R,

2]

I | Resources
TMAM KHOMEINI ngineering
INTERNATIONAL UNIVERSITY
10 611 dio TAA Ol € ol o lg 0590 S mlo (wigo 4 i
Vol. 4, No. 4, Winter 2020, pp. 111-125 Journal of Mineral Resources Engineering
(JMRE)

DOI: 10.30479/jmre.2019.9945.1213

@039l SB 55LuSly (5lp SS9 iSII Jogy (210 Same 5wl 9 o S
£y

"ol o18las ves! T Sl ) (Gouiiens Sosl ! (G g yuiiad

OIS ey Sy oSS (s (gadige 00SLiilS (s j Laiste 09,5 ()] owlid IS ggmeisle )

OIS oy a3 olKSls ¢ qwaiige 5 (S8 0aSLiils ¢ S lge (59,3 09,5 (Lol =Y
ul)é(’ oy u.:.:f oKl (e (owdigo ouSisls waliw! =Y

(VFRAL-YTe) o pdy ATRY/)+/YY 2l 50)
RN

39550 Lot 43 Lylusil g 0ij 1092 g0 caods (5ly1 G 9 Comsl lanmoummy § SIS (9 3 wden 31 (K9 o9, 4 S (Sogll

St 9 Sl g5 (52330 53 PH U555 9 by 51 (o z 0 G’ (! 50 Sl St 9 iUl (g, (S 5Lty slavg 51 (S
20 e pSLo & azgi b ol ol oolil asygy o 510 51 Gliule)l bl yendi' (gl ol ouls B> 5 SIS 5l o9, Si> gl
buzo b T oo 30 ilodds S Wl oo 4 BdigS oyl azct ;o .l I PH T )8 (b )b aw pg 5 (Soils ladieS pH=F
L o 5ilo (K iUl 2 laen gy s o ifonds S T Canw 50 09,5 (gl GadisS e (rad &1 9 Cowl oS> (GonnST
b g Sonl sloaish JSi 4V i yiden PH 10 3 9515 sloaisS IS 4 09,5 oV 1 inS PHL )0 sl udioni ¢ )0 09,8 JUiil sl
@ @S g wales 09,8 gl Al 035l uliBl 50 (Jaud B (hg) oylke PH S o5 091 o) Kby gulid w00 &5 oSy 300
Ol Sl ol 9 du oy b dwsliin 13 59, g ylej 30 gy ol e ) SKile S Sl sla i lojT 51 kel Canwd
Gl el Wl ailaio 55 Cr(OH), 4gS Sl o cuwlio S 51 09,5 55LuShy (51 32 595 aw loj o5 ol ] 31 (Sl (S0 U

oy PY g Hp J 58 9oy 059) 0 ilojl 50 0o 0 FA i o9 8 (A5 Bda ylonily (g9 yige ol 0l oy i1 (4L 52 9 (S oSl (5L 5=

sl PH J 555 b 039, 8 g5

oS wlols

A plSL (SL 5Ll PH 58S 9,5 (SS9 il

Email: ajamshidi@modares.ac.ir &L Sls sdgs 5 J st a..L'.«a_};'*

\RAI VFAA Oliwn3 & 0 3ked (o lg 0390



S Bl guigo 4yl

OSB8I0 wea ¢ SLx ) (St w1 (S g (il

ol o5l a6 co anl g Jgb 4o beaVT &S >
Bz Jloel 150 5oy iU ol Jols g 308 53
mwTubﬁ)‘dlcPu»Juufngbmérﬂ\
@ g ES > pized g diged Jobo jo WIS bad o
ol (S iSOy lge oauay 0 @llbre glacdad Caos
Loa¥T (¥l 5 Bd ol Jole (2 pintes 232350 99 0
sasy oso VT Jlwl 1o Koo 05l Cpizad .ol S
A3 sasdels @l Ul Kby oS Cenl 5o 989 2SI
538 g pSIN JUST STy (n St ol (S0 S 0L >
STy was oo 7y g Sl o Sy xS ol g Job
el 4SS mSI he, VYOV el O g Sl
et 6y albsns, 5 oolial g0l 5 el _cales gyl
Ao 31 e (5555 S (55, 4o iS5 1S a3
o )il Wl 5 il jl5ee o PH 555 45 plsi o0 b2, 2!
P95 B> s ol Se g olsl Lo lgie @y 0,8
KRV EICI S0 VIR CE NSV | I P DU OC I E e
Slopsal Bi> (sl (orlie gy «SeinS i8Il by, oS
Syl G pe,S Glagsel ol 8yl (i e S
Azl 0 o Jaie 8l G 4 (S0 S0l &yl G,k
PH S by, Gasb 5l (Gudsb (i 0,8 S plentl
pgS Bi> cuyp a0, Kan TSI I\ Ylal il
STpH iegh opl o axslep pH 08 51 eolacal b
QLA\.\.;‘) \- SS9y » u.\.ﬂpH J).:.;S A w.:.b.;.ﬂ Ve sue )‘)
analr p he DL Js 0ty v 1) S B>
adllas 4 o)) Son o "Kiasls [V Fleslis S g ,Se
olesily Gl sl w5 0 pH 5 51 callayles]
wa cdﬁ.ﬂ S )l .63)5 B> ) ‘ij*g‘ J"B)
B> leaily sl o pH S g, a5 ol lis ol
U’“‘QSJ" U"‘ o pH el oals O g ‘) ‘5...3).|a LJ’“'“" r:j;
ol o SB ad gopl a5 wi Las F U Y el o
adllas 4 o) Sen 5 TSl V0] cesls o jo ) Lagh
1y SS9 28U ) oy 3l peyS @ 008l Sliges,
PH S cute 36 51 ol ainygl s 4 o5 (glazes
Slgay 51 P95 9 Fdb (b pg)S Bl e
5 ol Sl ewyp ol Gaa ols s e [Flss
iz )3 Canl S 5l 05,5 B olens, 53 pH s
PH w35 olyo0 pH J 5L o5 SanSs 2SI g5 Gy
Slaal 5l o clls olyen a1y SMase oL 5 ol

IFAA Ol € o lod opsler 098

doddo —)
@ oagll S 5l ey b o3 ol o
Sogl el oo il o Sl 0 (eKiw I3l
O (n e S S ipeS 4 Feein) e 9 S
5 o) Slogge ol sl s 5 el arein
oS Sl3ls alax 5l pg,8 [Y N oy, 0 Jlats 4 lagy L]
£9,S Dygo g0 a4 &S el Jmio slacole (o d9>ge
ool b (08 b g, 9 VL S o 5 Conn by 8 Lot
‘65; 6[.{&:\455 .)9.«.4‘59 cdalin S LY YL, ‘s’z.’a.u ud}
CrO7(les S 2 o) HCIO, & 90 4 (18,
2l sy (SlegSies o) CrO” dobes,S (s
CH(OH)? Cr(OH), &30 & b b s o35 (slaisS
451 5,5 sg>y Cr(OH), «Cr(OH), Cr(OH).>
$ladssS 5l Slholo e g 5o (Bl AD 095 sladisS
b oawglie )5 Gy NS 25 5 Wl )b aw pg)S
poS IV glackale Jlo ol b wijls (8l oS
WS g DNA 5 gas coml 4yt ji b, an
S g5lash ass [0 0gd oo ludl Cdl 3 S las
(PGS w}l—u Lo LS‘)'.' ‘:YL w}‘g‘ e |‘°5)5 Q 005,'—‘
pg,S samSosgl mlis [FX o ls |13 s jlae g ansl>

