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Keywords Abstract: In this study, the treatment of acid mine drainage (AMD) and immobilization of heavy
Copper metals released from CFT (copper flotation tailings) were investigated using strongly alkaline
flotation demolition waste (DW), collected from the urban renewal areas. Shake flask batch tests were
tailings, conducted to assess the influence of time and different ratios of CFT/DW on the acidity and heavy
Demolition metal release characteristics of the drainage water. During the tests, samples were collected from
waste, filtered leachates at regular intervals to monitor pH, SO4> and release of heavy metals. The results
Acid mine indicated that the pH increased from 2.21 (t=0) to 10.37 after 120 minutes of shaking in an orbital
drainage, shaker. The highest SO4* release ([SO4?]=4558 mg L™, t=0) was measured at 1:3 dose of CFT:DW
Urban application with 257 mg L (pH=10.37) at the end of 120 minutes. The addition of DW almost
renewal completely reduced the release of heavy metals from CFT due to its high alkaline content. As a

result, it was suggested that DW could effectively be used for the treatment of AMD and
immobilization of heavy metals released from CFT.

Bakar Flotasyon Atiklarindan Agir Metal Salimmminin Onlenmesi ve Asit Maden Drenajinin
lyilestirilmesi i¢cin Yikinti Atiklarinin Kullanimi

Anahtar Oz: Bu galismada, kentsel doniisiim alanlarindan toplanan giiglii alkali 6zellige sahip yikint1 atiklar
Kelimeler (DW) kullanilarak asit maden drenajinin (AMD) iyilestirilmesi ve bakir flotasyon atiklarindan
Bakar (CFT) salinan agir metallerin 6nlenmesi arastirtlmistir. Drenaj suyunun asitligi ve agir metal
flotasyon salimimi {izerinde zamanin ve farklit CFT/DW oranlarinin etkisini degerlendirmek i¢in ¢alkalama
atiklari, testleri yapilmistir. Testler sirasinda pH, SO4> ve agir metal salinimini izlemek igin filtrelenmis
Yikinti sizint1 sularindan diizenli araliklarla numuneler toplanmistir. Sonuglar, calkalayicida 120 dakika
atiklart, calkalandiktan sonra pH’m 2.21'den (t=0) 10.37'ye yiikseldigini gostermistir. En yiiksek SOs*
Asit maden salinimi1 ([SO4?1=4558 mg L™, t=0) 120 dakika sonunda 1:3 doz CFT:DW uygulamasinda 257 mg
drenaji, L (pH=10.37) olarak &lgiilmiistiir. DW ilavesi yiiksek alkali igerigi nedeniyle CFT'den agir metal
Kentsel salimimini neredeyse tamamen azaltmistir. Sonug olarak, DW'nin AMD iyilestirmesinde ve CFT'den
doniisiim salian agir metallerin 6nlenmesinde etkin bir sekilde kullanilabilecegi dnerilmistir.
1. INTRODUCTION oxidation in a humid environment, they can release
protons (H* ions) to the aqueous environment (1). Thus,
Acid mine drainage (AMD) is an environmental concern the water acquires an acidic character with a concomitant
due to its adverse effects on the surrounding ecosystem. decrease in pH and increased release of most heavy metals

When sulfide minerals such as pyrite are exposed to [1-3]:
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AFeS,+150,+14H,0 — 4Fe(OH);,+8S02+16H* (1)

The resulting acidic waters with high metal content are
defined as AMD. Once AMD starts, it is very hard to stop
and very expensive to control. Therefore, special
precautions must be taken to prevent AMD formation
[4,5]. Prevention techniques should be designed at the
source to reduce or eliminate the drainage of the acidic
water. Prevention at the source, i.e., prevention at the acid
formation stage, can be possible by increasing the
neutralization capacity of the minerals, such as CFT, by
applying alkaline material having neutralization potential,
such as DW [6,7].

