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Abstract

Due to the limited uranium reserves, the abundance of thorium compared to it, not being used in nuclear
proliferation, and other advantages of thorium fuels over uranium fuels, the development of the thorium
fuel cycle in various countries, including Iran, is considered. In this research, the separation and recovery
processes of thorium from a real acidic leach liquor solution with a concentration of 500 mg/L thorium on
a laboratory scale to produce thorium oxide precipitate were evaluated. The operating parameters
affecting the extraction, stripping, and chemical precipitation processes of thorium include the type of
extractant (acidic, basic, and neutral), the concentration of the extractant (0.05-1 M), aqueous phase
acidity (0.032-6.92), equilibrium time (5-60 min), type and concentration of stripper (1-7 M) and
precipitating agent were studied by the univariate method in each section. According to the experimental
results, Di(2-ethylhexyl) phosphoric acid with a concentration of 1 M as extractant, aqueous phase acidity
equal to 0.1, equilibrium time 60 min, sulfuric acid with a concentration of 5 M as a stripper, and
ammonia as a precipitating agent were selected. Recovery of thorium from a real acidic leach liquor
solution under obtained conditions resulted in the production of thorium oxide precipitate with a purity of
66%.

KeyWOFdS: Real leach liquor solution, Solvent extraction, Chemical precipitation, Thorium recovery

Journal of Nuclear Science and Technology s 98 g pole alxme ',“
Vol. 44 (4), Serial Number 105, 2023, P 17-27 TYAY oo Y F-Y ol )0 b ¥ oot FF 000 49;.”




YA

C Ry 4 (HBly sl (59,8 Jslome S 5l e y58 (s jllo

s pehsl e role silulaz 5 (Dl gl Gl
relysl SondlS (2989,8 Jslowe 10 9250 (S1 p0b olie
(;)M VY J.S.‘L....u o..\....SCbM‘ )‘ oslaul La ulf.a))
Comd YU ol o 1o j0us slaoanSzl sl YL e L
gl waxr By sl peizes 5 omb s @
o2l Vb Ol gl ame S (535 2 ool P>
ozt [] ailige T 51 pailysl 5 ye8 Jlail § 055
9 f“'u‘)ﬁ‘ ‘M)y'{ C‘)M‘ SS9y » @)J‘ GIA olim)Lo)] o
O Sl Jols Glddan Joloe 51 S oL olie
ol ol S plnl el g anlllae Zosliss
20 o Colge K Pl 51 o 56 Blas Jeloes aslllae
48 5090 b G 5 2T 0938l 5 TAT sl 585
2 oy cdale as ols las ogbg b Jolze aiges LT 0
Bogaze ,o S ol ole OY-VY glliter sogume
Sgr o A\V=2 Y\ glliter sogame ;o ouilygl 5 V-0V gfliter
5 G (l )0 s (B)l38 00 Ly 5 Jslome PH e
g el sl Primene IM ol g4 el o0iSzl Sl
6)9.’9 LY ] 00 oolazl @5....:3)5 Jﬁlm )‘ p.i)?.‘ ‘Sal.?v.u‘
by Colge 9898 Jskone 5l e glypetal wnlp oS
2 Vse o\ cdlale L Primene IM  sasSyl sl
Jolss & aiBs \ B olej Sae 3 )5 iS5,
Pl’lmene \]M OAHSC‘)M‘ L: l’“")}‘ C‘)M‘ [“)-’5)" e
/\” 9 o..\_..Sd,J) ub...c Le 0)5; /%V s)y’o ’/\ cdale L:
Syl a5 oly lis sSSPl laie 4 JelSos s
So 0 &S sk ol wlilan (29898 Jelne 5l e
Al o8 TAVA gl ol (Jlews] sl al> e
o 9 Sl Sy b 5o JT 5B 5l s 2l iz
O 5 slyg ¢ Slidss alie yo [V] <85 plosil il s
ebiwxlie plo 5l e,e gilulas jshate 4 YV JLo o
oS T oAl Sl iS5 5 e 8]
4i8s £r ey Sae jo ) dga> PH 5, Yee ¢ ) cdale L YVY
Jsle b g il Jst JT 56 a4 o,e5 45 idges oolaiwl
TAe dg0> Sbil ol a5 WS (gile sl ] G
9 ;_95).:Lo ‘)-{-.'.0 @l&...ﬂ.?o dlas 5o [\ \] Sl o_\ib; uu)‘)f
sl 5l ey ilolaz pshaie & Yoo ¥ Jlo o ol Sen
TBP (yal asile slo oalBb ol on 4y 0,65 53l (s0s,15
AR la).a‘f HDEHP o..\....Sc‘)M‘ clale ..b‘o\)}o.: salazwl
o 0 w8 C‘):;'L';.w‘ NLIW I 1 3 o>
odd plnil Wl S S jga> 55 sl SIS 5008

Journal of Nuclear Science and Technology

doddo .
A gl oo S8l b )0 5999 4 paie Cplcasl oul alS
399> (e Ay 0 eadlygl Ay Cd o558 (Jlgly8 4S5 55k
pais U"‘ [\] Cewl 00l 03} U’M ).sw ﬁ‘ﬁ fLY
SE laS pole gl wild oilr Jyame uzes
drwg 4 axgi b ool sl Jls jo 0l oo 5 Soslige )
Sl Sl s ol mle 505 g (lae (&5
W35 0,95 0wz B ceenl ) slae is g
sl Oles 4 ol 1) ey s alple
Sl 51 ame S 51 38 pl gile alls 4 Cl):;'ﬁ;...,l Al
w‘ )‘o)Pﬁ @YL
Slr 00 Slahs) dlex I (a30gm) 5 Sia o,
ey ol gl glaanld e 51 S [ ]
@iz mlio [0 00,8 5b a4 a5 cwl Mzl
oolaiwl 0590 (g lilany 5 (65,9lleog 0 (g3lugly aiile
ol Sl o9y S Loby, plo b anglie jo a5 ol
Jeiol b 5 spdsins 5o Y Jeusliy sl iz joS
2 sy el [ 0] atbie oS lamy oy
SileAl 5 gl sl bagts, (s 5l o P

> b glFeal wals s Lol @izl nieee 5
6prw )\) u;‘).aL..a Mbso OA—HSC‘)M‘ ul.‘?h.a‘
ool 2 IV] 25,5 oo )13 aalllan )50 Vgors SobenS'5eS
il -Tgo dex I ol Dl 5 conds plol Sladllas
TV oSl YVY SOl il SGyand (55
Yye Q.:AYT Slawd JSe 65 Ar) WSOlew AV WSOlew
oolawl calizes 6L°J917“ )| o9 G‘;.?’:.’;w‘ 6‘)—.’ S a9
[A] g 0

So Ky 29dep sl Sl mug gl a0
5 Dl gl glp (Sjslagen wnld ol b sk
S b polie 5l (S n s sl g polie ilulax
b 0l); iyl —payg SeudlS (29898 Jolre ;0 9250
Log 1Y Jlo 0 "YYY LuSlaw cansS gzl Sl 5l solaul
Q)‘ﬁ.o 4.1.0.‘> )‘ w‘ AW u...a 6‘4.....».% U}J 9 ra}l.c Omjf
S8 (So5,0lleg 0 By, (b b cnl 5o sl ks

Sl (938 5 psle alxe

Vol. 44 (4), Serial Number 105, 2023, P 17-27

YVANY o 0FeY 50l )0 als ¥ o les JFF o5

'»‘
cg;?



