[ Downloaded from ijhe.tums.ac.ir on 2026-06-16 ]

93 oode (gaollad (Cons ) o 9 Cuodlw alxo

RTLR VE T RUAVI RVERN Fe 4|
VEF BAYY Sloio VYAV oy sl ojlecd qod3l 058

9

G

@:"‘AJ}-’: Jle

Available online: http://ijhe.tums.ac.ir

oL
N (‘
3
N §
D] \ =
3 -3
i
%, $
%, >
s \5\&

%, 2
" Of Enyiron®™®

S AL 5l 250w g CILS (ouid Ol glalo pogd (w5 (29409
ovlewlad sl 6 S 3l eolisw! b (glaSw (yg9— s Joxi

oSy 5

T Samge oo S 098 sleley (il s ol b
U‘ﬂ‘ ‘Q‘)'er’ Ry CA.AJ)’ olKisls s‘s.c..hw o ouSiisls 46)5.]545.:5..4 cj)f

0 S S>

S jlanzs sl (SUyls Jole wilgs oo (o polie (il Jdoa lags 5l 1 8up g 4l
AL slalo pogs (fiss a9—39,8 (29, 3 e nl o i sle—Sas ol (bl 5
sl Josinns slacs il 51l Dbk g (ol sime ln ulbenstTy d uglobgaisiton]
A eolaiwl

Lol (651 cenS Lo 4y (5 5L g o Ol (SIS Jostns (6 5L (53105 1 (om0 R
0975 33l (o p ssliieds D (oS Joloo )3 39290 SIS Sl 59, VY 838 jlam g 0t
e S lae ) )39 (205 (59,5 L aleslelils DLk yos 08 AL
Voo g/loog bl @ s, B Y- gL e 9 LS FA D o (651 05 pslate pay s
3 s 03k &g e Bl ol (e 5 1S5 a0 ¥ ool o adlol e sS aoe 4
Al ooy ylis abbgs e slo loges

o sl (b3l o VL b e Rl I8 S e 0395 Cale (2381 L iLmazdly
590 VY oley o 0 5 Fe g/ sog clale 0 gao,0 Ve gAA N s e a3 iKie g o JLS
@ 5350 g LS cauid Plosl Ve e g/l sogs cldale b o (2,08 00,5 adlal b el cavoas
el 0383 oy Jro g A FF S S

ol 3 she g gl 6 2SL Lawgs lalo pe 55 (St (59,8 16 S Al
O35 LSl 1 o) b ol (laSs Jomins slags 5L 5l 2Lk (6T clio s S001,
5 S bl Gl (giie b bs,y cnl a5 0l ekt oo 88 bame 4y g (2 S
9598 Sleay boes Y sloosgs clale jo Sl3lE olsk o )lw (6,551 wb) slaaasl b see
ol 059y olionds

cadl s0 Ol =M bl
a8/11/ye el o &b
qy/ex/sy ol pg &b
QV/+Y/sA iRy &b
/¥y sliss! &b

s et 6,k gads o3l
obelad () (29898 (S

1] ghemo 0w g5 (S g S ! Cnny
mousavi_m(@modares.ac.ir

Please cite this article as: Naseri T, Bahaloo Horeh N, Mousavi SM. Two-step bioleaching of Li, Co and Mn from spent lithium-ion coin cells batteries

using Acidithiobacillus ferrooxidans. Iranian Journal of Health and Environment. 2018;11(1):123-36.



https://ijhe.tums.ac.ir/article-1-6005-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-16 ]

ol 3y iy izmen g 0y o0 (LL 4 CILS B (Sare
i b5 990 S5 5B jlade (S slags L I e
Dewulf (V) el (s59 50! oyolas adgs cud b plp VY- )
it bl LS 5 S 145 08,5 )5S ol s
ool il o peind las Sl S Slg—e dgs j 0 lage
aS 35 o0 (2974 o rmb milie ;0 do 0 OV/Y g
aSh yore sl S ool _wl als Jdo 4 s &5 oyl
FOIN sgu> j0 hud g plio Bras als Ldo
N cesl asyo

i glas b sz ge e slags b glsil 5l S
oY Cm b O MM G lags b ol S el (GlaSs e
S S g 452 Jodo 4 (glaSls slags b 5o ()
ool iy LIC0O, w5 &y ¢ LiMN O, w15 )
Opmpeid 65k o JelS Gl S5 50 () 9sdse
el 0 o0l (L5 (5l

(LiMn;0y4) 15

(85 0 o)
(V) 1w & p—pied 55 AS10 513! —) S

Joxins slags 5l cl5L sl 39290 slasdg, gloil
5 S59bws e 55,5 ey Loy, Bl w3 le
Sl e(55,90bag ) 0um9m (B9 53 (OVT) (65 )9beg )05
Ol 055 (o0 Dyze GBIl 5 5 1 e STy bl 518
G5l Bran g odg Cuny b Jlaiwge g solaidl i,
GASL alex 5l cwgonnl (B laily; (VF) ols oS

Acidithiobacillus) .l g sl

19 osh
OF) a5 ls anl)d ol o sodS i& (ferrooxidans
ool eaS oS el 5Ty 8 uglewbgs sawl g xS

