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Testing of potential reactive materials for removalof heavy metals from
contaminated water

Maria Svandové, Pavel Raschmah Agnesa Dorakov§ Alena Fedorakovd and Gabriel Sufik*

One of the most important environmental problemtheflast decade is water (groundwater, surfaceewatontamination, which
poses a significant ecological risk to the enviremmand human health. Permeable reactive barridRBPis an efficient technology for
remediating contaminated water on industrial andhimg sites. The PRB technology is based on an emplent of a reactive material in
the subsurface designed to intercept a contamingtedndwater plume. The contaminated plume flonsutih the reactive material where
the contaminants are transformed into environméntatceptable species. The aim of the present stadyto test experimentally caustic
calcined magnesia, limestone, dolomite and blastafte slag as potential reactive materials for BB technology. The effects of the
chemical composition of contaminated water and wetteeactive material weight ratio on the efficnof heavy metals removal were
investigated. The results have shown that causticired magnesite (CCM-KK) was the most suitablectiee material for removal of
cations Fe3+, Al3+, Cu2+, Zn2+, Ni2+, and Mn2+. Ehreactive material was able to increase the phhefcontaminated water to the
value of about 10 and the efficiency of selectemea removal up to 100 % was observed.
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Introduction

At the present time, industrial waters and acideinainage (AMD) are considered as the main sowftes
water pollution in many countries (Akcil and Kold@906, Blais et al, 2008). These waters contaavienetals
and are characterized by low pH. Heavy metals @aglcopper, zinc and nickel are commonly found in
wastewaters emanating from mining activities, méitakhing industry, refining and smelting of metednd
metallurgical processes. Wastewaters from thesasirids generally contain large amounts of Fe3-8+Al
Cu2+, Ni2+ and zZn2+ ions (Vhahangwele, 2015). Bseanf their high solubility in the aquatic enviroants,
heavy metals can be absorbed by living organisrhi fiesults in serious environmental problems eabses
negative effects to the eco-systems and humars liBarakat, 2011, Kurniawan et al., 2006). The wate
contaminants come from two categories of source$: point sources and (b) diffuse sources. Diffuse
contamination may have greater environmental ingpaetcause much larger volumes of water are affected
Point sources of groundwater contamination inclad@ndoned mines, dumps, tailings or areas of old
metallurgical, chemical, manufacturing and othetustrial plants. The contaminants interact with theving
groundwater and spread out to form a plume mouvnthé same direction as the groundwater. The regult
groundwater contamination plume may extend severatired meters or even further away from the soafce
contamination. Groundwater can also be contaminaved a wide area by diffuse sources such as hoidsh
sewer systems or agriculture (due to the use tfisers and pesticides). Contaminations from psiirces are
generally related to urban development, while défsources are generally rural in nature (Thiruseadhari et
al., 2008, Hashim et al., 2011). Compared to otteehnologies, permeable reactive barriers (PRB) are
the representatives of so called passive treatsystems (Obiri-Nyarko et al., 2014) and have becomee
competitive and economical for the contaminatedewa¢mediation (Liu, et al. 2015). PRBs use theaunat
hydraulic gradient of the groundwater plume to mthes contaminants through the reactive barrier[jwélled
with a suitable reactive material and placed pedmemarly in the flow path of a contaminated growader
plume (Philips, 2009). The contaminated groundwtisvs through the reactive material, and contamigare
removed by precipitation, ion exchange, adsorptredox reaction or biological treatment, and haviegn
transformed into environmentally acceptable fornogs et al., 2000, Chen, et al., Hashim et all,12@biri-
Nyarko et al., 2014, Thiruvenkatachari et al., 2008ost PRB technologies have been installed inustidal,
mining and agricultural sites and have been sutdésspplied to remove a variety of contaminamsliding
heavy metals, volatile organic compounds and radgilictes (Philips, 2009).

