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Abstract: In this work, characterization of dolomite powder was carried out in order to specify possible industrial
applications. After the technological use of dolomite aggregates, the remaining fine powder becomes a waste. Raw
and calcined powder samples were subject to mineralogical, textural and chemical studies involving leaching
tests. The results of the calcination process indicate that the carbonate minerals present in the material sample
undergo complete decomposition to form oxides. After the calcination, the material is practically non-porous,
and its surface area is more than five times lower than that of the raw material. However, due to the high content
of calcia in the calcined sample (CaO > 45% wt.), the material cannot be used as an additive in cement. The leach-
ing tests showed that the concentration of metals released from the dolomite powder is low enough to classify the
material as hazardous waste according to the TCLP test. Moreover, the concentration of metals that can get into
the environment does not exceed permissible values as set by Polish law. Thus, it is recommended and justified
to carry out detailed tests for the purpose of environmental protection; i.e. wet flue gas desulfurization, heavy
metals absorption, and CO, capture.

Keywords: dolomite powder; heavy metals; waste utilization; mineralogical-chemical research; environmental
protection

INTRODUCTION

Natural limestone is used in Poland for econom-
ic purposes in significant amounts; particularly
in building and road engineering projects. These
processes generate large amounts of mineral
waste. Slightly coarser fractions of the miner-
al waste are then reused in other technological

processes. Only a few percent of all generated
waste dolomite powder is reused; i.e. as a filler
in the production of bituminous road-surfaces.
Mineral material is still relatively cheap and easy
to obtain from deposits, whereas the waste ma-
terial from technological processes is generally
deposited in the landfills. However, it should be
noted that the deposits of limestone are limited,
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and considering rational deposit management, we
may say that there are areas where the materials of
highest quality are not necessary. Environmental
protection may serve as an example here, because
the used material will be contaminated in the pro-
cess of remediation anyway. On the other hand,
a material that in one type of industry is con-
sidered as waste, can be useful in another man-
ufacturing process (Zhang et al. 2008, Disfani
et al. 2011, Park & Chertov 2014). Depending on
the type of waste material, the potential ways in
which it could be used for economic purposes are
as follows: building engineering, where it could be
used as an additive in the production of concrete
or as a binding material for the production of ce-
ment, replacing Portland cement clinker (Kinut-
hia & Nidzam 2011, Bilgin et al. 2012, Dell’Orso
et al. 2012, Chen et al. 2013, Helios-Rybicka et al.
2013, Romero et al. 2013, Alaibdo et al. 2014); road
engineering, where it can be considered as a mate-
rial for soil stabilization, or to create road surfaces
(Poon & Chan 2006, Engelsen et al. 2012, Galvin
et al. 2013); agriculture, where it could be used as
a fertilizer or to neutralize soil acidification (Har-
ris & Lottermoser 2006, Mangwandi & Tao 2013,
Tozsin et al. 2014). Currently, broadly understood
environmental protection is also considered to
have an economic basis, as environmental stan-
dards need to be met. Therefore, mineral resourc-
es can be used for purposes such as binding CO,,
or heavy metal removal from water or wastewater
(Aziz et al. 2008, Pérez-Lopez et al. 2010, Macias
et al. 2012, Said et al. 2013).

In Poland, attempts to utilize industrial waste
have been carried out for many years (Skarzynska
1995, Uliasz-Bochenczyk et al. 2009, Trypu¢ & Bi-
alowicz 2011, Wdowin & Gruszecka 2012). How-
ever, the results of scientific research alone are not
enough. Environmental awareness, as well as the
interest of the producer and of the potential cus-
tomer of such wastes, is also essential.

Thus, in the context of sustainable develop-
ment and the 3R Principle in rational manage-
ment of wastes (Reduce — Reuse — Recycle), de-
tailed mineralogical, chemical and textural char-
acteristics of the waste dolomite powder have
been studied for potential industrial applications.
Therefore, for raw and calcined dolomite powder
XRD, XREF, textural analysis and leaching tests
were carried out.

