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INVESTIGATION OF THE POSSIBILITY FOR EXTRACTING IONS POSSESSING A
CORROSIVE ACTION ON CONSTRUCTION MATERIALS BY WASHING SOLID
INCLUSIONS IN A CLAYEY OVERBURDEN
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ABSTRACT. Considerable amounts of solid phase material of different composition and physical and -mechanical properties are disposed of during the coal
extraction. In fuffilling the tasks of the circular economy, some of this material, after proper washing, could be utilised in road construction. This paper presents the
results from measurement of integral parameters and from chemical composition analysis of the waters, formed as a result of laboratory experiments by simulated
rain leaching and by washing of solid inclusions in clayey overburden from mining activities in Maritsa East Mines Ltd. Based on the results obtained, the following
issues are discussed: the possible impact on the environment in case of the material leaching by normal and acid rain; the possibility of extraction in the liquid phase
of ions, possessing a corrosive action towards construction materials, at contact of raw and washed materials with water; the possibility for washing water re-use.
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U3CNEOBAHE HA Bb3MOXHOCTTA 3A U3BJTMYAHE HA MOHW, MPUTEXABALLM KOPO3WOHHO-AFPECUBHO
LOEWCTBUE CNPSIMO CTPOUTENHW MATEPUANM, NPU MPOMUBAHE HA TBbPAW BKNIOYEHWA B IMUHECTA
OTKPUBKA

MapuHena MaHaliomosea, Jllo6omup Oxepaxos, FocnoduHka MNuyesa

Murxo-2eonoxku yHusepcumem “Cs. UeaH Puncku”, 1700 Cogpusi

PE3IOME. Mpu fobuea Ha BbramLLa NO OTKPUT CNOCOD Ce [enoHMpaT 3HAYMTENHM KONMYecTBa TBbpAodaseH MaTtepuan C pasnuyeH CbCTas U (PU3NKO-MeXaHNIHI
CBOWCTBA. B M3mbnHeHne Ha 3apaunTe Ha KpbroBaTa MKOHOMMKA, YacT OT TO3W MaTepuar, cnej CbOTBETHO NMpoMUBaHe, 61 Morna Aa ce Omon3oTBOPK B MbTHOTO
cTponTencTeo. Hactosiwata pabota npefcraBs AaHHM OT ONpefensiHe Ha MHTerpanHu NokasaTenu W Ha XMMUYeH CbCTaB Ha BoAWTe, (opMUpaHi B pesynTaT Ha
nabopaTopHN eKCNEPUMEHTI 38 MOAENHO U3NY)XBaHE OT Banexu 1 Mo NPOMMBAHE HA Pa3NUYHN TBBHPAN BKITIOYEHUS B MMMHECTa OTKPUBKA OT BbreAobuBa B MUHM
“Mapuua-ustok’ EA[l. Ha 6a3ata Ha nonyyeHuTe pesyntatv ca AUCKYTUPaHU: Bb3MOXHOTO Bb3fENCTBIME BbPXY OKONHATa CpeAa Mpy eBEeHTYarHO W3MyXBaHe Ha
maTepuana OT HOpManHW 1 KUCENW Banexu; Bb3MOXHOCTTA 3a M3BNMM4YaHe BbB BOAATA Ha VOHW, MpUTEXaBalyy KOPO3MOHHO-arpectBHO AENCTBUE CMPSMO
CTPOUTEMHM MaTepuanu, OT HeNPOMMUTY 1 MPOMMUTY TBBPAM BKIIOYEHUS MPU KOHTaKTa UM C BOAA; Bb3MOXHOCTTa 3a 060pOTHO 13nonaBaHe Ha NpoMMBHATa BOAA.

KntouoBu gymu: TBLPAY BKIIOYEHWS B OTKPUBKA Ha BLITIULLHIA MUHW, Bb3AEACTBIE Ha KUCENUHEH AbXA, PELMKNupaHe Ha NPOMUBHI BOAM, U3MYXBaHe Ha
kapboHaTy

Introduction Plewa et al., 2010). In addition, some heavy metals can
become mobile in neutral pH conditions.

