://www.maelgwyn.com, 2018.

IMBE Coal & Minerals Technology GMBH — Pneuflot, [Online]
http://www.mbe-cmt.de, 2018.

Primetals Technologies Hybrid Flotation FTC LAB, [Online]
https://www.primetals.com/, 2018.

Staged Flotation Reactor - Woodgrove Technologies, [Online]
http://www.woodgrovetech.com/SFR.html, 2018.



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part Il, Mining, Technology and Mineral Processing, 2018

SOME ASPECTS OF THE REVAMP OF EXISTENT BENEFICIATION PLANTS

Alexander A. Klemiatov', Alexander I. Kalugin? llya A. Gribov3, Nikita A. Rozhdestvenskii*,
Alexey Yu. Barabash?®, Yulia S. Gordeeva‘

1 JSC “NIUIF”, Russia, Saint-Petersburg, AKlemyatov@phosagro.ru

2 JSC “Apatit’, Russia, Kirovsk, AKalugin@phosagro.ru

3 JSC “NIUIF’, Russia, Saint-Petersburg, IGribov@phosagro.ru

4 JSC "NIUIF’, Russia, Saint-Petersburg, NRozhdestvenskiy@phosagro.ru
5 JSC “Apatit’, Russia, Kirovsk, ABarabash@phosagro.ru

6 JSC “NIUIF”, Russia, Saint-Petersburg, YSGordeeva@phosagro.ru

ABSTRACT. The majority of beneficiation plants face the need for revamp in the conditions of currently operating technology, equipment, and limited space of
production units. lllustrating the example of two beneficiation plants processing apatite-nepheline ore (ANOF-2 and ANOF-3), we considered some aspects, steps and
results of solving a number of tasks for revamp. In the course of the work, a comprehensive approach was applied, including: setting and clarifying the task, analysing
the plant operation, identifying limiting factors, identifying possible ways to solve the problem followed by selection of the most appropriate way, determining the
impact on the other process stages, implementing the planned activities, and assessing the efficiency of the work performed. We reviewed the elements of forecasting
applied for beneficiation process indicators and modeling with some dependences considered. High efficiency of fine screening is proved, same as of column flotation
and some other processes in the conditions of available spaces of the plants considered.

Keywords: beneficiation, apatite, nepheline, revamp, column flotation, beneficiation plants processing apatite-nepheline ore (ANOF-2 and ANOF-3)
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PE3IOME. BonwuHcTeoTo 0T oboratutenHute abpuki ca u3npaseHu nped HeobXogMMOCTTa OT MPEeyCTPOWCTBO B YCMOBMSITA Ha HEMPEeKbCHATO AeACTBaLLM
TeXHonorus 1 0bopyaBaHe 1 Npy OrpaHNYeHO NPOCTPAHCTBO Ha NPOM3BOACTBEHUTE eanHML. VntocTpupaiku ¢ npumepy 3a aee oboratutentn dabpukym 3a anatut-
HecbenmHoBa pyaa (ANOF-2 n ANOF-3), pasrnexaame HAKOM acnekTi, CTBIKM 1 Pe3ynTaTi OT PeLiaBaHeTo Ha peauua 3ajgadu, CBbp3aHu C MpeycTpoicTBoTo. B
X0Aa Ha pabotaTa e NpUMoXeH KOMNNEKCeH MoAxXoA, BKITKOYBALLL: MOCTaBAHe W U3ACHABAHE Ha 3ajjayaTta; aHanua Ha pabotata Ha thabpukaTa; uaeHTUdULMpaHe Ha
Bb3MOXHUTE OrpaHinyaBaLLy akTopy; MAeHTU(MLMPaHe Ha Bb3MOXHUTE HauWHM 3a peluaBaHe Ha npobrema, nocneaBaHo OT U30OP Ha Halt-NOAXOAALNS HAUMH;
onpefensiHe Ha Bb3AENCTBUETO BbPXY APYrATE eTanu Ha NpoLeca; npunaraHe Ha nnaHuMpaHuTe [EeiHOCTM; OLeHKa Ha edheKTMBHOCTTA Ha W3BbpLLeHaTa paboTa.
HanpaBeH e nperneq Ha NPUNOXEHUTE eNeMEHTUTe Ha MPOrHO3MpaHe 1 MofenupaHe Ha WHAWKaTopute B oboratutennuTe npouecu. OT4YeTEH ca 1 onpeaeneHn
3aBucumocTy. [lokasea Ce BuCOKaTa eDEKTMBHOCT Ha (DUHOTO MpecsBaHe, kakTo W Ha (roTaLMOHHATa KONMOHA W Ha HSKOM APYrv MpoLecu B YCroBWATa Ha
Hanu4yHuTe paboTHU NPOCTPaHCTBA Ha pasrnexaanHuTe dabpuku.

KnioyoBu gymu: oboratsiBaHe, anatut, HedenuH, NPeycTpoicTBo, (noTaunMoHHa KonoHa, oboratutenHu dabpuku 3a anatut-HedpermHoBa pyga (ANOF-2 u
ANOF-3)

Introduction The goal of the initial stage is to determine the main criteria
that need improvement or modification. In the course of work,

The implementation of a new production unit at a new these criteria can be specified, followed by data retrieval and
location allows to apply the standard and already proven identification of limiting factors of the existent production unit
solutions, efficient (at the time of construction) technologies that prevent from achieving the assigned task. Then the
and equipment. However, in the process of operation, the possible ways to eliminate the revealed bottlenecks are
production unit is supposed to be continuously improved. The identified. The general effect of the revamp on production is
following conditions may precede that: change in the properties ~ confirmed. Accordingly, the measures are developed and
of processed ores, the need to increase beneficiation and implemented to eliminate the bottlenecks, taking into
production indices, ageing of the existing equipment, and other ~ consideration the integrated approach to solving the task.
factors. The revamp process consists of a number of stages. Thereupon, the efficiency of the completed works is assessed
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and synergy of operation of all process stages is specified.
Based on this, a decision is taken on the need for additional
work. At all stages, the decisions are evaluated and compared
not only from the process point of view, but also from economic
point of view.

In many ways, the revamp of the existent production unit is a
more difficult task compared to the construction of a new one
due to the necessity to consider the previously implemented
solutions.

Some aspects of revamp of two beneficiation plants, ANOF-
2 and ANOF-3, processing apatite-nepheline ore are
considered below. These beneficiation plants are part of
Apatite JSC ("PhosAgro" company, the Russian Federation).

The reasons for revamp and succession of tasks

At the time of commencement of the revamp (technical re-
equipment) of the production unit, the considered plants had
similar capacity for ore. ANOF-2 produced apatite concentrate
(in the main production building) and nepheline concentrate (in
a separate building) whereas ANOF-3 produced only apatite
concentrate.

The reasons preceding the revamp of the production units
were as follows:

- the necessity to shutdown the main production building of
ANOF-2 due to its ageing (in operation since 1963) and high
operating costs to maintain it;

- the need to increase the yield of apatite concentrate.

An important condition was to carry out works without
reducing the yield of concentrates with maximum use of
existent production areas and equipment.

The complicating factor was a continuous decrease in P20s
content in the ore by an average of 0.07% per annum,
currently it is about 12.5% (2018).

As a consequence, at ANOF-2, it was required to allocate a
new space for the apatite concentrate production unit. The
initial product supplied for the production of nepheline
concentrate is apatite flotation tailings with a certain content of
minerals. If the main amount of apatite concentrate is produced
at ANOF-3 from ore rich in P20s, the quantity and quality of the
tailings may not be sufficient for the stable production of
nepheline concentrate at ANOF-2. Reduction of content of the
useful component in the ore requires a more complicated
technological process. In case a non-flexible beneficiation
process is applied, any fluctuations in composition inevitably
lead to a decrease in process indices.

As a result of the analysis of the set tasks, the following
sequence of solutions was proposed:

1. arranging of the nepheline concentrate production unit at

ANOF-3, followed by its further shutdown at ANOF-2;

2. a step-by-step increase of capacity of the apatite

concentrate production unit at ANOF-3;

3. the construction of a new process chain for the production

of apatite concentrate at ANOF-2 within the nepheline

production areas;

4. the shutdown of the main production building at ANOF-2;

5. further expansion of the new process chain at ANOF-2 in

order to make possible the beneficiation of ores of different

composition and further increase of the capacity of the
apatite concentrate production unit at ANOF-3.

Such succession of tasks shall allow to use the existing
areas and equipment as much as possible, as well as to carry
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out the revamp without reducing the yield of concentrates.
Thus, as a result of transferring the nepheline concentrate
production unit to ANOF-3, the issue regarding the compact
placement of the apatite concentrate production unit at ANOF
2 is solved. Since poorer ore is processed at ANOF-2, as well
as ore with a less stable composition, the production process
shall stabilise at ANOF-3. The step-by-step transferring of the
most functional flotation machines, with their preliminary
renewal and re-equipment, from the main production building
of ANOF-2 to the new flotation production areas will make it
possible to reduce the amount of equipment to be purchased.

Arrangement of the nepheline concentrate
production unit at ANOF-3

According to the project (as of 1979), it was planned to
construct three identical production lines of apatite flotation in
the main production building at ANOF-3. Additional space for
the production of nepheline concentrate was not reserved.

By the time when the revamp began, two production lines of
apatite flotation had been implemented. There were areas
available for the construction of the third production line. To
increase the yield of apatite concentrate, the third flotation line
shall be ultimately required.

The tasks for the construction of the third line for apatite
flotation and for the production of nepheline concentrate were
considered together. This solution is reasonable because
production units of both considered concentrates were planned
to be placed within one production building of the beneficiation
plant. Also, it should be taken into account that the production
of nepheline concentrate is a sequential process following the
production of apatite concentrate in terms of comprehensive
processing of apatite-nepheline ores.

In this regard, it was decided to consider the possibility to
implement a more compact version of the third line of apatite
flotation (compared with the existent lines) within the available
areas. And the production capacities of the lines should be
similar.

As a result of the optimisation of technologies and the
integrated approach regarding the layout solutions, the apatite
flotation line and the nepheline concentrate production unit
were placed within the areas reserved for one flotation line.

The flexible process chain of the nepheline concentrate
production unit includes: segregation of the required volume of
apatite flotation tailings, screening by their size, magnetic
separation in a weak field, reverse nepheline flotation, and, if
necessary, refinement of nepheline concentrate by magnetic
separation in a strong field. It is possible to use the equipment
at dehydration and drying stage both for nepheline and apatite
concentrates. Filtration is performed via belt vacuum filters.
Storing and load handling of the nepheline concentrate is
arranged within the new areas.

Increase of the apatite concentrate yield at
ANOF-3

The technology of the production of apatite concentrate at
ANOF-3 included: three-stage crushing and one-stage grinding
of ore with screening in hydrocyclones, the basic, control and
three re-cleaning flotations, dewatering, drying, storing, and
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loading. Flotation is performed by pneumo-mechanical flotation
machines OK-38.

Consideration of the process indices, test results, and further
calculations proved that in a revamp process all major process
stages are concerned, and it is reasonable to increase
production capacity gradually by segregating the stages of
work. This approach makes it possible to detail and correct the
implemented solutions.

Analysis of the process schemes of new beneficiation plants
(Baranov, 2004) shows that semi-autogenous ore grinding is
the most common ore-preparation process. However, the
introduction of this process at an existent plant shall require
one-time drastic restructuring of the technological process with
great financial investments.

This clearly does not fit into our general concept. For the
revamp of ANOF-3, it was decided to gradually introduce
modifications into the units which are limiting at this stage of
general increase of production capacity of the plant. To identify
the limiting factors, the following sequence of actions was
performed: monitoring - measuring - calculating - analysing.
Any of these actions may be skipped, and it is possible to
come back to the previous action. This approach is used for all
major process stages.

The performed calculations proved that the production
capacity of the large crushing cycle would be sufficient.

At the stage of intermediate crushing, the screens GIST-72M
were replaced with GTS 72MT (Korovnikov et al., 2013) and
crushers KSD-3000T were replaced with GP7 (Metso
Minerals). These measures, in addition to the increase of
capacity, reduced the fraction size of fine crushing feed. The
number of pieces of equipment did not change. It confirms the
trend of the successful introduction of new crushers that
operate as part of a standard ore preparation process which
takes place mainly during the revamp of the operating
beneficiation plants. At the same time, the obsolete equipment
is replaced with new one.

Currently, the options for a revamp of the fine crushing unit
are under consideration. The cone crusher MP-800 (Metso
Minerals) was tested and commissioned.

It is important to arrange a rational load distribution between
the stages of ore preparation, as well as between crushing and
grinding. In our case, there is a task to increase the production
capacity in conditions of limited spaces at grinding stage. In
this regard, the issue of the increase of the efficiency factor of
the crushing cycle, together with the reduction of a fraction size
in the crushing-grinding cycle, has become very acute.

Taking this into account, one of the promising trends for a
further revamp is the use of high-pressure grinding rolls
(HPGR) at the final stage of crushing. The results of testing of
ores processed at ANOF-2 and 3 by the use of HPGR confirm
the possibility of efficient implementation of this technology
within the existent production areas. In this regard, the
development of a design for the installation of this equipment
was started.

The sieving surface greatly influences the efficiency of
screen operation. Currently, screening surfaces made of
synthetic materials are widely used in the grinding cycle. The
use of synthetic materials, in comparison with traditional metal
surfaces, allows to increase their service life several times, to
facilitate installation, and to reduce the extent of clogging. This
leads to anincreased capacity due to the improving of the
efficiency of screening and the equipment operating factor.

4l

Increasing the capacity of the grinding process is possible by
increasing the efficiency of screening. At the considered
beneficiation plants, was applied a screening system several
times by hydraulic size with the use of spiral classifiers (at
ANOF-2) and hydrocyclones (at ANOF-2 and ANOF-3).

One of the trends in terms of increase of the capacity of the
grinding cycle is the use of the fine screening process
(Sukhoruchenkov et al., 2001; Baranov et al., 2005).

The results of the operation experience at the beneficiation
plants (ANOF-2 and ANOF 3) showed that the curve of
dependencies of apatite extraction on the grain size is typical
with a reduced extraction of small (less than 20 pym) and large
(more than 320 pm) grains of material into the apatite
concentrate. The replacement in the grinding cycle of the
screening process by hydraulic size for fine screening provides
an increase in content of the most productive fractions in the
flotation feed due to the reduction of the sludge content, the
increase in the ore-grain release, and the reduction of the
coarse fractions in the finished milled product. In the
hydrocyclone, the separation of the material by its size is of a
statistical nature, and in the hydrocyclone discharge, there are
always particles of a much larger size that are considered to be
the reference size for separation. Unlike the hydrocyclones,
when screening into the sub-grid product, the material which is
larger than the specified size does not pass through (in case of
integrity of the screening surface). Also, the use of fine
screening makes it possible to increase the capacity of a
grinding cycle due to more efficient removal of the material of
the required size from the circulating load of the mill.
Compared to hydrocyclones, however, the screens have a
number of drawbacks as well: lack of self-regulation of the
process when the load changes, and there is often higher
water content in the milled product.

Semi-industrial and further industrial tests of the fine-
screening technology were conducted in 2006 (Brylyakov et
al., 2006). Based on the test results, a step-by-step revamp of
all existent mills at ANOF-3 was performed (Figure 1).

Fig. 1. The crushing unit at ANOF-3 after revamp

In addition, the total capacity of the grinding cycle was
increased due to the installation of new mills that initially
implied the use of screens. During the revamp of the mills, the
circulating load decreased from ~ 400% to ~ 130% and the

capacity increased by ~ 25-30% (Kalugin et al., 2014). An
important point is that the revamp of the mills does not involve
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additional areas, and the content of solids in flotation feed
varies insignificantly.

The earlier revamp of the mill automatic control system
made it possible to achieve a capacity increase by 7-8% and
increased the process stability.

The results of the analysis of process indices at ANOF-3 and
further industrial tests proved the possibility of a step-by-step
load increase at two existent apatite flotation lines. Their
optimum capacities were determined that allowed to conduct
the process without reducing the process indices. Currently,
based on the performed calculations, the pumps that limited
the production capacity of the lines are being replaced step-by-
step.

The remaining excess load is routed (recycled) to further
flotation lines.

While arranging for the third flotation line, the experience of
ANOF-2 was taken into account. Thus, the results of semi-
industrial tests at ANOF-2 in 2000 showed the potential
applicability of column flotation machines for basic and control
flotation. Compared to pneumo-mechanical flotation machines,
column ones turned to be much more effective when used in
the re-cleaning cycle. Thus, the use of this type of equipment
made it possible to replace three re-cleaning units by one
modification. This led to a reduction of the production area
occupied by those re-cleaning units by about 2/3. In this
regard, since 2006, after additional testing, flotation machines
of this type are involved in the re-cleaning cycle of apatite
flotation in the main production building of ANOF-2

The third line of flotation which was set in operation at
ANOF-3 includes: basic and control flotation, as well as one re-
cleaning which is performed by column flotation machines
operating in parallel (Figure 2). The flotation machines of the
ore and re-cleaning flotation cycles were step-by-step moved
out from the main production building of ANOF-2. The diameter
of the chambers of the column flotation machines is 4.6
meters; once they were set in operation, the height of the
chambers was increased from 8 to 10 meters.

Fig. 2. Re-cleaning of the 3 line at ANOF-3

The result of the already completed revamp work of theore
preparation unit, flotation, the tailings facility, and other process
stages has been an increase in capacity of the plant for ore by
2.3 times over the last 7 years. Besides, the nepheline
concentrate production unit was established with use of
approximately 1/3 of the total volume of apatite flotation
tailings. A further increase in the yield of apatite concentrate is
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planned, and the possibilities for increasing the yield of
nepheline concentrate are considered, as well as for
expanding the range of concentrates produced.

Arrangement of a new process chain for apatite
concentrate production at ANOF-2

The next, and in many respects more difficult, task is
arranging the production of apatite concentrate at ANOF-2 in
the production building of nepheline concentrate. The
complicating issue here is the fact that, in future, the
technology should allow processing not only of ordinary ore but
also of poor and off-balance ores. After revamp, the existent
crushing complex shall stay the same, the transportation of the
crushed ore shall be performed by a conveyor of about 1000
meters long, and grinding shall be done in mills operating
together with screens. The dewatering unit, previously used for
the nepheline concentrate, has undergone drastic
modifications. The thickeners were modified, a flocculant
supply system was implemented, the vacuum filters were
replaced, the automation system for all process stages was
redesigned and expanded, and the flotation agent preparation
section was reconstructed, as well as the tailings facility.
Currently, the first production line was started-up using the
slurry supplied from the main production building. Flotation
includes: basic, control, and one re-cleaning operation. The
OK-38 flotation machines, previously used in the production of
nepheline and apatite concentrates at ANOF-2, are used for
the main and control flotation. Six column flotation machines
with chambers of 4.6 meters in diameter and 8 meters in height
are used in the re-cleaning flotation. Four column flotation
machines are being transferred from the main production
building, two are under purchasing. At the time of writing of this
article, two transferred column flotation machines are operated
(Figure 3).

- : i
Fig. 3. Re-cleaning of apatite concentrate in the former nepheline
concentrate production building at ANOF-2

When developing and analysing the beneficiation options,
the modelling of the process was done involving a number of
dependencies.

The analysis of processes indices and lab tests for different
ores and beneficiation processes has revealed a clear linear
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relationship between the amount of the target component
passing to the concentrate (y*B) and the content of this
component in the ore (Klemyatov et al., 2011). Thus, having a
data array for the operation or for the entire technological
process, we can consider the following dependence:

V‘ﬂza‘ﬂ_;@ed+b (1)

where:

y is the concentrate yield (in %);

s the component content in the concentrate;

Breea is the component content in operation feed (in %);
a and b are equation coefficients.

At the same time, there is a close to linear dependence of
the concentrate yield on the content of the target component in
the ore.

In this regard, for each operation of beneficiation flotation
cycle, there were found the coefficients of the regression
equations linking the main beneficiation indices. The
coefficients of the equations were calculated based on the
array of the flotation process tests performed during the
beneficiation of ores with different P20s contents. For the re-
cleaning flotation, another regression equation term was added
which is responsible for the effect of the apatite concentrate
quantity (produced by one column of the flotation machine) on
the beneficiation indices.

Then, by iterative calculations, the expected values for the
intermediate beneficiation products were determined. The
process configuration was designed taking into consideration
the real possible layouts of the equipment, due to strict
limitations in terms of spaces and elevations, and the need for
self-transportation of products by gravity.

The approach using this or similar equations is quite
universal. Here, it was used for forecasting of the final
beneficiation indices, for estimating the effect of line ore load
on the beneficiation indices, for identifying process failures,
and in a number of other cases.

For example, when evaluating the effect of ore quantity
(supplied into the processing from different mines) on the
beneficiation indices and forecasting the beneficiation indices
of this ore, the following option of the considered dependence
can be applied (the simplest option is provided):

= ﬂorez ' z (701'e(n) ’ aé‘()‘l)) + bg
ﬂareZ

7/ = ﬂOVeZ . Z(}/Dre(n) . a]/(n)) + b]/ (3)

(2),

where:

¢is the extraction of the considered component into the
concentrate (%);

yis the concentrate yield (%);

n is the trend of ore supply;

Porex is the contents of the considered component in the ore
supplied to the plant (in %);

Yore 1S OFe fraction in the trend of the total ore supply to the
plant (in %);

Ay Asmy b, by are equation coefficients.
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Currently, an option is being elaborated for the second re-
cleaning flotation for the implemented process. Considering the
area limits for this operation, the possibility of using pneumatic
flotation machines is considered: Pneuflot, Jameson Cell, or
similar ones.

Conclusion

The example of the two beneficiation plants has shown that
the process of revamp of existent production units requires a
systematic approach. According to the authors, the process of
revamp of the plant should proceed almost continuously from
its start-up to its shutdown due to a constant change of ore
composition, optimisation of operation parameters and new
processes emerging, the existent equipment getting obsolete,
and new equipment developed. An important factor is
achieving maximum profit with minimum operating costs.

When choosing the options for revamp, we considered not
only the process indices, but also compared the expected
economic effects. A positive economic effect has been
achieved for already completed upgrades. Calculations show
that a positive economic effect is also expected from all works
currently performed.

The methods for solving each task can vary and there are no
unambiguous templates to follow. The main thing is always to
keep to a systematic approach and consider more than just a
local issue.

As a result of the already completed activities for the revamp
of ANOF-2 and ANOF-3, the total yield of apatite concentrate
at the two beneficiation plants has increased by 1.2-1.3 times
over the past seven years and a further capacity increase is
planned.
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TECHNOLOGY OF ITS PROCESSING AND PROPERTIES OF FINAL PRODUCTS
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ABSTRACT. The composition of phosphate rock and the impurities contained in it have a determining effect on the choice of processing technology, production
capacity, consumption factors, properties of the final product and other important parameters. When developing methods for processing phosphate raw materials in
target products, it is very important to study and take into account the impurities contained in it and their effect on technology. In this article, based on the summary of
scientific and production experience and the latest researches by JSC “NIUIF”, the oldest and the only scientific & research institute in Russia on phosphorus-
containing fertilizers, the influence of impurities containing carbonates, calcium, iron, aluminum, magnesium, fluorine, chlorine, sodium, potassium, rare earths, silicon
dioxide on process parameters of processing phosphate raw materials and properties of the final product is considered in detail. The methods of finding the optimal
options for organizing of technological process of processing phosphate raw materials and stabilization of the quality of products are shown.

Keywords: phosphate rock, impurities, wet phosphoric acid, phosphorus-containing fertilizers, granule structure, caking, granule strength

BNUAHUE HA CbABPXXAHMETO HA NPUMECU BB ®OCPATHUTE CKANU BLPXY TEXHONOIMUATA 3A
MPEPAEOTKATA UM U CBOWCTBATA HA KPAWHUTE NPOAYKTH

Hopoe Andpeii M., Mazanewkun QeHuc A.2, ®edomoe lMagen C.3

1, HNYN®“ ALl, Pycus, 162622 Yepenoseu, ANorov@phosagro.ru
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PE3IOME. CncraBbT Ha (hochaTtHaTa ckana M ChAbpkalluTe Ce B Hesl MPUMECKH WUMaT onpedensiy edekT Bbpxy u3bopa Ha TexHomnorusi 3a obpabotka,
NPOM3BOACTBEH kanauuTeT, pakTopn Ha noTpebneHne, CBOICTBA Ha KpaHNs NPOAYKT W [pyri BaxHW napameTpu. Mpu paspaboTeaHeTo Ha MeToau 3a npepaboTka
Ha thoctaTHM CypoBMHW B KpaliHM NPOAYKTA € MHOrO BaXHO Aa ce MpoyyaT v fia ce B3emaT NpeAsua CbAbpXaluuTe ce B TAX NPUMECH 1 TEXHUST edekT BbpXy
TexHonorusita. B Tasn ctatus, Bb3 OCHOBA Ha Hay4HUst W MPOWU3BOACTBEH ONMMT M Hal-HOBWUTE u3cnegBaHus Ha "HUYW®", Hait-CTapusT u eanHCTBEH HayyHo-
13cnepoBaTencku MHCTUTYT B Pycus 3a TopoBe, ChAbpxaluym docop, ce pasrnexaa Bb3AENCTBMETO HA MPUMECH, ChAbPXaly kapboHaTy, Kanuui, xensso ,
anyMuHWiA, MarHeauit, nyop, Xnop, HaTpuiA, Kanuit, peaki 3eMHU eNEeMEHTH, CUNNLMEB AMOKCU, BbPXY NapameTpuTe Ha npoleca Ha npepabotka Ha docdathm
CYPOBMHM 1 CBOICTBATA Ha kpaiHus NpoaykT. OnucaHn ca MeToauTe 3a HammMpaHe Ha OMTUMAnHM Bb3MOXHOCTW 3@ OPraHM3MpaHe Ha TEXHOMOTUYHWS MPoLec Ha
npepaboTka Ha hocdaTHi CypoBMHM M CTabUNN3MpPaHe Ha Ka4yeCTBOTO Ha NPOAYKTUTE.

