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A bstra ct: Physico-chemical investigations were carried out for limestone samples at different localities in
the Republic of Macedonia: mine for nonmetals “Ograzden”, Strumica (sample-granulation below: 4, 10, 20, 32, 40,
63 and 90 pm), A.D. “Mikrogranulat”, Gostivar, mine “Banjani” — Skopje, mine “Toplica” near Demir Hisar and
from the separation of GP Mavrovo, Skopje, located near Pletvar. Investigation of samples from the previously men-
tioned localities were carried out using different methods: volumetry, gravimetry, UV-VIS and infrared spectroscopy,
as well as atomic absorption and X-ray fluorescence spectrometry, X-ray diffraction and flame photometry. The ob-
tained results lead to the conclusion that all granulometric classes of the limestone samples from “Ograzden”,

Strumica, are of the best quality.
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INTRODUCTION

According to its presence, limestone is the
second mineral in the earth crust. Republic of Ma-
cedonia is rich with calcite form of limestone. The
application of limestone in different areas of indus-
try is very high, Remi (1963), Copin and Dzafi
(1972), Fedorchenko (1977), which makes the
world production of limestone on the level of hun-
dreds millions of tons.

Different types of limestone are found in nature:
organogenetic (which are the most widespread type),
homogeneous and mixed. Organogenetic limestone is
build from the skeletons and shells of different sea
organisms. In homogeneous limestones pelitomor-
phous, oolitic and pseudoolitic limestones are in-
corporated. Calcite is a hexagonal crystal system of
calcium carbonate. Natural limestone is not a chemi-
cally pure substance. Namely, most of minerals con-
tain extraneous substances, which can change their
characteristics. These extraneous substances can be
magnesium carbonate, silica, glauconite, gypsum,

siderite, or sulfides and oxides of iron, phosphates,
clay etc.

The potential use of limestone for different
industrial purposes imposes the need for its charac-
terization. That is why limestone samples from
different locations in Republic of Macedonia were
investigated. The samples were taken from: mine
for nonmetals “OgraZden” near Strumica (with a
granulation below: 4, 10, 20, 32, 40, 63 and 90 pm),
A.D. “Mikrogranulat” — Gostivar, mine “Banjani”
— Skopje, mine “Toplica” near Demir Hisar and
mine of GP Mavrovo — Skopje, located near Pletvar.

The chemical composition of the limestone
samples was determined by different methods: volu-
metry, gravimetry, UV-VIS spectrophotometry,
atomic absorption spectrometry, X-ray fluorescence
spectrometry, flame photometry. Infrared spectros-
copy and X-ray diffraction were used for obtaining
some structural information for the samples. Dif-
ferent physical parameters were also determined.
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EXPERIMENTAL

Volumetric determinations

The content of calcium carbonate in the
investigated limestone samples was determined by
a classical volumetric method, GOST 7619.2-81
(1981).

Spectrophotometric determinations

The quantitative analysis of silica in the lime-
stone samples was performed by spectrophotometric
method, GOST 7619.4-81 (1981), using Hewlett
Packard UV-VIS Diode Array spectrophotometer,
Model 8452A.

Determination of some elements by X-ray
fluorescence spectrometry

Simultaneous X-ray fluorescence spectrome-
ter ARL 7000 S was used for the determination of
elements in the investigated limestone samples.
For the construction of calibration curves for de-
termination of Ca, Mg, Si, Fe, Mn, Al and P, refer-
ent mineral and ore standard samples were used.

Limestone samples were milled and fused
with Li,B4O7 in ratio of 1:50 (0.2000 g samples
and 10 g fusing material) at 1100 °C for 10 min in
a platinum crucible. After fusing, the melted mass
was casted in platinum moulds and heated before
at 1000 °C. The obtained discs were then analyzed
for 30 s. Calibration coefficients for Ca, Mg, Si,
Fe, Mn, Al and P were calculated from the ob-
tained linear equations for each element:

wi=A I+B

where w; is the content of the element given in %
and / is the X-ray intensity of the analyzed element
in kiloimpulses/s.

Determination of Zn, Fe, Cr, Cu, Pb and Mn by
atomic absorption spectrometry

Determination of Zn, Fe, Cr, Cu, Pb and Mn
was performed by atomic absorption spectrometry
using a Perkin-Elmer atomic absorption spectro-
meter, Model 303. Hollow cathode lamps of the
investigated elements were used. Acetylene-air gas
mixture of was used for flame.