Opencast mining releases huge amount of mining wastes Increase in production capacity of opencast coal mines is
to the land surface as overburden dump materials. Coal mining achieved by deployment of increasingly larger capacity haul
wastes are one of the major global bulk waste streams. trucks that require appropriately designed and well maintained
Sometimes the removed overburden occupies |arge areas of haul roads. Use of the material representing solid inclusions
fertile land and leads to soil quality degradation. When they are (after its washing) in the overburden in haul roads or as partial
not propeﬂy reclaimed, the dump materials can be a source of replacement for fine aggregates in other roads will enhance the
fine particulates highly prone to blowing by wind. They can waste utilisation and minimisation and will also reduce
spread over the surrounding fertile land and flora, disturbing environmental problems. Recently different attempts have
their quality and abstaining the growth of fresh leaves. been made in this direction (Mary et al., 2016; Mallick et al.,
Occurrence of sulphides and/or other geochemically instable 2017).
materials in the waste rock could result in acid or neutral rock The objectives of the present study can be summarised as
drainage that could make this material an environmental issue. follows: (a) monitoring in laboratory of the possibility for
Due to its high acidity the acid rock drainage mobilises heavy harmful substances leaching from the deposited material as a
metals and thus, it can contaminate the nearby water bodies. result of precipitation; (b) identification of chemical indicators
The neutral or alkaline rock drainage may also have high related to the possibility of using this material in road
pollution potential due to the elevated salinity (Szczepariska- construction; (c) exploring the practicability of recycling of the

washing water.
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Materials and Methods

Samples of materials representing solid inclusions in the
coal mine overburden were collected and kindly supplied by
the colleagues from the “Department of Opencast Mining of
Mineral Deposits and Blasting Activities” (DOMMDBA).
Material milling and separation of the needed size fractions
was carries out with the help of colleagues from the
“Department of Processing and Recycling of Mineral Resources”.

Column leaching tests, aimed at monitoring the possibility
of leaching harmful substances from the deposited material as
a result of rainfall, were carried out in plastic columns (40 x 280
mm) with perforated bottom. One kg of the tested material was
placed in each of the two columns. The material in the first
column was periodically sprinkled with distilled water imitating
pure rain. The material in the second column was periodically
sprinkled with acidified distilled water (pH 2, achieved by
addition of HNOs - p.a.) imitating extreme acid rain. The lower
pH compared to the most common acid rain was chosen to
speed up the processes. The volume of water/acidified water
used was 1600 cm3. Each test was run to provide leaching
under unsaturated conditions. The material in the columns was
flushed two times per day with portions of 200 cm3. The
leachates permeated through the columns were collected and
analysed. Electrical conductivity (EC), the pH, and oxidation
reduction potential (Eh) were measured by using WTW Multi
3400i measuring instrument and corresponding electrodes.
Studies on the Maritza East region have shown higher content
of many different heavy metals in the coal, coaly clay and coal
ash than the Clarke values (Kostova, 2005). Among them are
lead, cadmium, copper, zinc, and iron, chosen by us as
indicators of eventual leaching and pollution, since the first four
usually do not form precipitates of hydroxides and are mobile
under the measured pH values and iron presence can be an
indication for the sulphides’ leaching. The heavy metals were
determined by ICP-OES analysis (method CNILG BM-1:2014,
point 1l). The column leaching test was conducted in eight
cycles. The number of cycles was based on measurements of
physicochemical parameters of leachate and thus it was
obtained that practically the steady state is reached in five
cycles. In addition, this number of cycles is in accordance with
the usually needed minimum number (Kusuma et al., 2012).

Chemical indicators that have been investigated in relation
to evaluating the possibility of using this material in road
construction are total iron and total sulphur, water soluble
chlorides, water soluble sulphates and material's water
solubility. Total iron and total sulphur were determined by the
Central laboratory “Geochemistry” at the University of Mining
and Geology, Sofia by using the laboratory method CNILG BM-
1:2014, point Ill. The other chemical indicators were
determined by following the procedures described by the BDS
EN 1744-1:2009+A1:2012. Briefly, for determining the water
soluble chloride salts clause 9 of the standard was applied —
the use of Mohr's method. The aggregate test portion was
extracted at room temperature for 60 min by stirring at solid to
water ratio = 1:1. The chloride in the supernatant after settling
was titrated with silver nitrate using potassium chromate as an
indicator. For determining the water soluble sulphate salts
clause 10.1 was used, modified by us. The aggregate test
portion was extracted at room temperature for 24 hours by
stirring at solid to water ratio = 1:2. The modification consisted
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in applying the turbidimetry for determining the sulphate
concentration in the supernatant after settling, since the
expected sulphate concentration (based on the data about the
total sulphur content of the material) was too low to apply
correctly the BaSO4 precipitation method. To determine the
water solubility of the material clause 16 of the standard was
used. Briefly, 500 g of the material was dried at 110°C,
weighted and placed in a contact with distilled water at room
temperature for 24 hours by stirring and solid to water ratio =
1: 2. Then, after solids’ settling, the clear water was separated
from the solid. The latter was dried at 110¢C till constant weigh.
The difference between the first and the second weight divided
by the first weight and multiplied by 100 gives the water
solubility of the material in %.

