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Design Criteria for Production Blasting in an Underground Quarry:
An Example of Application of the BDI Theory

Patlatma Hasar Indeksi Teorisinin Bir Uygulama Ornegi: Yeralti Ocaginda Uretim Patlatmasi icin
Tasarim Olciitleri

Marilena Cardu'*, Pierpaolo Oreste?

!DIATI Politecnico, Torino, ITALY
’IGAG National Research Council, Torino, ITALY
*Responsible Author: marilena.cardu@polito.it

Abstract

Although not common, there are cases of underground quarries where the exploitation affects
materials like limestone, when both technical and economic feasibility are guaranteed; the
object of the present study is part of this case. The quarry is in operation since 1927: at present,
the exploitation is carried out completely underground by sub-level stoping. The exploitation
involves two levels, with 4 rooms at the upper level, and 9 rooms at the lower level. The need to
comply with the required production respecting the desired grain size distribution implies the
adoption of 650-800 kg of explosives per blast. The vibrations, as well as the related unwanted
effects, are then considerable, regardless of the timing system. The vibrations must therefore be
reduced, through the analysis of the blasting pattern, a careful design and a proper performance
of the blast. For this purpose, the theory of Blast Damage Index (BDI) was used: through the
development of correlations between charge per delay, propagation velocity of p waves in the
rock mass and peak particle velocity, it was possible to determine which pair minimum dis-
tance/maximum charge per delay is allowed.

Key words: Blasting damage index, underground mining methods, vibrations, ppv.

Ozet

Cok stk olmamasina ragmen, kiregtast gibi iivetimi etkileyen malzemeler yeralti ocaklarindaki
bazi durumlarda hem teknik hem de ekonomik uygunluk garanti edildiginde bu caliymanin
amact bu durumun bir parcasidir. Ocak 1927’ den bu yana faaliyettedir: su anda, tiretim yeral-
tinda tamamen arakatli dolgu yontemi ile yapilmaktadir. Uretim faaliyetleri 4 odali iist kat ve
9 odal alt kat olarak iki seviyeyi icermektedir. Istenilen tane boyut dagilimina uygun iiretim
icin patlama basina 650-800 kg patlayici madde kullanilmas: gereklidir. Zamanlama sistemine
bakmadan, arzu edilmeyen etkilerinden dolayi titresimler dikkate alinmalidir. Bundan dolayi,
titresimler, dikkatli bir patlatma paterni tasarimi ve patlayicinin uygun performansi analiz edi-
lerek azaltilmalidir. Bu amag igin, gecikme basina sarj, kaya kiitlesi i¢erisindeki p dalgalarinin
yayitlim hizit ve en yiiksek par¢acik hizi arasindaki korelasyanlarin yardimiyla Patlatma Hasar
Indeksi (PHI) kullamlmistir, en kisa mesafe / izin verilen gecikme basi en biiyiik sarj ¢iftinin
belirlenmesi miimkiin olmustur.

Anahtar kelimeler: Patlatma hasar indeksi, titresimler, yeralti iiretim yontemleri, ppv.
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1. The Quarry and the Lime Plants

The quarry is active since 1927, in the Bergamo province (Northern Italy), and feeds a large
lime plant, with 4 vertical kilns, for a total production of burned lime of 350,000 t/y. Due to the
burning loss (50%) and to the fines (<10 mm) that clog the kilns and therefore must be discarded
before burning, a total yearly amount of 106 t/y of blasted rock (380,000 m*/y of rock in place)
must be warranted. That means, for 220 worked days/y, an average daily production of 4,000
to 5,000 t. It has to be considered, however, that the burning process is continuous, and does
not tolerate momentary shortages of feed. Two ample surge stockpiles, both of ready to burn
rock and of blasted unprocessed rock have to be therefore warranted, to assure a constant feed
even in the case of quarry production temporary stops (repairs, small delays in developments,
displacements of semi-mobile machinery and so on). An appropriate daily production rate is
2,000 m*d (in place). Primary and secondary crushing, sieving and washing plants are located
underground, since the times of surface exploitation (Figure 1). A large (15,000 to 18,000 m?)
underground storage of crushed rock, to be used as surge stockpile, is under excavation. The
reasons for the underground exploitation are explained in Figures 2 and 3.

Limestone is abundant in the area, but only a member of the stratigraphic succession is locally
suitable to the production of quicklime, represented by a bed 160-180 m thick of very pure
limestone. Other beds are either too rich of magnesia, or of silica, or both. As shown in Figure
2, the bed is sub-vertical, and to continue surface quarrying implies the removal of a growing
amount of unsuitable limestone, for stability reasons (Oriard, 1982). This not only increases the
ratio of the excavated useless rock to the pure limestone, as shown by the example of Figure 3
and, obviously, the cost of the exploitation, but is actually impossible, because there is not eno-
ugh free space to dump the large amount of waste rock (Berta & Oth., 1999). On the contrary,
underground exploitation can be favorably considered (Mancini & Oth., 2003): the limestone is
sound in thick beds, RQD practically 100%, and wide stopes can be opened with the longer axis
at right angle with the bedding, separated by pillars of adequate width. The percent recovery of
the rock body is obviously low, with respect to a surface exploitation, but still warrants, within
the permit limits, 20 years of production at the present rate.

Figure 1. Front view of the old open pit exploitation; accesses to the underground (below) and the green (left)
benches resulting from the exploitation are noticeable.
Sekil 1. Eski acik ocak isletmesinin onden goriiniisii; yeraltina gecisler (asagida) ve itiretimden kaynaklanan

yesil (solda) basamaklar dikkat ¢ekicidir.
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Limestone

Open pit
exploitation

Figure 2. 3D scheme of the body, the surface exploitation and the underground exploitation; it is noticeable the
increase of waste removal required to continue the surface exploitation (Mancini & Oth., 2005).
Sekil 2. Cevherin 3 boyutlu semasi, agik isletme tiretimi ve yeralti iiretimi; agik ocak tiretiminin stirekliligi igin

pasa atimmmin arttirilmasi dikkat ¢ekicidir (Mancini & Oth., 2005).
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Waste to be exctracted (m*3)

Q00
D00EH0 S00e:D4 1, 00EH0E 1,30ES
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Figure 3. Explanation of the physical limits of the surface exploitation. Vertical axis: amount of waste rock to
be excavated; horizontal axis: amount of useful limestone excavated (cubic meters, for a vertical slice of unit
thickness of the rock body).

Sekil 3. Acik ocak tiretiminin fiziksel sinirlariin agiklanmasi. Diisey eksen: kazilacak atik kayacin miktari;
yatay eksen: kazilacak faydali kirectasimin miktart (metre kiip, cevher kiitlesinin birim kalinlhiginin diisey bir

dilimi i¢in).

2. Mining Method and Rock Stability Problems

The method is a sublevel stoping, with haulage by conveyor belts: the blasted rock is taken at
the draw-points by LHD machines and transferred to a mobile crusher, feeding the conveyor
belt — ore passes system for the upper 4 stops; the lower stopes (5 to 13) are exploited in the same
way, but the haulage is effected by LHD + dumper tracks, and the primary crusher is installed
in a fixed position. A general plan of the mine is shown in Figure 4; presently, only 5 of the 13
stopes have been exploited. The mechanical strength data of the limestone have been obtained
from extensive coring (Table 1). The geomechanical quality of the rock mass is good, according
to the surveys effected in the previous surface exploitation and in development tunnels. Some

M T Bilimsel
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karstic cavity of small extent has been crossed by the development works, in the upper levels;
no groundwater problems, however, have been found, nor are expected, being the water table
dictated by the river bed (290 m a.s.l), while the foreseen exploitation develops at altitudes over
305 m a.s.l. The mine has been designed according to the same principles followed in designing
a multi-stage building in masonry. Pillars are considered as walls subjected to vertical loads
(the rock cover plus their own weight) and to horizontal loads (the unbalanced lateral thrust
of the self supporting vaults connecting the pillars); a thickness of 2 m of rock adjacent to the
surface of the walls is considered as contributing load but not strength (the analogous of the
plaster coating of a wall), being presumably cracked by the immediate proximity of the blasts.
The admissible tensile stress is considered 0, the admissible compression stress is 1/4 of the
minimum C0O measured on the cores, hence 25 MPa. Pillars are therefore verified for stability as
walls subjected to eccentric vertical load: if the resultant vertical force falls within the median
third of the resisting horizontal section, the whole section (apart from the supposed damaged
layer) has bearing function, if falls outside the median third, tensile stresses can occur and the
resisting section is accordingly reduced in the stability calculations. A maximum slenderness
ratio of 2.5 has been set for the pillars. The vaults connecting the pillars are calculated according
to the natural self supporting arch criterion (Bello 1977); a rock cover of at least 30 m above the
self supporting arc top has been set.

Figure 4. 3D view of the quarry, at the end of the exploitation (Mancini & Oth., 2005).
Sekil 4. Uretimden sonra ocagin ii¢ boyutlu gériintiisii (Mancini & Oth., 2005).

Specific gravity 2.67 t/m?
Co Over 140 MPa (min 100 MPa)
T, (Brazilian) Over 6 MPa

Table 1. Mechanical data of the limestone.
Cizelge 1. Kirectasinin mekanik verileri.

The access and drilling tunnels have a cross section of 30 + 35 m? (haulage and access) and 25
m? (drilling), allowing for an easy circulation and operation of the machinery; the maximum
grade has been set at 15 %. Ore passes are drilled by raise borer, 3 to 5 m in diameter, inclined
by 200 with respect to the vertical. Apart from occasional bolting, no rock support is needed
up to now. The stability of the pillars is monitored by means of extensometers installed perma-
nently in selected points.

M T Bilimsel
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3. Exploitation
The first stope has been exploited using one drilling tunnel per sub-level, say 3 drilling tunnels
per stope, as shown in Figure 5, right.

This arrangement was chosen with the aim of minimizing the incidence of the development
work and of retaining some possibility of reducing the width of the stope, in the case of an
unforeseen reduction of the self supporting ability of the roof. Some drawbacks became appa-
rent during the exploitation (anyhow, successfully accomplished): slotting is difficult and time
consuming, the side walls of the open stope are often very irregular due to poor or excessive
breakage at the toe of the holes, the round includes a great number of long upward holes, diffi-
cult to drill and to charge. Though being the results still acceptable (see Figure 6), starting from
the stope n. 2 a different scheme, with two drilling tunnels in each sub-level, is adopted (Figure
5 left), which implies a greater incidence of the preparatory work but provides better control of
the pillar size and strength, and other changes (to increase the sub-level spacing, and the size of
the production blasts) are under study. Present production blasts are designed for rock volumes
of 2,700 to 3,000 m’ each. The basal collecting trough is excavated with smaller blasts, some
rounds in advance with respect to production, as shown in the same figure. Draw points are
spaced by 20 m. Blasted rock in collected by 7+9 m* LHD loders, carried to the mobile crusher,
and fed to the belt-ore passes system.

The average volume of a stope is 500,000 to 550,000 m* (being the width 30 m, the length
180 m, the height 110 m), say 1.4 years of production. That means that in the same time a new
stope must be ready (the drilling tunnels prepared and the slot opened), a pace that proved to
be maintainable. Total workforce amounts to 15 (partly hired from an external contractor), and
machinery comprises 2 jumbos, 1 SOLO drill (for production drilling), 2 TORO LHD (7 m?and
9 m?), 1 mobile crusher, belting (as explained, the haulage system is due to be changed).

Figure 5. Right: exploitation with 3 sub levels, one drilling tunnel per sublevel; left: same, with 2 drilling
tunnels per sublevel.

Sekil 5. Sag: 3 arakatin iiretimi; sol: ayni, her arakat icin 2 delik delme tiineli.
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Figure 6. Representation of the results obtained from a production blast at stope n. 1.

Sekil 6. 1 numarali katlar arasinda iiretim patlatmasindan elde edilen sonuglarin sunumu.

4. The Blast Damage Index

The BDI (Yu & Vongpaisal, 1996) can be considered as the reciprocal of a safety factor, and is
represented as the ratio between dynamic stress induced and rock strength. Denoting by: V =
vector sum of the three components of peak particle velocity (m/s); d = density of the rock (kg/
dm?®); ¢ = speed of compression waves in the rock-mass (m/s); K = site quality constant, variable
between 0 and 1 and dimensionless, the stress induced in the rock is expressed as the product
of the factors V, d and c, while the rock strength is the product of the dynamic tensile strength
of the rock, the site quality constant, and a correction factor; then, the index of damage can be
expressed as a function of six parameters:

BD[:L'C6 [1]
T'Ks'lo

On the basis of tests carried out to determine the dynamic tensile strength of different types
of rock, Mohanty (1987) found that the ratio between the compressive strength and the dyna-
mic tensile strength varies between 3.2 and 3.9. The proportion between the dynamic tensile
strength and the tensile strength determined with the Brazilian test, instead, varies between a
minimum of 1.6 and a maximum of 9.3.

The results of a series of uniaxial and triaxial compressive tests on samples obtained from core
surveys carried out at the quarry show that the value of uniaxial compressive strength is 141

M T Bilimsel
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MPa, while the Brazilian tensile strength is over 6 MPa. The rock is a very pure limestone,
stratified in banks, with good strength characteristics and, therefore, a value of 3.9 it is assumed
as the ratio between compressive and dynamic tensile strength. The layering implies an anisot-
ropic behaviour of the rock-mass and for this reason it was decided to assign an average value
of dynamic tensile strength of about 29 MPa. The uniaxial compressive strength is one of the
parameters needed to assess RMR (Rock Mass Rating) and hence the site quality constant KS.
For the site under consideration, a RMR= 69 parallely to the layers and RMR= 81 perpendicu-
larly were found, and thus the K values can be fixed as 0.81 and 0.69 respectively.

The density of the intact rock is 2.7 kg/dm?, while the rock-mass shows an average value of 2.65
kg/dm’. The in-situ compression waves speed perpendicularly to the layers is 5,800 m/s and a
higher value, i.e. the seismic velocity in the intact rock (about 6,300 m/s) is fixed parallely to
the stratification.

PPP refers to the vector sum of the three orthogonal components of the particle velocity. The
level of vibration varies considerably depending on whether a cylindrical or a spherical charge
is considered; in the first case, the following formula was found:

PN
V= K(W] (2]

and, in the second:
R m

in which: V=vector sum of the three components of peak particle velocity, expressed in (mm/s);
W=mass of the charge (kg); K, m=constants depending on the site; R=the distance between the
charge and the measuring point (m).

In the following, the values of ppv as a function of scaled distance will be examined, obtained
using both the square root and the cubic root of the charge in kg, while the charge will still be
considered as concentrated in the barycentre and, accordingly, the distances expressed in m will
be those between the barycentre and the point of measurement and the mass of the charge will
be the charge per delay. The data examined are related to 62 production blasts. As for the site
under study, the layered stratification of limestone affects the behaviour of rock-mass: it can be
noticed, in fact, a different arrangement of data collected parallely and perpendicularly to the
layers; an example is shown in Figure 7. With regard to the analysis that takes into account the
square root, the following formulas were found, respectively considering the parallel (Eq. 4) and
perpendicular (Eq. 5) direction:

R -0.702
R -2.416
ppv = 448.8[W) [5]
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Figure 7. ppv - scaled distance calculated through the cubic root of the charge (data refer to the two directions:
parallel - blue line - and perpendicular - red line - to the layers).

Sekil 7. ppv - sarjin kiip kokii tizerinden hesaplanan él¢ekli mesafe (veri iki boyutu isaret etmektedir: paralel -
mavi ¢izgi - ve dik dogrultu - kirmizi ¢izgi - katmanlar).