P STLVE ST SN CHA R SN P OS ESp LSt

14

WVao o VY cdale bzl el age uld o 0,98 2l 5l
cdale l) 44‘).....: Ja...?uo 9 ?/(5 l.: ))‘)J pH so.\....SC‘)M‘
Slawd Jis 6y oSzl sl b p,e8 DD 7l
50 ol g (6,eli lawgs @l s laos SIYYY W SGlow
6l piie 5T (vl ,o el 00 cy Y010 Jlo
clale ‘Gﬂ 38 anal (Jolw ey alex 51 Sldes
Pl oeizee 285 JIE cwyn y5e L g eansSel Sl
3,90 (V) w9 gl o5l o eauSzl saul ol58les
Fyo Sond 3 VAP alflea copo 9 85 )18 )
DA] sl cews & F:) L I, Cyanexyvy/ TBP
STy e Sl L pleend Slse oo 5 he) o
oy S o0 ey Jeloel py8 50 Ll o g eol
P eberd Slge (B (oges 8Ll Gl 4 (oloard
Jolmal Cqz walz dlge o (So5d Sl Sbml g
03l G,y £l Plas b 98 a5 conl ayl il ol
cble pH ales 3l gvanie o il )l (g, u.a‘ 9O Ogl
JrS 50 ol 56 25Ty Glej 9 S92 ge (AIBL olie
g Bosm) Al 3l pleily ll g wnl )
b caled po 5 C8)5 )18 oy 090 i lasis; ol 56
enlie (B9 07 8LS oS 5 )0 w8 eelS Ol 4 4z g
S )98 (SlglS pilygl n1ES (39 Sgaoe 4 az i L
@ o oo)p S bl ezes 5 el @
Sla,585 )3 )98 S gu 4352 drwgi (ool gl oS g
oslo ul.m.a LQ‘SA.AJ))J ..\....JL:GA 4.‘>9; S)ge U‘f‘ 4.1.0.‘> )‘ aliseo
Olgieds ma o8 5l oolaw! b aies pSUI 0dgy gaiyjo a5 ol
Galg 4 Ol oy ase @20 I oS glais Co g
45 (602 4 yaie g oy i le daz g Ll jo (Suse
5 Jé Sldes ol 3 (SO aucle o oS L>u—| BT
il olyed 4 )98 (295 S polie Gol> oS ceul 908
prlee (pare w2l il @ axg Loy wiles
P S il pol G ysls g Bae (neee
Olye 4wy yaie Vb Ceonl 4 azgl ol oS
6L€b)3.¢o‘)L¢ 6)'L*"U~:-Q—.‘ ‘6“‘3-%‘” S 0 u.s)isb u>5w

Journal of Nuclear Science and Technology

3o g loeS (YooY Jlo o e [VY] ol
3 ool s ilelaz 5 il sslite & VY LSl
gl as ol s mls ass,S eolawl S ol ole
g5 <85 pll Voo O sl oyt banze )0 iyl 9 )95
Syge Vge Vsl SIS g 00m 5l esliiul b e yes 2Lk
30 OLes g oboly lawg a5 Koo sy [VY] wé iy
ookl glle Cujlige yore Sw Il plil YNV L
b el S Lo Sl o yg8 glisiul Gadod cal jo 0
Cos b Aliquat YYF 5 TBP soiSzlseinl 5 oolatal
IR s s 039S TNV 9T L plp eSS 4 e
ool 9o plool e OT L JT 56 it anyl 3 26,5
5 Sojlige g 0l )0 w98 paie chile oad asllls
by e ik 31 oslizad b ol sl one
9 7 Pl al> o a1 ey cpl jo ol pll (ICP-MS)
DVF] w5 soliwl g5 (silelox glp gicincd al> o dw

Yor) o 5o ohKen o byl g o5 oo o
5 @Bl gl 5o b sl ln Mg nees b ploxl
el Sldaw (29898 Jslowe 5l w55 9 meilygl silolos
L (LAA) moye zloewl ad colaiwl cojlge pore S
VL Pl PH o shw e o eedog g 5l oolal
Jsle Olsieas Vg ) dal S psilgms 5l izt kel Canws
@ oy @ el 5 st Sald 5o 5 ws,F el sl s
SPPSS sloo )5 jelite 4 STy 9 SYIST )50
5 o5 zhtvl ol areg [V0] S eols g,
3598 oo 5 ST ol i 5 il 51 o sl
5 Koz 99 95 Lawg Slo)S Zalge ome S I Jol>
sl il (Geiod cnl 5o 08,5 13 sy p 990 il Sen
bl Ol L gt e g Sl SO 58090 b S Sz
PCAAA DYEHPA 5,5 sleoasSzl el G .o
Bl glelas jslaeas Primene JM-T 4 Amine
LoauSzlznl L5 a5 w3 S 13 2bs)l 9)9e m)
Ml LIS R
-Primene JM —T > DYEHPA > PCAAA > Aliquat vvs > Alamine yvs
Slp st Jle S e a4 sl S5 edlee
Wo,8 eolaiul eul gl OleS sl oLk
roF S 2t sle bl el ol 5o
Sl S ISg,002 Primene IM-T oSzl sl
saSzlsanl V] o
[(E)— ¥ —(¥—hydroxyethylimino) pentan —y —one (AcEt)]
5 ez by als Lo 5l o)y gl sl
oojl 85 I8 sy yse YA Lo o U Ses
Sl (938 5 psle alxe

S A e gl sy

ad al p Ny -0

Vol. 44 (4), Serial Number 105, 2023, P 17-27

YVANY o 0FeY 50l )0 als ¥ o les JFF o5

'»‘
cg;?



C Ry 4 (HBly sl (59,8 Jslome S 5l e y58 (s jllo

W talojT plxil oy, Y.Y
gy gy 4 (AL Lo3T Guldio 13 w1398 gyl 1YY
2 9 gl jehiie 4 (Hly arl (29098 Jslne SO
Aol g ol ooliiwl of 5B olgie a4 w>lie slagg jga>
a0 b oSy 00 pow g Shigel 5l eslazal L o 56
20,5 s alislej] ogls

0dls 38, sloosSzlmeal 5l il glgl 5 JT 56 5o
o & S (35,5 Pl s sslizad 58 Pl L
GG 005 gaio el ;0 o8 glEl glp Koo
obey Sow lp g Wl Jaie aiuy o glacs JL SO w
les ;o g VAL IPM aseie jo0 b Sl Jolo o asiee
250,85 balse oSG L JolS ol a0 b aias ools 13 laixas
plxl 0o 58 4 56 S 5l 3 slagg glped Sl
38 90 cauSlas a8 aliwgas Jolw a4 o, 5l e 090
Lol 58 50 ey cdale g oas b oSS 5l JT g &f
26l g cdale imen g asein ICPGT I solaul
Slr i Gl 50 S etz ajlse el L T 56
P9y 3w ElAl )0 Sk sanld e el (ilease
Lol ol solaiul T o S5

cuyo ol P zlzanl anld o slelas
e s @bl ool 5 (E%) glzel 003l (D) a5
B dmle 5 OYolee alwg 4 (S%) JT 4 o 56

V4]
M] -[M
5 M1-IM, o
[M ]aq
%E = + XYoo QD)
D +Q/iq)
org
M \'%
%S Z(I:LMJX\H D)
[M ]org,tvorg

oile Bl (2l g adgl clalé [M]ag 9 [M]e <¥olas 0l 5o
5009 o 5 J slals ez> Vorg g Vag ool 56 50 5L
[Mlorgt 5 b3l Jsloee 50 38 050 (Jolas lalé [M]aga
gl al e s JT 6w anl JUml 5l S ekl

bl e

Journal of Nuclear Science and Technology

chle 5 gy Jol) D gl o Fhe unli
Silwsts (G 90 wles Lo ol 5B Aol oSzl ]
g @t o g Glogs bl 5 g5 Jold)
5 Sosilgm g9l ma) ol (ogdgd (Aly Jele
@ls aelsl jo aS 85 13 pwyp jpe (el S

el 00 81| odal oy

gy g 8lge ¥

Slgo .Y

gl i 0 lagialel plowl gly 5lisyse adsl ol
5 el Jliie By 4 el (p9Bgd Jsloe Sl e
a4z b aisnl gy 4 (pRELe] Gubiiie o (BO0sm,
ol oo oolizwl V Jga s oyl o )18

boliws ¥.Y

Sartorius ;o PH ofiws 5l soliiwl b ol 56 pH oo
gl oS ) rizes b pll 1S el 508 el
(CP-AES") ol i g5 5l ol ool cax slewdl
polie CBle i jslaie 4 Wil olly <S5 sl
oBiws  al ool w0ad ogis @ Jsle 0 92 ge
rolie (eni jskie & (XRFT) LSl andl il 5l
RO PRVAPCEIR S L PPNV R UG IV SR PSON

oole |°L O).g)ls ..\>l5

olewd i 5

sl Sy (Je5%0 S Viso

oS! el
YYF ¥l €

Sl e ST 6 3

0395 2AS 55,

sl

Gl (53,8 (ABly Jolome PP Ereo

=l il

Sl yS o e

Sl SG s oaisS 2Lk

Sl S5l g

Sl S5 ,I5°g 0

Sligel

Sl S 9l g

al)
SR BT EVCRNE oBICg ) oo

og}u
Sl SIS < ’