KniouoBn gymu: cocthathn ckanmu, npumeck, Mokpa (HoCOpHa KMCenuHa, TOpoBe ChAbpkaluu Gocdop, CTPyKTypa Ha rpaHynara, cnudaHe, 3apasuHa Ha
rpaHynata

Introduction strontium, rare earth elements, organic substances, etc. Many
of these impurities, even after beneficiation of phosphate rock,

Phosphorus is quite a common element, its content in the have a significant influence on choosing the processing

earth's crust according to various estimates is 0.08-0.12% of its technology, the output of the target component, process mode

mass. In total, more than 120 phosphate minerals are known in parameters, capacity, consumption ratios of raw materials and

nature, mostly chemically stable, insoluble in water and in soil energy resources and other indices.

solutions (Kopylev, 1981). The minerals of the apatite group

are of the largest industrial value among them, as well as Main exposition

phosphorites that form large deposits.
The increased content of carbonates leads to intense
Like any natural mineral substance, phosphate rock (of foaming while processing phosphate rock via acidic methods,

apatite and phosphorite nature), besides the main target due to the release of carbon dioxide CO:, especially in
component  (phosphorus, usually expressed  through combination with organic impurities. This leads to reduction of
percentage of P20s content), contains also various impurities: operation volumes of the reactors, malfunction of the pumps,
calcium and magnesium carbonates, compounds of iron, and as a result, disruption of the entire technological process.
aluminum, silicon, fluorine, sodium, potassium, chlorine, In practice, it was confirmed that phosphate rock with CO2
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content of more than 8% cannot be practically used to produce
wet phosphoric acid (WPA) without special methods and
means of defoaming applied (Evenchik and Brodskiy, 1987).

The specific consumption of sulfuric acid in the production of
WPA (and, consequently, the production economy to some
extent), and also the specific rate of production waste —
phosphogypsum, depend on the calcium content in the
phosphate rock.

The compounds of iron and aluminum (sesquioxides) are
perhaps the most harmful impurities (especially iron), which
largely determine the suitability of phosphate rock for acid
processing. In sulfuric acid decomposition of phosphates with
higher iron content, an excessive amount of sulfuric acid is
consumed, and the recovery of P20s is greatly reduced due to
precipitation ~ of insoluble iron  phosphates  (P20s
retfrogradation). In addition, filtration of the extraction slurry
gets worse. Aluminum phosphates are more soluble than iron
phosphates, and therefore, are less likely to contribute to
retrogradation. The content of sesquioxides in phosphate rock
is limited not by their absolute content, but by their ratio to the
content of P20s. In practice it was confirmed that in phosphate
rock suitable for sulfuric acid processing, the ratio of Fe203
content to P20s content should be not more than 8, that is:

CF9203

x100<8 (1)

P205

The content ratio of the sum of sesquioxides (Fe203 + Al203)
to P20s should be not more than 12 (Kopylev, 1981; Evenchik
and Brodskiy, 1987), that is:

Crey05+Al)05

) x100 <12 2)

Cpy0s

While processing phosphates by nitric acid and hydrochloric
acid methods, the content of sesquioxides is less important
due to its lower solubility in these acids (Evenchik and
Brodskiy, 1987; Kononov et al., 1988), but it also leads to
losses of P20s. That’s why, phosphate rock with ratio Fe203 to
P20s of more than 12 is also unsuitable for nitric acid
decomposition (Kopylev, 1981). For production of thermal
phosphates by sintering, the content of sesquioxides is not
significant  (Evenchik and Brodskiy, 1987). And the
electrothermal method allows to process practically any
phosphate rocks, including low-quality ones (Pozin, 1983). The
presence of sesquioxides (Fe20s3 + Al20s) in the slurry (when
sulfuric acid method of decomposition of phosphates is
applied) affects both the size and shape of generated CaSO4
crystals, which in turn affects the washing of phosphogypsum
(Kopylev, 1981; Kononov et al., 1988).

The magnesium compounds in the sulfuric acid process of
WPA production decrease the acid activity and increase its
viscosity, so for this process it is recommended to use
phosphate rock with the ratio (Kopylev, 1981; Evenchik and
Brodskiy, 1987):

S0 4 100 < 7+8

P20s5

(3)
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While decomposing of phosphates with nitric and
hydrochloric acid, magnesium impurities are not really
significant. In the production of thermal phosphates,
magnesium impurities do not cause negative effect, and they
are even useful in the production of magnesium fused
phosphates (Evenchik and Brodskiy, 1987).

The behavior of fluorine contained in phosphate rock is of
great importance (especially in fluorapatite-based rock). When
the phosphate rock is decomposed by acids, fluorine transfers
into hydrogen fluoride, which then reacts with silicon-containing
minerals:
6HF + SiO2 — H2SiFs + 2H20 4)

Part of the produced fluorosilicic acid is released in a gas
phase as equimolecular mixture of 2HF + SiFs. The remaining
amount of H2SiFs transfers into the solution, where it reacts
with excess SiO2:
2H,SiFs + SiO2 — 3SiF4 + 2H20 (5)

The silicon tetrafluoride is volatile and also passes into gas
phase. Fluorine distribution between gas, liquid and solid
phases depends on the phosphate rock processed, processing
mode, and other factors (Kononov et al., 1988). During
concentration (evaporation) of WPA, up to 80% of fluoride
contained in it, is released during the gas phase. Fluorine
compounds during processing of phosphate rock primarily
have a negative impact in terms of increasing corrosion. In
addition, as it will be proved later, fluorine can worsen the
quality characteristics of the final products.

Chlorine also significantly increases the corrosion of the
equipment, therefore, for sulfuric acid processing, its content in
phosphate rock should not exceed 0,03+0,04%. Impurities ~ of
alkali metals (sodium, potassium) form poorly soluble
compounds of silicon fluorides NazSiFs and KzSiFe. This leads
to increased clogging and deposits accumulation in the piping
of filtering equipment, so it is preferable that the total content of
Na20 and Kz0 in the phosphate rock should not exceed
0,4+0,6% (Kononov et al., 1988).

Compounds of rare-earth elements (REE) contained in some
types of phosphate rock (for example, in the Khibiny apatite
concentrate there is about 1% of REE) can adversely affect the
crystallization of calcium sulfate dihydrate, worsen the filtration
of phosphogypsum and increase its moist content (Kononov et
al., 1988). The compounds of cerium and strontium
significantly slow the hydration of calcium sulfate hemihydrate
to dihydrate (Kopylev, 1981), as a result of which the two-stage
hemihydrate-dihydrate process for certain kinds of phosphate
rocks becomes problematic and poorly feasible.

Silicium dioxide, which is present in the form of silica and
hardly soluble silicates and is part of the so-called insoluble
precipitate, in most cases has no harmful effect on acid
processing of natural phosphates. However, its high content in
phosphate rock can lead to increased erosion of equipment
and create difficulties in the filtration stage (Kononov et al.,
1988). During the decomposition of phosphate rock with nitric
acid, the presence of silicium dioxide, which is soluble in nitric
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acid, increases the rate of nitric acid consumption and worsens
the slurry filtering conditions, which in turn leads to increase of
P20s and calcium nitrate losses during washing (Evenchik and
Brodskiy, 1987).

Impurities can exert influence not only each one separately,
but also in combination with each other. For example, the
favorable effect on the shape and size of calcium sulfate
crystals in the sulfuric acid production of WPA is provided by
SiFe% ions in combination with Al** ions (Kopylev, 1981).
Based on the research conducted by NIUIF, our specialists
proposed a method (Grinevich et al., 2016) that allowed to
greatly intensify the dihydrate process of WPA production to
produce the easily filtered CaSO4-2H20 by introducing an acid-
soluble aluminum-containing additive into the decomposition
zone, providing high P20s yield and shifting the crystallization
zone of calcium sulfate dihydrate to higher temperatures and
P20s content (high-temperature dihydrate).

In international practice there is no strict regulation for the
quality of phosphate rock, however, certain requirements for
exported rock have been established. Thus, phosphate rock
intended for production of WPA should contain at least 31% of
P20s, not more than 3.5% of R203 (Fe203 + Al203), not more
than 0.4% of MgO, 10,5% of insoluble precipitate and the ratio
of CaO/P20s should be 1.45+1.55 (Angelov et al., 2000).

Impurity elements can also complicate the process mode
even in production of final products: mineral fertilizers and feed
phosphates. When WPA is concentrated with an increased
content of sesquioxides and especially magnesium, a viscous,
non-transportable liquid is formed, so it is assumed that in
phosphate rock used for production of concentrated acid the
ratio should be (Evenchik and Brodskiy, 1987):

S0 4 100 < 546

P20s5

(6)

When the content of magnesium is high, either the
technologies for production of mineral fertilizer from non-
concentrated WPA are applied (Evenchik and Brodskiy, 1987;
Kononov et al, 1988), or the technologies with
evaporation/concentration of completely or partially neutralized
slurries (Kononov et al., 1988; Grishaev et al., 2014).

The deposits on the heating surfaces of the equipment for
concentration of WPA contain an increased content of impurity
elements, same as various deposits and sludges in pipelines
and equipment, while neutralizing WPA with ammonia during
the production of mineral fertilizers (Bushuyev, 2009;
Bushuyev, 2011). All of that can complicate the processing and
lead to additional shutdowns for cleaning the equipment.

The increased content of impurities in the initial phosphate
rock and in WPA produced from it can limit the production of
some of the final products. For example, liquid complex
fertilizers (LCF) of grade 11:37 cannot be produced from WPA
with high content of sesquioxides and magnesium without its
preliminary purification. The same impurities, as well as
fluorine, can be an obstacle for the production of feed
monocalcium phosphate. The impurities, passing from
phosphate rock through WPA into fertilizers, can influence the

77

quality of the latter ones. Some impurities are useful from
agrochemical point of view. So, calcium, magnesium and sulfur
are the macro-elements necessary for proper development of
plants (Pozin, 1983). Other impurities, such as iron, copper,
zinc, manganese, cobalt, molybxdenum, etc., are the micro-
elements, which are also very important for the realization of
vital functions of plants, if not contained in excessive
quantities. There is also an amount of harmful impurities - lead,
mercury, arsenic, cadmium, whose content in fertilizers and
feed phosphates is strictly regulated in a number of countries,
including the Russian Federation. From this point of view, the
Khibiny apatite concentrate used at PhosAgro plants is a
unique, most environmentally friendly type of phosphate rock
that does not contain harmful impurities and allows for any
kinds of products to be produced from it.

Some impurities, especially such as fluorine, magnesium,
iron, aluminum, can affect the physical & chemical and
structural & mechanical properties of granular phosphorus-
containing fertilizers. As per the research conducted by NIUIF,
fluorine increases caking of granular ammonium-phosphate-
based fertilizers, and also reduces their static strength (Norov
et al., 2012). Figure 1 shows the dependence of caking and
static strength of diammonium phosphate (DAP) granules of
fertilizer grade 10:46 on the content of fluorine in it.
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Fig. 1. Dependence of caking and static strength of industrially produced
DAP granules on the content of fluorine

You can see from the graphs that with increase of fluorine
content, DAP caking increases, and the strength of the
granules decreases, and this becomes especially evident with
a mass fraction of fluorine of more than 2%. It was also noted
that the effect of fluorine increases with increase of the extent
of WPA neutralization, i.e. in fertilizers based on DAP, this
effect appears to a higher extent than in fertilizers based on
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monoammonium phosphate (MAP). Our x-ray phase analysis
proved that the fluoride compounds in MAP are represented
mainly by aluminum, sodium and potassium silicofluorides, and
in DAP - by fluorophosphates NH4AIHPO4F. and
NHsFeHPO4F2.

In the production of DAP in aqueous weak-alkaline medium,
ammonium silicofluoride is hydrolyzed as per the reaction:

(NHs)2SiFs + 4NHs3 + (n+2)H20 — 6NH4F + SiO2-nH20(gel) (7)

The obtained ammonium fluoride NHsF is a much more
hygroscopic compound than (NHs)2SiFs. In addition, during
neutralization, ammonium fluoride reacts with ammoniated iron
and aluminum phosphates with formation of an amorphous,
poorly filtered colloidal precipitate of fluorophosphate of
ammonium, iron and aluminum (Kononov et al., 1988).

NHa(Fe,Al)(HPO4)2+2NHsF —NHs(Fe,Al)HPO4F2+(NH:)2HPOs  (8)

Due to the formation of these compounds, the ammoniated
phosphate slurries become more viscous, and to maintain their
mobility, higher water content is required. This, in turn, reduces
the extent of supersaturation of solutions, leads to decrease in
the number of nucleating seeds, decrease of crystallization
rate, and increase of crystal size during granulation.

In addition, it is known from literature that the presence of
ammonium fluoride in solutions of ammonium phosphates
interferes with the crystallization of diammonium phosphate
and shifts it toward higher pH values (Pozin, Zinyuk et al.,
1976; Dokholova et al., 1986). Increase of fluorine content in
the initial WPA increases solubility of its ammonium products
(Pozin, Kopylev et al., 1976; Kuvshinnikov, 1987). All of that
has allowed us to conclude that the increase of the content of
fluorine compounds hinders the process of mass crystallization
during granulation, increases crystallization time and the size
of formed crystals. As a result, the number of phase contacts
between the crystals decreases, the structure of the granules
becomes more porous and less stable and themobility of
water-salt complexes in granules is ensured. That is why
caking increases and the strength of granules decreases. This
is confirmed by our microscopic studies. Figure 2a, b shows
enlarged photographs of the surface and a slice of DAP
granule with low and high fluorine content. You can see that
DAP granules with fluorine content of less than 1% have a
better, denser structure, the surface of the granules is
homogeneous, even, and smoother. The slice of the granule is
also homogeneous in volume, the granule is dense, monolithic,
without visible agglomerates.

2 - PRE L ARG
AN +°! ¥ o = )

DAP with otal qurine conent of
more than 2 %mass.

less than 1 %mass.

Fig. 2a. DAP granule surfaces with different fluorine content
(magnificationx1000)

DAP with total fluorine content
less than 1 %mass

DAP with total fluorine content of
more than 2 %mass

Fig. 2b. DAP granule slices with differe nt fluorine content
(magnificationx25)

DAP granules with fluorine content of more than 2% are
heterogeneous both in surface and volume. The surface is
inhomogeneous, uneven, locally formed by agglomerates of
particles that creates a porous, friable structure. The slice of
the granule is not homogeneous, the nucleus of the granule
and the surface layer can be distinguished visibly in the
photograph. The volume of the granule is represented by
intergrowths of agglomerates of crystals, the packing of which
is not sufficiently dense.

The silica gel SiO2:nH20 released in the reaction (7) also
negatively affects the processes of granule formation. To
separately assess the extent of fluorine and silica gel effect on
the properties of fertilizers, DAP granules with different fluorine
content were obtained at NIUIF’s Testing Center, where HF
was used for changing of fluorine content in one series of
testing, and HzSiFs was used for this purpose in another series
of testing. Then these samples were tested for strength and
caking (Fig. 3).
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Fig. 3. Dependence of DAP granule caking and strength on the content of
fluorine (red line: with addition of H.SiFs (resulting in silica gel
formation); blue line: with addition of HF (without formation of silica gel)
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The results of these studies show that the presence of silica
gel also contributes to deterioration of the structural and
mechanical properties of fertilizers: the strength of the granule
is reduced, and caking increases to a higher extent than with
the same content of fluorine when there is no silica gel.

Some impurities, on the contrary, improve the properties of
fertilizers, such as iron, aluminum and especially magnesium
(Kuvshinnikov, 1987; Norov et al., 2012). The studies
conducted by JSC “NIUIF" proved that even with a slight
change of magnesium content (for several deciles of a
percent), the properties of phosphorus-containing fertilizers
significantly change (Fig. 4).
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Fig. 4. Dependence of DAP caking and static strength of DAP granules on
MgO content in fertilizer (fluorine content in DAP at about 2,5 %mass.)

Hereof it means that even when the magnesium content in
DAP is about 0.4-0.5 percent in conversion to MgO, the caking
rate decreases sharply and the static strength of the granules
increases. With such insignificant change in impurity, this effect
can be explained only due to change in the structure of the
granules. This is also confirmed by the results of comparative
studies of DAP granules under the microscope (Fig. 5a, b),
which showed that granules with magnesium additives have a
better, denser structure, the granules are composed of smaller
crystals, have less porosity, the surface of the granules is more
homogeneous, even and smooth, the slice is also
homogeneous, without visible flaws.

Using the system of electronic probe energy-dispersed X-ray
fluorescence analysis, the distribution of impurity elements
along the surface of DAP granules was determined. The
results of the analysis showed that adding of magnesium
several times reduces the presence of fluorine and silicon on
the surface of the granules (Table 1).
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DAP with addition of magnesit
(magnification x500)

"~ DAP without addition of
magnesite (magnification x1000)

(magnification x1000)
Fig. 5a. Electronic photographs of DAP granule surface (magnification
x500; x1000)

Puc. 5b. Electronic photographs of a granule slice of DAP with different
MgO content (magnification x25)
1 - without adding of MgO (0,12% MgO); 2 - 0,4% MgO; 3 - 0,5% MgO

Table 1
Fluorine and silicon content on the surface of DAP granules
with and without MgO additives

Content on . . DAP samples
DAP granule W&h‘(’)‘” W,{/tlh‘(’)”t with MgO | with MgO
surface 9. 9. additive | additive
additive | additive
‘erj:ansnse 7.07 11.63 490 215
;:2:223 0.86 155 0.19 0.18

This can also be explained by the fact that in the presence of
magnesium, the formation rate of granule crystal structure is
increased, granule crystal structure unrandomization and
compaction occurs, and various impurities, amorphous and
slowly crystallized, will be trapped inside the granules and their
release to the surface will be comiplicated.
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By X-ray phase and chemical analysis it was confirmed that
while neutralizing of WPA with ammonia in the presence of
magnesium, depending on the content of impurities in the acid
and the extent of neutralization, various compounds can be
formed: magnesium ammonium phosphate MgNH4PQO4-H20,
complex phosphates such as Mgn(Al,Fe)(NHa)2(HPO4)2F 2041,
MgNH4HFPOs, etc. The common thing for these compounds is
that they are water-insoluble, finely dispersed, well-crystallized
compounds (Kononov et al., 1988), which serve as seeds,
accelerating crystallization processes and promoting the
formation of granules with a strong structure and good physical
& chemical and structural & mechanical properties. In addition,
complex fluorophosphates bind water-soluble fluorine to
insoluble compounds (Norov et al., 2012), therefore they
partially neutralize its negative effect. In case crystalline
hydrates are formed, for example, MgNH4PQO4-H20, etc.,
additional water binding occurs, as well as local increase of the
extent of supersaturation of solutions, which additionally
accelerates crystallization. Such a mechanism, explaining the
effect of magnesium on the properties of phosphorus-
containing fertilizers, was proposed by NIUIF based on
conducted studies and tests. Magnesium additives have a
positive effect on the structure and properties of not only DAP,
but also other types of granular phosphorus-containing
fertilizers, for example, MAP, sulfoammophos (Norov et al.,
2012). Ref. (Kuvshinnikov, 1987) tells about improving the
properties of nitrate-containing NPK with magnesium. The
studies carried out by JSC “NIUIF” showed that magnesium-
containing additives also improve the properties of granular
sulphur-containing, non-nitrate  NPK-fertilizers based on
phosphates and sulfates of ammonium and potassium
chloride, for example, grade 15:15:15 (Fig. 6). The same is
confirmed for other sulphur-free, non-nitrate NPK grades
(13:19:19, 16:16:8, 8:20:30), NPS 16:20:0(14S), etc.
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Magnesium content in phosphorus-containing fertilizers also
affects the technology of their production. Acceleration of
crystal structure formation of granules with the introduction of
magnesium-containing additives has a positive effect on
granulation process and contributes to the formation of larger
granules. As a result of compaction and hardening of granule
structure, diffusion transfer of water from the granule volume to
its surface becomes complicated. Generally, it can complicate
a bit the drying process and increase the moist content in
fertilizers, but it's not critical. According to our studies, the
positive effect of using the magnesium-containing additives
significantly outcompetes the negative effect of moist content
increase in the product. Fig. 7 shows the results of our studies
by the example of NPK-fertilizer grade 15:15:15, when the use
of magnesium-containing additives makes it possible to obtain
fertilizers with increased moist content without deterioration
and even with improvement of fertilizer properties. This is also
true for other grades of phosphorus fertilizers.
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Fig. 7. Influence of content of MgO and moist on granule static strength
and caking of NPK fertilizer grade 15:15:15

Since the state of granule surface also improves with the
introduction of magnesium, the efficiency of its treatment with
conditioning mixtures against dust and caking improves
significantly as well, because air conditioners are absorbed
less and longer.

Based on our research and tests, we have developed and
patented a method for improving the properties of phosphorus-
containing fertilizers (Chernenko et al., 2012), which has been
successfully introduced at a number of Russian plants. Once
the method was introduced in all these plants, the granule
strength increased, while caking and dustiness of the produced
fertilizers (NP, NPS, NPK and NPKS) decreased significantly.
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Impurities also have a very significant effect on
retrogradation of P20s and on the content of nutrients in a
water-soluble, assimilable and unassimilable form, though it's a
topic for another article.

Conclusion

In conclusion, it should be noted that when developing
methods for processing phosphate rock into the target
products, it is very important to study and take into account the
impurities contained in it and their effect on the technology.
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HIGH-STRENGTH SYNTHETIC FIBERS AND NANO-SIZED PARTICLES OF SiO;
COMBINED INTO ONE COMPOSITE SYSTEM FOR BALLISTIC PROTECTION

Petya Gencheva', Lubomir Djerahov?

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, p_gencheva@abv.bg

ABSTRACT. Aramid, polyvinyl alcohol, and nanoparticles of SiO2, combined in a single composite system for individual ballistic protection is presented. Physico-
mechanical and ballistic tests confirm that balistic resistance increases with increasing the content of polyvinyl alcohol together with nanoparticles of silicon oxide in
the system thus created. Scanning electron microscopy shows a relatively uniform distribution of SiO. particles on the surface of the aramid before and after the

ballistic studies.

Keywords: ballistic protection, aramid, SiO, polyvinyl alcohol

BMCOKOAKOCTHU CUHTETUYHU BNAKHA U HAHOPA3MEPHU YACTULIN HA SiO2 OBEAUHEHKU B EAWHHA

KOMMO3WUTHA CUCTEMA 3A BAITMCTUYHA 3ALLUTA
Mems enueesa’, lo6omup Dxepaxoe?

"MurHo-2eonoxku yHusepcumem ,Ce. Mean Purncku®, 1700 Cocbus, p_gencheva@abv.bg

PE3IOME. [lpeactaBeHa € KOMMO3WTHA CMCTEMA Ha OCHOBaTa Ha apamup, MOMWUBMHWIOB amnkoxonm W HaHopasmepeH SiOq,
npegHasHavYeHa 3a uHAMBWUOYyanHa banncTnyHa 3aluTa. dusnko-MexaHnyHUTe U OANMCTUYHUTE TecToBe noTBbpXAaBaTt, 4e
fanucTnyHaTa yCTONYMBOCT HapacTBa C HapacTBaLLOTO CbAbpXaHWe Ha NONMBUHMIOB anKOXOM M KONMYECTBA HaHOpasMepeH
cunuumeB amokewa. CkaHupallata enekTpoHHa MUKPOCKOMMS NoKa3Ba OTHOCUTENHO PaBHOMEPHO pasnpeaeneHue Ha vactium SiO2
BbPXY MOBLPXHOCTTA Ha apamuaa, npeau v cneq 6anucTnyHUTe N3cnensaHus.

KntouoBm aymu: 6anuctuyHa sawumta, apamug, SiOz, NONMBMHUIOB ankoxon

Introduction

The term "nanotechnology” was first used in 1959 when the
famous American physicist Richard Feynman gave a lecture on
the topic "There is plenty of space on the bottom" which later
became classical and has often been quoted. It proves that the
principles of physics do not contradict the attempts to drive
atoms by atom, as long as the necessary instruments are
available.

Many experts compare the creation of nanotechnology to a
second industrial revolution. From a scientific point of view, it is
a way of influencing the matter below the molecular level.

Nanotechnology allows the exploration and use of very small
structures and systems. The result of the use of
nanotechnology is new materials, devices, and products with
qualitatively different characteristics. In practice, they have the
potential to be applied in every economic area and aspect of
public life, including in warfare and in particular for the
development of tissues for military purposes.

In recent years, the assortment of textles has been
significantly expanded by the application of chemical fibres and
the blending of different fibre properties, which produce textile
materials with improved hygienic properties or improved
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physical, mechanical, and ballistic indicators.

The complex of properties, which have the fibres together
with nano powder, determine their practical significance.
Through the methods and means of the special finishing, it is
possible to yield new fibres that are necessary due to the
different areas of their use.