To explore the possibility of the washing water recycling, a
portion of the studied material was placed in contact with tap
water at solid to water ratio = 1 : 8 and stirred mechanically for
4 hours. The mixture was left for solids’ settling and clarified
water was collected for analysis and further use as recycled
water. The procedure was repeated totally 10 times, each time
with new portion of material and using the recycled clarified
water. Conductivity, pH and Eh values were determined each
time in the clarified water. Some water macro-components
were determined after 1st, 3r4, 6%, and 10t cycle of washing, as
well as for the used tap water. Concentrations of lead,
cadmium, copper, zinc, and iron were measured in the clarified
water after the 10t use. In the Deval washing experiments the
studied material was placed in the machine at solid to tap
water ratio = 1 : 5, solid to abrasive spheres ratio = 1: 9, mixed
for 3 hours at totally 12000 revolutions and then left till 24t
hour. Samples from the clarified water (referred to as Deval
washing) were supplied by the colleagues from the DOMMDBA
for different analyses, as well as samples from the 1st washing
of the material after it was taken out from the Deval machine.

The mineralogical composition of the raw unwashed
material, 10-times washed material, fine material removed by
Deval washing and of material subjected to spraying with
acidic water was determined by XRD (BRUKER D2 Phaser,
Cu/Ni radiation, A=1.54184 A, 30 kV, 10 mA, 2 theta - 5-70,
time 1720 s). The analysis was done by the laboratory “X-Ray
diffraction” at the University of Mining and Geology.

Results and discussion

Analysis of solid samples

The analysis of the raw solid sample showed total iron (Fe)
content of 0.450 wt.% and total sulphur (S) content of 0.047
wt.%. These values are considerably lower compared to the
pyrite FeS2 contents of 1-5% capable to form an acid mine
drainage (Tiwary, 2001). The data from the mineralogical
characterisation of the samples are presented in Figure 1. The
material consists mainly of calcite, dolomite, quartz, illite and
kaolinite, as it can be seen in Figure 1. Calcite is the dominant
mineral in the raw unwashed sample, 10 times washed, and
the fine material removed by washing in Deval machine.
Dolomite is the main material in the sample that was subjected
to “acid rain”.
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Column leaching experiments

Data on the conductivity, pH and Eh values measured for
samples from these experiments are presented in Figs. 2-4
and data for the concentrations of some heavy metals are
given in Table 1. Data presented in Figure 2 show that
practically a steady state is achieved relatively fast.
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Fig. 1. X-Ray data: 1 - raw unwashed material, 2 - 10-times
washed material, 3 — material subjected to spraying with acidic
water, 4 - fine material removed by Deval washing; | - illite, K -
kaolinite, Q - quartz, C - calcite, D — dolomite
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Fig. 2. Change in the pH value of the leachates permeated
through the columns: 1 - “clean rain”, 2 - “acid rain”; pH values
at 0 mL are for distilled and acidified water
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Fig. 3. Change in the Eh value of the leachates permeated
through the columns: 1 — “clean rain”, 2 - “acid rain”; Eh values
at 0 mL are for distilled and acidified water

Furthermore, the studied material possesses a high
neutralising capacity. This finding is not surprising, having in
mind the high carbonate content of the material (Fig. 1).
Carbonate minerals, such as calcite CaCOs and dolomite
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Fig. 4. Change in the conductivity of the leachates permeated
through the columns: 1 - conductivity of “clean rain” drainage
x 10, 2 - conductivity of “acid rain” drainage; conductivity values
at 0 mL are for distilled and acidified water

Table 1. Leached heavy metals

Sample No 1 ) 3 4 5
Pollutant

Fewt, mglkg | <0.03 | <0.04 | 0.07 0.16 0.09
Pb, mg/kg | <0.01 | <0.01 | <0.01 | <0.01 | <0.01
Cd, mg/kg | <0.005 | <0.006 | <0.005 | <0.005 | <0.005
Cu, mg/kg | <0.005 | <0.006 | <0.005 | 0.033 | <0.005
Zn, mg/kg | <0.005 | <0.006 | 0.033 | 0.222 | <0.005
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1 - leachate - “clean rain” precipitation — passed 400 mL/kg
2 - leachate — “clean rain” precipitation — passed 1200 mL/kg
3 — leachate — “acid rain” precipitation — passed 200 mL/kg

4 - leachate - “acid rain” precipitation — passed 1000 mL/kg
5 —recycled water — after 10t use

CaMg(COs)2 that are the main constituents of the studied
material can neutralise the acid rain and most probably the
neutralisation is mainly due to CaCOs dissolution following the
reaction:

CaCO3 + H* — Ca?* + H.0 + CO3 .