If the analysis is performed using the cubic root of the charge, the following results were obtai-
ned, with coefficients and exponents higher than in the previous case, respectively considering
the parallel (Eq. 6) and perpendicular (Eq. 7) direction:

-0.815
ppv=232.7( R )

1/3
w

[6]

1/3

R -2.916
v=4505.2 —— 7
pp (W ) [7]

The interpolation of the data must be corrected in order to obtain a ppv-DS law that is valid and
cautionary in most cases: analysis was performed which allowed to find, fixed the exponent m,
the coefficient K by which the curve would encompass 90% of the values. It was set a confi-
dence interval of 90%, taking the risk that the 10% of the pairs of values ppv-DS could be above
the straight line that represents the maximum value of the range.
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An example of graph, obtained using the cubic root of the charge and referring to the measure-
ments taken parallely to the layers, is provided in Figure 8.

ppv = 390,8 (d/QFy™ 1

=0 \{: +
.
fatatlal .
.
- .
‘_E‘ i 0‘\'
E ~ Y Mg
= e ¥
> ;s
2 o
-
+ ::o‘\o\
LR N
: ~

+

pov = 232,74 (d/QHe) 2ot

0,1 1,0 10,0 100,0
DS (m/kg'*?)

Figure 8. Peak particle velocity - DS, calculated with the cubic root of the charge and parallely to the layers.
Dotted line: mean value; solid line: upper value.
Sekil 8. En yiiksek parcacik hizi - sarjin kiip kokii tizerinden hesaplanan DS ve katmanlara paralel. Noktali

¢izgi: ortalama deger; siirekli ¢izgi: iist deger.

The data lead to reasonable results, as it is logical that the rock-mass, characterized by good
mechanical characteristics, present a strongly anisotropic behaviour along the two directions
perpendicular and parallel to the layers, with a good propagation and low values of ppv behind
the charge in the first case and a strong dissipation in the second, combined with high ppv when
scaled distances are low. Figures 9, 10 show the trend, along the two directions, of ppv as a func-
tion of scaled distance, obtained respectively with the square and the cubic root of the charge.
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Figure 9. ppv - DS calculated with the square root of the charge.
Sekil 9. ppv - sarjin kare kokii iizerinden hesaplanan DS.
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Figure 10. ppv - DS calculated with the cubic root of the charge.
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Sekil 10. ppv - sarjin kare kokii iizerinden hesaplanan DS.

4.1 Determination of BDI

For each of the solutions is taken into account the behaviour of the rock along the two perpen-
dicular directions, so as to ensure a good representation of the rock mass, which is anisotropic;
there are no tunnels or underground voids that are not perpendicular or parallel to the stratifica-
tion, then is not considered the behaviour of the rock-mass along intermediate directions: thus,
for the assessment of damage, an area along one of the tunnels that is closest to the blast can be
still be found, to assess the effects of damage to the structure.

With regard to one of the infinite directions parallel to the layering, which can be either vertical
or horizontal, the following values have been assumed: rock density d: 2, 670 kg/m?; speed of
compression waves c: 5,700 m/s; dynamic tensile strength T: 25 MPa; site quality constant KS:
0.69.

With regard to the direction perpendicular to the layering, the following values were assumed:
rock density d: 2,670 kg/m?; speed of compression waves c: 6,300 m/s; dynamic tensile strength
T: 36 MPa; site quality constant KS: 0.81.

It is therefore possible to express the relationship between BDI and ppv as linear, with only one
constant which encloses all the fixed values: the strong differences in the behaviour of the rock
led to investigate a law which varies with the direction considered: it is therefore determined a
constant for the parallel direction and a constant for the perpendicular direction, according to
the following expressions:

ppv-2670- 5700
BDI,, = = 0.882ppv 8
; ( 25.0.69-10° P 18]
ppv-2670- 6300
BDI,, = = 0.577 ppv 9
rew ( 36-0.81:10° PP ]

At this point, by imposing the maximum BDI which is thought to be achieved respecting the
structures, a limit to the peak particle velocity can be established and therefore, being available the
relations ppv-DS, a couple minimum distance/maximum charge not to be exceeded can be found.
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This pair of values is uniquely identified by a value of DS, scaled distance: by increasing the
load, the scaled distance decreases in reason of the square root of the charge, then the limit is
constituted by a value of maximum charge, whereas the decrease of the actual distance implies
that the DS also decreases, then a limit value for the distance is constituted by a minimum below
which we should not go down.

The relationships (for the directions perpendicular and parallel to the layers) that link the BDI
to ppv are represented in the graph of Figure 11.
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e
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Figure 11. Correlation between BDI and ppv in the direction perpendicular (BDI = 0.882 ppv) and parallel
(BDI = 0.577 ppv) to the layers.

Sekil 11. Dik dogrultu yoniindeki BDI ve ppv arasindaki korelasyon (BDI = 0.882 ppv) ve katmanlara paralel
yoéndeki (BDI = 0.577 ppv).

In the case examined, for which a BDI threshold of 0.250 was proposed, the ppv max in the two
directions being known, the scaled distances can be evaluated (Table 2).

Figures 12 and 13 provide an example of the relationship between distance and charge per delay,
with BDI = 0.250, having adopted a scaled distance respectively calculated with the square and
the cubic root of the charge.

These graphs can be used to calculate, known the maximum charge per delay, the minimum
distance from the charge to be observed, or, once the distance is known, to determine the maxi-
mum charge per delay that can be used in a given blast.

M T Bilimsel
11



Cardu and Oreste

DS Dir. BDI (-) ppv (mm/s) [ DS (m/kg"?)
i Par. 0.250 350 0.287

Perp. 0.250 260 1.201
DS Dir. BDI (-) ppv (mm/s) [ DS (m/kg"?)
9 Par. 0.250 350 0.870

Perp. 0.250 260 2.699

Table 2. Maximum values of DS obtained.
Cizelge 2. DS’den elde edilen en yiiksek degerler.

R-W, BDI=0,250
20

I - - - -dir. perpendicolare -
18 dir. parallela =
16 R
14 =
1z =
£
=10
o -
8 =
6
= I ——————
g - e —— T
2 E=—
e
i

0o 1 20 30 40 S0 60 YOO20 90 100 110 120 130 140 150 160 170 180 190 Z00 210 220 230 240 230
W (kg)

Figure 12. Representation of R (distance, m) v/ W (charge, kg) when the scaled distance is calculated with the
square root of the charge.
Sekil 12. Olgekli mesafe sarjin kare kokii ile hesaplandiginda R nin gosterimi (mesafe, m) v/ W (sarj, kg).

R-W, BDI=0,250

20
L - - - -dir. perpendicolare

18 - dir. parallela

18

14 .

R (m)

0 10 20 320 40 50 o0 70 B0 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 230
W (ka)

Figure 13. Representation of R (distance, m) v/ W (charge, kg) when the scaled distance is calculated with the
cubic root of the charge.
Sekil 13. Olcekli mesafe sarjin kiip kékii ile hesaplandiginda R 'nin gosterimi (mesafe, m) v/ W (sarj, kg).

5. Conclusions

The underground exploitation is not intended to compete with surface exploitation, when both
are practicable, due to the higher development costs. In the case, however, the underground
exploitation was the only way to avoid the closure of the plant, and the higher costs of the raw
rock ton at the kiln, which can be quantified as 100 % more than in previous surface production,
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can be accepted when balanced to the cost of closing or transferring the production of lime or
supplying the row rock from another quarry.

From monitoring and observation of the damage caused by production blasts, which involve
large amounts of explosive, the following conclusions can be drawn:

- The damage observed is of the same order of magnitude as predicted by the theory of Blast
Damage Index;

- The values of BDI expected vary from a minimum of zero (only theoretically, because BDI
= 0 means that the dynamic stress is absent, which is impossible!) to a maximum of 2, which
corresponds to a damage which generally determines the closing of the accesses and the aban-
donment of the area: for this maximum value of BDI, each intervention recovery is fruitless,
or so inconvenient from the economical point of view, that does not deserve to be taken into
consideration;

- The levels of damage are described by Yu and Vongpaisal (1996) in terms of tolerable damage:
in the case of the Kidd Creek mine (Yu & Quesnel, 1984)., in fact, and also for the underground
quarry examined, collapses and detachments due to blasting (Persson & Holmberg, 1994).occur
when no one is in potentially hazardous zones: for tolerable damage is intended, therefore, a
repairable damage with a tolerable cost;

- the simple limitation of the ppv value below the limit set by a rule, leaves only the possibility of
reducing the charges used (in practice, to slow down the production) while, at least in principle,
it is possible to comply with a limit value of BDI also working on the denominator of the ratio,
i.e. improving the rock quality.
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Abstract

Metallurgical slags, which come into being as a secondary product of steel making, are more
and more often used in different economy fields. In Poland there is a search for solutions to
close down dumping grounds of metallurgical wastes and to manage the slags which come into
being during the current production to avoid their long-term storage. This work must be prece-
ded by multidirectional research, among which analyses of phase and chemical compositions
of slags play an important role. In the mineral composition of the slags, apart from crystalline
components, the presence of glaze and iron metallic precipitations was noticed. The degree of
crystallization of individual components was different depending on the speed of cooling an
alloy, which also allowed us to distinguish their different microstructures. Chemical composi-
tion of the metallurgical slags is variable and depends on: the type of the used charge material,
fluxes, refining additives and a used melt technology. Nevertheless in all tested slags iron was
presented in the largest quantities.

Key words: Metallurgical slag, metals, phase composition.

Ozet

Celik tiretiminde ikincil tiriin olarak elde edilen metalurjik ciiruflar farkl alanlarda ekono-
mik olarak ¢ok daha fazla siklikla kullanilmaktadir. Polonya’da metalurjik ciiruflarin zemine
dokiilerek kapanmasina ¢oziim bulabilmek ve uzun donem depolanmalarindan ka¢inilmasi i¢in
mevcut tiretim stirecinde olusan ciiruflarin diizenlenmesi i¢in arastirmalar yapilmaktadir. Bu
calisma ciiruflarin kimyasal bilesimleri ve fazlarumin analizi arasinda énemli bir rol oynayan
cok yonlii bir arastirma ile ilerlemelidir. Ciiruflarin mineral bilisimlerinde kristal
bilesimlerinden ayri olarak camlasmanin ve demir metalik ¢okelmenin varligina dikkat edilmig-
tir. Bilesenlerin ayrt ayri kristallesme dereceleri farkli mikro yapilarinin ayni zamanda ayril-
masinda izin veren soguma hizina bagl olarak farklilik gostermistir. Metalurjik ciiruflarin
kimyasal bilesimi degiskendir ve kullanilan sarj malzemesinin tipine, eritkenlere, rafine katki-
larina ve kullanilan eriyik teknolojisine baghdir. Bulunla birlikte, test edilen biitiin ciiruflarda,
demir biiytik miktarlarda bulunmustur.

Anahtar kelimeler: Metalurjik ciiruf, metaller, faz bilegimi.
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1. Introduction

Upper Silesia is one of the best industrialized regions in Poland (south part of Poland). The
beginnings of mining and smelting have been dated here on the Middle Ages. Beside coal
mining, iron and steel industry has become one of the most developed industries in this region.
But on the other hand iron and steel industry became especially problematic, because of consi-
derable amounts of wastes - mainly metallurgical slags, coming into being during production.

In the past slags were gathered on the dumps. Presently, in view of widely accepted pro-ecological
policy, attention has been drawn to the possibility of using metallurgical slags, both the slag
collected on dumps and the slags generated by ongoing production processes, as a secondary
material. Technical researches of slags have shown that they may be used to produce aggregates
for highway engineering. There are also numerous researches carried out in order to acquire
metals from metallurgical slags. All these activities must be preceded by multidirectional labo-
ratory analyses connected, among others, with learning the chemical and phase composition
of slags (Cioroi et al. 2010; Jonczy 2007, 2011; Jonczy et al. 2012; Mateus et al. 2011; Rai et al.
2002). Moreover the study of slag are already carried out at the stage of their forming inside of
the blast furnace (Kudrin 2007; Kozhukhov 2013). Based on the detailed studies, connections
of metals with slag phases and possibilities of their migration from slags during their utilization,
could be determined.

In this article there is presented a characterization of a chemical and mineralogical composition
of metallurgical slags from one steel works in Poland. The research was carried out on 4 types
of slag originating as a secondary product in a converter furnace during 4 different cycles of
smelting. The differences between successive cycles are connected with variable conditions of
cooling a slag alloy and with a slightly different character of a furnace charge which is con-
nected first of all with a various amounts and different type of scrap added to the charge. Slags
analyzed macroscopically are similar to one another, they are characterized by black color and
they are brittle and porous.

2. Research methods

Chemical composition of slags was determined in the Activation Laboratories Ltd. - ACTLABS
in Canada using the TD-MS and TD-ICP methods. Spectral analysis in microareas was carried
out at the Institute of Non-ferrous Metals at Gliwice (Poland) and the X-ray analysis — at the
Institute of Ceramics and Building Materials — department also at Gliwice. The research with
the application of scanning microscopy was carried out at the Scanning Microscopy Laboratory
of Biological and Geological Sciences of the Department of Biology and Earth Sciences of the
Jagiellonian University in Krakéw (Laboratory at the Institute of Geological Sciences). Mic-
roscopic observations in transmitted light were made at the Institute of Applied Geology of the
Faculty of Mining and Geology of the Silesian University of Technology in Gliwice (Poland).

3. Results
Metallurgical slags could contain a considerable amount of metals, so it is very important to
control their concentration, especially when we use slags as a secondary material.

In the chemical composition of the analyzed metallurgical slags there dominate Fe (14,14-
20,00%), in the second place is Mn whose concentration in all samples is similar - ~1% (tab.
1). Ni, Ti and Pb appear in changeable amounts and their increased concentration was noticed
in the sample No 2. In the sample No 3 the content of Cr increases, whereas in the sample No
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4 the content of Cu, V and Zn. Variation of elements is connected with additives used in the
metallurgical process (Cr, Mn, Ni, Ti, V) and the type of scrap added to the furnace charge (Cu,

Pb, Zn). However, in general, all these differences of metals concentration are not too large.

Element Slag No 1 Slag No 2 Slag No 3 Slag No 4
Fe [Mass%] 20,00 17,90 14,14 17,60
Mn [Mass%] 1,06 1,00 1,00 1,08
Ti [Mass%)] 0,060 0,729 0,208 0,230
As [ppm] 1,0 0,9 2.9 4,0
Cd [ppm] 0,01 0,20 0,10 0,20
Cr [ppm] 666 1280 1580 834
Co [ppm] 0,9 1,0 0.8 0,7
Cu [ppm] 11,5 16,0 22,2 234
Ni [ppm] 9,8 14,6 11,1 9,9
Pb [ppm] 3,2 10,3 6,1 5,1

A% [ppm] 652 632 679 728
7n [ppm] 12,2 7,5 7.5 26,5

Table 1. Concentration of metals in metallurgical slag from converter furnace.

Tablo 1. Doniistiiriicii firindan metalurjik ciiruflarda metallerin konsantrasyonu.

Iron, which is present in the largest quantities in the chemical composition of all studied slags,
occurs in different forms. The largest group of iron phases are iron oxides. The following phases
were distinguished among them: wustite FeO, magnetite Fe;O, and hematite Fe,Os:

e Waustite creates globular forms. This type of wustite is formed through the oxidation of iron
and by assuming by this phase morphological forms characteristic for the liberation of metals.
Waustite often contains an admixture of calcium, magnesium and manganese oxides (Figure 1).

29p-4(4)

Oxide [Mass%]
FeO MnO | MgO | CaO | SiO,
92,69 | 3,38 2,14 1,39 0,40

Full scale counts: 4315
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Fe
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OFe
1000 ~ C Mn . Fe
Mg Si a Mn
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keW
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29p-6(5)

Oxide [Mass%] [Mass%]
FeO CaO Cr,0; | ALO; | SiO, | MnO | MgO | ClI
57,60 | 38,31 | 1,47 0,97 0,66 0,51 0,36 0,10

Full scale counts: 4805

6000
5000 - Ca
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1000  C . Ca

. . MqAl s.cla cl Cr MnI Fe

0 1 2 3 4 5 6 7 8 9 10
keV

Figure 1. Globular forms of wustite; Scanning Microscopy: SEM and EDS spectrums with chemical analyses.
Sekil 1. Vustitin kiiresel sekilleri; Tarama Mikroskopu: kimyasal analizleri ile SEM ve EDS goriintiileri.

e Magnetite only sometimes forms large crystals which have crystallized directly from the
alloy, characterized by the habits of squares. Usually it forms fine, non-transparent grains which
cover surface of the other phase components or are accumulated in the cracks of the glaze or
forms an inclusions in the silica phases (Figure 2).