The construction of the ballistic protection products requires
the use of materials to create lightweight but sturdy armour. In
order to be able to create such a product, it is necessary to
select materials that possess strength, weather resistance, and
last but not least, are of low weight. The combination of
properties of metal alloys, synthetic fibres, polymeric materials,
nanoparticles through their reinforcement in a single composite
matrix can provide high ballistic protection.

Like other nanomaterials, the agglomeration of SiO;
nanoparticles has seen the obstacles against their wide
applications (Zhang et al, 2004, Li et al., 2004). The
characteristics of nanoparticles are hardly embodied in usage
because they are usually dispersed in medium in aggregation
of micro-size (Ke, 2002). So, the study of improving dispersivity
of nano-silica in organic solvents has raised considerable
interest recently. Generally, fumed silica made by a costly
method has good dispersivity while precipitated silica particles
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are difficult to be dispersed into organic solvents (Wang at all,
2002). Many investigators treat precipitated nano-silica particles
with coupling agents, surfactants, aliphatic acids, etc., but
hardly make them well dispersive in organic solvent. This is
because the unsaturated dangling bonds and hydroxyl groups
are extremely active and they are saturated as soon as the
SiO2 is exposed to air. So the modifiers are difficult to react with
the active groups of SiO2. Moreover, partial agglomeration
usually occurs before the modification.

Polyvinyl alcohol (PVA) is a versatile and industrially
significant polymer, possesses good strength, and creates
resistant roof layers. This polymer is used as a substance and
creates good soldering for ceramic and metal powders. PVA,
when based on nano-composites, is usually used for the
production of thin films that are used in Industry. The addition of
nanoparticles to polyvinyl alcohol improves its mechanical
properties. The added nanoparticles, to which the surfaces
have been modified, are used to provide strength by providing
surface soldering between the polymer and the nanoparticles,
which significantly improves the mechanical properties of the
compounds. Homogeneous distribution of particles can be
achieved by their organic modification which creates superficial
interactions between the particles and the polymer. Broadly
speaking, the reinforcement by nanoparticles in laminate
compounds develops the bonding of fibers into a matrix and
reinforces the properties of the matrix. With their minimum
weight and small size, rigid nanofillers are used to improve the
plasticity and hardness of the compounds (Obradovi et al.,
2017).

The present study aims at presenting a composite system
suitable for lightweight protective armour to be incorporated into
a ballistic protection product. Combining the properties of
heterogeneous materials in a single composite matrix can
provide both reliable protection and necessary mobility during
combat operations.

For the creation of sturdy armour, it is necessary to combine
the properties of three types of different materials to create high
strength armour: used woven synthetic fibres from the group of
Aramid, nano-sized particles based on silicon oxide, and highly
viscous fluid based on polyvinyl alcohol.

Experimental procedure

Preparation of the composite system

The type of aramid used was Style 363, with a mass of 180
g/m2, thread strength of 200 cN/tex, and density between the
fibres 120/120 threads/cm. Each of the layers was treated by
the impregnation method by dipping, as shown in Figure 1.
Each part of the samples contained ten canvases of aramid,
each measuring 20 cm2. PVA-based impregnating liquid was
prepared, with a different concentration of glacial acetic acid
and nano-sized particles of silicon oxide. Drying of the samples
was at room temperature.
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Fig. 1. Textile fabric impregnation plant, dipping method

Different concentrations and compositions of impregnating
solutions are designed to track the impact of substances and
nanoparticles on the strength, weight, and ballistics of
composite systems. Samples of unprocessed Kevlar, aramid
treated with polyvinyl alcohol (20 pph PVA), and aramid sheets
treated with polyvinyl alcohol (PVA) solutions with different
content of CHsCOOH and micro- and nanoparticles of SiO2
particles were prepared where:

Dpan =18nm
and
Sen = 210m2/g.

Physico-mechanical test
Physical and mechanical tensile strength tests were

conducted on a WPM Shoper dynamometer, and complied with
the requirements of (BDS EN ISO 13934-1, 2013). The
prepared samples were 10 mm wide and 100 mm long. The
mass measurement was carried out according to standard
(BDS EN 12127, 2016).

Ballistic tests

Ballistic tests were conducted in accordance with the Ballistic,
(STANAG 2920 Ed.3.). The ballistic test set is shown in Figure
2.

Apomorpag 1 L

.} o
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Fig. 2. Diagram of the installation for conducting ballistic tests

The boundary ballistic velocity V50 with an imitator of
fragments under conditions of environmental 20 °C and a
relative humidity of 82,0 £ 1,5 were defined. The shooting was
conducted with a caliber of the barrel 7.62x39 mm,
impersonator fragments A3/7623 mass 1.102 + 0.02 g,
direction of the barrel 00£10, and distance between the barrel
end and the panel 5 m £ 50 mm. The number of projected
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shots was ten punctured and ten not punched. The distance
between the hits was > 30 m on the sample. Packets of 10
layers were prepared for all proportions.

Analysis of results
An analysis of the results of the tests carried out is shown in
Table 1 and Fig 3, 4, and 5.

Table 1.
Data from physico-mechanical, weight, and ballistic tests and
samples of different composites reinforcement materials

. Average
Tensile )
, Mass | ballistic
Ne | Composite system strengt
[g/m?] | speed Vs,
h [N]
[m/s]
0 | Aramid 1933 187,5 | 342; A=14
1 PVA/Aramid/ 2216 250 355; A=23
PVA/aramid/10pph A
2 CH:COOH/ 2206 199 360; A=20
PVA/aramid/20pph 344.8;
3 | CHsCOOH/ 1617 1196 | A=p9
PVA/aramid/30pph A=
4 CHsCOOH/ 1463 205 350; A=28
PVA/aramid/10pph A=
% | CHiCOOHI05gSio, | 1901 | 238 | 393,A=36
PVA/aramid/20pph 368.3;

6 | chicooHN5gsio, | 200 |22 | p=3
PVA/aramid/30pph A=
| CHiCOOHI0S5 gSio, | 2143 | 196 | 369:A=32
PVA/aramid/10pph o
8 | cHicoOH/4gsio, | 2220 |42 | 3%0A=34
PVA/aramid/20pph 389.3;

| CHicoOH/M 4gsio; | 218 |26 | Acss
PVA/aramid/30pph A
10 | cHicooHM.4gSi0, | 287 | 215 | 409 A=3T
|/
-~ ra # # E c.ﬂ"
A N O r&_o*’m B&*"' ﬁa‘*r &
y A ';‘y/ F Fa P , 7 f\“?,. ;“P’{@ {b‘f.“ {.y"'#

Fig 3. Results of the tensile strength tests
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Fig 4. Results of the weight tests carried out
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Fig 5. Ballistic test results

The results of the conducted tests show an improvement of
tensile strength of the samples treated with PVA compared to
the untreated samples (pure aramid). The addition of higher
concentrations of 10 pph CH3COOH to the PVA/aramid system
worsened the results for two of the parameters - tensile
strength and mass. The addition of nano powder SiO: to the
PVA/Aramid system has led to an increase in the average
ballistic speed of V50 in comparison to the untreated aramid,
with a slight increase in weight. It should be noted that the
average ballistic speed V 50 significantly increases in the
PVA/aramid/10pph CH3COOH/0.5g SiO2 and
PVA/aramid/10pph CHsCOOH/1.4g SiO2 samples. The
comparison of the results of three parameters, which were
researched, shows that the PVA/aramid/30pph CHsCOOH/1.4g
SiO2 sample has the best values for tensile strength and
average ballistic speed, and low for mass.
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Results of scanning electron microscopy

The morphology and elemental composition of nano emulsion
treated samples were screened using scanning electron
microscopy and energy dispersion elemental analysis (JEOL
JSM 6390 scanning electron microscope and INCA Oxford
solid-state X-ray detector). Micrographs taken in secondary
electrons (particle morphology and fibre thickness) were used.
Figures 6 to 11 show an image in backscattered electrons. This
is a semi-quantitative analysis in which the deposited particles
are seen as lighter objects. A high carbon content is observed,
and some oxygen, nitrogen, and significant amounts of silicon.
The elements thus detected prove deposited nano particles on
the surface of the aramid fibers.

10 38 SEI

Fig 8. Scanning electron microscopy of deposited nanoparticulate SiOz on
aramid fibers Style 363 treated with polyvinyl alcohol at a
magnification of 2000, 10um, 10 38 SEI shows a particle with a complex
embossment on the basis of Si

20KV X300  50pm 10 38 SEI

Fig 6. Scanning electron microscopy of x300, 50um, 10 38 SEIl, shows a
particle with a complex embossment on the basis of Si

Table 2.

Detected elements of spectral analysis of composite: A

PVA/aramid/10pph CHsCOOH/0,5 g SiOs. ik ~ X30  500pm 09 35 SPI
Spectrum, atomic % {ill 100 % C 0 Si Fig 9. Scanning electron microscopy after ballistic test at a
Spectrum 15 48.47 41.82 9.39 magnification of 30, 500um, 09 35 SEI
Spectrum 16 30.14  47.26 2.15

o ;S
20kV X300/ _ < 09 35 SEI

10 38 SEI

Fig 10. Scanning electron microscopy after ballistic test at a
Fig 7. Scanning electron microscopy of deposited nanoparticulate SiO; magnification of 300, 50um, 09 35 SEI
on aramid fibers "Style 363" treated with polyvinyl alcohol at an
magnification of 2000, 10um, 10 38 SELi
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Xt

09 35 SPI

Fig 11. Scanning electron microscopy after ballistic test at a magnification
of 300, 50um, 09 35 SEI

Conclusions

As a result of the conducted experiments and the results
obtained, the following conclusions can be drawn:

1. The added acetic acid to the PVA solution helps maintain
the strength of the fabric and at the same time reduces the
mass of the sample, which would help to completely lighten the
ballistic equipment.

2. The addition of nano-sized particles of silicon oxide
increases the limit ballistic velocity of the test samples.

3. The results of the scanning electron microscopy confirm
the presence of deposited nano-sized silicon-based particles.
Microscopic images confirm that after the ballistic tests, the
reinforcement matrix of PVA, together with nanomaterial silicon
oxide, remains on the surface.
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The tests carried out confirm that the composite system thus
created is suitable for designing ballistic protective armour not
only for people but also for the paint field technique.
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KINETICS AND THERMODYNAMICS OF SILVER ION IMMOBILISATION BY NATURAL
CLINOPTILOLITE

Marinela Panayotova’, Neli Mintcheva’, Lubomir Djerahov’, Gospodinka Gicheva’

University of Mining and Geology, Sofia 1700, Bulgaria, marichim@mgu.bg

ABSTRACT. Natural zeolites attract the attention as efficient supports of stable and monodispersed nanoparticles (NPs) for the preparation of various
nanocomposites. The present work describes the results from the immobilisation of silver ions by purified natural zeolite - clinoptilolite, which is an initial step towards
the production of nanocomposites “silver nanoparticles— zeolite”. The effect of the concentration of silver ions in the form of AgNOs (within the range of 0.01+0.10 M)
and the ratio of the zeolite mass to the volume of AgNO; solution (ratio m:v being from 1:10 to 1:100) on the silver immobilisation has been investigated and the
optimum conditions selected. The highest load of Ag* ions by zeolite was achieved when one gram of zeolite contacted with 40 mL of 0.05 M AgNOs solution or with
20 mL of 0.10 M AgNO;s solution (equivalent to 2 mmol Ag* ions per 1 g zeolite). It was established that the kinetics of Ag* ions immobilisation by natural zeolite can
best be described by the pseudo-first order kinetic equation, whereas the thermodynamics - by the Freundlich adsorption isotherm.

Keywords: natural clinoptilolite, silver nanoparticle precursor, kinetics and thermodynamics of Ag* immobilisation

KWHETWUKA U TEPMOOMHAMUKA HA UMOBUNTU3ALUA HA CPEBBPHU WOHU OT ECTECTBEH KNMHONTUNONUT
Mapunena Manaliomoea!, Henu Munyeea', Jllo6omup [Jxepaxos!, FocnoduHka Muyesa’
"MunHo-2eonoxku yHusepcumem, Cogpus 1700, brvnzapus, marichim@mgu.bg

PE3IOME. EcTecTBeHMTe 3€0NUTW NPEACTaBNABAT ePEKTUBEH HOCUTEN Ha CTabWIHW M MOHOAMCTEPCHU HaHovacTUum (NPS) 3a nomyyaBaHe Ha HaHOKOMMO3WTHM
matepuanu. Hactosiwarta paboTa onucea pesyntaTute oT UMOOUNN3MPAHETO Ha CPEOBLPHM OHM BBPXY MPEUNCTEH ECTECTBEH 3€0MUT - KIMHONTUMONMUT, KOETO €
HavamnHa CTbMka OT npoLeca Ha nonyyaBaHe Ha HaHOKOMMO3WTH "cpeBbPHM HaHouacTMLM-3e0nnT". 3cneaBaHo € BIMSIHMETO Ha KOHLEHTpaLUuATa Ha cpebbpHuTe
ionm (nop dopmata Ha AgNOs) B nHTepeana 0.01+0.10 M 1 Ha cbOTHOLLEHMETO Maca Ha 3eonuTa kbM obem Ha pastsopa ot 1:10 go 1:100, Bbpxy cTeneHTa Ha
3afbpkaHe Ha Ag* OHW. HamepeHo e, Ye onTUManHUTE YCrOoBMS 3a MOCTUraHe Ha Hail-ronisMo HaToBapBaHe Ha 3eonuTa Cbe Ag* IOHW Ca eAuMH rpam 3e0muT,
koHTakTyBaL ¢ 40 mL 0.05 M paareop Ha AgNO3 unm ¢ 20 mL 0.10 M paateop Ha AgNOs (ekBuBaneHTHM Ha 2 mmol Ag* iioHn 3a 1 g 3eomuT). YCTaHOBEHO e, Ye
KMHeTMKaTa Ha MMObUnM3aLMst Ha Ag* WOHM OT ecTeCTBEHMS 3eOnuUT Hai-gobpe Ce OMMUCBA OT KUHETWYHOTO YpaBHEHWE 3a MCEBAO-MbPBU MOPSAbLK, a
TepMoanHamMuKaTa - oT aacopbLmMoHHaTa n3oTepma Ha PPorHANMX.

Kniouosu AYMU: €CTECTBEH KNUHONTUNONUT, NPEKypcop Ha Cpe6’prM HaHO4aCTULUN, KWHETUKA U TepMOAUHAMUKa Ha MMO6MHM3&LI,VI$I Ha Ag* 110HU

Introduction synthetic zeolites have been used as templating support
materials to host a variety of metallic species including silver.
Studies have shown that the porous internal network structure
of zeolites provides an ideal and stable template for the
formation and growth of particles with nanometre dimensions.
Even more, nanoparticles are physically prevented from
agglomeration to form larger nanoparticles or micron-sized
particles as they are individually separated within the discrete
pores and channels of the zeolite interior (Yee et al., 2015).

The antimicrobial properties of silver ions and silver
nanoparticles (AgNPs) have been well known for a long time.
AgNPs and materials on their basis are an important means of
disinfection of potable water (Rai et al., 2009).

Environmental applications of AgNPs require stable
nanoparticles (NPs) that do not aggregate easily. The
immobilisation of AgNPs on solid surfaces or their
incorporation in a solid matrix provides stability and thus
facilitates the reuse of NPs. The structure of natural zeolite
consists of primary building units, i.e. the SiOs and AlOs
tetrahedra. They are connected via oxygen ions into secondary
building units which are then linked into a three-dimensional
crystalline structure of zeolite. The substitution of Si by Al
defines the negative charge of the zeolite framework which is
compensated by alkaline and earth alkaline metal cations.
Because of their negative charge on the surface, natural
zeolites appear as cation exchangers (Margeta et al., 2013).
Zeolites are mesoporous ion exchange materials with a stable
network of hollow channels and pores within the size range of
most monoatomic ions. Because of their thermal stability and
unique interconnected porous microstructure, natural and

Zeolites have a strong affinity for Ag* (Scacchetti et al.,
2017). Silver ion-exchanged chabazite has shown the
capability to precipitate silver nanoparticles at its surface after
thermal reduction in air, Ar and Hz, with a size depending on
the reduction environment (Liu et al., 2009).

It has been reported that the concentration and size of the
formed AgNPs depend on the initial concentration of Ag-
bearing solutions contacting with the zeolite and on the contact
time (Guerra et al., 2012; Yee et al, 2015).

The present work aimed to explore the optimum conditions
for the highest immobilisation degree of silver ions by purified
natural zeolite - clinoptilolite, as an initial step to producing
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nanocomposite “silver nanoparticles—zeolite”. The impact of
the ratio AgNOs solution volume to zeolite mass, as well as the
influence of the initial concentration of the AgNOs solution that
contacts with the zeolite on the silver ions uptake has been
investigated. The results from this study could also be used
when the aim is to adsorb Ag* from silver-bearing wastewater.

Methods and materials

Natural zeolitic rock containing mainly clinoptilolite was used
from the East Rhodopes region of Bulgaria. It was milled and
the fraction of 0.09-0.325 mm was deployed. Zeolite was
purified following a procedure described by TomasSevic-
Canovi¢ (2005) and modified by us. Zeolite was washed with
acidified water (pH=4.6, adjusted by HCI). In a typical
procedure, 350 g of zeolite were placed 3 consecutive times
(each one lasting for 24 hours) in contact with 700 mL of
acidified water. Then, zeolite was washed by placing it in
contact with 700 mL of distilled water for 2 hours at 60°C, 6
consecutive times, while it was stirred with a magnetic stirrer.
The naturally adsorbed heavy metal ions were removed with a
0.05 M solution of EDTA by the treatment of zeolite for 2 hours
at 60°C at the ratio of solid:liquid = 1:10. Then, zeolite was
washed with distilled water again, as it is described above. In
all washing steps, the contacted water was decanted off and
then a new portion of water was poured into the beaker.
Finally, zeolite was separated from the liquid by filtration, dried
for 24 hours at 105°C, and supplied for analysis.

The chemical composition of zeolite was determined by
means of the classical silicate analysis (in mass %): SiO2 -
70.19, Al203 - 10.90, CaO - 2.87, MgO - 0.51, K20 - 341,
Naz20 - 0.36, Fez03 — 0.28, MnO - 0.04, TiO - 0.06, P20s3 <
0.05, SO; < 0.05, and LOI - 10.99. The theoretical cation
exchange capacity (TCEC) of the natural zeolite (the sum of
exchangeable cations such as Na*, K*, Caz* and Mg?*) was
found to be 211 meq/100 g zeolite. It is of the same range as
the TCEC determined by other authors for clinoptilolite from
our region (Tomasevié-Canovié, 2005; Margeta et al., 2013;
Santiago et al, 2016). The X-ray diffraction (XRD) of purified
zeolite reveals that it consists of 72.7% Clinoptilolite-Ca
[Cas(Siz0Als)O72-20H20] and 27.3% Barrerite
[(Na,K,Caos)2(Al2SizO1s)- 7H20].

Solutions containing different concentrations of silver ions
(Ag*) were prepared by dissolving AgNOs (p.a.) in distilled
water. The accurate concentration of Ag* ions was determined
by titration with NHsSCN solution in acidic medium in the
presence of ammonium iron(lll) sulfate, NH4Fe(SOa)2:12H20
(Korostelev, 1985). In the course of the analysis, the following
reactions proceed:

AgNOs + NHsSCN — AgSCNY + NHsNO3
Fe3* + SCN- — FeSCN2*(zq (reddish brown)

The conditions for all performed experiments of Ag* ion
immobilisation by zeolite are given in Table 1.

Experiments were conducted batch-wise: a certain amount
of zeolite was magnetically stirred in AgNOs solution with a
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predetermined concentration (0.01 M, 0.025M, 0.05 M,
0.075M, and 0.10 M). The solution pH was adjusted to 6 by 1M
HNO;s to prevent the precipitation of silver ions (Charlot, 1969).
Variations in the ratio between the mass of zeolite and the
volume of AgNO; solution (denoted bellow as solid to liquid
ratio, or m:v) were studied, namely 1:10, 1:20, 1:40, and 1:100.
Aliquot portions of 10 mL were taken at particular time (2, 5,
10, 20, 30, 45, 60, 90, 120, 180, 240 min) and the amount of
Ag* ions remaining in the solution was determined by titration
against NH4SCN solution. Care was taken so that the total
amount of the aliquots would be less than 10% of the whole
volume of the solution contacting with zeolite. The process was
monitored until the equilibrium was reached. Ag-loaded zeolite
was collected by filtration and washed with distilled water till a
negative reaction for Ag*in the washings was observed. It was
dried at 60°C for 8 h. During all experiments, precautions were
taken due to silver light sensitivity. Each experimental result
was obtained by averaging the data from duplicate samples.

Table 1.
Experimental conditions of Ag* ion immobilisation by zeolite

Experiment | AgNOs concentration | Zeolite mass to
Ne (M) volume of AgNO;
solution ratio (m:v)
1 0.05 1:10
2 0.05 1:20
3 0.05 1:40
4 0.05 1:100
5 0.01 1:20
6 0.025 1:20
7 0.075 1:20
8 0.10 1:20

Removal of Ag* from the initial solution was calculated using
the equation:

Removal, % = [(Co-C.) /C] x 100 (1)

where C, is the initial and C. is the concentration of Ag* at
particular time t, mg/L. Kinetic data were fitted to the following
kinetic equations:

For the first order irreversible reactions:
In(Co/ C;)=kxt

For the second order irreversible reactions:
(Co-C))/(Co.C)=kxt

For the Lagergen pseudo-first order reactions:

In (Qe-q) = In Qe — Kads X T 4)
where k is the reaction rate constant; Co, C; and t are as
described above; qe (mg Ag*/g zeolite) is the amount of solute
adsorbed at the equilibrium; g, (mg/g zeolite) is the amount of
solute adsorbed at time t; kadss, min' is the adsorption rate
constant. The slope of the linear plot of In (ge - g.) against t
gives Kads.
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Langmuir and Freundlich isotherm models were studied for
their ability to describe the equilibrium sorption distribution.

The Langmuir isotherm:

e = (QmaxX KL x Ce) / (1 + KL X Ce) (6)

The Freundlich isotherm:

Qe = Kr x Cen (7)
where ge is metal concentration on the zeolite at equilibrium
(meq of metal ion/g of zeolite), Ce is the equilibrium metal
concentration in the aqueous phase (mg/L), Qmax is the
maximum achievable capacity (meq/g), K. (L/mg) is the
Langmuir constant, n is the Freundlich intensity parameter, and
Ke is the Freundlich isotherm constant (mg/g). If the plot of
Celge as a function of Ce is a straight line, the adsorption
process can be described by the Langmuir isotherm. If the plot
logge vs logCe is a straight line, the adsorption process is best
described by the Freundlich isotherm.

Results and discussion

The kinetics of Ag* uptake at an initial concentration of 0.05
M AgNOs and at different ratios of solid to liquid is presented in
Fig. 1. The kinetics of Ag* uptake at the ratio of solid to liquid
1:20 and at different initial concentrations is presented in Fig.
2.
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\ Time, min
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Time, min

Fig. 1. Kinetics of Ag* uptake at an initial concentration of 0.05 M AgNO::
mv=110(1), — — — mv=1:20(2), ------ m:v =1:40 (3)

The kinetic curves reveal that the reaction consists of two
stages, “fast” and “very slow”, at all studied m:v ratios and
initial concentrations of Ag*. Practically, the process reaches
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equilibrium in about 2 hours. The relatively short ion exchange
time of 2 hours has been found as sufficient to produce
optimum Ag* uptake into the zeolite pores by other authors as
well (Jiraroj et al., 2014; Yee et bal., 2015).

It has been found that in all experiments, the kinetics of Ag*
immobilisation by zeolite is best described by the pseudo-first
order kinetic equation. The coefficients of determination R? are
close to unity as presented in Table 2. Generally, this equation
describes an adsorption reaction at the liquid/solid interface
where a steep rise of the uptake at short times is observed
(fast initial step). In such case, in calculation of the reaction
rate, the data close to or at equilibrium are not included since a
methodological bias is introduced (Simonin, 2016). That is why
the reaction rate constants (kass) presented in Table 2 are
calculated by taking into account the data for the first 90
minutes of the reaction.
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Fig. 2. Kinetics of Ag* uptake at the ratio of solid to liquid 1:20 and at
initial concentrations of AgNOs: 0.01M(1) — — 0.05M(2)----
0.10 M (3)

Table 2.
Revalues for fitting the experimental data to pseudo-first order
kinetic equation and reaction rate constant

Experiment 1 2 3 5 8
Ne

R2 0.985 | 0982 | 0.961 | 0.951 | 0.971
Kads, min-! 0.0156 | 0.0146 | 0.0224 | 0.0235 | 0.0172

The maximum uptake values of Ag* ions by zeolite for all
samples, calculated by using the removed amount of Ag* from
the solution at 240 min (when equilibrium was achieved), are
presented in Table 3.
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The amount of Ag* immobilised by zeolite is in the range of
approximately 20-80 mg per gram zeolite (Table 3). Our
findings are in line with the results of Akhigbe and coauthors
(Akhigbe et al., 2016) who found the loading of 43.4 mg Ag*/g
zeolite when the process was carried out on natural British
clinoptilolite at m:v =1:2.5, initial AGNO3 concentration of 3%
(w/v), and reaction time of 24 hours.

