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Investigation of effective parameters in the extraction of cobalt ions from non-
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Abstract

Using Aliquat336 extractant, cobalt ions were extracted from a non-aqueous medium. The effect of
different parameters on the non-aqueous extraction process including ethylene glycol concentration,
extractant concentration, hydrochloric acid concentration, and cobalt ions concentration in aqueous
solution was investigated using the experimental design approach. According to the desirability of one
and the maximum extraction efficiency of cobalt ions, the optimal conditions include volume percentage
of Aliquat336 (19.2%), cobalt concentration (899.4 ppm), volume percentage of ethylene glycol (65.3%)
and hydrochloric acid concentration (7.81 M) were obtained. The validity of the data was observed with
minimal error between the predicted data (94.82%) and the experimental data (99.36%).

Keywords: Non-aqueous medium, Cobalt, Aliquat336 extractant, Ethylene glycol, Hydrochloric acid,
Experimental design

Journal of Nuclear Science, Engineering and Technology Slan (6 3ld 5 cwdige pole ale ‘.'6’
Vol. 45 (3), Serial Number 109, 2024, P 84-94 AF-AF o VFeY 50l O o al> o o)led FO 090 5"



oS 3 olss, (Lol b e woljallal sogs ( spp debld

AD

03,50, (85l b 53k polie adsl e 2alS 4 a9 L
ol adlbior pibioliz] el 4l gl 5l SL5L
YU Hleaily b o lbogeds auslsiy b osius sas s calites xlio
Q.ﬂ Jlasul slsly o 095 (golazdl 5,90 40 Qbﬂé‘ Sy |y
Fr o Ol SIS agl mle 5l S ey ol
(69, el clls S (sl slaoylpw
[3-F] o505 o)Li';‘ 00 Jaxis Lgl.(b‘.g).ub] 9 GAMJ LgLasé)SLg
o glealls 5 gl con o il sl s,
Bl gy e spig b 5] ol Jolons 51 LS
cblie wlox | slie SWS @ gl gl iy, (N>
9 Lbu\)l} sd,o...l.t 6Lbl.m.c mbl) SS9y » ol <)
3 eolaiwl a5 wWlbas a8 5 4 b Sl
5 el Jobre g9 (G g a4 ead 53 slahs)
Olge ;0 08w de (PO, SRy, 0rd S8 slagy,
Sz 4 bl el canlo Glaiz CILS Zlseil gl sois
sl 5o lio S L 5 meiegll jpa> &j50 0 a5
w8l e Bl LS olien 4 OllE lojen B0,
a5k 4 03351 o8 a5 00y w5 5 Ji5e (239 (Pl glEed
oolaiwl LS B gile @l 5 zlsawl ly oo plS
e 3, sbolu @lie o ppee Ll DAl 058 o0
sasse Lolayl 5l 58 oLl el a5 coul sals adgs
u‘yso kaL, C‘)M‘ U"ﬁ) wl:m )f.aé )‘ w‘ o‘).o.ﬁ 6&[4)
ol g gal LSz (Dl B dajls s jlulas dlus &
V] 5,5 oLl oLk
IR EPE V| G [P JC OV O ) E P SV CORRCA I
sl slors 31 ool b laailewy 5 (smio aiyl 8 oails 3L
Pl T g JalS jobo 4wl cnl 09 g iy y5 (DT d
[Ve] cel 52l Jlws o1 50 O Gran ol bl wgd oo
Gilwlaz ¢ Pl oedgd el )z a4 axly Olles
Pl zlzanl b )sSdad Jsloee gilualls sonile SlS 5
b pocgm; LB GLk 5 rald e SOl b (2l
ach ald ol il (ol slacudy xSUL s 5 ]g uSUl
S5 4515 55 45 s al & s (55, 5lling 00
PRUST.IPRCE gy oolazwl sl sles sloaslys ‘_?‘)M‘
bzl @) oS o ooliiwl Soxe b JT sl P> 5l asle
o3l sl e ol b (Pl slie g0 5
b o 515 3,50 o Sla Mo ( P> (65550l slaon] 3

1. Solvometallurgy
Journal of Nuclear Science, Engineering and Technology

doddo .
olg g alize polie ololid b g 55108 5 ple (58 L
3 a5 wiloas adei Al (600,15 slasldl (T 4 by se
o8 Sesll 5 (S anled oo 03,50 595 4 59, 1y Gl
Wi g5 JSG 4 oS el 2LS (gg5el (o ye slds 5o
LS 05 g0 S8l (gloyk —ai S5 4 0aiSS g 3l
L glesd e S g G jare SO lye 4 Lalls
DI wle ol @ oo 5 Soplnal 5B S lsie
2 il pate S lgie 4 LS ate nge slaoslizl
sl donlsn sloygise ;o oolitul 5)50 (slajldl g
op Jilwg 0 ooliiwl 0,50 o ol cusbline
) Sotis o LI polie (idg wilew lasg)lS
Sl 5 Y] ool aslT (So,55 Canglin (gly oSS
g Seslyw il )3 oSS, plpie 4 55 IS oleend
Gl s Ko eolanul asjls (g0l eolaiwl sais Slalad
gloo ;o @il 5 Glye g 28 mlio )0 CandllS lye
DT ol Glgiee (b3 5 59les

slogsnlnsl, 51 So LE gy 99 S L e LS
5 Sl (55)5laS 5 (pele Dlaiind ((Shjy Caio 0 05
Sl oggn! (50,8 51 VI ol jen 47 Co wlaro ;o
e slosesl 1o gl cnl sl (Sxio 315 n0,
Jewl iz 5l as sleosle dadded o oVYlasl ow)
oolaiwl Lamlepr 5 i8S cole bu s Wil o
Sbd) S oy 4 58 Silam 9 (oo SlikES )0 095 o
33,5 o3yl Sz uized [V] 0S e eolaul F'Co
Or om 3l (e 5955 eygel) (2B by, L lalie
O 3l (298 Slge (6)10aS5 ey o b g s sle Julse
oIl 3 g (6)9)bog5 ligem 5 laogas 5 ST 50
S35 il 5 (Feei 9 5k 50 0095 095 dlex
50 [§] 55,5 o oolatwl F'Co LS 555 5l (55,0LaS yo K0
ssbie 4 Fe CILS Sl STl slagiwels)) 5 gglan
haskd Cge sl 5 )n b ladd (59,65 (o)
(S5 3l G S S 5 boyis da)ld sgry Ll
IR e S S e ool sy (S
ool (Gmio glaanlp Gl Gl 0 pee syl
SzS j0 a5 cwl LS sleaais o 5l (S £ LS
e JBa bl g oo eolinul JB (slats
ool cnlin Sl e Ve AL (g 0l B L slaaly
0]

Sl (6 )9lid 5 (owikites pole Al

Vol. 45 (3), Serial Number 109, 2024, P 84-94

AF-AF o VF-T 50l 0 als ¥ oyl FO 0,9

va
4’9‘[



AF

e Sl CULS Glagyg gl o Fie sl el (o)

3zl L Dy(ID) ¢ NA(I) sjlulas ol p bolas
[Y0] s oSS ) L51 slo Joloo

@t Pl gzl 5 K ks o o)Sen 5 52b
gl ool woges eolitul peewdst (ilulax sl
ey g0 oSzl el iz glacdalé o 1) pesogis
W5l zlsel asye byl slaasl 4 axgs L oadsls 1,8
a0V 5l eauSglgel cdale ol b oas,s AN 4 as e
IVF] cél aoliél Yae o)) 4y Yse
aslas OVY uSilew cauSzlmanl b1y JoSdS Lol lars
oSSl 5l Jaloes (LP) odad 5nS t;l B LasQT 30,8
by S 50 Jelore (gl szl sl SO lgie 4 OVY
ol g8game Hlaie b oSS LsI (MP) 5 a8 JT 56 51 4
Jole Oy 4 Dl eid 9 Sl 8 slacSes 5o Joloxe
LYV] $o,5 oolawl olo5Sad

3 bsle gilulas ()lKen g ezl o adow o
S e b ol D gl b S el ole
ol oS I 36 5 Jobre 4I5S id b JsSlS oL
taadllae pl 50 g Bogen Ho ol 3.8, oSzl sl
ol 51cd S 15 w0590 ST slasl Jlite oM
ooliiwl S ol wlils Lozl sel Gl JT 56 g0 a8
sl iole;] cul g o] bliie Sl pond g o
Js5dS Ll gglus slapar> (10,5 bglis L blae o>
] dale 5l b lge 4 S0ga-n/AVY LuSGlew
00,8 alol cauiSzl Sl chale 5 Sl cdale IS
IY4 YA]
aS 39,5 esalie CyanexdVY sauSzlsul L ol e
bSas 3l e YU cdale L olps lase o0 ol
Sl ol oS o 5yl0,95 ol e jo SeslS sl wSLaS
@ DS pl g 0,108 o ol e b 5l gleul o ke
e o el S5 oLsl g of sladgle e Lo
5 bl is 5 oo ablol OT (sla 380 sy Loy o Loy (o
Siled Sl Olps slang iy oo ol e
2l ot b 0 Vb 63y 23S L sslulaz (lple
[YV] 05,5 oo

