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Abstract: The tailings dam of the Chadormelo iron ore processing plant has rare earth elements and its identification
operation was carried out in the first step. The results showed that the tailings dam is composed of major minerals such
as hematite, quartz, fluorapatite, calcite, goethite, and dolomite so that about 84.75% by weight of this sample is iron
oxides with 41.52% by weight, calcium and magnesium oxides with 17.74% by weight, quartz with 20.2% by weight,
and aluminum oxides with 5.29% by weight respectively. The total grade of rare elements in the sample is 1068.57
ppm, of which 84.61% by weight are light rare elements and 15.39% by weight are heavy rare elements. The d80 of
the sample is 46.35 microns. SEM studies showed that the minerals monazite, xenotim, and apatite in this sample
contain rare elements and the monazite mineral is dispersed in the amount of iron and apatite in a few microns. The
wet magnetic separation method was used as a pre-concentration method for iron removal and pre-concentration of
rare elements, which due to the high grade of rare elements in the magnetic product (802 ppm) as a pre-concentration
method for rare elements before the leaching operation Not used.
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INTRODUCTION

The diverse optical, magnetic, electrical, catalytic, chemical, metallurgical, and nucleus properties of
rare elements have led to new technologies such as LCDs, permanent magnets, home batteries, and mobile
rechargeable batteries have application. [1-3]. There are about 200 minerals of rare elements, among which,
monazite (Ce, La) PO4, xenotim (YPO4) are economic minerals [3,4]. There are a variety of processing
methods for preconcentration rare elements. After extraction and crushing, the ore is preconcentrated by
methods such as flotation, magnetic separation, or gravity to obtain concentrates of rare elements. Then, to
recover the compounds of rare elements, the obtained concentrate is subjected to leaching with hydrochloric,
nitric, or sulfuric acid [5,6]. The choice of each of the sulfuric, nitric, and hydrochloric acids as a leaching
agent depends on the selected properties in the separation of rare elements, the type of gange minerals in
the ore and the type of organic solvents used in the extraction step. [7,8]. After leaching, by methods such as
extraction with organic solvent [9], ion exchange [10] and precipitation [11], the operations of enrichment
and purification of rare elements are performed, and finally, after purification, rare elements in solution are
recovered as carbonate, sulfide and hydroxide deposits [12]. Iran is one of the importers of rare elements.
For this reason, sampling was done from the waste dam of Chadormelo iron ore ores factory, which contains
rare elements, and to determine the appropriate method of ores, pre-processing and extraction of its rare
elements, identification was performed in the first step.

IDENTIFICATION STUDIES

Sampling

From the tailings dam of Chadormelo iron ore processing factory with dimensions of approximately 200
meters by 300 meters, ten separate points with a distance of approximately 50 meters from each other, using
a mechanical excavator, a well with a depth of approximately 5 meters and a diameter of approximately 2
meters was dug at each point. And from different parts of the excavated materials, 5 sub-samples and a total
of 50 sub-samples with a total weight of 1327 kg were sampled at each point. After drying and passing the
samples at each point through a 500 micron sieve, homogenization and sample division were performed.

Materials and methods

ASTM model sieves have been used for more sieve analysis. Aligent 7900 ICP-MS was used to analyze
the rare elements. Magix pro (Pw 2440) XRF device was used to identify the oxide composition of the
constituent elements of the materials in the tailings dam.

ICP-Mass analysis

The results of analyzes performed on ten samples separately and combined samples showed that the
difference in the grade of rare elements in the samples taken from different parts of the tailings dam
with the combined sample is very small, so instead of interpreting on separate samples, experiments and
interpretations have been performed on composite samples prepared from a mixture of 10 separate samples.
Figures 1 and 2 show the average grade of light and heavy rare elements in terms of ppm in the composite
sample, respectively.
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Figure 1. Average grade of rare light elements in terms Figure 2. Average grade of rare heavy elements in terms
of ppm in the composite sample of ppm in the composite sample
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XRF analysis

XRF results showed that about 84.75% by weight of the total sample were iron oxide minerals (hematite
and goethite minerals) with 41.52 wt%, calcium and magnesium oxides (calcite and dolomite minerals)
with 17.74 wt% and quartz with 20.2% by weight, and aluminum oxides with 5.29% by weight.