Table 3.
Maximum uptake of Ag* ions by zeolite

Experiment 1 2 3 4 5 6 7 8
No

mgAg*lg 404 | 60.3 | 76.8 | 39.7 | 190 | 322 | 68.0 | 782

zeolite

Data presented in Tables 2 and 3 show that both factors
solid to liquid ratio and the initial concentration of silver ions in
the solution influence the maximum loading on zeolite.

At an initial concentration of 0.05 M AgNOs (experiments 1 -
4, Table 1), the amount of immobilised Ag* ions increases with
the increase of the ratio m:v up to 1:40, while a further increase
of the volume of Ag* solution gives lower loading (Table 3).
The reduced immobilisation could be due to the insufficiency of
adsorption sites on zeolite capable to "bind" the large number
of Ag* present in the solution.

If the ratio solid to liquid is kept constant (m:v=1:20,
experiments 5-8, Table 1), then the increase of Ag*
concentration causes a gradual increase of Ag* loading and
the greatest amount of Ag* held on zeolite is 78.2 mg/g (Table
3). It was reported by Yee and coauthors (2015) that the use of
a higher concentration of the AgNOs (up to 1.0 M, m:v=1:20)
led to a greater concentration of Ag* ions immobilised on
zeolite ZSM-5 and, thus, a higher concentration of AgNPs was
achieved.

The highest rate constant (0.0235 min-) was determined for
experiment 5 where the ratio m:v = 1:20 and the concentration
of AgNOs was the lowest (0.01 M, Table 2). At the same time,
the amount of the immobilised Ag* per gram of zeolite was the
lowest one (19.0 mg/g, Table 3). In such case, almost all
available Ag* ions were immobilised, but because their initial
concentration in the solution was low, the resulted loading was
low. Although a similar value of the rate constant (0.0224 min-')
was found for experiment 3 (0.05 M, m:v=1:40), the Ag* uptake
(76.8 mg/g) was significantly higher compared to experiment 5
due to a fivefold higher concentration of initial solution in
experiment 3 (Table 3).

As can be seen in Table 3, very close values were obtained
for the Ag* loading (76.8 mg/g and 78.2 mg/g for experiment 3
and experiment 8, respectively), though a twice concentrated
solution in experiment 8 was used (0.10 M and m:v=1:20).
Obviously, the difference between experiments 3 and 8 is
within the experimental uncertainties. Thus, one can propose
that 76-78 mg/g is the optimum Ag* loading on zeolite ensured
by the contact of 1-gram zeolite with 40 mL of 0.05 M AgNOs
solution or 20 mL of 0.10 M AgNOs solution (equivalent to 2
mmol Ag* ions).

This amount seems to be the optimum one with respect to
the capacity of zeolite to be loaded with Ag*. Zeolite prepared
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under those conditions is worth undergoing further chemical
reduction or calcination for obtaining AgNPs.

Experimental data fitting the isotherm equations have shown
that the process is best described by the Freundlich isotherm
with R2=0.983. The values for the Freundlich intensity
parameter and the Freundlich isotherm constant are
graphically found and are, respectively, n=0.65 and Kr=395 mg
Agtlg zeolite. The adsorption intensity n is less than 1and,
therefore, indicates a favourable sorption of Ag* on the zeolite.

Conclusions

As a result of the experiments carried out on Ag*
immobilisation by natural zeolite, the following conclusions can
be drawn:

1. The kinetics of Ag* immobilisation by natural zeolite
consisting mainly of clinoptilolite is best described by the
pseudo-first order kinetic equation.

2. The uptake of Ag* by the natural zeolite in the studied
AgNOs concentration range of 0.01-0.10 M is best described
by the Freundlich adsorption isotherm with constants n=0.65
(showing the favourable sorption) and Kr=395 mg Ag*/g
zeolite, respectively.

3. Within the studied AgNOs concentration range of
0.01+0.10 M and the ratio of solid to liquid in the range of
1:10+1:100, the optimum conditions for achieving the highest
Ag* loading by zeolite are one gram of the zeolite contacting
with 40 mL of 0.05 M solution or with 20 mL of 0.10 M solution.

4. In our future work, the prepared silver-loaded zeolite can
be used as a precursor for the synthesis of AgNPs supported
on zeolite.
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STUDY ON THE AIR QUALITY DURING THE OPERATION OF THE MIZIA QUARRY

Marinela Panayotova’, Gospodinka Gicheva’, Nely Mintcheva®, Lubomir Djerahov’

University of Mining and Geology “St. Ivan Rilski”, Sofia 1700, Bulgaria, marichim@mgu.bg

ABSTRACT. The operation of quarries is normally associated with air pollution. As a result of mining and transportation activities, particulate matter (dust), carbon
monoxide (CO), carbon dioxide (COz), nitrogen oxides (NOx), sulfur dioxide (SO2), and (volatile) hydrocarbons can generally be emitted. This paper presents studies
on those pollutants in the Mizia quarry for limestone blocks. The measured concentrations of all gaseous pollutants in the quarry air are below (or equal to) the
threshold values for protecting the human health. Particulate matter concentrations determined on the territory of the quarry exceed the maximum permissible values,
i.e. the hourly average norm for the protection of human health. The higher values were measured in dry weather. Since the excess of the limit values is not extremely
high, wearing proper dust masks by the workers is suffices to preserve their health for the whole range of work activities except direct drilling, where additional
measures are needed to decrease dust release, such as dust collection and water spraying. Concentrations of gaseous air pollutants determined at the exit of the
exhaust pipe of a working Fadroma haul-dump machine, a representative of the heaviest equipment used in the quarry, are at the low edge of the ranges that are
presented in the literature for the heavy duty diesel engines. Concentrations of air pollutants released by the operating quarry practically do not pose hazards to the
surrounding environment.

Keywords: quarry for limestone blocks, air pollution

W3CNEABAHE HA KAYECTBOTO HA Bb3[1YXA NO BPEME HA PABOTATA HA KAPUEPA "MU3UA"
Mapunena Manaliomoea!, F'ocnoduHka luyeea’, Henu Munyesa’, Jlo6omup Oxepaxoe?
"MunHo-2eonoxku yHusepcumem "Ca. Mear Puncku”, 1700 Cogpus, marichim@mgu.bg

PE3IOME. Ekcnnoatauumsta Ha kapuepute 06MKHOBEHO Ce CBbP3Ba CbC 3aMbpCABaHe Ha Bb3dyxa. B pesyntat Ha MUHHM W TPaHCMOPTHW AEHOCTM MoraT fAa ce
OTAENAT npaxosn vactuum, BbrnepogeH okeua (CO), sbrnepopeH anokeua (CO2), asothn okeuam (NOx), ceper amokena (SO2) W (NeTnmem) BbIMEBOAOPOAN.
[loknagbT npeAcTaBs NpoyyBaHMs 3a TE3u 3aMbpcuTenu B kapuepa ,Muans” 3a BapoBuKOBWM GriokoBe. VI3mepeHuTe KOHLEHTpaLWM Ha BCWYKM ra3oobpastu
3aMbpCUTEN BbB Bb3AyXa B kapuepaTa ca Nnop (Wnu paBHU Ha) NparoBuTe CTOMHOCTM 3a 3alyMTa Ha YOBELLKOTO 3apase. KOHLEHTpaLMnTe Ha NpaxoBu YacTum,
OrpefieneHn Ha TepUTOpUATa Ha kapuepaTta, HaAXBbPAT MaKCUMaNHO AOMYCTUMMTE CTOMHOCTH, T.€. CPeAHaTa NoYacoBa HOPMa 3a 3aluTa Ha YOBELLKOTO 3ApaBe.
[No-BUCOKMTE CTOMHOCTU Ca U3MEpPeHU NpK Cyxo Bpeme. Thil KaTo NPEBMLLIABAHETO Ha NPEAENHO JOMYCTUMUTE CTOMHOCTM HE € U3KIMIOYUTENHO BUCOKO, HOCEHETO Ha
MOAXOASLM Mackv 3a npax oT paboTHULMTE e AOCTaTbyHO, 33 fa Ce 3arnasu 34paBeTo UM 3a Lienusi CMeKTbP OT AEHHOCTH, C W3KIIOYEHWe Ha npsikaTa NpobueHa
AEeNHOCT, KbeTo Cca HeobXoaMM AOMBIHUTENHN MEPKW 33 HamansiBaHe Ha OTAENAHETO Ha npax, kaTto cbbupaHe Ha npaxa v opocsiBaHe. KOHLeHTpauuuTe Ha
ra3oobpasHu 3aMbpcuUTENM Ha Bb3fyXa, ONpefeneHn Ha U3xoda Ha aycnyxa Ha paboTelya chafpoma - NpeAcTaBUTEN Ha Hail-TeXKOTO 0BopyABaHe, U3MON3BaHo B
kapuepara, ca B HUCKWS Kpaii Ha Avana3oHuTe, NpeAcTaBeHn B NUTepaTypaTa 3a TEeXKOTOBapHUTe An3enosi Asurateny. KOHLEeHTpauuuTe Ha 3amMbpcuTenute Ha
Bb3yxa, eMUTMPaHK oT paboTeLlaTa kapuepa, NPakTUIECKW He NpeACTaBNsBaT ONACcHOCT 3a OKONHaTa cpeaa.

KniouoBu AYMU: Kapuepa 3a BapoBUKOBU 6rokose, 3aMbpcABaHe Ha Bb3ayxa

Introduction particles are more likely to contribute to serious health effects.
Most of the particulate emissions from diesel engines are
Quarrying and stone cutting industries have a significant role significantly smaller than 2.5 microns (Chevron Corporation,
in our economy. However, these activities are associated with 2007).
health and environmental impacts. Usually, particulate matter,
or PM (dust with a diameter of 1-75 ym) is the main air In addition, carbon monoxide (CO), carbon dioxide (CO2),
pollutant released by such industries. Particles with nitrogen oxides (NO and NO: expressed as NOx), sulfur
aerodynamic diameters of less than 50 pm (termed Total dioxide (SO2), and (volatile) hydrocarbons (VOCs) can be
Suspended Particulate matter, or TSP) can be suspended in ~ emitted as a result of blasting, mining and transportation
the atmosphere, and those with aerodynamic diameters of less activities.
than 10 pm, i.e. PM1o (inhalable particles) can be transported
over |0ng distances and enter the human respiratory System Emissions Of p0||utants from these indUStries can |ead to
(Sayara, 2016). chronic health effects, such as decreased lung capacity and
lung cancer resulting from long-term exposure to toxic air
Generally, particulates from diesel engines, including those pollutants, as well as to a high degree of respiratory morbidity.
used in the quarries, contain primary carbon particles and Carbon monoxide is primarily generated by combustion
secondary sulfate and nitrate aerosols formed from SO and processes. The toxicity of CO stems from its ability to reduce
NOx. The EPA found that while coarse and fine particles can the oxygen-carrying capacity of blood by preferentially bonding
increase respiratory symptoms and impair breathing, fine to hemOglObin. While NO is non-toxic by itself, it contributes to
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the ozone formation and NO: can irritate the lungs and lower
resistance to respiratory infection. SOz is primarily produced by
the combustion of fuels containing sulfur. It is a moderate lung
irritant. Along with NOy, it is a major precursor to acidic
deposition (acid rain). VOCs are not criteria air pollutants,
though some specific compounds are classified as toxic. Their
importance stems from their role in forming ozone. All
hydrocarbons in the atmosphere are considered VOCs, as are
many other types of organic compounds. The reactivity and
toxicity of hydrocarbons depends on their chemical structure.
Under most conditions, alkenes and aromatics are more
reactive than alkanes. The harmful effect of organic
compounds depends on their structure. Most hydrocarbons are
non-toxic at low concentrations; some low molecular weight
aldehydes are carcinogenic, and some monocyclic and
polycyclic aromatic hydrocarbons (PAH) are suspected or
known carcinogens (Chevron Corporation, 2007).

Table 1 lists typical output ranges of the basic toxic material
in diesel fumes, as reported by different authors (Grenier,
2005; Tschanz et al., 2010; Resitoglu et al., 2015; Nett
Technologies Inc., 2018). The lower values can be found in
new, tuned, and clean diesel engines using low sulfur fuels,
while the higher values are characteristic for older equipment.

Table 1.
Range of emissions from diesel engines
Pollutant Unit Range
Cco mg/m3 6-1700
COz vol. % 05-12
VOCs* mg/m3 90 - 1860
NOx mg/m? 90 - 1880
SO, mg/m3 5-390
DPM mg/m3 1-300

DPM - Diesel particulate matter; * - as n-octane

Table 2 presents legal requirements for some air pollutants
that can enter the air through the diesel exhaust.

Table 2.
Limit values for some air pollutants
Pollutant / Norm 1 2 3 4
SOz (Ordinance12, 2010) 350 | 125 - 20
NOx (Ordinance12, 2010) 200 - 40 | 30
PM1o (Ordinance12, 2010) - 50 40 -
PM2,5 (Ordinance12, 2010) - - 25 -
CO (Ordinance12, 2010) 10* - - -
CO2(NIOSH, 2007) - 0.58* - -
n-octane (NIOSH, 2007) - | 3500 | - -
TSP***(Ordinance14,1997) | 050 | 025 | 015 -

1 - Hourly average norm for the protection of human health, ug/m3; 2 -
Daily average norm for the protection of human health, pg/m?; 3 -
Average annual norm for the protection of human health, pg/im?; 4 -
Norm for protecting natural ecosystem, pg/m3; * - maximum average
for 8 hours in one 24 hours period, mg/m3; ** vol % - REL - TWA -
recommended exposure limits - a time-weighted average
concentration for up to a 10-hour workday during a 40-hour
workweek; *** TWA, mg/m3; **** - in mg/m3 .
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The degree of air pollution with the above-mentioned
pollutants by the quarrying activity depends on: the type and
composition of the extracted material, the mining technology,
the mode of transportation, the level of mechanisation, as well
as on the local microclimate conditions. That is why for
obtaining a “real picture” of the situation "in situ",
measurements are needed.

The work presented in this paper is aimed at determining the
concentrations of the eventual pollutants emitted under real
working conditions of the Mizia quarry, as well as to assess
their possible harmful effect to the workers and to the
environment. The results obtained can serve as a basis for
proposing mitigation measures.

Methods and materials

The studied quarry is near the village of Varbesnitsa, the
municipality of Mezdra, in Northwest Bulgaria. Climatically, the
area falls within the moderate continental subregion of the
European continental climatic zone. The average monthly air
humidity is 72%, with a maximum in winter (December - 85%)
and a minimum in summer (August - 59%). With regard to the
wind, quiet weather prevails. Northwest winds with an average
annual speed of 1.6 m/s are predominant.

Large premium limestone blocks are extracted in the quarry.
Once the size of the block is determined, the edges of the
block are determined by driling holes. High technology
diamond wire saws slice the massive beds in the quarry into
blocks. Cooling water prevents the diamonds from overheating
and suppresses the dust produced by the cutting equipment.
The wire saws are also used to slice bigger blocks in the
sealable sizes. The quarry workers pick up the stone blocks
using loaders equipped with handling forks. Waste limestone,
which is an unavoidable by-product of the quarrying and
processing, is taken out from the production place with
Fadroma haul-dump machines.

Eventual pollution can arise mainly from the drilling activities
and from the work of loading and transportation machines. In
addition, in windy conditions, dust from the quarry bottom can
be raised. People can be exposed to limestone dust and other
eventual pollutants in the workplace by inhalation and skin and
eye contact.

Analyses for dust and gaseous pollutants were made at three
points: first, immediately at the drilling point while the drilling
was carried out; second, at the opposite end of the quarry
while slicing with the wire saws and cargo operations were
carried out; and third, outside the quarry in the nearby forest. In
addition, exhaust gases were measured at the tailpipe end of
one of the Fadroma haul-dump machines while it was working.
The measurement is representative, since all haul-dump
machines used in the quarry are the same age and produced
by the same company.

A manual "Drager" pump with a volume of 100 mL and two
indicating tubes for each measured gas at each sampling point
were used. Where necessary, tubes applicable for different
concentration ranges of pollutants were used. Measurements
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with tubes for CO and n-octane are generally based on
oxidation-reduction processes, while measurements with tubes
for CO2, SO2 and NOx are generally based on changes in the
pH of the substance in the tubes. Both types of reactions lead
to colour change of the substances and/or added reagents-
indicators in the tubes. More precisely, the following reactions
were used (Drager, 2011):

For CO:
H2S207

5CO+ 1,05 — 5C02+ 12

Color change: white — brownish green

For n-octane:
CeH1g + 1205 — |2

Color change: white — green

For CO2:
CO2 + N2Hs — NH2-NH-COOH

Color change: white — pale violet/blue violet

For NOx:

a)NO +C" — NO:

b) NO2 + o-diphenyl benzidine — blue grey reaction product

Color change: yellow — blue grey

For SO2, depending on the concentration range, where the
second reaction is for the lowest concentrations of SOz2:

SOz + |2 + 2H20 — H2S04 + 2HI

Color change: grey blue —white

SOz + Naz[HgCls] + methyl red — Naz[Hg(SOs)2] + 4HCI

Color change: yellow — orange .

Personal aspirators for dust, type PAP-4S, with flow rate of
2.0 L/min and FPP-15 filters were used at sampling points 1
and 2 for 60 min and two parallel samples were taken for each
point. The sampling time was 8 hours for sampling point 3.
Before and after the sampling, filters were weighed on an
analytical balance (+0.00001 g). Dust sampling was done in

two days — on one it was sunny and slightly windy, and on the
other it was cloudy, wet and quiet.

Results and discussion

Results from the in-situ measurements (averaged values
from 2 parallel determinations) are presented in Table 3.

By comparing the results, presented in Table 3, with the data
from Table 1 and the values from Table 2, the following can be
stated:

- Concentrations of gaseous air pollutants (NOx, CO, CO,
S0z, and VOCs presented as n-octane) in the working
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atmosphere of the quarry are below or equal to the norms for
the protection of human health.

Table 3.
In-situ determined concentrations of some air pollutants
Pollutant / Point S1 S2 S3 Pipe
SOz, mg/m3, dry 0.3 0.3 <0.3 6
S0O2, mg/m3, wet 0.3 0.3 <0.3 6
NOy, mg/m3, dry 0.2 0.2 <0.1 0.5
NOx, mg/m3, wet 0.2 0.2 <0.1 0.5
CO, mg/m3, dry 8 10 5 20
CO, mg/m3, wet 8 10 4 20
CO2, vol %, dry 04 04 0.2 0.8
CO2, vol %, wet 04 04 02 |075
n-octane, mg/md, dry 160 | 210 <100 | 525
n-octane, mg/md, wet 210 | 350 <100 | 630
TSP, mg/m3, dry 31 7 0.045 -
TSP, mg/m3, wet 25 5 - -

S1 - site immediately at the drilling point; S2 — site at the
opposite end of thequarry; S3 - site in the nearby forest; pipe -
at the tailpipe end of one of the Fadroma haul-dump machines

- Concentrations of gaseous air pollutants determined at the
exhaust exit of the Fadroma haul-dump machine are at the low
edge of the ranges presented in the literature for the heavy
duty diesel engines.

- Practically, the work in the quarry does not pollute the
surroundings with NOx, CO, COz, SOz, and VOCs.

- TSP concentrations determined on the territory of the
quarry exceed the maximum permissible values, i.e. the hourly
average norm for the protection of human health. Significantly
higher excess concentration is observed at the measuring site
situated immediately at the drilling point and under dry
conditions. Values are of the same order of magnitude as
those measured for a similar quarry by another author at 500-
700 m outside their quarry (Sayara, 2016). Higher TSP
concentrations were determined in dry conditions than in wet.
Summer was found as the season with the highest TSP
concentration by (Sayara, 2016), too. The precipitation helps in
sinking these pollutants (wet deposition) and most of the
produced dust is wetted and mixed with soil and can not be
easily re-suspended.

- In terms of air pollution with dust, TSP concentrations
determined in the nearby forest show that the quarry activity
does not pose a negative effect on the environment.

Carbon monoxide in the diesel exhaust results from the
incomplete combustion of the fuel. Although CO is produced in
rich mixtures during operation, a small portion of CO is also
emitted under lean conditions (Resitoglu et al., 2015). Diesel
engines are lean combustion engines. So, the formation of CO
is minimum in the properly tuned diesel engines. Hydrocarbon
emissions are composed of unburned fuels as a result of
insufficient temperature which occurs near the cylinder wall.
Since unburned hydrocarbons continue to react in the exhaust
stream, if the temperature is above 600°C and oxygen is
present, diesel engines normally emit low levels of
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hydrocarbons. That is why the hydrocarbon emissions from the
tailpipe may be significantly lower than the hydrocarbons
leaving the cylinder (Resitoglu et al., 2015). Particulate matter
emissions in the exhaust gas result from the combustion
process. They may originate from the agglomeration of very
small particles of partly burned fuel, from partly burned lube oil,
from ash content of fuel oil, and from cylinder lube oil. Diesel
engines use highly compressed hot air to ignite the fuel. At
high temperatures (above 1600°C) in the cylinders, the
nitrogen from the air reacts with oxygen and NOx emissions
are generated (Resitoglu et al., 2015).

When hydrocarbon fuel is burned with the correct amount of
air in a diesel engine, the benign gases that are left are
predominately water vapor, carbon dioxide, and nitrogen
(Chevron Corporation, 2007).The total amount of air polluting
gases and soot in the diesel exhaust is less than 1% (Resitoglu
etal., 2015).

Exhaust gas recirculation (EGR) systems are usually used to
reduce NOx emissions. The exhaust gas is recirculated back
into the combustion chamber and mixed with fresh air at intake
stroke. A richer mix is achieved by displacing some of the
intake air, but it is still lean compared to petrol engines. The
lower peak temperature is achieved by a heat exchanger that
removes heat before re-entering the engine, and works due to
the higher specific heat capacity of exhaust gases than air. At
this, the efficiency of combustion is worsened, the combustion
temperature is decreased which means reducing the formation
of NOx. However, the negatively impacted efficiency leads to
the production of soot particles. With the greater soot
production, EGR is combined with a particulate matter filter in
the exhaust gases system. EGR (with a PM filter) is widely
used in high-duty diesel vehicles, including in those working in
the Mizia quarry. The vehicles are also equipped with a diesel
oxidation catalyst (DOC) which oxidizes HC and CO
emissions. Most probably, the Fadroma haul-dump machines
are equipped with a selective catalytic reduction (SCR) system,
since the producer is amongst the world leaders implementing
SCR in its high-duty vehicles. The SCR system is used to
minimise NOx emissions. Water and N2 are released as a
result of the catalytic conversion of NOx in the exhaust gas.

The presence of the described technologies explains the low
concentrations of pollutants measured in the exhaust of a
working Fadroma haul-dump machine. Low concentrationsof
polluting gases (below standard thresholds) have also been
measured in other studies on the air quality in and around
quarries and stone cutting industries (Sayara, 2016).

The presence of a visible dust cloud is a good sign that
respirable dust is present, even though such clouds are mostly
larger-sized particles (Organiscak et al., 2003).

Different studies obtained different values for the ratio PM1o /
TSP but generally the reported values are in the range of 0.44-
0.74 and most often - around 0.5 (Brook et al. 1997;
Marcazzan et al., 2001; Kermani et al., 2003). In addition, the
study of the Canadian National Air Pollution Surveillance
Network showed that on average PM2s accounted for 49% of
the PM1o (Brook et al. 1997).
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Considering the ratio of 0.5, it can be stated that the air
outside the quarry meets the air quality standards with respect
to PM1o and PM2s. However, this is not the case inside the
working quarry. The limestone powder does not contain free
silica and there is no danger of developing silicosis or other
types of pneumoconiosis. However, powder exposure from
limestone has an irritant effect on the upper respiratory tract.
Some measures must be taken. Wearing proper dust masks by
the workers is enough (Health and Safety Authority, 2010) for
the whole range of works except for direct drilling, where
additional measures are needed to decrease dust release, as
described below.

Both wet and dry methods are available to reduce the drill
dust (Organiscak et al., 2003). Wet drilling systems pump
water into the bailing air from a water tank mounted on the drill.
The water droplets in the bailing air trap dust particles as they
travel up the annular space of the drilled hole, thus controlling
dust as the air bails the cuttings from the hole. The drill
operator controls the flow using a control valve. Dry collection
systems require an enclosure around the area where the drill
stem enters the ground. This enclosure is constructed by
hanging a rubber or cloth shroud from the underside of the drill
deck. The enclosure is then ducted to a dust collector, the
clean side of which has a fan. The fan creates a negative
pressure inside the enclosure, thus capturing dust as it exits
the hole during drilling. The dust is removed in the collector,
and clean air is exhausted through the fan. Wet systems can
be more efficient, but may freeze in winter. Dry systems
require careful maintenance of the drill deck shroud.

The waste limestone, an inevitable by-product of the
quarrying and processing, is crushed to provide aggregate for
making roads inside and around the quarry. The dust from
these roads inside the quarry can be controlled by spraying
plain water or water with some surfactants added by using
spraying systems with suitable nozzle types (Spraying
Systems Co., 2008).

Conclusions

As a result of our study the following conclusions can be
drawn:

- Concentrations of gaseous air pollutants (NOx, CO, COz,
SOz, and VOCs presented as n-octane) in the working
atmosphere of the Mizia quarry for stone blocks practically do
not pose hazards to the workers since they are below or equal
to the norms for the protection of human health.