2. Rizk
Journal of Nuclear Science, Engineering and Technology

595 (G5 ol Canmy Jamo @y i b pom Sl Pl 0555 5
Yol o oo L1 goanie bl dam gy cpl Ll [YY]
Slay a5 51 Glsiee cnlpl 5 sl Sg00me L o B jme
oo b ol oo Pl glgal 5 giind g0 0,5 659l
ey g wms (S ) ale e Sy gk oSS
Pl Goiincds pow b oo oolw ganl @ glapl SUo
55 el o] T gl sbe b gt 3 5 ol Ll
Bhse FpS ahal Jole g dpul Grae falS 4 e
sl e 5l (28 Glagane S (2L 50 e ke
oS amlp e ke J5 @ 1n) ot aiio Sl
Arwgl 4 Wlgh co a5 Sl SiaBae ;0 A jsb 4y 09l ol
Srae polie b g yho a4 e dilow b 55,50l sloanl 3
IYY] 05 SaS g5,

P9y b LS gl ane) )0 (g3gamme ey Oldllas
(oguze Oladod )0 g Cawl ouls plxil D> (65,80l
Rl gl jehie 4 ol e I zlseal anls
IYY] ol 0 5,135 58 slogys

Jorie CllS- ol slabyial I LS (gjlulax
@l 5 85 18 o5yl 0)5e (ol nd gl Pl SaSs L eads
5 VP SlST clhoaisSgl il i 45 a5 ols olis
Gl cgz gllae ol SLs SO 4 (g oo YVY LuSShews
ol cess TAYF bl s TAAY LS psls L ol
IY¥]

S b potie S o gl ol 5 52
S Glaegeme  lagl sl 3 wyp 8,9
it SdnST ol ¢ 235 o T (glooaisSzl Sl
b ST gloo i b ol 5 biliginsd dacliind
@S 00,8 edwlie sl I3 byl o500 1) Jloasls

bowis & SB ek polis gl esil ool O
< Slighnd < Olhed < phed 0S| droniiSzl Sl
ST sloo iy b oSzl seinl g5 (F soonl Sland
5 w3 oo GLa 1) VL Sl lpsel plendly 5 S5k
3 ghmel (F cigd oo gzlmeanl 5l mile Jloasls sbvo e
e 6V silulaz layests JoSl5 st sla sl
@ Camd (B 0adsilE )] lhoaiSEl Sl gyl ass
bolsind 5 bolubud (F S oo obnl o b slxe
5 Ophed slaanS| 4 cand G sleeaSEl

1. Batchu
Sl (6 )9lid 5 (owikites pole Al

Vol. 45 (3), Serial Number 109, 2024, P 84-94

AF-AF o VF-T 50l 0 als ¥ oyl FO 0,9

va
4’9‘[



oS 3 olss, (Lol b e woljallal sogs ( spp debld

AY

2 A.L:.a‘) )| solawl b (%E) C‘JM‘ uLo..\.ab L oos C‘)M‘
130,85 dwle

c
%E =—txy.. M)

Tot

(O)rr 3 Joloxe jo gy IS cdale (O)zor YU dloles (o a5
ol ad 565 JT 56 o 5ls cdale

izl Giulogl (b oy 5l bagialeil el oy
0SBl b Linlesl cga el slayial)l a5 w8
‘BLo.i Ll oals solo QL..MJ \ Jj..\:? o YYF u‘}S...ﬂ
spa g o A S (65l Cas b e sloo o Lo iales]
oy cble w35 plxl Voo S chile b oI5 o
(8 gy Sl g, 3l osliz b JSSLIS Ll 3 s LS
wllp g (o oS, DR-Fe-- Joe) UV-Vis
RVRJCSIIP UL 275 KV IS S5 C S PR PSP S WO BN [ NP | B OUR
aS 25,5 saslive olfiws b oo ploul sla o] b [YY]
&l ey 5T alie JoSIS Lol e po U1 mls
Syl Callas [YY] ayo jo a8 5 Ojg0 Oladllas b g ool

oy g b ¥

oy & 1) alize layally Glalol (b ¥ Jsax
LSzl pminl 0o )0 (i e oo Hlid o, sleosls
oy Fo oSS sl Qe e ppm o cdale L (e, AFFF)
b sl S5 55000 5 YYP DIeSIT clale azm wojo V-
Ao, pnS &S Jb o s S Jols Ve A clale
ANrd Qbi.,ﬂ o> 2oy V0 0 (de ) VY F) 2l sl
SelS gy cdale o TV oSS Gl A LS cdale
0,5 odslice ;Yoo ¥ ol

b iolejl (>l sy oad Sl b 9 YU zolaw g lo el Y Jga
Yys ub&JT od.l.lfc‘r‘il.w‘

sles
+o +\ . -\ - JoE

Joe

YYF oSl el
(%v/v)

Yo Y- VO \e. N

SS9 000 clale
M) ol

Josels oLt clale
(%v/v)

olone o LS il
(ppm)

1. Marczenko
Journal of Nuclear Science, Engineering and Technology

JoSdS LSl ol G STl el o 4 0y IS o]
SApS sl (20 Sed J1 (eSS LT o 568 ol
aS WD gad 00 Sed oSS Ol 5o e lele Az
Aol vgbse molole 5 SIS S5 jls ilolaz 4 ie
ol glcax Ko gilulaa slp Glyes 1) il
LY1 0,5 Jlesl 55 gl 595
9 pgyl polie Gilolaz ;o 0l 515 Glidsy mls
oy SSS Sy (2l gl Sl by, 45 ams e s o3
L oanlio )0 58 g0 (YL (gilulaz ;g5 @ o, Cox
13 85 gl el 4 sl Cam b gl ol o
2 Gy gl G 2l pd banzms 1 CILS slags gl pd
Flg a5 18 eoliiul 950 5350 S ik sles
slogyg cdale wanSyl sl clale ol o elil loje
3550 JsSlS Ol oz s po 5 2l Jslore alyapsl w2
sl iegs o bl pae Jdo 4y a5 wd 5 )18 b))
ouls pldil LIS sl ole 5,0 Sladss o oads plowl

byl plxil Sigy .Y

Slgn 1.¥

4 (CoCly.#HyO, Merck) o,s cJLS 51 aeghs ol jo
ag3,5 ealitl T Jsle 638 slagysy ool aie Olgie
A yekiie 4 55799 oSS L1 9 79 0o ,IS pnd S
S8 eoliiwl 5,90 Merck <S5 5l oo ags JI Joleo
oSzl el sgl> JT 56 5l bagyg gl 5cinl cga ais S
e Pl o (Aliquattys, 749, Merck) YY? Sl Il
2,5 solawl

&t Jokmo b gl ol by V.Y
3 gl Slapz> ool e Pl b gl slogtalesl oy
S8 s (el o eaSElpal) okl s JT 6
3 IS e+ JoSI Ol e 38 slags) kb
a4 byl wish o oS5 sl 10 Silejl (sladly)
Gy b a0 Ve Do 4 g D o0 dzdy Ve Ol
Wgdh o byl b wo S 5oy il adds o 40 Fee-
S slags S WS s pSeill L 5o baiges (alos

Sl (6 )9lid 5 (owikites pole Al

Vol. 45 (3), Serial Number 109, 2024, P 84-94

AEAF o DT 5ol )+ q als (ol FO 090



AA e SIS Glagg gl jo She eyl (o)
00 Lol s 5 VYF SIS oatiS 2l il b o >yb iglel Yo Ll ¥ Joui
%E %E LS el JsSds oLl el il R TACTR W R
oS e (ppm) (v/v) (%) M) V) (%) =S

NI INARA Fo Y- 7 VO \
AY 5 1 AY .. 5. A ¥ v
Y55 YoAY .. A ¥ ¥ ¥
SEAY YYAY Ve y- 5 \0 ¥
- ,0A av st Y- I A Y- 0
YY #A \ANtd Aee Y- 7 VO 4
VY FA V¥V Ae - Y- 5 \0 v
\E¥4d va,£f Ao I\ 7 VO A
DAY 05 ¥4 A y- 5 » %
VY FA YN0 A y- 5 \0 V.
YY #A Yy, £a Aee Y- 7 VO B!
ARIAN AR A Y- I ¥ \- 'Y
Y¥ V4 A¥ YA Ae - y- 5 Yo VY
FYAY 1,0 .. 5. P ) Ve
S50 Y. ¥5 v A A ) Vo
Y¥aa YANA ye- A A Y- \&
oY ¥ FAO) .. 5. ¥ Y. VY
YY Y YVAA v A ¥ V. A
AV - AV $ - v 5. A ¥ \a
YAS- fory .. A ¥ v Y
VYA VY Y5 A y- 5 \0 )
YA \Y)- f Aee Y- Y VO Yy
Y& A Yo £7 Ao q- 7 VO Yy
V¥4 Yo,V q.. A A Y Yf
YSA- YYAF v A ¥ v o
AAD- 85 .. 5. A v Vs
BaVF SE Y- .. A A ) Yv
YY Ve Ya,v- Y- I ¥ Y YA
WY AF,Y0 A y- ¥ \0 ¥a
YY #A yyAa- Aee Y- 7 VO Y-

x> dwop b blie cui g4 D g C B AN ol o
Qo0 ] SIS g j0un cale FYE SlgSIT oSzl Sl
il oo SIS slagy cale g JsS IS s (comne
gl s (Gally Jelo) Jas gl el aodls
YL bl 5 Jae sl oo ools L ¥ Jgaz jo LS
(AA AR Sad Hlade o 3YL 5 (000 +) Flade
chw G55l Gl okl Jlade S P-value a0 5 Gl
Sl P opolas Co(Il) zlmwl glp cusl Jaw )lolixe
Joe wams o Gl aS a5y )l S Bl s (gas]
Fjlade o)l bools coion 50 1) Joe cpyian poo a0

