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A bstract: Dolomites are used as a raw material in various industries such as construction, inorganic chemical
technology, metallurgy, agriculture, etc. In the Northwestern Region of the Republic of North Macedonia, there are
several deposits of dolomite that are exploited. In this research, the dolomites from the localities of Cajle, Ogledalec
and Suvodol were examined. The aim of the research is to define the mineral processing of the dolomite raw materials.
The basic parameters of the grain size reduction were optimized, with a comparison between the deposits. Therefore,
the dolomite raw materials were processed on a jaw crusher, a roller crusher and in a porcelain mill with balls. A wet
sieve analysis was conducted to define the efficiency of size reduction. Various size fractions of grains were observed
on a binocular microscope. The discussion of the obtained results defines the relation between material pressure strength
and the efficiency of the grain size reduction process, as well as the electricity consumption.
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TEXHOJIOIIKA MOATOTOBKA HA JOJTOMUTH
OJ JIEXKUIITA BO PENYBJINKA CEBEPHA MAKE/IOHUJA

AmnctpaxT: JJoTOMUTOT Ce KOPUCTH KaKoO CypOBHHA BO PA3IMYHK HHAYCTPUH — IPAISKHHIITBO, HEOPraHCKa
XEeMHCKa TEXHOJIOTHja, MeTalypruja, 3emjonenno, utH. Bo Ceseposamamnuor Permon na Pemy6mmuka CeBepHa
MakenoHHja IOCTOjaT MOBEKE JICKHIITA Ha TOJOMHUT OJf KOHWIITO C€ BPIIM eKcIUIoaraiyja. Bo oBa ucrpaxysame ce
WCTIIUTYBaHH JAOJIOMUTHTE 01 TokanuTetute Yajne, Ornenanen u CyBomon. OCHOBHATA IIe1 HA HCTPAXKYBaETO € J1a e
nehHHUpa IPOIECOT Ha TEXHOJOIIKATa MOJAr0TOBKA Ha CypoB Marepujai. ONTHMHU3HUpaHH c€ OCHOBHUTE IapaMeTpu
Ha 00paboTKaTa Ha CypOBHOT MaTepHjall, CO COOJIBETHA KOMIapanyja Ha jJexumraTa. [Iputoa e mpuMeHeTo apodeme
BO YeNyCHa JpoOMIIKa M JPOOHIIKA CO Bajjalll, KAKO U MEJICHE BO MOPLEIaHCKa MEJIHULA co Tonku. HanpaBeHa e u
CHTOBA aHaJIM3a 3a Jia ce coriena eUKacHOCTa O/l MPOIECOT HAa yCUTHYBame. PpakiuTe O pa3IMyHu JUMEH3HH Ha
3pHaTa ce HaOJbyyBaHU 1MoJ OMHOKYyJap. JloOueHuTe pesynrtaty ja neuHupaar penanujaTa moMmery IBpCTHHATA Ha
MaTepHjaioT U e(h)MKaCHOCTa Ha MPOLIECOT Ha yCUTHYBaHE, a CO TOA U MOTPOIIYBaYKaTa Ha eICKTPUYHA EHEPTHja.

Kiyunu 360poBH: 10JI0OMUT; TEXHOJIOMIKA ToAroToBka; Yajne; Orienanen; CyBogon

1. INTRODUCTION

Limestones are widespread in the Republic of
North Macedonia [1-4]. There are several dolomite
deposits in the Northwestern Region. Previous explo-
rations suggest that there are significant reserves of
dolomite deposits in the localities of Cajle, Ogledalec
and Suvodol [5-8]. As a raw material, dolomite has

potential applications in various industries. Dolomite
is mainly used as a raw material for refractory bricks
production. Dolomite rock sand is used as fine aggre-
gate replacement in construction activities. In inor-
ganic chemical technologies, dolomite is used as a
raw material for production of liquid fertilizer, as an
alternative to limestone in cement manufacturing, etc.
Dolomite is also used as an additive in animal feed
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[9-14]. For efficient productivity, the mineral pro-
cessing of dolomite is crucial. Therefore, the basic pa-
rameters of the size reduction process were defined
[15-21] with a comparison between the deposits.

2. MATERIALS AND METHODS

In this research the dolomite raw materials from
the localities of Cajle, Ogledalec, and Suvodol were
examined. Within the mines there are processing
plants where the raw material is crushed and sepa-
rated by size into various dimensional fractions. The
dolomite samples of 20 — 60 mm were collected for
analysis (Figure 1).