- TSP concentrations determined on the territory of the
quarry exceed the maximum permissible values, i.e. the hourly
average norm for the protection of human health. Higher
amounts of dust were found in dry weather and on the
measuring site situated immediately at the drilling activity.

- Wearing proper dust masks by the workers is sufficient to
preserve their health. Additional measures, such as dust
collection and water spraying, are needed to decrease dust
release at direct drilling.
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- Equipment used in the quarry is properly fitted with the air
protection systems.

- Concentrations of air pollutants (NOx, CO, COz, SO, and
VOCs presented as n-octane and TSP) released by the
working quarry do not pose hazards to the surrounding
environment.
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EFFECT OF AMINES ON THE SILVER NANOPARTICLES FORMATION AT ROOM
TEMPERATURE

Gospodinka Gicheva', Neli Mincheva’

TUniversity of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, e_gospodinka@yahoo.com

ABSTRACT. Silver nanoparticles, Ag NPs, play an important role in modern technology. Their antimicrobial and catalytic properties are employed in many different
fields of research — catalysis, electronics, microbiology and environmental protection. Such major involvement requires cost effective methods for synthesis of stable
Ag NPs if they are applied in large scale. Here, we present an environmentally friendly method for preparation of silver nanoparticles at room temperature in the
presence of amines. Two types of amines were employed in the synthesis — monoethanolamine (MEA) and triethanolamine (TEA) as a catalyst for the reduction of
silver ions to Ag NPs. The resulting nanoparticles were characterized by UV-VIS spectrophotometry and scanning electron microscopy (SEM). Information about their
size and morphology was obtained and was used for comparison of the effect of the amine on the process of Ag NPs formation.

Keywords: Ag NPs, nanomaterials, synthesis, amines

BNUAHWUE HA AMWUHU BBPXY NMPOLIECA HA ®OPMUPAHE HA CPEELPHU HAHOYACTULIM NMPU CTAUHA
TEMMNEPATYPA

FocnoduHka luyesa’, Henu Muxyesa’

"MurHo-2eonoxku yHusepcumem "Cs. MeaH Puncku”, 1700 Cocpus, e_gospodinka@yahoo.com

PE3IOME. CpebbpHute HaHouacTuum, Ag NPs, 3aemaT BaxHO MSICTO B CbBPEMEHHUTE TEXHOMOMMN. TEXHUTE aHTUMUKPODHM W KaTanuTUYHI CBOMCTBA Ce 3Non3saTt
B MHOIO pa3nnyHi Hay4Hu paspaboTku B obnactTa Ha enekTpoHnkaTa, MKpobronorms 1 onassaHeTo Ha okonHaTta cpepa. LLimpokata um obnact Ha npunoxexne
Hanara Heobx0AMMOCTTa OT pa3paboTBaHETO Ha UKOHOMUYECKM W3TOAHM METOAM 3a CUHTe3 Ha cTabunim Ag NPs, ¢ Lien Te Aa ce npunarat B ronemn Mawabu. B
TOBa M3cneaBaHe npeAcTaBsMe ekonorockobpaseH MeTof 3a nomnyvaBaHe Ha CPeGBbPHM HaHOYACTULM MpW CTailHa TemnepaTypa B NPUCLCTBUETO Ha amuH. [iBa
BMAa amuHu (MoHoeTaHonamud (MEA) u tTpuetaHonamu (TEA)) ce n3nonssat npu To3u CuHTE3, Te JEMCTBAT KaTo KaTanu3atopy Npu peaykuusta Ha cpebbpHu
/oHn o cpebbpHIM HaHoYacTMLy. [onyyeHnTe HaHoYacTMLy ca oxapaktepuanpann ¢ UV-VIS cnektpodoTomeTpus 1 ckanmpalla enektporHa mukpockonus (CEM).
MMonyyeHa nHopmaLmaTa 3a TexHuTe pamMep 1 MOpEomnorus e uarnonasaHa 3a CpaBHeHWe Ha edekTa Ha [BaTa katanusatopa B npoleca Ha obpasyBaHe Ha Ag
NPs.

KniouoBu AyMU: cpeﬁprM HaHOYacCTULW, HaHOMaTepuanu, CUHTE3, aMUHN

Introduction chlorine treatment, which leads to formation of carcinogenic
by-products and derivatives (Ulkiira E et al., 2005; Panacek et
Nanosized particles and nanomaterials have attracted the al. 2006; Abdel-Aziz et al., 2014).
interest of scientific community due to their unique properties —
optical, electronic, and electrochemical (Liz-Marzan, 20086). Synthesis of uniform and stable silver nanoparticles with
What makes them really unique is the fact that their controllable size is also a difficult task. The optimum synthetic
characteristics differ from those of the bulk materials and are method should address all of the above-mention problems and
Size-dependant due to the quantum confinement effect. addltlonally it should be able to yle'd nanOpartiCleS with no
Therefore, the properties of nanomaterials can be tuned justby ~ extraneous chemicals that can potentially alter the particle’s
tuning partic|es’ size  without Changing the chemical Optical propel'ties and surface Chemistry. In the literature there
composition (Duan et al., 2000). Silver is one of the popular are various methods for synthesis of silver nanoparticles
metals used for production of nanoparticles. Antimicrobial (AgNPs) (Swathy B., 2014). Many of them are based on the
properties of silver ions have been well-known for |ong time. reduction of Ag+ ions in water solution. Chemical reduction
Silver nanoforms also show such an activity, moreover typically includes reducing agent like polyols, NaBHa, N2Ha,
nanoparticles are much more convenient for applications such sodium citrate and N,N-dimethylformamide. In order to prevent
as antimicrobial textile, sterile bandages and other the aggregation of AgNPs, the suspension is stabilized by
commercially available products based on nanosilver (Perera capping agents such as sodium dodecyl sulphate (SDS),
et al, 2013). Other applications are based on its metal polyvinyl pyrrolidone (PVP), tri-sodium citrate (Jones et al.,
conductivity and optical properties. It is applied in modem 2014). Some of the chemical reduction reactions can be
electronics and optical devices (Natsuki et al., 2011). Silver ~ carried out at room temperature. However, most of them need

nanoparticles and materials based on them are important ~ €levated ~temperatures for a higher reaction rate.
means for disinfection of potable water as an alternative of Nanoparticles’ morphology strongly depends on the reaction
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temperature. For example, flower-like silver nano architecture
with size of the particles 20 nm is formed in the presence of
ascorbic acid at room temperature (Kimling J. et al., 2006). The
other classic method involves sodium citrate as a reducing and
capping agent at high temperature under reflux (Turkevich et
al., 1951). Silver nanoparticles have been synthesized in the
presence of supercritical carbon dioxide (SCCO2), from silver
nitrate used as a starting material, PVP as a stabilizer of silver
clusters, and ethylene glycol as a reducing agent and solvent.
Polyvinyl pyrrolidone not only protected the nanosized silver
particles from aggregation, but it also promoted nucleation.
The silver nanoparticles synthesized by SCCO. are smaller
and possess higher monodispersity than those produced under
the same conditions by the conventional heating methods. As
a result, the nanosilver had lower toxicity and higher stability,
and the particles were all spherical with mean diameters in the
range of 2-5 nm (Jones et al., 2014).

Environmental applications of AgNPs, such as water
disinfection (Pradeep A. T., 2009), dyes degradation, gas
sensing etc., require stable, non-aggregable and in many
cases non-hydrophobic nanoparticles. Surfactants are typically
used to protect NPs from aggregation; however, the capping
molecules on the surface of NPs block the mass transport and
electron transfer and thus reduce their activity (Li D. et al.,
2012). In addition, recovery of the AgNPs from the reaction
medium is difficult and expensive. The immobilization of
AgNPs on solid surfaces or incorporation in solid matrix
provides stability and thus facilitates the reuse of NPs. AgNPs
have been immobilized on different solid surfaces such as
glass slides, silica nanofibers (Wong, C. et al., 2015), coated
magnetic particles, carbon nanotubes (Yan et al., 2011) and
thiol functionalized polymer—carbon nanotubes composite.

In this paper, we present the formation of silver nanoparticles
obtained at room temperature using modified citrate method. It
consists of addition of amines (MEA and TEA) which catalyse
the reduction of silver ions by sodium citrate thus lowering the
reaction temperature.

Experimental part

Chemicals

AgNOs (purum >99.8%) was purchased from Teokom Ltd
(Bulgaria), tri-sodium citrate dehydrate (NasCit =2H20; for
analysis). and hexadecyltrimethylammonium bromide (CTAB;
299.0%) - from MERCK & CO., INC. Monoethanolamine
(ethanolamine, MEA; pure p. a.) and triethanoloamine (TEA;
pure p. a.) were obtained from POCH™ (Poland). All reagents
were used without further purification. All the solutions were
made using double distilled water.

Synthesis of AgNPs

Solution of silver nitrate in double distilled water (d.d. H20)
was stirred on magnetic stirrer at room temperature. A solution
of CTAB with different concentrations (5.10+, 1.10-3, 2.10-3 M)
was added drop wise to the AgNOs solution and the mixture
was stirred for 20 minutes. Then 20 ml NasCit solution (2.10-3
M) was added drop wise. After that 3 ml solution of 4.104 M
MEA (or TEA) was injected into the reaction mixture. A pale
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reddish colour appeared. Aliquots of reaction mixture were
taken at 15t and 30t minutes and their spectra were recorded.
The amounts of reagents are given in Table 1.

Table 1.
Experimental condition for samples preparation
sample CTAB, MEA, TEA,
[M] [M] [M]

1 5.10+4 4.10+4 0
2 1.103 4.104 0
3 2108 4.104 0
4 5.104 0 4104
5 1.10°3 0 410+
6 2.108 0 410+

*The AgNOs and NasCit solutions were in concentrations
2.10°M

Materials characterization

UV-Vis spectral analysis of the obtained silver nanoparticles
(AgNPs) was performed. They revealed peaks characteristic
for them. The nanosized structures were also observed by
scanning electron microscopy (SEM).

Results and discussions

Ag NPs were formed in aqueous solution by reduction of
silver ions with sodium citrate. Addition of amine as a catalyst
provides an alternative pathway of the reaction and allows it to
proceed at lower temperature, which is an essential advantage
of this procedure. Hexadecyltrimethylammonium bromide
(CTAB) was used as surfactant and stabilizing agent to prevent
Ag NPs from aggregation.

In order to investigate the effect of the amine in the process
on silver nanoparticles formation, we tested two types of
amines — monoethanolamine (MEA) and triethanolamine
(TEA). The Ag NPs formation within 30 minutes was monitored
by UV-Vis spectroscopy. The UV-Vis spectra of reaction
mixture of Ag NPs (samples 4-6), obtained by TEA catalyzed
reduction at 15t and 30t minutes are shown on Fig. 1A and
Fig. 1B, respectively.
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Fig. 1. UV-Vis spectra of samples 4 - 6 with TEA as catalyst and different
concentration of CTAB, taken at 15t minute (A) and at 30t minute (B).

The spectra of all the samples showed two well pronounced
peaks, which intensities increase with the time. The peak at
270-280 nm can be attributed to the Ag-precursor, formed
between silver ions and surfactant molecule, Ag*CTAB
complex. The longer-wavelength peaks at 480-580 nm are due
to Ag NPs and give rise from nanoparticles with diameter of
100-200 nm (Fig. 1) (Agnihotri et al., 2014). This is also
consistent with results shown on Fig. 2A and 2B, where the
spectra of MEA-catalysed reaction mixtures are given.

Another parameter investigated in this study is the
concentration of the surfactant CTAB. It was observed that the
higher is its concentration, the higher is the rate of formation of
the Ag NPs in both series of samples (1-3) and (4-6).
Moreover, the higher concentration of CTAB leads to slight red
shift of the band maximum and the increase in the intensity of
both peaks (~280 nm and ~480 nm) in the spectra (Fig. 1A, 1B
and Fig.2A, 2B).
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Fig. 2. UV-Vis spectra of samples 1 - 3 with MEA as catalyst and different
concentration of CTAB, taken at 15 min (A) and 30 min (B)

The results from the UV-Vis spectra of the obtained Ag NPs
were summarized and the data for the wavelength maxima are
given in Table 2. It can be seen that the peaks for samples 1-3
are centred at 510-520 nm, while for samples 4-6 the
maximum appeared at around 480 nm. It is well known that
decreasing of the NPs size is associated with blue shift of the
UV-Vis band. Thus, the reaction carried out in the presence of
TEA leads to formation of smaller Ag NPs than that in the
presence of MEA. Additionally, when the concentration of
CTAB increases bigger Ag NPs are formed, as the peak shifts
towards higher wavelengths.

Table 2.

The maximum wavelength determined from the UV-Vis spectra
sample 1 2 3 4 5 6
Ama,nm | 510 | 515 520 480 480 490

In order to shed some light on the effect of the catalysts
(MEA and TEA) we compared the spectra of Ag NPs obtained
at 30t minute with the same concentration of CTAB (5.104 M).
On fig.3 are shown the UV-vis spectra of the reaction mixtures
containing TEA and MEA as catalysts.
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Fig. 3. UV-Vis spectra of AgNPs taken at 30 min from the reaction mixture
with different catalyst - TEA and MEA and the same concentration of
CTAB-5.10-4 M
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As we compare the spectra (Fig. 3) of Ag NPs, formed by
MEA and TEA catalysed reaction for the same reaction time,
we can observe that the MEA produced NPs are bigger in size
(have maximum at higher wavelengths). The structures of both
compounds are shown on Fig. 4. MEA is primary amine which
generally makes it more reactive than TEA, which is a tertiary
amine. Both molecules contain hydroxyl group(s) that are
involved in similar chemical reactions.

HzN—/—OH

A) ®)

Fig. 4. Chemical structure of the catalysts monoethanolamine MEA (A)
and triethanolamine TEA (B)

HO—/_
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There is a proposed mechanism for the catalytic action of the
amines in the literatures. It involves the addition of proton from
the water molecule thus releasing hydroxyl ion. The hydroxyl
ions oxidize the OH group in the citrate and free electron is
generated in the process. Since the TEA is stronger base than
MEA it is supposed to be more active catalyst (Natsuki et al.,
2011).

The data from the SEM analysis corresponds well with the
data from UV-Vis spectra. The SEM images of Ag NPs are
shown on Fig. 5. The average size of the silver nanoparticles is
about 200-250 nm.

SEM HV. 20.00 kV WD 8,922 mm
Vac: Hivac Det SE
SEM MAG: 28.00 k.  Date(midiy) 07723118

SEMV 20.00 kV WD 8.926 mm
Vac: Hivac Det SE 10 pm
SEM MAG: 5.00 kx Date(midfy). 0772318

Performance in nanospace u

Fig. 5. SEM images at different magnification (A) and (B) of Ag NPs
obtained in the presence TEA.

Conclusions

In this study a low temperature synthesis of silver
nanoparticles was described and the effect of two amines was
investigated. It was demonstrated that both amines (TEA and
MEA) can produce Ag NPs at room temperature. This is of
great impact since a large scale production of Ag NPs can be
achieved only by cost effective methods which don’t require
heating of the mixture and energy consumption.

The reaction was conducted in water media without using
expensive and toxic organic solvents. This method will be
suitable for preparation of materials that will be used in water
treatment and environmental protection.

The low reaction temperature is crucial for the formation of
nanocomposite materials involving the reduction of silver ions
adsorbed onto natural zeolite surface. It is necessary to
maintain room temperature otherwise we risk desorption of
silver ions at elevated temperatures. This method will allow the
preparation of the desired hanocomposite material.
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LEADING PRINCIPLES AND PRACTICES IN THE MANAGEMENT OF CONSTRUCTION
WASTES

Maria Manastirli', Irena Spasova’
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ABSTRACT. One of priorities of the ecology and protection of the natural and various technogenic media is the management of the wastes from the human activity,
including their secure utilisation. In this respect, special attention is paid to the construction wastes, including activities associated with their collection, transportation,
and pre-treatment with a view to their efficient recovery and recycling. This activity is connected with profound knowledge of the contemporary methods and
technologies for the treatment of various types of construction waste, as well as of the specific requirements to the sites connected with the implementation of these
methods and technologies. This article presents the basic principles and practices related to the management of construction waste in accordance with the national

and European legislation.

Keywords: construction waste, utilisation, recycling

BOAELLIX NPUHLIMNK U NPAKTUKWU NPU YNPABNEHUETO HA CTPOUTENHU OTNALBLA
Mapus MaHacmupnu?, UpeHa Cnacosa’
"MunHo-2eonoxku yHusepcumem "Cs. Uear Puncku”, 1700 Cocpus, manastyrli_mariy@mail.ru

PE3IOME. EauH OT OCHOBHUTE MPUOPUTETM Ha EKOMOTUATA W ONa3BaHETO Ha MPUPOAHATA W PasNUYHUTE TEXHOTEHHW CPESM € YNPaBNeHNeTo Ha OTnapbLuTe OT
yoBelUkaTa AEHOCT, B TOBA YMCO TAXHOTO Ge3onacHo CbxpaHsiBaHe M ononsoTBopsisaHe. OCOGEHO 3HauyeHWe B Ta3u Hacoka Ce OTAENs Ha CTPOUTENHUTE
OTNagbLy, BKIHYBALLO [EAHOCTM, CBbP3aHN C TAXHOTO CbOMpaHe, TPaHCMOpTUpaHe U NMpeaBapuUTenHa MoATOTOBKa C Offef €PUKACHOTO UM OMON30TBOPSiBaHe U
peumknmMpaHe. Taau [eiiHOCT € CBbp3aHa C AbnBOKO Mo3HaBaHe HA CbBPEMEHHUTE METOAN M TEXHOMOMAM 3a TPETUPaHE Ha PasnuyHWTE BWLOBE CTPOUTEMNHM
OTNaAbLM, KAKTO W Ha CreuuduyHITe W3UCKBAHUS KbM NMOLaaKATe, CBbP3aHM C peanusauusita Ha Tesn MeToan W TexHomoruw. B HacTosiwata cratus ca

pasrneaaH OCHOBHUTE NPUHLIMNAKW U NPAKTUKK, CBBP3aHN C yNpaBieHUETO Ha CTPOUTENHM OTNaabLUu, c1=o6pa3eHM C HaLMOHaNHOTO 1 eBPONENCKO 3aKOHOAETENCTBO.

Kniouosu AYMU: CTPOUTENHN 0TNAAbLN, ONON30TBOPABAHE, peluKnMpaHe

Introduction related to the waste management of construction waste in
accordance with the national and European legislation.
The development of the economy is connected with the
construction of a new infrastructure, which in turn is related to . L )
the utilisation of mineral raw materials and the generation of a National and European legislation in the

large amount of construction waste that covers huge areas and management of the construction waste
pollutes the environment. According to the European statistics

(EUROSTAT), 48% of the generated waste comes from the The current EU policy in waste management is based on the
construction and demolition and 15% is generated by the concept for hierarchy in its management.

mining industry, the mining of rock materials, and the Directive 2008/98/EU implements a five-staged hierarchy in
excavation of earth masses. The annual quantity of such waste the waste prevention and management legislation and policy in
for the 28 EU member countries is 1750 — 1900 million tones all the EU member countries with the following order of
(National strategic plan for management of the C&D waste priorities:

2011-2020). 1. Prevention of waste generation;

2. Preparation for re-use;

The first step towards solving the problem with waste 3. Waste recycling:

generation is the ecological and responsible management.

According to the Directive 2008/98/EC (2008), ‘waste 4. Waste recovery , e.g. energy recovery;
management’ means the collection, transport, recovery, and 5. Waste disposal;

disposal of waste, including the supervision of such operations According to the hierarchy, EU member countries must
and the after-care of disposal sites, and also including actions focus on the prevention of waste generation and when this is
taken as a dealer or broker. This activity is related to. a not possible, the generated waste must be reused, recycled,
profound knowledge of the modern methods and technologies recovered to the fullest extent and only in the end to be
for the treatment of different types of construction waste. The eventually disposed.

present article discusses the basic principles and practices
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In order to improve the actions of prevention of the waste
generation and to facilitate the distribution of good practices,
the Directive implements requirements for the EU member
countries concerning the development of programs for waste
generation prevention and defines the aims of their
management.

The government of the Republic of Bulgaria itself has
adopted a series of legislation documents ratifying the
European legislation acts and ensuring sustainable economic
development and environmental protection. The Ordinance for
Construction Waste Management and the Use of Recycled
Construction Materials (OCWM, SG No 98, 2017) is a specific
subject of interest. The purpose of the Ordinance is to prevent
and limit the risk of environmental pollution as a result of the
collection, transportation, and treatment of the construction
waste, as well as to encourage the recycling of construction
waste that is not dangerous and its use for achieving the
objectives of preparing it for reuse, recycling or for other use
(OCWM, An. 7, art. 11, §1 - 2, SG No 98, 2017). The targeted
quantity for material utilization' per type of waste is shown in
Table 1:

Table 1
Quantitative targets for material utilisation per type of
construction waste
Years
Type of waste 2020 and
2017 | 2018 | 2019 | %N
subseq.
year
|. Waste Code
17 01 01 concrete 85 % 85 % 85 % 85 %
17 01 02 bricks 50 % 57 % 63 % 70 %
1701 QS roof tiles, tiles, faience and 50% | 57% | 63% 70 %
ceramics products
17 02 01 wood material 0% | 73% | 77% 80 %
17 02 02 glass 53 % 62 % 1% 80 %
17 02 03 plastic 63% | 69% | 74% | 80%
17 04 05 iron and steel 0% | 90% | 90% 90 %
17 04 01 copper, bronze, brass 90% | 0% | 90% 90 %
17 04 02 aluminum 90 % 90 % 90 % 90 %
17 04 03 lead 90 % 90 % 90 % 90 %
17 04 04 zinc 90 % 90 % 90 % 90 %
17 04 06 tin 90 % 90 % 90 % 90 %

* Material utilisation — all operations of the utilsation of construction waste,
such as preparation for second use, recycling, and use in reversed earth
embankments, excluding the power use and secondary treatment of materials

that are used for fuel.
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Years
Type of waste 2020 i“d
2017 | 2018 | 2019 | 62¢
subseq.
year
17 04 11 cables other than those o o o o
mentioned in the code17 04 10 0% | 90% %0 % 90 %
17 03 02 asphalt mixtures containing
other substances than those 67% | 1% 76 % 80 %
mentioned in code 17 03 01
II. Sector
Road sector 0% | 73% | 77% 80 %
Railway sector 0% | 3% | 77% 80 %

Apart from the aim for material utilisation, there are also
targets set for the limitation of the use of natural resources and
materials and for their recycling to the highest extent.

Basic principles of the construction waste
management

The complete management of construction waste is based
on the following principles (COM (96) 399, 1996):

e Hierarchy of the waste management

Observing of the hierarchical order of the waste management
is one of the most important principles. The sequence of the
hierarchy defines the priority order of what represents the best
opportunity for the protection of the environment.

o Self-sufficiency and proximity when managing waste

The principle suggests for the generated waste to be
recycled and used in the community and close to the place
where it was generated.

° Best available techniques

In the process of waste management, the best available
techniques which do not require high expenses must be used.

e Responsibility of the manufacturer and ‘the pollutant
za S’!

The individuals, who produce or contribute to the production
of waste, or pollute the environment, or the current owners of
waste must cover the expenses for the waste treatment and
manage the waste in a way that guarantees a high level of
protection of the environment and the human health.

e Prevention

The potential waste problems must be foreseen and avoided
at the earliest stage possible.

e Community participation

The concerned sides and authorities, as well as the
community itself have the opportunity to participate in the
development of the waste management plans and the
programmes for waste prevention.
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Leading practices in construction waste

management

The construction waste management covers the complete
cycle from waste generation to waste use or disposal. The
construction waste is collected, stored, transported, and
prepared for disposal separately (WML, SG No 53, 2012).

The activities of collection, storage, and material use of the
construction waste may be done right on the construction site,
on the site for a construction building removal, and on the site
for waste treatment. The first two may be used as sites for
material use only upon the wish of the contracting authority
and when this has been included in the investment project and
in the Plan for Construction Waste Management (PCWM,
2017). The requirements for the activities in collection and
material use of the construction waste, as well as for the sites
where those activities will be conducted are detailed in the
Ordinance on the Management of Construction Waste and on
the Use of Recycled Building Materials (OCWM, SG 98, 2017).

Technological processes and equipment in construction
waste management

The process of waste management starts from the
demolition of buildings and the removal of road surfaces and
ends with the use of an already treated waste.

Different technologies are used for the demolition of
buildings, and the choice of technology depends on a series of
factors, such as type of the building, location, allowed levels of
pollution, terms and desired stage of selective waste
separation. The basic technologies for the demolition of the
buildings include blowing up, power action, combination of a
hit, cut, and pull, cutting, water jet cutting, gas-oxygen cutting,
etc.

The choice of the suitable technology and equipment may
be crucial for the waste separation per type and for the waste
separation from the products to be reused. The selective
deconstruction and the separate collection and storage of
waste on the construction landing are important requirements
for the receipt of high quality of the waste fractions which have
the potential to be reused, to be recycled, or to be used as
construction materials or products.

Depending on the technological processes, the construction
waste treatment technologies may be grouped as follows:

Low technological level — technologies for crushing and
sieving. The components are separated only by size without
the separation of the different kinds of material.

Medium technological level - technologies for crushing,
application of a sieve system, and material separation via
magnet separation or sorting by hand.

High technological level - technologies for crushing,
application of a sieve system, and material separation via more
complex methods such as flotation, separation of ferrous and
non-ferrous metals, etc.