Determination of Na and K by flame photometry

Determination of Na and K was performed by
flame photometer Flammenphotometer M6a, D.R.B.
Lange, Berlin.

Infrared spectroscopy

The infrared spectra were recorded using the
infrared interferometer Perkin Elmer System 2000
FT-IR (resolution 4 cm™, OPD rate 1 cm/s, 16
background and 32 sample scans) from KBr pel-
lets. The software package GRAMS 2000 was used
for acquisition of spectra, and GRAMS/32 was
used for analysis of spectra.

X-ray diffraction

The X-ray powder diffraction patterns were
obtained on a Jeol-diffractometer, model JDX-7E
with a goniometer model DX-GO-F, using Cu-Ka-
radiation with a Ni-filter.

Determination of granulometric content

Granulometric content of some of the investi-
gated samples (Ograzden) was performed by laser
granulometer Cilas model Granulometer 715 F036.
Granulometric analysis was performed because of
the influence of the particle size on the application
of the grinned limestone.

RESULTS AND DISCUSSION

Determination of chemical composition

The most important parameter is the purity of
the limestone, e.g. the content of CaCO;. The con-
tent of CaCO; was determined by volumetric
method GOST 7619.2-81 (1981) and the content of

total CaO and MgO by X-ray fluorescence spec-
trometry. In Table 1 the content of CaCO;, MgO
and CaO was presented. As it can be seen, the
highest content of CaCO; was found in the samples
from Ograzden mine (over 98 %), whereas the
other limestone samples were poorer in CaCO;.
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The results from the determination of the con-
tent of MgO show that the samples from Ograzden
mine have the lowest presence of dolomite (below
1 %) compared to the other samples with higher
content of dolomite, which is here considered as an
impurity.

The high quality of the samples from Ograz-
den mine owing to their purity was also confirmed

by the analysis of trace elements. The content of
various trace elements is very important when
making a decision about the potential use of lime-
stone in different processes in the industry.
Namely, the results given in Table 2 show that the
content of Zn, Cu, Mn, Cr, Pb and Fe are the low-
est in the Ograzden samples, whereas the content
of Na and K are low in all investigated samples.

Table 1

Content of CaCOj; CaO, MgO and loss of ignition (LI) of limestone samples from different localities

in Republic of Macedonia (given in mass fraction / %)

Locality/Sample CaCO;, CaO MgO LI

Ograzden, <4 pm 98.34 55.75 0.60 43.44
Ograzden, < 10 pm 97.30 56.64 0.96 43.24
Ograzden, < 20 um 97.41 55.75 1.28 43.34
OgraZden, <32 um 98.25 55.75 0.25 42.98
Ograzden, <40 um 98.33 56.20 0.96 43.46
Ograzden, < 63 um 98.43 55.75 0.25 43.15
Ograzden, < 90 um 96.07 55.30 1.28 42.57
Banjani 95.43 53.52 1.92 42.37
Mavrovo (Pletvar) 96.58 54.41 1.60 42.72
Gostivar, < 20 pm 94.63 53.90 2.57 44.01
Gostivar, < 40 um 93.83 53.96 3.53 44.09
Gostivar, < 63 um 93.70 53.96 2.89 44.10
Gostivar, < 90 pm 96.54 53.98 1.28 44.00
Demir Hisar 96.15 54.86 2.24 44.15

Table 2

Content of Zn, Cu, Mn, Cr, Pb, Fe, Na and K in the investigated limestone samples obtained by AAS

(given in mass fraction / %)