The control and management of solid wastes are one of
the biggest problems. Today, although the rates vary
depending on the country and the city, construction and
demolition wastes have a large share in solid waste [8,9].
More than 90% of waste is generated by demolition, while
new construction accounts for less than 10%. In 2015,
waste from construction sites accounted for 23.1 million
tons and waste from demolition sites accounted for 358.7
million tons globally [10]. The transportation and storage
costs of DW are quite high. In addition, very large natural
areas are occupied for the storage of these wastes, which
may cause the degradation of soil in these areas with the
loss of its fertility and hence, agricultural land [11,12].
Therefore, the utilization of DW is of great environmental
and economic importance.

In Turkey, the main problem in the urban renewal process
is the limited availability of storage facilities where the
waste will be safely disposed of after demolition to control
its harmful effects on the environment. It is necessary to
investigate the potential use of DW as raw material in
industrial applications, which will contribute to
environmental sustainability and the protection of natural
resources. When alkaline materials, such as DW, are
added to an acidic environment, they not only increase the
pH of the environment but also allow heavy metals in the
solution to precipitate and thus, largely eliminate AMD-
driven problems leading to severe environmental
problems [1,13,14]. Post-mining activities are among the
most important conditions for sustainable development,
and developed countries successfully perform these
activities. It is possible to prevent surface and
underground water pollution by eliminating the potential
of mining wastes to produce acid by using alkaline
materials such as DW. This study investigated the
effectiveness of DW utilization for AMD treatment and
the precipitation of heavy metals released from CFT.

2. MATERIAL AND METHOD
2.1. Materials

CFT, a waste product of the flotation process used to
enrich copper sulfide ores, was obtained from Murgul
Copper Mine in Artvin, Turkey. DW was collected from
the buildings in Yakutiye district in Erzurum (Turkey),
demolished due to the urban renewal within the scope of
the Cultural Road Project, which is being carried out with
the support of Erzurum Metropolitan Municipality. CFT
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particles were smaller than 75 pm in diameter, while DW
sample was ground down to 75 um. Pure CaCO3 powder
(pH=9; CaC0O3;=100%wt) was also used as a reference
material (Merck-102066) to compare the effectiveness of
DW on the CFT neutralization process.

2.2. Experimental Procedure

Static and kinetic tests were carried out to determine the
acid-producing potential (APP) of CFT and the
neutralization potential of DW. The acid-base accounting
method [15] was used in the static tests to determine APP
based on the total sulfide content of CFT (APP = 31.25 x
42(%S)) [16]. DW was utilized as neutralization
material to treat CFT at a dose of 1.31 units per unit
CFT. This dose was determined using the following
stoichiometry of FeS, and CaCOs (2), which predicts the
amount of lime required to neutralize all of the potential
acids based on the percentage of sulfides present in CFT.
FeS,+2CaC03+3.750,+1.5H,0—Fe(OH)3+25042+2Ca?
*+2CO; )

Kinetic tests are performed to evaluate the acid generation
potential and leachate quality of mine waste and process
tailings [16]. Shake flask batch tests, one of the kinetic
test methods, were conducted to evaluate the effect of
mixing ratio of CFT to DW and shaking time on the
evolution of pH, the release of SO4% and heavy metals into
the leachate.

After the required amounts of CFT and DW samples, and
distilled water were placed in a flask at the tested dosage
of DW, the flask was placed onto an orbital shaker
(WiseCube, WIS-20R). Test conditions for shake flask
batch tests are given in Table 1. The solid-liquid ratio was
set as 2 L kg [16]. Using pure CaCOjs instead of DW, a
control test without a neutralizing additive, e.g., DW or
CaCOg, was also conducted to compare the effect of DW
on the CFT neutralization process. Under normal
conditions, while it is required to use 1312.5 kg CaCOg3 to
neutralize 1 ton of waste pyrite containing 42% S, 66 g
CaCOs; is required to neutralize 50 g waste pyrite.
However, since DW contains CaCO3; by 30.44%, 217 g
DW was used instead of 66 g DW to neutralize 50 g CFT
at 1:1 dose of CFT:DW application. Based on the purity
of DW, it is assumed that DW cannot completely react
with CFT and therefore, different doses of DW were also
used in the shake flask batch tests (Table 1).