Depending on the recycling purposes and the ensuing use
of the recycled waste, the following types of recycling exist,
(HCWM,
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https://www.moew.government.bg/static/media/ups/tiny/filebas
e/Waste/cdw/SO_RUKOVODSTVO_FINAL.pdf)

Primary recycling — recycling with the same purpose. For
example, road — asphalt coverage which is crashed and melted
on spot for a new road surface.

Secondary recycling — use of the recycled waste for a new
purpose. For example, secondary use of recycled asphalt as a
base for a new road surface.

Tertiary recycling — crashing of a synthetic product for the
production of another one.

Quaternary recycling — transformation of raw materials into
energy. For example, burning of synthetic materials and paper.

The primary and the secondary recycling methods for the
recycling of construction waste are applied in Bulgaria. The
level of recycling ability of the construction waste depends on a
series of factors, such as level of treatment in advance,
dangerous substances pollution, diversity of the waste, etc.
The recycling process is done on specialised sites for recycling
or directly on the construction site or on the demolition sites.
The equipment may be stationary, semi-stationary or mobile.

The technological processes in the process of recycling are
as follows:

Pre-fragmentation - it is performed with hydraulic scissors or
a hammer and aims to reduce the size of the construction
waste admitted to the crasher. It is necessary when the particle
size is bigger than the entrance of the crasher or when the
direct crashing would be ineffective. Concrete and reinforced
concrete waste fragmentation is used as well.

Crashing - this may be done in a few steps in order to
optimise the process and the workload on the equipment.
Crashing is used for the major part of the construction waste,
concrete, reinforced concrete, ceramics, asphalt concrete, rock
materials, and polymeric construction materials.

Metal removal - this technology is applied for the reinforced
concrete waste after crashing. For the purpose, magnet
separators are used which remove the prestressing steel.

Sieving/fractioning — it may be performed at each level of
recycling depending on the type of waste. It aims to remove
the unwanted impurities or separates infractions with different
size of the grain. Vibration sifters from metal nets or perforated
plates are most commonly used for these purposes. The
method is applicable to all kinds of construction waste.

Additional cleaning - this aims to remove unwanted
impurities (for example, dust fraction on the grains of the
recycled concrete since it may limit its application as an
additional material). The cleaning is done via aeration or
flotation.

Diagram 1 represents the technological process involved in
the recycling of some types of construction waste. Every site
has an incoming inspection system which ensures examination
and separation of the waste, as well as waste weighing. Under
Article 35 from the WML Waste Management Law, the
separated waste mat that cannot be recycled on the site is
recovered or submitted to the individuals who own the
necessary permits for waste treatment (WML, SG No 53, art.
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35, 2012). The waste suitable for recycling is crashed in jaw or
rotor crushers. If necessary, the waste may be fractioned in
advanced. The crasher is most commonly equipped with a
magnet separator that separates metal elements such as the
prestressing steel from the reinforced concrete waste. The
separated metal elements are submitted to the individuals
owing the respective permits for working with such waste
(WML, 2012). After crushing, the waste passes through a sifter
system where it is separated in different fractures. Each
fracture is stored independently and after that is recovered via
implementation in embankments or construction materials (for
example, the recycled concrete fractions may be used for the
same purpose as the natural materials: from embankment
materials to supplementary materials for concrete and asphalt).

Input control system

l Crushing

———

Separation of non-

recyclable or hazardous
waste

L,

e

Recovery or Disposal
of Sezregated Waste

Recyding

Utilization by embedding
in embankments or
building materials

Metals

Fractionation separation

Separatestorage of
differentfractions

Diagram 1. Technological process involved in the recycling of
some types of construction waste.

Options for the use of recycled construction waste
The recycled materials may be used in the following
activities (HCWM, available at:

https://www.moew.government.bg/static/media/ups/tiny/filebas
e/Waste/cdw/SO_RUKOVODSTVO_FINAL.pdf).

In road construction works — as embankments, road
grounds, improvement of the features of the earth bed,
drainage works, supplementary materials for low-strength
concrete and cement stabilisation, heat and cold recycling for
road surfaces, temporary roads, etc.

In the construction of hydro technical facilities such as
gabions and mattresses, embankments, drainage works, etc.

In the construction of buildings and facilities as reversed
plumage, drainage works, etc.
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The use of the recycled construction materials is legislated
by the Regulation (EU) Ne 305/2011 (2011) of the European
Parliament for the definition of harmonised conditions for
availability on the construction products markets. In the
Republic of Bulgaria, the directive is implemented via the
Regulation of the Essential Requirements for the Constructions
and the Evaluation of the Compliance of Construction Products
(RERCECCP, 2014).

Conclussions

The legislation acts adopted by the European and the
Bulgarian legislation set clear frames in the management of the
construction waste. They define a hierarchical management
order as a basis for the environmental protection and for the
limitation of the use of natural resources.

The implementation of the legislative obligations of
construction waste management and an increase in the level of
their application, as well as the gradual increase in the disposal
price are all good prerequisites for the increase of the quantity
and the improvement of the quality of the recycled non-
construction waste.
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ELECTRICITY GENERATION IN MICROBIAL FUEL CELLS BY MEANS OF DIFFERENT
MICROORGANISMS
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ABSTRACT. Waters polluted with iron and some non-ferrous metals (Cu, Zn, Co) were subjected to treatment by means of permeable reactive multibarrier. The
effluents from the multibarrier contained the metals in much lower concentrations but were enriched in dissolved organic compounds and contained anaerobic
microorganisms from different physiological groups: mixed populations of mesophilic sulphate-reducing bacteria, mainly from the genera Desulfovibrio, Desulfobacter,
and Desulfomonas; mixed populations of mesophilic iron-reducing bacteria of the genera Geobacter and Shewanella; mixed populations of mesophilic fermenting
bacteria, mainly from the genera Bacillus, Pseudomonas and Clostridium. The electricity generated by these microorganisms in a two-section fuel cell varied from 14
to 510 mW/m2.

Keywords: acid drainage, microorganisms, electricity generation

FEHEPUPAHE HA ENEKTPUYECTBO B MMKPOBEHA TOPMBHA KIETKA YPE3 PA3NTW4HU MUKPOOPIAHWU3MKU
M. Hukonosea’, 1. Cnacoea’, C. lpydee’, I1. leopauee?, B. pydesa?

" MunHo 2eonoxku yHusepcumem ,Ce. UeaH Puncku®, Cogpusi 1700, brneapus

2 Cogputicku yHusepcumem ,,Ca. Knumenm Oxpudcku®, Cogpusi 1000, buneapusi

PE3IOME. Bogu, 3aMbpceHm ¢ xens3o 1 Hakon ueeTHu metanm (Cu, Zn, Co) 6sxa noanoxeru Ha obpaboTka nocpescTBOM NPONycknnBa peakTueHa MynTubapuepa.
PaateopuTe, u3Tyawy ot Myntubapuepata Cbabpkaxa MeTanu B MHOTO MO-HUCKW KOHLIEHTpaLuu, HO 6sixa 0BoraTeHu Ha pasTBOPEHN OPraHUYHU ChEAMHEHUS W
Cbabpkaxa aHaepoBHU MUKPOOPraHU3MK OT PasnM4HU (PM3MONOTMYHN TPYMKU: CMECEHM MOMYnauMu Ha Me30urnHK cyndaT-penyumpally 6akTepun, OCHOBHO OT
popoBeTte Desulfovibrio, Desulfobacter v Desulfomonas; cmeceHu nonynawum Ha Me3ogunHn peayLmpalLm xensso 6aktepum ot poposete Geobacter n Shewanella;
CMeceH nonynauuu Ha Me3otunHn epmeHTUpaLLy 6aktepuu, rmasHo oT poposeTe Bacillus, Pseudomonas v Clostridium. EnektpoeHeprusita, reHepupaHa ot Te3u
MWKPOOPraH13mMu B ABY-CEKLIMOHHaTa ropuBHa kneTka, Bapupatue ot 14 1o 510 mW/m2,

KniouoBu AYMU: KUCenu apeHaxHn Boan, MUKPOOPraHU3Mu, reHepupaHe Ha enekTpuy4ecTso

Introduction groups: mixed populations of mesophilic sulphate-reducing
bacteria, mixed populations of mesophilic iron-reducing
The treatment of polluted waters, including such containing bacteria, and mixed populations of mesophilic fermenting
very toxic elements (heavy metals, radionuclides, arsenic), by ~ bacteria (all of them were most active at about 37°C); a mixed
means of different passive systems has considerably population of moderate thermophilic sulphate-reducing bacteria
increased in the past years due to its effectiveness and the from the genus Thermosulpobacterium with an optimum
acceptable economic evaluation. In most cases, such temperature of about 55°C, and mixed populations of extreme
treatment is performed by means of permeable reactive thermophilic archaea from the genus Archaeoglobus with an
multibarriers of different types. The effluents from the optimum temperature of about 86°C. All these microorganisms
multibarriers usually contain the heavy metals and other toxic were used in experiments for electricity generation by means
elements in much lower concentrations than the waters of microbial fuel cells at the optimum temperatures relevant for
subjected to cleaning but are usually enriched in dissolved each of them.

biodegradable organic compounds. Furthermore, the
microflora of the treated waters usually contains various
anaerobic microorganisms most of which participate in the Materials and Methods
process of water cleaning. Such waters and their microbial

inhabitants are very suitable for electricity generation by means Acid drainage waters polluted with iron and some non-
of microbial fuel cells (Barton and Fauque, 2007; Carver et al., ferrous metals (mainly Cu, Zn, Cd) were subjected to treatment
2011; Dopson and Johnson, 2012; Loveley, 2008). by means of permeable reactive multibarriers. The

multibarriers were plastic cylindrical columns 120 ¢cm high, with
an internal diameter of 30 cm. Three columns of this type were
filed with a mixture of limestone (crushed to particle size of
minus 10 mm) and biodegradable organic matter consisting of

The present paper contains data about the treatment of
waters polluted with iron and some non-ferrous metals by
means of permeable reactive multibarriers inhabited by
different anaerobic microorganisms from different physiological
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spent mushroom compost, fresh leaf compost, animal manure
and saw dust. The columns were inoculated by water and soil
samples inhabited by their relevant viable microflora. This
microflora contained different anaerobic microorganisms:
mixed populations of mesophilic sulphate-reducing bacteria,
mixed populations of mesophilic iron-reducing bacteria, mixed
populations of mesophilic bacteria fermenting different organic
substrates, a mixed population of moderate thermophilic
sulphate-reducing bacteria, and mixed populations of extreme
thermophilic archaea.

Apart from the experiments on the isolation of natural
representatives of microorganisms suitable for testing their
ability to generate electricity, some already selected
electrochemically active microorganisms were also used in this
investigation. The microorganisms were added to a nutrient
solution containing some biologically essential elements
mentioned in the well-known 9 K nutrient medium (Silverman
and Lundgren, 1959) but also containing various combinations
of soluble biodegradable organic compounds, vitamins, and
trace elements. Such solutions were subjected to continuous-
flow circulation from the inlet to the outlet of the microbial fuel
cells used for electricity generation.

The microbial fuel cells used in these investigations were of
the type already efficiently used in other projects connected
with the microbial generation of electricity. The cells were
Plexiglas cylindrical columns 80 c¢m high, with an internal
diameter of 12 cm. A perforated slab graphite-Mn#+ anode and
a graphite-Fe3* cathode were located in the bottom and in the
top sections of the column, respectively. The two sections were
separated by a permeable barrier of 5 cm thickness consisting
of a 2.5 cm layer of glass wool and a 2.5 cm layer of glass
beads. The feed stream containing the potential energy
sources for the microorganisms was supplied to the bottom
anodic section of the column and the effluents passed through
the cathode section and continuously exited at the top.
Biodegradable organic substrates of different types (proteins,
lipids, sugars added separately or in different combinations)
were used in these studies. Air was injected during the
treatment to the cathode section.

Elemental analysis was done by atomic adsorption
spectrometry and inductively coupled plasma spectrometry.
The isolation, identification and  enumeration  of
microorganisms were carried out by means of the classical
physiological and biochemical tests (Karavaiko et al., 1988)
and by the molecular PCR methods (Sanz and Kéchling, 2007;
Escobar et al., 2008).

Results and Discussion

The treatment of the polluted acid drainage by means of the
permeable reactive multibarrier was very efficient for removing
the heavy metals and, at the same time, was connected with a
considerable increase in the content of biodegradable organic
compounds in the waters treated in this manner (Table 1). This
increase was due to the biodegradation of the initial organic
matter present in the multibarriers by means of the different
heterotrophic microorganisms inhabiting the multibarriers and
acting at different temperatures. The microflora in the
multibarrier maintained at 37°C consisted mainly of mesophilic

107

sulphate-reducing and iron-reducing bacteria but several
fermenting heterotrophic bacteria (mainly of the genera
Bacillus, Pseudomonas and Clostridium) were also present in
relatively high concentrations (within 108 - 105 cells/ml).

Table 1.
Data about the polluted waters before and after the treatment
by means of different microorganisms

Parameters Before After treatment

treatment | 3700 | at55:C | at86°C
pH 1.45-350 | 6.80-7.25|6.95-7.40 | 6.90-7.53
Eh, mV +370)-(+550)[-170)-(-280) |(-175)-(-260)|-170)-(-250)
TDS, mgll 3520-57201590-1380 | 530-1250| 510- 1340
Diss. 02, mg/| 1.0-21 | 01-0.2 0.1 0.1-03
Diss. org. 17-35 | 240-460 | 230-450 | 250-410
C, mg/l
Sulphate, 590-1850 | 190-320 | 250-440 | 260 -480
mg/l
Cu, mg/l 8.2-28 <0.1-05 | <0.1-0.2 | <0.1-0.3
Zn, mg/l 14 - 32 <0.1-04 | <0.1-0.3 | <0.1-0.3
Co, mg/l 28-12 <0.1-0.3 | <0.1-0.3 | <0.1-0.3
Cd, mg/l 01-0.5 <0.02 K0.01-0.03 | <0.01-0.03
Mn, mg/l 10-23 03-05 0.2-0.3 02-03
Fe, mg/l 550-1670 | 5.1-8.2 <5 <5

With respect to the electricity generation among the various
mesophilic bacteria tested in this study, the most active were
some mesophilic sulphate-reducing bacteria (Table 2). It must
be noted, however, that the different strains related to one and
the same taxonomic species can differ considerably from each
other with respect to their ability to generate electricity (in fuel
cells of this type, at least). The efficiency of the mixed cultures
of sulphate-reducing bacteria consisting from representatives
of different species of such bacteria was also variable within a
large range. Some strains of the Desulfovibrio desulfuricans
and Desulfobulbus elongatus were the most active with respect
to electricity generation not only among the sulphate-reducing
bacteria but also among all microorganisms tested in this
study.

Table 2.
Electricity generation by means of mesophilic sulphate-
reducing bacteria

Sulphate-reducing bacteria Power, mW/m2
Desulfovibrio desulfuricans 203-510
Desulfobacter multivorans 125 -404
Desulfobulbus elongatus 174 - 425
Desulfotomaculum nigrificans 65-212
Desulfococcus postgatei 25-170
Desulfosarcina variabilis 14 - 95
Mixed cultures 105475

Note: Treatnment at 37°C.

Some of the iron-reducing bacteria were also very active
with respect to their ability to generate electricity (Table 3). The
different taxonomic species related to the genera Shewanella
and Geobacter included strains quite different with respect to
this ability. It must be noted, however, that some of the mixed
cultures consisting of different species of iron-reducing bacteria
were the most active among all strains and species from the
two genera used in this study.



JOURNAL OF MINING AND GEOLOGICAL SCIENCES, Vol. 61, Part Il, Mining, Technology and Mineral Processing, 2018

Table 3.
Electricity generation by means of mesophilic iron-reducing
bacteria

Iron-reducing bacteria Power, mW/m2
Shewanella loihica 170 - 321

S. odeinensis 154 — 335
S. putrefaciens 20-215

S. alga 95-190
Geobacter metallireducens 161 -212
G. ferrireducens 140 -192
G. sulfurreducens 91-132

G. hydrogenofilus 48 - 97
Mixed cultures 125 - 1325

Note: Treatnment at 37°C.

As a whole, the electricity generation by means of different
species, strains and mixed cultures of moderate thermophilic
sulphate-reducing bacteria at 55°C (Table 4) was lower in
comparison with the electricity generation by means of
mesophilic bacteria at 37°C. However, it must be noted that the
numbers of microbial species and strains of the mesophilic
bacteria used in this study were much higher than the relevant
numbers connected with the moderate thermophilic sulphate-
reducing bacteria used.

Table 4.
Electricity generation by means of moderate sulphate-reducing
bacteria

Sulphate-reducing bacteria Power, mW/m?
Thermodesulfobacterium sp. 55-170
T. commune 68 — 194
T. mobilis 51-212
Mixed cultures 86 - 280

Note: Treatnment at 55°C.

The electricity generation by means of sulphate-reducing
archaea at 86°C was also lower (Table 5) than that achieved at
37°C by means of the mesophilic sulphate-reducing bacteria. A
serious reason for this is probably the same one mentioned
above: about the comparative data obtained by means of the
mesophilic and moderate thermophilic bacteria (i.e. the much
lower number of investigations on the electricity generation by
means of thermophilic microorganisms performed until now in
comparison with that performed by means of mesophiles).
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Table 5.
Electricity generation by means of moderate sulphate-reducing
bacteria

Sulphate-reducing bacteria Power, mW/m2
Thermodesulfobacterium sp. 120 - 235
T. commune 73-203
T. mobilis 60 — 187
Mixed cultures 51-210

Note: Treatnment at 86°C.
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MICROBIAL PRE-TREATMENT OF A GOLD-BEARING FLOTATION PYRITE
CONCENTRATE BY MEANS OF MESOPHILIC AND MODERATE THERMOPHILIC
BACTERIA AND BY EXTREME THERMOPHILIC ARCHAEA

Irena Spasova’, Marina Nikolova', Plamen Georgiev!, Stoyan Groudev’

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, spasova@mgu.bg

ABSTRACT. A gold-bearing flotation pyrite concentrate containing 23 g/t gold and 875 g/t silver as the most valuable components was subjected to microbial pre-
treatment to liberate the precious metals from the sulphide matrix and to expose them for the subsequent extraction by means of suitable agents (thiosulphate,
microbial protein hydrolysate, cyanide). The concentrate pre-treatment was performed initially in Erlenmeyer flasks and then in agitated bioreactors by means of
different microorganisms: mesophilic and moderate thermophilic bacteria at 37 and 50 - 55°C, respectively, as well as by means of extreme thermophilic archaea at
75 - 90°C. The highest extractions of gold and silver (over 90%) from the pre-treated concentrate were achieved by means of moderate thermophilic bacteria at 10 -
15% pulp density, and by the extreme thermophilic archaea at pulp densities of 10%. The mesophilic bacteria were efficient for the concentrate pre-treatment at pulp
density of 20%.

Key words: gold; sulphide concentrate; microbial pre-treatment; chemolithothrophs

NPEABAPUTEJTHO MUKPOBHO TPETUPAHE HA 3NTATOHOCEH, NUPUTEH ®JNIOTALMOHEH KOHLIEHTPAT
NOCPEACTBOM PA3NTUYHU MUKPOOPTAHU3MU

Upena Cnacosa’, MapuHa Hukonoea’, llnamex eopaues’, CmosiH pydes?

"MunHo-2eonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Copus, spasova@mgu.bg

PE3IOME. 3naToHoceH NMpUTeH (hoTaLMOHEH KOHLEHTpaT, chabpxaly 23 g/t 3nato u 857 g/t cpebpo, 6e NoanoxeH Ha MMKPOBMONOTMYHO Bb3AENCTBUE C Lien
paskpuBaHe Ha bnaropogHuTe MeTanu OT cynduaHaTa MaTpuLa 1 nocnegsalla ekcTpakLms Ypes pasnuyHn areHTu (Tuocyndart, MukpobeH 6enTbyeH Xxmaponuaar,
umanug). MpensaputenHata obpaboTka Gelwe u3BbplieHa B Epnenmaiiepou konbu u cnen Toa B Guopeaktopu ¢ pasbbpkBaHe, MOCPEACTBOM Pa3fvyHU
MUKPOOPraHU3Mn: Me30hUHN 1 yMepeHn TepMocniHu Gaktepumn cboTBeTHO npu 37 u 50 — 55°C, kakTo 1 Ypes ekcTpeMHW TepModunHu apxeun npu 75 — 90° C.
Hait-1coka ekcTpakuus Ha 3anato v cpebpo (Hag 90 %) oT TpeTUpaHus KOHLEHTpaT Be nocTurHaTa npu unonasaHe Ha ymepeHu TepmodunHu baktepum npu 10 — 15
% NIBTHOCT Ha Mynna 1 npy eKCTPEMHI TEPMOCUIHN apxeu Npu NITLTHOCT Ha nynna 10%. MesodunHute baktepum Bsixa edmkacHn npu TpeTpaHe Ha KOHLeHTpaTa
npu 20% nTBLTHOCT Ha Nynna.

Knito4oBm gymu: aramo, cynghudeH KoHUeHmpam, MUKkpoGUoIo2uyHO mpemupaxe, XeMoaumompogpu

Introduction mineral substrata at pulp densities from 10 to 30% and
temperatures from 35 to 90°C (Brierley, 1995; Lawrence and

concentrates is a well-known and largely applied technological 1996; Wan and Brierley, 1997).

apprgach to liberate the gold (and silver) from th_e sulphide This paper contains data about investigations on the
matrix and to make these precious metals accessible for the microbial pre-treatment of a gold-bearing pyrite concentrate
subsequent extraction by means of suitable reagents (mainly performed under different conditions (with respect to the
by cyanide§ but also by some relatively non-toxic reagents temperature and pulp density) by means of different
such as thiourea and thiosulphate). In most cases, these microorganisms  (mesophilic and moderate thermophilic
precious metals are present in pyntg and arsenopynte but bacteria at 37 and 50-55°C, respectively, and extreme
sometimes parts of them are present in other sulphides such thermophilic archaea at 75 and 90°C) at pulp densities from 10

as chalcopyrite and galena. Furthermore, it is well-known that t0 30%.
considerable portions of other rare and expensive elements
are also present in sulphides, including in the pyrite and
arsenopyrite. This increases the interest in the application of
the microbial pre-treatment as an efficient and economically
acceptable way to facilitate the recovery of these elements
from the relevant sulphides. At present, different species of
chemolithotrophic bacteria and archaea are used in such
investigatons and even under industrial conditions
characterised by microbial pre-treatment of the relevant

Materials and Methods

Data about the chemical composition of the flotation
concentrate used in this study are shown in Table 1. Data
about the phase composition of the precious metals in the
concentrate are shown in Table 2.
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Table 1.
Data about the chemical composition of the flotation
concentrate used in this study

Component | Content, % | Component | Content, %
S total 5.90 Zn 0.17
S sulphidic 5.14 Pb 6.10
Fe 7.10 Au 23 ght
Cu 1.70 Ag 875 glt
Table 2.
Phase composition of the precious metals in the concentrate
Phases Au Ag
Distribution, %
Free metal 10.7 -
Metal encapsulated in iron oxides 30.2 35.0
Metal finely dispersed in sulphide 54.5 60.2
minerals
Metal finely dispersed in silicates 4.6 4.8
Total 100.0 100.0

The microbial pre-treatment of the concentrate was
performed initially in Erlenmayer flasks and then in agitated
bioreactors with a 1.0 | working volume by means of different
chemolithotrphs able to oxidize the sulphide minerals. The
pretreatment was performed in 9K nutrient medium (Silverman
and Lundgren, 1959) containing the concentrate in pulp
densities from 10 to 30%. The duration of the pre-treatment
was up to 7 days (168 hours) at the temperature relevant for
the different microorganisms: at 37 and 50-55°C for the
mesophilic and moderate thermophilic bacteria, respectively,
and at 75 and 90°C for the extreme thermophilic archaea.

The leaching of the initial concentrate and of the concentrate
pre-treated by means of microorganisms was performed by
means of different reagents: microbial protein hydrolisate in the
presence of KMnOs4 or H202 in concentrations of 5 g/l each;
ammonium thiosulphate in a concentration of 10 g/l in the
presence of copper ions (0.5 - 1.0 g/l); and sodium cyanide.

Elemental analysis of the waters was performed by atomic
absorption spectrometry and by inductively coupled plasma
spectrometry.

The isolation, indentification, and enumeration of
microorganisms were carried out by the classical physiological
and biochemical tests (Karavaiko et al., 1988) and by the
molecular PCR methods (Escobar et al., 2008; Sanz and
Kdchling, 2007).

Results and Discussion

The direct chemical leaching of the precious metals from the
concentrate, i.e. without its pretreatment by means of the
microbial oxidation, was not efficient (only 12.0% of the gold
and 6.2% of the silver were extracted in this way) (Table 3). At
the same time, the levels of extraction of the precious metals
from the concentrate subjected to microbial pretreatment
before the leaching was very efficient (the same table). It was
found that the level of sulphide oxidation higher than 35%
during the pretreatment was sufficient to extract more than
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95% of the gold and more than 90% of the silver during the
subsequent chemical leaching.

Table 3.