Journal of Nuclear Science, Engineering and Technology

R AA) o oy Olee 4 pge ax, Jow
sleosls ples L b 0,5 bkl (Adjusted RY + AT
cllae LS lagg gl sly oad glans (020
o; oalazw! Gul.v C.’a..u \))S_.v.j) )| U‘yLSA ‘(Gul.v) CbM‘
ol ) 70 4 ol zlmiul s s Jus

Y%E = A0+ YYAY X A+104x B—-005¥ X C 4+ Y0Ff X D
Fop Ve YXAXB A+ AWAXAXC A+ NWNWXAXD —+ A - x BxC v
—YYEYXBXD—-)-aAXCx D —--Ys0x A" —- 41 -x B ™

— YA\ C" = \ASY x D'

Sl (6 )9lid 5 (owikites pole Al

Vol. 45 (3), Serial Number 109, 2024, P 84-94

AEAF o DT 5ol )+ q als (ol FO 090




OS5 Gles, (ol b e cosljallan] (sage (stpy dabbld

A4

a g
(SIS

P e oo BREEESE R

Normal Plot of Residuals

95 3 m
90 — EI-
= 80 =
= 70
:
=
2 L
=
LI P
g
03
3 =
s - =
1 -
]
T T T T T T
o 5 RS 5

Predicted vs. Actual

a0 —|

Predicted

&0 —|

a0 —|

20 —

o 20 ao &0 a0 100 120

3 28l slaosls 5l GBlmil b ot Joges g Jloy Sloges Y S0
VTP ISl oaisS gl il b Lialoj] ol

SO F jlaie S as oy Jlaasl asps o0V il alls
223 E) g Jeds 4 el pae (S5

Sogad 5l oolaiwl b beoaile 3L Jloy aujes ) JSo 0
I bl aS 0g oo cawlive el oals ools las Jlo s
Soged pl 9wyl I8 az 0 FO as SlLbl o g Wl Lol
L Jowe 5l odal cavoas polie i S o ..\.».:la Iy Joe
FO L slazal o Lo ,i bt 0sd oo dnslie oadly slaosls
e polie a5 el e ooy cpl g Wiyls 13 as o
Sl Jow jleel g aiiis om0 polie 4 SGop lawy oo
g oo a...,l_' Hloges

LS gl 5o bl opew ¥ JSS 50 Vgl logad
sdel Cawdds lolas 5 ¥ Jgo jleoliul L1) ol e o
aS 00,8 oo odalin Joges pl L Glle aws o olis
slog gl 3 1) mew G2F0Re Sel SIS0
Gl cge Jole 50 S g 1) aiS oo slml SIS
5 oheS LSis 0 g 00,5 oo CoCly™ Ll slaasgs
Lol SIS SIS SIS 56 a4 o !

L ool (>hb ;0 (ANOVA) Lubly 56T sleesls ¥ Jous
A\RNd u|55..ﬂ e~.\.2.25€| P;....u' |

Il Positive Effect
B Negative Effect

A: Aliquat 336 (%)

B: Hydrocholeric Acid (M)

C: Ethylene Glycol (%)

D: Cobalt Concentration (ppm)

0 5 10 15 20 25 30 35 40
Standardized Effect

Lo 5l cdlS oo glil o bl v g 53,4 Hloges .Y S0

N

G dw glayloges (2L 5,1 )Y
Oinlos] 8,90 30,0 YO B0 s3game 0 euiiSzl Sel clale
)a\)l.a.o el o0l o\))ji Y k}i“’ o as )#um MS; )|)3
Se g, g oanSel gl cdale) bl g e S
CLS e gl Gl el bl 4 e (Al

D9 50

Journal of Nuclear Science, Engineering and Technology

P
Pzt Fos)l hge o)l oy &=
SepreeN OO O YA A A-AY Jae
cee¥YE O AYAY \ Y ) \his A
Seppee) OYYY  Fe¥ ) g 5f B
Seppee) YepA \Aas ) ‘Al C
EEATINRE ALY V00 ) V00 D
AN AL L) SRRV R 2 ) o VEP AB
- ¥AYA VYo Yy ) AAYY AC
.o POY AVRTARERN A AN ) 100 AD
SYYAF L AVYY e N vy ) Nevy BC
<oV EY YEA oAV ) AV BD
- Naof VAY - AvA ) NAYA CD
- YYOY \,Ov AT RN \ NEY A"
< epee) FYAN £91 \ £91 B’
eeY YV AA Yf- \ Yf- (&)
RV P - A08Y ) - A05Y D’
ARY AT Y, 0A sails 3l
EERE S & 07\ SRRV YN \OF S5l pase
YYD S NAY e glas
Y4 AV LAl glas

1. Pareto Chart
Sl (6 )9lid 5 (owikites pole Al

Vol. 45 (3), Serial Number 109, 2024, P 84-94

AEAF o DT 5ol )+ q als (ol FO 090




e Sl CULS Glagyg gl o Fie sl el (o)

20l sy b alS glagg pSheS JSi5 slacb F Jogux
[Yf] ol ol az,0 YO sles 5 o] lame

log K STy

Y Co™ +CI” = CoCIl"
-YA0 Co™ +YCI” = CoCl,
A Co™ +YCI” = CoCl;
-4 Co™ +¥CI” = CoCI;~

o st‘ W)Q /%’ b()~ 005..\.7:0 )o L']5S...lf UJ""‘
Oiali8l el o eols las B SE jo a4 el len g0 S
S JoSdE sl asye mals g YR olSIT cldale
b ple JsSl5 Ohst aige wo s idu oo Songe | gl
ool adale ol b sels Wy, ue )8 ol as s FOY
oy lpt bime ;0 38 Glaggn cobdl b SIS
5 Wb grall olpe lme o 50 g collad 005
Sk b 56 @ Logyg JEl 5o ol gll ool
[YA] 05,5 o0 oamlice ,inS

Jolze jo Voo ppm B £0 0 o0guamme ,o LS cdale il
DL & S8 5o 85 jsbolas S35 B sy 090 sl
clls clale) gogu U jialil g0 o iol58l cianl ouds ools
e ke e Js & (78 SISl e 0
@D () dolae b Bllae (g5 51 y0 uSdeS™ JoSeis
L ooy LS e age cdale aiso oo daue 1) gzl
55 Jol> A29,F ppm

Yoo Vo B Y oogamme ;0 Sl SIS 000 cdale
ools ylis £ JSs ,0 a5 jebles 28,5 13 iolesl o490
&JASBJM Qo 0 u.....vbﬁ‘ 9 MJL.S clale u.....vbﬁ‘ ] 00l

Ol oy g Veee B £ e odgasme o LS clale S
ol oo ooly Lad Y S ;040 B A odgae yo oSS
980 oaalive b eyl alE b (6 508 Sl i W

Sl S50 woye g JS S Gl ws s
I3 Golesl 090 S o ala>de A S5 0 a5 jsbylen
Sl do o palS 5 sl SO IS g 00 do e oliEl e S
5on LS (2l il el Spege el J5SlS

Journal of Nuclear Science, Engineering and Technology

% Extraction
Design Points:
@ Above Surface
(O Below Surface

13.043 [ 9464

X1=A
X2=B

Actual Factors
Cc=70
D =800

% Extraction

15 S g b LS Sk LS slacal
oads 03,5l ¥ Jgoz j0 ol 5 ile a0 YO sleo g o] Lae
5 2l Gl o Sz S5 slacol o) 4ol
ol Jds 4 092yl b o(F Jguz) ol e o LS
i e & D 4y e i b S Sl
@0t SLSLaS 355 oo (S 01 50 S5l k!
SHSon S glaedl Gl w5 s SIS Glog om
4 b ;0 0,5 e YL (liee S92y sl il Jls 05
JeSid 5 g Vb cdale 0wl OIS 008 jga> aauly
O ol (ohd 5eS 5B s RR'N)CoCly (g )
Pt 4z, ol 5l e o l) 0l 5 CILS slagys
Sgad dlez Colaas CoCly Sl JSid Sy o

el Sy @YU B U T o S
cin gloylisle 45 W Ll b,k o8 LS lans
il gz gl loylisle @ |, [Co(H0)]™ aile gz
olsl gl ,3 [Y5 ¥8] aisS s CoCle™ L CoCly
& [CoHORI™ hlisls hos & bl oJysis
S Lo 4 Ol el zals & g el 5 i CoCle™
az,0 YO los ;o FY)0) oS5 Lsl G asdlgn a0
a0 YO sl j0 YAY) o 5 (VXV+® Hz ol 5 sl
clpls [YV] 0gd co ool Cas (VXY 2 Hz ol 5 il
25 o515 b illae (2l Jsle o SILS sl (2aST
IYA] co
CoClI™ +YR.RNCI <> (R.RN),CoCl, +YCI= (¥

LYYS il cdile iyl Wl Gl b sllas ol ol
ElAi 5 oSl S5 5 oy i 4y 25Ty e
Aol g0 e cdile Gl nlpln sl olpen Sk
@t bee 5l Gl gl pleadly Gl cege
80,8 o0
Slan (559l 5 (owidige pole ale

Vol. 45 (3), Serial Number 109, 2024, P 84-94

AEAF o DT 5ol )+ q als (ol FO 090

4]
4’9‘[



oS 5 Glgd, ol i e wsljallav] goge o stpy aabbld

)

% Extraction

Design Points:

@ Above Surface

() Below Surface 150

13.043 [ 9464

X1=C
X2=D

Actual Factors
A=15
B=6 -50

% Extraction
o

50

C: Ethylene Glycol (%
1000 90 Y yeol (%)

o b ol a0 CILS Zliseial gl gom dw jloges ¥ S
LS slag CBIE 5 JSIS Sl oz o

% Extraction
Design Paints:
@ Above Surface
O Below Surface 120 ’
13043 [ 5454 100 ’ e 5y
LA SRS
0o o LSRRI
(70T RRRSNGRI
YooC B0 |57 o oSSR SR
5 a0 R RIRIRIRRINS
g XS
Actual Factors E 20 o .‘:.’:‘:Q:t‘:‘\:;‘\‘
A=15 3 o ’.O’Q’QQQ:Q:‘_‘}O“
D =800 * 0 996

50

80 C: Ethylene Glycol (%)

J8SdS sl ceme> do s g el SIS g 00 clale

Kot bl (i V.Y

Ll a5l gl aoy 5 K Capslls 4 4z
LS cdale (00,0V4)Y) YYF SISl oz ooy age
g (2o,0 FOY) JoSol5 LSl coz> wo s (ARYF ppm)
AFAY) 0ol St lrooly o e f8las L eools
0,5 odalin (oo A4YF) 28l slaosls ¢ (as)o

Balpd 5o ol e L 31 LS gl il s 3o Lod 1 YT
5 sole az 0 £0 5 OO FO YO YO) alize slales
2 Bele 0 YYP SISl 51 solawl b LS zl el
aS yeblen el oad sols ol 4SS o agp byl
» stz BB I ol ol o oo (iuli8l gl co cdmlice
gl oalpls 9,0 (ol w50 SIS (s P
plxl Oldllas o .abl cod Loo 4y dsly i ol jo LS

Journal of Nuclear Science, Engineering and Technology

% Extraction
Design Points:
@ Above Surface
() Below Surface

120
13043 [ o464 100 ’
80

X1=A
X2=C . 60

g 40

bl
Actual Factors el 20
B=6 fis] )
D = 800 A

50

C: Ethylene Glycol (%) 80 A: Aliquat336 (%)

90 25

s b @l s 0 CILS Zlyseial sl gam aw Jloges P JSCi
J55lS Ll ez a0 5 YYE lsST oz asj0

% Extraction

Design Paints:

@ Above Surface

(© Below Surface 120
13043 [ 9464 0
X1=A 80| =
X2=D . ’

S 4

Actual Factors g2
B=6 & 0
c=70 &

600

A Aliquet33s (%) D: Cobalt concentration (ppm)

5 1000

uJL.S 6“’()5{ cdale 9 A\RNd C;|55~NJT (T o )0

% Extraction

Design Points:

@ Above Surface

) Below Surface 150

13.043 [ 9454

X1=8
X2=D 50

Actual Factors
A=15
c=70

% Extraction

B: Hydrochloric Acid (M) 4 D: Cobalt concentration (ppm)

2 1000

LS sl L dal S 5 s il

Sl (6 )9lid g (i pyle alxe

Vol. 45 (3), Serial Number 109, 2024, P 84-94

AEAF o DT 5ol )+ q als (ol FO 090



e Sl CULS Glagyg gl o Fie sl el (o)

95
2

85

Extraction (%)

®

80

75

70

o 1 2 3 4 5 6 7

LiC1 (V)
Luls o ol Lz 5l CILS glsaal o alS wend 10 g5
X SIS suisSzl Sl b 4

8000

7000

6000
=
-
2 5000
S
=4
=, 4000 -
fand -
- -
=) .-
S 3000 e
S T

2000 P

_ -7 A:Oratio1:1
1000 S
0 o— . . ‘
0 1000 2000 3000 4000
[COD)]aq (ppm)

Lulys cod oS Se Joged 5 <IUS glial Jobs pjignl ) S5

G S azi ¥

gl jshite 4 ole gl e (lagh ool 5o
5 Js5elS oLl sl (S JT 5B g0 ja> 0 2L slagy
VP LISl oasSzl manl ol (6,500 5 2 ,lS pud Sod
a5 ol lis el @l oS sy p el Pl o
b el b o @l e S gl wo e
e RPN ISl Gl gom o0 TPOY 4 G,
sog gl Gl o L8l W) Hlade cpl Gl as Ll
e bl anp ko oS e Job s
5 00,5 Geed LS gl Al s s e SLe 5 SG sl
ot Gl wslhe (i )liel b glabozaiz dolee S
S0 a5 we e lid s cpl wls s 5 ol esls
Sl ddo 4 cdls Glagg glmcl Gl ol f ol
5 Sl ROl 2 et ple S s eSS !
b glpeal glaanld o ol phes SO plgie 4 Wil o0
slagg Gilula g gl S gunlp of Ghals Sua
255 1,8 solawl 0,90 (5518

Journal of Nuclear Science, Engineering and Technology

95

924

923

922

921

20

89

Extraction (%)

88
87

86

85 -

25 35 45 55 65
Temperature (°C)

Lols o ol bame 5l CILS zhicl g o Lo 514 S
¥ ST suisS ) Sl b aigy

zlil oojb jo Lo &l () Kan 5 ) de awg s

Lol e 5l peesss 5 sl lags
IYV] 00,5 oanlice CyanexQVY oauSzl sl

bmo 31 LS gl il s 5 90,15 i) CBLE ST F.Y
it sl s 30 ol ik

IS S iSTy Ky Ysoms el ghdial anld 4o
) sl ol iy S sloKas ol 03,5 e ool
L5 it 2l il Bl gl 5 oSl il glz]
55 G ryliliel Gral8l s 4y (oTyd pias (o o] as
Sgd oo g9 e yd SRy silelaa B See cge 1
S 5 JsSlS Gl 5B g a4 0I5 i) (08 a8l
@ Yge ¥ odile 005 0 5B 90 s pduglinl 1ol crge
ol ()55 JsSelS ksl 5o w kS e gldl cldale lgie
Ol Jobore 5o W I8 lags cbale pois S [VV] ol
oals lad Ve USS o aige bulid o Ve P L - 5l JoSUS
w8 Gl ay amie Wl pid S polie &S Ceul oad
Cle Gl 00,8 oo 2l s )3 SILS (52 gl
5 9050 WIS slagg Céx il cerse LiCl
20,5 g0 J5SlS Ll 5 Ol collab rals e

oS S 10405 g BB Cond O.Y

)| ool L: 4......:5...: C‘)M‘ 6‘,: )L..> Sjy90 &‘f 4......4[.‘790
S slags gl cua 5L 990 5595 Sl e Slass
b aogy kuld o oLl G5B Cons b (olpg e
C‘)M‘ 6‘); u..St_io )L)}o) QQ;GA oolawl )L.M:—)M.«S...A
SAJO EN B VE e 5 sladens 5l eslitul L LS
4.1.‘>J.A sSJ as ..moksa QLAM) C)Lg Sl 00 00)5] AR k}i““
Sl @ aw, Gl Vi)Y A/O B cas (o ol uled
Lol 5l 3550 IS slagyg gl 2l g 00l

1. El-Hefny
Sl (6 )9lid 5 (owikites pole Al

Vol. 45 (3), Serial Number 109, 2024, P 84-94

AEAF o DT 5ol )+ q als (ol FO 090

va
4’9‘[



oS 3 olss, (Lol b e woljallal sogs ( spp debld

ay

10.

1.

12.

13.

Rumbu R. Extractive Metallurgy of Cobalt.
CreateSpace Independent Publishing Platform. New
York. 2018.

Crundwell F.K, Preez N.B.d, Knights B.D.H.
Production of cobalt from copper-cobalt ores on the
African  Copperbelt-An  overview.  Minerals
Engineering. 2020:156:106450.

. Crundwell F, Moats M, Ramachandran V, Robinson

T, Davenport W.G. Extractive Metallurgy of Nickel,
Cobalt and Platinum Group Metals. Elsevier, New
York. 2011.

Wang S. Cobalt—Its recovery,
application. Jom. 2006;58:47-50.

recycling, and

. Zhijian C, Yunjiang S, Chunchua Z, Maoling L,

Recent status on cobalt-60 gamma ray radiation
sources production and its application in China.
Radiation Physics and Chemistry. 1993;42:469-471.

. Mohanty A, Devi N. A Review on Green Method of

Extraction and Recovery of Energy Critical Element
Cobalt from Spent Lithium-lon Batteries (LIBs).
Mineral Processing and Extractive Metallurgy
Review. 2023;44:52-63.

. Chandra M, Yu D, Tian Q, Guo X. Recovery of

Cobalt from Secondary Resources: A Comprehensive
Review. Mineral Processing and Extractive
Metallurgy Review. 2022;43:679-700.

Alvial-Hein G, Mahandra H, Ghahreman A.
Separation and recovery of cobalt and nickel from
end of life products via solvent extraction technique:
A review. Journal of Cleaner Production.
2021;297:126592.

. Huang Y, Zhang Z, Cao Y, Han G, Peng W, Zhu X,

Zhang T.-a, Dou Z. Overview of cobalt resources and
comprehensive analysis of cobalt recovery from zinc
plant purification residue- a review.
Hydrometallurgy. 2020;193:105327.

Amjad R.S, Asadollahzadeh M, Torkaman R, Torab-
Mostaedi M. An efficiency strategy for cobalt
recovery from simulated wastewater by biphasic
system with polyethylene glycol and ammonium
sulfate. Scientific Reports. 2022;12:17302.

Amjad R.S, Asadollahzadeh M, Torkaman R, Torab-
Mostaedi M. Optimizing the extraction of cobalt ions
under response surface methodology and without
organic solutions. Canadian Journal of Chemical
Engineering. 2023;101:3532-3540.