Sieve analysis
Sieves of 106, 90, 75, 63, 53, 45 and 38 microns were used for sieve analysis. d80 The representative
sample is 46.35 microns.

XRD analysis
The results of XRD analysis on the sample show that the tailings dam is composed of major minerals
such as hematite, quartz, fluorapatite, calcite, goethite, and dolomite, respectively

SEM study

The results showed that the monazite and apatite minerals in the sample contained rare elements.
Monazite mineral is a few microns more scattered in apatite mineral. The involvement of monazite with
iron oxides is also observed in many parts of the samples. In some areas, monazite is also found to be
involved with carbonate minerals such as calcite and dolomite. Xenotime (yttrium-bearing mineral) is also
seen to a lesser extent in the sample, which is involved with monazite and apatite.

INVESTIGATION OF UPGRADING OF RARE ELEMENTS BY WET MAGNETIC
SEPARATION METHOD (HIGH INTENSITY)

A high-intensity magnetic separation operation (17,000 gausses) was performed on the feed. A magnetic
separation operation was performed on the magnetic product with an intensity of 12,000 gausses to separate
the ferromagnetic material from the diamagnet. It carries the weight of rare elements and this part in terms
of weight constitutes 35.48% of the total weight of the input load with 802 ppm. Lack of sufficient degree of
freedom and the involvement of minerals containing rare elements such as monazite, apatite, and xenotim
with iron oxide minerals, the results of SEM studies in Figure 3 also confirm the involvement of these
minerals with iron oxides.
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Figure 3. Involvement of monazite, apatite, and xenotim with iron oxides in the magnetic separation product

CONCLUSION

The sample taken from the tailings dam of the Chadormelo iron ore processing plant contains rare
elements and to preconcentration and select a suitable method for recovering the rare element, it is necessary
to identify the studied sample. The results of these studies are summarized as follows:

Hematite, quartz, fluorapatite, calcite, goethite, and dolomite are the main constituent minerals,
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respectively, and about 84.75% by weight of the total sample are iron oxides (hematite and goethite minerals)
with 41.52 wt%, respectively. Calcium and magnesium oxides (calcite and dolomite minerals) with 17.74
wt%, quartz with 20.2 wt%, and aluminum oxides with 5.29 wt%. The average grade of iron in the sample
is about 28.51% and the grade of iron increases from 19.24 to 30.31% by decreasing the grain size from
110 microns to less than 45 microns, respectively. The results of SEM studies have shown that the minerals
monazite, xenotim, and apatite in this sample contain rare elements. Monazite mineral is observed in a few
microns more scattered in apatite mineral. However, monazite interactions with iron oxides can also be seen
in many parts of the sample. In some areas, monazite is also found to be involved with carbonate minerals
such as calcite and dolomite. 53.5, 19.99, and 16.44 percent of the total weight of rare light elements. Of
the heavy elements, the elements yttrium, gadolinium and dysprosium have the highest grade and make up
about 63.71, 12.88, and 11.37% by weight of all rare heavy elements, respectively. The total average grade
of light and heavy rare elements is about 904.12 and 164.45 ppm, respectively, and the total average grade
of all rare elements in this sample is about 1068.57 ppm, of which 84.61 its weight percentage consists of
rare light elements and 15.39% of its weight consists of rare heavy elements. The results of sieve analysis
also show that the d ; of the studied sample without crushing with only the initial preparation is equal to
46.35 microns. Due to the high percentage of iron in the test sample, high-intensity magnetic separation
method was performed to remove iron and preconcentration rare elements. Due to the interaction of rare
element minerals with iron oxides, the isolated magnetic product contained 802 ppm of rare elements. It
shows that the magnetic separation method has not performed well in the field of preconcentration and the
direct acid leaching method with nitric and hydrochloric acids is recommended to recover rare elements.

REFERENCES

[1] Haxel, G. B., Hedrick, J. B., and Orris, J. J. (2002). “Rare earth elements critical resources for high technology”. USGS
Facts Sheet 087-02.

[2] Jorjani, E., Bagherieh, A. H., and Rezai, B. (2007). “Determination of rare earth elements in products of Chadormalu Iron
ore beneficiation plant (Iran) from beneficiation point of view ”. Iranian Journal of Chemistry and Chemical Engineering,
Jahad Daneshgahi, 26(4): pp. 11.