Locality/Sample Zn Cu Mn Cr Pb FE Na K

Ograzden, <4 pm 0.0016 0.0026 0.0044 0.0044 0.0110 < 0.001 0.21 0.0033
Ograzden, < 10 um 0.0064 0.0014 0.0022 0.0044 0.0094 <0.001 0.23  0.0038
Ograzden, < 20 pm 0.0118 0.0025 0.0043 0.0042 0.0076 < 0.001 0.23 0.0035
Ograzden, < 32 um 0.0108 0.0022 0.0043 0.0038 0.0110 < 0.001 0.21 0.0082
OgraZden, <40 um 0.0102 0.0019 0.0022 0.0028 0.0110 <0.001 023  0.0031
Ograzden, < 63 um 0.0025 0.0011 0.0040 0.0027 0.0058 < 0.001 0.14 0.0022
OgraZden, < 90 um 0.0096 0.0026 0.0030 0.0035 0.0101 < 0.001 0.22 0.0032
Banjani 0.0197 0.0030 0.0250 0.0052 0.0104 0.245 0.18 0.0085
Mavrovo (Pletvar) 0.0150 0.0024 0.0021 0.0023 0.0090 - 0.15 0.0038
Gostivar, < 20 pm 0.0107 0.0028 0.0043 0.0063 0.0030 - 0.26 0.0040
Gostivar, < 40 um 0.0096 0.0018 0.0021 0.0038 0.0088 - 022  0.0019
Gostivar, < 63 um 0.0060 0.0016 0.0044 0.0050 0.0094 - 0.26  0.0070
Gostivar, < 90 pm 0.0030 0.0017 0.0084 0.0042 0.0090 - 025  0.0036
Demir Hisar 0.0016 0.0027 0.0086 0.0044 0.0116 - 0.17 0.0050
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Table 3

Content of SiO; and insoluble part
in the investigated limestone samples
(given in mass fraction / %)

Locality/Sample Insoluble part in HC] SiO;

Ograzden, < 4 um 0.14 0.037
Ograzden, < 10 pm 0.16 0.044
Ograzden, < 20 pm 0.16 0.038
Ograzden, < 32 pm 0.11 0.120
Ograzden, < 40 um 0.02 0.000
Ograzden, < 63 pm 0.02 0.027
Ograzden, < 90 um 0.18 0.190
Banjani 1.75 0.600
Mavrovo (Pletvar) 0.29 0.290
Gostivar, < 20 pm 0.09 0.070
Gostivar, < 40 pm 0.05 0.130
Gostivar, (< 63 pm) 0.12 0.130
Gostivar, < 90 um 0.10 0.110
Demir Hisar 0.05 0.160

Another parameter important for the use of
limestone is the content of SiO, and materials in-
soluble in HCI (25 %). The results of this analysis

Table 4

presented in Table 3 show that all investigated
samples have very low content of SiO, and insolu-
ble materials (except the sample from the Banjani
mine).

Investigation of some physical properties
of limestone samples

The values of some physical properties of the
investigated limestones (density, volumetric mass
and moisture content) are given in Table 4. The
content of moisture in all samples is low. The values
for density (between 2.68 g/ml and 3.0478 g/ml)
and for volumetric mass (from 1.5 to 3.0 g-cm‘3)
are in the range which is characteristic for lime-
stone ®epopuenko (1977).

The granulation is also considered as an im-
portant parameter for the conclusion of the use of
limestone in the industry. This is especially impor-
tant for samples obtained by special treatment of
grinding and separation by granulation. This kind
of treatment is utilized in the mines of OgraZden
and “Mikrogranulat”. The granulometric content of
the samples taken from those two mines was as-
sayed using a laser microanayzer. The results of
granulometric content for samples from Ograzden
mine are presented in Table 5.

Physical characteristics (density, volumetric mass and moisture content) of the investigated limestone samples

Sample 0 Volumetric mass Volumetric mass w (H,0)
‘ g'cm‘3 g'cm“3 (with shaking) g'cm‘3 (without shaking) %
Ograzden, < 4 um 2.9372 1.8503 0.9527 0.05
Ograzden, < 10 pm 2.7146 1.7870 1.0006 0.09
Ograzden, <20 um 2.7132 1.8292 0.9167 0.02
Ograzden, < 32 pm 2.6889 2.0902 1.1535 0.05
Ograzden, < 40 um 2.642 2.1907 1.1823 0.03
Ograzden, < 63 pm 2.7618 2.1607 1.1693 0.06
Ograzden, < 90 um 2.6858 2.1534 1.2222 0.07
Banjani 2.6999 2.4918 1.5135 0.12
Mavrovo (Pletvar) 2.7545 2.2348 1,2258 0.01
Gostivar, < 20 pm 2.8176 1.5950 0.6918 0.07
Gostivar, < 40 um 2.7787 1.6696 0.8900 0.06
Gostivar, < 63 um 2.7418 1.7331 0.8110 0.07
-Gostivar, < 90 um 2.6709 2.0300 0.9836 0.04
Demir Hisar 2.6924 2.0750 1.1347 0.20