Leaching of precious metals from the flotation concentrate by
means of different reagents before and after its pre-treatment
by means of microbial oxidation

Initial Pre-treated
. concentrate concentrate
Leach solution
Au Ag Au Ag
Extraction, %
Protein hydrolysate | 109 | 86 | 164 | 122
Protein hydrolysate
+ chemical oxidiser:
- KMnOq4 40.1 32.3 90.7 85.2
- HO 30.7 245 86.2 84.0
Thiosulphate 46.4 34.7 90.5 884
NaCN 48.0 374 914 89.1
It is known that the different chemolithotrophic

microorganisms attack the defect sites in the relevant mineral
structures preferentially. However, the rates of oxidation by the
different microbial species and even by the different strains
related to one and the same taxonomic species can be quite
different. In this study, the rates of microbial oxidation during
the concentrate pretreatment by means of the extreme
thermophilic archaea were the highest in comparison with the
oxidation rates achieved by means of the moderate
thermophilic and by means of the mesophilic bacteria.
However, these rates were achieved during the pre-treatment
performed at the relatively low pulp densities (10 — 15%) of the
concentrate (Table 4).

Table 4.

Effect of the pulp density of the concentrate pre-treated by
means of different microorganisms on the efficiency of the
subsequent extraction of the precious metals

Pre-treatment Pulp density, %
by means of 10 15 20
different
microorganisms Extraction, %

Au | Ag | Au | Ag | Au | Ag
Mesophilic
bacteria 95.0 | 914 1941 1905|923 | 88.0
Moderate
thermophilic 97.2 1920|950 | 909 | 90.5 | 88.5
bacteria
Extreme
thermophilic 952 905|901 | 894 | 885|875
archaea

The highest rates of pre-treatment at the highest pulp
densities (20 — 30%) were achieved by means of the moderate
thermophilic bacteria. It must be noted, however, that the rates
of microbial pre-treatment, i.e. the rates of microbial sulphide
oxidation, at these highest pulp densities were lower than
those achieved at pulp densities of about 15%.
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The data obtained during this study revealed that the
efficient  pre-treatment of the gold-bearing sulphide
concentrates can be achieved by means of selected
chemolithotrophic microorganisms from the three essential
groups based on their optimum temperatures for growth and
oxidative activity, i.e. by means of mesophilic and moderate
thermophilic bacteria and by means of extreme thermophilic
archaea. However, it must be noted that each of these three
groups of microorganisms contains strains which can be quite
different from each other with respect to many of their essential
properties. Furthermore, the conditions used during the
concentrate pre-treatment, especially such as the optimum
temperature for the microbial growth and activity, the optimum
pulp density, as well as the character of all specific properties
of the relevant gold-bearing sulphide concentrate, are essential
for the efficiency and the real economic effect connected with
the activity of this type.
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THE EFFECT OF THE PULP DENSITY OF A COPPER SLAG ON THE EFFICIENCY OF ITS
BIOLEACHING BY MEANS OF DIFFERENT MICROORGANISMS

P. Georgiev?, M. Nikolova’, I. Spasova’, S. Groudev’, V. Groudeva?

" University of Mining and Geology “St. Ivan Rilski”, Sofia 1700, Bulgaria
2 Sofia University “St. Climent Ohridski”, Sofia 1000, Bulgaria

ABSTRACT. Copper slag containing 0.62% Cu, 1.07% Zn, 0.08% Co, and 32.5% Fe as the most essential components was subjected to leaching by means of
different chemolithotrophic microorganisms at different temperatures (from 35 to 90°C). The bioleaching was carried out by the shake-flask technique at different pulp
densities (from 5 to 30%) of slag crushed to minus 100 microns. The highest rates of extraction of the non-ferrous metals and iron were achieved by means of some
extreme thermophilic archaea (of the genera Sulfolobus, Thermoplasma, Acidianus, and Metallosphaera) at relatively low pulp densities (5-8% at 90°C and 10-15%
at 75°C). The highest extractions by the moderate thermophilic bacteria (of the genera Sulfobacillus, Alicyclobacillus, and Acidimicrobium) were achieved at 55°C with
pulp densities of 15-20%. The mesophilic bacteria (from the genera Acidithiobacillus and Leptospirillum) were efficient at 35-37°C at relatively high pulp densities (of
15-25%).

Keywords: copper slag, chemolithotrophs, leaching, valuable metals

BNIMAHUE HA NTbTHOCTTA HA NMYNNA BbPXY EPEKTUBHOCTTA HA BUONOMMYHOTO U3NYIBAHE HA MEOHA
LLIMAKA NPU U3NON3BAHE HA PA3NTMYHU MUKPOOPIAHU3MHU

1. Feopauee?, M. Hukonoea', U. Cnacoea’, C. Mpydee?, B [pydesa?

" MurHo 2eonoxku yHusepcumem ,Ce. WeaH Puncku®, Cogpusi 1700, bbreapus

2 Cocputicku yHusepcumem ,Ca. KnumeHm Oxpudcku®, Cogpusi 1000, buneapus

PE3IOME. MegHa wnaka, coabpxatda 0.62% Cu, 1.07% Zn, 0.08% Co n 32.5% Fe, kaTo Hait-BaxHW KOMNOHEHTH, BeLlie NOANOXeHa Ha U3nyrBaHe ¢ NOMOLLTa Ha
pa3nnyH1 XEMOMMTOTPOGHN MUKPOOPraHuamu npu pasnuynmu Temnepatypu (ot 35 go 90 °C). BuomornyHoTo M3nyreaHe 6e NpoBefeHO B KOMOW Ha LUEMKLP Mpy
pasnuyHa NTbTHOCT Ha nynna (o7 5 fo 30%) ¢ wnakv ¢ egpuHa Ao MuHyc 100 MuKkpoHa. Hail-BUCOKMTE CKOPUCTM Ha W3BMMYAHE Ha LBETHUTE METan U Xens3oTo
6sxa nocTUrHaTK Ype3 ekcTpemMHu TepModunHm apxen (ot pogoseTe Sulfolobus, Thermoplasma, Acidianus n Metallosphaera) npu 0THOCUTENHO HUCKA NITLTHOCT Ha
nynna (5-8% npu 90 °C n 10-15% npu 75°C). Hait-Bucoko n3BnuyaHe OT ymepeHuTe TepmodmnHn Gaktepumn (0T pogosete Sulfobacillus, Alicyclobacillus v
Acidimicrobium) 6e nocturHato npu 55°C n nibTHOCT Ha nynna ot 15-20%. Me3sodunHu 6aktepum (o1 poposete Acidithiobacillus v Leptospirillum) 6sixa edukachm
npu 35-37°C 1 Npu OTHOCUTENHO BUCOKM NITLTHOCTW Ha nynna (0T 15-25%).

KniouoBu AYMU: ME[HA LUNaKa, XeMOJ'II/ITOTpO(i)I/I, n3nyreaHe, UEHHU MeTanu

Introduction leaching agents. The present paper contains data in this
aspect.

The pyrometallurgical slags, mainly these from the copper
recovery, are wastes containing considerable quantities of
valuable components, mainly non-ferrous metals (especially Materials and Methods
copper, zinc, and cobalt) but also iron and manganese,
aluminum and silicon. At present, the slags are used mainly in The slag used in this study contained 0.62% Cu, 1.07% Zn
the construction of roads and for the preparation of cements of 0.08% Co. 0.09% Mn. 2.91% Al 325% Fe 1_96% S and’
different types.lHowever, the investigations on the possibilities 16.3% Si és the most’ essential éomp;onents ’ of the ch émi cal
to extract the different more valuable components of the slags, composition. The fayalite (FezSiOs) and diopside (CaMgSizOs)
especially the non-ferrous metals, as real commercial-scale were the main mineral phases in the slag but some oxides
products, are steadily increasing in numbers. In this respect, mainly of iron, such as hematite (Fez05) and magnetité
special interest is paid to the possibility to use various (FesOs), were 7a|so present, as well as some plagioclases
chemolithotrophic microorganisms, both bacteria and archaea, quartz énd calcite. The cont’ent of pyrite (FeSz) was relatively}
fo efficiently extract .the yarioqs metali components of the slags low but considerable portions of the non-ferrous metals were
by means of leaching in agitated bioreactors (Panda ?t al. present as the relevant sulphides. Copper was present mainly
2015; Ka.ksonen et al, 2016; Potysz et al, 2016;.Ge0rg|ev et in sulphides (bornite, covellite, and chalcopyrite) but also in
al., 2017; Spasava et al., 2017). Such treatment is performed oxides and as its elemental form (Cu?). Zinc was present as

on_finely .ground slags present in . Fhe releyant optimum the relevant oxide (ZnO) but also in its own elemental form
concentrations and treated at conditions optimum for the (Zno)

microorganisms (bacteria and archaea) used as the relevant
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The bioleaching of the slags was performed by means of
microorganisms related to three different groups on the basis
of the optimum temperature for their growth and activity:
mesophilic bacteria of the genera Acidithiobacillus and
Leptospirillum, as well as an archaeon related to the genus
Ferroplasma, all tested at their optimum temperatures of 30-
37°C; moderate thermophilic bacteria, with temperature
optimum within 50-60°C; and extreme thermophilic archaea,
with temperature optimum of 65-80°C but able to grow and
active even at higher temperatures.

The comparative experiments for the leaching of the slag
were performed in 9K nutrient medium using some
components of the slag (ferrous iron and sulphidic sulphur) as
energy sources. However, in some experiments, Fe2* (in the
form of ferrous sulphate) and sulphur (in its elemental form)
were also added as energy sources.

The bioleaching was performed in agitated Erlenmeyer
flasks of 300 ml volume each containing 100 ml leach solution
inoculated by microorganisms and slag with a particle size of
minus 100 microns added in quantities to form pulp densities
from 5 to 30%. Aeration by air enriched with CO2 to 0.10-
0.20% was used in some of the tests.

The activity of some microbial strains from the different
taxonomic species was increased to some extent by means of
consecutive cultivations in the nutrient medium 9K supplied by
slag with a step-by-step increasing of the relevant pulp
densities.

In some experiments, the leaching of the slag was
performed in agitated bioreactors with a volume of 1 L each.
Apart from the batch leaching, such bioreactors were also used
for performing the continuous-flow leaching.

Elemental analysis of the liquid samples was performed by
atomic absorption spectrometry (AAS) and inductively coupled
plasma spectrometry (ICP). The isolation, identification, and
enumeration of microorganisms were carried by the classical
physiological and biochemical tests and by the molecular PCR
methods (Karavaiko et al., 1988; Sanz and Kdchling, 2007;
Escobar et al., 2008).

Results and Discussion

The level of extraction (in % for 48 hours, i.e. until about
the end of the logarithmic growth phase) of the non-ferrous
metals from the slag by means of mesophilic bacteria at 37°C
decreased with the increase of the pulp density from 10 to 25%
(Table 1). At the same time, the rates of extraction of these
most valuable components of the slag (present in mg.l/h) were
increased to some extent. However, the residual contents of
the non-ferrous metals in the slag after the leaching were still
quite high, especially in the tests with the higher pulp densities.

The levels of extraction of the non-ferrous metals by
means of moderate thermophilic bacteria at 55°C also
decreased with the increase of the pulp density from 10 to 20%
(Table 2). The best results were achieved by means of
Sulfobacillus thermosulphidooxidans which possessed both
ferrous- and sulphur-oxidizing abilities. However, some of the
mixed cultures of moderate thermophilic bacteria, especially
such consisting of S. thermosulphidooxidans and a strain of
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Acidithiobacillus ~ caldus (not able to oxidize Fe?* but
possessing sulphur-oxidizing ability), were very efficient,
especially at pulp densities of 10 and 15%.

Table 1.
Bioleaching of slag by means of mesophilic bacteria at 37°C
Extraction, % Rate of
Pulp density | Components | for 24 h extraction,
mg/l.h
10% Cu 82 10.59
Zn 70 15.60
Co 87 1.14
15% Cu 73 14.14
Zn 62 20.73
Co 80 119
20% Cu 68 17.56
Zn 55 24.52
Co 77 1.71
25% Cu 60 19.36
Zn 48 26.74
Co 71 1.97

Note: The results in the table are obtained by means of a mixed culture
consisting of At. ferrooxidans, L. ferrooxidans, and At. thiooxidans.

Table 2.
Bioleaching of slag by means of moderate thermophilic
bacteria at 55°C

Pulp density, %
Microorganisms Components

10 15 20
Extraction, % for 48 h

Sulfobacillus Cu 88 77 71
thermosulphidooxidans Zn 75 68 60
Co 91 84 78

Alicyclobacillus Cu 84 73 | 70
tolerans Zn 71 64 59
Co 88 80 75

Sulfobacillus Cu 82 70 65
acidiphilus Zn 73 62 56
Co 85 80 77
Mixed cultures Cu 80-88 | 71-79 | 71-75
Zn 71-77 | 62-68 | 59-62
Co 82-90| 79-84 | 73-80

The bioleaching of the slag by means of extreme
thermophilic archaea at 75 and even at 86°C (Tables 3 and 4),
specifically by means of pure cultures of Sulfolobus metallicus
and of Metallosphaera sedula, as well as by means of some
mixed cultures of these two species, was the most efficient
during this study. It must be noted, however, that similar results
were also achieved by means of mixed cultures of these two
species but containing representatives of two additional
species (Thermoplasma acidophilum and Acidianus infernus),
especially at pulp densities of 10-12%. However, mixed
cultures consisting only of T. acidophilum and Ac. infernus
were not so active.

The economic evaluation of the whole treatment process,
starting from the grinding of the slag intended for bioleaching to
the optimum particle size (usually minus 100 microns), and the
selection and adaptation of the most suitable microbial cultures
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intended for leaching of the real slag under the real optimum
conditions, are all essential steps in the development of an
efficient industrial-scale process of this type.

Table 3.
Bioleaching of slag by means of moderate thermophilic
bacteria at 75°C

Pulp density, %
Microorganisms Components
10 | 15 | 2
Extraction, % for 48 h
Sulfolobus metalicus Cu 91 90 82
Zn 80 79 68
Co 93 91 87
Metallosphaera sedula Cu 90 89 | 80
Zn 80 77 65
Co 91 89 86
Acidianus infernus Cu 86 84 77
Zn 77 73 64
Co 88 86 82
Mixed cultures Cu 87-91| 86-92 | 79-84
Zn 77-82| 78-82 | 68-71
Co 87-93| 88-91 | 84-88

Table 4.
Bioleaching of slag by means of extreme thermophilic archaea
at 86°C

Pulp density, %
Microorganisms Components
5 10
Extraction, % for 48 h
Sulfolobus metalicus Cu 93 91
Zn 82 80
Co 95 91
Metallosphaera Cu 91 89
sedula Zn 82 80
Co 93 90
Thermoplasma Cu 93 90
acidophilium Zn 84 81
Co 93 90
Mixed cultures Cu 88-95 86-91
Zn 80-86 78-84
Co 88-93 90-93
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ANALYTICAL EXPRESSIONS FOR STRESSES IN STEEPLY STRATIFIED ROCK MASS
AROUND AN OPENING IN THE SHAPE OF AN ELLIPSE

Violeta Trifonova-Genova
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ABSTRACT. The article discusses the question of analytically determining stresses around an opening. Its cross-section is an ellipse. The rock mass consists of
homogenous, parallel and steep layers. They are isotropic or have the plane of isotropy that is parallel to the stratification. The thickness of layers is greater than the
dimensions of the opening. The influence of stresses which is due to the passage of the work extends into the rectangular area around the opening. The specified
class of tasks is solved by the methods of two theories: the theory of elasticity and the mechanics of the stratified random.

The approach applied here is to determine the analytical expressions of stresses at random points of two layers. In these expressions, the stresses in a generalised
field in polar coordinates are involved.

The obtained analytical results are applied to a real rock mass with layers considered as homogeneous and isotropic environments. A diagram of the normal
tangential stresses along the contour of the opening is given.

Keywords: stratified random, theory of elasticity, analytical solution, stress state, opening in the shape of an ellipse.

AHATNUTUYHU U3PA3U 3A HANPEXEHUATA B CTPbMHOHAINJIACTEH MACKUB OKOINO U3PAEOTKA C ®OPMA HA
ENUNCA

Buonema TpughoHoea-leHosa

MunHo-2eonoxku yHugepcumem “Ce. MeaH Puncku *, 1700 Cogbus, violeta.trifonova@yahoo.com

PE3IOME. B cTatusita ce pasrrnexpa BbNpoCchT 3a aHanuTU4YHO onpeaernsiHe Ha HanpexeHusiTa okono u3paboTka. HeitHoTo HanpeyHo ceuerme e enunca. MacusbT
Ce CbCTOM OT XOMOTEHHH, YCNOPEAHW U CTPBMHU NNAcToBe. Te ca MU3OTPOMHU WM NpUTEXABaT PaBHUHA HA U3OTPONMS, KOSITO € YCropeaHa Ha HannacTsiBaHeTo.
[ebenuun Ha nnacToBeTe ca No-ronemm oT pasMepuTe Ha upaboTtkata. BnvsHWeTo Ha HanpeXeHUsITa, AbIKALLO Ce Ha NpokapBaHe Ha u3paboTkara, ce npocTmpar
B NpaBObIbiHa 06nacT okono oTBopa. To3W BUA 3afauv ce pellaBaTt C METOAMTE Ha TeopusiTa Ha eNacTUYHOCTTA U MexaHuKa Ha HannacTeHuTe Cpeau.

TyK € NpunoxeH e NoAxof 3a ONpefensiHe Ha aHaNUTUYHUTE U3Pa3i 3a HaNpPeXeHUsTa B NPOU3BONHM TOYKM OT [iBa nnacTa. B Tean u3pasu yyactsaT HanpexeHusTa
B 0606LLeHa cpefia B NOMSPHY koopauHaTH. GU3NKO-MEXaHUYHUTE XapaKTEPUCTUKN HA Ta3u Cpeda ca (yHKLMM Ha CbLLUTE HA BCEKM NnacT.

[NonyyeHnTe aHanNUTUYHW pe3ynTaTh ca NPUNOXEHW 3a pearieH MacuB C NNacToBe, pasrfiefaHn kaTo egHOPOAHW U M3OTponHK cpeau. [laneHa e auarpamara Ha
HOpMarlHUTE TaHreHLUManH1 HanpeXeHUs Mo KOHTypa Ha uapaboTkara.

Knto4oBwm pymu: HannacteruTe Cpeay, TeOpUsi Ha ENacTUYHOCTTa, aHANMTUYHO PELLEHME, HANPETHATO ChCTOsHHE, U3paboTka ¢ hopMa Ha enunca.

Introduction Methods

The analytical and numerical methods are applied in Formulation of the problem
calculating the stresses around a circular opening drawn in a A horizontal opening with elliptic cross section is drawn at a
stratified rock mass (Trifonova-Genova, 2012; Trifonova- sufficiently large depth 7 . The influence on the distribution of
Genova, June 2012; Minchev, 1960). The rock mass consists stresses does not reach the boundary of the half-plane. The
by homogeneous layers which are parallel to one another and latter is accepted as an infinite linear deformable environment.

to the axis of the opening. The layer thickness is The width of the opening is 2b and the height is 2a . The
commensurate with the dimensions of the opening. These influence of the opening on the distribution of stresses

thicknesses participate in the analytical expressions for . .
stresses. These expressions are suitable for low sloping encompasses the rectangular area with a width of 125 and a

layers. height of12a . The beginning of the Oxz coordinate system

is chosen in the center of the opening. The layers are isotropic

In the case when the layers are steep and their thickness is or transversally isotropic with the plane of isotropy parallel to

greater than the dimension of the circular opening, other the stratification. The plane forms an angle « with the
expressions are offered (Trifonova-Genova, 2017; Trifonova- horizontal axis.

Genova, 2018).
Stresses in a generalized field

The present work focuses on obtaining the analytical By the theory described in (Minchev, 1968), the stratified field
expressions for stresses around an opening in the shape of an is replaced by a generalized field with a volume of weight
ellipse.
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designed as y(o). When the layers are isotropic, E'is

Young's modulus and y(") is Poisson’s ration (Trifonova-

Genova, 2017). If the layers are transversally isotropic, the
field is transversally isotropic with two types of physical and
mechanical characteristics. The former are in the direction

parallel to the plane of isotropy ( El(”) : ,ul(o) ), but the latter are
in the direction perpendicular to the plane of isotropy
(Eé"), /,,§">). These characteristics are expressed for each
layer respectively (Trifonova-Genova, 2012; Minchev, 1968).

The task assigned is reduced to the task of the plane theory
of elasticity with an opening that is loaded to infinity with the
stresses of the undisturbed rock. The complex variable theory
is used to obtain the stresses in the generalised field in a polar
coordinate system. This theory describes the stresses and the
displacements by the complex potentials. The view of them for
an isotropic rock mass can be found in (Minchev, 1960;
Bulychev, 1982).

The stresses on the contour of the opening are:

O'£O)=0;
752)20; (1)
() _ o) Am + (m, + Am, )cos 26),
(o} — H +
’ 4 [ﬂi 1+ m? + 2mcos 26.
where

1+ m? —m? (o)
my = m; m2=1m'/1= ﬂ();

2 2 1_/10
A=1+2; m=a_b; 6. =6-90°.
a+b

Here, 7, and @ are polar coordinates of points on the plane.

Stresses in layers

The layers around the opening in the shape of an ellipse are
two (Fig.1). Their thickness is greater than the dimensions of
the opening. The rectangular area of influence is loaded by
vertical and horizontal stresses (Trifonova-Genova, 2018).
There are stresses in the corresponding layers in undamaged
rock.

The transformation formulae from an article by Trifonova-
Genova (2018) and the opposite of them are used there. The
stresses in each layer are expressed by adduced stresses of a
generalised field. In the polar coordinate system, these
expressions are:
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Fig.1. Calculation scheme for determining stresses
() — (i) (o) L (i) £(0) . (i) (o) .
o,/ =0yo"+10, +1}37,y ;
O'g) = T(i)afo) + Tz(é)aéo) + Tz(é)rfg) ; ()

21
100 IO 4 TR =12,

T\ =0.25s2B" + ¢*BY + s* +0.5s2;
7Y = ¢*B/) +0.2552B}) - 0.25s2;
Tl(gi) = 5,C° [Bl(i) - Béi) + 1];
T\ = 0.2552BY) + s*BY) — 0.2552;
T =0.2552B1" + 5*BY) + ¢* +0.5s2;
1 2 i i
Tz(s) =558 [Bl( ) —Bé) +1];
Ts(f) = —SzczBl(i) + c4B§i) +s*+0.5s, (cz -5, );
7Y = ¢*BY +0.2552BY + 055,57 ;
7Y = 5,¢2[BY - BY + 0501+ ¢2)).
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In these expressions, the following trigonometric functions are
designed with a lower case letter:

c®=cos’ B; s°=sin’p;
s, =sin(23); ¢, =cos(2); (3)
c*=cos* B; sZ=sin’(28); B=0-a.

The coefficients Bl(i) and Béi) in expressions (2) are

constants, linked to Young's modulus and Poisson’s rations.
For the isotropic layers, these coefficients are:

BY=4,4.4; B?=-4.4..A;
BY) = AA.EY, 4 =[4EY+4,EO]",
A= JVED _ DR

(4)

where E@) is Young’s modulus and ,u(i)is Poisson’s ration.

When the layers are transversal and isotropic, these
coefficients are determined by:

o~ AALEYED

BY ——AZALEl(l)El(Z)' 1T (1) 2(2)
E;'E)7 AL

o EVYEP A

(@ 2
g0 _AEY o AEP 5
S
Al =—tPEY + WEP 4! = 4,EP + 4 EY.

The physical and mechanical characteristics of the layers in
expressions (5) are two types. There are the ones that are in
the direction parallel to the plane of isotropy and are denoted
by an index lower than 1 (El(i), l(i)). The others are in the
direction perpendicular to the plane of isotropy and are
denoted by an index lower than 2 (E\”, 147).

The total area under consideration around the opening in
expressions (4) and (5) is designated as A4 . The areas of the

layers are designated as 4, and A, (Fig.1).

The stresses in polar coordinates to the contour of the
opening are obtained by the stresses in a generalised field:

a =0,

7 3

T(le) :O;

7

ol = {[Bfi)cz +Bg)S2].SZ +c* +05s7 }0(90)_

Numerical example

An opening in the shape of an ellipse has a width of
2b =3m and a height of 2a = 4.8m . It draws at a depth
of H =320m . The inclination of the plane between two
steep layers isax = 70°. The equation of the straight line

(6)

17

corresponding to the plane isz = 2.747x — 3. The total
rectangular area of influence is 4 = 518.4 m? (Fig.1). The
areas of the first and the second layers correspond to
A4, =217.3m’and 4, =301.1m".

The values of Young's modulus (E(l),E(z)), Poisson’s

W 2 0 M)

for two isotropic layers are determined and can be viewed in
Table 1, rows four and five (Trifonova-Genova, 2012). The
parameters of the generalised field are given in row six in the
same table.

rations ( 1 ), and the volume of weight (

Table 1
Physical and mechanical characteristics of layers
i E® y(i) 7,(1‘)
dimension | MPa MN | m?
multiplier | 103 1072
1 0.148 0.154 0.28
2 0.595 0.237 0.25
o 0.4075 0.2 0.263

The intersection points of the straight line between the two
layers and the ellipse are added to the fixed numbers of points
on the contour. For them, the polar angular coordinates and
the trigonometric functions take part in the expressions of
normal tangential stresses in the first and the second layers
and the generalised field. The coefficient of lateral pressure

/1(”) of the generalised field is equal to 0.25. The vertical
stress in the same field is Ql(”) = 7(”)H =8.32MPa .