1. Inductively Coupled Plasma Atomic Emission Spectrometry
2. X-Ray Fluorescence

Sl (938 5 psle alxe

Vol. 44 (4), Serial Number 105, 2023, P 17-27

YVANY o 0FeY 50l )0 als ¥ o les JFF o5




e ooliiamo i ISLES Lo e o Say ol 4t b

AR

Jslxs 50 1CP 5T s Gillas oy 3590 polie il Y Jgur
Ay sl (29058

(MQ/L) wges o oo aie

VARER (Fe) ool
119 (V) peolly
O (Th) oo,
£0 Mn) %
fo U) ol
YY (MO0) yodsge
V0 (La) pstoy

S 2589,8 Jolos 4 sl Sz (alejl ange blys ¥ Jgao

agle fase
‘.- g digad 033
Sl Sy 5 el S 95 Sl g93
o-- gl Sl e
YF4 um &1y3 ojlal
Ao °C Lo
sh ok
\ ol 4 le s
(/s

9,8 sle 9 Sl 5 Slilg slogse] Cale F Jgur

dges 4o cdale i
ah ol o5
Yy YoV (SO wldgu
74 Y YA (NOy) &l

il ogdsd Jsle anosul e sl @
Gidshee Vo) (05098 Jolome 5l (pasine ox> gl 25
oyad wix (19938l b anS g 00 el Voo 0 Joloo b
Sl Brae g (39 atie bl el Slubs
5998 ol abarul (lowls plxil 5 (2 e YVO)
05 dle Voo FAVO L il

s 2Ll 9 Elsuel gudalyd sl yolyly (g 5lwaiage V.Y
cawlio ouiiS z ! il £ Cpri 1.V

ol e 4 bpallbl jgax 0 osdg s Jele
sleoasszl il 3 Jeloee yo Sllew  olyis LSLQQP—‘
Sy (o352 J5hT)ss ahex 5l (15 5 G915 g
5 ool Cawods bl g ook ooliiwl VY M clale L Fuslus]

1. Di-(2-Ethylhexyl)Phosphoric Acid (DEHPA)
2. Tributyl Phosphate (TBP)

3. Tri-Octyl/Decyl Amine (Alamine 336)

4. Trioctylphosphine Oxide (TOPO)

Journal of Nuclear Science and Technology

gyl b9y 4 (A LojT (wledo ) 02595 (BOCIgas, V.Y
o2l g molly jolie cgsdspd e 5T 4 azg L
OGPy b &S W w8 silelar ln cwslie (nodes
adg slp aslol jo wal eails, Jlas 4 D>zl
@iz gl Jole b (pocsm; by, 5l pyss o luss

20,5 ool sdiadigu,
@ e Sy S ()] j0 4 canl by e
40 S Dl S air b b ilula
9y > o ol 5l oshiee lar ol 5l aalz 5l 250
D) oS 5O o8 5 CodeS 5O o8 S 8 PH i 5
S G095 50 S sla el s sl el a5 0 slosas
o Lol Los g oaidogu, goole clale (loy Jole 4y olg5 oo
olic bl alex 5l sonnte slastally gy ol 55 Sges
998 5SS 8 ke 536 (ASTs plej g S92 g0 AISL

sl leddly il él

oy g bs Y
e S 5l ol 0ad 99,8 slaslne & ozl Sl
A @5[..; Jﬁ"\:’ ].01...(: )‘ =9 0990 J.AL...J ’Y}o:.‘o
Lognlplo wdboe panie Jlaw pole (pl dea olulis
Joloes jo Clél aS (g 0le (285 ploxil a5 glanlllas 4y a> g5
@lolid W39y 29290 @lie ;3 )58 lee S (298558
0,8 s Jole o olie cpl cdald e g Ao
Jobre 5l e ilolir Gl Cwmlie (njosas (2]
igyon sled 4 pol> g8

S S 5l Sz il gl ol 5898 sl
0,5 Al Sl G0 5 Sy pelse bgliee b sidle (yase
Sz anl B e llyd 50 (29898 Jebe (ol peizes
ol @ axg b ool Casots ool 00,9l ¥ Jga 0 aS
Gy 2oy PE QL LY o Ve ol 4 e S
Seozmd wnlp b e eelhsl sl o) AT g 068
.Qj.g

Sy g od plonil Sz il g lulpd 44z L
@S 5 %3)5 dbre (2509, Jolone aiges ;0 S92 50 Ol s

Sl 00 ob)j—l ¥ Jj..\? )

Sl (938 5 psle alxe

Vol. 44 (4), Serial Number 105, 2023, P 17-27

YVANY o 0FeY 50l )0 als ¥ o les JFF o5

'»‘
cg;}’



Y

C Ry 4 (HBly sl (59,8 Jslome S 5l e y58 (s jllo

00l yian] dpty CALE cyaasd ¥N.Y
w9 gl Glie 5o oSl Sl il Bl o)
V)6 sl b apis  Jsbua 51 lasallsl
53 odl Cews @ gl g Cdpd plal sl SO Laud (o Se
2 a8 ol las b iole;] zuls .l sod 03,0l ¥ S
5 (LYYR) ool zlsenl o5b (Yae +/V) Sl lacdale
Ol ol cpl g 009 (LYVA) muye8 0z 50 (YY) ) wuolily
CBE Gl L L s G 1 g sl
&S o o a8l il 58 gl liee oasiSl S
aS gysb @ el aily 6rb ey il el 2l
mog ok Sl eSSl 5l Vee ) cale o
bl TAYY e zlgel ooil g Wl e Cewoas
cel o) zlmnl g adsl diges jo ol YL jlade a5 Sl
@ Yse )V Shle (plplo 03,5 o0 w285 ool Ol SRS
(J%2 JobMes causSzlmnl sl cdale g
Blax g g Sl gl gl sl SGja8

b bl zlhsinl gl el )b ple o) 0 b callbb

Yor
-0 .l
As a
o & O
AN Y - pthy
< 4\
1 o
SIS
< A
Teo °
. 1 ¥ r ] ) # A

(;¥g0) sl e

C‘):L......J oo)‘lg > &T leau MM‘ ).’l R J&w
(DEHPA]=- 6 M (,L=#- min .O/A=\ (Ls=Y5 °C)

A\

& 2] -O—Q_m‘l'

Ay ° .
. A Ll
‘é‘ X A iolily
_a‘ Fr
) e

. 68/’4)/0

A
oy o5 x \.¥ 1.0

()}’}n) a.\.l.lfab.’jﬁ.o.u‘ cdald

gyl 033l » DEHPA oS gl sl cdale 51.Y g
(anapnk ) (ole=pe MIn O/A=Y La=Y0 °C)

Journal of Nuclear Science and Technology

Ol &5 (5y9b 4 .l 00l wﬁT O Jgdz 30 owyp ol
Jolee YL anannl s a4 o)s gl ooil ol
S9) Al &5 S lgce adbe (PHS) o548
3wl i Gl oul JSis WSS cdale g L cgo
5 &5 9 Al &b luals g glZl anls Sk
(UL).ite Vs S 5 as REXP QL...Q Jogus @Lu
Rl 5 2e98 Jole 5l mye glmel lp sl Sy
o33k b Ol el el aniF bl Ll
SBhe et Jsbous VU el s &