The choice of a suitable reactive material is galherdetermined by numerous factors, including
the reactive material reactivity, contaminants €typconcentrations and removal mechanisms), hydrauli
performance, stable and environmentally compatiyl@roducts, availability and price (Gavaskar et 2000,
Obiri-Nyarko et al., 2014). The suitable reactivatemial should be able to remove the contaminamayy
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metals) within an acceptable residence time. Seledf the particle size of the reactive materiabld take
into account the trade-off between reactivity agdrhulic conductivity. The selected reactive matieshould be
able to retain its reactivity and hydraulic condlitt over time. This consideration is governedthg potential
for precipitate formation and depends on how quickle selected reactive material is able to reaith w
the contaminants. The by-products generated duhagwater treatment process should not have haranfdl
toxic effects on the environment. An important ddagtion in selecting a suitable reactive matasa waste
production and possibilities of disposal of thecuseaterial after exhausting its capacity. The setbceactive
material should be easily available in large questiat a reasonable price (Gavaskar et al., 2080).
the present, zero valent iron is the reactive ratarostly used in PRB due to the successful reiinofvarganic
and inorganic contaminants, such as chlorinatedti®lorganic compounds (VOCs), hydrocarbons, cliuom
and arsenic (Gavaskar et al., 2000, Obiri-Nyarkalgt2014, The Interstate Technology&Regulatory@al,
2005). Recently, the use of natural and waste madefior remediation has received attention as {hwyide
cheaper alternatives (Wantanaphong et al., 200%teTare many types of materials that may provielgment
of, contaminated water, such as organic materaisiplexing agents, phosphate minerals, hydroxypatnd
biological apatite, zeolite, clay, limestone, medaides, microorganisms and polymers (Obiri-Nyaskoal.,
2014, The Interstate Technology&Regulatory Courlp5). The use of natural and waste materials beay
more appropriate because of their (a) great alitityemove contaminants and (b) lower cost (Thergtate
Technology&Regulatory Council, 2005).

Limestone (calcite), hydrated lime (Ca(QH)and dolomite (CaMg(Cg)) are alkaline materials used
particularly for the treatment of groundwater comitaated with heavy metals (Chen, et al., Hashied.e2011).
The application of these materials adjusts the pkhe contaminated water to a point where the slitylof
metals is reduced to allow their precipitation. fEhare two major problems relating to the use @séh
materials: (a) clogging the barrier by the preeigs formed and reduction of its hydraulic perfanoeg and (b)
loss of the efficiency of the system because ofingahe alkaline particles with precipitates. hermore, large
doses of alkaline materials may result in remoailon of heavy metals, because the actual pH veduebe
higher than the optimal one required for the prigatiipn. Therefore, since these materials work By p
adjustment, it is imperative to ensure that thaligtd conditions are maintained within the barrigusing their
use (Obiri-Nyarko et al., 2014, Thiruvenkatacharale 2008). Limestone and dolomite are the mostrmmonly
employed alkaline reactive materials due to thedilability and low-cost in most countries (Bargk2®11). As
an alternative to limestone, the use of causticicatl magnesia (CCM) has been employed in recarsy&in
et al., 2005, Rétting et al., 2008). CCM (MgO) &ed in environmental control technology and companethe
most commonly used alkalis (limestone, hydratee londolomite) it presents some essential advastdde et
al., 2005). Theoretically, the pH of a saturated ®tg), slurry is about 10, but in reality, buffer solutocan be
formed with pH of 9-9,5 (Ayora et a., 2013, Car#bal al., 2009, Cortina et al., 2003, Réttinglet2008). Due
to the milder basic character and low solubilityMd(OH),, CCM as a reactive material in passive remediation
systems is very useful due to its relatively lowiesnmental impact, and the safety of its transgowh and use,
as well (Cortina et al., 2003, Navarro et al., 20@88ast furnace slag is a by-product of iron makiwidely used
for road base construction and other products. @@aim industrial by-product, slag has the advant#deeing
very inexpensive, especially when a local sourcaviailable. Major components include $i@l,0;, CaO;
MgO, FeO and sulphides in the form of CaS, MnS &Be& are minor components. (Vaclavik et al., 2012,
The Interstate Technology&Regulatory Council, 2008) PRB technology, it can also be used as a ix@act
material for the removal of heavy metals and ott@rtaminants. The removal of heavy metals using sa
likely to occur through sorption and precipitatiohmetal hydroxides under high-pH conditions, du¢hie high
lime content. Slag usually buffers the pH of growater around 12 (The Interstate Technology&Reguato
Council, 2005).