Geologica Macedonica, 15-16, 3541 (2001-2002)



Physico-chemical investigations of limestones from different localities in the Republic of Macedonia

39

Table 5

Granulometric content of limestone from
“Ograzden”, Strumica (sample-granulation

below 4, 10, 20, 32, 40, 63 and 90 um)

Granulation
pm

=1
-1.5+1
-2+15
-3+2
-4+3
-6+4
-8+6
-12+8
~16+ 12
-24 + 16

~-15+1
-2+15
=342
-4+3
-6+4
-8+6
-12+8
-16+12

-1
-15+1
-2+15
-3+2
-4+3
-6+4
-8+6
-12+8
-16+ 12
-24 +16

-1
-15+1
-2+15
-3+2
-4+3
-6+4
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w Granulation
% pm
Below 4 pm
14.1 >1

_—;3— > 1.5
8.0 >2
8.7 >3
8.2 >4
10.5 >6
13.9 >8
18.6 512
12.1 > 16
22 >24
Below 10 pm
13.9 >1
33 >1.5
8.1 >2
8.9 >4
8.2 >4
10.9 >6
14.7 >8
20.0 >12
11.5 > 16
Below 20 um
11.9 >1
2.5 2 1.5
6.3 >2
/%) >3
7.8 >4
11.0 >6
14.0 >8
20.9 > 12
13.9 > 16
3.4 >24
Below 32 um
6.2 »1
0.9 1.5
1.1 >2
1 >3
1.3 >4
0.0 >6

w
%

85.8
82.5
74.5
65.7
575
47.0
33.0
14.3

2.2

0.0

86.0
82.7
74.5
65.6
573
46.3
31.5
11.5

0.0

88.0
85.4
791
71.4
63.5
524
38.4
17.4

3.4

0.0

93.7
92.7
91.5
89.7
88.4
88.4

-8+6
-12+8
-16+ 12
-24+ 16
-32+24

=
-15+1
-2+15
-3+2
-4+3
-6+4
-8+6
-12+8
-16+12
-24+ 16
-32+24

-15+1
-2+1.5
-3+2
-4+3
-6+4
-8+6
~-12+8
-16+ 12
-24+16
-32+24
-48 +32

-1
-15+1
-2+15
-3+2
-4+3
-6+4
-8+6
-12+8
-16+12
-24+16
-32+24
-48 +32
- 64+48

24 >8
20.7 >12
25.8 > 16
33.1 >24
6.1 >32
Below 40 pm
5.8 51
0.6 >15
1.0 >2
1.4 >3
22 >4
0.0 >6
03 >8
12.5 > 12
248 > 16
36.5 >24
144 >32
Below 63 pm
6.4 >/l
0.8 >1.5
I >2
13 >3
18 >4
0.2 >6
4.7 >8
18.5 >12
223 | > 16
29.6 >24
10.9 >32
22 >48
Below 90 um
9.8 >1
2.2 >15
4.2 >2
59 >3
52 >4
8.4 >6
7.8 >8
13.4 >12
10.5 > 16
153 >24
7.0 >32
8.4 >48
1.1 > 64

86.0
65.2
39.3
6.1
0.0

94.1
93.4
923
90.9
88.7
88.7
88.3
75.8
50.9
14.4

0.0

93.5
92.6
91.5
90.1
88.7
88.5
83.7
65.2
428
13.1

22

0.0

90.1
87.8
83.5
77.6
72.3
63.9
56.0
425
319
16.6

9.5

1.1

0.0
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As it can be seen from the data given in Table
5, the granulometric content is not always the same
as declared by the manufacturer. Namely, the aver-
age granulation of the class declared as <4 pum
was found to be 5.4 pm, containing 57.7 % parti-
cles bigger than 4 pum. Similar situation was found
with a class < 10 um. On the other hand (below 12,
20, 32, 40, 63 and 90 um) the granulometric con-
tent was in the range of the declared values.

Investigation with infrared spectroscopy
and X-ray diffraction

The methods of infrared spectroscopy and X-
ray diffraction were used for identification of car-
bonates and for establishing their purity. The spec-
tra and diffractograms obtained for the samples
were compared with those recorded for CaCOs,
p.a. quality from Merck (min. 99% CaCQs). The
samples spectra and diffractograms are very simi-
lar to the ones of the standard, which implies that
these limestones have a very high calcium carbon-
ate content, as previously shown by chemical
analyses (Table 1). The infrared spectra and dif-
fractograms of the standard and samples from
Ograzden mine are shown in Fig. | and Fig. 2 re-
spectively. .