9098 Joloro dange alydoms] (et Y0¥
Gl sloayanl 5 3bsd s 5l pess gl
oy oalo QLAMJ \ g)i“’ )\) Gl.u 9 uﬁjf )‘)3 “r \))9.0
ol 50 (@59, Jsle) @ 5B adl anapl Ol ool
99958 Jobore ademl (5392 YU Cle 4 w0 (LA jloges
Slade jo 2l by el ol b mayg glAl Gl
o2255 il o3l olien 53 (glelimdle B aalidl 4ty
Al o zlhgeil 003l pes Sl a5 5,5k 4l comlin
oYY Llade @ anow! gels Lo S soslice o)) squs
30 9 ads odwlie gzl ool o glabasde LB s
52 onl YL jlaie Joay +e e
@l a4y b onlple s 8 S5 Csm) (2989)8 Jolore
U‘}& L (pH=\) ‘/\ l.a)a‘).a MM‘ 0L ‘Bl.‘?o‘ 6Lbuu)Lo)]

Vol pomb asal polis

Loy gl slagill plol ln ang anacl
Sl ol Sojand (JRe JokY)es eaSyl sl
32O Jgao Bllae) aidS Slabss mls 4 ax g b s S
S wBbos 4z BB w9 gl Gl mly slaata
Aol oo canlin LB 55 ol gaiss ol oyl

s gl p oSl Sl g9 Sl oy B Jgia

OFA=Y ol =54 M oaisSzl ol cdale =Y M iobejT Ll 12)
(Lo =Y0 °C ( Jols oylo;=F+ Min

(/) C‘)?Lw‘ aa)'l.g pais °"\‘;’;5C| sl 65"
XY o '
WY ; Wl ebnd ST (5
/ F TOPO)
¥1a4 2ol
af- a -
\/m ot Y5 oY)
: i Alamine ¥¥s)
A wuslily
Vel ool Syt (550 J3FY)iso
Ya T s o
ov¥y w2oUly (DEHPA)
Vovy ol —
0 /T . ; olawd Jig o5
; F TBP)
FYNA ozl

Sl (938 5 psle alxe

Vol. 44 (4), Serial Number 105, 2023, P 17-27

YVANY o 0FeY 50l )0 als ¥ o les JFF o5

'»‘
cg;}’



P STLVE ST SN CHA R SN P OS ESp LSt

Yy

Sl Ol s sk 4 bt anl 8 alail 5l o
e dloz l alisee SlaS 5 wads 5L 156 5l 09
Sl Sy g (HCD sl 1555000 (HySOf) adl
L owled jo ) ) Cad b5 g0 .0das a8 )5 Iy (HNOy)
30 e Sdale daBo Ve ley Sl s g w3, S 13 oo
Y Aol gk (23l 005k 5 WS e J1 g o 3B
G azg b ooaS obil sl Jslre cdale ol dailxe
o mll s )8 bl aey pl o ead pleul Slalllas
5N sl JI 56 S ey bl sl gl
FORETESRN A RS SNV E T RN
ol 00 odjﬁi Y Jﬁ"\}
S5 el Sopsilan a5 was o0 LS Y Jgux gl
dsbNes sl JI 56 S ey bk le el
ssbie 4 cnlpl adbige 03,5 5o el SRS (550
Sl Bl g sl S edlam Sln age clile S
b sl S5l 0 ()I0856 T3 51 095 (sl Jlade

Lol 00l 00l uLw.s\c Jiis)o ey U"‘ CJL*-’

158 5o gl gl mo,55 b3l (oyn Y J9oa

(1) 2Lk essb (Yge) clale 0uisS b3k S 5
Y -0 Slo,S pod
?/? . /a uu;g Mw
Yex \ Sl S 598l
VA ) Aol G 1S
B ) Sl S 159 000
AR
- N+ - A A
-y
-
o
;;tj $e A
% F+ .
—~ A
= \ES .
. A\ ¥ # A

(¥ 30) vl SO a8l dals

ST 56 5 s Ll Ol sl Sypsilen clale 1P S
ol (6,188 L

Journal of Nuclear Science and Technology

gl o) g gloj e 0.

Om Pt led 4 mie 005 m ey Gl &S Ceul ol
o3 Slyaeis Mg Sl o Sl i 5 5 6 53
3 sl sle sl 5 (S plgie 4 Glej > p 2l S
oaiSglnl b g p Jobre 5l eayg gl
o ol i s and Sy (e Vs
Al odslice b loges ol Gillae .l oals ools las ¥ S
aids Voo ploy Sae 50 s glimiul ool oSl oS
JB s 3B g e oy St I L g wd el
053l Lol gl soi bl muye8 glmnl ool yo (glalaxdle
30t 3 s Gl €igai 3 Syrge olie pl S
5 py gl yiSlas il gl aads Y by Sos
Sl el ple (ow) 2 lp bapallab gl gl Jloo
VK

ST 30 3l eads Sl 598 (SL5L AT

S, 156 51 ool obsb ol a8 conl osls ylias olallas
S3lee w5 5 pelisl 5l YL 83, Jlees sl SGsales b
adgl wiges jo ool YU Jlade 352y Judo 4 culple V-]
Sl o 6,38 JT 5Bl es sl anl 5l S
5 el 3:8) sl Sopsdlan b ST 56 (55) gitads al>ye
Ol s bl a4 axgi b el oal 005l £ Jgam o bl
e wlgi oo Vge o)) Clale b sl S5l oS S
29, 54 JT 56 o saizl Sl ol zals

Yee
< <
=y A o A
2 o &
5 7T X O -l
1 O wF
W fooq 4 A olily
S °
Te S O
O
* O T T T
. T £ £ A+

(aiiBo) glymnnl Jobss oylsj
zlpeslonsl p oley 1LY IS
(DEHPA]-Y M waiaik+ ) O/A=Y Ls=Yd °C)

&ML 56 Sl eas glzend 0l polie bk suyn F J9or
([HSOJ=+ N M (yes=10 Min O/A=- 5 Les=Y0 °C : iole;l Lol )

Bl Gy ghd JB o clale STk e cdble

ST56 5 (mg/L) (mg/L) robte
oA g 10N Y ool
VA " FYVY waolil
V) 0 f0. 8 PO

Sl (938 5 psle alxe

Vol. 44 (4), Serial Number 105, 2023, P 17-27

YVANY o 0FeY 50l )0 als ¥ o les JFF o5

'»‘
cg;}’



v¥

C Ry 4 (HBly sl (59,8 Jslome S 5l e y58 (s jllo

Sl 4,31 slos g A vga PH S cascse)
D oolazw!

et Sl Sligel 5l may95 (Bogw; pshaie 4 cnlple
3 sattine > @ ol o 5 eoliul PH a5 anal
3005 L] a8 a8 Bl Sigal ot (sl Jolons
2355 598 Jole Lulpt ool )3 ey A 4y Jolos PH L
ol jF il axjo Ve Glea b S0l j0 alBo Ve Do 4y e
Oley celo YF o] 5l o s 0000 Sel ) oo ds e
Sy Saled po b adF G s (asoge; eSS sl
@ gy 095 SBlo 5l a5 S LSS (55355 6p0m
At Ol L adye iz Jol gy lilgw Bl jslate
az,0 V0 leo b oel o cele ¥ oo 4 g ald
XRF & 501 cyz Jolbs Ogm, g ab Sis ol 5 il
el 00 03,914 Jgoz yo Liolesl oyl b as o ool 8
MY sl ol gy amsoe (LS gl oS jebilen
el anST 4 595

PI2gy dl B p f5e Jalse ) n A g

Cgw Slasein pH (OC) Loo ORI Igu JALC
N
QS g I s e
KRRV K B D) Y 9 la:zq 3 72
Ao
Ol el b g,y \ Lo S 3y oy s
ok e Lose, ) Ve S gy (o3 s
PP 09N L) ” Ve KV PRV R
QS g o s oo
9 D 9 )R o
ol > Lo \ s
ol e b s, . s S5
. \ \ 9 SS9 e ke
P=0F OIN L) o] ;S_:_H}fl
omb el bogw, Y Lo Sligel
157 osls b o, A s SLigal
1PV el ks, A ) Sligal