MATERIALS AND METHODS

Materials

For the investigation, two types of dolomite powder
were used. The first one was a raw dolomite pow-
der coming from dedusting dolomite aggregates,
exploited in the dolomite deposit in southern Po-
land. Dolomite aggregates are given the process of
dedusting before they can be used in later techno-
logical processes; i.e. in road and civil engineering.
These carbonates are Middle Devonian dolomites,
documented in Poland as a raw material for road
and building engineering. The dolomite is charac-
terized by a large variability of chemical composi-
tion, mainly MgO, SiO,and Fe,O;. The changes in
chemical composition that are observed in the De-
vonian dolomites surrounding Dubie are the result
of porphyry intrusions impact (Kozlowski 1986).
The increased temperature and presence of hydro-
thermal solutions caused partial dolomitization of
primary carbonate minerals. Dolomites from that
area are medium-, sometimes coarsely-crystalline,
rarely fine-crystalline, usually consolidated and
microporous rocks (Lewandowska 1991). Dolo-
mite aggregates are characterized by high quality
parameters, and therefore, appeal to a wide range
of buyers (Ney 2000, Bak et al. 2011). The second
type of material was the same dolomite powder,
but calcined in the temperature of 1450°C for
20 minutes. These conditions were suggested by the
production technology of clinker cement (Hewlett
1998, Peukert 2000).

Mineralogical analysis

The mineral composition of raw and calcined
dolomitic materials was determined via powder
X-ray diffraction methods (XRD), using a PANa-
lytical X’Pert PRO MDP diffractometer with PW
3050 goniometer, Cu LFF ceramic lamp and bent
monochromator from 5° 20 to 70° 20. Diffraction
data was processed by the software of the Philips
X’Pert and ClayLab ver. 1.0. Mineral phases were
identified based on the PDF-2 release 2010, for-
malized by the Joint Committee on Powder Dif-
fraction Standards — ICCD.

Textural analysis

The textural properties (specific surface area,
total pore volume and pore size) were investigat-
ed with the ASAP 2020 Micromeritics analyzer.
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Surface characterization was carried out using
a low-temperature nitrogen adsorption isotherm,
at —196.15°C of liquid nitrogen. Samples were de-
gassed at low pressure, at the temperature of 250°C
for 6 hours. The time set as an equivalent interval
was 30 seconds. The mass of the sample was ap-
proximately 2.5 g. Prior to the analysis, samples
were degassed under strictly controlled condi-
tions (temperature 250°C, for 24 h and reduced
pressure 10~ hPa). The specific surface area was
determined based on the BET multilayer adsorp-
tion theory (Brunauer et al. 1938), at a p/p, (p and
Do are the equilibrium and saturation pressure of
nitrogen, respectively) between 0.06 and 0.3. The
pore volume (V,) was determined from the ad-
sorbed nitrogen volume at p/p,= 0.98. Mean di-
ameters of pores (D,) were calculated according to
D, = 4V,/Spgr, where Sgpr is the BET surface area.
The pore volume distribution (R,) was calculated
using a general isotherm equation, based on the
combination of a modified Kelvin equation and an
average thickness of the adsorbed film.

Particle size analysis

Granulometric analyses of raw dolomitic pow-
der were performed using a laser particle analyz-
er Fritsch GmBH Analysette 22, Idar-Oberstein,
Germany, equipped with helium-neon laser, op-
tical system, measuring flow cell for suspensions
and a dispersing unit.

Chemical analysis

The chemical composition of samples was deter-
mined by the XRF method, with the use of the
Philips spectrometer, PW 1404, with an X-ray tube
equipped with dual Cr-Au anode, with a maximum
power of 3 kW, used as the excitation source. The
chemical analysis included the determination of:
the analytical moisture and the loss on ignition
(in the temperature of 815°C) by the gravimetric
method, a basic chemical composition (SiO,, Al,Os,
Fe,0;, CaO, MgO, Na,0, K,0, SO;, TiO,, P,0;) by
wavelength dispersive X-ray fluorescence spectrom-
etry, the content of heavy metals (Cd, Cr, Cu, Nj,
Pb, Hg, T1, Zn) and metalloids (As, Sb) by ICP-OES.

Leaching tests

Leaching tests were made in order to determine
if there is an impact on the environment caused
by potential contamination leakage from the waste

material. The first leaching test was performed
in accordance with the Polish standard PN-EN
12457:2006. Using distilled water with liquid to
solid (L/S) ratio equal to 10:1 in the test simulates
the most natural environmental conditions (not
taking into account the phenomenon of acidifica-
tion, such as acid rain). The second leaching test
was the Toxicity Characteristic Leaching Proce-
dure TCLP (US EPA 1992), using acetic acid or
the mixture of acetic acid and sodium hydroxide,
depending on the pH of the tested waste material,
where the L/S ratio is equal to 20:1. Concentra-
tions of metals in eluates were determined using
the ICP-MS apparatus. The TCLP test determines
whether a waste is hazardous when the analysed
effluent limit value is exceeded (US EPA 2014). It is
essential to carry out leaching tests when the com-
mercial use of the waste material is being consid-
ered (Gruszecka-Kosowska & Mikoda 2015). The
test also determines the risk of releasing pollut-
ants from waste into the environment triggered by
rainwater and infiltrating.

