E3S Web of Conferences 207, 02016 (2020)
PEPM'2020

https://doi.org/10.1051/e3sconf/202020702016

([SHULPHQWDOLQYHVWLJDWLRQRIDFLGPLQLQJZDWHU
Martin 3XVKNDURYDQGRositsa 9HOLFKNRYD



7HFKQLFDO8QLYHUVLW\RI6RILD'HSDUWPHQW+\GURDHURG\QDPLFVDQGK\GUDXOLFPDFKLQHV6RILD
%XOJDULD

$EVWUDFW ,Q SUHVHQWHG ZRUN LV PDGH DQ H[SHULPHQWDO VWXG\ IRU
SXULILFDWLRQRIPLQLQJZDWHU'HSHQGLQJRQWKHVSHFLILFUHTXLUHPHQWVWKH
UHTXLUHGPHWKRGRORJ\LVXVHG,WLVPDGHDQDQDO\VLVRIWKHREWDLQUHVXOWV
([SHULPHQWDO VWXGLHV WR GHWHUPLQH WKH OHYHOV RI SXULILFDWLRQ RI LPSXULWLHV
PRQLWRUHG LQ WKH WUHDWHG PLQH ZDWHU GHSHQGLQJRQ WKH FKRVHQPHWKRG IRU
WKHLUWUHDWPHQWZHUHFRQGXFWHGRQWKHEDVLVRIWKHFRPSDUHGUHVXOWVIRUWKH
FRQWHQW RI PRQLWRUHG SROOXWDQWV  PDLQO\ LQVROXEOH VXEVWDQFHV LURQ
PDQJDQHVHDQGPHWDOFDWLRQV

,QWURGXFWLRQ
Acid mine water (AMW) is considered to be the biggest environmental problem associated
with mining. This phenomenon is related to the oxidation of pyrite and other sulphide
minerals, resulting in acidic water containing sulfuric acid, dissolved heavy metals, and
suspended iron sludge’s in the environment (Table 1). The main sources of acidic mines are
open and underground mines, deposits of rock and poor mining’s, industrial waste, staining
sulfide concentrates, and pyrite-rich coal and uranium mines. In addition to iron and other
heavy metals, acidic uranium mining mines contain radioactive elements such as uranium
and radium. Toxic elements such as arsenic and antimony are other essential components of
acidic mineral waters dissolved from mineral materials containing these elements. [1-4].
The mixing of acid mine waters with natural river and lake waters causes a serious
deterioration of the quality of the latter. Such polluted waters are unsuitable for most
aquatic organisms, for human consumption and for industrial purposes. Soils along the
water path are also contaminated and become unusable for agricultural purposes. [3].
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In the last few years, mining companies have faced a number of challenges - the
requirements for environmental protection and the effective management of valuable
resources such as water, as well as stringent legislative rules in these areas.
Although most of the waste generated by the mines is in the solid state, the main
pollutants from the extraction and processing activities are separated by the wastewater. It
is estimated that over 70% of the pollutants from the mining industry are emitted into the
water, which necessitates the application of various technologies to purify these streams be
mining they are released into the environment.
It is critical not to allow the release of toxic components from the mining into the
environment, as this would subsequently lead to their entry into the food chain. There for
mining, the requirements to be met by the discharged water flows become mining stringent,
and non-compliance with the set norms is punished by increasing fines.
Similar investigations are made in [5-10].
Wastewater can emit reagents from the processing of minerals such as cyanides, acids
and bases, solid or dissolved metal compounds, dissolved salts, radioactive components,
chlorides and suspended particles [11,12].