Sigel bawgs oads adgs Cgmy 5| XRF Giolejl ol A Jgur

ol 56T aes yaie pb
WIW% - Of SiOy
W/W% \ATEE V.00
WIW% - A] P,00
W/W% ) Fe,O,
W/W% L CaO

mg/L Ve CuO
WIW% £Y)) ThO,
mg/L A-- Zn0O
W/W% ANA MgO
W/W% VoA Uo,

Journal of Nuclear Science and Technology

clale wol8l b oas 0gd oo cdwlin bl 4 axg b
ar alee SRl 136 51 s (2l 003l sl S5
S (5 e Sl S el 5l Y5 O cdale )3 a5 55k
chale o 5 Gl b Gews g ol oaus (RTAD) L3
w25 osalie e 2Lk o33k 5o (s BB Gl s
SBl 598 Joloe 5l maye8 62T bl sl A
e Cbale sel Cawsds SbiL Jslze jo0 uizpe A
REIIP

Jokxe 51 mye (pODgmy 1 Fae syl ilwaiage V.Y
Sbwstd

sladele (2Ll Jolowe 1 mys ooy ady jolite 4
5 Shigel weSgiue o il (poosm, At
b ogmy 5T bS5 28,5 S8 (o) 290 Sl SIS
51 oolaznl b el oo 00,61 A Jga 0 Liales] ,» 0 XRF
slales o oaimsgw, hele lpie 4 waSyae o
39 50 Sl SIIST a0 b 000 ) cdaline g, walizee
¥ By oz LSl az 3 Ve g le les
@3 Jsle 55 58 olyet 4y 5 ol 4 w0 5 esaline
I g Gl Sl osls LI 88 g, 5 Bl
) aalsl 55 a5 s g e SIS
Ol 50 e solauwl lasre sles jo Sligel ssmocigu, Jule
gl & ol Gl e )S ssalie )8 g, Ll
abl; el Slolly prigel gms; JS5 4 i 9S00
20l ogmwyen S Guals cqs 1YY Y] 005 o ;)
a0 V) dume los Gl 50T sled w55 gy ol e
o (5 423 &5 85 108 gy 2 9590 5 (o5 gl
Ll lae glos

VO," +NH OH —NH VO, { +OH - )

ol plas Sligal Jale b oy 5l Jol> mlis (pizen

PH jo Sligel saipocssm,; Jole b o5 sosgls iVl o5
oy Slioloyl JS 5 Jol> s 08,5 o Jol> A 590>
Lyl b oo a5 olo lid cnimoigw, calitee slo Jule L
Sligel Jale 5l a5 05500 Jol> by pay58 (BO,

Sl (938 5 psle alxe

Vol. 44 (4), Serial Number 105, 2023, P 17-27

YVANY o 0FeY 50l )0 als ¥ o les JFF o5

'»‘
cg;}’



- odliiamo pia SEAS Lo e ((Sey gl axh

Yo

o 0 ral.‘?o‘ g.)lﬁ...ﬂ.‘?o )"L""’ L M CbM‘ L:...‘?LA 0oy

20,5 die ol

Aol Cgusy aiges Pl 51 TCP 5 JGT s Ve Jgu

QWW) 39 do yo mg/L) clale yolie
526 b ey o ke
BRELIE ee¥ S
bl el POUHS oW

. vF \ii2 PO
VI YY V050 ool
YA A 2olilg
£5.0A Yo PO

load A)1F polie SE8s cale e jslaie 4y
a5 0l JSiS g, cisu Pl b XRF ):JLJ
e Gl O Jgoz Gillae) ICP LT s 5 (e
Bl e 2,85 Ao > PP Sgam (g5l alol> g, a5 2SS
4 ol ek @l 5 oS Slallls slaedl, Slojr
w2l 4 azg b cwl oals &IV Joam 0 asds 4
S 598 sladsle @wid I 90 Sliviss I Jol>
owsl 4 axg b ol gdod o Ll il g sl SO
oSl Jlaziwl jhaie 4 5 aitle o Sw o>
Shoslinal b Szd anld doysd 5 wadlish O pte robie

1259zl Lot dine) 10 418 5 & jao Dlidss j Jols gl 5l glasds N Jgue

& Slla>de C‘)”‘“"" REVEY oduiS 3.8, cmc‘):)d...:‘
el s 4V bl PH o s i 0 padlag 68 3l eoliul b (3A) a5 ! el
sls,8 ol Y Ll PH o eadls Lisgs (JAY) sl sl sl 2l 5l . .
D] | 2T “’p 2 omnan 2 ¥ (30 el o e H,SOx Kerosene Dipropylamine
5 SYIST g0 & 5 4 pailysl g g Yoe ) CE L ol S il Lo 5 Jole
W 00ld gay danST
gl LS 5 g 09 o9 glymiml sy 6y 00 gl mel Primene JM-T
Wb G058 ) s s leeaiss
Primene JM —T > DYEHPA > PC—AAA > Aliquat vvs > Alamine yvs Primene JM-T
[¢] HSO« A 150 :
oad gl il GleS sloS1E b5k sl giind Jole o lsie b dpl S y5alg D2EHPA, PC 88A
Yoo 110 Sl SIS g 00 )55 (005 (b3l (sl Jle (n Foealie Sales 53 e 5 ool
Y
(] VY clale G ACEL snniSgl s s 20 bl PH o 58 gl il sl annge Ll Hel Methylene (El)mzllngz)hzgtr;):éeotm
(o 00 55 s i 0o s AAD) sl Syt Vso o 0 5 Vse chloride (F,)AcEt)
WS IS 25 e @ ps gliel 005l Gelul p oSl Sl IS Cyanex 923, Cyanex
Y HNO '
[vv] Cyanex arr > Cyanex vvy > DHOA > TBP " Xylene 272, TBP, DHOA
Benzyl-methyl
Bis-(tri-fluoro- sulphoxide
y methylsulfonyl) (BMSO), allyl phenyl
lwoussSzl sl 2l wos 5 5 [TRINON.YSOI™ & j00 )55 G5l Jobs e imide lithium sulphoxide
[v¥] B G 5 o HNO: salt (LiINTf2), 1- (APSO0), di isobutyl-
APSO > BMSO > DHSO > DISO butyl- sulphoxide
1-methyl- (DISO), di hexyl
piperidinium sulphoxide
(DHSO)
Tri-butyl phosphate
TBP 5 YWY (oSoleos V¥ Jse s L YAS 153000 15356 j5STam 5 ¥ L i)y aige PH (TBP) and bis(2,4,4-
DAl IV S VT e = s @)TTQ ISR Tl e P HNO: Kerosene trimethylpentyl)
wSel oad )l phosphinic acid
(Cyanex272)
Tri-butyl-phosphate
M Aliquat (TBP), trioctyl-
5155 sl Sy O M bl TQUEL ¥¥5 oniiS ol 2 b o o5 ol s 21 i
[v] P el S s »Alig gl b peyy gl Sl HNO., HCI. H,SO, Kerosene amine (TOA), and
K% tricaprylyl
methyl ammonium
chloride (Aliquat 336)
&yl 3l sl KNO; § NH;NO; NaNO; LLiNO; wile 1o jSei ciizeo Jolge
R N R e (3 . Di-(2-ethyl-hexyl) 2-
13 jScod l ol s as l
T HNO: Kerosene ethylhexy!
(NO o). D90 & po,g 0dd gl oS ez 0,5 (B yxe phosphonate (DEHEHP)
8 B
Di(1-methyl
[vv] IRV [ N W PN A Y PR eSO P HCI, HNO- Kerosene heptyl) methyl phosphate
( P350)
&l el DYEHPA o5, sl 5455 5 S 5850 (g5l 45 2589, Jslowo 2 255 L
) Al s g ol bl 3 b allBl jehs 8 s 2l sl sl (6 e oaiS ) )
St IO :ij ::l < : : J::JL )y"»:‘um’j Ci?&l;d b gt (435 HNO- ¢ Kerosene TOPO, Alamine 336,
}bb Phds Pl )dge o Shad s d M)?‘»@d. 9 &2) e Srad il s HYSOf DZEHPA, TBP
S5 boyilasS A Ll PH 0 7Y0 Sligel 5l osliinl b 95 (o0, b cules
0,5 355 ST 055 VPP Sga

Journal of Nuclear Science and Technology

lated 38 9 pole alxe

Vol. 44 (4), Serial Number 105, 2023, P 17-27

YYAY o VF-Y 5l 0 al Y oles FF 690




\td

C Ry 4 (HBly sl (59,8 Jslome S 5l e y58 (s jllo

8. M.A. Didi, et al., Liquid-liquid extraction of
thorium(1V) by fatty acids: a comparative study, J.
Radioanal. Nucl. Chem., 299, 1191 (2014).