9 Sueg)S (oo oS le 9 05 5 538 39 el
il b 5 iUl sloe 58 Bl 15 5 o, slasL]
6oz Sl Fogll rizen Sl g d oo 395 ane S
oals Cdl ouls by, Jeio slacole 3l g b 10 09,5
albl Bl 5 bl ads o 4 Bows ol ol ool
(85,8t 55 p3yS 5l 00 sslaal el pg S (slaall;
lesil e e mlio plo s G ods v wssloe 2
Bis> cueal s @ [Fbd] il sns i) p dae jo o
352y SB Sl ol ileSh @lp lagis, Sl ps)S
P9y el SS9 Sl g, ety cal 5l Se eyl
oo ¥l (glulaz (gl gasaz Lo by, « St g xSl
G S glgl 5l K Dl Bds> o a5 ol S
gy AVl w3515 azg5 5590 (o) SlBS o
S S e K Jleel 51 e S5 2
SL gye 098l s g gols 1B L oS (geb 4 cul
G b pediae b2 jeee 9 (0) W 5 (1) Wl ay 00T
J5,L oo VT a8 55 wald  dald lasg 2SIl ol 5l oS
LAY Jaws 8 o Gl JL b olaog xS1 Caos 43 g o0

1y



P Bl guigo & 5

e Bl g T 595 (257 Sgu@ 30 Wl 9 Oloj T

el 5 Dvaralew) S ases Jsb e Sl o
Sy KoV Jobee (S iSH bol,S 5l 5 ol giss 4o
Grails WV Jsb 4y azgs ol eolinl ze il
Ol b adss aie G 51 (S0 STl lase sl (sl ciged

o eolawl g,Js \'Y wl) )L»JB 9 p.»_S.u....,o

) T
o b s o) -_‘
10cm
o) ca 039)T SIS digai )
+—> < > 4+—>
4cm 12cm

4cm

(cadgl) &T G350 (1) o >lb Jobw Swileds ) JSi

Jokxo slp lailgiun! (35 (F) (Cdgls) Wl (35 ()

Joulg i3SIl b2 (sl o350 (F) Wil (5350 (699,59 g Sl
(W (350 529,5)

Sl S Olasin ) Jgos

S )9 22,
L.OI q
Sio, S LSy
AL, Y& LYY
| Fe,04 SFOL -0
33 2y9) (olends LI -
(o ooty TiO, ¥
CaO VL F
MgO < Yo
Na,O i
K,O 2
Kaolinite 7
) . Quartz Y
e R R Yy
Others £y

11y

L& pH ($yee pH Jyu5 31 LS 5o s opl 500
S pH ol 5l eolaul LU el polass gl dige 9 (5
P3P oy p eiged AL ails o)bgs (60 5 bl
&».D.’?u o aS ool 6»))|5.a )iib )‘ OMQQ% L.)“’ﬁ) L.)"‘

Ll i85 13 ey 0590 ol

b g g dlge =¥
Slg el VexAXYY slal 4 iolesl 950 alaases
w88 Sl 5o e gl o F Culis 4 (DB (uSd
o ools oLt V S 5o o] Slad 5 sk (glizl
Sl Coond 398 o0 0030 S pl jo a5 sk les el
ol 4 Job slls wel a8 5 13 T 18 009l S a5
Jsb 4 S8 alaime g0 o] LSy el e Gl VY
b W5 Wl lasg xSl (28,5 15 gl il )
SIS alsioms 45 ol ¥ Jsb 4y ik 99 ool o
At 3 g oo odwal (Cdgl) Wl abhise § (CJgLS)
SB 5 Gl ol o biales] plol ol sl oa
S ol oolaiwl ) Jaax 10 042 g0 Slaseino b Soadgils
N Jpiz a4 azgi bogy (Sogll 4isS e w3l b sk
ools LS cacdgils 1) Lialej] 0590 S plian a0
ol 3l esS A e gk alaioms slal 4 4z i Lol
5530 St 1S slo sl S| s 52 plasl sl ST
adsl Casb; @ shiie Ol p ST L SL (e (nl o 5L
VY e dadiged 40,5 00gll (gl ol sl s yo Ve
ooliinl b (bl (it pg)S) ey SlogSiss 5l )8
bl 4 S gladiges 4 Jobme 5 0 J> Shaie O
Slog S0 plime ol b ol Wlol al> e wiz (b 0 g
PSS 5 oS e 100 4 ST 3 5,8 Gl ks
30 Sogdl ad JeSleSs ax e gl ol saile, S
A 00 a2 Sl VO 4 S el (S slaagy
5 el VF e 4 digad G 00 005G MalST U
SeS oSl abaiome J2ls 4 5 485 )18 L Lyl
g SISy 5l plaabl sl s 0y GralesT g5, sl
S bt bl ) wige ¥ oans¥T Cllé g Cusb, ol
cbale g Coghb,y doye adgl polie Coro I B al a8 5
st i) o ale]] ol 5 355 ol izl 5
M lagialesl 5o (sl gl el sl w3l o955
L S A S 7 oSy 43 e

1A Ol ) € o lods ¢ slaz 0598



S Bl guigo 4yl

OSB8I0 wea ¢ SLx ) (St w1 (S g (il

Ivealos ssle) (owow 0 o>

@S s Y

RO PRVAPCES RO NI ¢ n & GReeh ol o

Do ) il SGeS s i8Il sy 59 9 S o)leds alesl yo
Mz 5 e Glalol jo sl o gy 55, 8 5 Y ol
Yool wae jo pH S b oolien Sy 2SIl s
28 @byl el ons @dly Gralesl 5y5e 55, 0 5
Ol Dad 5l ke oad wiBloy owyp 4 Siegh ()
PH iS5 T oo 0 PH syl i ol 152550
o sl 0355 S gl [ oS il 5 S abolia o
Sl JU 55 Sy, g, 55 e slapslSa
2 PR PRV V) IS NG I VRV | LIS PPN VR VRPN SO
st 5k b ol g (e ) WIS e 4 e L L
by ol oS e o JEs! (Cude cdad) Wil Ca @
s s S e b et 4, 255
S Opzles Sl 0l i (oSl Gl ol
O o gl )b a5 LSe cl sl (o318 slaoa YT
oo udad Caons 0 ite o )b g (W1S) hie cdad o
o sl ) Gl S i Wigd e i (W)
&z 9 237 o (S gl (5, (Bl ke )l il G
S oolin 09 o0 gl ol (59) (Sl slagesls
S99 Slagesl wedion I S 50 (S Sl plae
NS o oS WS Gb 4 WIS mhe Koy aS
SD,le 0929 S ol mhaw (g9, Bl cue Jb golows
S e b Cwo 4y SLA Gl )l l &5 Sleg
o 4y 53 ol b Skl gg, i1 45 ol AisS o