The aim of this paper was to test four selectedtiea materials (caustic calcined magnesia, limessto
dolomite and blast furnace slag) and choose thet mitable one for heavy metals removal from given
contaminated water.

Theoretical background

Chemical precipitation is the most widely used pssfor heavy metals removal from contaminated
waters, because it is relatively simple and inespento operate (Fu and Wang, 2011, Kurniawan.e28D6).
Precipitation is a physical-chemical process, iictvilissolved ions of heavy metals are convertegtlatively
insoluble compounds of heavy metals (precipitatgs)the addition of a precipitating agent. Metals dse
removed by precipitation as insoluble metal hydidesi sulfides, carbonates, and phosphates. Typiwaltlen
an alkaline reactive material is used in a PRB ataedre precipitated from the solution in the farhihydroxide
according to Eq. (1) (Kurniawan et al., 2006, Bkiisl., 2008):

Méz 2 (OH) —» Me(OH) 1)
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where Mé&" and OH represent the dissolved divalent metal ions amdbtiecipitant, respectively, and Me(QH)
is an insoluble metal hydroxide (Kurniawan et 2006, Blais et al., 2008). The solubility of heametal
hydroxides is pH dependent: for the metals sudhoas aluminium (trivalent ions) it is minimal ifmé pH range
5 - 6 while for copper, zinc, nickel, and manganise minimal at pH of about 10 (Navarro et alQ0B).
The solubility of metal hydroxides in relation tieet pH is given in the precipitation diagram showrFig. 1
(Blais et a., 2008, Monhemius, 1977). It can beiaresl, that - as the pH is increased - the Fe@lprecipitated
as the first (at pH of about 3.5), followed by alomm (pH 5), copper (pH 6-7.5), zinc (pH 8-9), kit
(pH 9- 10), and the last is manganese (pH 10-10.5).

Fig. 1. Precipitation diagram of hydroxides at 25 (Monhemius, 1977).

Experimental material(s) and methods

Reactive material

Limestone (L), dolomite (D), blast furnace slag @Fnd two types of caustic calcined magnesia (CCM)
were selected for testing as alternatives tbféethe heavy metals removal. Blast furnace slag supplied by
the U. S. Steel KoSice (Slovakia). Limestone anidmide were obtained from the localitk®lare and Trebejov
(Slovakia). CCM bulk product (CCM-JE) and bulk ramagnesite concentrate supplied by the company SMZ
JelSava (Slovakia) were used in the present stBdfore the batch tests, fraction <1 mm was prepéned
homogenization and sieving. After that, all thecte@ materials were milled in a vibration mill. @ksecond
sample of CCM (CCM-KK) was prepared at the FacufyMetallurgy by calcination of bulk magnesite
concentrate at a temperature of 640 °C and dwak o©f 3 hours in an electric muffle furnace. Fog thatch
experiments, samples of the reactive materials wigrain size ranging from 80 to 250 um were olehihy
dry-sieving. The contents of the main elements wkrermined using atomic absorption spectromet&SA
method). The results of chemical analysis of trelugactive materials are shown in Table 1.

Tab. 1. Chemical composition the reactive matsrieded.

Samples of reactive Content [wt. %]
material Si0, Ca0  ALO; Féwa Fe&Os MgO L.O.L
CMM-JE 1.1 6.4 0.5 6.6 78.9 0.9
CCM-KK 0.4 6.1 0.4 8.8 82.3 1.2
BFS 229 447 3.8 14.9 13.4 0
L 0.9 57 0.5 0.9 0.2 41
D 09 326 0.6 0.4 224 454

Contaminated water

To investigate the efficiency of the heavy metaismoval, a sample of contaminated water (D HPV)riake
from the given industrial area in Bratislava regi@®iovakia, was used. It was observed that theahctu
composition of this sample differed from a longatesiverage, as shown in Table 2. The pH of the caintzted
water was measured immediately after the sampleatimn. Samples for chemical analysis were a@&@difising
concentrated nitric acid (HNpand then analysed by ICP method. The concentisatib selected heavy metals
in the real contaminated water are shown in Table 2
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Tab. 2. The chemical composition of real contameidavater.