Figure 2. Crystal of melilite with inclusions of magnetite; transmitted light, magnification 100x, one nicol.
Sekil 2. Magnetitin kalintilar ile melilit kristalleri, 151k iletilmistir, biiyiitme 100x, bir nikol.

e Hematite can form very fine grains dispersed among other phase components to larger,
sharp-edged crystals (Figure 3). Fine grains are called pigment, which gives the glaze red colo-
uring. For larger grains red colour is also characteristic.
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Figure 3. Crystals of hematite; transmitted light, magnification 100x, one nicol.
Sekil 3. Hematit kristalleri; 151k iletilmistir, biiyiitme 100x, bir nikol.

In some kinds of slags after steel production we can also find solid solution of FeO-MnO-MgO,
which is characterized by skeleton forms (Figure 4), but in the studied slags this solution was
observed in very small amounts.

Figure 4. Skeleton forms of solid solution of FeO-MnO-MgO, transmitted light, magnification 100x, one nicol.
Sekil 4. FeO-MnO-MgO nun kati ¢éziimiiniin ¢ati formlart, 151k iletilmistir, biiyiitme 100x, bir nikol.

Iron also:
e occurs as fine drops not separated during metallurgical process (point 1, image 5);
e s dispersed in glaze (images 5-8).

On based observations in microareas, the detailed phase composition of slags was presented
(Figures 5-8) as also diversification of slags microstructure, which is a result of phases crystal-
lization in variable conditions of cooling a slag alloy.
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Point Element [Mass%]
O Si Al Fe Mn Ca S Zn Pb z
1 0,28 (0,03 (0,01 199,09 10,06 (042 0,01 0,01 ]0,09 [100,00
Point Oxide [Mass%] s
Si0, |TiO, |ALO;|Cr,05|V,05|FeO [MnO [MgO |CaO |P,05|ZnO |PbO
2 3,02 (0,10 (0,10 (0,34 |- 59,11 |5,16 [15,81 16,00 10,32 (0,05 |- 100,01
3 21,11 |0,16 0,20 0,37 0,07 |12,37(1,56 |15,10 |46,45 (2,53 10,06 (0,02 |100,00
4 26,74 10,24 (0,54 10,06 |0,09 16,67 (0,54 |1,16 |60,95(2,94 10,07 |- 100,00
Figure 5. Microphotography and chemical analysis of the slag No 1
Sekil 5. Ciiruf No 1'in kimyasal analizi ve mikro fotografi.
Point Oxide [Mass%] 5
Si0, |TiO,|ALO; [Cr,05|V,05|FeO |MnO |MgO |CaO |P,05|ZnO |PbO|NiO
5 23,26 |- 0,41 10,01 |- 3,50 (0,41 0,47 (69,28 [1,58 |0,01 |- 0,03 {100,00
6 - - - 0,15 10,04 (13,29]1,33 [83,05(2,05 |- - 0,01 |- 100,00
7 9,30 (0,05 142,72 10,02 |- 2,92 (0,21 10,26 |38,96 (2,30 10,29 (0,43 10,06 |100,01
8 1,71 1,33 (7,18 (0,12 ]0,51 140,76 (0,35 (0,56 |46,9810,29 10,13 (0,03 |- 100,00

Figure 6. Microphotography and chemical analysis of the slag No 2.

Sekil 6. Ciiruf No 2’nin kimyasal analizi ve mikro fotografi.
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Point Oxide [Mass%] 5
SiO, |TiO,|ALO; [Cr,05|V,05|FeO |MnO |MgO |CaO |P,05|SO; |ZnO

9 22,0610,24 (0,54 (0,13 |- 5,89 1,35 |18,54 (48,52 (2,60 2,60 (0,07 {100,00

10 130,59]0,11 (0,30 |- 0,04 (1,33 |0,11 (0,43 164,09]2,93 12,93 0,05 |100,00

11 5,14 |1,03 1,64 (0,36 [0,06 |35,52(6,91 |1,71 |47,10 {0,43 10,43 |- 100,00

12 15,21 |0,10 2,18 [0,06 |0,06 |37,29 (4,95 |3,40 |46,06|0,45 10,45 [0,05 {99,99
Figure 7. Microphotography and chemical analysis of the slag No 3.

Sekil 7. Ciiruf No 3’iin kimyasal analizi ve mikro fotografi.
Point Oxide [Mass%] 5

SiO, |TiO,|AlO;|Cr,05|V,05 [FeO |MnO |[MgO |CaO [P,Os|SO; |ZnO|PbO

13 (29,7310,19 10,31 (0,01 |0,11 |1,64 |0,13 ]0,08 |64,22]3,52 10,03 10,03 |- 100,00
14 (30,05 |- 0,27 10,04 10,09 |1,58 |0,10 |0,18 |64,06]3,58 |- 0,04 |- 99,99
15 10,12 |- - 0,03 |- 64,42110,20110,82 | 14,25 |- - 0,11 10,06 100,01
16 (3,20 |1,78 12,24 10,59 10,10 141,16 {2,70 |1,01 |46,74 10,44 |- 0,04 |- 100,00

Figure 8. Microphotography and chemical analysis of the slag No 4.

Sekil 8. Ciiruf No 4’iin kimyasal analizi ve mikro fotografi.
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In the slag No 1 there appear great amounts of glaze with only single metal drops. Drops of
metals are represented by almost pure iron (point 1, image 5), glaze of this slag (points 3, 4,
image 5) contains big amounts of CaO, SiO,, FeO, MgO and smaller amounts of other oxides.
In the glaze there are demixing zones with variable chemism (point 2, image 5).

Sporadically, in the slag No 1 there are observed crystal nuclei, their bigger amounts are noticed
in the slag No 2, where the presence of crystallites is a proof of interrupted crystallization of
phase components as a result of sudden cooling of an alloy. Then the cooling process must
have proceeded gradually with a slower decrease of temperature, which is proved by demixing
zones. In the slag No 2, beside the glaze (point 5, image 6), the following components were
distinguished: periclase (point 6, image 6), calcium aluminates (point 7, image 6) and ferrites
(point 8, image 6).

The slags No 3 and No 4 were submitted to slower cooling, which allows us to observe the dend-
rite and skeleton structure. These slags, in contrast to the slags No 1 and 2, contain small amo-
unts of glaze in comparison to crystalline phases On the images 7 and 8 the significant growth
of silicate phases — dicalcium silicates and calcium-magnesium silicates (dark gray dendrites)
against the background of glaze (light gray boxes) was shown. The glaze from the slags No 3
and 4 in comparison to the glazes from the slags No 1 and 2 contains smaller amounts of SiO,.
Its main components are CaO and FeO with an additive of MnO and MgO (points 11, 12, image
7, points 15, 16, image 8). The silicate phase dendrites are merged into glaze, which is a proof
of their earlier crystallization, which then was interrupted as a result of cooling an alloy. The
remaining components congealed in the form of glaze.

Dicalcium silicates are one of the most popular silica component of the slags from the converter
furnace, on base scanning microscopy ten kinds of them were distinguish. Their formulas are
presented below:

1' (Cal,92—1,98Mg0,01—0,02)[Sil,00—1,0304]a

2. (Cay5:Mgo 02)[(Siy01A10,03)Os),

3. (Ca1,%MgomTio,oz)[(Si0,95A1o,o4)O4],

4. (Cal,94Mg0,02Nao,006)[(Si0,96A10,07)O4],

5. (Cal,96Feo,02—0,04)[(Si0,84—0,85P0,12—0,13)04]a

6‘ (Cal,96—2,06Feo,03—0,08)[(Si0,79—0,83P0,10—0,I4A10,008—0,03)O4]5

7. (Caz,ooFeo,mTio,m)[(Si0,83P0,10A10,0007)O4]a

8. (C31,52-1,53Mg0,46-0,47Mn0,01-0,02)[Si0,99-1,0004]’

9. (Ca, 7,6Mgo 43Mny 6 T 03)[(Sig 51Al,03)Os),

10 (Cal,97—1,98Feo,03—0,04V0,004—0,006)[(SiO,SO—O,SSPO,l1—0,12A10,02—0,04)O4]'

A X-ray analysis was carried out in order to make a detailed description of phase components,
which would allow us to give a specific name of a given phase. That research has proved the
presence of all the mentioned components in slags and shown the presence of phases whose
identification with microscopic methods was hindered. On base X-ray analysis, among crystal-
lite of the studied slags the following phases were distinguished: solid solution of brownmil-
lerite-srebrodolskite Ca,(AlFe),0;-Ca,Fe,0s, alite Ca;[O|Si0O,], calcium olivine a-Ca,[SiO,],
mayenite Ca;;Al,O;;, jadeite NaAl[Si,0¢] and solid solution of melilites (gehlenite-akermanite)
Ca,Al[(S1,Al),0,]-Ca,Mg[S1,0;].

Some of these phases, like melilites (image 2), were also observed during microscopic stu-
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dies but only occasionally big, well-crystallized silicate phases were found. In a slag alloy the
crystallization process is suddenly stopped during cooling and this is a reason that the majority
of slags components congeals in the form of glaze. Some of them occur in the form of small
crystalline nuclei, whereas well-developed crystals which can be identified during microscopic
observations are rare and the glaze is dominant among slags components.

4. Conclusions

Mineralogical and chemical analyses of slags which came into being during a direct production
of a converter furnace showed that their chemical composition changed in accordance with
additives applied in the steel process and the type of scrap added to the furnace charge.

The phase composition of slags was also changeable as well as the form of development of indi-
vidual phases. Glaze dominated in slags subjected to sudden cooling, crystallization of silicate
phases was noticed where the temperature of an alloy did not drop too violently.

In all kinds of analyzed slags the same composition of elements was noticed, but their contents
were variable. The highest concentration of metals was connected with iron. Iron may occur in
metallurgical slags as fine drops not separated from slag during a metallurgical process, may
form polymetallic aggregates, inclusions and its own phases (especially oxide ones), iron can
also be hidden in the structure of silicate phases. A considerable amount of iron and the other
metals are dispersed in glaze and amorphous substance.

Numerous possibilities of slags application determine the need to learn the material in the best
possible way, especially in relation to the phase composition as well as the chemical composition.
Knowing these aspects makes it possible to draw conclusions, among others, about possibilities
of release of heavy metals from slags components and their migration to the environment. This
knowledge will be useful in making economic activities connected with using metallurgical
slag as a secondary material. Utilization, which will economically cost effective and ecologi-
cally safe for the environment.
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Abstract

A joint research between Italy and India was conducted in 2 marble quarries to compare the
characteristics of the diamond wires used, through the analysis of their performance. The
research had also the aim to exchange the know-how on the quarrying methods and cutting
techniques: tests were carried out both on site and in laboratory, and the necessary data were
collected. The sites under investigation were Carrara (Italy) and Ambaji (India). In both quarries
the mixed technique “diamond wire saw and cutting chain” is used, but research has focused
mainly on the performance of the wire. The following data were collected on the diamond wire
saw to outline the performance of the system: installed power, cut geometry, cutting speed, wire
length, tension applied to the wire, diameter of wire and beads, number of beads/meter. Moreo-
ver, samples both of marble and of overburden waste rocks were collected, needful to carry out
the mechanical laboratory tests. Therefore, a characterization of the rock at different laboratory
scales was done, to obtain data on rock-tool interaction, to evaluate the beads consumption and
to develop guidelines for dimension stone cutting with diamond wire saw.

Keywords: Marble; Diamond wire saw

Ozet

Italya ve Hindistan’da 2 mermer ocaginda kullanilan elmas tellerin performans analizleri ile
ozelliklerini kiyaslayan bir biitiinlesik bir arastirma yapumistir. Bu arastirma ayni zamanda
kesme teknikleri ve tasocagi isletme teknikleri ile ilgili bilgi degisimini de amag¢lamaktadir.
Hem laboratuvarda hem de sahada testler yapilmis ve gerekli veri toplanmistir. Calisma saha-
lart Italya’da Carrara ve Hindistan’da Ambaji tas ocaklaridir. Her iksinde de hem elmasli tel
testere hem de zincirli kesme makinasi kullanilmistir. Ancak ¢ogunlukla arastirma tel perfor-
masina odaklanmistir. Sistemin performansini incelemek icin elmas tel testere ile ilgili kurulu
gli¢, kesme geometrisi, kesme hizi, telin uzunlugu, tele uygulanan gerilme, telin ve boncuklarin
capi ve metre basina diisen boncuk sayist ile ilgili veri toplanmistir. Buna ek olarak, mermer ve
uist ortii malzemesinden numuneler alinmis ve mekanik laboratuvarinda test edilmistir. Boylece
kaya-zemin etkilesimni ile ilgili veri alabilmek ve boncuk tiiketimini degerlendirmek ve elmasi
tel testere ile tasin kesilmesi i¢in rehber gelistirilmesi i¢in kayanmn farkh laboratuvar olgekle-
rinde karakterizasyonu saglanmistir.

Anahtar Kelimeler: Mermer, Elmas tel kesme
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1. Introduction

The attention has been initially focused on the types of materials exploited in the two sites of Carrara
(Italy) and Ambaji (India), and a laboratory characterization of the two marbles has been then made,
through the employment of the following tests: Brittleness Test (S20), Cerchar Abrasiveness Test (CAI),
Knoop Micro-Hardness. The procedure of the different tests and the results obtained are shown below.

Being the purpose of the study to provide a better understanding of the benefits of diamond wire
cutting on the above quoted marbles, an experimental investigation at the quarry sites has been
carried out, in order to obtain data pertaining to the cut, both primary and secondary (reshaping
of blocks). It was therefore created a database to facilitate the retrieval of data related to the
diamond wire type, to the machines employed, to the type of cut and to the geometry of blocks.

During the experimental campaign, important data were collected useful for the characteriza-
tion of the behavior of the diamond wire, such as the cutting speed. It was also considered of
great importance the correlation between the cutting speed and power and amperage of the wire
that are applied to the cutting machine.

Laboratory tests were then performed to evaluate the tensile strength of steel cable (with and
without beads), that is the core of wire. Through the correlation of data derived from Indian
and Italian samples, it has been determined that the cables used in Carrara perform better than
others. This is due not only to the type of material to be cut, but also to the constitution of the
wire, especially in the case of assembled wire.

Finally, as a possible starting point for future studies related to diamond wire, the problems of
bending strength to which the wire is subjected during cutting have been exposed. For these
problems, in fact, were never conducted tests to determine the behavior of the steel cable, altho-
ugh this is constantly subjected to bending efforts.

2. Location of quarries under study

2.1. Carrara quarry

Data were collected on the execution of primary and secondary cuts; the activity was carried out
in the quarry “I Campanili” (Figure 1), which is located in the basin of Colonnata, that includes
29 active quarries and is the easternmost of the three Carrara basins (Torano, Fantiscritti and
Colonnata). The area took its name from two high spurs of rock residues of the work undergone
from the ancient crest of the watershed and recently shut down for safety reasons, because of
their instability, which created a danger of falling on the yards of the quarries below.

Figure 1 - Framework of the Marble Quarry “I Campanili” (Italy).
Sekil 1 - Mermer ocagmin ¢alisma alant “I Campanili” (Italya).
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2.2. Ambaji Quarry
The quarry where the activities were carried out for data collection is one of the most beautiful
white marble quarries in India and is located at Ambayji, in the federal state of Gujarat (Figure 2).