oads 4l ouls aloxl o ol sl S5 ¥ Jgao o

55y ¥ Do p0 SexiS s S g, sl ptalejl o e
Obz 005 ) n s ly ol ploxl PHL S (9
SRR IS NRSRSTPIS L SR g
5SS g xS gy pe Glubesl Ho il el ol s
PH 55 0oz 5 psms slagialojl o a2 55,0 S
Oimlol gl ue ol ploul WIS Jo 4 g A3l J0 p2 5l
agai ialejl pladl 5 g 09 59, 0 5 Y i 4 o0
P ORI SV RA R R F N
bsloeo 5l o iz Glacend 51 S o 5l g ol mens
P9 ol Shle e ol diged S il SleSs
15 S syl S s g, Clile e gl s il
S e A 00l 18 oS il 4z 0 Y gles om0
glrl sl Garsl pan 9)50 oad Si SISl e S
3 28,5 I ICP olfiws b (g ySojlail jolaie 5,8
V) Sl e V0 Ol ol pan sl Al
S (S5 el (mow 0 9 S0 S0l (oo
R S8 plex (555 2 gl e g b dBlSl oSS
plaiga @z 09 gled o g el ¥ e jlas .28 5
ol S5, Blas mle b wind ools &l b plam (s,
B ol allds g 4280 VO Sow 4y bdigel (e -09d
@ S Sl (oo O e cpgs al> yo j0 gl S
zo oloy b eceln )V Goe 4y ladiges g o 09438 ladigal
Ao o diaile (Bl (b plo (59) p «SSynher 090
O SaS Gl e g Wb gl (8 ples Sl ladiges pgu
Say a8 LI IS o 4y Jlo g ) S0 1S Sl (g o) ¢
5 0013 e o 5l lotigas alo Bl 358 Jolye b

ous ploxil (b inlojT (8 %0 :Y Jgur

¥ ¥ Y ) Sialesl o lass
Vo \o- \0- \o- PPM S o ps,8 adgl ol
weliy) KNO3 weliy) KNO3 weliy) KNO3 weli) KNO3
Yo o) (Ol Ngo o) (Ol s Yo o) (Ol Ngo o) (Ol s RIS CONINEN
weliy) KNO3 weliy) KNO3 wesliy) KNO3 weliy) KNO3
WYae ) (Sl s WYao oo (&g WYoe ) (Ol s WYae oo (Sl s Sl 3P Joloxe
pH= 7~ pH=# RYIRY RYIRY sl o pH s
pH= 7~ pH=# RYIRY RYIRY L5 o pH Jus
\ \ \ \ (V/iem) S oS Lol 5
I Y N Y Gy ool ley o

IFAA Ol € o lod opsler 098




P Bl guigo & 5

e Bl g T 595 (257 Sgu@ 30 Wl 9 Oloj T

Lo} A St (o5 il T U 2 ol g
140 -

= e
w o 9N
o & o

1

(ool oot (S i1 QL2
g

40
20
0 T T T T 1
0 24 48 72 96 120
(=) ooy

s e O e

Ole) &1 G (50 S o 52 ol oY S

o ole;] s, SO Sl b il wed o aba>dle
B ol p3¥ Slojy a8 ol o1 U s ossay ol 09 oS
o.)yﬂ S o)l A1 aladsee BRI TES VRN PICAN | I PN O
S SL35IL g o 1y, S 0 090 slaoanVT g g
Ny 4 Gl Dol Gl GldS sl am Jy S @izl
é,&.“ A_:PLQronu.u‘ U] J.»J.) S| ol QPM
5 b YL cdale [V e lasg xSl oo s oo V]
s el Sl (6T al3dl e sdite oo Sl
015 T s a5 e il a £,h (S ol
S5 5 S diie e Jlow 5 (950 5 5] 2 oo
ol S 4y Sy adlis jo Cr(OH), cgw, (Jloil
@ adl & pzlee (OH) wpnSgyue slags ol 2 ogde
Syzles 9,8 slagn Ay 4 Wlgoe 5 Wl Cuens
aS 09 o JuSis Ol g,0ml 5l g i3 WS Cooms dy 4Ly
3,90 4y ol Sho sleslannl b s yd g amgi cpl Cono
2 0k Dad Slpds (IS jsb el a8 S 15 o
Ol ol el cal38l &g, gl 59, am b o tole;] ples
&1 35 5l edg S Jgloe ol S o 50 WS o
oy Ll el 5 005 &8 o o S 5l Ceaw 4
LS (90 slocsed g bagg i 3500 S (590
095° slapg Jlade azye Sl (WSe abal, S Cueglis

1o

o oyl (pl lraly S (o0 &S Ghie b
oz ol Sedee Sazr plen o Sl el ez
Folg 2SI g el 5y GLoLS s @y b (e
e bl (oS by e e a9 o0 0l
Soly iU Gl 2 5 (S SISy les oy sl (bl
2 65 g sl Laoe sbml Eely pa pH &l s .ol
Gl lae (0 a5 Djgo py sl sals S ok
3k e )3 9w oo Il 3 L uSeS S 20

gl so 1 AT o el

Ol Cal Ol s —)-Y

2 oY oley Job o (S SIl pl iz Sl W,

odls oals Lid ¥V IS jo pylez g paw pg0 <l Sialesl
S 50 SeiiS g Sl by a5 S ol iulesl jo o]
YV Galosl g9 p0 ol s a3 S 5 4 5, 4w ol
50,5 lagy Gl Sloy Dae Cb3S 5l amy 5 09 el e
Ol Sl sy ol oo TV a4 G ol e Y
oS s o il o ol 1 51 Sl el ol o
S 50 SuiiS g 1Sl g,y 4 90 oyl rolesl jo s
seelishos YA GalosT 9,5 )0 bz s 121 59, 0 oloj
Ao 0oz Jlade dcin 4 b ,> cele £r clndS 5o oy
4500 b1y oy Jsi aigy ol 5l am e el e
suj.u o)l.o.»i' u,....vl.n)—‘ Lu MLM o o 0w y )...A]GL..Q Yo
50 el alls p2e BB als SO Sl ol cu
W plosl 5y dw Bae o PH J7uS b oS poe Gioles]
28l on el slajs, ;0 e melidee A4 cels
&3S sl 59y s plojae oS cel (Tl (S oo pH
s PH Jyu8 Glasin b o)z iolesl jo s cunlio
CuB3S 5l am g el es YV Tl )3 bz 4, 0 ole;
5oy el Lo VWYY Jlade 9 095 zgl 4 Slojy S
Sljg) 3 503,5 £9y0 ) 355 (S2alS Wy, pow 59, SIS
by Gul Ol jlead Jols mls 4 axgi L

dlie ;0 650 3Ll @l 59, O ploj dw) (o0 S0
Y O Ss o a jebolen ol anils 59, Vo oley e b