) Concentrations of metals[mg/l] Organic
Real contaminated water pH d
Fe Mn  Cu Zn Ni Al COmpounas
D HPV (long-term average) 1.9 997 14.8 205 8.7 0.6 Present
DHPV (sample usedinthe ;1359 177 288 15,9 034 170.0 Present
present study)

Model contaminated water was prepared by dissoleh@micals - the sulphates of Guzrf*, Ni?*, Mn?,
Al*, and F&" in distilled water. The chemical composition oé tmodel contaminated water was adjusted to
represent a long-term average of the results oddaimthe given industrial area. Since the totalcemtration of
dissolved cations of metals was up to 50-times drigihhan the concentration of*Hons at pH=2, model
contaminated water with pH=3.2 (i.e. with appro®-times lower concentration of "Hons) was used to test
a potential effect of initial pH of the water tedtdhe concentrations of individual componentshia $ynthetic
contaminated water were determined by inductivelypted plasma (ICP) method and are shown in Table 3

Tab. 3. The chemical composition of model contatathwater.

Model contaminated H concentrations of metals[mg/[] Organic
water P ) compounds
Fe Mn Cu Zn Ni Al
DB 3.2 882.9 15.0 20.7 29.5 0.9 0.7 absent

Laboratory batch tests

In each test, a defined amount (0.4 or 0.8 g) aftiee material was added to 40 ml of contaminatater
(synthetic or real one) in a glass tube. The tulmstent was intensively mechanically mixed at room
temperature for 2 hours. Then the slurry was &iterpH of the filtrate was measured, the filtraesvacidified
by concentrated HNOto decrease the pH and stabilize the solution reethiemical analysis and, finally,
analysed by the ICP method. The efficiency (E)ndividual metals removal was calculated using Eq. 2

C,—C
E="2-".100
% @)

where: g is the initial concentration [mg/ L] and; is the final concentration [mg/ L] of €y Ni?*, Zr?*, Mn?*,
Fe*or AI*".

Results and discussion

In this study, the effects of the pH, reactive mataised and S:L (i.e., reactive material — toatax) ratio
(1:100 and 1:50) on the efficiency of heavy mef@ls, Zn, Ni, and Mn) removal from the contaminatesters
were studied. The pH values measured in distillatewafter an addition of individual reactive mattsr (CCM-

JE, CCM-KK, BFS, L, D) are compared in Fig. 2. amples CCM-JE and BFS have reached the highest pH
values, followed by CCM-KK. Limestone and dolomifve lower pH values than CCM-KK. The differenaes i
pH values probably resulted from different conteotsime (CaO), reactive magnesium oxide (MgO), and
calcium and magnesium carbonates (CaQ@yCQ;) in the reactive materials used. There was onligtla
difference in pH observed for individual reactivaterials at different S:L ratios.

mS:I=1:50 mS:L=1:100
14 5 126 124 121 12
12 10.7 10.7

< T 1 1 1 ¢
CCM-JE CCMXKK BFS L D
Reactive materials

Fig. 2. pH values measured in distilled water eétdding reactive materials.
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The comparison of the final pH values measured hi@ model and real contaminated water after
the precipitation of hydroxides is illustrated bygF3 and 4. The initial pH values of the model aedl
contaminated water were 3.2 and 2.1, respectively.

mS8:L=1:50 =S:L=1:100
9.7

m8:L=1:50 mS8:L=1:100

10

-
=

10.1 4

)
92 9.1 4
82 8.1 1
7.2 71 4
PH _, PH, |
- 51 4
5.2 41 4
42 314
32 T T T T ¢ 21 1'.' T T T T v
CCM-JE CCMKK ~ BFS L D COM-JE CCM-EK BFS L D

Reactive materials Reactive materials

Fig. 3. Comparison of the final pH values in cantaated water ~ Fig. 4. Comparison of the final pH values in cantaated water D
DB. HPV.