Fig. 1. Dolomite samples of 20-60 mm:
(a) Cajle, (b) Ogledalec, (c) Suvodol

In the mineral processing, the materials were
primarily crushed. At first on a jaw crusher Blake
(Figure 2). Then the materials were treated three
times (at different distances between the rollers of 8.3
and 1 mm) on a roller crusher Denver B7141A (Fig-
ure 3). As the last stage of grain size reduction, the
raw materials were processed into a porcelain ball
mill (Figure 4). The material : ball ratio is 1 : 2,5 and
the velocity of rotation is @ = 65°/min. The duration
time of milling was 10, 20, 30, 60, and 120 min. In
order to define the grain size reduction a wet sieve
analysis was conducted. Set of standard sieves with a
perforation size of 0.032 mm to 0.1 mm were used.
Also, the various dimensional fractions of grain were
observed on a binocular Carl Zeiss Jena [22-25].

Fig. 4. Porcelain mill with balls
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The pressure strength is a significant character-
istic for the mechanicaly preparation. Therefore, the
pressure strength was determined on a compression
testing machine (Figure 5).

Fig. 5. Pressure strength testing

3. RESULTS AND DISCUSSION

The pressure strength of the dolomite raw mate-
rials is presented in Table 1. The highest value of
174.2 MPa has dolomite from Cajle, and the lowest
value of 131.5 MPa has dolomite from Suvodol. Do-
lomite from Ogledalec has a pressure strength of
167.4 MPa.

Table 1

Pressure strength of the dolomite

Cajle 174.2 MPa
Ogledalec 167.4 MPa
Suvodol 131.5 MPa

The jaw crusher uses compressive force to crush
the material pieces. The compressive force is applied
by two jaws, one of the jaws is fixed while the other
is movable. The material is fed into the top feed open-
ing (gape) and gradually moves downwards towards
the lower discharge outlet. As the material passes to-
wards the outlet, it is crushed between the fixed and
movable jaws. Because the distance between the two
jaws decreases towards the discharge outlet, the size
of the pieces is progressively reduced (Figure 6).

During the mechanical destruction process, frac-
tures are formed in the direction of the cleavage plane.
Consequently, the dolomite aggregates have a flat and
sharp shape (Figure 7). This phenomenon is also pre-
sent to the finest fraction of grains.

Maw. unorc. nayu. ciiuc. 43 (1), 31-38 (2025)
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Fig. 7. The raw materials after treating on a jaw crusher
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The roller crusher consists of two heavy rollers
placed in parallel, which are rotating in opposite di-
rections (toward each other) and crush the material
pieces (Figure 8). The size of crushed pieces is deter-
mined by the gap (the distance) between the rollers,
which can be adjusted to suit the specific application
requirements of the material.

T N

Fig. 7. Roller crusher

The granulometric composition of the dolomite
raw materials after processing on the roller crusher is
presented in Table 2.

Table 2

Granulometric composition of the materials
after processing on the roller crusher (mass %)

grind the materials. As the drum rotates, the balls are
held on the inner surface of the drum by centrifugal
force. At a certain angle (depending on the velocity
of rotation), the weight of the balls overcomes the
centrifugal force and then they cascade down or drop
from top of the drum (Figure 9). Analogically, the
material pieces are ground by impact and attrition.

Dimensional fraction Cajle Ogledalec Suvodol
+1 mm 47.62 37.46 27.76
-1 +0.5 mm 21.16 20.16 19.66
—0.5 +0.25 mm 10.10 12.46 14.60
—0.25+0.1 mm 6.22 6.40 7.48
—0.1 mm 14.90 23.52 30.50
)y 100.00 100.00 100.00

The results correlate with the pressure strength.
Accordingly, the dominant mass content of the coarse
fraction (+1 mm) of 47.62 % has the dolomite from
Cajle, while the dolomite from Suvodol has the high-
est mass content of the smaller fraction (-0.1 mm) of
30.52 %. This effect is explicitly observed on Figure
8.

In the final stage of the size reduction process,
dry milling was applied into a ball mill. The ball mill
consists of a drum that rotates around its axis. The
drum is filled in the range of 30 — 50% with balls that

) ¥ imm |
4 F
( - _ |

Fig. 8. The raw materials after treating on a roller crusher

Suvodol
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The histograms of the mass content of various
dimensional grain fractions at different milling
phases are presented on Figure 10.