Table 1. Test conditions for shake flask batch tests

CFT ‘ DW Distilled water
Series

(@) (mL)
CFT (control) 50 - 100
CFT+pure CaCOs 50 66 232
CFT+DW (1:1) 50 217 534
CFT+DW (1:0.5) 50 109 318
CFT+DW (1:1.5) 50 326 752
CFT+DW (1:2) 50 434 968
CFT+DW (1:2.5) 50 543 1186
CFT+DW (1:3) 50 651 1042

Samples prepared were shaken in flasks under continuous
stirring at 180 rpm (23 + 2 °C) for a total of 120 minutes.
During the leaching period, pH measurements were
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performed every 15 minutes. Samples were taken with a
syringe every 60 minutes, passed through filter paper.
Filtered samples were stored at 4°C for SO4* and heavy
metals analyses.

2.3. Analytical Procedure

The mineralogical compositions of CFT and DW samples
were determined by X-Ray diffraction (XRD) (RIGAKU,
D/Max-2000). SO4% concentration was analyzed as
specified in method 375.4 of EPA [17]. The pH was
measured using an Orion 420A + pH/mV/ORP device.
The CaCOs content was determined using a calcimeter
[18]. The total sulfide content of CFT was evaluated by
using the methods given in the Turkish Standards
Institution [19]. Heavy metal concentration was
determined using inductively coupled plasma mass
spectrometry (ICP-OES; PerkinElmer Sciex Elan). The
scanning electron microscopy (SEM, FEI Quanta 400
MK2) coupled with Energy Dispersive X-ray
Spectrometry (EDS, EDAX Genesis XM4 Imaging
detector) was used for morphological analysis and
identification and quantification of elements after 1:3
dose (max) of CFT:DW application.

3. RESULTS AND DISCUSSION
3.1. Characteristics of CFT and DW

The pH value and total sulfide content of CFT obtained
from Murgul Copper Mine were measured as 2.21 and
42% respectively. The CaCOj3; content of DW obtained
from urban renewal areas in Erzurum was determined as
30.44% with a pH of 11.07.
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Figure 1. The XRD pattern of a) CFT and b) DW

The XRD analysis results indicate that the major minerals
in the CFT sample are pyrite (FeS,) and quartz (SiO); and
the major minerals in DW are dolomite (CaMg(COs),),
anorthite (CaAl;Si0g) and quartz (SiOy), respectively
(Figure 1).
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3.2. Experimental Results

To determine the neutralization potential of DW applied
on CFT at different doses, the changes of the leachate pH
values over time were investigated (Figure 2). At the end
of 120 minutes of shaking, pH remained stable around
2.21 in the control group. Significant increases were
observed in the pH values of CFT leachate treated with
pure CaCOs; and different doses of DW at the first 15
minutes. No significant changes were observed in the
following periods. In the pure CaCOg3 applied sample, the
pH value of the leachate, which was 2.21 (t=0), increased
to 6.60 after 15 minutes of shaking. The greatest pH
change occurred at 1:3 dose of CFT:DW application. It
was noted that the pH value increased from 2.21 to 10.09
after 15 minutes and 10.37 after 120 minutes of shaking.
Johnson and Halberg [20] and Zinc and Griffith [21]
stated in their studies that acidity was neutralized by
increasing the pH of the environment with alkaline
materials like lime or limestone.

Leachate pH
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Figure 2. The effect of time on the leachate pH values at different
application doses of DW on CFT

105 120

CFT + DW (1:1)
CFT + DW (1:2)

After separating the filtered leachate, the solids remaining
on the filter paper were dried and examined under SEM-
EDS. SEM images and the EDS pattern of the leaching
residue obtained after 1:3 dose (max) of CFT:DW
application show that the main elements are Si, Ca, Al and
Mg due to neutralization of CFT with DW applications
(Figure 3).