This is confirmed by the relative increase in dolomite main
peak (Fig. 1 — curve 3) and the 3-fold decrease in the ratio of
calcite to dolomite in the solid sample taken from the upper
part of the column sprayed with “acid rain”. At the same time
the ratio "dissolved magnesium to dissolved calcium” found in
the leachate decreased, pointing also at predominant calcite
dissolution (Fig. 5). Dolomite dissolution produces waters with
a molar [Mg#*] / [Ca?*] ratio of 1. Dissolution of equal moles of
dolomite and calcite contributes 0.5 mole of Mg and 1.5
moles of Ca%*, producing waters with a [Mg2*] / [Ca%] ratio of
0.33. The [Mg?] / [Ca?*] ratio less than 0.11 points that more
than 75% of the carbonate mineral dissolved is calcite
(Szramek et al., 2007). Silicate minerals can also participate in
the neutralisation process but the reaction is slower (Kusuma
et al., 2012). When the amount of carbonate and silicate
minerals in the material is sufficient, an acid drainage due to
acid rain will not be formed, as it can be seen in Fig. 2 — curve
2. This results also in conditions where the most toxic Pb and
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Cd do not leach and the leached amounts of Fetwt, Cu and Zn
are very low — Table 1, samples 3 and 4. The concentrations of
all studied heavy metals in leachates obtained with “clean rain”
precipitation are below the detection limit — Table 1, samples 1
and 2. Most probably, in this case dolomite dissolution
predominates — Fig. 5. The solubility of dolomite increases
compared to that of calcite at temperatures below 25°C as a
result of the temperature-dependent relative solubility of these
minerals (Szramek et al., 2007).

As it can be seen in Figure 3, after an initial decrease in
the Eh value, pointing at a certain reduction process, whose
identification needs further studies, the Eh value practically
reaches a steady-state.
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Fig. 5. Mg?* | Ca?* ratios versus HCO3 values: 1 - leachate from
“clean rain”, 2 - leachate from “acid rain”, 3 — water from 1st, 3rd,
6t and 10t washing; points outside the cycles — water from
Deval washing

The electric conductivity reflects the total amount of
dissolved ions in the leachate. For leachate obtained with
“clean rain” initially the conductivity increased pointing at fast
dissolution of more easily soluble compounds in the material
and then practically reached a steady-state (Fig. 4 — 1). The
considerably higher conductivity measured in “acid rain”
leachates (Fig. 4 — 2) can be attributed to the presence of
hydrogen ions in the system and their specific conductivity
mechanism resulting in high measured EC values.

Chemical indicators related to the material use in road
construction

The measured concentration of water soluble chlorides
was 0.010 wt.%. The concentration of water soluble sulphates
was 0.015 wt.%. These values are well below the threshold
values of 4 wt.% water soluble sulphates and 8 wt.% water
soluble chlorides required by the Bulgarian legal documents for
aggregates for unbound and hydraulically bound materials for
use in civil engineering work and road construction (BDS EN
13242:2002 +A1:2007) and for materials for embankments,
underlying layers, stabilised banquets with a top layer of
crushed stone (Ministry of Regional Development and Public
Works, 2014). The same documents place a legal requirement
of less than 1 wt.% total sulphur. The material's water solubility
was 0.028 wt.%. The figure is much less than the threshold
value of 2 wt.% for coarse aggregates from crushed limestone,
re-crystallised limestone, marble and marl (Rostovski et al.,
2010).
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Possibility of washing water recycling

The possibility for multiple use of clarified washing water in
closed cycle depends on its physicochemical parameters, such
as pH and Eh values related to precipitation of low soluble
compounds and EC values that are indicative for the dissolved
salts. In addition, information about the concentrations of
chloride and sulphate ions that are corrosion — aggressive both
to steel and concrete could be useful from a practical point of
view. Data on the conductivity, pH and Eh values measured in
recycled water samples are presented in Fig. 6.
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Fig. 6. Change in the pH, Eh values and conductivity of the
recycled washing water: 1 - pH; 2 - Eh x 10, V; 3 - conductivity x
10, mS/cm; the values at 0t washing are for the used tap water