Simply, as the duration of milling time in-
creases, the content of the finest fraction (—0.032 mm)
continuously increases. Inversely, the content of the
coarsest fraction (+0.1 mm) continuously decreases.
The other size fractions have a minimum content. Ac-
cording to the granoblastic texture of raw materials,
which are dominantly composed of fine grains, the
size reduction is not affected by grinding, but is a con-
sequence of the release of bounded fine grains in the

aggregates.
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Fig. 10. Histograms of the mass content of various dimensional grain fractions at different milling phases

Maw. unoc. nayu. ciuc. 43 (1), 31-38 (2025)



36 E. Arsoska, A. Cankulovska Tenovska, T. Kostadinova, A. Reka, S. Bogoevski, B. Boskovski

On Figure 11 are presented the curves of cu-
mulative mass content of the finest fraction (—0.032
mm) at different milling phases. The asymptotic di-
rection of curves indicates that the size reduction is
insignificant after 60 minutes of milling time.

100 H
90 A
80 A
70 A
60 A
50 A

mass (%)

40 A
30 A
20 A
10 A

Therefore, the optimal duration of milling time is in
range of 50 — 60 minutes, where there is an optimal
ratio of the duration time (electricity consumption)
and size reduction.

Suvodol

Ogledalec

Cajle

0 T T T T |:i;|

0 10 20 30 40 50 60

70 80 90
duration time (min)

100 110 120

Fig. 11. Curves of cumulative mass content of the finest fraction (—0.032 mm) at different milling phases

Therefore, in Table 3 is presented the granulo-
metric composition of the materials after 60 minutes
of milling time. In addition to the previous results,
the dominant mass content of the bigger fraction (+1
mm) of 10.33 % has the dolomite from Cajle, while
the dolomite from Suvodol has the highest mass con-
tent of the finest fraction (—0.032 mm) of 63.24 %.

After 60 minutes of milling time, the size re-
duction of the dolomite raw materials is evident
(Figure 12). In the finest dimensional grain fraction
(—0.032 mm), as a consequence of increased surface
activity, an intense aggregation was observed.

Ogledalec
Fig. 12. The finest dimensional fraction (—0.032 mm) after 60 minutes of milling time

Table 3

Granulometric composition of the materials after
60 minutes of milling time, (mass %)

Di;nengional Cajle Ogledalec Suvodol
raction

+0.1 mm 10.33 7.21 4.35
—0.1 +0.071 mm 9.76 9.33 7.47
—0.071 +0.050 mm 12.76 12.31 10.48
—0.050 +0.032 mm 14.68 13.52 14.46
—0.032mm 5247 57.63 63.24

p 100.00 100.00 100.00
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4. CONCLUSION

Dolomite has potential applications in various
industries. As a raw material, dolomite is mainly
used in construction, inorganic chemical technolo-
gy, agriculture, etc. Therefore, in this research, the
dolomites from the localities of Cajle, Ogledalec,
and Suvodol were examined. The research defined
the mineral processing of the raw materials. The
samples with dimensions of 20 — 60 mm were pri-
marily crushed, on jaw crusher and then on a roller
crusher. Additionally, the samples were processed
into a porcelain ball mill. In order to define the size
reduction, a wet sieve analysis was conducted. Also,
the various dimensional fractions were observed on
a binocular. As a consequence of mechanical de-
struction, the dolomite grains have a flat and sharp
shape.

The pressure strength of the materials was de-
termined, as a significant property of mechanical
destruction. The dolomite from Caile has the high-
est value of compressive strength, while the dolo-
mite from Suvodol has the lowest value. Therefore,
the dolomite from Caile has the highest mass con-
tent of the coarse grain fraction (+1 mm) after pro-
cessing on a roller crusher. Consequently, the dolo-
mite from Suvodol has the highest mass content of
the finest grain fraction (—0.032 mm) after 60
minutes of milling. According to previously ob-
tained results, the milling process can be imple-
mented at specific regime in order to accomplish the
previously set requirements for specific size frac-
tions. The optimal duration of milling time is in
range of 50 — 60 minutes.

Dolomites are mainly used as a raw material in
construction, inorganic chemical technology, in ag-
riculture, as an additive in animal feed, in metal-
lurgy etc. Therefore, the basic parameters of the size
reduction process were defined, with a comparison
between the deposits.
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