a3 Gl ol 311y 055 5, sl s 8,90 531 5 e

YYE

e 1A 5093 (gt 5 (o299 58

oo
sl ahulsa oals slwl slasileny I o506 391 059,50l
el (e oy o e 0555 5 Piles (et 3l (S
oo ip9)S Aol (gom (S SIS ol lasilos (]
Lo 4y efiw Sl a8 Sless (V) wis <L 5 59,
Sl g |y ooV ol Bds pgy) iS00 o)y
0,8 los (5l 52U Hlabe 4y OIS Sy ax STales oo
o 2 Ll o3Il 51 i 0 Al (6590 (o o2k
43959 3l o (e O3 098 o0 Congais Slml sl
ol e (gl oo ALl oy ladl jo g ouid mds
(V) D9800 G 53 s (B)lse g lags Lo 50 e
sl 2als ol s il Loy sl sla Jlow 4o
U e Sy Sl Gl g ae S 4]
~oed Josis slags 5 Il Sk Laall; ods
5 o5 by odle (1) sl a5 g8 Copanl s
S92z 90 edg xSl s 5l (nl 5o (o (e SIS 92>
Olreds Jtsl ColB o5 1)1 5 S cleay Yooro 5
bl (F) 09— o0 a8 )5 a5 jo asmetnj ot S
2 S Lol SISl gy, p a5 Glaize )5
sy Lzme SIS (IS o cilos 5 dalllae Enn j lanme
Sl 5 5l s sl )3 (0) el wo)3 10 (5 5L 5l (2L
0590l (Jg o oolil WIS ylszeas LICOO, 51 yg-pud
Las b ao > YVIY [ gaslS eole yls—ea, LiC0O, 5
5l ko sk a—sye Y4 s LiNi . Mn . Co .0,
VIY 5o LINIO, jlda b ooy YV/E 5 LiMn O,
soliinl lags b as 0 OIY ,o LiIFEPO, 1 g las sk as o
o BlaS 5w Lisee GEaSadg @ azgi L aS 0y b e
o 5l Coond ( Fiaed 5 @ly 50 el e b 5L
Cewlols i b )y (F) St WIS ;0 04290 Olge
i) B a8 05 LYY JLw U Sl asal> o5
sl b cls sl 38 plas Jl 0wl salss axlge
S b Oaeee Vo Wl STcl (65958 jl—as 2o
B8 olad oai] Jlo £l a8 b 055 0y e e

o J
19Vl /Jsl & /sl % é ﬂL
Sz /Jgl o) /P23l 09> -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6005-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-16 ]

Ol)ed g 50l 5L

b ey ‘_;ng._»'l S0 N S als 1 sblgs o2
@ e S8 a5 Sledws (VV) Wigd > o slac]
opl Bas pg3) S e 0,y oy ladl Codls 5 s j Lo

S oo laizga |, oa¥]
0 0gzg0 I8 0 I8 g i lelBaus 5l =&y, -Y
sl 5l ol el glasls gampeid Josinns slags it
Slge 3l 5 slil 4 (LIC00O, s LiMn,0,) 55 sly—s
il OA) cul Yo Adew g AP (b5 a4 cuslS
“ped 6L Ay Syge 0 s 8516 Sl (ggie
Sl (65,1 By an con i 8L L olge sl eolai Wl b ey
SS9 S aslr slasilons 1alS iz ge g bl 6 Kot
Olgeds ailys oo Joxius slas 5l (V) 0l dalgs sl
asle ob3,l b Olld g aisS Jos Loian o s Sw
Sy 3l 5 IS 5 ol eSS ol
golamdl ks 5l yg-eeid slais il b3k 9,0 510%)

o 59, g ol

digos g jlweskel —

Jorims GlaS—s grmoied (651 loaiges angs jslaiedy
Do ind e oo o3l (Jloil (6 ;S higes (g 5]
seess Sie ) (B3lad & 900 aalllas 950 (sladiges 45
s b slass 0 (5 y5laez 8 b )0 yTgealS
il Lail 59,y a5 09 00 ¥F+ a5 y5laox
sl Ll lal )0 .85 & jao 40,5 104 9 (5 5lwoslel
o 5l (Sl Y 5 W55 T s w00 5L a5 o
0h wow 4,8 °C les 50 09l 5o aslS g sl s o
8T s 39— 7,5 g 5118 olge b aboi S
D ygods g oud bgloes Sl (s Clowl dlusgay 515
MalS” igos ¢yl5,0 SN 51 ooliiwl b cams pl5 ;o iaal,s jog
&lp o ool (Voo i) YO M &,3 o3lail b cwaSy
G595 3L e0nm et 5L 09— 59 Slge oy S S
6 5b o lanlaS (i i pay ol solai il LIS gd

® ﬂy
./,éfg J 119 Jlgs /gl o)l /mas i )95

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

\Yo

Oz 3l AL b= GialnST Jgur )3 45 (558 p0 08 o
U155 JS5 5 e cpaiagll il ail axd 5 )15 Fe™
L oL ol cuils anlss 1) (655 ol oy s ol
(S8 os) FEadgs (Gug 8 os) Feo e ulans
N0) 395 o0 Lagme ;5 S 38 ol sl 45 05 o
O\ F

) 9298 Joab wad plxl Slalllae 0 S 5o
sloolitnl b (14w (gt Joons slags 5l (slal> o9
el 00s 1S ey 8 uphenln s s S
o] OIS ElySeiul jolaeds gy cnl o Ll Geen 5
izl s Sy sl Sl (ol i 5 S 5 LS
Sk S8 4 o b ool slal> po9 () (29090
Oeizmed Sal 00 plowl uilbanSTs 8 wglowlgi gt
38 2Lk Gl s L ab) Gl ld sgue
6 5b 00 (P oo,S Alal Lo YL slecogs clale o
il 8 gl sl 5 5Sb (gol> S Lo
15 Ol |y aalllae oyl Glaal oy smago 14 s ) 505
Dged AN 3 3,lg0

Sl gl )3 (S 9298 (DS s n @
SFSL Aot laS (- Jorine sLais 5
oilbnSTs 8 gl gt

9k S8 Ay (551 b Sl oLk ol 2l @
() (52540950

& 50,8 BLAIL s Sk Al Bl (s @
Yooy cdale o 5L o9

shee S oW 93 5l gl (nl &S Sl SSap3Y
P eJoxine 6 5L )3 09790 SIS b3k ol 5551
ol Coconl

i 9% el s o Sl b il g5 )
Sl (e el sladiloay Lol o Joxino slags 5L
Sl 4 by o8 oo 50 oo 283 (sladilonny (o azic]
Slode | (7o 5 al b amis 0 a5 09l oo (e
e D36 2Blg 50 095 o0 S IS 5l gloe (30


https://ijhe.tums.ac.ir/article-1-6005-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-16 ]