9. M. Eskandarinasab, S. Alamdar Milani,
Hydrometallurgical process for solvent extraction
and separation of thorium, uranium and some rare
earth elements in the commercial solution of Zarigan
thorium-uranium mine using Cyanex-272 as
extractant, Registration Number: 70592, Declaration
Number: 390030347, (2019).

10. D.J. Crouse, K.B. Brown, Recovery of Thorium,
Uranium, and Rare Earths from Monazite Sulfate
Liguors by the Amine Extraction (AMEX) Process,
ORNL-2720 (1959).

11. E.H. Borai, et al.,, Subsequent Separation and
Selective Extraction of Thorium (1V), Iron (1l1),
Zirconium (IV) and Cerium (IlI) from Aqueous
Sulfate Medium, South African Journal of Chemistry,
69, 148 (2016).

12.V.G. Maiorov, et al., Preparation of Thorium-
Containing Concentrate from Perovskite,
Radiochemistry, 47, 498 (2005).

13.B. Gupta, et al., Extraction of uranium, thorium and
lanthanides using Cyanex-923: Their separations
and recovery from monazite, J. Radioanal. Nucl.
Chem, 251, 451 (2002).

14. W.M. Al-Areqi, et al., Solvent extraction of thorium
from rare earth elements in monazite thorium
concentrate, Malaysian Journal of Analytical
Sciences, 21, 1250 (2017).

15. A.H. Orabi, et al., Sequential separation and
selective extraction of uranium and thorium from
monazite sulfate leach liquor using dipropylamine
extractant, Miner. Eng., 172, 107 (2021).

16. K.W. Chung, et al., Solvent extraction, separation
and recovery of thorium from Korean monazite leach
liquors for nuclear industry applications, Ind. Eng.
Chem. Res, 83, 72 (2020).

17.M.F. Cheira, et al, Solvent Extraction and
Separation of Thorium(lV) from Chloride Media by a
Schiff Base, J. Solution. Chem, 47(4), 611 (2018).

18. M. Shaeri, M. Torab-Mostaedi, A.R. Kelishami,
Solvent extraction of thorium from nitrate medium by
TBP, Cyanex272 and their mixture, J. Radioanal.
Nucl. Chem, 303, 2093 (2015).

19.R. Torkaman, et al.,, Synergistic extraction of
gadolinium from nitrate media by mixtures of bis
(2,4,4-trimethylpentyl) ithiophosphinic acid and di-
(2-ethylhexyl) phosphoric acid, Ann. Nucl. Energy,
62, 284 (2013).

20 G.M. Ritcy, A.W. Ashbrook, Solvent extraction
principles and applications to process metallurgy,
Part I. (New York: Elsevier, 1984).

21.B. Pan, et al., Ammonium vanadate/ammonia
precipitation for vanadium production from a high
vanadate to sodium ratio solution obtained via
membrane electrolysis method, J. Clean. Prod., 263,
121 (2020).

22.S. Longa, et al., Recovery of vanadium from alkaline
leaching solution from roasted stone coal, Sci. Asia,
40, 69 (2014).

Journal of Nuclear Science and Technology

& 5 aoeis ¥

S gl gy 4 g silelae Guios pldl 5l Soe
olie )3 (Bl (29992 Jolme Sl pleed i g
ot Slss py5 ST gy Sy plate 4y (aRiLes]
Slasin el 5 8ly 2909, Jslwe aiged ICP 5 JUT 5
oS 9 P gl She sanls sl gl il (ST
sl el 6l ange polie 28,5 )13 2Ll 050 (aloerd
5 &9 Jold (omyp 990 (Pl gl anlp s gulp
PRSI IR S SO B FRPCARVON IVRCEL o JECRR ICAITTS
Bl g o5 gl il jslase 4 oanss bk cdale
s s2599,8 Jslro Sl peolly 5 ool laoallab gl 5ol
O Mol Sopaed (LSe JSENDG b ple oS @
Bdel Cwsts O M cale b sl SO 98lgu e MIN (o))
LAL R PH o g5l 56 5 (mo0gm, sl b ozen
2 2dpdy el Ve °C glos o Jolore 4p Slisel (0g38
ST gy 45 2855 S g oe (2 Ealo3] bl ol
0,5 eS| Jo 0 PP osgax (Sgime odwl Cewdds 0,9
b o (ICP 56T)

&=l

1. Thorium fuel cycles: potential benefits and challenges,
in, International atomic energy agency, IAEA-
Tecdoc-1450, ISBN  92-0-103405-9. Vienna,
(2005).

2. Thorium fuel utilization options and trends, 1AEA-
TECDOC-1319, Proceeding of three IAEA meetings
in Vienna. (November 2002).

3. S. Radhika, et al., Liquid-liquid extraction and
separation possibilities of heavy and light rare-
earths from phosphoric acid solutions with acidic
organophosphorus reagents, Sep. Purify. Technol.,
75, 295 (2010).

4. F. Xie, et al., A critical review on solvent extraction
of rare earths from aqueous solutions, Miner. Eng.,
56, 10 (2014).

5. F. Habashi, A textbook of hydrometallurgy:
Métallurgie extractive, E. Québec, Ed., (1993).

6. H. Singh, C.K. Gupta, Solvent Extraction in
Production and Processing of Uranium and
Thorium, Miner. Proc. Extr. Metall. Rev., 21(1-5),
307 (2000).

7. RK. Mishra, et al., A comparative study on
extraction of Fe(lIl) from chloride leach liquor using
TBP, Cyanex 921 and Cyanex 923, Hydrometallurgy.
104, 298 (2010).

Sl (938 5 psle alxe

Vol. 44 (4), Serial Number 105, 2023, P 17-27

YVANY o 0FeY 50l )0 als ¥ o les JFF o5

'»‘
cg;?