Asadollahzadeh M, Torkaman R, Torab-Mostaedi M,
Saremi M. Experimental and modeling investigation
of cobalt ion extraction in multistage extractor:
Efficient evaluation of mass transfer coefficients
using forward mixing approach. International
Communications in Heat and Mass Transfer.
2021;125:105359.

Maleki F, Gholami M, Torkaman R, Torab-Mostaedi
M, Asadollahzadeh M. Multivariate optimization of
removing of cobalt(Il) with an efficient aminated-
GMA polypropylene adsorbent by induced-grafted
polymerization under simultaneous gamma-ray
irradiation. Scientific Reports. 2021;11:18317.

Journal of Nuclear Science, Engineering and Technology

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

&=y

Maleki F, Gholami M, Torkaman R, Torab-Mostaedi
M, Asadollahzadeh M. Cobalt(Il) removal from
aqueous solution by modified polymeric adsorbents
prepared with induced-graft polymerization: Batch
and continuous column study with analysis of
breakthrough behaviors. Environmental Technology
& Innovation. 2021;24:102054.

Torkaman R, Asadollahzadeh M. Study and
Investigation of Process Parameters for Solvent
Extraction of Cobalt from Chloride Solution by
Using Mixture of Compelxing Agents Cyanex272,
TBP, TOPO. Journal of Iranian Chemical
Engineering. 2020;19:30-42.

Torkaman R, Asadollahzadeh M, Torab-Mostaedi M,
Maragheh M.G. Reactive extraction of cobalt sulfate
solution with D2EHPA/TBP extractants in the pilot
plant  Oldshue—Rushton  column. Chemical
Engineering Research and Design. 2017;120:58-68.
Torkaman R, Asadollahzadeh M, Torab-Mostaedi M,
Maragheh M.G. Recovery of cobalt from spent
lithium ion batteries by using acidic and basic
extractants in solvent extraction process. Separation
and Purification Technology. 2017;186:318-325.

Earl C, Shah I.H, Cook S, Cheeseman C.R.
Environmental Sustainability and Supply Resilience
of Cobalt Sustainability. 2022;14:4124.

Moskalyk R.R, Alfantazi A.M. Review of present
cobalt recovery practice. Mining, Metallurgy &
Exploration. 2000;17:205-216.

Nguyen V.T, Riafio S, Aktan E, Deferm C, Fransaer
J, Binnemans K. Solvometallurgical Recovery of
Platinum Group Metals from Spent Automotive
Catalysts. ACS  Sustainable  Chemistry &
Engineering. 2021;9:337-350.

Li Z, Dewulf B, Binnemans K. Nonaqueous Solvent
Extraction for Enhanced Metal Separations: Concept,
Systems, and Mechanisms. Industrial & Engineering
Chemistry Research. 2021;60:17285-17302.

Binnemans K, Jones P.T. Solvometallurgy: An
Emerging Branch of Extractive Metallurgy. Journal
of Sustainable Metallurgy. 2017;3:570-600.

Badihi F, Asl A.H, Asadollahzadeh M, Torkaman R.
Applied novel functionality in separation procedure
from leaching solution of zinc plant residue by using
non-aqueous solvent extraction. Scientific Reports.
2023;13:1146.

Orefice M, Audoor H, Li Z, Binnemans K.
Solvometallurgical route for the recovery of Sm, Co,
Cu and Fe from SmCo permanent magnets.
Separation and Purification Technology.
2019;219:281-289.

Batchu N.K, Li Z, Verbelen B, Binnemans K.
Structural effects of neutral organophosphorus
extractants on solvent extraction of rare-earth
elements from aqueous and non-aqueous nitrate
solutions. Separation and Purification Technology.
2021;255:117711.