Sk Hlos -

OLgs (pg—ae oY 5 (5,5 oSy See 5l (b5, =l o
Gl G/ Yomm' Colue g+ /) MM Gos :Slas i)
a5l o elaie ay el oald colaiul Jolu Lo
@ diges glde 355 9 Fr ledS ) (59, w95y S
39790 (Slacs iSL olawi ( i Jo¥ 5 jlgti oY G (sL3
odel Cawads 33e g o b jledds Jbgt pY Gl VE m e yo
30 s iSU olass ol sae ol G o VIO +8 o o 0
o iSL olaws ax yo 0ls o lis | diged 51 Y ML x>
3 Slawlore (g 00 youd 5 3280 Ll ;0 00 cuslive
Sy awlgS 503 g xS bly slass 4y (g)lel L
(s si399,8 Srotleil po ol Sjlad gl (V)
L el 3 o8 olaj Sute i 5 33 53l slog)
5 095 (il (5 lade )| 10 g0 109 U Al co A LIAT
e (] e D 00088 diged Jlew b 229, @le 5l am
b it olans 3 o pe Bllas 5 ai osls )15 0¥ (59,
o515 S 5o o 2L (o )led (sl miren 0B 03 o
4 yhie Ol g diged 510+ UL ( ol Comozr VL
S 35l Ve Oge o big 2l 0 Glie

3 (g9 Y a3 plodil -

1 ploxil 35S0, Wiz b Ol e ) (G (295958 wl B
@l low 5l (g5 5L o9 cslalpo ST 298958 )0
(2599,8 50 D95 g0 LI CuiS Laiome 4y (5 S|y ol ol joe
CiS G 0y50 6k g She 5o 6L lal> yeg0
S8k &S Slej g (LAt caS s wiilan) w8 5718
95— $ b g b (Jld o) 518) e B 5180
o e JuJs &y Gy, ol 5 90 L2] Loons 4
Al 3 0 pae g SIS YL e bls jpae 4 g,SL
S99l £ Vb slvosgs c e L slal> o S5 25058
a5, ) g/l eogs clale b Loy (6 25 (5lss wialyd el
31l S 5 L3k Sl slal o0 (25—9,8 5l (0,5
b 65T Ll ol 5o i oolitias] Lanias (slags sl cl5ls
b Ve e ML o> Slapd)l oo o)0 )V mdl e

v

e 1A 5093 (gt 5 (o299 58

bolee SIS L (LD G2 50 99— (39 (/YOG Olie
odld u)‘).> aledy SS9y A_i))y M‘ 9 uLu; MLJ—NJM

20+ °C (glos 1o S 5 0,55 5l o0liciaol by s § 0
Sy S ] S8y Olde Slge (glgizme anlal ool gd
o555 by 9 o o Gllalos Sl o ML 5 V) i oy
syzge Sl CLle e 08 00l oz 4y V- - ML
iz Glowdly (il ol jloslii by Jolxe )
Inductively Coupled Plasma Optical) &l oo
& —5 o3l (Emission Spectrometry ICP- OES)
A Ao g

2593 4igei Eh g pH (g puS'0 5103l bgy —

g diged (1> Lo g sl (oLl Conls (i jo-Laien,
gadlsl jaie OV ML @ aigei 51 g pH (5,500l
BURCTRRVFRS PV S = FED RSOV S PR B i35 o) s o RGST-SUg
e aS a6 pSo5lusl ye pH Lawg pH &YF h e 238
A PH G 5,5 oy aslsl 59,V 5 pH (g Sojlasl g VY o]
bl Conle igei 05 asiie a5 0, V4 /8 ol e
ol

clale ol Silas el taluST Jeuily sles 4 Eh
1S Gl ity sl Jolono 3 35230 Sl sl
3o & ogase Ol 838 L 5 ke Bh olRi s lawys
i 5 S0l sl

S Lo g Rolil 5 -

(PTCCNO:NVSFY) iltonanTy 18 oslnsligns gebos] 43 300
buome sl s olpl (a5 (ool slagiags lojlw |
ol (A K ciS a4y By, o) a5 (ol S
-16 gL KCl -/v g/lL «(NH,),SO, ¥ g/l w55
-1\ gL .MgSO,.7H,0 -/6 g/L K HPO,.3H,0
(Y+) el FeSO,.7TH,O f¥/vo g/L 4 Ca(NO,),
3 20,0 WA S galgus de il b b S Lo 4yl pH
b 5 65l o, Sae Job s Ll 4 i ¥ sga >
S S Laoe 4 ol e S (29098 0l
s aslsl pH odas

o J
19Vl /Jsl & /sl % é ﬂg
Sz /Jgl o) /P23l 09> -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6005-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-16 ]

Ol)ed g 50l 5L

al> o cp 3T 5l FA D CltdS 5o coles jo 0,5 lag sl
lsaze Jolome 40 09290 I3l cdale o 5L y09) 0,5 a8l
Job 459, VY &g, cnl (Slej o3l ggame) 9l (650l
($5SL Ga cuiS Lamme) 7S 903 Gioran (aalx]
.\.\..i'J’aL?dl)‘:.S\" g/LO\)ng.Ahl.CL:

% 550 o9 Sl OIHE UL E P i -
—pd (5L 30 99z g0 SIS L3k sy () jelaieds
ol ool solaw! ¥ aolas )I ‘SMJ&)) ‘5.:9...\:5)_9 )l o= 0%

Sl objbaes= s x100 M

9,8 a5l o ead bk olils cdale «Co ] o a5
9,8 swlyd 5l L8 whils cdale Cumg/L) o
aislyd jo ouds colaswl 5l o9 p > :MF ‘(mg/L) )
OF) ol (L) 999,58 Lo o>V 5 (@)

(el ielej] (ol ol | lipabed 2ol 5l oIS bt
38 2Lk Gl 5 @Sk 0ty laazld (g 5ol
ol 00l (5155 ol (2Kl g a pll ,SSY 0
o3k g0t bags S o3l o jlme Syl (e (pizro
sl ool Ll s 4y Loy sla loged 4 Uas

Lasl
Sl gt 6Ly Gluogas -
yolie .l oo L1 Jaaz ;0 5L o0 olils cdale

g1y lade o s ol S CILS g 09 et qousd K

ailosls plais! 59 4y adel 5L o0

V- I‘pm CA.C).MJBYI’ o(: ‘_gl.oo .laalj_..u)éj K cis
o )8 w56 glacl a4y (655 oS il 5w eolo 0l
L yol cpl as ol glast pH SLSU edlas’ Slej) s,
b ,oe oy ol jer 3 LralS- ol ST Jewsly o33l
Oley e CidS 5l o o ddlal o xSL e iS lae a
J}l.’?u O Og—=g0 u‘)b clale 9 03— ,J.J l'“g)'l)‘ (y—ar0
FeXe ooy cale b la iolel 6w (pl oy
O 0 vﬁ)f O yg0 sz.vla )09 )‘ Voo g/LjA‘ &l
L Eh g pH o 3 g cdale da Jolu olaws 55 anl )
Sy 29998 353590 Blej e sl it (6 S oIl
Ol ailig) ©ye—ot 2Lk Sl 4 Sliws jslaieay
233195 595 53 bk oYLl s pSejlul Slls Sk
e Oy 4 A saslie 6‘4.1}1.4:5\) u,_._m)) @9_.»5)3
3 reilbeeSTs 8 opholigi gl 6 2L 00, Glaaasls
A (6 S ol 59, VY o (b o 5 6 5b y0e je—ax