No significant changes in SOs* concentration of the
leachates were observed in the control group depending
on the pH value, while serious decreases were observed in
the SO4? value in pure CaCO3z and DW applications after
60 minutes, and not much change was observed at the end
of 120 minutes. The SO4> value was measured as 982 mg
Lt (pH=7.03) and 970 mg L* (pH=7.23) with pure
CaCOs application at the end of the 60 and 120 minutes,
respectively. In DW application, the lowest SO4? value
was observed at the 1:3 dose of CFT:DW. At this dose
application, the SO, value, which was 4558 mg L™ at the
beginning (t=0, pH=2.21), was observed as 274 mg L
(pH=10.14) and 257 mg L (pH=10.37) after 60 minutes
and 120 minutes, respectively (Table 2). DW application
affected the pH value and SO4% concentration in the
leachate. As the application doses of DW increased, the
pH of the leachate increased and SO4> concentration
decreased due to the neutralization capacity of DW. Since
S04% ion precipitated in the form of CaSO. and its
concentration decreased in the environment. Madzivire et
al. [22] and Name and Sheridan [23] stated in their studies
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that the SO4% concentration decreased depending on the
increase in pH.
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Figure 3. SEM images and EDS pattern of leaching residue obtained
after 1:3 dose (max) of CFT:DW application
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Table 2. SO,% concentration in the leachates

Series 2;:::3 pH (nSLE;) ﬁ:l)
Start 0 2.21 4558
CFT (control) 162% 5(2)2 jgg)
CFT+Pure CaCOs 162% ngi g%
CFT+DW (1:1) 162% gﬁé gii
CFT+DW (1:0.5) 162% g:g? ;i;
CFT+DW (L:1.5) 162% g:gg ggg
CFT+DW (1:2) 162% 196?017 232
CFT+DW (1:2.5) o 1624 s
CFT+DW (1:3) 162% igéé 5173‘71

Depending on their neutralization capacity, the effects of
different application doses of DW on heavy metal release
from CFT were investigated. Concentrations of the heavy
metals in the leachate at the end of 60 and 120 minutes
during the shake flask batch tests and standard limits
allowed by WHO [24] are given in Table 3. No significant
changes in Cd, Cr, Cu, Fe and Zn concentrations were
observed in the control group in the leachate after 120
minutes of shaking with initial values of 3.45 mg L%, 2.99
mg L, 264 mg L, 479 mg L and 20.14 mg L (t=0),
respectively. At the beginning of the tests, the heavy metal
concentrations in the leachates were high while they
decreased with the addition of pure CaCOs; and DW
application. In pure CaCOgs application and all dose
applications of DW; Cd, Cr, Cu, Fe and Zn values
decreased below the limit values of 0.003 mg L%, 0.05 mg
L% 2mgL? 0.3mgL*and 3 mgL?, respectively at the
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end of 60 minutes. The results indicated that DW reduced
the Cd, Cr, Cu, Fe and Zn concentrations in the leachate,
due to the alkaline content of DW, which neutralized the
acidity, reducing the leachability and solubility of metals
under alkaline conditions achieved in the tests [25].
Szymanski and Janowska [26] and Tenodi et al. [27]
stated that the decrease in pH might cause an elevated
level of heavy metals in the leachate and negatively affect
the surrounding ecosystems. Feng et al. [28] and Rose
[29] neutralized acid by using DW in similar studies and
showed that no iron was found in the leachate due to the
precipitation. Cui et al. [30] and Rodriguez-Jorda et al.
[31] explained that the release of heavy metals could be
prevented by using alkaline materials such as DW.

Table 3. Heavy metal concentrations in the leachate and limit values

Series Time Cd | ¢ [ cu] Fe [ Zn
(min) (mg L)
Start 0 3.45 2.99 264 479 20.14
CFT 60 3.12 3.02 257 496 22.11
(control) 120 4.33 3.01 265 481 21.18
CFT+Pure 60 <0.005 | <0.005 | 0.033 | <0.005 | 0.269
CaCOs 120 | <0.005 | <0.005 | 0.034 | <0.005 | 0.092
CFT+DW 60 <0.005 | <0.005 | 0.671 [ <0.005 | <0.005
(1:1) 120 | <0.005 | <0.005 | 0.556 | <0.005 | <0.005
CFT+DW 60 <0.005 | <0.005 | 0.744 | <0.005 | <0.005
(1:0.5) 120 <0.005 | <0.005 | 0.871 | <0.005 | <0.005
CFT+DW 60 <0.005 | <0.005 | 0.478 | <0.005 | <0.005
(1:1.5) 120 | <0.005 | <0.005 | 0.308 | <0.005 | <0.005
CFT+DW 60 <0.005 <0.005 0.114 <0.005 <0.005
1:2) 120 | <0.005 | <0.005 | 0.161 | <0.005 | <0.005
CFT+DW 60 <0.005 | <0.005 | 0.174 | <0.005 | <0.005
(1:2.5) 120 <0.005 | <0.005 | 0.103 | <0.005 | <0.005
CFT+DW 60 <0.005 | <0.005 | 0.076 | <0.005 | <0.005
(1:3) 120 | <0.005 | <0.005 | 0.068 | <0.005 | <0.005
Limit values [24] 0.003 0.05 2 0.3 3