It can be seen from Fig. 3 and 4 that in both céises in the model and real contaminated watedctive
material CCM-KK has reached the highest pH valli&g high pH is likely to be caused by the high eohof
the reactive magnesium oxide (MgO) due to optirnafmal treatment of the raw magnesite used. Iicdise of
model contaminated water DB, the samples BFS and-GE have reached slightly lower pH values than GCM
KK. Limestone and dolomite have reached the loyektalues. In the case of real contaminated wateiPlY,
the sample CCM-KK was more effective in raising fhtd than other reactive materials used. CCM-JE has
practically achieved neutral pH, while other matkrihave achieved much lower pH values. DiffererdalfpH
values measured in the model and real contaminedg¢er were probably caused by the differenceséntial
water acidity, concentrations of iron and aluminjusnd presence/absence of organic compounds. In
the contaminated water sample DB, only a smaller glaadded reactive materials was consumed tceass
the initial pH value and the reactive materials everostly used to remove monitored heavy metalsart be
concluded that in contaminated water with higheniand aluminium content (D HPV), the major paradfied
reactive materials was consumed to reduce the atnation of iron and aluminium and only a residpatft of
the reactive materials was used to precipitate ntmmitored heavy metals. Another important factorswa
the presence or absence of soluble organic sulestamdich might influence the heavy metals remoial.
soluble organic substances were present in the Innodeaminated water DB, while the real contamidatater
D HPV contained soluble organic substances.

mS5:L=1:50 wmS:L=1:100 ®S:1=1-50 mS:L=1-100
100.0 4 1000 -
90.0 - 20.0 -
— 80.0 -
= = 800
£ 7001 = 7001
g 600 4 2 60.0 -
§ s00 5 s00d
£ 400 £ 400
= 300 4 M 00 4
20.0 1 20.0 +4
B BT R OB
0.0 - : : . r" 0.0 = : : ‘. : . 7
Fe Mn Al Zn Cu Ni Fe Mn Al Zn Cu Ni
Fig. 5. The efficiency of metals removal from Bihg dolomite. Fig. 6. The efficiency of metals removal from DVHIBing

dolomite.

The values of the efficiency of the heavy metalmaeal from water samples DB and D HPV using an
addition of individual reactive materials testedthe present study are compared in Fig. 5 - 14. Fiand 6
illustrate the situation after an addition of dolten(D). The final pH values 6.4 and 7.1 were otbsdrin
contaminated water DB at the S:L ratio 1:100 ariD lrespectively. At the S:L ratio 1:50 and S:LH0 Fe,
Al, and Cu were completely removed. The efficiemdyNi removal for both S:L ratios was almost thensa
(approximately 80 %). At the S:L ratio = 1:100, zimas been removed to 89 %, while at the S:L ratio50,
the efficiency decreased to 75 %. No manganesédes removed. The final pH values for the watergar®
HPV were 3.2 and 2.8 at the S:L ratio = 1:50 aridQ; respectively. In this case, Fe has been rechonly to
86 % and 60 % at the S:L ratio = 1:50 and 1:108peetively. The efficiency for other metals was éovthan
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15 %. In the case of the contaminated water DBy, iesduminium, and copper were completely removelijev
zinc, nickel, and manganese remained partly diesblvhe observed efficiency of nickel removal was highe
than that for zinc, although zinc is expected tecjpitate at a lower pH than nickel - however, ¢bacentration
of nickel was significantly lower than that of zink can be concluded that in contaminated watef®V,

a significant part of added dolomite was consuntethtrease pH and to reduce iron concentration, carig

a residual part of dolomite was used to removehttavy metals. The final pH values measured at 8dthratios
were far from optimal pH values for monitored mstamoval.

mS:L=1:50 m=mS:L=1:100 mS:L=1:50 mS:L=1:100

100.0 100.0
90.0 90.0 1
= 80.0 = 800 -
;.l 70.0 ;.l 70.0 1
g 60.0 2 60.0 4
_g 50.0 _g 50,0 1
£ 400 £ 400
= 300 M o300
20.0 200 1

ﬂ'ﬂ {].0 1", T -I T T T r"'

Fe Mn Al  Zn Cu N Fe Ma Al Zn Cu N
Fig. 7. The efficiency of heavy metals removaldigig limestone in  Fig. 8. The efficiency of heavy metals removaldigg limestone in
DB D HPV.

Fig. 7 and 8 illustrate the efficiency of monitoretktals removal after an addition of limestone (L).
The final pH values 7.4 and 7.3 were observed intaoninated water DB at the S:L ratio 1:100 and ]1:50
respectively. At the S:L ratio 1:50 and S:L=1:16@, Al, and Cu were completely removed. The efficy of
removal was 90% for zinc and 85 % for a nickehat $:L ratio =1:50, but at the S:L ratio = 1:100 #fficiency
was decreased to 85 % for zinc and 82 % for nidldkainganese has been removed only to 5 % at batsrat
The final pH values for the water sample D HPV weand 5.1 at the S:L ratio = 1:50 and 1:10(yeetvely.