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=1.+Thorium+fuel+cycles%3A+potential+benefits+and+challenges%2C+in%2C+International+atomic+energy+agency%2C+IAEA-Tecdoc-1450%2C+ISBN+92%E2%80%930%E2%80%93103405%E2%80%939.+Vienna%2C+%282005%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=1.+Thorium+fuel+cycles%3A+potential+benefits+and+challenges%2C+in%2C+International+atomic+energy+agency%2C+IAEA-Tecdoc-1450%2C+ISBN+92%E2%80%930%E2%80%93103405%E2%80%939.+Vienna%2C+%282005%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Thorium+fuel+utilization+options+and+trends%2C+IAEA-TECDOC-1319%2C+Proceeding+of+three+IAEA+meetings+in+Vienna.+%28November+2002%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Thorium+fuel+utilization+options+and+trends%2C+IAEA-TECDOC-1319%2C+Proceeding+of+three+IAEA+meetings+in+Vienna.+%28November+2002%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.%09S.+Radhika%2C+et+al.%2C+Liquid%E2%80%93liquid+extraction+and+separation+possibilities+of+heavy+and+light+rare-earths+from+phosphoric+acid+solutions+with+acidic+organophosphorus+reagents%2C+Sep.+Purify.+Technol.%2C+75%2C+295+%282010%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4.%09F.+Xie%2C+et+al.%2C+A+critical+review+on+solvent+extraction+of+rare+earths+from+aqueous+solutions%2C+Miner.+Eng.%2C+56%2C+10+%282014%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.+F.+Habashi%2C+A+textbook+of+hydrometallurgy%3A+M%C3%A9tallurgie+extractive%2C+E.+Qu%C3%A9bec%2C+Ed.%2C+%281993%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.+H.+Singh%2C+C.K.+Gupta%2C+Solvent+Extraction+in+Production+and+Processing+of+Uranium+and+Thorium%2C+Miner.+Proc.+Extr.+Metall.+Rev.%2C+21%281-5%29%2C+307+%282000%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.%09R.K.+Mishra%2C+et+al.%2C+A+comparative+study+on+extraction+of+Fe%28III%29+from+chloride+leach+liquor+using+TBP%2C+Cyanex+921+and+Cyanex+923%2C+Hydrometallurgy.+104%2C+298+%282010%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.+M.A.+Didi%2C+et+al.%2C+Liquid%E2%80%93liquid+extraction+of+thorium%28IV%29+by+fatty+acids%3A+a+comparative+study%2C+J.+Radioanal.+Nucl.+Chem.%2C+299%2C+1191+%282014%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.+M.A.+Didi%2C+et+al.%2C+Liquid%E2%80%93liquid+extraction+of+thorium%28IV%29+by+fatty+acids%3A+a+comparative+study%2C+J.+Radioanal.+Nucl.+Chem.%2C+299%2C+1191+%282014%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.+M.+Eskandarinaseb%2C+S.+Alamdar+Milani%2C+Hydrometallurgical+process+for+solvent+extraction+and+separation+of+thorium+and+ranium+elements+and+some+rare+earth+elements+in+the+commercial+solution+of+Zarigan+thorium-uranium+mine+using+Cyanex-272+extractor%2C+Registration+Number%3A+70592%2C+Declaration+Number%3A+390030347%2C+2019.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.+M.+Eskandarinaseb%2C+S.+Alamdar+Milani%2C+Hydrometallurgical+process+for+solvent+extraction+and+separation+of+thorium+and+ranium+elements+and+some+rare+earth+elements+in+the+commercial+solution+of+Zarigan+thorium-uranium+mine+using+Cyanex-272+extractor%2C+Registration+Number%3A+70592%2C+Declaration+Number%3A+390030347%2C+2019.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.+D.J.+Crouse%2C+K.B.+Brown%2C+Recovery+of+Thorium%2C+Uranium%2C+and+Rare+Earths+from+Monazite+Sulfate+Liquors+by+the+Amine+Extraction+%28AMEX%29+Process%2C+ORNL-2720+%281959%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.+E.H.+Borai%2C+et+al.%2C+Subsequent+Separation+and+Selective+Extraction+of+Thorium+%28IV%29%2C+Iron+%28III%29%2C+Zirconium+%28IV%29+and+Cerium+%28III%29+from+Aqueous+Sulfate+Medium%2C+South+African+Journal+of+Chemistry%2C+69%2C+148+%282016%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.%09V.G.+Maiorov%2C+et+al.%2C+Preparation+of+Thorium-Containing+Concentrate+from+Perovskite%2C+Radiochemistry%2C+47%2C+498+%282005%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.%09B.+Gupta%2C+et+al.%2C+Extraction+of+uranium%2C+thorium+and+lanthanides+using+Cyanex-923%3A+Their+separations+and+recovery+from+monazite%2C+J.+Radioanal.+Nucl.+Chem%2C+251%2C+451+%282002%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.%09B.+Gupta%2C+et+al.%2C+Extraction+of+uranium%2C+thorium+and+lanthanides+using+Cyanex-923%3A+Their+separations+and+recovery+from+monazite%2C+J.+Radioanal.+Nucl.+Chem%2C+251%2C+451+%282002%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.%09W.M.+Al-Areqi%2C+et+al.%2C+Solvent+extraction+of+thorium+from+rare+earth+elements+in+monazite+thorium+concentrate%2C+Malaysian+Journal+of+Analytical+Sciences%2C+21%2C+1250+%282017%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.%09W.M.+Al-Areqi%2C+et+al.%2C+Solvent+extraction+of+thorium+from+rare+earth+elements+in+monazite+thorium+concentrate%2C+Malaysian+Journal+of+Analytical+Sciences%2C+21%2C+1250+%282017%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.+A.H.+Orabi%2C+et+al.%2C+Sequential+separation+and+selective+extraction+of+uranium+and+thorium+from+monazite+sulfate+leach+liquor+using+dipropylamine+extractant%2C+Miner.+Eng.%2C+172%2C+107+%282021%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.%09K.W.+Chung%2C+et+al.%2C+Solvent+extraction%2C+separation+and+recovery+of+thorium+from+Korean+monazite+leach+liquors+for+nuclear+industry+applications%2C+Ind.+Eng.+Chem.+Res%2C+83%2C+72+%282020%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.%09K.W.+Chung%2C+et+al.%2C+Solvent+extraction%2C+separation+and+recovery+of+thorium+from+Korean+monazite+leach+liquors+for+nuclear+industry+applications%2C+Ind.+Eng.+Chem.+Res%2C+83%2C+72+%282020%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=17.%09M.F.+Cheira%2C+et+al.%2C+Solvent+Extraction+and+Separation+of+Thorium%28IV%29+from+Chloride+Media+by+a+Schiff+Base%2C+J.+Solution.+Chem%2C+47%284%29%2C+611+%282018%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.+M.+Shaeri%2C+M.+Torab-Mostaedi%2C+A.R.+Kelishami%2C+Solvent+extraction+of+thorium+from+nitrate+medium+by+TBP%2C+Cyanex272+and+their+mixture%2C+J.+Radioanal.+Nucl.+Chem%2C+303%2C+2093+%282015%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.+M.+Shaeri%2C+M.+Torab-Mostaedi%2C+A.R.+Kelishami%2C+Solvent+extraction+of+thorium+from+nitrate+medium+by+TBP%2C+Cyanex272+and+their+mixture%2C+J.+Radioanal.+Nucl.+Chem%2C+303%2C+2093+%282015%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.%09R.+Torkaman%2C+et+al.%2C+Synergistic+extraction+of+gadolinium+from+nitrate+media+by+mixtures+of+bis+%282%2C4%2C4-trimethylpentyl%29+ithiophosphinic+acid+and+di-%282-ethylhexyl%29+phosphoric+acid%2C+Ann.+Nucl.+Energy%2C+62%2C+284+%282013%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20%09G.M.+Ritcy%2C+A.W.+Ashbrook%2C+Solvent+extraction+principles+and+applications+to+process+metallurgy%2C+Part+I.+%28New+York%3A+Elsevier%2C+1984%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.%09B.+Pan%2C+et+al.%2C+Ammonium+vanadate%2Fammonia+precipitation+for+vanadium+production+from+a+high+vanadate+to+sodium+ratio+solution+obtained+via+membrane+electrolysis+method%2C+J.+Clean.+Prod.%2C+263%2C+121+%282020%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=22.%09S.+Longa%2C+et+al.%2C+Recovery+of+vanadium+from+alkaline+leaching+solution+from+roasted+stone+coal%2C+Sci.+Asia%2C+40%2C+69+%282014%29.&btnG=

P STLVE ST SN CHA R SN P OS ESp LSt

Yy

23.

24,

M. Singh, et al., Understanding the extraction
mechanism, radiolytic stability and stripping
behavior of thorium by ionic liquid based solvent
systems: evidence of ion exchange and solvation
mechanism, J. Radioanal. Nucl. Chem, 311, 195
(2017).

S. Priya, et al., Piperidinium based ionic liquid in
combination with sulphoxides: Highly efficient
solvent systems for the extraction of thorium,
Hydrometallurgy, 164, 111 (2016).

25.M.E. Nasab, Solvent extraction separation of

uranium(VI) and  thorium(lV) with  neutral
organophosphorus and amine ligands, Fuel, 116, 595
(2014).

26.Y. Wang, et al., Preparation of high-purity thorium

by solvent extraction with di-(2-ethylhexyl) 2-
ethylhexyl phosphonate, J. Radioanal. Nucl. Chem,
298, 1651 (2013).