[3] Jia, Q., and Tong, Sh. (2009). “Solvent extraction of rare earth elements with mixtures of sec-octylphenoxy acetic acid and
bis(2,4,4-trimethylpentyl) dithiophosphinic acid”. Separation and Purification Technology, 64: 345-350.

[4] Kanazawa, Y., and Kamitani, M. (2006). “Rare earth minerals and resources in the world”. Journal of Alloys and
Compounds, 408-412: 1339-134.

[51 Gupta, C. K., and Krishnamurthy, N. (2005). “Extractive metallurgy of rare earths . CRC press, Boca Raton London New
York Washington DC, pp. 159.

[6] Xie, F., Zhang, T. A., Dreisinger, D., and Doyle, F. (2014). “4 critical review on solvent extraction of rare earths from
aqueous Solutions”. Minerals Engineering, 56: 10-28.

[7]1 Riteey, G. M., and Ashbrook, A. W. (1979). “Solvent extraction: principles and applications to process metallurgy”. Part-
II. Elsevier, Amsterdam, 386-420.

[8] Abdulkerim, Y., Abdullah, O., and Ismail, G. (2003). “Effect of thiourea on sulphuric acid leaching of bastnaesite”.
Hydrometallurgy, 68: 195-202.

[9] Das, S., Behera, S. S., Murmu, B. M., Mohapatra, R. K., Mandal, D., Samantray, R., Parhi, P. K., and Senanayake, G.
(2018). “Extraction of scandium (IIl) from acidic solutionsusing organo-phosphoric acid reagents: a comparative study”.
Separation and Purification Technology, 202: 248-258.

[10] Lopez, J., Reig, M., Gibert, O., and Cortina, J. L. (2019). “Integration of nanofiltration membranes in recovery options of
rare earth elements from acidic mine waters”. Journal of Cleaner Production, 210: 1249-1260.

[11] Li, F., Wang, Y., Su, X., and Sun, X. (2019). “Towards zero-consumption of acid and alkali recycling rare earths from
scraps: a precipitation-stripping-saponification extraction strategy using CYANEX®572”. Journal of Cleaner Production,
228: 692-702.



Recovery of Rare Earth Elements from the Tailings ...

[12] Jyothi, R. K., Thenepalli, T., Ahn, J. W., Parhi, P. K., Chung, K. W., and Lee, J.-Y. ( 2020). “Review of rare earth elements
recovery from secondary resources for clean energy technologies: Grand opportunities to create wealth from waste”.
Journal of Cleaner Production, 267: 122048.



WYY-VEe o oF o)l oidd 0,90 OV Fe) Jlos e Sime alie swsctiges 4y 525

esources
ngineering
INTERNATIONAL UNIVERSITY
18+ BIVA dxio N E+) Ol b o lod (pidd 0590 S0 Bl gwigo 4 i
Vol. 7, No. 4, Winter 2022, pp. 128-140 Journal of Mineral Resources Engineering
(JMRE)