The current production amounts to about 15000 m2/month of polished marble slabs. The quarry
is characterized by the presence of a thick overburden, which must be removed to provide
access to the underlying marble benches (Figure 3). Currently, the removal of the waste material
is carried out by means of the drilling & blasting technique, and blasts are sized to cause the
least damage to the underlying rock. However, the spread of unwanted fractures due to the use
of explosives is not completely excluded, so it is partially compromised the integrity of the ore
body. The use of explosives is still the cheapest and fastest, because of abrasiveness and the
hardness of the overburden, largely made up of microcrystalline silica.

Figure 2 - Location of the Ambaji quarry, Gujarat (India).

Sekil 2 - Ambaji ocaginin yeri, Gujarat (Hindistan).

Figure 3 - Waste material to be removed to carry out the exploitation of the white marble underneath, Ambaji
quarry, Gujarat (India).
Sekil 3 - Waste material to be removed to carry out the exploitation of the white marble underneath, Ambaji
quarry, Gujarat (India).
M T Bilimsel
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3. Laboratory tests

3.1. The Brittleness Test

The test gives a reliable measure of the capability of a rock to resist to crushing after a number of
repeated impacts. According to its definition, the brittleness value (S20) equals the percentage
of rock fragments that pass the 11.2 mm mesh after the original amount of material has been hit
20 times by a hammer (14 kg) in a mortar (Dahl 2003). The final S20 value characterizing a rock
type is given by averaging the values obtained from at least three tests performed on the same
rock type. S20 is the first value needed in order to assess the Drillability Rate Index (DRI).

In order to collect at least three samples per rock type (around 500 g per sample), 15 kg of raw
material or more were crushed in the jaw crusher and, then, collected and sieved with squared
meshes of different sizes: 16 mm, 11.2 mm, 8 mm, 4 mm and 2 mm. By calculating the per-
centages of material of the other sizes, a first approximate behaviour of the rock type can be
predicted.

The rock was then crushed with the mortar. The test requires twenty impacts from an average
height of 25 cm (the distance between the top of the lid and the tip of the hammer). After that,
the fragments of rock were removed from the cylinder and, then, sieved using all the meshes
employed before, except the 16 mm one. The percentage of material passing through the 11.2
mm mesh is the one yielding S20 (Table 1).

Rock Brittleness (S20)

Carrara Marble 62.06

Marble MO (Ambaji) 35.31
Marble M1 (Ambaji) 38.27
Marble M2 (Ambaiji) 53.52
Marble M4 (Ambaji) 58.99
Overburden OB-1 (Ambaji) Gray 36.30
Overburden OB-2 (Ambaji) Green 35.34
Overburden OB-2 (Ambaji) Green 39.09

Table 1 - Results of Brittleness test (S20) (Shukla, 2011).
Cizelge 1 - Results of Brittleness test (S20) (Shukla, 2011).

3.2. The Cerchar Abrasiveness Test

The Cerchar abrasiveness test is meant to characterize a rock specimen in order to evaluate its
diggability and to predict tool wear and performance. This test has gained much popularity,
being very easy to do. It consists of scratching a steel pin with a 90° conical point on a rock
sample for a length of 10 mm. The steel pin has to be pressed down on the rock’s surface with
a 70 N force. The Cerchar abrasiveness index, commonly referred to as CAI is the measured
wear flat of the pin, given in tenths of millimetres (Cerchar 1986). Up to date, there is no uni-
versally accepted standard procedure for this test: there are mainly two devices with which the
test can be performed. The difference between them is the way the steel pin is scratched on the
rock: in the original machine, designed when the test was developed, there is a lever to which
the steel pin connected directly; the scratch is done by pulling the lever.
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The testing procedure was quite simple: the rock sample is placed on the sliding support and
fastened with the surface that is going to be scratched upwards; then, the steel pin is put in place,
being sure that the top of the cone touches the rock’s surface. Once the pin is positioned, the 70
N force can be applied on top of it.

The scratching test is then ready to begin, and the crank has to be turned 5 times in order to
move the rock sample 10 mm. Once the scratching procedure is completed, the pin can be
removed and taken to the optic microscope in order to measure the wear flat. Every pin has to be
photographed two times, so that the wear flat in two perpendicular directions can be measured,
yielding an average value. The results of tests are given in Table 2.

Rock Cerchar Abrasivity Index CAI

Carrara Marble 0.86

Marble MO (Ambaji) 0.83
Marble M1 (Ambayji) 0.62
Marble M2 (Ambaji) 0.98
Marble M4 (Ambaji) 0.65
Overburden OB-1 (Ambaji) Gray 2.75
Overburden OB-2 (Ambaji) Green 2.5
Overburden OB-2 (Ambaji) Green 2.6

Table 2 - Measured of Cerchar Abrasivity Index (CAI).
Cizelge 2 - Measured of Cerchar Abrasivity Index (CAI).

3.3. The Knoop Micro-Hardness Test
Hardness tests are meant to evaluate the response of materials under point-concentrated loads,
meaning thereby that the load is applied on a very small surface.

The Knoop test is a typical micro-hardness test with obtuse indenter, well suited for fragile
or hard materials, as the mark left by the indenter is easily recognizable and measurable. The
indenter is an elongated rhombohedral pyramid with apical angles of 130° and 172° 30’, and the
weight applied is 200 g. In the standard Knoop test, the longest diagonal of the indented on the
sample is measured, and the Knoop hardness (HK) is expressed by the formula:

HK =14230 - P - I

where: P is the load applied on the indenter, expressed in grams, 1 is the length of the longest
diagonal measured on the sample, expressed in micrometers. The HK value is expressed in
MPa. Previous studies (Mancini et al.,1993; Cardu et al., 1994) have shown how the HK value
decreases as the load increases.

Table 3 and Figure 4 supply the microhardness values. It is noticeable that the trend of the
microhardness of the Indian overburden is significantly higher, compared to marbles. Moreover,
it has to be underlined that the trend of hardness is approximately the same both for Italian and
Indian marble.
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Microhardness [MPa]

Rock 25% | 50% | 75% | mean

Carrara Marble 1248 1354 1542 1371
Marble m0O 1168 1291 1475 1352
Marble ml 1124 1248 1354 1305
Overburden OB-1 Grey 1785 3602 5456 3686
Overburden OB-2 Green 5533 6501 7496 6511

Table 3 - Percentile microhardness of the rocks analyzed.
Cizelge 3 - Percentile microhardness of the rocks analyzed.
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Figure 4 - Microhardness frequency distribution diagrams of the rocks analyzed.
Sekil 4 - Microhardness frequency distribution diagrams of the rocks analyzed.

4. The cutting machine

The use of diamond wire involves the creation of a closed loop within the rock mass to be cut,
by which the wire runs at high speed (approximately 30 — 40 m/s), always sprinkled with water
for its cooling, so as to gradually affect the stone and create an ever deeper groove (Figure 5).
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Figure 5 - Scheme of a block cut in a quarry bench.
Sekil 5 - Scheme of a block cut in a quarry bench.
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The realization of the circuit, in the simplest “loop” case, consists in the drilling of two holes
pre-coplanar and convergent (Figure 5), that will be virtually positioned along the edges of the
real portion of the rock to be isolated.

Within this path is then inserted the wire, which then is closed in a ring around the outer edge
of the pulley driven by the engine of the saw.

During the cutting the machine recedes, usually on a sliding track and thereby maintaining con-
tinuous tension in the wire in contact with the rock, producing a planar cut through progressive
wear of the rock body.

The machines used in the Carrara quarry have a power of 75 HP (55.2 kW), weighs 2100 kg and
have a flywheel with a diameter of 900 mm (Figure 6).

Figure 6 - An example of diamond wire saw employed in the Carrara marble quarry “I Campanili”.

Sekil 6 - An example of diamond wire saw employed in the Carrara marble quarry “I Campanili”.

The rate of retreat of the machine varies from 1.5 mm/s to 3 mm/s, depending on the size of the
block to be cut and on the amperage required by the operator: the more it is lower, the speed of
retraction decreases and increases the time needed for the execution of the cut.

The data collected in the quarry included the observation and detection of block sizes, ranging
from a few m?, in the case of squaring (1.5 m? to 15 m?), to tens of m? for primary cutting (20
m? to 100 m?).

From these informations, it was possible to derive the speed of the diamond wire cutting in the
rock, which varies from 6.2 m*h to 14.3 m?/h, in the case of squaring, and from 12.7 to 17.8
m?/h in the case of primary cutting. These data are therefore been linked with power (Figure 7)
and amperage (Figure 8) of the machine and compared with data relating to the speed cutting in
the quarry of Ambaji and those found in the literature.
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Figure 7 - Cutting rate against the power installed on the diamond wire saw.

Sekil 7 - Cutting rate against the power installed on the diamond wire saw.
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Figure 8 - Cutting rate of the machine according to amperage required.

Sekil 8 - Cutting rate of the machine according to amperage required.

As it can be seen, the cutting rate tends to increase with the increase of installed power, and, at
the same power as in the case of data relating to the quarry in Carrara, the speed increases with
the amperage, always taking into account both the size of blocks and their nature and the type
of cut performed.

5. Tests performed on the wire

The study has provided a sampling of diamond wire, both from the quarry of Carrara and from

that of Ambayji, in order to perform tests of tensile strength of steel cable in the laboratory.

To perform the tests, reference was made to UNI 3171, which requires a minimum cable length
of 30 cm (Figure 9).

The minimum length of the cable must be calculated as shown in Table 4, taken from the same

UNI 3171.
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L

Figure 9 - Conditions for carrying out the test and example of the equipment
Figure 9 - Conditions for carrying out the test and example of the equipment

Minimal diameter of the cable [mm] | Minimum length of the cable [mm]
d<e6 300
6<d<20 600
d>20 30d

Table 4 - Criteria to determine the minimum length test.

Cizelge 4 - Criteria to determine the minimum length test.

The test was performed using a press equipped with two coaxial clamps, connected to a dyna-
mometer to record the load imposed, and to a strain gauge, which records the lowering of the
lower grip. This instrument is connected to a computer and allows to evaluate the displacement,
in millimetres, between the two clamps, which results in lengthening of the cable until its
failure, at the maximum permissible load.

The test was performed on samples of wire cable both new and used, and on samples in the
central part of which had been set up a joint (Figure 10).

Figure 10 - Cable segments on which the test was performed (on the left, bare wire; on the right, cable with joint).
Sekil 10 - Cable segments on which the test was performed (on the left, bare wire; on the right, cable with joint).

The following Table 5 shows the data of the tensile strength of the wires without the joint. As can
be noted, the Italian cable has a far superior resistance to that of India, whether new or used.

Wire n. | Conditions of the cable Origin Tensile strength [kg]
1 New India 1720
2 New India 1620
6 New Carrara 1940
10 End of life Carrara 2150
12 Mid-life Carrara 1690
13 New Carrara 1650

Table 5 - Tensile strength of steel cables.
Cizelge 5 - Tensile strength of steel cables.
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The break, however, is achieved because of the progressive stripping of the strands that make up
the cable. In particular, one can state that, on samples characterized by the presence of all other
components of the wire, ie, beads, springs, spacers and fasteners, the break occurs in portions
of bare wire and not along the line “covered” (Figure 11).

Regarding the tests performed on cables with joint, the results are shown in the Table 6 below.

N O 1 i M v g

Figure 11 - Samples of wire after fracture (bare wire on the left, the cable “covered” on the right).
Sekil 11 - Samples of wire after fracture (bare wire on the left, the cable “covered” on the right).

Wire n. Conditions of the cable Origin Tensile strength [kg]
3 New with joint India 210
4 New with joint India 260
5 Almost new with joint India 400
7 End of life with iron joint Carrara 1130
8 New with joint Carrara 1020
9 End of life with copper joint | Carrara 1270
11 Mid-life with copper joint Carrara 1220
14 New with joint Carrara 900

Table 6 - Tensile strength of steel cables in the presence of the joint.
Cizelge 6 - Tensile strength of steel cables in the presence of the joint.

Again it is evident that the tensile strength of the diamond wire used in Carrara is significantly
higher than that of India. It should be underlined, however, that the coupling used in India dif-
fers from that of Carrara both for the size (it is on average 2.3 cm long, up to 3 cm in Carrara)
and the kind of pressing. In the Indian quarry hydraulic presses are used, while in Carrara
manual presses are the most widely used.

The tests performed show that the most common breakage, in the case of diamond wire with
joint in a central position, occurs at the joint itself or directly through breakage of the strands in
its vicinity, or is due to pull-out.

In the case of Indian wires, the fracture was always due to pull-out, suggesting that the joint
type is not suited to withstand high tensile loads: in fact, on average, the failure is obtained for
load values of 290 kg, against 1160 kg recorded for samples of Carrara.

For these, however, the break did not happen just for pull-out, but also for breaking of the
strands close to the joint (Figure 12), as in the case of a sample (No. 7) that consisted of a piece
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of diamond wire used, in the central part of which was located an iron joint, which was also
used.

Figure 12 - Diamond wire breakage at the iron joint.

Sekil 12 - Diamond wire breakage at the iron joint.

The data obtained from the tensile strength tests were then processed, resulting in the trend
of the displacement, expressed in mm versus time in seconds. The displacement was detected
by using a strain gauge connected to the equipment, thus given the informations related to the
lowering of the bottom vice as a function of the load application. The displacement then results
in an indication of elongation suffered by the steel cable during the test, before reaching the
failure. Diagrams have therefore been carried out, from which it is easy to identify the instant
when the cable is broken. An example is given in Figure 13.

Elongation [mm]

i i i i i
0 100 200 300 400 500 600 700
Time [s]

Figure 13 - Representation of the tensile strength test on the Indian sample No. 2.
Sekil 13 - Representation of the tensile strength test on the Indian sample No. 2.
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The cable was “naked”, without a joint. The fracture occurred after 587 s, following a stretch of
about 19 mm. The performance of the cable elongation as a function of the load has also been
analyzed, to better understand the behaviour of the steel subjected to tensile test. An example,
referring to the same Indian sample No. 2, is given in Figure 14.
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Figure 14 - Elongation of the cable as a function of load for the sample No. 2.
Sekil 14 - Elongation of the cable as a function of load for the sample No. 2.
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6. Conclusions
The tests performed in this study allowed to find the tensile strength of the steel cables, repre-
senting the soul of the diamond wire.

Through the correlation of data from Indian and Italian samples, it was found that the cables
used in Carrara perform better than others. This is due not only to the type of material to be cut,
but also to the structural characteristics of the cables, especially in the case of assembled wires.

In addition, the data were compared to those provided by the manufacturer and supplier of steel
cable at the quarry of Carrara: the results obtained have provided a tensile strength of the cable
of 1800 kg. Two of the tests have provided much higher values, even in the case of cable at the
end of life, and then in the case of diamond wire next to the regeneration. This indicates that the
cable maintains excellent tensile strength throughout its life. The rupture, however, is obtained
by gradually pulling out the strands of the wire: in particular it can be said that, on the samples
characterized by the presence of all other components of the wire, such as beads, springs, spa-
cers and fasteners, the break occurs in portions of bare wire and not along the line “covered”.
In samples of diamond wire with a joint in a central position, however, the rupture occurs at the
joint itself or directly through breakage of the strands in its vicinity, or is due to pull-out.

In the case of Indian wires, the fracture occurred always because of the pull-out, suggesting that
the joint type is not suited to withstand high tensile loads: in fact, the breakage is on average
obtained at loads of the order of 290 kg, compared to 1160 kg recorded for samples of Carrara.
This can be explained by the fact that the coupling used in India differs from that of Carrara for
the size (it is 2.3 cm long on average, compared to 3 cm in Carrara), and for the kind of pressing.

Moreover, thanks to the analysis of data obtained from the tensile strength tests, it was found
that the tensile strength in the case of assembled wire is greater than the simple bare wire, which
could suggest that the presence of components of the wire gives a greater rigidity and tensile
strength to the steel cable.