RESULTS AND DISCUSSION

Mineralogical characteristics

XRD mineralogical analyses are based on semi-
-quantitative estimations of individual peaks.
The raw waste mainly consisted of carbonate
minerals (dolomite - CaMg(CO;),, calcite -
CaCO; and ankerite — Ca Fe(CQO;),), while quartz
(§i0,), feldspars and galena (PbS) were observed
in much lower concentrations (Fig. 1). XRD anal-
ysis of the calcined powder (Fig. 2) showed that
the carbonate minerals were completely convert-
ed into oxide forms. After the calcination, larnite
(Cay(5i0,), browmillerite (Ca,(AlFe),0s), peri-
clase (MgO), yeelmite (Ca,Al;0,,(SO,), anatase
(TiO,) and grossular (Ca;Al,(SiO,);) were ob-
served in the material.

Textural characteristics

The curve of the pore size distribution (Fig. 3) de-
termined in the range of 1.7-300 nm of raw waste,
were homogeneous — modal (only one maximum
is observed i.e. one range of pores is predominant).
Pore size variability was in the range of 2-65 nm,
with the predominance of pores with a diameter
of 10-15 nm, indicating a mesoporous nature of
the waste.
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Fig. 1. An XRD diffraction pattern of raw dolomite powder
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Fig. 2. An XRD diffraction pattern of calcined dolomite powder

The isotherm for the raw waste was character-
ized by type IV isotherms, according to the IUPAC
classification (International Union of Pure and
Applied Chemistry), confirming its mesoporous
nature without presence of micropores (Fig. 4).
The hysteresis loops were defined as a type H3,
suggesting a slit-shape pores. The hysteresis loop
also indicated capillary condensation in meso-
pores. According to the classification proposed by
de Boer (de Boer 1958), the hysteresis loops could
be defined as type E, which corresponded to the

most common spherical form of pores, with open
ends and significant internal constrictions (Sarbak
2005). The specific surface area of the raw waste
was 5.26 m?/g. It was evident for the calcined sam-
ple of waste that the material is of very low porosi-
ty. The volume of pores in the range 2-300 nm was
only 0.004 cm®/g. A negligible amount of pores was
also observed, with the adsorption/desorption of
isotherms, along with the PSD curve of heteroge-
neous nature (more than two maxima of pores i.e.
PSD curve is multimodal).
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Fig. 4. Adsorption/desorption isotherm of nitrogen for raw and calcined dolomite powder

However, in such low pore volumes, it is as-
sumed that tested calcined materials are nonpo-
rous. The BET surface area of the calcined material
was more than five times smaller than that of the
starting material, measuring at 0.87 m*/g.

Particle size analysis

Particle size was determined for the raw dolomite
powder. It was in the range of 0.3 to 110 pm, with
the predominant grain size of 20 um (Fig. 5). Par-
ticle size was not determined in the calcined do-
lomite dust sample, due to the fact that the sam-
ple was sintered during the calcination. Thus, the
sample had to be crushed mechanically, leading to
possibly unreliable results of particle size analysis
of the calcined dolomite dust.

Chemical characteristic

The results of chemical analyses for raw and cal-
cined dolomite powder were given in Table 1.
The chemical composition comprised primarily
calcium, magnesium and silica, which indicated
the presence and predominance of carbonate and
silica minerals. Iron, aluminum and sulfur were
present in similar, but much lower concentrations
than mentioned above. Iron is related to the pres-
ence of ankerite in raw material, aluminium to
some alluvial phase, sulfur to galena. The lowest
concentration of elements was observed in the case
of sodium, potassium, titanium and phosphorus,
which constitute isomorphic substitutions in the
minerals. The analysis of the concentrations of
heavy metals in the raw dolomite powder sample
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showed a large amount of zinc and lead, which
confirmed the presence of sulfide minerals. Ar-
senic, cadmium, chromium, copper and nickel
were observed in lower quantities that constituted
isomorphic substitutions in minerals. The lowest
concentration was recorded for mercury. The cal-
cination process did not affect the content of the