sho y3lz 8T K (557,58 A5,15 albly s 31 S b polis b3l

'Sl dezmo N (2S 08] jule i doZodaw

LT o3l ) olZzils ¢yane (pwaigee 008l ¢jloliwl -

VEoo oYV i pdy AR RTARZRS P
oS>

Of 39 29230 U polie b3k sl sl (o9, i (513 9 0510 (S oL polis slojoler (0T S (51,8 AilS,15 albly s
3L of 2 g ol @59 oL polie Jlas Suuea b S (nl (672559 092 w0l pod S S 506 polie sol> Sl JU (olubd &
3 les ceuilos wiilo Lol by SU 51 albl s a5 010 1y Lis Oldlan o g ls .cd )5 olxil digos 1 (JolS (o lwlls jeliso raod 4 .ol
ST i 5 4y 1y Aigad nl J5 51 (39 o0 AF VO 502 45 55k 4 amsl ool Sl Cornglyd 3 o o5 el cailyTy ol
0035 B4 b o)l (gL g (339 a0 )3 Yo ¥ s 55,155 (59 w0 )3 WV F L 03 o 3 ool (sldutnsST (339 w0 ;0 FABY L ol
9 S b polic 1y o (559 9o yd AFSY Hlaiie ol 5145 Cowl plat oy VoS ABY digod 55 b polic JS sl ol 03ls JuSis 539
as 315 yLid SEM Olalllas .l (39,500 FF/¥D il axllla 3590 digos dy, -abd g0 Sl cpafiow 10U ypolie 1y o (5539 o yd 18,Y4
SL S 10 JBol Gjgo 41 (19 Suw w53 Cujlign SIS g widiud H0U polie (gl diged (nl )3 Cailyl g paigh) «Cujlge Sla L
20 polie gluslas 9 ool Bl 6l Gilwlee sy (Pey S plgie & (oumblido Gulaz (b9 Caul ol suiSTy cadlyl 5 ool
J3 50U polie lp silwslee (9 S2 plgre @ (plig ot A*T) (b lidn Jgazo 50 50U polic jlie o9 Vb Judo 4 45 auls oolawl
W55 15 oLl 3590 Siuzed ldos

Sl Solols

el o 3Uge o polie b 5L cglo yola (BT Ko albly ow

Alio (! & sbcew!
éol.».o (W L s ."9.’.0 )»)lg L"“T Soaw &5)31)5 Aa’lé)lf d.l.bb S j‘ ‘;G )QU )AOU.C @b}bj‘ DARR! L0 ‘LS‘LO “p o “g’{df oo|}:¢.1.cd..,.~4
AYY-V Y 8 f o)Lo.(b ‘p...u 0,99 ¢ FIxe
DOI: 10.30479/JMRE.2021.15103.1493

@ ® OB © algas> Email: ganji.m@lu.ac.ir S5 s oge 5 J sme aJ;M.UJ*
(°))L52g;-n~>‘ f:Lo‘ GU..c.” O oKl )...:L;

1801 Olio 0 slods (ot 093 \YA


https://jmre.journals.ikiu.ac.ir/article_2557.html?lang=en

P Bl guigo & 5

Sb> dome (( 5 08!l oo

9 Lo 0 s senSg 0ue b iy Cojlge Sz
IV 10,8 o ool ¥ alad ) 3 WU L2

)
REPO, +3NaOH — RE(OH), + Na, PO,

5 Sy« Sepilse glaasul IS e Sl

Pl @ (585,8) " Sz Jole 4 Glgie a4 S ju,l8
Al 5o S b S g9 0l yole sl o Sl
Wigd o oolaiwl zl Sl al> e o aST T sl Pl g4 4
g 4 Siod Sliles plol 5o [V ] 58 Sy
S oass YT I Pl b glsed sile plasss,
b polie sadss g Ll ollee Vol cw s 5 [1F]
rolie (siloale Sldas jlam Cules )0 505 oo ol
95 Sl WL, Dhgey Ojgo 4 Jolowe )0 39290 0L
sloJlogl 525 4z T [V Flaigd o Lljl (gumaSs )00
@ yolie pl glp sheyol> ol Siw asle olpl o soxie
0uisS 3)ly s yeiS 5l SO lpl Ll el o, oLl
L1l Gl 15 bl o 5l s cren a5 .2l H0b yolie
rolie gl a5 wal Jos 4 (5 S disad sloyolr (ol S
&3l Aok (@Al cslie by, et (sl g el 500
S92 g0 slo38 Slulil cansi p5 o job jolie Jlasuul 4
5 Sy 0gru le walbl 5 Saa I el aiges yo
e gl e glaizy o b polie aje
dges olols ax S .l 5L oly] ax o 5 el il
Cewl 00l oo )5 Coorl g ax g3 b Lol cccl aiy 305 (6,18
ool Sow (550,8 Al albl o wiges JolS ololis
ioles] XRD XRF SEM aslllas jl oslizal b sla ol>
355 psb 4 ACP-MS 5 lars 3T (s 335
eebliie 5 B 6551 Bt Slobe, ol 10 5 o)

STRELSS
D y20 digod @Lwl.uw Sl -Y
G ilwSod g albl ww 31 5,10 pdiges —1-Y

Syl A5 bl o 5l o S dsed slp

el e ¥ v 5o e Yoo o5 slasl U sl sl ol S
bt 00 ol bl p g (b ()l ptiges (258 &S o
S5 55 69 paises Sl e ) e B0 (o 85 alold e
30 Sl o sl eslanl b aS (g sk 4 sl ouls a8 F