M T Bilimsel
36



Rock Characterization and Wire Performances for Dimension Stone Cutting by Diamond Wire Saw

As for the diamond beads, one can say that their different duration in India and Italy is due to the
composition of the matrix: the Italian one is more durable and allows a more gradual adjustment
in consumption, since only a certain number of diamonds is simultaneously involved in cut,
as is logical, but these diamonds show greater cutting efficiency, through better sealing of the
matrix.

Other important data from the study were provided by the correlation of the cutting speed as
a function of installed power, and depending on amperage. The rate of retreat of the machine
varies from 1.5 mm/s to 3 mm/s, depending on the size of the block and on the amperage
imposed by the operator: the more it is low, the lower the rate of retreat, and the greater the
time required to execution of the cut. The cutting speed tends to increase with the installed
power and, at the same power, as in the case of data relating to the quarry in Carrara, the speed
increases with the amperage, always taking into account both the block size and their nature,
and the type of cut performed.

It was therefore possible to hypothesize a trend in the same cutting speed as a function of the
power of cutting machine, defining a range of values based on experimental data: by increasing
the installed power in the machine, the cutting speed increases: for example, by adopting cut-
ting machines with a power of 100 HP, the cutting rate could achieve values between 11 m2/h
and 25 m2/h, whereas at present it is only 18 m2/h, with a power of 75 HP.
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Ozet

Binlerce yil 6nce insanlar, nasil firin yapacaklarini, kayaglar1 eritmek i¢in atesi nasil kullana-
caklarini ve metalleri nasil lireteceklerini 6grenmelerine ragmen, cevherlerin zenginlestirilme-
sinde ¢ozeltilerin kullanimi, asit ve bazlarin 6grenilip kullanildig1 simyacilar donemine rastla-
maktadir. Bununla birlikte modern hidrometalurjinin baslangici, iki 6nemli prosesin kesfedil-
digi 19. yiizyilin sonlarina dayandirilabilir. Bu prosesler, altin ve giimiisiin ¢6ziindiiriilmesi i¢in
siyaniir li¢ prosesi ve boksit cevherlerinin degerlendirilmesi i¢in gelistirilen Bayer prosesidir.
Daha sonra, 1940’larda, uranyum zenginlestirilmesi ile ilgili olarak Manhattan Projesi (ABD)
bir donlim noktasi olmustur. O tarihten itibaren, hidrometalurji giderek ilerlemekte ve hatta
bazi pirometalurjik proseslerin yerini almaktadir. Bu siiregte Kanada’nin, 6zellikle uranyum,
nikel, kobalt ve ¢inko kazanimu ile ilgili 6nemli katkilar1 olmustur.

Anahtar Kelimeler: Hidrometalurji, Siyaniir Li¢i, Bayer Prosesi, Basing Ligi

Abstract

Thousands of years ago people had learned how to build furnaces and use fire to melt rocks and
produce metals but the use of aqueous solutions for ore processing came much later, mainly at
the time of the alchemists when acids and alkalies became known and used. Modern hydrome-
tallurgy, however, can be traced back to the end of the 19th century when two major operations
were discovered.: the cyanidation process for gold and silver extraction and the Bayer process
for bauxite treatment. Later, in the 1940s, a breakthrough came during the Manhattan Project
in USA in connection with uranium extraction. Since then, it has been advancing progressively
and even replacing some pyrometallurgical processes. Canadian contribution is significant
particularly in the recovery of uranium, nickel, cobalt, and zinc.

Keywords: Hydrometallurgy, Cyanide Leaching, Bayer Process, Pressure Leaching

*Bu makalenin asli, Prof. Dr. Fathi Habashi tarafindan Tiirk okuyucular i¢in 6zel olarak hazir-
lanmais olup, yazarlar tarafindan ¢evrilmistir.
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1. Giris

Hidrometalurjinin kdkeni, temel ugraslar1 “baz metallerin altina doniistimii” olan simyacilarin
donemine dayandirilabilir (Habashi, 1993a). Bu ¢alismalarin bazilar1 sulu yani hidrometalurjik
yontemlerdi. Ornegin, bir simyac1 bir parga demiri mavi vitriyol (bakir siilfat) ¢ozeltisine dal-
dirdiginda, demirin hizli bir sekilde metalik bakir tabakastyla kaplandigini gérmiistiir. Demirin
bakira doniismesi gibi goriinen bu islem aslinda su tepkimeyle agiklanabilir: Cu?" + Fe — Cu
+ Fe*". Ancak, o zamanlarda mavi vitriyoliin bakir igerdigi bilinmiyordu. Cevapsiz kalan asil
onemli soru ise suydu: Demir veya bakirin altina doniistimii nasil gerceklesecekti? En soylu
metal olan altin, civa i¢erisinde amalgam olusturarak ¢oziinmesine ragmen, o zamanlarda bili-
nen asit ve bazlarda ¢éziinmiiyordu. Arap simyact Cabir bin Hayyan (M.S. 720-813) (Sekil 1)
tarafindan altin1 ¢ozebilen “kral suyu”nun (aqua regia / royal water) kesfedilmesi, hidrometa-
lurjinin baslangicini olusturan doniim noktasi olarak diisiiniilebilir. Kral suyu, tek baslarina
kullanildiklarinda altin1 ¢6zemeyen HCI ve HNO; karisimindan olusur. Kral suyu giinlimiizde
halen altin rafinasyonunda kullanilmaktadir. Aktif bilesenlerinden biri olan klor BHCI + HNO;
— Cl, + NOCI + 2H,0), 1890’11 yillara kadar cevherlerden altinin ¢dziindiiriilmesinde yaygin
olarak kullanilmistir.

o,

Sekil 1. Arap simyact Cabir bin Hayyan (M.S. 720-813)

Ortagagda, ¢lirlimiis organik maddeler iceren bazi topraklar, barut {iretiminin bir hammaddesi
olan potasyum nitrat (=giihergile) tiretmek icin li¢ edilmislerdir. Bu proses, Vannoccio Biringuc-
cio (1480—-1539) tarafindan 1540°da yayinlanan Pirotechnia adli kitabinda detayl1 olarak acik-
lanmastir. 16. ylizyilda, bakirin hidrometalurjik yontemler ile kazanilmasi konusunda gelisme-
ler yasanmustir. Y1gin lici yontemi Almanya’da Harz daglar1 bolgesinde ve Ispanya’da Rio Tinto
madenlerinde uygulanmistir. Bu ¢aligmalarda, pirit igeren bazi siilfiirlii bakir mineralleri agik
alanda y1gilmis, yagmur ve havanin etkisiyle bakirin oksitlenmesi ve ¢éziinmesi i¢in aylarca
birakilmistir. Bakir siilfat iceren ¢ozelti yigindan siiziilmiis ve bir havuzda toplanmistir. Cozel-
tideki bakir, hurda demir yardimiyla metalik bakir olarak ¢oktiiriilmiistiir. Bu islem, ispanyolca
coktlirme anlamina gelen “cementacion” sozciiglinden tiiretilen “sementasyon prosesi” olarak
bilinmektedir. Bu yontem esasen simyacilar tarafindan da bilinen bir yontem olup giinlimiizde
halen kullanilmaktadir.

18. yiizyilda, sabun ve cam sanayilerinin ihtiyacini karsilamak amaciyla, Fransa’ya ihra¢ edi-
len potasin (potasyum karbonat-K,CO;) iiretimi Quebec’in énemli endiistrilerinden biriydi.
NaCl’den Na,CO; iiretimi i¢in uygulanan Leblanc Prosesi’nin kesfinden once, Na,CO;’{in ana
kaynagi1 kiy1 sebzeciliginin kiilleri ile orman temizleme ¢aligmalar1 sirasinda ormanlik alan-
larin yakilmasiyla olusan kiillerdi (Sekil 2). 1767-1867 yillar1 arasinda odun kiilii, evlerdeki
sobalardan ve sominelerden ve kire¢ firinlarindan toplanmistir. Bu kiiller suyla karistirilarak
filtrelenmis ve buharlagtirma sonrasi potas kazanimi i¢in kurumaya birakilmistir. Bir ton potas
eldesi i¢in, yaklagik 4 hektarlik bir ormanlik alana denk gelen 400 ton agacin yakilmasi gerek-
mekteydi.
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Sekil 2. Orman kiillerinin ligi ile potas iiretimi

2. Hidrometalurjinin Dogusu ve Gelisimi

Modern hidrometalurjinin dogusu, iki 6nemli prosesin kesfedildigi 1887 yilina dayanmaktadar.
[1ki, cevherlerden altin kazaniminda kullanilan siyaniir li¢ prosesi, ikincisi ise alumina (A1203)
eldesi i¢in uygulanan Bayer Prosesi’dir.

2.1. Siyaniir Li¢ Prosesi

Siyaniir ¢ozeltisinin metalik alti1 ¢dzebilme 6zelligi isve¢’li kimyager Carl Wilhelm Scheele
tarafindan 1783 yilinda bulunmustur (Habashi, 1987). L. Elsner, 1846 yilinda Almanya’da bu
reaksiyon iizerine ¢alismis ve atmosferik oksijenin ¢oziinme isleminde énemli bir rol oynadigini
fark etmistir. Bu bilgilerin cevherlerden altin kazanimi i¢in uygulanmasi ise ¢ok sonralari, 1887
yilinda Ingiltere’de John Stewart MacArthur (1856—1920) (Sekil 3) tarafindan onerilerek patenti
alinmis ve islem “siyaniir li¢ prosesi” olarak taninmistir. 1896 yilinda G. Bodlédnder, altinin ¢6ziin-
mesi sirasinda hidrojen peroksitin ara iiriin olarak olustugunu bularak énemli bir kesif yapmuistir.

Sekil 3. John Stewart MacArthur (1856—-1920) Sekil 4. Karl Josef Bayer (1847-1904) (boksit

(siyaniir li¢ prosesini kesfeden kisi). cevherlerinden aluminyum eldesi prosesini kesfeden kisi).
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Siyaniir li¢ prosesi diinya genelinde yaygin bir sekilde uygulanan bir yontem olmustur. Bu
prosesin hidrometalurjinin gelisimi tizerindeki etkisi oldukg¢a biiyiik olmustur. Metalurji
miihendisi John Dorr tarafindan tasarlanarak iiretilen ve Dorr karistiricilar1 olarak bilinen
biiylik reaktorlerde, ince 6giitiilmiis cevher siyaniir ile karistirilmis ve pulp igerisine basingli
hava verilmistir. Benzer sekilde, biiyiik filtrasyon tesisleri metal kazanimi i¢in berrak li¢
cozeltisi elde etmek amaciyla kurulmustur. Sementasyon olarak bilinen ve ¢dzeltiden hurda
demir ile bakir1 ¢oktiirmek amaciyla uygulanan bu eski proses, altin igeren ¢ozeltilere uygu-
lanmis, ancak demir yerine ¢inko kullanilmistir. Miihendislik alanindaki bu gelismelere ve
prosesin genis uygulama alani bulmasina ragmen, teoride halen bazi noktalar eksik kalmistir.
Siyaniirleme prosesinin diinya geneline yayilmasiyla, altin iretimi 1900-1910 yillar1 arasinda
bliyiik oranda artmistir.

2.2. Bayer Prosesi

Bu yiizyilin en 6nemli ikinci hidrometalurjik prosesi, Karl Josef Bayer (1847-1904) (Sekil
4) tarafindan kesfedilen, saf Al,O; liretimi i¢in uygulanan Bayer Prosesi’dir (Habashi, 1995).
Bu proses, boksitin basingli bir reaktor igerisinde, kaynama noktasindan yiiksek bir degerde
sodyum hidroksit ¢ozeltisi ile ligini kapsamaktadir. Boksit, 1821 yilinda Fransa’da Marsilya
yakinindaki Les Baux adli kiigiik bir kasabada kesfedilmistir. Li¢ islemi sonrasi ¢6ziinme-
yen kismin uzaklastirilmasindan sonra, ¢ozeltiye aliiminyum hidroksit taneleri (¢ekirdek)
ilave edilir ve boylece aliiminyumun ¢o6zeltiden saf aliiminyum hidroksit kristalleri halinde
coktiiriilmesi saglanir. Bu ¢okelekler filtre edilir, yikanir, kurutulur ve daha sonra saf Al,O;
elde etmek i¢in kalsine edilir. Elde edilen Al,O; elektrolitik indirgenme hiicrelerine beslenir.
Bu hiicreler Bayer prosesinden 2 yil 6nce icat edilmistir. Bayer, Saint Petersburg’ta (Rusya)
calisan Avusturya’ll bir kimyagerdi. Buldugu bu proses giiniimiizde halen ilk haliyle, pratikte
herhangi bir degisime ugramadan kullanilmaktadir. Bayer prosesi ile ilgili olarak asagidaki
konular1 belirtmek gerekebilir:

e Proses, esasinda tekstil endiistrisinin ihtiyaglarini karsilamak amaciyla gelistirilmistir.
Ciinkii aliminyum hidroksit, pamuk ipligi boyamada renk sabitlestirici olarak kullanilmak-
taydi. Bayer prosesi, elektrolitik aluminyum prosesinin icadindan (1886) hemen sonra metalur-
jide 6nem kazanmistir.

e Bayer ilk olarak 1887 yilinda, kristal yapida, kolay filtrelenebilir, yikama ile safsizlik-
lar1 uzaklastirilabilen ve alkali ¢ozeltilerden ¢oktiiriilerek elde edilen AI(OH);’ii kesfetmistir.
Ancak, asidik ¢ozeltilerden notralizasyon ile ¢oktiiriilenler ise jelatinimsi yapiya sahipti ve bu
nedenle filtrasyonu ve yikanmasi zordu.

e Bayer’in kesfinden birkag yil 6nce, Fransa’da Louis Le Chatelier (1815-1873) AL,O; eldesi
icin bir yontem bulmustur. Bu yontemde sirasiyla, boksit 1200°C’de Na,CO; ile 1sitilir, olusan
sodyum aliiminat su ile li¢ edilir, CO, kullanilarak ¢ozeltiden AI(OH); ¢oktiiriiliir ve sonra
filtreleme ve kurutma yapilirdi. Daha sonraki islemler ile saf Al,O; elde edilirdi. Ancak, bu
proses Bayer prosesinin bulunmasindan sonra kullanimdan kaldirilmistir (Sekil 5).
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Na,COs Na;COs3 i
boksit boksit
¥ ¥ v ¥ NaOH
Sinterleme Sinterleme boksit
su su ¥ v
atik atik atik

CO, A

Filtrasyon

cizelti cozelti
Kurutmak icin Buharlastirma
Buharlastirma Buharlastirma

Al(OH)3 Al(OH)3

LE CHATELIER BAYER BAYER
1855 1888 1892

Al(OH);

Sekil 5. Le Chatelier ve Bayer proseslerinin akim semalari

3. Ikinci Diinya Savasr’na kadar olan Gelismeler

20. ytizy1lin baglarinda, Saint Petersburg Kraliyet Ordu Akademisi (Imperial Military College)
kimya profesorii Vladimir Nikolayevitch Ipatieff, (1867-1952) (Sekil 6) basing altinda sayisiz
hidrotermal tepkime ¢alismalar1 yapmistir. Bunlarin arasinda, ¢ozeltilerden metallerin ve bile-
siklerinin hidrojen ile ¢oktiiriilmesi de bulunmaktaydi. Caligmalarinin ilk birkag¢ yilinda bu
testler icin emniyetli bir otoklav tasarimi yapmak i¢in c¢aligti. Ipatieff’in oglu da bir siire sonra
bu ¢aligmalara katildi1 ve bu proses 1950’11 yillarda Kanada’da li¢ ¢6zeltilerinden nikel ve kobalt
kazanimi i¢in uygulandu.