Sl (6 )9lid 5 (owikites pole Al

Vol. 45 (3), Serial Number 109, 2024, P 84-94

AEAF o DT 5ol )+ q als (ol FO 090

va
4’9‘[


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=1.+Rumbu+R.+Extractive+Metallurgy+of+Cobalt.+CreateSpace+Independent+Publishing+Platform.+New+York.+2018.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=1.+Rumbu+R.+Extractive+Metallurgy+of+Cobalt.+CreateSpace+Independent+Publishing+Platform.+New+York.+2018.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.+Crundwell+F.K%2C+Preez+N.B.d%2C+Knights+B.D.H.+Production+of+cobalt+from+copper-cobalt+ores+on+the+African+Copperbelt%E2%80%93An+overview.+Minerals+Engineering.+2020%3A156%3A106450.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.+Crundwell+F.K%2C+Preez+N.B.d%2C+Knights+B.D.H.+Production+of+cobalt+from+copper-cobalt+ores+on+the+African+Copperbelt%E2%80%93An+overview.+Minerals+Engineering.+2020%3A156%3A106450.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.+Crundwell+F%2C+Moats+M%2C+Ramachandran+V%2C+Robinson+T%2C+Davenport+W.G.+Extractive+Metallurgy+of+Nickel%2C+Cobalt+and+Platinum+Group+Metals.+Elsevier%2C+New+York.+2011.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.+Crundwell+F%2C+Moats+M%2C+Ramachandran+V%2C+Robinson+T%2C+Davenport+W.G.+Extractive+Metallurgy+of+Nickel%2C+Cobalt+and+Platinum+Group+Metals.+Elsevier%2C+New+York.+2011.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4.+Wang+S.+Cobalt%E2%80%94Its+recovery%2C+recycling%2C+and+application.+Jom.+2006%3B58%3A47-50.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.+Zhijian+C%2C+Yunjiang+S%2C+Chunchua+Z%2C+Maoling+L%2C+Recent+status+on+cobalt-60+gamma+ray+radiation+sources+production+and+its+application+in+China.+Radiation+Physics+and+Chemistry.+1993%3B42%3A469-471.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.+Mohanty+A%2C+Devi+N.+A+Review+on+Green+Method+of+Extraction+and+Recovery+of+Energy+Critical+Element+Cobalt+from+Spent+Lithium-Ion+Batteries+%28LIBs%29.+Mineral+Processing+and+Extractive+Metallurgy+Review.+2023%3B44%3A52-63.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.+Mohanty+A%2C+Devi+N.+A+Review+on+Green+Method+of+Extraction+and+Recovery+of+Energy+Critical+Element+Cobalt+from+Spent+Lithium-Ion+Batteries+%28LIBs%29.+Mineral+Processing+and+Extractive+Metallurgy+Review.+2023%3B44%3A52-63.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.+Chandra+M%2C+Yu+D%2C+Tian+Q%2C+Guo+X.+Recovery+of+Cobalt+from+Secondary+Resources%3A+A+Comprehensive+Review.+Mineral+Processing+and+Extractive+Metallurgy+Review.+2022%3B43%3A679-700.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.+Chandra+M%2C+Yu+D%2C+Tian+Q%2C+Guo+X.+Recovery+of+Cobalt+from+Secondary+Resources%3A+A+Comprehensive+Review.+Mineral+Processing+and+Extractive+Metallurgy+Review.+2022%3B43%3A679-700.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.+Alvial-Hein+G%2C+Mahandra+H%2C+Ghahreman+A.+Separation+and+recovery+of+cobalt+and+nickel+from+end+of+life+products+via+solvent+extraction+technique%3A+A+review.+Journal+of+Cleaner+Production.+2021%3B297%3A126592.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.+Huang+Y%2C+Zhang+Z%2C+Cao+Y%2C+Han+G%2C+Peng+W%2C+Zhu+X%2C+Zhang+T.-a%2C+Dou+Z.+Overview+of+cobalt+resources+and+comprehensive+analysis+of+cobalt+recovery+from+zinc+plant+purification+residue-+a+review.+Hydrometallurgy.+2020%3B193%3A105327.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.+Amjad+R.S%2C+Asadollahzadeh+M%2C+Torkaman+R%2C+Torab-Mostaedi+M.+An+efficiency+strategy+for+cobalt+recovery+from+simulated+wastewater+by+biphasic+system+with+polyethylene+glycol+and+ammonium+sulfate.+Scientific+Reports.+2022%3B12%3A17302.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.+Amjad+R.S%2C+Asadollahzadeh+M%2C+Torkaman+R%2C+Torab-Mostaedi+M.+Optimizing+the+extraction+of+cobalt+ions+under+response+surface+methodology+and+without+organic+solutions.+Canadian+Journal+of+Chemical+Engineering.+2023%3B101%3A3532-3540.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.+Amjad+R.S%2C+Asadollahzadeh+M%2C+Torkaman+R%2C+Torab-Mostaedi+M.+Optimizing+the+extraction+of+cobalt+ions+under+response+surface+methodology+and+without+organic+solutions.+Canadian+Journal+of+Chemical+Engineering.+2023%3B101%3A3532-3540.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.+Asadollahzadeh+M%2C+Torkaman+R%2C+Torab-Mostaedi+M%2C+Saremi+M.+Experimental+and+modeling+investigation+of+cobalt+ion+extraction+in+multistage+extractor%3A+Efficient+evaluation+of+mass+transfer+coefficients+using+forward+mixing+approach.+International+Communications+in+Heat+and+Mass+Transfer.+2021%3B125%3A105359.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.+Asadollahzadeh+M%2C+Torkaman+R%2C+Torab-Mostaedi+M%2C+Saremi+M.+Experimental+and+modeling+investigation+of+cobalt+ion+extraction+in+multistage+extractor%3A+Efficient+evaluation+of+mass+transfer+coefficients+using+forward+mixing+approach.+International+Communications+in+Heat+and+Mass+Transfer.+2021%3B125%3A105359.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.+Maleki+F%2C+Gholami+M%2C+Torkaman+R%2C+Torab-Mostaedi+M%2C+Asadollahzadeh+M.+Multivariate+optimization+of+removing+of+cobalt%28II%29+with+an+efficient+aminated-GMA+polypropylene+adsorbent+by+induced-grafted+polymerization+under+simultaneous+gamma-ray+irradiation.+Scientific+Reports.+2021%3B11%3A18317.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.+Maleki+F%2C+Gholami+M%2C+Torkaman+R%2C+Torab-Mostaedi+M%2C+Asadollahzadeh+M.+Cobalt%28II%29+removal+from+aqueous+solution+by+modified+polymeric+adsorbents+prepared+with+induced-graft+polymerization%3A+Batch+and+continuous+column+study+with+analysis+of+breakthrough+behaviors.+Environmental+Technology+%26+Innovation.+2021%3B24%3A102054.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.+Maleki+F%2C+Gholami+M%2C+Torkaman+R%2C+Torab-Mostaedi+M%2C+Asadollahzadeh+M.+Cobalt%28II%29+removal+from+aqueous+solution+by+modified+polymeric+adsorbents+prepared+with+induced-graft+polymerization%3A+Batch+and+continuous+column+study+with+analysis+of+breakthrough+behaviors.+Environmental+Technology+%26+Innovation.+2021%3B24%3A102054.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.+Torkaman+R%2C+Asadollahzadeh+M.+Study+and+Investigation+of+Process+Parameters+for+Solvent+Extraction+of+Cobalt+from+Chloride+Solution+by+Using+Mixture+of+Compelxing+Agents+Cyanex272%2C+TBP%2C+TOPO.+Journal+of+Iranian+Chemical+Engineering.+2020%3B19%3A30-42.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.+Torkaman+R%2C+Asadollahzadeh+M.+Study+and+Investigation+of+Process+Parameters+for+Solvent+Extraction+of+Cobalt+from+Chloride+Solution+by+Using+Mixture+of+Compelxing+Agents+Cyanex272%2C+TBP%2C+TOPO.+Journal+of+Iranian+Chemical+Engineering.+2020%3B19%3A30-42.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.+Torkaman+R%2C+Asadollahzadeh+M%2C+Torab-Mostaedi+M%2C+Maragheh+M.G.+Reactive+extraction+of+cobalt+sulfate+solution+with+D2EHPA%2FTBP+extractants+in+the+pilot+plant+Oldshue%E2%80%93Rushton+column.+Chemical+Engineering+Research+and+Design.+2017%3B120%3A58-68.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.+Torkaman+R%2C+Asadollahzadeh+M%2C+Torab-Mostaedi+M%2C+Maragheh+M.G.+Reactive+extraction+of+cobalt+sulfate+solution+with+D2EHPA%2FTBP+extractants+in+the+pilot+plant+Oldshue%E2%80%93Rushton+column.+Chemical+Engineering+Research+and+Design.+2017%3B120%3A58-68.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=17.+Torkaman+R%2C+Asadollahzadeh+M%2C+Torab-Mostaedi+M%2C+Maragheh+M.G.+Recovery+of+cobalt+from+spent+lithium+ion+batteries+by+using+acidic+and+basic+extractants+in+solvent+extraction+process.+Separation+and+Purification+Technology.+2017%3B186%3A318-325.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=17.+Torkaman+R%2C+Asadollahzadeh+M%2C+Torab-Mostaedi+M%2C+Maragheh+M.G.+Recovery+of+cobalt+from+spent+lithium+ion+batteries+by+using+acidic+and+basic+extractants+in+solvent+extraction+process.+Separation+and+Purification+Technology.+2017%3B186%3A318-325.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.+Earl+C%2C+Shah+I.H%2C+Cook+S%2C+Cheeseman+C.R.+Environmental+Sustainability+and+Supply+Resilience+of+Cobalt+Sustainability.+2022%3B14%3A4124.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.+Moskalyk+R.R%2C+Alfantazi+A.M.+Review+of+present+cobalt+recovery+practice.+Mining%2C+Metallurgy+%26+Exploration.+2000%3B17%3A205-216.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.+Moskalyk+R.R%2C+Alfantazi+A.M.+Review+of+present+cobalt+recovery+practice.+Mining%2C+Metallurgy+%26+Exploration.+2000%3B17%3A205-216.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.+Nguyen+V.T%2C+Ria%C3%B1o+S%2C+Aktan+E%2C+Deferm+C%2C+Fransaer+J%2C+Binnemans+K.+Solvometallurgical+Recovery+of+Platinum+Group+Metals+from+Spent+Automotive+Catalysts.+ACS+Sustainable+Chemistry+%26+Engineering.+2021%3B9%3A337%E2%80%93350.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.+Nguyen+V.T%2C+Ria%C3%B1o+S%2C+Aktan+E%2C+Deferm+C%2C+Fransaer+J%2C+Binnemans+K.+Solvometallurgical+Recovery+of+Platinum+Group+Metals+from+Spent+Automotive+Catalysts.+ACS+Sustainable+Chemistry+%26+Engineering.+2021%3B9%3A337%E2%80%93350.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.+Li+Z%2C+Dewulf+B%2C+Binnemans+K.+Nonaqueous+Solvent+Extraction+for+Enhanced+Metal+Separations%3A+Concept%2C+Systems%2C+and+Mechanisms.+Industrial+%26+Engineering+Chemistry+Research.+2021%3B60%3A17285-17302.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.+Li+Z%2C+Dewulf+B%2C+Binnemans+K.+Nonaqueous+Solvent+Extraction+for+Enhanced+Metal+Separations%3A+Concept%2C+Systems%2C+and+Mechanisms.+Industrial+%26+Engineering+Chemistry+Research.+2021%3B60%3A17285-17302.&btnG=
https://scholar.google.com/scholar?q=22.+Binnemans+K,+Jones+P.T.+Solvometallurgy:+An+Emerging+Branch+of+Extractive+Metallurgy.+Journal+of+Sustainable+Metallurgy.+2017%3B3:570-600.&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?q=22.+Binnemans+K,+Jones+P.T.+Solvometallurgy:+An+Emerging+Branch+of+Extractive+Metallurgy.+Journal+of+Sustainable+Metallurgy.+2017%3B3:570-600.&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=23.+Badihi+F%2C+Asl+A.H%2C+Asadollahzadeh+M%2C+Torkaman+R.+Applied+novel+functionality+in+separation+procedure+from+leaching+solution+of+zinc+plant+residue+by+using+non-aqueous+solvent+extraction.+Scientific+Reports.+2023%3B13%3A1146.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=24.+Orefice+M%2C+Audoor+H%2C+Li+Z%2C+Binnemans+K.+Solvometallurgical+route+for+the+recovery+of+Sm%2C+Co%2C+Cu+and+Fe+from+SmCo+permanent+magnets.+Separation+and+Purification+Technology.+2019%3B219%3A281-289.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=25.+Batchu+N.K%2C+Li+Z%2C+Verbelen+B%2C+Binnemans+K.+Structural+effects+of+neutral+organophosphorus+extractants+on+solvent+extraction+of+rare-earth+elements+from+aqueous+and+non-aqueous+nitrate+solutions.+Separation+and+Purification+Technology.+2021%3B255%3A117711.&btnG=

af

e Sl CULS Glagyg gl o Fie sl el (o)

26. Brecht Dewulf, Batchu N.K, Binnemans K.
Enhanced  Separation of Neodymium and
Dysprosium by Nonaqueous Solvent Extraction from
a Polyethylene Glycol 200 Phase Using the Neutral
Extractant Cyanex 923. ACS Sustainable Chemistry
& Engineering. 2020;8:19032-19039.

27. Rizk S.E, Gamal R, El-Hefny N.E. Insights into non-
aqueous solvent extraction of gadolinium and
neodymium from ethylene glycol solution using
Cyanex 572. Separation and Purification Technology.
2021;275:119160.

28. Batchu N.K, Hoogerstraete T.V, Banerjee D. Non-
aqueous solvent extraction of rare-earth nitrates from
ethylene glycol to n-dodecane by Cyanex 923.
Separation and Purification Technology.
2017;174:544-553.

29. Batchua N.K, Hoogerstracte T.V, Banerjeeb D,
Binnemans K. Separation of rare-earth ions from
ethylene glycol (+LiCl) solutions by non-aqueous
solvent extraction with Cyanex 923. RSC Advances.
2017;7:45351-45362.

30. Dewulf B, Riafio S, Binnemans K. Separation of
heavy rare-carth elements by non-aqueous solvent
extraction: Flowsheet development and mixer-settler
tests. Separation and Purification Technology.
2022;290:120882.

31. Batchu N.K, Dewulf B, Riafio S, Binnemans K.
Development of a solvometallurgical process for the
separation of yttrium and europium by Cyanex 923
from ethylene glycol solutions. Separation and
Purification Technology. 2020;235:116193.

32. Marczenko Z, Balcerzak M. Separation,
Preconcentration and spectrophotometry in inorganic
analysis. Elsevier, New York. 2000.

33. Li Z, Li X, Raiguel S, Binnemans K. Separation of
transition metals from rare earths by non-aqueous
solvent extraction from ethylene glycol solutions
using Aliquat 336. Separation and Purification
Technology. 2018;201:318-326.

34, Wang M, Zhang Y, Muhammed M. Ciritical
evaluation of thermodynamics of complex formation
of metal ions in aqueous solutions III. The system
Cu(LLI)-Cl--e at 298.15 K. Hydrometallurgy.
1997;45:53-72.