1A Ol ) € o lods ¢ slaz 0598



S Bl guigo 4yl

OSB8I0 wea ¢ SLx ) (St w1 (S g (il

aS clls dxgi b aldl 0 dples e (53LuSL 0,90 Job
oolainl b cdl> pl jo S diges (9,0 5l ol by eee
@ (Sdgen (LalS g Sl osg (remly xSl (5955 ]
Fee WIS kY] OB o mbe mhaw og LSS cle
o0y S dlael Ho SO STl LolS Jlesl bl 0045
(W) e odad Caans @y e gl b gl oy S
SB o)l mlaw 59, 2 Sl cuie b golaws a5 Ll
Foly iU Gl ) Gl cnl og walss aline g 0
3 Sl s ¥ S 0 a5 jsb clea [V V) - luiel o
SS9 2SI g Sl ooliiasl Jodo a4y 50 5 S5 0yl alos]
o ey 2SI by G yeS PH 508 o 5 (2l &
Sgd> W’LA)—‘ 9o w‘ ) )A"""ﬁ)'“SJ‘ L)l")} > ] 00
JrS s @ e ez 5 pom Giales] po el i e Yo
loghll @ Cud g2hn Gremls S GLy> pH
NaOH 5929 oy opl Judo sl oss (6 503l Koo
5 ewsly iU by e gy yiien el PH 2087 (6
u—l )‘A.Zi.a aS el ool oumlice fa)LQ'? 9 Pgw o)Lo..f.‘ L}.MJLQ)]

Ll e YE g ¥V Ll i

Gloy &) o yow! g 931 (3l 92 Sl gunit

350 -
2 RHXXK XXX
% 300
4 2s0
e
1 200
33 150
% 100
13
50
0 T T T T 1
0 24 18 72 96 120
(Sslw) gloy

Byl Ay @ _x_PJLQ::‘

le 4 Comnd ol 1SN ()l 52 Sl Y IS

IFAA Ol € o lod opsler 098

Ol g wbes ol S Cuglie S T (IS
S ol 5 A oo s STl st (S
ey pga j9) 51 o Lol 0 oo oy (l 31 e cnl 5o
SIS o Sl 5 g i a4 3,5 sl o

S 3 slayg wileas 7,5 lag] 5l gloses idu 4
oy (52805 5, 5 S 2 5 08 n iy el
2 ez e bl o kel lags, 5o a5 o
Jsl slagialesl jo (Jg o <ol b el g bolS
3959 9 Sl S 0z 05 sl 929 Sde 4 o g
Syls dslsl caals wig, S J2ls 4 Wil aladss 3l oy
ol eammsplis 1 glagsy po oliyr il Sl (e
05 550 ¥ Vb ploj 5 sl onms i pladl 4y Yl oS el
Sgz g0 Sl3ld gy S cde 4 b > ol als el
Gl s S )0 gm) S5l 800 £ o0 (S s
Sl Sybiee S Cuglia 58, Yl 5 (S Colan
Sl disly 3.5 S 10 39290 S yovie oy 4 (S xS
el Joho 5l g S oo oy 2alS bagg (nl azpe s
Ol 0920 (pl WS (o0 oy 25 oo (L Ngd o
Olyie 4 oimosse slaole 5l oslial Sl yo (b~
[VV- el oas (3155 50 olidss ple o ooy xSl
€955 5l am oibe PH U8 b slagmlesl jo ¥Y]
5o sl @ cans Gl con cdl sl
b i el b1y gad; gjag, Wy g Cawl yeS
(o3l 5 o5 o) PH U5 b slaials] o 08 oo
Jdo sl oals ols las VO USE o &S jebles
o & 5l yz 00l NaOH Jolore aliwsg & pH olas
a0l Jlas! el ol IVFlewd oot cos 6 5V
5yls NaOH oy oSl Jolona b a5 ol 3L slagyss
Wigs S g 0, OH g Na' 85 09d oo pians
2 2l sdesIl 1Sty o a5 lags OH (slagys,

JIN cloiygy aS b o oS o s | sad adgs o
oy JU 5 28 o 1S oo 4y (S5 S lee ko
LYo flass o (il 1) ol Ood s 0 5 0S5 0

Jouwlg B8l (3L y2r Ol s -Y-Y
Sk 58> Gln 6 005 00 )18 (Ko Sl Ol 2
53 reslg TSNl 2 (6 S ol (nlpl g dalgs Jolowe

"I



P Bl guigo & 5

e Bl g T 595 (257 Sgu@ 30 Wl 9 Oloj T

o8l wls o as b o o, WYY @ g cllls supals
Oy 5 PH &l s 0y oy VVAP e 40 5 cuiils
ol o alie 90 5 S o)led iolesl g0y 40 WS g Sl
a5 Sl &1 G 50 59,000 g odgi Sl ol cde
Croms 53 308,5 (opmsl 1) Lagora g o0 ags w13 Jobo 5o
oo (05 65h 4 5 0ad adgi arS g 0 G o WIS
5 pgw slaialesl o a5 Ll Iyvalewl oo 5 Sos
ol @ly PH Slyss ool o ol pH 25" 0 ez
W g &l o3l pH el o a1 0 IS 0 o oo

ol oo axils &S5 ol £ sae g9, p siolesl 90 o 40

Wl g T y3lke pH ol i

14 -

(cela) oloj
—B— il _sulesT il
—— ag ioleyT Wil

SulosT Jab 58 oy3lke PH Ol i gy 10 JSCio

= ]l ales] aals
—h— ago ioley] il

S digei Job yo pH Ol us -F-Y

stelie S5 g0 9 sl latalesl jo & St a4 az g L

@ axg boowl cass 4 S Job ,o pH Ol s gy
5l 5SS g gl &1 51+ F g0 ¥ alols o pH & S
WSl Y alols yo Jol byl jo el VA s adsl pH
090 Uimlel jo a5 el Jb jo ol el V0 S pH
30 S pH gl Giabeyl jo el o, VA @ sae oyl
YA L gl pge Gimlesl 5o Jo VY Ll 0T 51+ F alols
Voo hofalold w50 Cend an o as Jb ool
SS90 slayg Al 4 axgi b el (oS> LIS pH
ol S8 g il 5 Wl slacdad o i 4 (g0 g