([SHULPHQWDOWHVWULJ
Experimental test – rig is presented at Fig.1. Principle of work is as follow: A sample
cabinet where is store the samples which will be tested. The samples themselves are poured
into flasks (sample container Ø300x500) with a specific amount of water taken from the
studied mine. Place the flasks at the top of the sample cabinet and place them in their
respective positions. A stand is lowered on them with stirrers mounted on it, which stir the
water at a specific time, in a specific way. The mixing of the samples with and without the
addition of flocculant, lime milk, sulfuric acid (H2SO4), etc., is monitored by the laboratory
assistant, detecting the time for precipitation of elements at the bottom of the flask (sample
vessel Ø300x500). The pH of the water (on all samples) is periodically measured from the
pH meter mounted on the stirrer frame. After separating the sediment at the bottom of the
vessel (Ø300x500), a sample is taken from the sediment and a chemical analysis is
performed (the same applies to the remaining clear layer of water above the sediment).
Experiments are performed on each of the additives used in this work, such as flocculants,
lime milk and sulfuric acid, as the main idea is to accelerate the time of separation of metals
in the form of sediment and increase the pH of water.
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Figure 1 – Scheme of the test rig: 1-Frame; 2- Stirrer; 3-pH meter; 4-Vessel for sample;5,7 – Sample,
6 - Sample Container;

5HVXOWVIURPWKHH[SHULPHQWDOLQYHVWLJDWLRQ
The results of the performed laboratory tests for direct determination of the levels of
neutralization with lime milk (10% suspension) and sodium base (10% solution) of the acid
mine waters to the values of the active reaction pH from 9,5 to 11, showing the
achievement of the maximum possible degrees of desulphation and corresponding coprecipitation of the metal cations in the hydrate precipitate are is shown at fig.2.
The results of laboratory tests to determine the levels of desulphation of acid mine
waters with different neutralizing reagents to values of the active pH reaction to achieve
maximum possible co-precipitation of the metal cations contained in them, show that their
neutralization (at initial pH about 3,3 for with 10% lime milk and about 2,9 when
conducted with 10% sodium hydroxide solution) proceeds normally at levels around pH-9,2
and 11 and pH 10 and 10,95 for lime milk and sodium basis, respectively. However, at final
pH levels of the order of 10,30, the neutralization of acidic waters with lime milk is delayed
in time in the range of 10 – 10,30, probably due to the formation of said acid salts of the
type Mex (OH) y (SO4) z and slowing down the whole desulphation process. This is also
evident from the nature of the curves shown in Figure 2. For all curves, except for that of
Sample 2, a stabilization of the level of the active reaction pH of the desulfatized subjects
from 10 to 18 minutes is reported, and for the quoted sample a significantly longer period
of time is reported. In practice, this shows that when it is necessary to select a level for
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desulphation in an active reaction of pH around 10, the selection and sizing of the
equipment for this process must be carefully approached, taking into account the above.
Experience has shown that in order to overcome this problem, it is necessary to provide for
carrying out the process in several successive stages in different chambers with the
appropriate properly selected mixing and feeding of the working solution from the used
flocculant.


)LJXUH&XUYHVRIUHDFKLQJWKHOHYHOVRIWKHDFWLYHS+UHDFWLRQ

Figure 3-7 shows the content of the following components - insoluble substances,
hardness and metals in (mg / dm3) determined analytically in samples of treated water after
neutralization of acid mine water with lime milk (samples 1-3) and sodium hydroxide.
(samples 4-5) to different levels of active pH reaction and subsequent treatment of the
anionic flocculant MAGNAFLOC338 - 2 mg / dm3 in order to achieve the maximum
possible co-precipitation of the metal cations in them in the form of hydroxides.

Figure 3 - Neutralization levels with 10% lime milk and pH = 9,21
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Figure 4 - Neutralization levels with 10% lime milk and pH = 10,3


Figure 5 - Neutralization levels with 10% lime milk and pH = 10,04


Figure 6 - Neutralization levels with 10% sodium hydroxide and pH = 10,04
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Figure 7 - Neutralization levels with 10% hydroxide and pH = 10,95

Figure. 8 and 9 show laboratory tests for neutralization of samples of acid mine waters
with 10% suspension of lime milk in direct determination of the main indicators of
sedimentation and sedimentation of the separated sludge with or without flocculant.