The results of the calculations for the stresses without
dimension are given in Table 2. It must be noted that the
values of stresses in each layer depend considerably on the
values of Young's modulus. Then, in layer 2, the stresses are
greater than the same in the generalised field. But in layer 1,
these values are smaller than the same in the generalised
field. Comparing the values of these stresses, we have
established a peak in the diagrams of the boundary between
the two layers.

The diagrams of the normal tangential stresses are shown in
Figure 2. Here, the stresses in the generalised field are marked
with a dotted line and the stresses in the layers with a thick
line. The peak in the diagrams of the boundary between the
two layers can be seen in points two and eleven.

Key findings

Given analytical expressions of stresses in each layer are
applied in a rock mass in which the layers are steep and
isotropic or transversally isotropic.

The diagram of normal tangential stresses in a rock consisting
of two layers is obtained for an opening in the shape of an
ellipse.
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Table 2.
Normal tangential stresses in a generalized field in two layers
SOl [ | e
o’ | o | o

1 0 1.713 0.876

2 31.148° 1.532 1.409 -1.621
3 60 0.928 -0.927
4 90 0.258 -0.258
5 120 0.928 -1.062
6 150 1.546 2.212
7 180 1.714 2.319
8 210 1.546 -1.646
9 240 0.928 -0.927
10 | 270 0.258 -0.258
11 | 275.538° 0.292 -0.374 -0.294
12 | 300 0.928 -0.742

13 | 330 1.546 0.623

14 | 360 1.714 0.876

/:rz I
/

Fig.2. Diagram of normal tangential stresses along the contour of the
opening
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Conclusion

The method described in this article has the following
advantages:

-It is very easy to apply;

-It uses affordable means of calculating (a computer, a
calculator, the Exell software product, and others);

-It can be adapted to openings drawn in the rock with other
shapes of the cross-section.
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SELF-CLEARING OF VIBRATING SCREENING SYSTEMS

Stefan Pulev

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, st_pulev@yahoo.com

ABSTRACT. During the screening process, particles can block the system by becoming trapped in the screening surface which causes a decrease in performance
called blinding. This paper studies the forces acting on a blocked particle from the sample and the conditions under which it becomes free again. Self-clearing is the
ability of sieves to dislodge blocked particles by no means other than the forces created by the sieving itself. The determinant factors for self-clearing are correctly
selected vibration frequency, amplitude and direction, as well as screen slope. The purpose of this work is to investigate the effects of these on the ability to self-clear
with forces of friction taken into account. The relationships between particle dimensions and the size of surface openings that permit self-clearing are determined.

Key words: vibrating screening system, self-clearing

CAMOOYUCTBAHE HA BUBPALIMOHHWUTE NPECEBHW YPEIBU
CmedbaH llynes
MurHo-2eonoxku yHugepcumem "Ce. MeaH Puncku”, 1700 Cogbus, E-mail st_pulev@yahoo.com

PE3IOME. B npoueca Ha npecsiBaHe Taka HapeyeHuTe TPyOHW 3bpHa 3acsgaT B OTBOPUTE HA CMTOTO M MPWYMHSBAT 3aJpbCTBAHE, C KOETO MOHWKaBaT
npou3BoANTENHOCTTa. /3cnenBat ce cunuTe, AeiCTBALLM BbPXY eAHa 3acedHana yacTula oT MpecsiBaHns Matepuan v yCroBusTa 3a HEHOTO U3nu3aHe oT ToBa
CbCTOsHME. CamMoouMCTBAHETO e CBOCTBO HA CUTOTO Aa Ce 0cBOBOXAaBa OT 3aceaHanuTe TPyAHWM 3bpHa 6e3 pa3nuyHN MOMOLLHM CPeACTBa, @ CaMo C NOMOLYTa Ha
pencTealmuTe cunu. Peluasally dhakTopy 3a CaMOOYMCTBAHETO Ha MPECeBHWUTE MOBLPXHOCTU Ca MpaBWUNHO nopbpaHuTe YecToTa, aMnnuTyAa U Hanpasrexne Ha
TPEMNTEHUATa 1 HaKMOH Ha NpeceBHaTa NOBbPXHOCT. LlenTa Ha Taau paboTa e 13cneABaHe Ha BIMSIHMETO Ha CroMeHaTuTe (akTopu BbPXY CMoCcOBHOCTTa Ha CUTOTO
Aa Ce CamMoo4NCTBA MU OTYNTAHE M Ha CUIUTE Ha TPUEHE. V3BeaeHM ca 3aBUCMMOCTM MeXay pasMepuTe Ha YacTULMTE U rofieMuHaTa Ha OTBOPUTE Ha CUTOTO,
ocurypsiBalLit Camoo4NCTBaHETO.

Kniouosu AyMu: BM6paLlMOHHM npecesHn ypeAGM, CaMoo4ucTBaHe

Introduction The shape of the particles and their relative weight are also
Screen b||nd|ng degrades Screening performance and important. ObjeCtS with flat and elongated Shapes can cover
efficiency. It is of particular importance to formulate the exact openings more easily. It is of paramount importance that the
reasons and identify means to prevent it from occurring. shape of the openings be suitable for the shape of the
] ) o ) particles. Round holes are recommended for spheres and
It is clear from the practice of mining enterprises that the cubes. Rectangular ones are suitable for flat and elongated
main factors for blinding are the physical properties of material particles.
screened (Denev, 1964; Tsvetkov, 1988). The particle-size
distribution is particularly important. The larger the "under-size" Self-clearing is the ability of sieves to dislodge blocked
particle groups and smaller the “limit-size” (or “near-size”) particles by no means other than forces created by the sieving
particle groups, the lower the risk of blinding. The general rule itself. The determinant factors for self-clearing are correctly
is that small partides easi]y pass through the Openings and the selected vibration frequency, amplitude, and direction, as well
screen proves to be large enough for near-limit particles. as screen slope. The purpose of this work is to investigate the
. . o . . o effects of these on the ability to self-clear with forces of friction
High material humidity also contributes to intensified taken into account. This work is a continuation of the quoted

blinding. Finer particles stick together and form larger pieces study by Pulev (2015).
which cause congestion. Sieving is made difficult not by the
humidity itself, but by the water on the surfaces of particles.
Water connects particles pulling them together. Increased
humidity prevents screening only up to certain limits.
Screening beyond these is called wet screening.

Analysis

S 3 The most common cause of screen blinding is openings
Contamination in the feed also creates conditions for blocked by near-sized particles. These are particles with a size

blinding of the screen surface. Even in low humidity, loamy d areater than or equal to the size of the holes / (Fia. 1
impurities form lumps which remain in the material bed and g a (Fig. 1.

block the openings. Fine dust can also adhere to surface
openings and reduce their size.
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Fig. 1. Diagram of forces acting on a near-sized particle

We investigate a screening surface sloped at an angle a
relative to the horizon that performs rectilinear vibrations
governed by the law

n = hsinwt .

The amplitude and frequency are denoted by h and W,
respectiviey, and the angle B determines the direction of

vibrations . Fig. 1 presents a blocked particle that has covered
the screen opening, modelled as a completely rigid body with a

spherical shape and mass m . A coordinate system CXy is

introduced with the X axis parallel to the screening surface.
The active forces acting on the particle are the force of gravity

G=mg
and the periodically changing inertia force
F = mho? sin ot

with components

G, = mgsina
G, = mgcosa
_ 2 . .
F, =mho” sin wt.sin

F. =mho’ sin wt.cos

The normal forces with which the screen acts on the particle
at the ponints of contact with the screen surface A and B

are denoted by N and N . Sliding friction forces of type
T, = uN;and T, = N,

are applied at the same points. The coefficient of friction

between the particle and the screen is M The border state in
which the particle separates from the screen in the positive

direction of the ¥ axis is examined. It is assumed that

120

separation is possible at the maximum value of the inertia
Ginowt=1).
then

F, = mhw?’sinf 2.1)

F. = mho’ cosp

As there are no external causes, it is considered there is no

possibility for the particle to rotate around its center O  The
conditions for equilibrium of this setup are:

F,+G, +(N, -N,)siny+(T, - T,)cosy= 0
F,-G,+(N, +N,)cosy-(T +T,)siny=0

Following transformations, the expression below is derived:

FX+GX
siny+pucosy

Gy Fy
cosy-pusiny

2N, = (2.2)

From Fig. 1, the following holds for the geometric
dimensions:

2 2

_ . /
cosy = , Siny =—.
4 14 dJ
The concept of relative particle size is introduced. It is
denoted by

d
a=—
/

and represents the ratio between particle size and sceen
opening size. The size of the particle is relative. The following
equations then hold:

a‘-1 .
cosy= , siny= (23)

1
3
It is considered that the release of the particle will occur

when the particle does not exert pressure on the screening
surface, i.e.

N, (2.4)

After taking into account conditions (2.1) to (2.4), we can
derive the expression for the relative particle size

a=\/1+

The relative particle size determined by (2.5) gives an idea of
the ability of the screen to self-clear. At values close to 1,

g(cosa + usina) - hw? (sinB - ucosB) ’ 2.5)
g(sina- pcosa) + hw? (cosB + usinB)
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particles fall deep into the openings, block them, and release
becomes harder. As values become greater than 1, the particle
center of gravity is more distant from the surface and the
probability of self-clearing increases.

Numerical experiment and discussion

The analysis of (2.5) shows that the the following four factors
influence self-clearing:

— vibration frequency ®.
— vibration amplitude h ;
— vibration direction determined by angle s ;

— screen slope a.

To investigate their impact, charts (see Fig. 2, 3, 4, and 5)
have been plotted using (2.6) with the following parameters set
at:

h=2mm ®=400s"' g=9°
f=15° u=102

Fig. 2 shows changes of relative particle size against an
amplitude variation from 1 to 10 mMm. It can be seen that

self-clearing improves as amplitude increases. The reason is
that a larger inertial force pulls near-sized particles out from the
openings more easily.
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Fig. 2. Influence of vibration amplitude on self-clearing ability

Figure 3 illustrates relative particle size against a vibration

frequency varying from 50 to 250 S " As can be seen, high
vibratoin frequency adversely affects self-clearing.

Fig. 4 shows how screen surface slope affects self-clearing.

The angle @ varies from 0 to 40°. Increases in slope only
sightly imporove self-clearing because they reduce the gravity

component Gy = MI COS A At the same time, steep slope
increases material movement speed and can negatively affect
screening efficiency.

Fig. 5 illustrates the influence of vibration direction
determined by the angle B . The anble varies from 0 to 40°.
At smaller angles, self-clearing is weak, but the magnitude of
the horizontal component F of the inertial force is large.
This leads to improved transport of material over the screen
surface. Increasing B causes an increase in the vertical

component of the inertial force and improvements in self-
clearing, but it can adversely affect the vibration stability of
individual particles.
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Fig. 3. Influence of vibration frequency on self-clearing ability
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Conclusion

The ability of the screen to self-clear is an extremely
important for increasing the performance and efficiency of
vibrating screening systems. It is a complex dependency on
the parameters of the vibration and on the slope of the
screening surface. The deduced formula (2.5) and its analysis
can be used to correctly select the amplitude, frequency and
direction of oscillation, as well as screen slope. The results of
this study can aid technologists in mining enterprises.
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ABSTRACT. Carbon nanodots (C-dots) doped with iron cations were synthesized as efficient electrocatalysts for oxygen reduction reaction. For that purpose the
nanoparticles were immobilized on a graphite rods used as a working electrode. The ultra small iron-doted carbon nanodots produced a substantial reduction peak at
-0.18 V in acidic media indicating that the oxygen was reduced at the modified electrode. In conclusion, we consider that iron-doted C-dots are a promising candidate
as an alternative to theplatinum based catalysts for fuel cells applications.

Keywords: carbon nanodots, environmentally friendly electrocatalysts, oxygen reduction reaction
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PE3IOME. Burnepogrute HaHoToukw (C-dots) goTvpaHm ¢ xenesHu kaTuoHu 6sxa CUHTe3npaHu, kaTo euKacHu enekTpokaTanu3aTopy 3a peaykunst Ha KMCrnopoa.
3a Tasn uen HaHovacTMuMTe Bsixa MMOBMNM3MpPaHW BbpXy rpacduTHU MPBYKM, WU3NON3BaHW, kaTo paboTeH enekTpod. YnTpamankute BbrMepofHN HaHOTOYKM,
[OTUPaHU C XENe3HW OoHN Npou3BeXaaT 3HaYMTENeH pepyKuuoHeH nuk npu at —0.18 V B kucenuHHa cpepa, KOETO nokasea, Ye Kucropoga ce pegyuupa Ha
MoauduLMpaHns enekTpog. B 3akntoueHne, cuuTame Ye Te3W HaHoYacTULM ca 0BellaBall) kaHaMaaT, kaTo anTepHaTiBa Ha KaToaHUTE kaTanusatopu, basvpanu Ha
nnaTuHaTa 3a NpPUIOKEHUS B FOPUBHU KNETKN.

Kniouosu AYMU: BbI11epoaHN HAaHOTOYKK, eKOﬂOZOC'bO6p33HU e/lekmpokamarnusamopu, peOyKuu,q Ha KUCﬂOpOO

Introduction oxide compounds of cheap and environmental friendly 3d-
metals as iron, cobalt, nickel and etc. were investigated as
promising electrocatalysts under mild reaction conditions

; Liang et al., 2011; Yeo & Bell, 2011; Subbaraman et al., 2012;
as a key step for the development of green ecotechnologies, ( ' ' ' ; ’ :
including solar fuel production, fuel cells, rechargeable Gao et al., 2013). Among them, the metal nanocrystals as

batteries, etc. (Trotochaud et al., 2012; Suntivich et al., 2011). irpn/cobalt nitride, Co,Oy, F?XOV and MnXOY coordingted o
Nowadays, the fuel cells are in the focus of the research efforts, nitrogen-doped carbon materials are of lconS|derable mtergst.
because they produce water as the main product of the Thesg nanq—e_:lectrocatalysts produce h|gh oxygen reduction
reaction with a few byproducts (Lastovina et al., 2017). Their reaction activity due to synergetic chemical coupling effects

efficiency is limited by the rate of oxygen reduction reaction between the . nilroger-doped ~ carbon _and th? m.eFaI
(ORR) (Becknell et al., 2015). In the widely used fuel cells the nanocrystgls (Liang et al., 2011). The electrogatalyhc .act|V|ty
commercially available cathodic catalysts usually contain (cjan be. |ncr(efa§:ed dk?y c?ange gf panopgtrr?clethde&gnt ?S
platinum and its alloys (Pt/C, Pt3Co/C). These catalysts are too ecreasing of IS diameter, co-doping with - other meta’s,
expensive for common use and they can degrade over time. modification with organic ligands, etc. (Lv et al., 2016). As

The high cost of the other noble metal catalysts (as iridium and anothgr .kind Of. electrocatalysts based on metgls, the
ruthenium oxides) is a motive to concentrate the efforts on combination of nitrogen doped carbon nanomaterials and

developing high-efficient and cost-effective alternatives, known ganp pgrticlest synthesitzedf;rqm tslorg%téansiti?r; d-elimte ntg s at
as efficient platinum-free electrocatalysts. Different compounds esired way o promote efficiently catalylic activity (Boe
have been employed as alternative catalysts for the ORR. al., 2015). Previous reports found that the introduction of a

- : trace transition metal as iron effectively increases the activity of
Recently, metal-organic frameworks, some nanoparticles and ) . : .
y g P nitrogen-doped carbon materials (Liu et al., 2013). Recently it

The electrochemical oxygen reduction reaction is regarded
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has been found that catalysts based on iron, nitrogen and
carbon can be synthesized by pyrolyzing a wide variety of
nitrogen and carbon precursors in the presence of iron sources
at high temperature (Byon et al, 2011). Nanocatalysts
prepared in such a way exhibited good activity for ORR.

The aim of this report was to develop electrochemically
active nitrogen-doped carbon dots with incorporated iron ions
as effecive ORR catalyst. For that purpose highly-
fluorescence  nitrogen-doped  carbon  dots  (C-dots)
nanoparticles were synthesized by microwave-assisted
pyrolysis and iron ion was incorporated into the aromatic core
and carboxyl groups by complex-formation chemical reaction.
Such prepared nanoparticles were immobilized on the graphite
electrode and tested for ORR activity.

Experimental Procedures

Materials. All chemicals were purchased from Wako Company,
they are of analytical grade and were used without future
purification. The chemicals used in our experiments are as
follow, citric acid, 1,2-ethylenediamine, sodium nitrite, sodium
bicarbonate, potassium  hydroxide, sulfur acid and
concentrated hydrochloric acid. The solutions were prepared
with ultrapure water (18.0 M 18.2MQ-cm, 25°C, Water
Purifying System). Commercial graphite rods with 1.2 nm
diameter were purchased from Uni 0.5 Mm Hb Nano Dia
Blended Hi-quality Mechanical (made in Japan) and used as a
working electrode.

Fabrication of C-dots-Fe3* modified graphite electrodes.
The nanoparticles were prepared by the so called microwave
assisted pyrolysis, which is a “bottom up” method. For this
synthesis 1 g of citric acid was mixed with 10 ml deionized
water and 0.2 ml of 1,2- ethylenediamine was subsequently
injected into the reaction mixture. Then the precursors were
energetically mixed by magnetic stirrer to obtain a final clean
and transparent solution. Then the solution was subject to
microwave pyrolysis in 150 ml Beher glass for 180 sec in a
conventional microwave oven (600 W). After the pyrolytic
reaction a yellow-brown pellet was formed at the bottom of the
glass vessel. Its aqueous solution was with acidic pH = 3.5.
The pellet was dissolved again in 10 ml deionized water and
the dispersion was centrifuged at 13500 RPM for 30 min to
remove coarse graphite particles and second byproducts. The
bare C-dots reacted with solution of FeCls at pH = 4.2 and the
reaction solution was neutralized. The reacted nanoparticles
were separated from the unreacted iron salt by size-selective
desalting column (PD-10 desalting column, GE Healthcare Life
Sciences). The supernatant was oven dried at 80°C. The size
and morphology of the nanoparticles were characterized by
transmission electron microscope. UV-VIS absorption spectra
of C-dots were measured using Jasco V-630 UVNVIS
spectrophotometer. The commercial graphite electrodes were
modified with C-dots-Fe3* using simple drop-coating method.
Simply, 15 uL of C-dots-Fe3* dispersion was dropped onto the
graphite electrode surface followed by coating with 4 uL of
Nafion solution (0.5 wt%). Then, the prepared electrode was
dried in an oven at 80°C for 60 min.
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Electrochemical characterization. The modified graphite
electrodes were characterized by Cyclic voltammetry (CV)
using a Potentiostat (PARSTAT 2263, Princeton Applied Res)
in aqueous solution of hydrochloric acid (0.01 M HCI). The
applied scan rate was 100mVs-" within a potential scan range
of - 0.5 to + 0.5 V. The electrochemical measurements were
performed at ambient temperature in nitrogen and oxygen-
saturated solutions, respectively. A conventional three-
electrode electrochemical cell was used, including modified
with C-dots-Fe3* graphite rod as a working electrode, an
Ag/AgCl (saturated KCl) electrode as the reference electrode
and polished platinum wire as the counter electrode.

Result and discussion
Physicochemical characterization of the nanoparticles.

The preparation of nitrogen-doped carbon nanodots with iron
complex is presented on Fig. 1.

Fig.1. Schematic representation of the formation of chelate complex
between iron ions and the surface functional groups of the carbon
nanoparticle

It is known that the C-dots contain abundant number of
surface functional groups as carboxylates, amines, hydroxyl
and etc. The iron ions possess certain affinity to the oxygen
atoms from the organic shell and the result is association
between the metal ions and the carboxylate groups
(Dhenadhayalan & Lin, 2015).

The microscopic data show uniformly dispersed ultra-small
nanoparticles with a diameter less than 3 nm (d < 3 nm). Their
hydrophilic surface as explained above was abundant with
organic groups as carboxyl, amino, hydroxyl and etc., which
favors their good solubility in aqueous solutions. The UV-
visible spectrum displays the typical for C-dots absorption
peaks at 245 nm and 344 nm, which indicate t—=* transition of
the aromatic sp2 domains and n—* transition attributed to C=0
and C=N groups, respectively (Roy et al., 2015) as shown on
Figure 2. The dynamic light scattering analysis confirmed the
nanoparticles size distribution in the range 1.0-3.0 nm with 2
nm average diameter. The reaction with iron ions causes
quenching of the C-dots emission intensity but does not
change the absorption maximum peak. However, the solution
color of treated nanoparticles changes to dark, which causes
enhancing of the absorbance in the visual wavelength range.
This effect remains even after purification of C-dots-Fe3* with
size-selective desalting column. The darkest color of
nanoparticle solution after purification can be seen even with
naked eyes. This was an indication that the iron ions are
chemically attached to the functional groups of the nanoparticle
and they are not in equilibrium with the surrounded aqueous
media.
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Fig.2. Optical properties of the highly fluorescent C-dots
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Electrochemical oxygen reduction reaction activity of the
modified with C-dots-Fe3* graphite working electrode. The
electrochemical ORR activity of the unmodified and modified
graphite electrode was investigated by cyclic voltammetry. For
that purpose the electrode rod was used as a working
electrode or cathode in the electrochemical experimental cell.
Several parameters were modulated in order to optimize the
production of achievable current density of the modified
working electrodes. Dilute solution of hydrochloric acid was
chosen as it is commonly used as the electrolyte in many
electrochemical reactions in fuel cells. Thus, the highest
current intensity was achieved by using of 0.01 M HCI as
electrolyte. On Fig. 3 are shown the cyclic voltammograms of
bare (unmodified) and modified with nanoparticles graphite
electrode. The electrode modified with nanoparticles exhibited
a remarkably higher anodic peak current intensity as compared
with the intensity of the unmodified bare electrode.

0]

——Bare electrode

-o- Modified electrode

Potential (V vs Ag/AgCl)

Fig.3. Cyclic voltammogram of bare electrode and modified electrode with C-dots-Fe3* nanoparticles in 0.01 M HCI solution, saturated with oxygen at a

scan rate of 100 mVs-

This is an indication that the deposition of C-dots-Fe3*
nanoparticles had substantially enhanced the overall electrical
conductivity of the graphite rod. Additional experiments by
cyclic voltammetry proved that the current intensity of the
modified electrode increased linearly with the increasing of the
amount of nanoparticles and iron ions, respectively
incorporated in them. This increasing effect could be attributed
to the amount of iron ions which are bound to the carboxylate
groups on the nanoparticle surface. It is known that -COO-
groups have strong coordination affinity towards Fe3* ions in
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aqueous media as shown on Fig. 1. Thus, they led to higher
electrical conductivity of the C-dots-Fe3* modified graphite
electrode. The cyclic voltammograms of the immobilized
nanoparticles show also that in nitrogen-saturated electrolyte
C-dots-Fe®* produced pseudocapacitive behavior, whereas in
oxygen-saturated electrolyte a substantial reduction peak
occurred at — 0.18 V as shown on the figure above, indicating
that O2 was reduced on the working electrode. Just for
comparison, the commercial Pt/C catalysts exhibit a reduction
peak at + 0.53 V for ORR (Bo et al., 2015). If methanol is
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introduced into the testing electrochemical cell, then an
identical response was observed for C-dots-Fe3* modified
electrode. This indicates a good selectivity for ORR against
methanol. Again, in comparison with the case of commercial
Pt/C, the disappearance of oxygen reduction reaction current
and methanol oxidation indicated that the ORR process was
strongly retarded by the alcohol. These results indicate that the
presented graphite electrode with electrocatalytic nano-layer
was a potential alternative to platinum as a cathode catalyst.

C-dots modified electrode as electrochemical sensor for
selective detection of metal ions. The specific
electrochemical properties of the carbon nanodots modified
electrode can be applied also as a sensor for detection of
metal ions in aqueous media. The analytical performance of
this electrochemical sensor can be achieved by cyclic
voltammetry as well as electrochemical impedance
spectroscopy, because of the specific opto-electronic
properties as explained above. In our experiment we found that
under optimized condition, the electrochemical sensor
electrode exhibited a linear detection range of iron ions
detection in the interval between 0.5 to 30 ppm with a limit of
detection of around 0.4 ppm. The selectivity of the electrode
was investigated with a wide range of metal ions (Hg?*, Cd?,
Co?, etc.), which are commonly associated with heavy metal
pollution in natural water. The solubility of these metal ions is
dependent on pH of solution. Due to this reason, in the
performed sensor analysis we used HCl and H2SO4 for sample
preparation. In our experiment the current intensity of the
modified electrode was highest in the case of iron ions among
the other evaluated metal ions. The selectivity is attributed to
the specific chemical affinity of C-dots to Fe3* as we have
explained in the text. The investigation of the sensor research
project is still under progress.

Conclusion

An electrode modified with iron-doped carbon nanodots has
been fabricated. The electrode has ORR activity in acidic
solution and produces higher current density. Therefore, we
concluded that C-dots-Fe¥* nanoparticles are a promising
potential candidate as electrocatalytic cathode for oxygen
reduction. The obtained data provide also potential alternative
approach for preparation of efficient and low-cost metal-doped
C-dots electrocatalysts with practical application in fuel cells. In
addition, the fabricated graphite electrodes modified with C-
dots can be used also as a sensor for electrochemical
detection of iron in polluted natural water.
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