1Y

Sl s S oS ol s & NaOH i eslacl
GRlBl g S e e g wed oo S 1) (B Jemsly)
IYeICf JSs) 09y aolys 38 150 jamsly iUl oL >

on- | °H NaOH ;5,5 il

oH" [ ™ OH~
[ o6 o1 et i b ‘\

NaOH (3,5 adlil 31 ,b 51 (6 jously iUl o3l yo Sgute :F S

Ol pgm 59y U Sanl (i T IS5 )3 457 5boilea
Sl ol sogre &g, S o ioles] ploi ;o jamlg 2SI
Obizmea (Jy 00)5 lany (a8 595 bz gy pom o)
Koy ol B slayg, 5o 0l aslsl (66 @as b b >
PPN VR ol oz )0 (G S0 g el b
Ol 0l ot el wSUl L > a8 sl clde oyl
2 ok lade Rals s g odiee slml (S Sl
S (S aSI caglie Gl s Gtalesl L slegs,
ol 53 shige o e o Sty S ol
O Sl S Spglre o pH (25, YL s
5 bl Ll o gl Slsw, JSis cle 4 S
03 st sl 0Ly adlate (pl D Sgans e
Sad ol i g ¥ S @ av g b oeimen [Y0]uS o
56 0l ol eelez g pee lagialesl jo samls iSI
el 59, V51 e 595 0 ey a5 Cenl e (ol 0L

W g Wil il yo pH &l puss Y-
5 Jsl otalejl jo w5 g il ke yo PHL s i
oSG o,leds iolel jo il ol oals Lid O JS yo pg
oealS el VY Goe j0 g ol £9,5 OV 51 sl 35 pH
S e pH aS Jlo o ) VA 4 g caiils g0l
ol iolesl jo o) VY YF 4 g il iolidl ol @
GialS 55y 0 Dae o 5 0b 5,5 8 5wl 35 pH oo

1A Ol ) € o lods ¢ slaz 0598



S Bl guigo & 5

OSB8I0 wea ¢ SLx ) (St w1 (S g (il

Y eas Jloy alols jo el oo amslsl Wl e o
ouds B> oVl 3l as,0 YO (Johw Jol Cond) wil
2o, FY sl 5l o F Aol i Joko pgo Caond o .l
5 pgyS Bl ladke (p i ol 00 Bi> sunYT |
50 45 0gd o odalive WIS 4y ol 9 Jokuw pory Cead
50 Lialejl )0 .l 0al Bd> 09,5 5l oy VA sga>
el S5 ojles ooyl b aslis pg,S clale &l sy o,
ooVl aoys FY il 5l oY alols o 5 ielesl o] o
san VT 5l ssys FA Wl 5l o F alols jo .l suls B>
Saie s SO oosled ol aile ol oall B>
o0 B> yleasly o i el T 350 0 pg,S cdale
Aoy AF sga> 5 Wil 5l e Aol S (Sl iSu o
S oyleds Gleyl b avslie ;o 90 o)led ioles! Lol
Sode 536 Slo a5 o) ) eSSl (6t B o)
el SB 5l pg)S B> (203l s5LSL ey Gl
el Caple Lo 4 Giolejl g8 cpl jo cdale il s cde
sl b psS IYATYAYIewl )5 i o8
Syl & ;0B g 300 3525 Joloe 5 (Jobs )8 0 bues
S 0 Wl 4l 10 09250 pg,5 yden Sl Wl G 4y
oanlie A JSo j0 aS jsbylen 098 oo Jain &1 G 4
HCO w50 ar (oud)b (5 09,8 slaaisT sl oo
4 baiss pl e Coale o 4 ol L CrO?,
pHlul, o ,0 auS o Opxle (W) cuite cdad Cos

@ bl s pgyS 5l s)lie Wl (SGap 50 (sl

oile Slpgys cdalé

150 -
g .
- 120 - ,:,
aQ EE -
= 90 BN =
i) N, N B
3 ENERW: EN :
3 0 NN J
— ENERN ENE :
N o ONE 3
x BNE «; SN -
% P'§ TN R§ 3t
", 30 N % EN T
: E N :
< N R RN ]
0 ENE BN BN BN BN B
0¥« 02 04 06 08 1 O
Ry} (x/1) T 310 Joy alold i<

N s gl
i el AL

s el

Ed s Ul

Gala3T Jsb 9 Jsbo ablio Jsbs o35 CABLE ol 3V S

IFAA Ol € o lod opsler 098

oS SepSI O pzles omny Sl SB sy o s
Wl i 5 Aigei ok 5 PH oSS0 e Jloc!
Uil W o g ol 8T o PH Laile o5 ol g
el S0 25Ty o gl g, ¢ s b S 5 4
PH @ 4> b aiS oo Lol S pH e j0 oS 15
ol 00 peS wam) Jlil S SGop bl o 2L
Wlgige cgoml PH L gblie (rizran )0 0529 3blis
5 pom Slagialosl 1o 055 09,8 slaon VT Gizly el
Ombesl g oy sl oad ooly las olise &g, o,k
Gl VBB o ool Wy, SB ablas ;o pH ol s
bl PH il 5l Yalols jo 5 psm ialejl 0 a5 (550
a2 ;o By ol 0F L ol el salesl jo g FA
90 2 5 Lo oS 2l8 5 el PH o SL ) i
S adsl pH 5l 5ol oS ablis plas o pH ¢ ialss]
o5l £ sae jo 3B PH pilodss ol b g 0l 5ol
W1 5wl (3 50 e slml (53b g sl agex =S >

sl o0 alo] S o 5 L Jaoes 5 o0

SG pH O g

14
12 -
10 4
b+ 8
i ==
36 - A v
T 4
2
0 T 1
0 0.5 1

(x/1) DT 3l o0 Jlap alold

i asd J:I:'ILAJT i
e ke

—— o ule)
—'—pH Sla 4..‘1]}1

Jekw ablic Job ;0 S pH Ol s wigy :# JSCi

P9, il Ol yudi —0-Y

5l o35e 5 S b )0 pg,8 cdile Sl s,

el oal ooly lis VS o e iolesl Jeb o w5lS
a5 S oyled ialejl jo wed oo samline a5 sblea
peS Dl fnytin Wb pladl 5 an o5 AL e o