major elements to a great extent. Only the concen-
tration of aluminium increased more than twice.
This was related to the sintering of this material in
a ceramic pot (during calcination of tested mate-
rials the sample sintered with the ceramic pot. As
such, some pollution of Al as well as Si can also
occur in the sample).
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Fig. 5. Distribution of particle size for raw dolomite powder
Table 1
Chemical characterization of dolomite powder
Raw dolomite powder
Indication i i Calcined
concentration after concentration dolomite powder
combustion at 815°C | before combustion
[% weight] (% m/m)
Sio, 15.38 10.39 16.75
ALO, 429 2.90 9.84
Fe, 0, 4.12 2.78 4.12
CaO 48.36 32.66 45.61
MgO 19.38 13.09 17.04
Na,O 0.50 0.34 0.53
K,O 0.60 0.41 0.49
SO, 4.64 3.13 3.45
TiO, 0.18 0.12 0.19
P,0; 0.22 0.15 0.27
LOI - 32.47 -
Sum 97.67 98.44 98.29
[mg/kg] (ppm)
As 75 96
Cd 41 12
Cr 14 21
Cu 13 25
Hg 0,09 0,01
Ni 12 16
Pb 1137 536
Sb 2 3
Zn 4571 5564
Tl 3 <3
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Having analysed the mineralogical and chem-
ical results, it was observed that the raw dolomite
powder had quite different characteristics from
the calcined material. The results of textural anal-
ysis demonstrated that the calcination of the raw
powder sample caused formation of a practically
non-porous material. In addition, the surface area
of the raw material was very small and decreased
significantly after the calcination process. In addi-
tion, as the result of the sintering of dolomite pow-
der, the amount of pores significantly decreased.
Moreover, the thermal process changed complete-
ly the mineral composition of the powder. The raw
material consisted mainly of carbonate minerals,
while the calcined material was mainly comprised
of oxide minerals.

Leaching tests

The results of leaching tests performed on raw and
calcined dolomite powder samples, as well as, per-
missible concentrations presented in accordance
with the relevant regulations were given in Table 2.
The results of water leaching tests were compared
with the values given in the Polish Journal of Law
(Rozporzgdzenie... 2014). In the case of the TCLP,
test values developed by US EPA were used (US
EPA 2014). It should be noted that in both tests
the amount of metal concentration released from
the samples did not exceed the permissible lev-
els. This means that in case of any water leaching,

Table 2

there would be no threat to the environment, such
as the infiltration of heavy metals from the raw
material into the environment caused by rainwa-
ter. The results of the TCLP test indicated that,
according to the US EPA regulations, this mate-
rial cannot be classified as hazardous waste, be-
cause the threshold values were not exceeded. It
needs to be pointed out that the concentration of
Pb and Zn in leachates from the leaching tests was
insignificant, although the concentration of these
metals in the raw material was very high. Dust-
ing, causing very fine material fraction, may pose
a threat to the environment. If the dolomite pow-
der were to be used for soil neutralization, there
should be no risk of heavy metals contamination
from leachates. Moreover, carbonate minerals are
easily reactive (mainly in acidic environments),
which justifies the need to carry out further re-
search on the usage of the powder as sorbent of
metals and other contaminates in wastewaters
(Wang et al. 2003, Aziz et al. 2008, Dehghani
& Bridjanian 2010, Mahmoud et al. 2010, Ah-
maruzzaman 2011, Xing et al. 2011, Merrikhpour
& Jalali 2012).

Considering the most likely direction of po-
tential further applications of dolomite powder
in industry, generally speaking, environmental
protection can be identified. Because of the fine
fraction, dolomite dust cannot be used as a filler in
concrete or road surfaces in very large quantities.

Concentrations of selected elements in eluates from the water leaching test and the TCLP test of dolomite powder

Water eluate Permissible TCLP eluates o
: concentration in : Permissible
raw dolomite calcined . raw calcined concentration in
Metal dolomite water leaching dolomite dolomite TCLP eluates
powder luates*
powder elu powder powder
[mg/L]
As 0.008 0.02 0.1 0.01 0.0003 5.0
Cd 0.0002 0.0002 0.2 0.0002 0.000008 1.0
Cr 0.0003 0.03 0.5 0.05 0.004 5.0
Cu 0.004 0.0009 0.5 0.001 0.001 -
Ni 0.01 0.02 0.5 0.01 0.04 -
Pb 0.02 0.003 0.5 0.005 0.007 5.0
7n 0.004 0.005 2.0 0.008 0.02 -

* Rozporzgdzenie Ministra Srodowiska z dnia 18 listopada 2014 r. w sprawie warunkéw, jakie nalezy spetnic przy wprowadzaniu sciekéw do
wéd lub do ziemi, oraz w sprawie substancji szczegélnie szkodliwych dla srodowiska wodnego. Dz.U. 2014, poz. 1800.