Al @dlsl ol ay b sl Hade
@ 6 PL 09 (T 0y ABLSN U (s 2 -
b 2 5L yos 9,5 a8lal ogad 13U () jslaieny
adlol ialejl oo 5L oy (sladasli ogugn oylime p g 3l
a6k s pobkite a od (o 5 (Vs L) oo
b 4y (5550 ooty )8 0 56 slal o Yo g/ e
5 550 Cagi B 50 (T 5lam ad 00938l (5 S (g5l S
g o aslol e i lase 45 5L 409 Ve g/L LG fA D

Voo g/L ooy cale 4y (65l jog clalé yaaw, B asg, oy

SlaSow Joriowmo 6 5l oo wipld cdale - Jguo

Li Mn Co Al Fe

Mg Zn ol

YOAQY  QYFOA- oYY ARTA Y

9.9 Y. (mg/kg ,o4) clale

® ﬂy
./,21?99 J 119 Jlgs /gl o)l /mas i )95

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6005-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-16 ]

P9y o LS e 4y 6 5L pog (50,5 aBlal gl sl
il QL] lal> o9 () (2299 2

Sl 090 (S ) (29098 3| J—ol> gl -
SlaSew g s S

LS g 8 eeid S8 b3k liee (DY loges
Ol bl 4 azgi b awo oo )loid calies glaoogs clalé
Ol oogy e dale olblL (@)Y Slogod j0 00 ools
a Ve gloss s chle o 5wl e Gials Sl ls L5k
P SSb bl ar g b el ons) Gliee o Bl
CiS e b L LS B ongs o lale 5l ahils sk
S8 23k 2 YL 0)l0 3929 039uze (nl ;o CunSh abads

Eh (mV)

Yoo

pH

e 1A 5093 (gt 5 (o299 58

(cilowls) MO, 6lajls j50> 55 XRD 3l Jol> gl
Ol 5L yog o 1) (ST ptd 355%) LiMn, O, 5
(YY) ol o 3155 505 o tmgy il 4o sl opl ol
gbolgd sl s S A oS 5l ol g L -

ol 5
g sl gl slaws (z g Eh (0 pH (@l ol poss V loges
ssboled e go (LA 1) uilbenSTy 8 s lis gt
Vol Goe b jo sei ) B ol 518 04 g0 oamlino a5
PH SlSU el pomy W 5 g9, szl oo 5L 55,
Jeily Gl 5 sl HY (50 adsi 9,0 oaimolis a5

59y Olereas po—w 59, (plplo e 0 &5 GalS- i LS|

(Gsy) O

4 A N4 A

@

43 gt y0 yiuo (3lo3) (AIS Gl 3 (bS8 (popdaaslipes okl gm0 510 Jpbs 31455 () 3 B () PH () 1 ys -1 lo903

(Sl 2l 39,

VYA

o. J
1Ay | i L % é ﬂg
Sz /Jgl o) /P23l 09> -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6005-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-16 ]

Ol)ed g 50l 5L

395 5% @ik 2 YL 99— o0 csal i (D) T jlages p3 a5

ol Cesdty glal g0 (T (s2955,8 @235l50
SED (£ « 53, g il (o PH (Gl &l yeais ¥ oo
Sl p09d (i j (299,8 wil B (o yo 1, Lo ol slass (o
rlenSTy 3 ophenlsigs 6 St ng 5L om

L slal> o990 (cuny (2909,8 aisl B aSul bams oo LS

(A 3) SIS 3t

(a ) S5k 5k
P §

>

o~

—

aodfate gloss s el o pSie s oS (o
w Ve glloog o lale wga0,0Vr gAA N ol

el 009 o0V g VT FAL Wl s
w5 T g/Llosg cile 4y bgyye 2Lk VL &5 ]
25 0ley SbAS L 3 5 LS o] Sl bk Gl
Haboled el Cwsdy 009 cdale 1l 10 59, VY Sae Jobo

(g/L) o5y chals

(AN

395 1Y oo Jab 50 65l yoe Fe g/ cdale (0 (o) daliso glrodgd cdale (o (&) Wifld ob3L-Y Hloges

+?~g/L —0—\..g/L
e
% 0
3
2 Son
>
g e
2 .
oo
E .

(59,) ool (&)

—-— ¥.g/L —— Ve g/L

3
3
3
3
E
£
3
IS
Y 2 hY A \
(590) oo ()

—a—¥.g/L —— VgL

pH
< o~

(59) oles ()

—a— Yo/, —— V.. g/L

Eh (mV)

(595) oles @

a5 Sloj) Ve gLy Fe 0395 Clale 4o g5l 408 yeam 53 b ok slaxi (3) Bh (g) K8 (g1 cdalé () pH (A1) & puis =Y 13905

(Cowl ouls aid )5 ,165 40 yoo o) lgeds conds a8lol 5 5L Culs o 4 (5 5L j09s

® ﬂy
./,21?99 J 119 Jlgs /gl o)l /mas i )95

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

' ¥4


https://ijhe.tums.ac.ir/article-1-6005-en.html

oy A e 4 LS g ao 10 £F o] o (6,505l
Ol (AN Jloged 09) 52l 55 53500 Sljk s L5k
(D) ¥ loged 5 09— (205 3,5 Lol el o (sl
Voo gLoosg el ;o )58 se3l 5l ol (il i