4. CONCLUSIONS

This study investigated the utilization of DW for the
treatment of AMD and immobilization of heavy metals
released from copper flotation tailings. The results
showed that as a result of DW applications at different
doses on the CFT neutralization process, the greatest pH
change was observed at 1:3 dose of CFT:DW application.
The pH value increased from 2.21 to 10.37 at the end of
120 minutes. Depending on the increase in pH, SOs*
concentration decreased from 4558 (t=0, pH=2.21) to 257
mg L' (pH:10.37) and Cd, Cr, Cu, Fe and Zn
concentrations were almost completely reduced in the
leachate at 1:3 dose of CFT:DW application after 120
minutes of leaching. Considering the environmental
quality and health, neutralizing acidity and removing
heavy metals released from CFT is of paramount
importance, and it could be achieved using DW generated
during demolition activities.

Acknowledgement

This research was financially supported by The Scientific
and Technological Research Council of Turkey
(TUBITAK) (Project No: 114M492).

REFERENCES

[1] Akcil A, Koldas S. Acid mine drainage (AMD):

causes, treatment and case studies. J Clean Prod.
2006; 14: 1139-1145.

61



Tr. Doga ve Fen Derg. Cilt 11, Say: 3, Sayfa 58-62, 2022

[2]

(3]

(4]

[5]

(6]

[7]

(8]

[l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Tozsin G, Arol Al, Cayci G. Evaluation of pyritic
tailings from a copper concentration plant for
calcareous sodic soil reclamation. Physicochem
Probl Miner Process. 2014; 50 (2): 693-704.
Pandey S, Kankeu EF, Redelinghuys J, Kim J, Kang
M. Implication of biofilms in the sustainability of
acid mine drainage and metal dispersion near coal
tailings. Sci Total Environ. 2021; 788: 147851.
Menzel K, Barros L, Garcia A, Figueroa RR, Estay
H. Metal sulfide precipitation coupled with
membrane filtration process for recovering copper
from acid mine drainage. Sep Purif Technol. 2021;
270: 118721.

Silva D, Weber C, Oliveira C. Neutralization and
uptake of pollutant cations from acid mine drainage
(AMD) using limestones and zeolites in a pilot-scale
passive treatment system. Miner Eng. 2021; 170:
107000.

Alcolea A, Vazquez M, Caparros A, Ibarra I, Garcia
C, Linares R, Rodriguez R. Heavy metal removal of
intermittent acid mine drainage with an open
limestone channel. Miner Eng. 2012; 26: 86-98.
Valero AG, Martinez SM, Faz A, Rivera J, Acosta
JA. Environmentally sustainable acid mine drainage
remediation: use of natural alkaline material. J Water
Process Eng. 2020; 33: 101064.

Huang WL, Lin DH, Chang NB, Song K. Recycling
of C&D waste via a mechanical sorting process.
Resour Conserv Recycl. 2002; 37: 23-37.

Marzouk M, Azab S. Environmental and economic
impact assessment of construction and demolition
waste disposal using system dynamics. Resour
Conserv Recycl. 2014; 82: 41-49.

EPA. Advancing sustainable materials management:
Facts and Figures Reports. Assessing trends in
material  generation, recycling, composting,
combustion with energy recovery and landfilling in
the United States, July, 1-23; 2018.

Shi M, Ling TC, Gan B, Guo MZ. Turning concrete
waste powder into carbonated artificial aggregates.
Constr Build Mater. 2019; 199: 178-184.