¥ s g e 0 Ly e b Saly S, ok o

174

doddo —)

IS S S bl S e Al
2 Ll ol el ol yolie glatns 5 (055l ¢ aloarcs
ol dacSasd a5 ] Kow el oo slagsdgiss
05,25 o) (LCD) imles docior (i glé (sloees)
JB ol 5 (S slas b oals slabyial (CD)
3590 ST gm 5 Vb slos (s0la 5 colyom il 3L

axgi bl oads ] plla g Lad g lop Cons o oolatl
Lo alies wlio )3 58 cnl (1953l 59, SLOLE VL 3130 4
ol 0ss 5 gla s o polie cpl o ulidl e
> Vb (osls b ol pobie wdys slahy, a5 )5k &
250 4 ool wo s Gl L el el g 00,8 gy (ool
yolie 51 G Yo sgam [N-¥lewd adl il aelas
Sl s S daclind dacly S oo s & g0 4 ol
{(Ce,La)(COYF) "y s Wil (s o 45 030 3925 o
@olatdl S5 4w (YPO,) vss5; ((Ce,La)PO,) o 3lge
LEX] canl job jolie 5l g BB laie (s5l> a5 ot
3l 9529 30l polie obil 1y (oo 5518 slaghs,
wile plaby, abews & &S (Glalsy> 5 gl 5l o
Sydiss Sibskeen (M8 b (anblise oz (eanlisht
b Glp e ol s 4 ol polie 1 gloiilusST b
Aol d Codsnel w4 o luaS ol olie SLLS S
Syl dpal b Cel] iz anl 3 s [P0ls 5 e
Ngd s 35 yeie (L)) Sal dilows ;o pob polie i
3525 b gl eolimnl S5 ,%5 el 51l o (23 e s
EMSio ¢S 5803 Sl by dglie ;0 S 25wl SIS
Sguzme |; S yedlam sl Bpae () Wy 4 by
pan coill glerd 5551y Cnpnte V]S o

IAT oV alal; &9 a0 G2 al b S

Cayy(PO,)¢ Fy,, +20HNO, ,, —

3(aq)
6H,PO,,, +10Ca(NO,), +2HF,

(g)

QD)
4(aq)

S psilges Sl b a5 (285 pbierd STy G et
L8] caal ¥ alal; & g0 @ 098 o S

CalO(PO4)6F2(S) +10HZSO4(M) -
6H,PO

+10CaSO,.XH,0+2HF,,

\»
4(aq)

180} Obiwo) € 0 lodd (idd 093



S Bl guigo & 5

olo o> &Tu‘f}a‘5)9T)§455)lr4ﬂalgu\uj|@'l$)éufab&:dlljlg

&lp 0,5 solanwl Aligent 7900 Jow ICP-MS oK
Syzge Slye 0ains LSKis olie comST cuS 5 lolis
Magix pro(Pw 2440) Joo XRF oSiws 5l allbl aw o
S 5 oblie il olfias el sad eslil
Coond 5 el SIS oS0 5Le g5 5l oolizial 3,50 YL

ol oo solainl sols  olond olgs 3l diges ol

ICP-Mass ;JGT -Y-Y

Dged 5 320 slodizes 5l odel Cewd 4 slos BT s
Lol odal V Jgax 0 ICP-Mass g, 4 (oS 5

O 9 Samw ol polis Jle i i Y ) glaso
o oo lid |y albl o 5l (g paiges alides Ll (o

XRF 5JU7 -f-¥

Ages sass LSis luS 5 olulis gl XRF 5 JUT

Y Jsaz 0 XRF @mli @ a>g b .cd )8 plxl albl o
5l $39 2,0 ATV sgus a5 CB 5 1 il (pl ol oo
S ool oSl bS5« 4 ) age S
preedS SlasenST (59 0o ) TAOY L (C5s5 5 cslen
Ao,V YE L (Canglsd 5 condS slo GB) i g
peesl | SooenST 5 (S35 woys YoV L IS 5 (s
AYY Gyl cdl cwl osls LS Si9 2oy OYA L
Conds) wlo S Gl Sl 4 baye i (Siy we)e
S yo 0, anSlge 58 aclai b aS cul (Cawglys o