S oo ol |,
Eh ol Jols bl s opl 50 6,550 o) slaaasl s
cdale g pH @lynss 5 (@) 0 Hloges jo o Jolw slows g
so Gy 3l obaie Cenloudpasiin (2) O Hloged j3 G 3
039 0,8 51 Lill jo 6,55L aS cl Slej ¢ loges jo

e 1A 5093 (gt 5 (o299 58

oy Ve gL gAs Fo de e e clnosg cbile
by e bl o YL aS) o 4 bl cé 5 & j90 (550
00y cdale 4y gy e slaools L5 g ¥ g/L o0y 5 clale
Voo gL o iolesl 5 90 0095 cdale o 5L 5 P g/L
loalds solo ULM.:

— i) (S 3L yOgmy (o 30T (50,5 ALS! P ey -
Sl yogd (S § (2940958 5O SlaSw (g

LS o S8 b5k gog (o ya5 (0,8 adlal >y

A~ A o

ve v. 4
o 5 = 5
! 2
—?'5 & 4 Yo A
;;L e -.3‘ f.e 4
B 0 T
SR N oy
f? ) 3 )
3 =2

Li Co Mn Li Co Mn
(@) ()

B B 51 dns iS5 ol et 5 55T CAlS ramn s 5 51 3995 (2 85 (599381 GialoT (G133 I3l b3l —F Sloged
JAS el (@

——mg/L Ko, ke —E—pH

—8— Cel/mL bJu slas  —®—Eh

Yooo q Y Voo
A (2
: Aeoe < Y 3
. | . a B
B Feee -
Re) - 0 :-%‘ ¥ =
N L ¥ = ) =
3 feee - Yeorm
Y = =
3 E v..S
Tp Yeoo ! - v =
£ ) 3 Yoo
T T T }
. VY- YA- Y¥.
(h) oL} .
() M ob; (ah

[ Downloaded from ijhe.tums.ac.ir on 2026-06-16 ]

ol baumo 43 (55l 3091 ()W (509 Sl 50 Sy (ygy e 9 PH (©) gk sluxi 9 Eh () @il juuti —0 Slo 905

(Cowlonis aid )5 Jlai )0 oo ploj plgieds cond ABLAI lnmo 4 )b gl 12 yo8 &5 (Sloj) pulibnnsTy 23 walewlisd st/

o J
19Vl /Jsl & /sl % é ﬂiL
Sz /Jgl o) /P23l 09> -

VY Ol buzo Cuiblags ale ozl g jy ole solibiad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6005-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-16 ]

Ol)ed g 50l 5L

pyd 4 o yo LiMn,0, s MO, sl 5l oy
Mn% 4, Mn* Lo gl wsasl,e MNO, Jo Lol
0355 Olgieas MNO, I uilieasTy 5 uglowligicsitns!
395 et galin 0522555 )0 ( ok kS sl 928N e
o2 eaisS o ST slas piSL S j5boay auS o oolii
30 65V ollgs ¢ el g oniS oS slo 6 iSL 4y cois
Sloolawl b o y0l8 o mSL ol 15 il 52800 518 SbsL
Y0) wiyle M® g e gy |, Mg 8 5
(YA

anly 0 FE¥ Lok ialusT sla STy 4 LS obsb
LS oSeS (5L adgl jog jo aSLl @ ax g Lol
Jolonals €O o) 80, LS i g5 n s 33250
210 CO*" Joloo o8 4 il bjb sl g Sl 35250
Y- Y9)

b slal> 099 (Sonss (29093 50 b osaline &5 j5bo Lo
o) 38 o3l iy 5 sl e 5 251
o 5 5L jog B g/l ooy cdale jo 5K g o JLS
el 009 Qo3 Ve g AN Ve o dy b i s glaSw

&l eibimeSTy 8 oslolgigbin] 6 5SL b slal> e
2oy PO (23l 4 il et slags L (—bisk
50 LS 00 00 bk s 0 g/L oy cdale o e LS
51 oyt A aglie (gl 45 (YR) ai ) - /L o095 o lale

)l (gl pog (St 295958 Sl (351 Gl anbye
ALl otmghy o VN Sl o 5 o Sen 5 Tjadi
25992 Sl p 0 S 3lug (uilbenSTy 8 sl st
o0litnl oredlS= JS3 § 0y e Jle U3 (sl b (e
9 S5 w0 AY Gl Gt 8Lk (2909 9 cpl amis Laie S
PUPT LU CHIWRTEIRWIRY 4GP VRS SRS PRGN I SRR\ pi's
ool 45 W0 ,8 Lo ,l3F ol eyl ol 00 515
YL )5l ) (9092 il B jslaneas (6 5L

(Y +) ol Jls,55 0

® ﬂy
./,éfg J 119 Jlgs /gl o)l /mas i )95

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

AR

o0, aslal bl oo adlol oS laswe 45 (5 5L y04s g
o g 3500y PH jlogas bso FA D j2 (g5 505
o1 oo,S alal 5 FA D 5l aw el atsls Jg3 e ED
1Y+ MV & Eh 5 V/0 & PH olie cs 5l o5, o055 cile

! OsA.:.MJ)

o
Sl 58 etd Wl 00 518 90 @y S ] (215
&le 3B 4ol 56 5l ogign (585 L g Sl (6 0y STy
0,5 Gl plgion (B pobods sy eS0T JLES]
(YY) o)l (S fases aiy ol a5 s 4y ] 58 DUl
OH wdg 5 Lo ;5 05290 5ig 0 B a0 b ) 515
(YF) 058 Lazme ,o pH als 51 mile wilgs o
L8l 1Kin 518 a4 e 55V o3l 2oy 55 LS 6
Shasls 555 g 0y Tice 5o Jslomo 08 4y (T (slpanyl 3
5 00l Joloma o8 80 5t 5 g LS 06 s
Marcincakova Lwg a5 s ,0 (YO) 8,08 55V
b osmpeied ol 5l peid 5 LS b3k » ol Sen
odalin Ajs) L)"‘)""é}' 4.»_9;&:1)9»4 waé.\m‘ LngL;be
(V5) s LS 4y Coms 6,5V bjb pd 45 0
P8 am S 8 glaSw (ot 65 S0 0
Al as Seigp o)l o429 LiMn, O, s Mn O,
b, e ;0 6,—5L vy ualS- ol ST sle STy
V) 35— o0 Jslonels MNO, 5 (15 eid 0 cely
MnO, sJg 5oais 0uS1Y Sly 3k 55 Mn,O,
aS e Mn?" (g0 0Jg ¥ 23STs 3k 55 MNO, ass’ o