In the case of contaminated water D HPV, only e, Al were completely removed. The efficiency opper
removal was 97 % and 70 % at the S:L ratio = 1150 &100, respectively. At the S:L ratio = 1:5Mzhas
been removed only to 35 %, and at the S:L ratio 0D, the efficiency was decreased to 9 %. Theiefifcy of
nickel removal was only 12 % and 8 % at the S:lorat1:50 and 1:100. No manganese has been remmied
limestone.ln the case of contaminated water DB, iron, aluormiand copper were completely removed, while
the removal of zinc, nickel, and manganese wascoatplete. The optimal pH values which are needed to
remove zinc, nickel and manganese have not beehedan this case. It can be assumed that in conéded
water D HPV, a significant part of added limestomas consumed to increase pH and to reduce iron and
aluminium contents, and only a residual part ofeatllimestone was consumed to remove copper, zickeIn

and manganese.

m8:L=1:50 mS:L=1:100 m5:L=1:50 wmS:L=1:100

100.0 90.0

90.0 80.0 1
80.0 0.0 -
70.0 60.0 1
60.0 500 -
50.0 .
40.0 1
40.0
30,0 3 30,0 1
0.0 0.0+ | — . . :
Fe Mn Al Zn Cu Ni

Fe Mn Al Zn Cu Ni
Fig. 9. The efficiency of metals removal from Bihg blast
furnace slag.

Efficiency [%s]
Efficiency [%s]

Fi

g. 10. The efficiency of metals removal from PVHusing blast
furnace slag.

Fig. 9 and 10 illustrate the efficiency of heavytate removal after the addition of blast furna@gqBFS).
The final pH values 8.8 and 9.2 were observed intaoninated water DB at the S:L ratio 1:100 and 1:50
respectively. It can be seen that in the caseoofamninated water DB, the S:L ratio has not affédtee
efficiency of Fe, Al, Zn, Cu, and Ni removal ancesle heavy metals were completely removed. The only
exception was manganese - the efficiency of marggremoval was 87 % and 22 % at the S:L ratio 6 aril
1:100, respectively. The final pH values for theevasample D HPV were 4.6 and 3.7 at the S:L ratio50 and
1:100, respectively. In the case of contaminatatenwD HPV, the S:L ratio affected the efficiendytlee heavy
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metals removal. The efficiency was 85 % for Fe,9%8@or Al, and 70 % for Ni at both S:L ratios. Atetfs:L
ratio = 1:50, copper has been removed to 83 % ewdiitthe S:L ratio = 1: 100, the efficiency wasrdased to

15 %. Zinc has been removed only to 14 % and 6 %eS:L ratio 1:50 and 1:100. No manganese has bee
removed at both ratios. It can be concluded thatomaminated water D HPV, a significant part of #dded
blast furnace slag was consumed to increase pHoamediuce iron and aluminium, and only a residaat pf the
added blast furnace slag was used to remove zipger, nickel, and manganese. Thus, the optimalaltes
which are needed to remove zinc, nickel, coppermaadganese have not been reached.

m5:L=1:50 wmS:L=1:100 mS:L=1:50 mS:L=1:100
100.0 - 100.0
20.0 1 20,0 1
— 80.0 . 8004
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£ 400 g 400
= 300 4 5 30014
20,0 4 200 -
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0.0 .", T . . . . ,"' 0.0 1'/ 1 1 1 1 1 r"'
Fe Mn Al Zn Cu Ni Fe Mn Al Zn Cu Ni

Fig. 11. The efficiency of metals removal fromBihg CCM-JE.  Fig. 12. The efficiency of metals removal from PMusing CCM-
JE.