Initially an increase in the pH and decrease in the Eh
values were observed (Fig. 6) that most probably are due to
the dissolution of some carbonaceous material. Further, these
parameters practically reach a steady state that could be
related to the carbonates' equilibriums (of dissolution and
precipitation). Conductivity values, measured by us, are within
the same range (0.049-0480 mS/cm) that have been
measured in water samples prepared by contacting
overburden dump materials from coal mines at similar solid to
water ratios and times (Dutta et al., 2018). As it can be seen in
Fig. 6, increasing the number of cycles of water use leads to
an increase in the EC. This is indicative for the accumulation of
salts in the water — mainly chlorides and sulphates (Table 2).
However, the accumulated salts and especially the corrosion
aggressive ions are in relatively low concentrations which
cannot cause corrosion problems of steel or concrete
(Panayotova, 2007).

Table 2. Leached corrosion aggressive ions

Pollutant, sample Cl, wt.% S04, wt.%

Water for washing 0.001 0.001
Lab, 1st washing 0.004 0.003
Lab, 3dwashing 0.009 0.009
Lab, 6" washing 0.011 0.012
Lab, 10t washing 0.014 0.024

It is worth noting that the water used by us (from the
drinking water supply network in Sofia) is generally with low
mineralisation and conductivity. Such type of flushing water
can be used in a closed cycle multiple times. However, the
accumulation of salts in recycled water will be much faster and
more noticeable when the water used for flushing has a higher
initial mineralisation and conductivity, as for example is the
case with the tap water in many villages in Yambol region,
Southeast Bulgaria (Panayotova et al., 2010).




Journal of Mining and Geological Sciences, Volume 62, Number 2, 2019

Characteristics of Deval washing water

Data on some physicochemical parameters, macro-
components and some micro-components of washing water
from Deval washing tests are presented in Table 3.

Table 3. Physicochemical parameters, macro-components and
some micro-component of washing water from Deval washing

Parameter Deval washing 1stwashing

pH 8.10 8.21
Eh, mV 245 414
Conductivity, uS/cm 240 134
Na*, mg/L 10.9 4.0
K*, mg/L 6.1 3.2
Ca%, mg/L 20.2 18.1
Mg?*, mg/L 9.8 49
HCOs, mgiL 93.7 68.4
Cl, mg/L 17.6 11.2
SO4%, mg/L 214 12.2
Pb2*, mg/L <0.01 <0.01

Cd?*, mg/L <0.005 <0.005

By comparing data presented in Table 3 and Figure 6, it
can be seen that physicochemical parameters of water
samples obtained in experiments aimed at studying the
washing water recyclability and Deval washing experiments
are in the same range. Since in the 1stwashing of samples in
the Deval machine fresh tap water was used, the conductivity
decreased and the Eh value increased. The molar [Mg?*] /
[Ca?*] ratios of Deval washing and 1stwashing are indicative for
predominant dolomite dissolution (Fig. 5). The fine material
removed from the solid sample by Deval washing, which
material practically represents the total suspended particles in
the water sample, practically does not contain dolomite (Fig. 1
— 4), thus supporting the idea of dolomite dissolution. The
concentrations of corrosion aggressive chlorides and sulphates
were 0.009 wt.% and 0.005 wt.% respectively, showing that
corrosion problems are not to be expected if the clarified water
from this washing is re-used.

Conclusions

Based on the studies carried out, the following conclusions
can be drawn:

1) Normal rain and snow water contacting with the material
representing solid inclusions in the overburden from opencast
coal mining in Maritsa East Mines Ltd will not generate acid
rock drainage and will not leach heavy metals from the
material. Moreover, the material is capable to neutralise acid
rain, thus contributing to the protection of the surrounding land
and water bodies by heavy metal ions pollution.

2) Dolomite is the main leached carbonate mineral in
neutral water contacting with the studied material at ambient
temperature. At acidic water contacting with the studied
material, calcite is the main leached carbonate mineral.

3) From the chemistry point of view, the material is suitable
for use in civil engineering work and road construction. It
contains acid drainage forming minerals and minerals
releasing corrosive-aggressive ions in amounts much less than
permitted by the relevant legislation.

4) Tap water used for the materials’ washing can be re-
used multiple times after its clarification, subjected to the
condition that initially used water in not highly mineralised.
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