YA)
2LiMn,0, + 4H'® 2Li3MnO, + Mn* +2H,0  ,
Mn304 + OZ-P MnO2 ")
MnO, + 2 Fe** +4H"# Mn*" + 2 Fe** + H O )


https://ijhe.tums.ac.ir/article-1-6005-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-16 ]

Caows Joot pae 5l las a5 by oo uolS oadig 8 anylyd
095 30 5 Sk awgd S Dl38 (YL clalé g s
Syl Lo Jglu

@598 slgile] o a5 Clazg LB 5 S
hse Gl PH 5,5k pog o5 Lol jlow s
S 99590 M‘ aS Sl u.:l omaul_.w pH w‘)ﬁ‘ U"‘
9 00— .L:.a.za WLJS u...,ljsl g.&l.: % ‘V...J 057D uljls
aS )#uw W) )SQ b)‘}n » OBM.C .AQ»)GA U’“"‘)B‘ |) pH
Db go S e 0 PH 8, YU el 045 a5 cl
259,98 S ialej] 5l sael Cawsds s avslio b (pieon
Phil) jogy (20,05 0,5 @lal cdls o gl peg S
a8lol 5 (67— g g LS 00 0 A i 00 0 77
Phxil) 6,550 (g9l S lazme 4 j0gy (6 0,LSG 0,5
Olg o (Ko do y3 ) g SIS wo 0 VF (i ao 0 FA
30 Gl ooy cdale o a5 0, S Adlol 4 Cd S A
PRCMIRUENE COWRLAIT VRO BT | T P AW SR YW
50 el S Loy el g0 o o Slild Sl as o
ax Voo g/l oogs cdale jooas SbjL oI5l ylse &8l
oo, aslal el o az g 109 0L 0,5 wdlsl cdl> (o
g Celodgr ploond (g—B9 8 Jbldy i 109 (W
inlel sl _alas g S50 codled bl i cpl jo Lag xS
odgs cdale pl o a5 (5L o S azma) a8
o, Vo] do 0 YA dga > aS sl i (28 5 g0
sl e, YA Jds ol bl 58 g g < LS
a0 5 g Sy oaima i JAS alagl o et 3
005 Clale jo ul ausS a5 jeblen .iwl ol e bl
U"‘ aS ol 09g Jo ;0 144 @la)l.u 6‘)‘0 p—a—n—o—l N g/L
Sy o5z e SlL i i ST oMl sl
12 5 535 L3151 U5 5 (655l Laagi o5 el slady
el 0l 05 (lal> po9d () (29898 Sl B

0599 4 Ol9¥ 0 (S} (2909,8 g, Lo wlS 5l (S jsba

\YY

e 1A 5093 (gt 5 (o299 58

el 8 opbiligists] 6 2SL L g )y ek
3o e ,iSL plw b (6,50 Slallas ol 48,5 & a0
1o 5t S 51 B B ol o o 65,5 50
Xl o o) e o Xin Lailesls @3l 1) g - puid
5,555 eaiiS ST g ool sanSansT slag xSL 5l oS 5
o i S eoliwl yg-euid Slos sl sl (gl |,
OVOF) PH (p 5 mly 58 meid L350 5L o5 ol Lss
50l o Gty (65 5] puie ylgieas 8,555 ate dlawlgas g
5555 yaie ¥ L5 VL PH 3 LS g g8 Ll
2 pied 9 LS 28l 5L A i b plil oo Y g/L

(ol 00l yo)l38 a0 A 90 Ll 4 59,0 ey e
b Sl 3l (oS 5 ooliinl a5 0o ;87 ()15 lidoxe o)
29555 5 (5 e ) 5l (S ) (2909 3wl B jslareds
59,8 Y NE Jlo jo o Kan g NiU pizean (YY) ol
555l 53 bgbe Lt |y el s 5 Sl i
oS wanST) posheaslisdlns 5 biaslislluc] Cunsgale S
2L ol o yien 5ol plosl (5,545 saiS oS g ol
oog5 clale pl o el ool (5,155 Ve g/L sog clale (o
A g VY s 5 LS g pusd 56 59, ¥ yloj e o

V) Bals bk asyo
ailyd Wy, )0 e oo oaal i ¥ loges ;0 a5 o bbyles
lasul yo sk olaws ¥+ g/l oogs clale b s (o999
2 Sl s cul lclde 4 el (pl b oo oS
sla sl Sl 8IS & mie sl 5 Sgrpe sz 05
adlol oogy clale aS Jlej yiorad 09—0 c0 00l g leus
(5L a GlSL S e S b 0)ly 4 e g b e
L Lol 05800 (Jobor 5leds 2alS Coleyo g 0l uals
I3 o Jabos s Lo b (6551 (3105 5 ol S
53 5 B e din Jobo 3105 531 e ad vl oo
2 Fe™ lacyy 2ol abalyas oo 2al33l cnl o 2l oo
b st 558 5 ol s 35 Lags FE77 gl
5 oS 3l VL il s 4y )+ - gL eog e
okl U Eh 5 38 05 oliee dasho slows clage Copans

o J
19Vl /Jsl & /sl % é ﬂg
Sz /Jgl o) /P23l 09> -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6005-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-16 ]

Olse g (5 ol Lk

008 e ;5 (slal>pog0 () (59 slasiles] ]
CILS qouid) jogs 2,05 o,S wdlsl el s Ve - g/l
9 CILS (pwd) (6551 (gl S lao 4y y0gy (6 0,LSS

a5 288 A lgl g (duoyd ) g VF A e S
JooS 9 0 Sgnte ;0 S5 ooy Sale (205 9,5 AL
S b3k o) g it (S SIS 4 Cud 6 55U
009 (2lrord O jgody i 5 LSy Loy 2l 90 p2 50
seeloaibse C8ljl Sk Ghghy (ol @l (S ssbas ool
5y 59 3l eoliil b Janis (slags il 51 lnlyS 5o
S Slooliinl b (fumy (919898 Sy Janome jlaingo
890 Sl oo &5 Zewsl 0392 iS5 ugleswligdigton]

255 B Ol Kmie g ol Sangyy axgs

PENEUERTIEYA
slasl e ool €8y pas Jolis DS S als Bai sy
Cole,y dlie ol o) (g3lawosls g aosls cay i ca il g0

..ﬁ‘ea;

‘5410)& 9 M 3y
ey 29998 Olste b asliobl 5l cise Jol> alie pl
ol )l alaie ;0" (6laSs (gt e slags i
w);.\ao w)g o sl u.vLo_‘> L| aS ol VY20 JLM: A...u)‘

el oas all

References

1. Sistani N, Moeinaddini M, Khorasani N, Hamid-
ian A, Ali-Taleshi M, Azimi Yancheshmeh R. Heavy
metal pollution in soils nearby Kerman steel indus-
try: metal richness and degree of contamination as-
sessment. Iranian Journal of Health and Environ-
ment. 2017;10(1):75-86 (in Persian).