Gencel O, Erdugmus E, Sutcu M, Oren OH. Effects
of concrete waste on characteristics of structural
fired clay bricks. Constr Build Mater. 2020; 255:
119362.

Damrongsiri S. Feasibility of using demolition waste
as an alternative heavy metal immobilising agent. J
Environ Manage. 2017; 192: 197-202.

Giampaolo C, Mastro SL, Polettini A, Pomi R, Sirini
P. Acid neutralisation capacity and hydration
behaviour of incineration bottom ash-portland
cement mixtures. Cem Concr Res. 2002; 32: 769-
775.

Sobek AA, Schuller WA, Freeman JR, Smith RM.
Field and laboratory methods applicable to
overburden and minesoils, EPA 600/2-78-054, 203;
1978.

EPA. Acid mine drainage prediction. EPA Technical
Document 530 R 94 036, NTIS PB94-201829,
Washington DC, USA; 1994.

EPA. Sulfate turbidimetric. Method 375.4, Methods
for the chemical analysis of water and wastes,

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Tr. J. Nature Sci. Volume 11, Issue 3, Page 58-62, 2022

EPA/600/4-79/020. US Environmental Protection
Agency, Washington DC, USA, 1979.

Nelson RE. Carbonate and Gypsum. In: A.L. Page
(Editor). Methods of soil analysis. Part 2. Chemical
and microbiological properties. American Society of
Agronomy. Soil Science Society of America.
Publisher. Madison, Wisconsin; 1982. p. 181-196.
Turkish Standards Institution (TSI). Copper and
copper alloys, determination of sulfur content-
combustion titrimetric method, Ankara, Turkey;
1987.

Johnson DB, Hallberg KB. Acid mine drainage
remediation options: a review. Sci Total Environ.
2005; 338 (1-2): 3-14.

Zinck J, Griffith W. Review of mine drainage
treatment and sludge management operations.
Natural Resources Canada, Mine Environment
Neutral Drainage Program. MEND Report 3.43.1;
2013.

Madzivire G, Gitari WM, Vadapalli VRK, Ojumu
TV, Petrik LF. Fate of sulphate removed during the
treatment of circum-neutral mine water and acid
mine drainage with coal fly ash: modelling and
experimental approach. Miner Eng. 2011; 24: 1467-
1477.

Name T, Sheridan C. Remediation of acid mine
drainage using metallurgical slags. Miner Eng.
2014; 64: 15-22.

WHO. Guidelines for drinking-water quality. 4th ed.
Incorporating the First Addendum, Geneva,
Switzerland; 2017.

Kjeldsen P, Barlaz MA, Rooker AP, Baun A, Ledin
A, Christensen TH. Present and long-term
composition of MSW landfill leachate: a review.
Crit Rev Environ Sci Technol. 2002; 32 (4): 297-
336.

Szymanski K, Janowska B. Migration of pollutants
in porous soil environment. Arch Environ Prot.
2016; 42 (3): 87-95.

Tenodi S, Krcmar D, Agbaba J, Zrnic K, Mira R.
Assessment of the environmental impact of sanitary
and unsanitary parts of a municipal solid waste
landfill. J Environ Manage. 2020; 258: 110019.
Feng D, van Deventer JSJ, Aldrich C. Removal of
pollutants from acid mine wastewater using
metallurgical by-product slags. Sep Purif Technol.
2004; 40: 61-67.

Rose AW. Advances in passive treatment of coal
mine drainage 1998-2009. In: Proceedings of the
27th ASMR, Pittsburgh, PA; 2010. p. 847-887.

Cui M, Jang M, Cho SH, Khim J, Cannon FS. A
continuous pilot-scale system using coal-mine
drainage sludge to treat acid mine drainage
contaminated with high concentrations of Pb, Zn,
and other heavy metals. J Hazard Mater. 2012; 215
(216): 122-128.

Rodriguez-Jorda MP, Garrido F, Garcia-Gonzalez
MT. Effect of the addition of industrial by-products
on Cu, Zn, Pb and As leachability in a mine
sediment. J Hazard Mater. 2012; 213 (214): 46-54.

62