=

Sekil 6. Vladimir Nikolayevitch Ipatieff (1867-1952)
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20. ylizyilin baslarinda birgok farkli li¢ ve ¢ozeltiden kazanim prosesleri 6nerilmistir. Bunlarin
bazilar1 uygulamaya konulmus, bir kism1 uygulama firsat1 buluncaya dek yaklagik yarim yiiz-
yil beklemek zorunda kalmis ve digerleri ise pilot ¢apli uygulamadan 6teye gidememislerdir.
Bu yiizyilin baslarindaki patentler incelendiginde, ¢ok ¢esitli li¢ reaktiflerinin onerildigi goze
carpmaktadir. 1903’te Fransa’da M. Malzac bakir, nikel ve kobalt siilfiirlerin, amonyak ¢6zel-
tileri ile li¢ini Onermistir. O zamanlarda, NH; genellikle kdmiir endiistrisinin bir yan iiriini
olarak temin edilebilen pahali bir kimyasaldi. Ucuz ticari bir kimyasal haline gelmesi, on yil
sonra Almanya’da Fritz Haber tarafindan sentezlenmesinden sonra gergeklesti. Nitrik asit,
1909 yilinda Kingsley tarafindan siilfiirlii cevherlerin licinde kullanilabilecegi onerilmistir. O
zamanlarda HNO;, biiyiik ol¢tide Sili’deki sodyum nitrat yataklarinin konsantre H,SO, ile mua-
melesi sonucu elde edilen pahal1 bir kimyasaldi. Nispeten ucuz hale gelmesi, Haber Prosesi’nin
bulunusundan sonra olmustur. 20. yilizyilin baslarina dogru, bakir hidrometalurjisi 6zel bir
ilgi gormiistiir. Sili’de oksitli cevherler biiyiik oranda seyreltik siilfiirik asitle li¢ edilmislerdir.
Bakaur siilfiirler de oksitleyici bir reaktif olan ferrik demirin varliginda ¢ozlindiiriilmiislerdir.
1912 yilinda Sili'de bakirin li¢ ¢ozeltisinden hurda demir ile ¢oktiiriilmesi yerine elektro-
kazanim yontemi uygulanmistir (Habashi, 1998). Birinci diinya savasinda (1914-1918), mermi
kovani imalat1 i¢in ¢inko talebi artmistir. Bu amag i¢in gerekli ¢inko, Belgika ve Almanya’dan
ticari olarak temin edilen uygun metalin distilasyonu ile saglanmaktaydi. Cinko cevheri ise
Avustralya’dan temin edilmekteydi. Cinkoya olan bu talep, Kuzey Amerika’daki endiistriyi,
geleneksel yontemlerle degerlendirilemeyen cevherlerden metal temin etmeye tesvik etmistir.
Trail’'de (British Columbia) ve Anaconda’da (Montana), elektrolitik ¢inko yontemi ve yiiksek
tonajl1 ZnO’nun H,SO, ile li¢i uygulanmaya baslanmistir. Proses, temel olarak L. Letrange’nin
(Fransa) 1881 yilinda yayinlanan patentine dayanmaktadir (Ingallis, 1936). Kadmiyum, bu pro-
sesin Oonemli bir yan tiriiniidiir.

1927 yilinda Friedrich August Henglein, (1893-1968) (Sekil 7) oksijen ortaminda yiiksek sicak-

likta ZnS’in basing li¢i prosesini gelistirmistir (Sekil 8). Bu prosesde, kok gazi kullanilmakta
ve H,S gazi olusmaktadir.

ZnS0, ¢ozeltisi

h J

H2S +—
®
Reaktor
Kok gazi —»| Oksijen
ZnS
> Basing Ligi
Sekil 7. Fridrich August Henglein Sekil 8. Oksijen ortaminda ve yiiksek sicaklikta ZnS’nin basing lici

(1893-1968)

4. ikinci Diinya Savas1 Sirasindaki Gelismeler
1940’11 yillarda, atom bombasi iiretimini amaglayan Manhattan Projesi (ABD) ile beraber uran-
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yum tiiretim teknolojisi gelistirilmistir. Bu gelismeye bagli olarak bir¢ok yeni teknikler biiytlik
Olcekte uygulanmistir. Bunlardan bazilar1 soyle siralanabilir; Na,CO;’lin li¢ reaktifi olarak
kullanimi, iyon degisimi, solvent ekstraksiyon ve ¢ozeltilerden ¢oktiirme amagli bir¢ok proses.
Uranyum zenginlestirme i¢in iyon degistirici olarak ¢ok sayida sentetik re¢ineler kullanilmis ve
benzer sekilde, ¢ok sayida organik ¢oziiciiler 6zel olarak sentezlenmislerdir. Nadir elementlerin
iyon degistiriciler ile kazanimi, zor bir yontem olan ¢ozeltiden kademeli kristallendirmenin
yerine ge¢mistir. Daha sonrasinda, solvent ekstraksiyon yontemi iyon degisiminin yerini almis
ve Mountain Pass’ta (ABD) yaklasik 1000 adet karistirici-ayirict (mixer-settler) kullanilarak
yuksek saflikta nadir elementlerin iiretildigiendiistriyel bir tesis hayata ge¢irilmistir (Habashi,
1993b).

5. Giincel Gelismeler

1950’11 yillarda, siilfiirlii konsantrelerin (Sherritt-Gordon prosesi), lateritlerin (Moa prosesi)
(Sekil 9), tungsten cevherlerinin ligi ve ayrica ¢ozeltiden dogrudan metallerin ¢oktiiriilmesi igin
basing hidrometalurjisi uygulanmaya baglanmistir. Bu gelismelerin sonucu olarak, bazi Kanada
madeni paralari, o donemde 40 yildan fazla siireyle hidrometalurjik teknikler ile tiretilmistir.
Ayrica o donemde, fosforik asit ¢ozeltisinden organik ¢oziiciiler ile uranyumun fosfatl giibre-
lerin yan iiriinii olarak kazanimi gergeklestirilmistir. Onemli uranyum yataklarinimn bulunma-
sindan bir kag¢ y1l sonra bu prosesin terk edilmesine ragmen, niikleer enerji programlarindaki
biliytimeyle yeniden uygulamaya konulmustur.

Sekil 9. Lateritler i¢in basing ligi tesisi (Kiiba)

1950’1lerin sonlarinda INCO firmasi (Kanada), diisiik tenorlii pentlandit-pirotin konsantrele-
rini oksitleyerek siilfiirii SO, formunda uzaklastiran ve oksitleri metalik nikele indirgeyerek
amonyak li¢i uygulayan ticari bir tesis kurmustur (Sekil 10). Bu tesis bir kag¢ y1l sonra, eko-
nomik olmamasinin yani sira atmosfere yiiksek miktarda SO, salinimina neden oldugu igin
kapatilmigtir.
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Pirotinli Nikel
Cevheri

NH4+O0H + (NH4)2CO3
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Sekil 10. Pirotinli nikel cevherlerinin INCO amonyak li¢ prosesi ile zenginlestirimesi

Ayni1 dénemde, siilfiirlerin ¢6zliinme mekanizmasi iyice anlagilmisti ve siilfiirlerin sulu oksidas-

yonu sirasinda elementel siilfiir olustugu da bilinmekteydi (Sekil 11).
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Sekil 11. Elementel siilfiirtin kararlilik bolgeleri (100°C)
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Ottawa’da Maden Boliimii’nde (Mines Branch in Ottawa -giiniimiizdeki CANMET) yapilan bir
arastirma, pirotin-pentlandit konsantresinin otoklavlarda 120°C’de oksijen basinci altinda ligi
ile nikelin ¢ozeltiye alindigini, Fe,O; ve elementel siilfiiriin atikta kaldigin1 gostermistir. Bu
proses, pirometalurjik ¢inko liretim yonteminin yerini almistir (Sekil 12 ve 13). Ruslar tarafin-
dan Norilsk tesisinde nikel kazanimi i¢in uygulanmis ve daha sonra INCO tarafindan amonyak
prosesi yerine ‘Voisey Bay’ cevherinin degerlendirilmesinde kullanilmistir.

1960’1arda, li¢ isleminde bakterilerin rolii kesfedilmis ve bakir kazanimi i¢in y18in ve yerinde
lic yontemleri yaygin olarak kullanilmaya baglanmistir. Ayn1 teknoloji, sonralar1 diisiik tenorlii
uranyum ve altin cevherlerinin li¢cinde uygulanmistir. Ayni donemde, organik ¢oziiciiler kulla-
narak cozeltilerden bakir kazanimi gergeklestirilmistir. Giiniimiizde, bakirin yaklasik %20’si
hidrometalurjik yontemlerle iiretilmektedir (Habashi, 1999).

ZnS konsantresi

0: —*|Oksidasyon|—-1 Asit tesisi |—" H:804
K

Karbon alsine cinko olsit
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Sogutucu

Saflastirma

Saf cinko

Sekil 12. Pirometalurjik ¢inko iiretim yontemi
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Sekil 13. Siilfiirlii konsantrelerin sulu oksidasyonu sirasinda elementel siilfiir olusumunu gdsteren akim semasi
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1970’lerde, Kanada’da siilfiirlii ¢inko konsantrelerinin basing li¢i endiistriyel olarak uygu-
lanmistir. Esasen Sekil 9’da nikel i¢in gosterilen proses ile ayni olan bu yeni proses, ¢inko
iiretimini timiiyle hidrometalurjik bir siirece doniistiirmiistiir. Boylece, hidrometalurjik ¢inko
prosesi, 1740 yilinda gelistirilen yatay retort prosesinin yerini almistir (Sekil 10). Yatay retort
prosesine sonradan bazi degisiklikler yapilmakla beraber proses temel olarak ZnS’nin kavrul-
mast, ZnO’nun karbonla indirgenmesi ve metalik ¢inkonun distilasyon yontemiyle rafinasyo-
nunu igermektedir. Ayrica, hidrometalurjik ¢inko prosesi, ¢inko sanayisini siilfiirik asit iretme
zorunlulugundan kurtarmstir.

1980’lerde altin hidrometalurjisinde 6nemli ilerlemeler kaydedilmistir. Bunlardan 6zellikle,
altin adsorpsiyonu i¢in aktif karbonun kullanimi1 ve refrakter altin cevherlerinin oksidasyonu-
nun (basing oksidasyonu ve biyooksidasyon gibi) endiistriyel olarak yaygin kullanimi belirtil-
melidir. Giiniimiizde, basing oksidasyon igin genis ¢apli otoklavlar kullanilmaktadir.

6. Sonsoz

Hidrometalurjik yontemler, eski pirometalurjik yontemlerle siirekli bir rekabet halindedir ve
bazi1 durumlarda pirometalurjik proseslerin yerini almigtir. Tablo I’de hidrometalurjinin tarih-
sel gelisim siireci sunulmustur.

e 1892 yilinda basing li¢i yontemi, 1855 yilinda gelistirilen ve boksit cevherlerini degerlen-
dirmede (sodyum karbonat ile sinterleme) kullanilan prosesin yerini almistir.

e 1970’lerde, ¢inko i¢in kullanilan pirometalurjik yontem, yerini ZnS’nin basing ligi yonte-
mine birakmistir. Bu proseste ¢inko, li¢ sonrasi berrak ¢inko siilfat ¢ozeltisinden elektrokaza-
nim prosesi ile kazanilmaktadir.

e Hidrometalurjik ZnS prosesine benzer sekilde, nikel siilfiirler de hidrometalurjik yontem-
lerle degerlendirilmeye baglanmistir. Bu proseste SO2 yerine elementel siilfiir agiga ¢ikmakta-
dir.

e Kalkopirit konsantresinin basing li¢i, Phelps Dodge (Arizona) tarafindan ergitmeye alterna-
tif yeni bir yontem olarak gelistirilmis olup pilot ¢apli uygulanmaya baslanmstir.

Erken donemler

Simyacilar tarafindan “demirin bakira doniistimii” olarak adlandirilan

7. yizyll sementasyon islemi (Cu?* + Fe — Cu + Fe*)
Arap simyaci Cabir bin Hayyan (M.S. 720-813) tarafindan kral suyunun
8. ylizyil kesfi. Bu altin i¢in bilinen tek ¢dziicliydii. Halen altin rafinasyonunda kul-
lanilmaktadir.
16. yiizyil Almanya’da Harz daglarinda ve Ispanya’da Rio Tinto’da bakir igeren piritin

yigin lici ve bakirin ¢ozeltiden demir ile ¢oktiiriilmesi.

Yanan agagliklardan arta kalan kiillerin li¢ edilmesiyle sabun ve cam sanayi
18. ylizyil icin potas tliretimi. Bu amagcla 6rnegin Quebec’te genis ¢apli orman temiz-
leme ¢aligsmalar1 yapilmaktaydi.

Modern cag

Siyaniir li¢ prosesinin bulunusu: Seyreltik siyaniir ¢ozeltisi ile cevherlerden

1887 altinin ¢6ziindiiriilmesi ve ¢inko ile ¢ozeltiden altinin ¢oktiiriilmesi.
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Gegmigsten Giiniimiize Hidrometalurji

Bayer prosesinin kesfi: Sodyum aliiminat ¢ozeltisinden kristal AI(OH)3’lin
1892 astlama (aliiminyum hidroksit tozunun ilavesi) ile ¢oktiiriilmesi ve sonra-
sinda Bayer’in 1892°de boksitin NaOH ¢dzeltisiyle basing ligini bulmasi.
Vladimir Nikolayevitch Ipatieff’in (1867-1952) Saint Petersburg’da basing
altinda hidrotermal tepkime ¢aligmalarina baglamasi.

1900

1912 Sili’de elektroliz yontemiyle li¢ ¢ozeltisinden bakirin kazanima.

Lake Superior (Kuzey Amerika) bolgesindeki nabit bakir cevherinin ve
Alaska’da malakit-azurit cevherinin liginde amonyum hidroksit kullanima.
1916 Trail (Kanada) ve Anaconda’da (Amerika) ¢inko i¢in elektrokazanim pro-
sesinin gelistirilmesi. Cinko hidrometalurjik prosesinin yan iiriinii olarak
kadmiyumun kazanimi.

Caron prosesi: Lateritlerin indirgenmesiyle liretilen metalik nikelin amonyak

1924 ..

ligi.
1927 Henglein prosesi: ZnS’in yiiksek sicaklikta ve oksijen varliginda basing ligi.
1930 Sullivan prosesi: Ferrik kloriir ile stilfiirlii bakirin ligi.

Ikinci Diinya Savagi Sirasindaki Gelismeler

Atom bombasi iiretimini hedefleyen Manhattan Projesi (ABD) ile baglan-
til1 olarak uranyum teknolojisinin gelisimi. Sodyum karbonatin uranyumun
1940’lar licinde kullanilmaya baglanmasi, iyon degisimi ve solvent ekstraksiyonun
uranyum kazaniminda yaygin kullanimi ve lantanitlerin iyon degisimi ile
ayrilmasi.

Yeni Gelismeler

Siilfiirlii nikel cevherleri i¢in basing li¢inin uygulanmasi ve hidrojen ile

19507ler cozeltiden saf nikelin basing altinda ¢oktiiriilmesi.

Li¢ islemlerinde mikroorganizmalarin oynadiklar1 roliin kesfi ve diisiik
tendrlii cevherlerden bakirin kazanimi i¢in yigin ve yerinde li¢ yontemleri-
1960’1ar nin yaygin kullanimi. Lateritler, tungsten cevherleri, uranyum cevherleri gibi
cesitli cevherlere basing li¢inin uygulanmasi. Bakir i¢in solvent ekstraksiyon
yonteminin uygulanmasi.

Siilfiirli minerallerin liginde galvanik etkinin bulunusu. Hurda demir ile
bakirin ¢oktiiriilmesinden sonra elde edilen atik li¢ ¢ozeltilerinden eser mik-

19707ler tardaki uranyumun kazanimi. Trail ve Timmins’te (Kanada) seyreltik H,SO,
¢ozeltisi ile siilfiirlii ¢inko konsantresinin basing ligi.
1980°ler Bu tarihlerde altin hidrometalurjisi 6nemli dlgiide ilerlemistir (aktif karbon
teknolojisi ve refrakter altin cevherlerinin oksidasyondaki geligmeler).
Tesekkiir

Yazarlar, bu yaymi Tiirk okuyucular i¢in 6zel olarak hazirlayan Prof. Dr. Fathi Habashi’ye ve
yardimlarindan dolay1 Prof. Dr. Haci Deveci’ye (K.T.U., Maden Miihendisligi Boliimii) tesek-
kiir eder.
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MT Bilimsel

Yer Alt1 Kaynaklari Dergisi | Journal of Underground Resources

Makale Yazim Kurallar

1.Dergi Hakkinda

MT Bilimsel, Tirkiye’nin ilk ve tek madencilik ve yer bilimleri dergisi olan Madencilik
Tiirkiye Dergisi’nin yayinci sirketi MAYEB Madencilik ve Yerbilimleri Basim Yayin Dagitim
Ltd. Sti. tarafindan ¢ikarilmaktadir.