1
b
512
E
E
w
=
g
=
Vom0 (1 i T [T [l oL e
2200 1900 1600 1300 1000 700

Wavenumber/em-!

Fig. 1. The FTIR spectra of CaCO; from Merck (1)
and limestone from “Ograzden” — Strumica (2)

Fig. 2. The diffractograms of CaCO; from Merck (1)
and limestone from “Ograzden” — Strumica (2)

These spectra and diffractograms are practi-
cally the same with the ones obtained for calcite
samples from different regions in Macedonia,
which were analyzed in detail by Jovanovski er al.
(1999a; 1999b).

CONCLUSION

Some physico-chemical parameters of the
limestone samples taken from different localities of
the Republic of Macedonia were investigated:
mine for nonmetals “Ograzden”, Strumica (sam-
ple-granulation below: 4, 10, 20, 32, 40, 63 and 90
um), A.D. “Mikrogranulat” — Gostivar, mine

“Banjani” — Skopje, “mine “Toplica” near Demir
Hisar, and from the separation of GP Mavrovo,
Skopje, located near Pletvar. Different methods
and techniques were applied for the investigation
of chemical composition, physical properties,
granulometric and structural characteristic.
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The obtained results show that the limestone
samples from the mine of Ograzden near Strumica,
containing about 99 % of CaCO;, are of highest
quality, especially for the industrial use.
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PezumMe

GOU3NIKO-XEMUCKHU UCIINTYBAIbA HA BAPOBHHUIIU OJ1 PA3JINYHHU TOKAJIHUTETH
BO PEIIYBJINKA MAKEJOHMJA

Jdumurproc M. Apaéagues’, Buxrop Credos!, Tpajue Cradpnnos', Baaxo Boes®

' Uucmuimym 3a xemuja, Ipupodno-mailiemaifiuuxu paxysiield, Yuusepsuitieid “Ce. Kupua u Meitioduj*,
i. gpax 162, MK-1001 Ckoiije, Peiiy6auxa Maxedonuja
2Pydapcko-zeonouku gpaxyaitieii, Ynueepsuitiedi “Ce. Kupun u Meitioduj*,
MK-2000 Illiwug, Peiiy6auka Maxedonuja

Knyunu 360poBu: BapOBHHK; HH(paLpBEHN CIEKTPH; peHAreHcKH AudpakTorpamu; UV-VIS cnekrpodoro-
METPHja; aTOMCKa aNcopNUHOHa CIIEKTPOMETPHja; PEHATCHCKA (hIIyOpeceHTHa CIIEKTPO-

METpHja

H3ppuiern ce (PU3NYKO-XEMMCKHM HCIUTYBamha Ha
NPUMEPOLM BapOBHHUK OJf Pa3/H4YHH JIOKAJNHTETH BO Pe-
ny6nuka MaxkeoHHja: PyAHMKOT 3a HeMeTamu ,,Orpax-
pen* — Ctpymuua (npuMepoLH co rpanynauyja nog 4, 10,
20, 32, 40, 63 u 90 pm), A.I. ,,Muxporpanynar* - T'octu-
Bap, pysHukor ,Bamwanu” —~ Ckomje, pyanukot ,, Tonmu-
ua* 6nu3y Jdemup Xucap, u of cenapanujaTa Ha 'l Ma-
BpoBo, Ckonje, nouupana 6au3sy Ilnersap. McnutyBama-
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Ta ce U3BPIIEHU CO NPUMEHA Ha pa3IMYHH METORMU: BOJY-
MeTpuja, rpasuMmetpuja, UV-VIS u HH(ppaupseHa chne-
KTPOMETPHja, KaKO M CO aTOMCKa aNcOpIUMOHA CIIEKTPO-
METpHja, PEHATEHCKa (hIIyopecUEeHTHa CHEKTPOMETpH]a,
peHAreHcka audpakuja u niamesa goromerpuja. Jobu-
€HMTE pe3yNTaTH yKaXKyBaaT JeKa CO Hajaobap KBalUTeT
ce CUTe KJIaCH Ha BapoBHHK off ,,Orpaxpaen* — CTpyMuua.