)LJXUH6OXGJHYROXPHLQGLIIHUHQWVDPSOHV
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)LJXUH6HGLPHQWDWLRQYHORFLW\IRUGLIIHUHQWVDPSOHV

6DPSOH  LV QHXWUDOL]HG RQO\ ZLWKRXW WKH XVH RI D IORFFXODQW VDPSOH  ZDV
WUHDWHGZLWKOLPHPLONWRS+±DQGWKHQZLWKWKHIORFFXODQW0$*1$)/2&DWD
GRVHRIPJGP SSP VDPSOHZDVWUHDWHGZLWKOLPHPLONWRS+±DQGWKHQ
ZLWKWKHIORFFXODQW0$*1$)/2&DWDGRVHRIPJGP SSP VDPSOHZDV
WUHDWHGZLWKOLPHPLONWRS+±DQGWKHQZLWKWKHIORFFXODQW0$*1$)/2&DWD
GRVHRIPJGP SSP DQGVDPSOHZDVWUHDWHGZLWKOLPHPLONWRS+±DQG
WKHQZLWKWKHIORFFXODQW0$*1$)/2&DWDGRVHRIPJGP SSP ,QDGGLWLRQWR
WKHWXUELGLW\RIWKHLQLWLDOVDPSOHDIWHUQHXWUDOL]DWLRQLQ&E\WKHPHWKRGRI&ODULW\%DOO
DQGUHVSHFWLYHO\WKHUHSRUWHGIORFFXODWLRQVFRUHLQWKHWDEOHDUHJLYHQGDWDRQWKHYROXPHRI
VHGLPHQWIRUPHGLQDQGWKHVHGLPHQWDWLRQSDWWHUQGHILQHGDVVHGLPHQWDWLRQUDWH
)LJXUHVDQGVKRZWKHVXPPDUL]HGUHVXOWVRIWKHODERUDWRU\WHVWVIRUQHXWUDOL]DWLRQ
RI DFLG PLQH ZDWHU VDPSOHV ZLWK  VRGLXP K\GUR[LGH VROXWLRQ RU ZLWK  OLPH PLON
VXVSHQVLRQ LQ GLUHFW GHWHUPLQDWLRQ RI WKH PDLQ LQGLFDWRUV IRU VHGLPHQWDWLRQ DQG
VHGLPHQWDWLRQRIWKHVHSDUDWHGVOXGJHZLWKRUZLWKRXWIORFFXODQW6DPSOHLVRQO\DIWHU
QHXWUDOL]DWLRQ ZLWK VRGLXP K\GUR[LGH ZLWKRXW WKH XVH RI IORFFXODQW VDPSOH  ZDV
WUHDWHG ZLWK  VRGLXP K\GUR[LGH VROXWLRQ WR S+ ±  DQG WKHQ ZLWK WKH IORFFXODQW
0$*1$3/2&DWDGRVHRIPJGP SSP VDPSOHZDVWUHDWHGZLWK
VRGLXPK\GUR[LGHVROXWLRQWRS+±DQGWKHQZLWKWKHIORFFXODQW0$*1$)/2&
DWDGRVHRIPJGP SSP VDPSOHZDVWUHDWHGZLWKOLPHPLONWRS+±DQG
WKHQZLWKWKHIORFFXODQW0$*1$)/2&DWDGRVHRIPJGP SSP DQGVDPSOH
ZDVWUHDWHGZLWKOLPHPLONWRS+±WRJHWKHUZLWKWKHIORFFXODQW0$*1$)/2&
DWDGRVHRIPJGP SSP DIWHUZKLFKWKHVDPHGRVHRIIORFFXODQWZDVDGGHG,Q
DGGLWLRQWRWKHLQGLFDWRUVRIWXUELGLW\RIWKHLQLWLDOVDPSOHDIWHUQHXWUDOL]DWLRQLQ&E\WKH
PHWKRGRI&ODULWL%DOODQGUHVSHFWLYHO\WKHUHSRUWHGIORFFXODWLRQVFRUHWKHWDEOHDOVRJLYHV
GDWD RQ WKH YROXPH RI VHGLPHQW IRUPHG  LQ DQG WKH VHGLPHQWDWLRQ SDWWHUQ GHILQHG DV
VHGLPHQWDWLRQUDWHLQPPPLQIRUXSWRPLQXWHV7KHILQDOPRLVWXUHRIWKHUDZ
VOXGJHLVDOVRWDNHQLQWRDFFRXQW
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)LJXUH6OXGJHYROXPHLQGLIIHUHQWVDPSOHV