MT Bilimsel’de yaymlanmasi i¢in hazirlanan makaleler daha o6nce yayinlanmamis 6zgiin
yazi, derleme yazi, teknik notlar ve tartisma yazilari niteliginde olmalidir. Yazinin MT
Bilimsel’e gonderilmesi, daha once basilmamis veya baska bir yerde incelemede olmadiginin
kabulii anlamina gelmektedir.

Maden, petrol, dogal gaz, jeotermal gibi her tirlii yer alti kaynaklari konusunda ve alt
dallarinda; ilk kez yazar tarafindan agiklanan teorik ve pratik ¢alismalar: igeren yazilar 6zgiin
yazi, daha 6nce yapilmis ¢alismalar1 elestirel bir yaklasimla derleyip o konuda yeni bir goriis
ortaya koyan yazilar derleme yazisi, devam eden bir ¢alismanin 6n notlari, nceden yapilmis
bir calismanin uzantisi, smirli bir ¢alismanin tam anlatimi, 6zel bir uygulamanin ya da
uygulanan deneysel bir islemin tanitim1 seklinde ¢aligilan bilimsel igerikli yazilar teknik not,
dergide daha 6nce yayimlanan yazilara okurlardan gelen elestiriler, katkilar ve bu elestirilere
yazar tarafindan verilen yanitlari igeren yazilar da tartisma yazisi olarak adlandirilir.

2.Yazlarin Telif Haklan

MT Bilimsel’de yaymlanan makalelerin telif haklari MAYEB’e aittir. Yazinin yayina
kabuliiniin ardindan Yayin Idare Merkezi (YiM) tarafindan sorumlu yazara elektronik ortamda
“telif hakk: devir s6zlesmesi” gonderilir. Bu sozlesme ile dergide yayinlanan yazilar, yazarlari
adina koruma altina alinmis olur ve baska bir yayin organinda yaymlanamaz. Telif hakkinin
devredildigine iliskin bu belgenin imzalanarak YiM’e gonderilmesiyle makale yaym igin
hazirlanir. Sézlesme YIM’e ulasmadan, makale kabul edilmis olsa bile dergide yayinlanmaz.

3.Yazilarin Hazirlanmasi

MT Bilimsel Tiirk¢e ve ingilizce yaynlar1 kabul etmektedir. Yazarlarin ana dillerinin Tiirkce
olmamasi durumunda, yazilarin bashgi, 6zeti, ¢izelge ve sekillerin agiklamalar1 editorlikge
Tiirkge'ye gevrilir.

Makalelerin MS Word formatinda ve asagida verilen diizen gergevesinde hazirlanmasi
gerekmektedir.

3.1 Makale Boliim Siralamasi
Makaleler asagidaki baslik siralamasina uygun bir bigimde hazirlanmalhdir.

Ozet
Abstract
Giris

Ana Baslik
Alt Basliklar



Sonuglar ve Tartisma
Katk: Belirtme ve Tesekkiir
Referanslar

3.1.2 Bashk

Yazinin bashgi, olabildigince kisa ve ¢alismanin igerigini net bir sekilde yansitmalidir.
Basligin mutlaka Ingilizcesi de bulunmalidir. Tiirkge bashik 14 punto, koyu (bold), satir aras
tek ve yalmzca kelimelerin ilk harfleri biiyiik harf olacak sekilde; ingilizce bashk ise 11
punto, italik, satir aras1 tek ve yalnzca kelimelerin ilk harfleri biiyiikk harf olacak sekilde
yazilmalidir. Ingilizce hazirlanmis yazilarda ise yukarida belirtilenlerin tersi uygulanmalidar.

3.1.2 Yazarlar

Yazarlarin ad - soyadlar1 agikca ve yalnizca ilk harfler biiyiik olacak sekilde yazilmali,

calisilan kurulus isimleri, yazar soyadinin sonuna konulacak bir numara ile bir alt satirda
italik olarak belirtilmelidir. Birden fazla yazar bulunan makalelerde “Sorumlu Yazar”
soyadinin sonuna konulacak “ * > isareti ile belirtilmelidir. Yazarlarin elektronik posta
adresleri de italik olarak belirtilmelidir.

Sorumlu Yazar: Birden fazla yazara sahip makalelerde YIM ile iletisimde kalacak kisidir.
Ozellikle belirtilmediyse, yaymna kabul asamasinda Yyazismalar hangi yazar ile
gerceklestirildiyse, o kisi sorumlu yazar olarak kabul edilir. Sorumlu yazarin telefon, faks
elektronik posta adresi ve posta adresi YiIM’e bildirilmelidir. iletisim bilgilerinin, sorumlu
yazar tarafindan giincel tutulmasi gerekir.

Bu bolimdeki tiim karakterler 11 punto biyiikliginde, tek satir arasi birakilarak
hazirlanmalidir. Yalnizca belirtegler islii olarak yazilmalidir. Ornek yazar adi yazimi asagidaki
sekildedir:

C. Okay Aksoy™*, Biilent Kaypak®
'Dokuz Eyliil Universitesi, Miihendislik Fakiiltesi, Maden Miih. Bolimii, [zmir

2Ankara Universitesi, Miikendislik Fakiiltesi, Jeofizik Miih. Béliimii, Ankara
* Sorumlu Yazar: okay.aksoy@deu.edu.tr

3.1.3 Ozet, Abstract ve Anahtar Kelimeler

Ozet ve Abstract boliimiiniin toplami 400 kelimeyi gegmemelidir. Ozet, arastirmanin amacini
ve baslica sonuglar1 belirtmelidir. Ozette kaynaklara atifta bulunulmamalidir. Ayrica, standart
olmayan ya da seyrek kisaltmalardan kag¢inilmalidir. Kisaltma kullanilmasi zorunlu ise 6zetin
icinde tanimlanasi gerekir.

Tiirkee hazirlanmis yazilarda “Ozet’ten sonra "Abstract (ingilizce Ozet)" yer almalidir.
Abstract italik olmalidir. Ingilizce makalelerde Abstract once, italik yazilmis Tiirkge Ozet
sonra yer almahdir.

Anahtar kelimeler/Key words, 6zetin ve abstract’in ayr1 ayri hemen altinda yer almalidir. En
az iki en fazla alti kelime kullaniimalidir. Ozet icin Tiirkge, Abstract icin ingilizce olarak
verilmelidir. Yalnizca alamyla direkt ilgisi olan anahtar kelimeler uygun olabilir. Anahtar
kelimeler, alfabetik sirayla, kii¢iik harfle (ilk anahtar kelimenin ilk harfi biyiik) yazilmali ve
aralarina virgiil konmalidir. Teknik not ve tartisgma tirii yazilarda anahtar kelimelerin
verilmesine gerek yoktur.
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3.2 Makalenin Ana Govdesi

A4 kagidi boyutlarina (21,0 x 29,7 cm) ayarlanmis MS Word sayfasi tizerindeki yazi alani,
tim kenarlardan 2,5 cm bosluk birakilarak diizenlenmelidir. Yalnizca yazinin bashiginin ve
yazar isimlerinin bulundugu ilk sayfada tistten 5,0 cm, sag, sol ve alt kenarlardan yine 2,5 cm
bosluk birakilmalidir. Bu sekilde ayarlanan ilk sayfaya baslik, yazar isimleri, ¢alisilan kurum,
iletisim bilgileri, 6zet, abstract (6zet ve abstract toplam 400 kelimeyi ge¢memelidir) ve
anahtar kelimeler sigmis olmalidir. Yazarlara kolaylik olmasi agisindan bu ilk sayfa ana
yazidan ayrica hazirlanarak gonderilebilir.

Makale yaziminda, Times New Roman yazi karakteri kullanilmalidir. Karakterler 12 punto
buyiikligiinde, satir araliklart 1 nk olmahdir. Sayfa yapisi tek kolon, yazi sayfanin her iki
tarafina yaslanmis sekilde kaydedilmelidir. Ayrica tim sayfalara numara verilmelidir.

3.2.1 Bashklar ve Boliim Numaralandirmalar

Metinde kullanilan degisik tiirde basliklar asagidaki sartlarda ve tiim basliklar sayfanin sol
kenarinda verilmelidir. Tim bashiklar yalnizca ilk harfleri biiyiik ve koyu (bold) olarak
yazilmalidir,

Makale, agik¢a tanimlanmis ve numaralandirilmis boliim ve alt boliimlere ayrilmalidir. Alt
boliimler 1.1 (1.1.1, 1.1.2, ...), 1.2, vb. sekilde numaralandirilmalidir. Ozet, numaralandirilmis
boliimlere dahil edilmemelidir. Herhangi bir alt boliime kisa bir baslik verilebilir. Her baslik
kendi basina ayr1 bir satir tizerinde gortinmelidir.

3.2.2 Giris
Giris bolimi, arastirmanin amaci ve konu ile ilgili gegmis ¢alismalarin sunuldugu, yaziyi
okumaya hazirlayan ve yazinin genelinin anlasilmasini kolaylastiran bilgilerden olusmalidir.

3.2.3 Gereg ve Yontemler )
Calismanin tekrarlanabilmesi igin yeterli ayrintiyr saglayan bolimdiir. Onceden yaymlanmis
yontemler referans olarak belirtilmelidir.

3.2.4 Tartisma ve Sonuglar
Bu boliimde ¢alismanin sonuglar: ve 6nemi tartisilarak agiklanmalidir.

3.2.5 Ekler

Birden fazla ek varsa, bunlar A, B, vb. sekilde belirtilmelidir. Formiil ve denklemler i¢in ayri
bir numaralandirma yapilmalidir: Es. 1, Es. 2 vb. Aymi islem tablo ve resimler iginde
yapilmalidir: Tablo 1; Sekil 1, vb.

3.2.6 Katki Belirtme ve Tesekkiir

Katki belirtme ve tesekkiir boliimi, makalelerin ilk génderiminde belirtilmemeli, ¢alisma
yayina kabul edildikten sonra son diizenlemeler vyapilirken eklenmelidir. Tesekkiir,
referanslardan 6nce, makalenin sonunda ayr1 bir bolim olarak toparlanmalidir. Tesekkiir,
arastirma sirasinda yardim saglayan (makaleyi okuma, yazma, dil yardimi vb.) bireylere
ve/veya kuruluslara, olabildigince kisa ve 6z bir sekilde belirtilmelidir.

3.3 Kaynaklar ve Atiflar

3.3.1 Metin i¢inde Atif

Metin olarak gosterilen her referans, ayn1 zamanda referans listesinde de bulunmalidir (veya
tam tersi). 'Baskida’ gibi bir referans, atifin yayina kabul edildigi anlamina gelmektedir.



3.3.2 Referans Sekli
Metin iginde atifta bulunulan tiim yaymnlar, metni takip eden referans listesinde sunulmalidir.

3.3.3 Metin
Metin i¢inde her referansta bakilmalidir:
1. Tek Yazar: yazarin soyadi ve yayn yili;
2. ki yazarl: iki yazarm soyadlar ve yaymn yili;
3. U¢ ya da daha ¢ok yazarli yayinlarda ilk yazarm soyadindan sonra "ve ark.” ve

yayin yilu.

Atiflar dogrudan (ya da parantez) icinde yapilabilir. Kaynak gruplart ilk olarak alfabetik
sirayla, sonra kronolojik olarak listelenmis olmalidir.

Ornekler olarak; (Aksoy, 1999; 2004a; 2008b; Aksoy ve Kése, 1995; Genis ve ark., 2010;
Kramer ve ark., 2000).

3.3.4 Kaynaklarm Listelenmesi

Kaynaklar alfabetik olarak, gerekirse daha sonra kronolojik siraya goére dizilmelidir. Ayn1 yil
ayni yazar (lar) 'dan birden fazla referans yayinlandiginda, yayinlandig: yildan sonra konulan
"a", "b", "c", vb. harfleri ile gosterilmelidir. Kaynakca igin bazi 6rnekler asagida verilmistir.

Basilmis Dergiye Referanslar
Aksoy, C.0., 2008b. Chemical injection application at tunnel service shaft to prevent ground
settlement induced by ground water drainage: a case study. International Journal of Rock
Mechanic and Mining Sciences. 45(3), 376-383.

Kitaba Referanslar
Hoek, E., Kaiser, P.K., Bawden, W.F., 1995. Support of Underground Excavations in
Hardrock. Rotterdam, Balkema.

Diizenlenmis Bir Kitaptaki Boliime Referans
ISRM The complete ISRM suggested methods for rock characterization, testing and
monitoring: 1974-2006. Ulusay R, Hudson JA, editors. Ankara: Kozan Ofset; 2007.

Raporlar ve Tezler
Demirok, Y, 1978. Mugla-Yatagan Linyit Sahalar: Jeoloji ve Rezerv On Raporu. MTA
Derleme N0:6234, 17 s (yayinlanmamis).

Tuna, K., 2011. Stratejik ve Kritik Madenlere Iliskin Kiiresel Politikalar Cercevesinde
Tirkiye’deki Stratejik ve Kritik Madenlerin Ulusal Giivenlige Etkileri. Canakkale Onsekiz
Mart Universitesi, Sosyal Bilimler Enstitiisii, Uluslararas: iliskiler Anabilim Dal1, Canakkale,
Yiiksek Lisans Tezi, 240 s (yaymlanmamas).

Kisisel Goriisme
Aksoy, O., 2005. Kisisel goriisme. Dokuz Eyliil Universitesi, Maden Miihendisligi Béliimii,
Izmir, Tiirkiye

Internet Kaynaklari
USGS, Chromium Statistics and Information, 2011.
www.minerals.usgs.gov/minerals/pubs/commodity/chromium/ (Erisim Tarihi: 01.01.2012)
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4.Dikkat edilmesi Gereken Diger Konular

4.1 Kisaltmalar

Alaninda standart olmayan kisaltmalar, makalenin ilk sayfasinda yerlestirilmek tizere bir
dipnot olarak tanimlanmalidir. Kisaltmalarda metin icinde tutarli olunmasi gerekmektedir.

4.2 Birimler
Uluslararas1 kabul gormiis kurallar1 ve gelenekleri izlenmelidir. Uluslararasi birimler sistemi
(S1 kullanilmalidir. Diger birimler belirtilmisse, liitfen SI birim sistemine esitligini veriniz.

4.3 Matematik Formiiller

Mevcut basit formiillerde, normal metin iginde kiiciik Kesirli kosullar icin yatay bir ¢izgi

yerine “solidus” (/) kullanilmalidir. Ornegin, (X / Y). Prensiplerde, degiskenler italik olarak
sunulur. e’nin kuvvetleri (exp) kullanilarak belirtilmelidir. Herhangi ardisik sekilde
numaralandirihp atif yapilmis denklemler metinden ayri bir sekilde belirtilir. Esitliklerde
kullanilan alt ve st indisler belirgin sekilde ve daha kiigiik karakterle yazilmalidir (6rnegin;

COy, X3).

4.4 Dipnotlar
Dipnotlar gerekmedikge kullanilmamalidir. Makale boyunca sirayla tistsimge numaralar
kullanarak siralayiniz.