1A



P Bl guigo & 5

e Bl g T 595 (257 Sgu@ 30 Wl 9 Oloj T

[CrO42 Jror = 44.00 MM
1.0

€072
e ] HCrOg
Cr042 /1
0.5
cr3t CrOoH2*
> Cra(OH);5*
S Cr(OH),*
w i 1(OH),
w 0.0
%)
w Cr(OH)3
-05 S Cr(OH)4
! Cr2+
CroH*
-1.0 i

t=25°C

Wl 5153105 (o9 ,5 4130 o153 2 JSC

o= PH s a4 ol 5 odle 098 oo Jiie 15 S &
£35S S5l gy 5 p9,S 518 51 e S T (035 5
Sl 15 G & 4 5 3 g Jlons ] S
£9,5 SLodnS s 00 Ojgo 4 WIS G5 )0 ps,S alS
o PH Uil b 5 (ond aiilil) ol man gind )b do
o0l pAUS 25 09 Al )3 WS (o0 Dgm) dllate ()
D9dise 6 S ol W G & o Syl 5l 5 (25 )
2 p5S Ol PH U5 L p)lez 5 pgm lagialesl o
stz Gl o 5 ol Gialejl 4 S w5 5
pow 090« Jol la islesl jo IS B lead]) .ol ails

el 23 FY 5 OA FA DAL plyy i 2 ool 6

£955 Gl o 3lo pndi —F-Y

GOl Giser sbon &5 gy sl
ly Sely cnl o)l PH ay (S 09 28U iy w5l
A JSs Jle plsie a ol 0las Tayys pl,SLo b ol
b3 95 aed o plis alide gladasze ;o) 03,5 sk
Slaeld L slalaz flae s A S 10 Vg ) o,leds o
Sl (Sasliogey 6)luly eogame cadly ;0 a5 Sigh s
Glae 0T O ojled e b Y ams e olii |,
bl 5 oml g el wp GheS! 4 ) STy
LS Ol a4 ol Vo asly Gl ¥ oojled oz
Iyawlsss
H,0 - 2H* +%02(g) +2e” Sl GaSly e ()
2H,0 + 2e~ = 20H + Hy(g) %515 515 o (V)
ol by el Ol 5dg Sl 2aSTy las YL STy

114

GRS LA SS 4 Azl b oogdige b (udib 4w
Fob Jlade ()b aw pg)S 4 ()l (AD pg)S
Cgmy Nl K05 p0 (b aw pg)S slasaSy ue
59 Cel ool ools Ll VO JSS jo oS jebles LS oo
S gl Jlesl 555 Log e 5 sl slaptales!
Shsdsb i pe,S sl (g edes (i (S digad
S al Gl G 4 (SO SIS 2l S B b
Lty et 58 Gl 08,5 o gezs &1 (o055 40 g 03,5
Gio s e JSsike i (A O 2 len sy
ol 30 andls sy GBS 3l pgS Alaz 3l S I3l
Al glacdad Coos 4 S 0 d925e sl g5l
GE JUENCT SN N S ANERAR RUIE JOYCE S
i o o & S A5 5l 0 5 e
oyleds sl iulesl jo s eed 4y a5 0 &S > (W)
Gl 00 plosil W3S 5 &1 (55 PH 08 a5 oz g 4w
odbsyslaez WIS 3o ;0 pg S ke o yidey (pH=F)
PH J,u8 aie) j0 ouds plxl oldlas @ azgs L .ol
aiage PH (355 pas 5 Sy oSl Gl o 5
Sae S35 2 0w PH (liae « S 5l pg)5 Bo> 3,50 5
L g oble S (oUW pH L e ol e #
1375 ey S 5] s 5,5 ity ol
@3l e oyl ol b AT 285w Gl

sk 53 PH <3l 51 5,55k el & aigad J51s 0
sy Slifl S 51 b 25 o5 i asil ]
a8l 33l 28, 4 03,5 3,90 8 ] S 38 anlyS
£35S 2oy Jeily e PH a5 L &S (5920 @ 092
Aler G2l Dal 4 S e D g Ay (8L A
b bogyen! el (i L e 4 5l rlple
Jisl 4 g oLle SeS F sae jo 5l pH piloaSS
0,0 Gl g dw o )led slaiole;] jo .l 05,5 lnoass Y]
0,0 OF 5 OF s a ol 5l oY alols o 6y, Bis
2oy BOF oy 4y i lasly T 5+ F alols 45 el
Sl Jokas 35 0 40 Bd> leaily o ige el s Ae g
Qo0 AY g VP Ll i p)lez 5 pome Glalejl o oS
90 2 ;0 W iR 0 b pg)S Chale o i o]
PA S warg bas Lo pl a0l oo o bl
05,5 ol M 23 4 03,5 il slotis? pHF
S &zl o 5 sl 5 Jols LB (58, 4

1A Ol ) € o lods ¢ slaz 0598



S Bl guigo 4yl

OSB8I0 wea ¢ SLx ) (St w1 (S g (il

G,y dilaie cpl o pH (201581 L g (oo atilil) ool &>
03k IRl )3 (g3 LB (bg) 3l PH 505 0isS oo
b o &l Ceond 3 g e 04,8 C‘Pﬁ;w‘
S Cond 50 5 e (8L il pg)S (sladisS (sunS]
sl b a5 laaisS bl e o &
PH ;5 5 G555 slaiss S5 4 09,5 Y 5l oS pH o
& GemSg e b g (Sl slaaiss IS5 4 Yl xa
Folg 2SI 0l sz 5 (oSl Ly Sald Sl s e
S Vb sl BB gy ey 4w ploy amsoe i
30 doys FA 4 g, S IS Bl leusly o e S
039, 0 (ialejl o ys PY g PH 8 (g0 039, 0 Linloj]
Oy Rl ey o0 Sl 4 ST b @y .ol pHL J ST
ey @35k ol e il oo PH J3S Gioren
4295 b Geizmes 090 SIS 5l pg S0 Bl 0SS 1Sl
SeS's by, 5l eslatuwl dwy co a5 4y 0as Jol> il 4
cilin sl 3,5 4 0091 oS (3LuSy (gl wilsi oo
Sl PH J5S G5y oog 0elyl5 4 az g s tpan il
520 goea ¥l gl by, ol ps)S a4 eogll S (g3lusy

Dy oo 0018 slgainy

&=l -0

[1] Weng, C. H., Lin, Y. T,, Lin, T. Y., and Kao, C. M.
(2007). “Enhancement of electrokinetic remediation of
hyper-Cr (VI) contaminated clay by zero-valent iron” .
Journal of Hazardous Materials, 149(2): 292-302.

[2] Xu, Y., Xu, X., Hou, H., Zhang, J., Zhang, D., and Qian,
G. (2016). “Moisture content-affected electrokinetic
remediation of Cr (VI)-contaminated clay by a
hydrocalumite barrier”. Environmental Science and
Pollution Research, 23(7): 6517-6523.

[3] Suzuki, T., Kawai, K., Moribe, M., and Niinae, M.
(2014). “Recovery of Cr as Cr (Ill) from Cr (VI)-
contaminated kaolinite clay by electrokinetics coupled
with a permeable reactive barrier”. Journal of
Hazardous Materials, 278: 297-303.

[4] Fu, R., Wen, D., Xia, X., Zhang, W., and Gu, Y.
(2017). “Electrokinetic remediation of chromium (Cr)-
contaminated soil with citric acid (CA) and polyaspartic
acid (PASP) as electrolytes”. Chemical Engineering
Journal, 316: 601-608.