)LJXUH6HGLPHQWDWLRQYHORFLW\IRUGLIIHUHQWVDPSOHV

&RQFOXVLRQ
)RUWKHSUHVHQWHGH[SHULPHQWDOUHVXOWVFDQEHPDGHWKHIROORZFRQFOXVLRQ7RDFFHOHUDWHWKH
VHGLPHQWDWLRQ SURFHVVHV DQG FRQGLWLRQLQJ WKH VOXGJH UHOHDVHG GXULQJ WKH QHXWUDOL]DWLRQ
SURFHVV FRQWDLQLQJ PDLQO\ FDOFLXP VXOIDWH SUHFLSLWDWH DQG PHWDO K\GUR[LGHV WKH DQLRQLF
IORFFXODQW0$*1$)/2&VKRXOGEHXVHGDWHIIHFWLYHGRVHVRI±PJGPIHG
DVVROXWLRQLPPHGLDWHO\LQWKHODVWVWDJHRIVWLUULQJGXULQJQHXWUDOL]DWLRQDQGWKHUH
VKRXOG EH QR VWLUULQJ LQ WKH FKDPEHU DIWHU IHHGLQJ WKH IORFFXODQW :KHQ FDUU\LQJ RXW WKH
QHXWUDOL]DWLRQDVGHVFULEHGDERYHLWFDQEHH[SHFWHGWRWDNHLQWRDFFRXQWDQHIIHFWLYHWLPH
IRUDOPRVWFRPSOHWHXWLOL]DWLRQRIWKHOLPHPLONDQGUHDFKLQJWKHVHWOHYHORIDFWLYHUHDFWLRQ
S+RIDERXWRIDERXWPLQXWHVDIWHUZKLFKWKHIRUPHGFDOFLXPVXVSHQVLRQVXOSKDWH
SUHFLSLWDWH DQG PHWDO K\GUR[LGHV PDLQO\ IHUULF DQG IHUURXV K\GUR[LGHV  VKRXOG EH IHG
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GLUHFWO\ WR SUHFLSLWDWRUV WR VHWWOH DQG VHSDUDWH WKH VOXGJH VXFK DV WKH ORZHU GUDLQ DQG WKH
WUHDWHGZDWHUDVWKHXSSHUGUDLQ

7KH SDSHU LV SXEOLVKHG ZLWK WKH VXSSRUW RI WKH SURMHFW KHOSLQJ 3K' VWXGHQWV ɉȾ
³'HYHORSPHQW RI D VSHFLDOL]HG WHVWULJ IRU H[SHULPHQWDO VWXG\ RI PLQLQJ ZDWHUV´ 5HVHDUFK DQG
'HYHORSPHQW6HFWRUDWWKH7HFKQLFDO8QLYHUVLW\RI6RILD