»

“~” — not determined in the TCLP test.
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On the other hand, concrete is the most popular
building material used in huge amounts. Neverthe-
less, studies of dolomite powder in usage as a filler in
concrete production could be done by performing
tests on fresh and hardened concrete samples, made
with different proportions of powder added to the
concrete mixture. These studies should also pro-
vide the answer to the question if production with
dolomite dust powder as a filler would be comer-
cially justified. Due to the chemical composition of
the dolomite powder, consisting of more than 5%
wt., CaO and MgO (Malolepszy et al. 1994, Konik
et al. 2007, Kurdowski 2010), the material cannot
be considered as potential replacement for clinker
in cement production, even though the studies on
calcination were promising because of the mineral
phases formed. On the other hand, while the proce-
dure of MgO extraction from dolomite is normally
used (Beruto et al. 2003, Bogahawatta et al. 2004),
the MgO extraction experiment from dolomite
powder could be investigated. According to results
obtained by Rashad and Baioumy (2005), MgO re-
covery was increased by decreasing the particle size.
Therefore, the tested material should be considered
in environmental protection, where, in industrial
application, large amounts of cleaning materials are
needed. The purification of exhaust gases from con-
taminations such as SOx and CO,on dolomite dust
can be analysed. However dolomite might produce
more CO,, so appropriate experiments are needed.
In the case of the raw materials, the justified direc-
tion in which dolomite could be used is wet flue gas
desulfurization (Yoshimi & Kenichi 1969, Ozyugu-
ran & Ersoy-Meri¢cboyu 2012). On the other hand,
the calcined material could be suitable for CO,
capture (Fang et al. 2009). However the important
question remains if the costs of the calcination pro-
cess of the raw material for gas capture are justified.
The characteristics of the raw and calcined materi-
al are useful in planning the sorption research of
metals in order to find its application for removal
of heavy metals from wastewater. Additionally, it
is not possible to use the powder in agriculture as
a potential fertilizer, because the permissible Pb
concentration in the material, defined as 600 ppm,
is exceeded according to the Polish standard PN-
C87006-2:1996. This level was not exceeded for cal-
cined dolomite powder.

After the analysis of the results, it can be con-
cluded that the most promising dolomite powder

utilization is connected with environmental pro-
tection. The chemical, mineralogical and textural
properties point to the necessity for further re-
search, with a primary focus on the sorption of
metals from wastewater or SO, from flue gas. Be-
cause of the high content of Ca and Mg, the raw
dolomite material should be examined for remov-
al of heavy metals from aqueous solutions or as
a material for wet flue gas desulfurization (taking
into account small grain fractions). The calcina-
tion of the sample caused the carbonate minerals
to change into oxide forms almost entirely.

CONCLUSIONS

The results of dolomite dust analysis showed that
the raw material consists mainly of carbonate min-
erals, while the calcined material is mainly com-
prised of oxide minerals. The chemical composition
comprises primarily calcium, magnesium and sili-
ca, which indicates the presence and predominance
of carbonate and silica minerals. Iron, aluminum
and sulfur are present in similar, but much lower
concentrations. Leaching tests for selected metals
showed that the dolomite powder cannot be clas-
sified as hazardous waste, according to the TCLP
test. The concentration of metals that can get into
the environment does not exceed permissible val-
ues by Polish law. The calcination of the raw dolo-
mite powder caused the formation of a practically
non-porous material, with its surface area more
than five times smaller than that of the raw materi-
al. Calcined material cannot be used as an additive
in cement, due to the high content of calcia in the
sample. Thus, basing on the current research, it can
be stated that for the investigated dolomite powder,
further detailed tests are necessary in order to de-
fine its proper application in heavy metal sorption
from artificial wastewater or in SO, and CO, cap-
ture experiments from flue gases.

This research has been funded by AGH University
of Science and Technology Statutory Research No.
11.11.140.199.
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