35. Rybka P, Regel-Rosocka M. Nickel(Il) and
Cobalt(IT) Extraction from Chloride Solutions with
Quaternary Phosphonium Salts. Separation Science
and Technology. 2012;47:1296-1302.

36. Blitz-Raith A.H, Paimin R, Cattrall R.W, Kolev S.D.
Separation of cobalt (II) and nickel (II) by solid-
phase extraction into Aliquat 336 chloride
immobilized in poly(vinyl chloride). Talanta.
2007;71:419-423.

37. Zahn M, Ohki Y, Fenneman D.B, Gripshover R.L,
Gehman V.H. Dielectric properties of water and
water/ethylene glycol mixtures for use in pulsed
power system design. IEEE. 1986;74:1182-1221.

38. Sato T, Shimomura T, Murakami S, Maeda T,
Nakamura T. Liquid-liquid extraction of divalent
manganese, cobalt, copper, zinc and cadmium from
aqueous chloride solutions by tricaprylmethyl-
ammonium chloride. Hydrometallurgy. 1984;12:245-
254.

COPYRIGHTS

©2021 The author(s). This is an open access article distributed under the terms of the Creative Commons
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium,

as long as the original authors and source are cited. No permission is required from the authors or the publishers.

Alio ool 4y slow!

X5 sl oaniS gl sl 5l ooliiul b ol é Lase 51 SIS slogyes zlyminsd 1o 50 @b yially oy (1 FT) s, oloS 3 e le o bl siai ccsigee cooljallonl cabols o gy
Url: https://jonsat.nstri.ir/article_1611.html .DOI: https://doi.org/10.24200/nst.2024.1611 AF-AY (*)) -9 (slaiwn 5,5ld 5 cwiige pole alxa

Journal of Nuclear Science, Engineering and Technology
Vol. 45 (3), Serial Number 109, 2024, P 84-94

Sl (6 )9lid 5 (owikites pole Al
TFAF o VFT 50l )-8 alo ¥ o )lat FD 090

va
4’9‘[



https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=26.+Brecht+Dewulf%2C+Batchu+N.K%2C+Binnemans+K.+Enhanced+Separation+of+Neodymium+and+Dysprosium+by+Nonaqueous+Solvent+Extraction+from+a+Polyethylene+Glycol+200+Phase+Using+the+Neutral+Extractant+Cyanex+923.+ACS+Sustainable+Chemistry+%26+Engineering.+2020%3B8%3A19032-19039.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=26.+Brecht+Dewulf%2C+Batchu+N.K%2C+Binnemans+K.+Enhanced+Separation+of+Neodymium+and+Dysprosium+by+Nonaqueous+Solvent+Extraction+from+a+Polyethylene+Glycol+200+Phase+Using+the+Neutral+Extractant+Cyanex+923.+ACS+Sustainable+Chemistry+%26+Engineering.+2020%3B8%3A19032-19039.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=27.+Rizk+S.E%2C+Gamal+R%2C+El-Hefny+N.E.+Insights+into+non-aqueous+solvent+extraction+of+gadolinium+and+neodymium+from+ethylene+glycol+solution+using+Cyanex+572.+Separation+and+Purification+Technology.+2021%3B275%3A119160.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=28.+Batchu+N.K%2C+Hoogerstraete+T.V%2C+Banerjee+D.+Non-aqueous+solvent+extraction+of+rare-earth+nitrates+from+ethylene+glycol+to+n-dodecane+by+Cyanex+923.+Separation+and+Purification+Technology.+2017%3B174%3A544-553.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=29.+Batchua+N.K%2C+Hoogerstraete+T.V%2C+Banerjeeb+D%2C+Binnemans+K.+Separation+of+rare-earth+ions+from+ethylene+glycol+%28%2BLiCl%29+solutions+by+non-aqueous+solvent+extraction+with+Cyanex+923.+RSC+Advances.+2017%3B7%3A45351-45362.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=30.+Dewulf+B%2C+Ria%C3%B1o+S%2C+Binnemans+K.+Separation+of+heavy+rare-earth+elements+by+non-aqueous+solvent+extraction%3A+Flowsheet+development+and+mixer-settler+tests.+Separation+and+Purification+Technology.+2022%3B290%3A120882.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=31.+Batchu+N.K%2C+Dewulf+B%2C+Ria%C3%B1o+S%2C+Binnemans+K.+Development+of+a+solvometallurgical+process+for+the+separation+of+yttrium+and+europium+by+Cyanex+923+from+ethylene+glycol+solutions.+Separation+and+Purification+Technology.+2020%3B235%3A116193.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=31.+Batchu+N.K%2C+Dewulf+B%2C+Ria%C3%B1o+S%2C+Binnemans+K.+Development+of+a+solvometallurgical+process+for+the+separation+of+yttrium+and+europium+by+Cyanex+923+from+ethylene+glycol+solutions.+Separation+and+Purification+Technology.+2020%3B235%3A116193.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=32.+Marczenko+Z%2C+Balcerzak+M.+Separation%2C+Preconcentration+and+spectrophotometry+in+inorganic+analysis.+Elsevier%2C+New+York.+2000.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=33.+Li+Z%2C+Li+X%2C+Raiguel+S%2C+Binnemans+K.+Separation+of+transition+metals+from+rare+earths+by+non-aqueous+solvent+extraction+from+ethylene+glycol+solutions+using+Aliquat+336.+Separation+and+Purification+Technology.+2018%3B201%3A318-326.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=33.+Li+Z%2C+Li+X%2C+Raiguel+S%2C+Binnemans+K.+Separation+of+transition+metals+from+rare+earths+by+non-aqueous+solvent+extraction+from+ethylene+glycol+solutions+using+Aliquat+336.+Separation+and+Purification+Technology.+2018%3B201%3A318-326.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=34.+Wang+M%2C+Zhang+Y%2C+Muhammed+M.+Critical+evaluation+of+thermodynamics+of+complex+formation+of+metal+ions+in+aqueous+solutions+III.+The+system+Cu%28I%2CII%29-Cl--e+at+298.15+K.+Hydrometallurgy.+1997%3B45%3A53-72.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=35.+Rybka+P%2C+Regel-Rosocka+M.+Nickel%28II%29+and+Cobalt%28II%29+Extraction+from+Chloride+Solutions+with+Quaternary+Phosphonium+Salts.+Separation+Science+and+Technology.+2012%3B47%3A1296-1302.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=35.+Rybka+P%2C+Regel-Rosocka+M.+Nickel%28II%29+and+Cobalt%28II%29+Extraction+from+Chloride+Solutions+with+Quaternary+Phosphonium+Salts.+Separation+Science+and+Technology.+2012%3B47%3A1296-1302.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=36.+Blitz-Raith+A.H%2C+Paimin+R%2C+Cattrall+R.W%2C+Kolev+S.D.+Separation+of+cobalt+%28II%29+and+nickel+%28II%29+by+solid-phase+extraction+into+Aliquat+336+chloride+immobilized+in+poly%28vinyl+chloride%29.+Talanta.+2007%3B71%3A419-423.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=37.+Zahn+M%2C+Ohki+Y%2C+Fenneman+D.B%2C+Gripshover+R.L%2C+Gehman+V.H.+Dielectric+properties+of+water+and+water%2Fethylene+glycol+mixtures+for+use+in+pulsed+power+system+design.+IEEE.+1986%3B74%3A1182-1221.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=38.+Sato+T%2C+Shimomura+T%2C+Murakami+S%2C+Maeda+T%2C+Nakamura+T.+Liquid-liquid+extraction+of+divalent+manganese%2C+cobalt%2C+copper%2C+zinc+and+cadmium+from+aqueous+chloride+solutions+by+tricaprylmethyl-ammonium+chloride.+Hydrometallurgy.+1984%3B12%3A245-254.&btnG=
https://doi.org/10.24200/nst.2024.1611
https://jonsat.nstri.ir/article_1611.html