[5] Reddy, K. R., Parupudi, U. S., Devulapalli, S. N., and
Xu, C.Y. (1997). “Effects of soil composition on the
removal of chromium by electrokinetics”. Journal of
Hazardous Materials, 55(1-3): 135-158.

IFAA Ol € o lod opsler 098

4 Wgd oo i ()59, Slany Wl Cwnd o STy
oS o wad oo &l ol gouwl 9 pH ialS g0
9 PH il el il po sy 000 (50 cdale ]33]
GiSly @ azgi b ol cend po Ol ogd e ol a3
Lol ¥ iy 4 azgs b b5 Coand o 5 00l aeST )
Slead adg anSg i 5 g lron el oal
Jioe S ay (Sl e 556 Cod 5l xSl 5 b
ShlE Qdzly 4 e S ol o] el e
o8 s o Sy gie SB I po 5 oS
Ol Gy 4 e a5 w3 e &, YL pH o S
yol> Gadzs o .[\\‘f]oyi)@ S 0 s g e
B T A e L R e N
ol sladisS JSa 4 ¥ 5l PH 0 5 G5l slaeisS
O70) oSt Bblie 13 00 2525 (ganS g0 b g
dibae ;5 (raized el & 48 L8l id pgS (]
e a8yl 4 g S slaais (WIS )55e) (k>
FB s Gl ar s o0 5V SOl a4z g bl
aihis ;o Cr(OH), o, S5 pizmen ol 4oy
oeimat ol args BB 55 A USE Sl soliial b wils
SS9 e Dj50 4 pg,S Wil 4y Soo3 (sl pH o
A p,S A (8B A oS elS L aS el LI wsS
2 Syb s 09,5 SS9 08 5l ool ke ¢ 8,k

S (o8 Dy Sl S0

S5 azis -F

Sa> Gleaily pPH 5 glej ST o) 0 Goos ol 5o

DM] Cawd c\aa.ul.u A w‘bﬁ M5).S_H &5))0 ra5;
I 5l S S Syl gy 45 sl o 51 S
SS PH a8 oy, 5l eolaswl sl 00gy p9,5 Bi> o
oy 32,k 5l psyS (95 laaisS JUil sl vz 55 S8
A3 Lo 5l eslaul L pH=F o .ol 00,5 (SO uiSUl & > lgo
03ga5e (] ;0 a5 Wl s a4z ol pg,S ER-pH a6
o p9)S Sl ()b w09 S (GeslS 455 PH
b S rS rlan aosb  Jsba 5 Jols B 2 b
2 omb PH Lo 4 cpl pogdle gl oo Jate WIS Cooms
P95 I3 wogmsy 5 5,5 5l alaeSleS W (S0
P95 SladeaS g e Ojgo 4 K Suo5 )0 pg)S S



P Bl guigo & 5

e Bl g T 595 (257 Sgu@ 30 Wl 9 Oloj T

353-365.

[18] Zhang, P., Jin, C., Zhao, Z., and Tian, G. (2010). “2D
crossed electric field for electrokinetic remediation of
chromium contaminated soil”. Journal of Hazardous
Materials, 177(1-3): 1126-1133.

[19] Meng, F., Xue, H., Wang, Y., Zheng, B., and Wang,
J. (2018). “Citric-acid preacidification enhanced
electrokinetic remediation for removal of chromium from
chromium-residue-contaminated soil”. Environmental
Technology, 39(3):356-362.

[20] U.S EPA. (1992). “Test Methods for Evaluating Solid
Waste Physical/Chemical Methods”. EPA-SW-846,
Washington D.C.

[21] Zhang, Y., Chu, G., Dong, P., Xiao, J., Meng, Q.,
Baumgartel, M., Xu, B., and Hao, T. (2018). “Enhanced
electrokinetic remediation of lead-and cadmium-
contaminated paddy soil by composite electrolyte of
sodium chloride and citric acid”. Journal of Soils and
Sediments, 18(5): 1915-1924

[22] Prakash, P., Chakraborty, P. K., Priya, T. and Mishra, B. K.
(2018). “Performance evaluation of saponin over other
organic acid and tap water for removal of chromium
in tannery sludge by electrokinetic enhancement”.
Separation Science and Technology, 1-10.

[23] Zhou, M., Xu, J., Zhu, S., Wang, Y., and Gao, H. (2018).
“Exchange electrode-electrokinetic remediation of Cr-
contaminated soil using solar energy”. Separation and
Purification Technology, 190: 297-306.

[24] Ding, L., Lv, W,, Yao, K., Li, L., Wang, M., and Liu,
G. (2017). “Remediation of Cd (II)-contaminated
soil via humin-enhanced electrokinetic technology”.
Environmental Science and Pollution Research, 24(4):
3430-3436

[25] Saichek, R. E., and Reddy, K. R. (2003). “Effect of pH
control at the anode for the electrokinetic removal of
phenanthrene from kaolin soil”. Chemosphere, 51(4):
273-287.

[26] Shin, S.Y., Park, S. M., and Baek, K. (2017). “Soil
moisture could enhance electrokinetic remediation of
arsenic-contaminated soil”. Environmental Science and
Pollution Research, 24(10): 9820-9825.

[27] Shariatmadari, N., Weng, C. H., and Daryaee, H.(
2009). “Enhancement of hexavalent chromium [Cr
(V)] remediation from clayey soils by electrokinetics
coupled with a nano-sized zero-valent iron barrier”.
Environmental Engineering Science, 26(6): 1071-1079.

[28] Reddy, K. R., and Chinthamreddy, S. (2003).

“Sequentially enhanced electrokinetic remediation of
heavy metals in low buffering clayey soils”. Journal

g

[6] Reddy, K. R., and Chinthamreddy, S. (1999).
“Electrokinetic ~ remediation — of  heavy  metal-
contaminated soils under reducing environments”.
Waste Management, 19(4): 269-282.

[71 Mulligan, C. N., Yong, R. N., and Gibbs, B. F.(2001).
“Remediation technologies for metal-contaminated
soils and groundwater: an evaluation”. Engineering
geology, 60(1-4): 193-207.

[8] Acar, Y. B., Gale, R. J., Alshawabkeh, A. N., Marks,
R. E., Puppala, S., Bricka, M., and Parker, R. (1995).
“Electrokinetic remediation: basics and technology
status”. Journal of Hazardous Materials, 40(2): 117-137.

[9]1 Zanjani, A. J., Saeedi, M., and Weng, C. H. ( 2012).
“An  Electrokinetic ~ Process Coupled Activated
Carbon Barrier for Nickel Removal from Kaolinite”.
Environment Asia, 5(2): 28-35.

[10] Jamshidi-Zanjani, A., and Khodadadi Darban, A. (2017).
“A review on enhancement techniques of electrokinetic
soil remediation”. Pollution, 3(1): 157-166.

[11] Moghadam, M. J., Moayedi, H., Sadeghi, M. M.,
and Hajiannia, A. (2016). “A review of combinations
of electrokinetic  applications”.  Environmental
Geochemistry and Health, 38(6): 1217-1227.