4.5 Tablo Dipnotlar
Bir tabloda her bir dipnotu tist simge kiiciik harf ile belirtiniz.

4.6 Sekil, Cizim ve Fotograflar

Tek tip yazi ve boyutlandirma kullanilmalidir. Metin ¢alismanin igine grafik olarak
kaydedilmelidir. Sadece resimlerde belirtilen yazi tipini kullanilmalidir; Arial, Courier, Times
New Roman, Sembol. Cizimlerin metin iginde siralandirilmasi gerekir. Calisma dosyalar
mantiksal bir adlandirma kurali i¢inde adlandirilmalidir. Cizimler igin ayr1 ayr1 baslik
verilmelidir. Her sekli ayr1 bir dosya olarak gonderilmelidir.

Cizim, grafik ve fotograf gibi tiim sekiller yiiksek kalitede basilmig olarak "Sekil” baslig
altinda ve metin i¢inde anildiklar1 sirayla numaralandirilarak verilmelidir. Sekil numaralar
sayfanin sag iist kosesine Yyazilmali, ayrica sekiller kiciltiliip biyitilebilecek halde
sunulmalidir.

Sekiller i¢in en biiyiik boyut, sekil bashigini da igerecek bigimde 15,8 cm (genislik) x 22,5 cm
(uzunluk) olmalidir. Tim sekillerin Dergi'nin tek kolonuna sigacak boyutlarda hazirlanmasi
onerilir. Ozellikle haritalar, araziyle ilgili cizimler ve fotograflar, sayisal 6lcek (1:25000 vb.)
yerine, metrik sisteme uygun cubuk o6lgekle verilmelidir. Tim haritalarda kuzey yonii
gosterilmelidir. Bolgesel haritalarda, uygun oldugu takdirde, ulusal grid veya enlem/boylam
degerleri verilmelidir. Harita agiklamalari, sekil bashgiyla birlikte degil, seklin iizerinde yer
almalidir. Fotograflar, cizimler veya bunlarin birlikteliginden olusan sekiller (a), (b) vb. gibi
gruplar halinde verilebilir. Sekillerde agik, golge ve tonlarindan kagmilmali, 6zellikle
bilgisayar programlarindan elde edilen grafiklerde bu hususa dikkat edilmelidir. Tiim sekiller,
Sekil 1 veya Sekil 1 ve 2 (birden fazla sekle deginiliyorsa) gibi ve metinde anildiklar: sirayla
numaralandirilmalidir.



Fotograflar miimkiin oldugunca net ve aydinlik olmahdir. Fotograflar ilk basvuruda normal
¢oziniirliikte ve yazi igerisinde ilgili yerlerine yerlestirilerek gonderilmelidir. Makale yayina
kabul edildikten sonra tiim fotograflar en az 300 dpi kalite ile makaleden ayr1 bir sekilde
gonderilmelidir.

4.7 Sekil Bashklar:

Her sekil ve resimde bir baslik olmalidir. Basliklar, sekillerin kaynagindan ayri1 olmahidir. Bir
baslik, kisa bir baslik ve seklin bir agiklamasini igermelidir. Kullanilan tiim semboller ve
kisaltmalar1 agiklanmalidir.

4.8 Tablolar
Tablolar, ardisik sekilde numaralandirilmalidir. Dipnotlar, tabloya gomiilmeli ve st simge
kiiciik harfler ile belirtilmelidir. Dikey yazimdan kaginilmalidir.

5. Makalelerin Dergiye Gonderilmesi

Yazilar ikinci bir duyuruya kadar asagidaki editorlere elektronik posta yoluyla
gonderilecektir.

Bas Edit C. Okay Aksoy (Dokuz Eyliil Universitesi Maden Miihendisligi Boliimii)
o,
0.aksoy@mtbilimsel.com

Madencil ik Tirki ye D er gisi Temsi Icisi : Onur Aydin (Madencilik Tirkiye Dergisi)
onur@mtbilimsel.com

6.Yayima Kabul Edilen Makaleler Hakkinda

Makalelerin yayma kabul edilmesi halinde editérliik tarafindan yazarla iletisime gegilecektir.
Calismanin yayina kabuliiniin yazara bildirilmesinin ardindan yazarlar, editorliik tarafindan
belirtilen stire igerisinde, makalelerinin bu yazim kilavuzuna goére diizenlendigi ve editérya
tarafindan istenen diger diizenlemelerin yapildig: son kopyasini1 YIM’e géndermelidir.
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Article Writing Norms

1. About Journal

MT Scientific is published by Turkey“s first and only mining and earth sciences journal
Mining Turkey*s publisher company MAYEB, Mining and Earth Sciences Publication
Release Distribution Co. Ltd.

Articles which are prepared to be published in MT Scientific should be unpublished, research
articles, edited articles, technical notes and discussion articles. Sending a paper to MT
Scientific means the recognition that the paper has never been published or reviewed before in
any other magazine.

Papers about any underground resources like mine, petrol, gas, geothermal or about their
subfields; articles including theoretical and practical studies firstly mentioned by the author
are called Original Research Article, articles editing earlier studies with a critical approach
and giving new insights about the subject are called Review Articles, pre-notes of an ongoing
study, extensions of earlier studies, whole presentation of a limited study, articles as an
introduction of a specific application or an applied scientific operation are called Technical
Notes and articles including critics or contributions made by readers on a paper published in a
magazine and responses given by the author about those critics are called discussion articles.

2. Copyrights of Articles

Copyrights of the papers published in MT Scientific are owned by MAYEB. After the
acceptance of the paper for publication, Publication Management Center (PMC) sends a
“copyright transfer contract” to responsible author in electronically environment. With this
contract, articles published in magazine are put under protection on behalf of the author and
cannot be published in an another media organ. With signing this document, indicating the
transfer of the copyright and sending it to PMC, the article is prepared for publication. Even if
the article is accepted for publication, if the contract is not got through to PMC, the article
cannot be published.

3. Preparation of the Articles

MT Scientific accepts papers written in Turkish and English. If the authors are not native
Turkish speakers, headline of the article, summary, presentations of the tables and shapes are
translated in Turkish by the editorship.

Avrticles should be written in MS Word format and within the scope of the orders given below.
3.1 Article Outline

Summary

Abstract

Introduction

Main Topic

Subtitles

Conclusion and Discussion



Contributions and Thanks
References

3.1.2 Headline

Main headline should be as short as possible and should identify the content transparently.
Headline should also be able to be translated into English. Turkish headline should be written
in 14 font size, bold, single-spaced and only the word™s first letters capitalized; English
headline should be written in 11 font size, italics, single-spaced and only the word*s first
letters capitalized. In English articles, vice versa should be done.

3.1.2 Authors

Author“s name and surname should be clearly written and first letters should be capitalized,
firms worked in should be stated after authors surname with a number in low line with italics.
If there are multiple authors, “Responsible Author” should be indicated by adding « * ”
symbol after his/her surname.

Responsible Author: In articles with multiple authors, he is the one who communicates with
PMC. If not indicated specifically, the author with whom correspondences are made during
the publication acceptance phase is considered responsible author. Responsible author*s phone
and fax number, e-mail address and postal address should be informed to PMC. Contact
information of the responsible author should be kept up-to-date.

All characters in this section should be in 11 font size, single-spaced. Only the indicators
should be written exponentially. Sample writer name and orthography should be as below:

C. Okay Aksoy'*, Biilent Kaypak®
'Dokuz Eylil University, Engineering Faculty, Department of Mining Engineering, /zmir

?Ankara University,, Engineering Faculty, Department of Geophysical, Ankara
* Responsible Author: okay.aksoy@deu.edu.tr

3.1.3 Summary, Abstract and Key Words

Summary and abstract part shouldn“t consist of more than 400 words as a whole. Summary
should indicate the authors aims and primary results. In summary, references shouldn“t be
addressed to. Non-standard and scarce abbreviations should also be avoided. If an abbreviation
is compulsory, it should be identified.

In Turkish articles, after the “Summary”, there should be an “Abstract”. Abstract should be
written in italics. In English articles, Abstract should be placed before Turkish Summary and
be written in italics.

Key words should be placed just below the summary and abstract separately. There should be
at least two and at most six keywords. Keywords should be in Turkish for summary and
English for abstract. Only the subject related keywords can be appropriate. Keywords should
be written in alphabetic order with lower case (first word®s first letter is in upper case) and
there should be a comma between them. In technical notes and discussion articles there is no
need for keywords.
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3.2 Outline of the Article

Writing field on MS Word page which is adjusted as an A4 paper (21,0 x 29,7 cm) should be
organized with 2,5 cm margins from all sides. Only the first page on which the headline and
the author names are written has 5,0 cm margin from the top and 2,5 cm margins from the
other sides. Headline, authors® names, firms worked in, contact information, summary,
abstract (summary and abstract should not exceed 400 words as a whole) and keywords
should be fitted into this organized page. For convenience, the author can send this first page
early on, separately from the main article.

Times New Roman font should be used for articles. Characters should be 12 font sized and
line spacing should be 1 pt. Page setup should be single columned, and should be saved
justified to both sides. Each page should be given a number as well.

3.2.1 Headings and Numbering the Sections

Diverse headings in an article should be given as below order and left justified. All headings
should be written bold with only their first letters in upper case,

Avrticle should be cut into transparently identified and numbered sections and sub-sections.
Sub sections should be numbered as 1.1 (1.1.1, 1.1.2, ...), 1.2, etc. Summary should not be
attached to these numbered sections. Any sub-section can be given a short heading. Each
heading should stand on it“s own line separately.

3.2.2 Introduction

Introduction part should include information about the aim of the author and earlier studies on
same subject and moreover should prepare the reader for the article by giving some general
clues about the subject.

3.2.3 Instruments and Methods

This part supplies adequate detail to make the study quotable. Earlier published methods
should be stated as reference.

3.2.4 Discussion and Conclusions

In this section conclusions and importance of the study should be mentioned argumentativly.
3.2.5 Appendixes

If there are multiple appendixes, those should be indicated as A, B, etc. Formulas and
equations should be numbered separately: Eq. 1, Eq. 2 etc. Same should be done for tables
and images too: Table 1; Image 1, etc.

3.2.6 Contributions and Thanks

Contributions and thanks section should not be attached to article at first post but after the
acceptance of the article, it should be attached to article by making post normalizations.



Thanks should be stated separately at the last of the article before references. Thanks should
be sent to aide (reading, writing and language help etc.) people or firms as short as possible.

3.3 Resources and References
3.3.1 Internal references in article

All internal references should be indicated in reference list as well (or vice versa). A reference
as ,,In-print™ means the article is accepted for press.

3.3.2 Form of Reference
All internal references should also be indicated in reference list as well.
3.3.3 Text

These points should be taken into account at every internal reference:
1. One Author: author*s surname and print year;
2. Two authors: two author*s surnames and print year;
3. If there are three or more authors in an article, after the first author*s surname “et
al.” and print year.

References can be done directly (or in brackets). Resource groups should firstly be listed
alphabetically, then chronologically.

As a sample; (Aksoy, 1999; 2004a; 2008b; Aksoy ve Kose, 1995; Genis et al., 2010; Kramer
etal., 2000).

3.3.4 Listing of Resources

Resources need to be listed firstly alphabetically, then chronologically. If there are multiple
author*s quoted articles in same year, those should be indicated with “a”, “b”, “c”, etc. letters
after print year. Some samples for resources are listed below.

References Printed To Magazine
Aksoy, C.0., 2008b. Chemical injection application at tunnel service shaft to prevent ground
settlement induced by ground water drainage: a case study. International Journal of Rock
Mechanic and Mining Sciences. 45(3), 376-383.

References Printed To Book
Hoek, E., Kaiser, P.K., Bawden, W.F., 1995. Support of Underground Excavations in
Hardrock. Rotterdam, Balkema.

References To An Edited Part Of A Book
ISRM The complete ISRM suggested methods for rock characterization, testing and
monitoring: 1974-2006. Ulusay R, Hudson JA, editors. Ankara: Kozan Ofset; 2007.

Reports and Thesises
Demirok, Y, 1978. Mugla-Yatagan Lignite Fields Geology and Reserve Pre-Report. MTA
Compilation N0:6234, 17 p (unpublished).



Tuna, K., 2011. Turkey“s Strategical and Critical Ore*s Effects on National Security within
the Frame of Politics Related to Strategical and Critical Ores. Canakkale Onsekiz Mart
University, Instute of Social Sciences, Department of Internal, Canakkale, Postgraduate
Thesis, 240 p (unpublished).

Personal Dialogue
Aksoy, O., 2005. Personal Dialogue. Dokuz Eyliil University, Department of Mining
Engineering, Izmir, Turkey

Internet Resources
USGS, Chromium Statistics and Information, 2011.
www.minerals.usgs.gov/minerals/pubs/commodity/chromium/ (Erisim Tarihi: 01.01.2012)

4.0ther Points to Take into Account

4.1 Abbreviations
Non-standard abbreviations should be placed at first page, defined as footnotes. Abbreviations
should be coherent with the text.

4.2 Scales
Internationally accepted rules and customs should be followed. The International System of
Units (S1) should be used. If there are different scales, please mention their SI equivalents.

4.3 Mathematical Formulas

In present basic formulas, for fractional expressions in text, “solidus” (/) should be used rather
than a horizontal line. For example, (X/Y). In principles, variables are presented in italics. e*s
powers should be given with the use of (exp). Any referred, sequentially numbered equations
are indicated seperately from the text. Subscripts and superscripts used in equalities should be

indicated explicitly and in lower character fonts (for example; CO,, X°).

4.4 Footnotes
Footnotes shouldn“t be used if unnecessary. List the footnotes in the course of article with
superscript numbers.

4.5 Table Footnotes
In a table indicate each footnote with a superscript letter.

4.6 Image, Drawing and Photos

Writing font and size should be monotype. Text should be saved into article as a graph. Only
the typefont mentioned in the image should be used; Arial, Courier, Times New Roman,
Symbol. Drawings should be numbered in text. Working files should be named within a
logical naming rule. Drawings should be headlined separately. Each graph should be sent as
different files.

Images such as drawings, tables and photos, printed in high quality should be given under the
title of “Image” and should be given according to their cited numbers in text. Image numbers
should be written at the right top of the page, in addition images should be given shrinkable
and extendable.
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Maximum size for images with heading should be in 15,8 cm (width) x 22,5 cm (length). It is
suggested that all images are prepared to be scaled-to-fit to a single column of the magazine.
Especially the maps and drawings and photos of the lands should be given with linear scale
suitable with metric system rather than numerical scale (1:25000 etc.). Northern direction
should be indicated in all maps. In regional maps, if possible, national grid or
latitude/longitude units should be given. Map explanations should be given above the image
separately from image heading. Photos, drawings or images composed of each can be given as
groups like (a), (b) etc. Toning the images with tinting and shading should be avoided,
especially for the images generated from computers; this should be taken into account. All
images should be numbered as cited in the text as Image 1 or Image 1 and 2 (if more than one
image is mentioned).

Photos should be as explicit and bright as possible. Photos should be sent in normal quality
and placed in it“s related section at the first application. After the acceptance of the article for
publishing, all photos should be sent separately from the article with at least in 300 dpi
quality.

4.7.1mage Headings

Each image and picture should have a heading. Headings should be different from the image*s
resources. A heading should include a short heading and an explanation of the image. All
symbols and abbreviations used should be identified.

4.8 Tables
Tables should be named sequentially. Footnotes should be embedded into tables and should
be mentioned with superscript lower case letters. Vertical writing should be avoided.

5. Posting the Article to Magazine
Articles should be sent to editors below with e-mail till further notice.

Editor in Chief: C. Okay Aksoy (Dokuz Eyliil University Department of Mining Engineering)
0.aksoy@mtbilimsel.com

Madencil ik Tiirki ye Ma gaz ine Agent : Onur Aydin (Madencilik Tiirkiye Magazine)
onur@mtbilimsel.com

6.About the Articles Accepted for Printing

Editorship communicates with the author if the article is accepted for printing. After the
acceptance of the article for the publication, the author should prepare the article according to
this spell check, in time given by the editorship and send the last copy to PMC after doing
other edittings according to the other requirements of the editorship.
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