	مجله علوم، مهندسی و فناوری هستهای، دوره 45، شماره 3، جلد 109، پاییز 1403
	جدول 2. شرایط 30 آزمایش طراحی شده با استخراجکننده آلیکوات 336 و نتایج حاصل شده
	جدول 3. دادههای آنالیز واریانس (ANOVA) در طراحی آزمایش با استخراجکننده آلیکوات 336
	شکل 1. نمودار نرمال و نمودار پیش‌بینی با انحراف از دادههای واقعی در طراحی آزمایش با استخراجکننده آلیکوات 336.
	شکل 2. نمودار پارتو و سهم پارامترها در استخراج یون‌های کبالت از محیط غیرآبی.
	شکل 3. نمودار سه بعدی برای استخراج کبالت در سیستم غیرآبی با بررسی درصد حجمی آلیکوات 336 و غلظت هیدروکلریک اسید.
	جدول 4. ثابت‌های تشکیل کمپلکس یون‌های کبالت با یون‌های کلرید در محیط آبی و دمای 25 درجه سانتی‌گراد ]34[
	شکل 4. نمودار سه بعدی برای استخراج کبالت در سیستم غیرآبی با بررسی درصد حجمی آلیکوات 336 و درصد حجمی اتیلن گلیکول.
	شکل 5. نمودار سه بعدی برای استخراج کبالت در سیستم غیرآبی با بررسی درصد حجمی آلیکوات 336 و غلظت یون‌های کبالت.
	شکل 6. نمودار سه بعدی برای استخراج کبالت در سیستم غیرآبی با بررسی غلظت هیدروکلریک اسید و غلظت یون‌های کبالت.
	شکل 7. نمودار سه بعدی برای استخراج کبالت در سیستم غیرآبی با بررسی درصد حجمی اتیلن گلیکول و غلظت یو‌ن‌های کبالت.
	شکل 8. نمودار سهبعدی برای استخراج کبالت در سیستم غیرآبی با بررسی غلظت هیدروکلریک اسید و درصد حجمی اتیلن گلیکول.
	شکل 10. اثر لیتیم کلرید در استخراج کبالت از محیط غیرآبی در شرایط بهینه با استخراجکننده آلیکوات 336.
	شکل 11. ایزوترم تعادلی استخراج کبالت و نمودار مککیب تحت شرایط بهینه.
	1. Rumbu R. Extractive Metallurgy of Cobalt. CreateSpace Independent Publishing Platform. New York. 2018.
	2. Crundwell F.K, Preez N.B.d, Knights B.D.H. Production of cobalt from copper-cobalt ores on the African Copperbelt–An overview. Minerals Engineering. 2020:156:106450.
	3. Crundwell F, Moats M, Ramachandran V, Robinson T, Davenport W.G. Extractive Metallurgy of Nickel, Cobalt and Platinum Group Metals. Elsevier, New York. 2011.
	4. Wang S. Cobalt—Its recovery, recycling, and application. Jom. 2006;58:47-50.
	5. Zhijian C, Yunjiang S, Chunchua Z, Maoling L, Recent status on cobalt-60 gamma ray radiation sources production and its application in China. Radiation Physics and Chemistry. 1993;42:469-471.
	6. Mohanty A, Devi N. A Review on Green Method of Extraction and Recovery of Energy Critical Element Cobalt from Spent Lithium-Ion Batteries (LIBs). Mineral Processing and Extractive Metallurgy Review. 2023;44:52-63.
	7. Chandra M, Yu D, Tian Q, Guo X. Recovery of Cobalt from Secondary Resources: A Comprehensive Review. Mineral Processing and Extractive Metallurgy Review. 2022;43:679-700.
	8. Alvial-Hein G, Mahandra H, Ghahreman A. Separation and recovery of cobalt and nickel from end of life products via solvent extraction technique: A review. Journal of Cleaner Production. 2021;297:126592.
	9. Huang Y, Zhang Z, Cao Y, Han G, Peng W, Zhu X, Zhang T.-a, Dou Z. Overview of cobalt resources and comprehensive analysis of cobalt recovery from zinc plant purification residue- a review. Hydrometallurgy. 2020;193:105327.
	10. Amjad R.S, Asadollahzadeh M, Torkaman R, Torab-Mostaedi M. An efficiency strategy for cobalt recovery from simulated wastewater by biphasic system with polyethylene glycol and ammonium sulfate. Scientific Reports. 2022;12:17302.
	11. Amjad R.S, Asadollahzadeh M, Torkaman R, Torab-Mostaedi M. Optimizing the extraction of cobalt ions under response surface methodology and without organic solutions. Canadian Journal of Chemical Engineering. 2023;101:3532-3540.
	12. Asadollahzadeh M, Torkaman R, Torab-Mostaedi M, Saremi M. Experimental and modeling investigation of cobalt ion extraction in multistage extractor: Efficient evaluation of mass transfer coefficients using forward mixing approach. International Com...
	13. Maleki F, Gholami M, Torkaman R, Torab-Mostaedi M, Asadollahzadeh M. Multivariate optimization of removing of cobalt(II) with an efficient aminated-GMA polypropylene adsorbent by induced-grafted polymerization under simultaneous gamma-ray irradiat...
	14. Maleki F, Gholami M, Torkaman R, Torab-Mostaedi M, Asadollahzadeh M. Cobalt(II) removal from aqueous solution by modified polymeric adsorbents prepared with induced-graft polymerization: Batch and continuous column study with analysis of breakthro...
	15. Torkaman R, Asadollahzadeh M. Study and Investigation of Process Parameters for Solvent Extraction of Cobalt from Chloride Solution by Using Mixture of Compelxing Agents Cyanex272, TBP, TOPO. Journal of Iranian Chemical Engineering. 2020;19:30-42.
	16. Torkaman R, Asadollahzadeh M, Torab-Mostaedi M, Maragheh M.G. Reactive extraction of cobalt sulfate solution with D2EHPA/TBP extractants in the pilot plant Oldshue–Rushton column. Chemical Engineering Research and Design. 2017;120:58-68.
	17. Torkaman R, Asadollahzadeh M, Torab-Mostaedi M, Maragheh M.G. Recovery of cobalt from spent lithium ion batteries by using acidic and basic extractants in solvent extraction process. Separation and Purification Technology. 2017;186:318-325.
	18. Earl C, Shah I.H, Cook S, Cheeseman C.R. Environmental Sustainability and Supply Resilience of Cobalt Sustainability. 2022;14:4124.
	19. Moskalyk R.R, Alfantazi A.M. Review of present cobalt recovery practice. Mining, Metallurgy & Exploration. 2000;17:205-216.
	20. Nguyen V.T, Riaño S, Aktan E, Deferm C, Fransaer J, Binnemans K. Solvometallurgical Recovery of Platinum Group Metals from Spent Automotive Catalysts. ACS Sustainable Chemistry & Engineering. 2021;9:337–350.
	21. Li Z, Dewulf B, Binnemans K. Nonaqueous Solvent Extraction for Enhanced Metal Separations: Concept, Systems, and Mechanisms. Industrial & Engineering Chemistry Research. 2021;60:17285-17302.
	22. Binnemans K, Jones P.T. Solvometallurgy: An Emerging Branch of Extractive Metallurgy. Journal of Sustainable Metallurgy. 2017;3:570-600.
	23. Badihi F, Asl A.H, Asadollahzadeh M, Torkaman R. Applied novel functionality in separation procedure from leaching solution of zinc plant residue by using non-aqueous solvent extraction. Scientific Reports. 2023;13:1146.
	24. Orefice M, Audoor H, Li Z, Binnemans K. Solvometallurgical route for the recovery of Sm, Co, Cu and Fe from SmCo permanent magnets. Separation and Purification Technology. 2019;219:281-289.
	25. Batchu N.K, Li Z, Verbelen B, Binnemans K. Structural effects of neutral organophosphorus extractants on solvent extraction of rare-earth elements from aqueous and non-aqueous nitrate solutions. Separation and Purification Technology. 2021;255:117...
	26. Brecht Dewulf, Batchu N.K, Binnemans K. Enhanced Separation of Neodymium and Dysprosium by Nonaqueous Solvent Extraction from a Polyethylene Glycol 200 Phase Using the Neutral Extractant Cyanex 923. ACS Sustainable Chemistry & Engineering. 2020;8:...
	27. Rizk S.E, Gamal R, El-Hefny N.E. Insights into non-aqueous solvent extraction of gadolinium and neodymium from ethylene glycol solution using Cyanex 572. Separation and Purification Technology. 2021;275:119160.
	28. Batchu N.K, Hoogerstraete T.V, Banerjee D. Non-aqueous solvent extraction of rare-earth nitrates from ethylene glycol to n-dodecane by Cyanex 923. Separation and Purification Technology. 2017;174:544-553.
	29. Batchua N.K, Hoogerstraete T.V, Banerjeeb D, Binnemans K. Separation of rare-earth ions from ethylene glycol (+LiCl) solutions by non-aqueous solvent extraction with Cyanex 923. RSC Advances. 2017;7:45351-45362.
	30. Dewulf B, Riaño S, Binnemans K. Separation of heavy rare-earth elements by non-aqueous solvent extraction: Flowsheet development and mixer-settler tests. Separation and Purification Technology. 2022;290:120882.
	31. Batchu N.K, Dewulf B, Riaño S, Binnemans K. Development of a solvometallurgical process for the separation of yttrium and europium by Cyanex 923 from ethylene glycol solutions. Separation and Purification Technology. 2020;235:116193.
	32. Marczenko Z, Balcerzak M. Separation, Preconcentration and spectrophotometry in inorganic analysis. Elsevier, New York. 2000.
	33. Li Z, Li X, Raiguel S, Binnemans K. Separation of transition metals from rare earths by non-aqueous solvent extraction from ethylene glycol solutions using Aliquat 336. Separation and Purification Technology. 2018;201:318-326.
	34. Wang M, Zhang Y, Muhammed M. Critical evaluation of thermodynamics of complex formation of metal ions in aqueous solutions III. The system Cu(I,II)-Cl--e at 298.15 K. Hydrometallurgy. 1997;45:53-72.
	35. Rybka P, Regel-Rosocka M. Nickel(II) and Cobalt(II) Extraction from Chloride Solutions with Quaternary Phosphonium Salts. Separation Science and Technology. 2012;47:1296-1302.
	36. Blitz-Raith A.H, Paimin R, Cattrall R.W, Kolev S.D. Separation of cobalt (II) and nickel (II) by solid-phase extraction into Aliquat 336 chloride immobilized in poly(vinyl chloride). Talanta. 2007;71:419-423.
	37. Zahn M, Ohki Y, Fenneman D.B, Gripshover R.L, Gehman V.H. Dielectric properties of water and water/ethylene glycol mixtures for use in pulsed power system design. IEEE. 1986;74:1182-1221.
	38. Sato T, Shimomura T, Murakami S, Maeda T, Nakamura T. Liquid-liquid extraction of divalent manganese, cobalt, copper, zinc and cadmium from aqueous chloride solutions by tricaprylmethyl-ammonium chloride. Hydrometallurgy. 1984;12:245-254.