Fig. 11 and 12 illustrate the efficiency of heavetals removal after an addition of caustic calcined
magnesia CMM-JE. The final pH values 8.7 and 8.8ewabserved in the contaminated water sample DB at
the S:L ratio = 1:50 and 1:100, respectively. It & seen that in the case of contaminated watertiBS:L
ratio had not affected the efficiency of Fe, Al,,ZDu, and Ni removal and these metals were prdigtica
completely removed. Only manganese has not beepletety removed: at the S:L ratio = 1:50, the ey
of approximately 70 % was observed and at the &ib = 1:100, the efficiency was decreased to 30n%aater
sample D HPV, the final pH values were 6.9 andab.the S:L ratio =1:50 and 1:100, respectivelythie case of
contaminated water D HPV, the efficiency of Fe, @&hd Cu removal has not been affected by the vafligL
ratio and the monitored metals were completely neado At the S:L ratio=1:50, the efficiency of mangae
removal was 77 %, and it was decreased to 63 %heaS:L ratio = 1:100. While at the S:L ratio = @;5
the efficiency was 97 % for zinc and 93 % for niclks the S:L ratio = 1:100 the efficiency of zimas much
lower (50 %) and practically no nickel has beenaeed. It can be concluded that in contaminated miate
HPV, a significant part of CCM-JE was consumedhtréase pH and to reduce iron, aluminium and coapeér
only a residual part of added CCM-JE was used tmowe zinc, nickel, and manganese. Thus, the optoHal
values which are needed to remove zinc, nickel,raadganese have not been reached.

= S:L=1:50 mS:L=1:100 =S:L=1:50 mS:L=1:100
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Efficiency [%]
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Fig. 13. The efficiency of metals removal fromiihg CCM-KK.  Fig. 14. The efficiency of heavy metals removahfb HPV using
CCM-KK.

Fig. 13 and 14 illustrate the efficiency of heavetals removal after an addition of caustic calcined
magnesia CCM-KK. The final pH values were 10.0 8rilat the S:L ratio =1:50 ratio and 1:100, respebt.
In Fig. 13, the efficiency values for the model oninated water DB are shown, while the resultsttierreal
water D HPV are summarised in Fig. 14. The finalyattues at the S:L=1:50 ratio and S:L.=1:100 rateyend.4
and 8.7. Practically all the monitored heavy metakre completely removed from both model and real
contaminated water at both S:L ratios. It can bechaled that CCM-KK was the best reactive matdrédause
it provided the final pH values which are neededetoove heavy metals.

The theoretical prediction of the optimum pH foegipitation of the hydroxides of the monitored neta
results from Fig. 1 and from the related text. As Ge seen from the accompanying text to Figs.,aMery

126



Acta Montanistica Slovaca dlume21(2016), numbeg, 120-128

good correlation between the obtained results aediiure was observed: as the pH was increased:dfill)
was precipitated as the first, followed by alumimijwcopper, zinc, nickel, and the last was manganese

Conclusion

In this study, dolomite, limestone, blast furnategsand two types of CCM (CCM-JE, CCM-KK) were
tested as potential reactive materials for the rehof heavy metals from contaminated waters. Tifects of
the pH and S:L (reactive material: wastewater)prati the efficiency of individual heavy metals rembfrom
the model and real contaminated waters were irgagstil. The performance of the reactive materiadsl weas
controlled by the contents of available reactivatihe components (lime and/or magnesium oxidexeBaon
the present results, it can be concluded that:

» Dolomite is an unsuitable reactive material becatiseunable to increase pH to the optimal valeguired
for the removal of heavy metals from contaminatediew

e Limestone, blast furnace slag, and CCM-JE are ldeitaeactive materials for the removal of iron,
aluminium and copper, but they do not provide sigfitly high final pH value to remove zinc, nickehd
manganese. It was concluded that in iron- and aiwumi- rich waters (similar to the tested water skenfip

HPV), a significant part of added reactive materigdl, BFS, CCM-JE) is consumed to reduce

the concentration of iron and aluminium, and taéase the pH and only a residual part of addediveac

materials is consumed as a precipitating agerdrtwve divalent cations of Zn, Ni and Mn.
e The reactive material CCM-KK exhibited a superieactivity and capacity and was able to remove the
monitored heavy metals completely.

CCM-KK prepared and tested in the present studycliasacterised by a high content of reactive Mg® du
to the optimal calcination temperature and timeliafdp This reactive material is capable of neutiatj
the acidity in the treated water and removing aflyy metals, without any release of toxins intogheironment
during its performance.
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