2. Past V, Mesdaghinia A, Naderi M. Determination of
toxic metals pollution using extraction (TCLP) in six
brands of vermicompost produced from bio-wastes
in Tehran. Iranian Journal of Health and Environ-

® ﬁﬂ/
./,21?99 J 119 Jlgs /gl o)l /mas i )95

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

\ VY

et 5 Jolate sla by, b awslin jo 5 3Ysb Slilas
Jael O F) 5,5 0,60 Lo aiile e Lyl 4y Sl
2 YL QU b olas S Sl eolat il (yszen ol i
6595736 slagg 5l eoliiul wanld (o5l wdigs 2509,
ks el ]y (s (29558 Olejoe (i o0
L g Zeng sloa ool g ols jaslisll, ol 18
el (g ) (29598 Lo 4y o 595U (5 o938
00—l g Sl L I LS Sbsk s 2l 90 Gl
A2 956l Glyieas 0)8 G52 52938 b (reizeen (TY) o

YY) caslansls ply g0 5l i 2o5L LS

bos sl o)kl slsoan¥T 5l a-puid sl 5
S N R R e S
ol e Gy Sl falS jslanea; o 5L o)
elivargb.cwlas )3 )18 chglsl o sl slaaila—ny
SrSL L (6lal> 1093 (i (2509 ,8 g codal Cdny
8l cmlbie (6 )52l il 5Ty 8 gl lgi cue
Ol bl .ol glaSw Joxins slas 5L Sl SL 5L
sl Sals Slils olsl Gliee ogs cdale ol a5 ol
99—y Ol (rFomb 4 ) @Lloosg s e bile o g
Lo 4 S 9 LS e Sl sl 2Lk o SV
2 feglosgclale w000V gAA N - ol e
ol I3l o3k dnlio b el sy 55, VY Lo e

ment. 2016;9(2):289-98 (in Persian).

3. Sonoc A, Jeswiet J. A review of lithium supply and
demand and a preliminary investigation of a room
temperature method to recycle lithium ion batter-
ies to recover lithium and other materials. Procedia
Cirp. 2014;15:289-93.

4. Zeng X, Li J, Singh N. Recycling of spent lith-
ium-ion battery: a critical review. Critical Re-
views in Environmental Science and Technology.
2014;44(10):1129-65.


https://ijhe.tums.ac.ir/article-1-6005-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-16 ]

5. Sabouhi M, Nejadkoorki F, Azimzadeh H, Taleshi
A. Heavy metal pollution in the floor dust of Yazd
battery repairing workshops in 2014. Iranian Journal
of Health and Environment. 2016;9(1):127-38 (in
Persian).

6. Bahaloo-Horeh N, Mousavi S, Shojaosadati S. Bio-
leaching of valuable metals from spent lithium-ion
mobile phone batteries using Aspergillus niger. Jour-
nal of Power Sources. 2016;320:257-66.

7. Sonoc A, Jeswiet J, Soo VK. Opportunities to im-
prove recycling of automotive lithium ion batteries.
Procedia CIRP. 2015;29:752-57.

8. Dewulf J, Van der Vorst G, Denturck K, Van Lan-
genhove H, Ghyoot W, Tytgat J, et al. Recycling re-
chargeable lithium ion batteries: critical analysis of
natural resource savings. Resources, Conservation
and Recycling. 2010;54(4):229-34.

9. Zhang Y, Harb JN. Performance characteristics of
lithium coin cells for use in wireless sensing sys-
tems: Transient behavior during pulse discharge.
Journal of Power Sources. 2013;229:299-307.

10. Rashid M, Gupta A. Experimental assessment and
model development of cycling behavior in Li-ion
coin cells. Electrochimica Acta. 2017;231:171-84.

11. Woligroski D. Real-time clock/nonvolatile RAM
(CMOS RAM) batteries. United Kingdom: Purch;
2012 [cited 2017 Dec 8]. Available from: https://
www.tomshardware.co.uk/power-supply-protection-
calculate-consumption,review-32356-10.html.

12. Al-Thyabat S, Nakamura T, Shibata E, lizuka A.
Adaptation of minerals processing operations for
lithium-ion (LiBs) and nickel metal hydride (NiMH)
batteries recycling: Critical review. Minerals Engi-
neering. 2013;45:4-17.

13. Bahaloo-Horeh N, Mousavi SM. Enhanced re-
covery of valuable metals from spent lithium-ion
batteries through optimization of organic acids pro-
duced by Aspergillus niger. Waste Management.
2017;60:666-79.

14. Asghari I, Mousavi S, Amiri F, Tavassoli S. Bio-
leaching of spent refinery catalysts: A review.
Journal of Industrial and Engineering Chemistry.
2013;19(4):1069-81.

15. Abdollahy M, Shojaosadati SA, Zare Tavakoli H,
Valivand A. Bioleaching of low grade uranium ore

\AR

e 1A 5093 (gt 5 (o299 58

of Saghand mine. Iranian Journal of Chemistry and
Chemical Engineering (IJCCE). 2011;30(4):71-79.

16. Atak S, Onal G, Celik MS. Innovations in Mineral
and Coal Processing: Taylor & Francis; 1998.

17.Zand AD, Abduli M. Current situation ofused house-
hold batteries in Iran and appropriate management
policies. Waste Management. 2008;28(11):2085-90.

18. Xue Wang GG, Callie W. Babbitt, Kirti Richa.
Economies of scale for future lithium-ion battery re-
cycling infrastructure. Resources, Conservation and
Recycling. 2014;83:53-62.

19. Jadhav U, Hocheng H. A review of recovery of
metals from industrial waste. Journal of Achieve-
ments in Materials and Manufacturing Engineering.
2012;54(2):159-67.