5HIHUHQFHV
 ) 6SHOOPDQ +\GUDXOLF )UDFWXULQJ :DVWHZDWHU  7UHDWPHQW 5HXVH DQG 'LVSRVDO VW
(GLWLRQ,6%1ဨဨ
 /*HUJRY9,YDQRY=*HUJRYD,*DQHY5HFWLILHUN$IRUHOHFWURO\VLVZLWKWZR
UHDFWRUV ,9 6FLHQWLILF &RQIHUHQFH () 6R]RSRO  6HSWHPEHU 2FWREHU 
&ROOHFWLRQRI5HSRUWVSS  
 6W *UXGHY , 6SDVVRYD 0 1LNRORYD 0RGXOH ,, *HQHUDWLQJ 3UHYHQWLRQ DQG
7UHDWPHQWRI0LQLQJ:DWHU8QLYHUVLW\RI0LQLQJDQG*HRORJ\6RILD  
 7 $QJHORY , *ULJRURYD ,Y 1LVKNRY $ UHYLHZ RI WKH WHFKQLTXHV IRU WUHDWPHQW RI
VHZDJH GUDLQDJH ZDWHUV &ROOHFWLRQ RI 6FLHQWLILF &RQIURQWDWLRQ ZLWK ,QWHUQDWLRQDO
3DUWLFLSDWLRQ6FLHQFHLQWKH*OREDOL]DWLRQ&RQGLWLRQV.DUG]KDOLSS  
 , $QWRQRY 0 $QJHORY / (OHQNRY 0 0LKD\ORY $ 7HU]LHY 6 $QWRQRY 5HVXOWV
IURP QXPHULFDO H[SHULPHQW GXULQJ D WZRSKDVH MHW IORZ LQ D ILOWHULQJ PHGLXP
6FLHQWLILF&RQIHUHQFHZLWK,QWHUQDWLRQDO3DUWLFLSDWLRQ)RRG6FLHQFH(QJLQHHULQJDQG
7HFKQRORJ\  8QLYHUVLW\ RI )RRG 7HFKQRORJ\ 3ORYGLY 6FLHQWLILF 3DSHUVYRO
/9SS±  
 , $QWRQRY $ 7HU]LHY 6 $QWRQRY 'LVWULEXWLRQ RI D WZRSKDVH WXUEXOHQW MHW LQ D
SRURXV PHGLXP 3DUW  3K\VLFDO DQG 0DWKHPDWLFDO 0RGHO RI WKH &XUUHQW ;,9
,QWHUQDWLRQDO 6FLHQWLILF DQG 7HFKQLFDO &RQIHUHQFH   $QJHO .DQFKHY 5HJLRQDO
8QLYHUVLW\5XVH6FLHQWLILF3DSHUVVHULHV,661S±  
 , $QWRQRY $ 7HU]LHY 6 $QWRQRY 3URSDJDWLRQ RI D WZRSKDVH WXUEXOHQW MHW LQ D
SRURXV PHGLXP 3DUW  5HVXOWV RI WKH QXPHULFDO H[SHULPHQW ;,9 ,QWHUQDWLRQDO
6FLHQWLILF DQG 7HFKQLFDO &RQIHUHQFH   58 $QJHO .DQFKHY  5XVH 6FLHQWLILF
SDSHUVVHULHV,661S±  
 3.RVWRY53HWURYD.$WDQDVRY1.U\VWHY(QHUJ\&RQVXPSWLRQDQG,WV,QIOXHQFH
RQWKH(QYLURQPHQWDQG(FR6\VWHPV3URFHHGLQJVRIWKH& 6((,QWHUQDWLRQDO6ROLG
:DVWH 0DQDJHPHQW 6\PSRVLXP ,VVXH RI 78 ± 9LHQQD ,QVWLWXWH RI 7KHUPRGLQDPLFV
DQG (QHUJ\ &RQYHUVLRQ SDJH  DW WKH &RQWUDFW  RI WKH 3URMHFW
³(QYLURQPHQWDOO\8VDJHRI3RZHU´9LHQQD$XVWULD  
 5 3HWURYD 3 .RVWRY . $WDQDVRY 1 .U\VWHY %DVLFV RI :DVWH 0DQDJHPHQW
3URFHHGLQJVRIWKH& 6((,QWHUQDWLRQDO6ROLG:DVWH0DQDJHPHQW6\PSRVLXP,VVXH
RI78±9LHQQD,QVWLWXWHRI7KHUPRGLQDPLFVDQG(QHUJ\&RQYHUVLRQSDJHDWWKH
&RQWUDFW  RI WKH 3URMHFW ³(QYLURQPHQWDOO\ 8VDJH RI 3RZHU´ 9LHQQD
$XVWULD  
 3 .DQFKHY , *DQHY 3 8JULQRY % 'LPLWURY ,QIOXHQFH RI DOOR\LQJ HOHPHQWV DQG
KHDWWUHDWPHQWRQWKHSURSHUWLHVRIJDVILHOGVWHHO 3URFHHGLQJVRI;;9,67&ZLWK
LQWHUQDWLRQDOSDUWLFLSDWLRQ$'3SS,661±  
 KWWSZZZSROOXWLRQLVVXHVFRP/L1D0LQLQJKWPOL[]]KQV..U$FFHVVHGRQGDWH
2FWREHU
 KWWSVZZZPRHZJRYHUQPHQWEJEJYRGL$FFHVVHGRQGDWH2FWREHU
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