27.X. Zhong, Y. Wu, Recovery of uranium and thorium

from zirconium oxychloride by solvent extraction, J.

Radioanal. Nucl. Chem, 292, 355 (2012).

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 ol 4 oslcw!

L D gl (hg, 4 (Bly ol o5d9,8 Jolome SO 5l 0ay88 gilolaz (0 F+Y) (6,51 s cuin g p,ST codljcommo i ) SLS Lo le o So, s ais )8
YYAAY o8 eSligal b sloans g 5 gl Sy (U358 J3FT g0 oot ! 5l

DOI: 10.24200/nst.2022.1149.1754 Url: https:yjonsat.nstri.irarticle_1510.html

Journal of Nuclear Science and Technology
Vol. 44 (4), Serial Number 105, 2023, P 17-27

Sl (938 5 psle alxe
YAV o O FY 50l )0 al oY o les FF 690

'»‘
cg;?



https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=23.%09M.+Singh%2C+et+al.%2C+Understanding+the+extraction+mechanism%2C+radiolytic+stability+and+stripping+behavior+of+thorium+by+ionic+liquid+based+solvent+systems%3A+evidence+of+ion+exchange+and+solvation+mechanism%2C+J.+Radioanal.+Nucl.+Chem%2C+311%2C+195+%282017%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=24.%09S.+Priya%2C+et+al.%2C+Piperidinium+based+ionic+liquid+in+combination+with+sulphoxides%3A+Highly+efficient+solvent+systems+for+the+extraction+of+thorium%2C+Hydrometallurgy%2C+164%2C+111+%282016%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=25.%09M.E.+Nasab%2C+Solvent+extraction+separation+of+uranium%28VI%29+and+thorium%28IV%29+with+neutral+organophosphorus+and+amine+ligands%2C+Fuel%2C+116%2C+595+%282014%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=26.%09Y.+Wang%2C+et+al.%2C+Preparation+of+high-purity+thorium+by+solvent+extraction+with+di-%282-ethylhexyl%29+2-ethylhexyl+phosphonate%2C+J.+Radioanal.+Nucl.+Chem%2C+298%2C+1651+%282013%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=27.%09X.+Zhong%2C+Y.+Wu%2C+Recovery+of+uranium+and+thorium+from+zirconium+oxychloride+by+solvent+extraction%2C+J.+Radioanal.+Nucl.+Chem%2C+292%2C+355+%282012%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=27.%09X.+Zhong%2C+Y.+Wu%2C+Recovery+of+uranium+and+thorium+from+zirconium+oxychloride+by+solvent+extraction%2C+J.+Radioanal.+Nucl.+Chem%2C+292%2C+355+%282012%29.&btnG=
https://jonsat.nstri.ir/article_1510.html

	مجله علوم و فنون هستهای، دوره 44، شماره 3، جلد 105، پاییز 1402
	1. Thorium fuel cycles: potential benefits and challenges, in, International atomic energy agency, IAEA-Tecdoc-1450, ISBN 92–0–103405–9. Vienna, (2005).
	2. Thorium fuel utilization options and trends, IAEA-TECDOC-1319, Proceeding of three IAEA meetings in Vienna. (November 2002).
	3. S. Radhika, et al., Liquid–liquid extraction and separation possibilities of heavy and light rare-earths from phosphoric acid solutions with acidic organophosphorus reagents, Sep. Purify. Technol., 75, 295 (2010).
	4. F. Xie, et al., A critical review on solvent extraction of rare earths from aqueous solutions, Miner. Eng., 56, 10 (2014).
	5. F. Habashi, A textbook of hydrometallurgy: Métallurgie extractive, E. Québec, Ed., (1993).
	6. H. Singh, C.K. Gupta, Solvent Extraction in Production and Processing of Uranium and Thorium, Miner. Proc. Extr. Metall. Rev., 21(1-5), 307 (2000).
	7. R.K. Mishra, et al., A comparative study on extraction of Fe(III) from chloride leach liquor using TBP, Cyanex 921 and Cyanex 923, Hydrometallurgy. 104, 298 (2010).
	8. M.A. Didi, et al., Liquid–liquid extraction of thorium(IV) by fatty acids: a comparative study, J. Radioanal. Nucl. Chem., 299, 1191 (2014).
	9. M. Eskandarinasab, S. Alamdar Milani, Hydrometallurgical process for solvent extraction and separation of thorium, uranium and some rare earth elements in the commercial solution of Zarigan thorium-uranium mine using Cyanex-272 as extractant, Regis...
	10. D.J. Crouse, K.B. Brown, Recovery of Thorium, Uranium, and Rare Earths from Monazite Sulfate Liquors by the Amine Extraction (AMEX) Process, ORNL-2720 (1959).
	11. E.H. Borai, et al., Subsequent Separation and Selective Extraction of Thorium (IV), Iron (III), Zirconium (IV) and Cerium (III) from Aqueous Sulfate Medium, South African Journal of Chemistry, 69, 148 (2016).
	12. V.G. Maiorov, et al., Preparation of Thorium-Containing Concentrate from Perovskite, Radiochemistry, 47, 498 (2005).
	13. B. Gupta, et al., Extraction of uranium, thorium and lanthanides using Cyanex-923: Their separations and recovery from monazite, J. Radioanal. Nucl. Chem, 251, 451 (2002).
	14. W.M. Al-Areqi, et al., Solvent extraction of thorium from rare earth elements in monazite thorium concentrate, Malaysian Journal of Analytical Sciences, 21, 1250 (2017).
	15. A.H. Orabi, et al., Sequential separation and selective extraction of uranium and thorium from monazite sulfate leach liquor using dipropylamine extractant, Miner. Eng., 172, 107 (2021).
	16. K.W. Chung, et al., Solvent extraction, separation and recovery of thorium from Korean monazite leach liquors for nuclear industry applications, Ind. Eng. Chem. Res, 83, 72 (2020).
	17. M.F. Cheira, et al., Solvent Extraction and Separation of Thorium(IV) from Chloride Media by a Schiff Base, J. Solution. Chem, 47(4), 611 (2018).
	18. M. Shaeri, M. Torab-Mostaedi, A.R. Kelishami, Solvent extraction of thorium from nitrate medium by TBP, Cyanex272 and their mixture, J. Radioanal. Nucl. Chem, 303, 2093 (2015).
	19. R. Torkaman, et al., Synergistic extraction of gadolinium from nitrate media by mixtures of bis (2,4,4-trimethylpentyl) ithiophosphinic acid and di-(2-ethylhexyl) phosphoric acid, Ann. Nucl. Energy, 62, 284 (2013).
	20 G.M. Ritcy, A.W. Ashbrook, Solvent extraction principles and applications to process metallurgy, Part I. (New York: Elsevier, 1984).
	21. B. Pan, et al., Ammonium vanadate/ammonia precipitation for vanadium production from a high vanadate to sodium ratio solution obtained via membrane electrolysis method, J. Clean. Prod., 263, 121 (2020).
	22. S. Longa, et al., Recovery of vanadium from alkaline leaching solution from roasted stone coal, Sci. Asia, 40, 69 (2014).
	23. M. Singh, et al., Understanding the extraction mechanism, radiolytic stability and stripping behavior of thorium by ionic liquid based solvent systems: evidence of ion exchange and solvation mechanism, J. Radioanal. Nucl. Chem, 311, 195 (2017).
	24. S. Priya, et al., Piperidinium based ionic liquid in combination with sulphoxides: Highly efficient solvent systems for the extraction of thorium, Hydrometallurgy, 164, 111 (2016).
	25. M.E. Nasab, Solvent extraction separation of uranium(VI) and thorium(IV) with neutral organophosphorus and amine ligands, Fuel, 116, 595 (2014).
	26. Y. Wang, et al., Preparation of high-purity thorium by solvent extraction with di-(2-ethylhexyl) 2-ethylhexyl phosphonate, J. Radioanal. Nucl. Chem, 298, 1651 (2013).
	27. X. Zhong, Y. Wu, Recovery of uranium and thorium from zirconium oxychloride by solvent extraction, J. Radioanal. Nucl. Chem, 292, 355 (2012).