[12] Cameselle, C. (2015). “Enhancement of electro-
osmotic flow during the electrokinetic treatment of a
contaminated soil ”. Electrochimica Acta, 181: 31-38.

[13] Sawada, A., Mori, K. 1., Tanaka, S., Fukushima, M.,
and Tatsumi, K. (2004). “Removal of Cr (VI) from
contaminated soil by electrokinetic remediation”. Waste
Management, 24(5): 483-490.

[14] Cang, L., Zhou, D. M., Alshawabkeh, A. N., and Chen,
H. F. (2007). “Effects of sodium hypochlorite and high
PH buffer solution in electrokinetic soil treatment on soil
chromium removal and the functional diversity of soil
microbial community”. Journal of Hazardous Materials,
142(1-2): 111-117.

[15] Fansheng, M., Lingli, L., Juling, W., and Yeyao, W.
(2013). “January. Effect of pH control at the cathode for
the electrokinetic remediation efficiency”. In 2013 Third
International Conference on Intelligent System Design
and Engineering Applications, IEEE, 646-650.

[16] Jiang, H., Liu, G., He, S., and Guo, J. (2018). “Effects
of Complexes and pH Buffer Solution in Electrokinetic
Oxidation Treatment on Sediments Chromium Removal”.
Wuhan University Journal of Natural Sciences, 23(3):
265-2609.

[17] Reddy, K. R., and Chinthamreddy, S. (2003). “Effects of

initial form of chromium on electrokinetic remediation
in clays”. Advances in Environmental Research, 7(2):

1A Ol ) € o lods ¢ slaz 0598



S0 mlo (wigo 4 g OSB8I0 wea ¢ SLx ) (St w1 (S g (il

of Geotechnical and Geoenvironmental Engineering,
129(3): 263-277.

[29] Hicks, R. E., and Tondorf, S. (1994). “Electrorestoration
of metal contaminated soils”. Environmental Science &
! Sawada Technology, 28(12): 2203-2210.
2 Cang
* Fansheng
4 Jiang
> DC power

¢ Pourbaix

IFAA Sl € 0 3ladd ¢ slazr 0599 \rY



esources

IMAM KHOMEINI ngineering
INTERNATIONAL UNIVERSITY
Imam Khomeini International University (S0 @lo (owigo 4 Hi
Vol. 4, No. 4, Winter 2020, pp. 22-24 Journal of Mineral Resources Engineering

(JMRE)

DOI: 10.30479/jmre.2019.9945.1213

The Effect of Time and pH on Improving the Efficiency of the Electrokinetic
Method for Remediation of the Soil Contaminated by Chromium

Nasiri A.!, Jamshidi-Zanjani A.”, Khodadadi Darban A.}

1- M.Sc Student, Dept. of Mining, Faculty of Engineering, Tarbiat Modares University, Tehran, Iran
siamnobary@modares.ac.ir
2- Assistant Professor, Dept. of Mining, Faculty of Engineering, Tarbiat Modares University, Tehran, Iran
ajamshidi@modares.ac.ir
3- Professor, Dept. of Mining, Faculty of Engineering, Tarbiat Modares University, Tehran, Iran
akdarban@modares.ac.ir

(Received: 13 Jan. 2019, Accepted: 21 Apr 2019)

Abstract: In the recent years, a wide range of contaminated soil by chromium has been reported in the
mining and industrial area. Soil contamination by chromium is one of the most important environmental
problems that adversely affects the health of living organisms and human beings. In this regard, electrokinetic
is an effective method for soil remediation. This research, aims to investigate the effect of time and pH
control on increasing the efficiency of the electrokinetic to remove chromium from contaminated soil.
Pourbaix diagram used to interpret the results of experiments. According to the Pourbaix diagram, at pH =
6 trivalent chromium cationic species are dominant at this pH. As a result, these species have been migrated
to the cathode. On the anode side, there is also an oxidation environment, which is caused the anionic
chromium species transferred and migrated to the anode side. As a result, the phenomenon of electro-
migration is the dominant mechanism for the transmission of chromium. At pH less than 7, chromium
occurs in the form of cationic species and at pH greater than 7, occurs as anionic or hydroxide species.
Results revealed that, reservoir pH control is an acceptable method for increasing chromium extraction
efficiency. The results obtained from electrokinetic experiments indicate that this method is more efficient
at five days compared to three days. The best removal efficiency of chromium from soil is 68% in 5 days
experiment without pH control and 63% in 5 days test with pH control.

Keywords: Electrokinetic, Chromium, Soil remediation, pH control, Purbaix diagram.

INTRODUCTION

In recent years soil pollution by heavy metals during mining activities has been reported. Among them
contamination of soil and underground resources with chromium is one of the most important environmental
problems and poses a threat to the health of living organisms and humans [1-2]. Chromium is a heavy metal
found in industrial and mining sites, which is presented in two forms of hexavalent chromium with high
toxicity and mobility and trivalent chromium with high adsorption to soil. Because of the importance of
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chromium removal from the soil, there are methods for removing chromium from the soil. One of these
methods is the electrokinetic (EK) method [3]. Thus, in the present study the effect of pH control was
investigated to remediate soil pollution by chromium.

METHODS

The EK box was prepared using plexi-glass with the dimention of 10x8%22 cm. A certain amount of soil
was polluted with the potassium dichromate. The voltage gradient of 1 V/cm was applied to the soil and
various experiments have been conducted to investigate the efficiency of EK process to remediate chromi-

um contaminated soil (Figure 1).

F 1 DC power —_I

| |

Polluted Soil

10 cm

4cm 12cm 4cm

Figure 1. Schematic of EK cell

FINDINGS AND ARGUMENT
Figure 2 presents the changes in the electric flow and electro-osmotic flow (Figure 2).
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Figure 2. Changes in electric flow and electro-osmotic flow

According to the results of the current intensity variations, the increasing remediation time from 3 to
5 days, resulted in the better remediation process. This fact could be well supported with the pattern of
electro-osmotic flow.

Result of Cr removal was depicted in Figure 3. Results revealed that the best removal efficiency was
take placed at the center of the cell were 76% and 82% in the third and fourth experiments, respectively. The
highest concentration of chromium was observed in the cathode tank in both experiments. Because, at pH=
6, the cationic species of chromium is predominant. Transformable and soluble Cr(II) is transferred to the
cathode by electrical migration. In addition, due to the low pH near the anode, some chromium complexes
may be dissolve and thus migrate to the cathode.

CONCLUSIONS

Results of the present study revealed that the EK process could be a well-advanced treatment method for
the removal of chromium from contaminated soil. Overall, it seems that increasing remediation time as well
as pH control can increase the efficiency of the electrokinetic method in removing chromium from the soil.
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Cr content in the soil samples
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Figure 3. Cr concentration during EK process in soil samples
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