20. Bajestani MI, Mousavi S, Shojaosadati S. Biole-
aching of heavy metals from spent household batter-
ies using Acidithiobacillus ferrooxidans: statistical
evaluation and optimization. Separation and Purifi-
cation Technology. 2014;132:309-16.

21. Celis JE, Carter N, Simons K, Small JV, Hunter T,
Shotton D. Cell Biology: A Laboratory Handbook.
3rd ed. Netherlands: Elsevier; 2005.

22. Liu B-S, Wang Z-B, Zhang Y, Yu F-D, Xue Y, Ke
K, et al. Preparation of submicrocrystal LiMn204
used Mn30O4 as precursor and its electrochemical
performance for lithium ion battery. Journal of Al-
loys and Compounds. 2015;622:902-07.

23. Xin B, Zhang D, Zhang X, Xia Y, Wu F, Chen S, et
al. Bioleaching mechanism of Co and Li from spent
lithium-ion battery by the mixed culture of acido-
philic sulfur-oxidizing and iron-oxidizing bacteria.
Bioresource Technology. 2009;100(24):6163-69.

24. Choi M-S, Cho K-S, Kim D-S, Kim D-J. Micro-
bial recovery of copper from printed circuit boards of
waste computer by Acidithiobacillus ferrooxidans.
Journal of Environmental Science and Health, Part
A.2004;39(11-12):2973-82.

25. Lee EY, Noh S-R, Cho K-S, Ryu HW. Leaching of
Mn, Co, and Ni from manganese nodules using an
anaerobic bioleaching method. Journal of Bioscience
and Bioengineering. 2001;92(4):354-59.

26. Marcincakova R, Kadukova J, Mrazikova A,
Velgosova O, Luptakova A, Ubaldini S. Metal bio-
leaching from spent lithium-ion batteries using

19Vl /Jg! & /a3 jl :
S /gl oo /pasjbosgs ]

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6005-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-16 ]

Olse g (5 ol Lk

acidophilic bacterial strains. Inzynieria Mineralna.
2016;17(1):117--20.

27. Liu B-S, Wang Z-B, Zhang Y, Yu F-D, Xue Y, Ke
K, et al. Preparation of submicrocrystal LiMn204
used Mn304 as precursor and its electrochemical
performance for lithium ion battery. Journal of Al-
loys and Compounds. 2015;622:902-07.

28. Xin B, Jiang W, Aslam H, Zhang K, Liu C, Wang
R, et al. Bioleaching of zinc and manganese from
spent Zn—Mn batteries and mechanism exploration.
Bioresource Technology. 2012;106:147-53.

29. Mishra D, Kim D-J, Ralph D, Ahn J-G, Rhee Y-H.
Bioleaching of metals from spent lithium ion second-
ary batteries using Acidithiobacillus ferrooxidans.
Waste Management. 2008;28(2):333-38.

30.Niu Z, Zou Y, Xin B, Chen S, Liu C, Li Y. Process
controls for improving bioleaching performance of
both Li and Co from spent lithium ion batteries at
high pulp density and its thermodynamics and kinet-
ics exploration. Chemosphere. 2014;109:92-98.

31. Zeng G, Deng X, Luo S, Luo X, Zou J. A copper-
catalyzed bioleaching process for enhancement of
cobalt dissolution from spent lithium-ion batteries.
Journal of Hazardous Materials. 2012;199:164-69.

32. Zeng G, Luo S, Deng X, Li L, Au C. Influence of
silver ions on bioleaching of cobalt from spent lithi-
um batteries. Minerals Engineering. 2013;49:40-44.

® gﬂ/
./A}?Dg J} 1P9Y Jlas /gl 0o /350 0095

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

\Yo


https://ijhe.tums.ac.ir/article-1-6005-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-16 ]

Iran. J. Health & Environ., 2018, Vol. 11, No. 1

&>

Available online: http://ijhe.tums.ac.ir

L
£

"

o el ¢y
(/
»\
%,
%
g (AEH)

Original Article

i, R
o 0
" of Environ®™®

Two-step bioleaching of Li, Co and Mn from spent lithium-ion coin cells
batteries using Acidithiobacillus ferrooxidans

T Naseri, N Bahaloo Horeh, SM Mousavi”
Biotechnology Group, Department of Chemical Engineering, Tarbiat Modares University, Tehran, Iran

ARTICLE INFORMATION: ABSTRACT

Received: 30 January 2018 Background and Objective: Batteries can be hazardous to the
Revised: 22 April 2018 environment and human health due to their toxic compounds. In this study,
Accepted: 28 April 2018 for detoxification and recovery of metals from spent coin batteries, a two-
Published: 20 June 2018 step bioleaching using Acidithiobacillus ferrooxidans was investigated.

Materials and Methods: A number of spent coin batteries were powdered.
The powder was added to the bacterial culture medium and after 12 days
the concentration of leached metals was determined. For investigating the
effect of how to add the powder on metals recovery, the gradual addition

Keywords: Lithium battery, of powder to the medium was carried out. For this purpose, the powder
Heavy metals, Bioleaching, was added to the medium every 48 h at a rate of 20 g/L until the pulp
Thiobacillus ferrooxidans density of 100 g/L. All experiments were run in triplicate and the standard

deviation was shown as an error bar in the graphs.
Results: With an increase in pulp density, the metals recovery rate
reduced. The highest recovery rates for lithium, cobalt and manganese was
100%, 88% and 20%, in pulp density of 40 g/L after 12 days. Leaching of
lithium, cobalt and manganese was 66%, 8% and 0%, if the powder was
added gradually until pulp density of 100 g/L.
*Corresponding Author: Conclusion: The two-step bioleaching using Acidithiobacillus
mousavi_m@modares.ac.ir . .
ferrooxidans was an appropriate method for recovery of metals from spent
coin batteries. Also, gradual powder addition to the medium did not have
a positive effect on the metals recovery and on improvement of bacterial
growth characteristics. The metals recovery in high pulp densities was
mainly due to chemical leaching.

Please cite this article as: Naseri T, Bahaloo Horeh N, Mousavi SM. Two-step bioleaching of Li, Co and Mn from spent lithium-ion coin cells batteries
using Acidithiobacillus ferrooxidans. Iranian Journal of Health and Environment. 2018;11(1):123-36.
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