e o5y 4 o)l

039 4 Wigein ) B Egame j3 g digein; O aladi jo ;0 0ud
SloiSor @l Joe 4 (g S dised 0,5 kS VYV IS
B e w3l alflas disxe digad 00 ol 51 G s cadsl
e 0sSee 00 51 55 ol g Wad osls jsee (9,500
Al 0old jae (SO S 3 S0 5l alyd al L
oS Sas o 0,8 Sl e aiges Ve ool JSU
Slr SIS S s 5] 98 0318 H90e (19,500 B0 ¢ &y
p9d o R g oolitul ladiged adgl i 9 (s3lu Ko
Olyie 4 ladiged 51 S5 52 pgo dl> 1o 90 Sy g adgl al> 1
a> o oaile Glr p pgd SO g ol GIGL wald dges
el 29k 50 laaigai o3 4 Jlgte Slopei b pgo
walizie diges 08l edel Cawd 4 sladiges sy ol 5l g
25l eSS 99 v 50 SLSs 0jy peizen 0l L)
4 g bolso po b g alils 590 300 diges 0o ol 51 SO
(SilupSen 9 53,5 bglue sl am (oS 5 diged SO lgie
ICP-Mass 5 XRF . glows sboslll s 5 (claigas

s )|

o995 9 dlge -V
Slodal Cavs a4 (oS 5 diged 3l diged olulid sl
)" 0d Lg)‘.b)_)d}},od it blas ‘_g)'Lw OOV 9 bjlé:.o
&lp ASTM o sladipw 5l g shoyols fyome albl aw
5106 polie 3BT (ol ol oo soliswl 5 (605 y 40355

600
\ I
500
400
300
200 7‘ e
100
0
A B C D F G H [ J
La Ce Pr e N d — S Eu
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

bl ww 3 (5,10 paiged ilizo aladi 00 o Saww job olie ;e ) S

1801 Oliwo) € o lod (i 09



S mlo (owigo 4 gl Sb> dome (( 5 08!l oo

200
/\/
150 /
100
50 4 —
0
A B C D E F G H | J
Gl em— Dy HO  esmmmmEr Y ) Lu —SC —
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
bl o 31 (6415 paiges alizeo alali 08 jo (Saw jOU jolie jle oY JSCo
S 5 Aiged g 320 sLdiges ICP-Mass jJUT guli ) Jous
(rl:\g:;t) mix | J I H| G | F E | D | Cc | B | A | ol [cak

vyso [ yys L oyxey oy [ ovaa [ ovya [ ovea [ vey [ ves [ vy [ vys | vy | (%) | Al
YEAYY [VO0AA[ VAT AV VAV EY [ Y008 [ VEVAA | AYYA [1er XY [ VAL oA YA XY [ VAV £2 [ VAY VA | (ppm) | Ba
Yoy [ ey [ osAy [ eve |osye [ ovey [ oves [ vea [ ovey [ vee | vys | se0 | (%) | Ca
faY0 [FYAAY[AYEVO[0-YAY| 0VAA [0FVAR] 00YF [005 Y0 | 005 ) [ovsaa|avAaY | feY Vo | (ppm) | Ce
<) < Poves [ veoe [y oy vy [ xes [ sy [ ofs0 | YA | VaY [ (ppm) | Cs
WYA AR [ vaxy [avay [aaaa [ vars [ yaxs [ vy [ Y-aa [ vaxya [ vao [ W)Y | (ppm) | Dy
AV [ ofA [ AYE [ vay [ vea [ Ay [ vy [ aya [ axy [ ey | vor | £0% [(ppm)| Er
Y)Y WY [ YAR [ oysa [ vay [y [ ovev [ vaa [y [ vve [ e | VAY [ (ppm) | Eu
YAY [VeBy [ vye [ vea [yapa [y va [ vaes [ yevy [ ysaa [ ofoA [ YYEA | YAV [(ppm) | Ga
YoFy [ VevE [ YRas | YYE [ yvoy [ voor [ Yyav | vea [ YAVY [ YNy [ v¥as | VAfF | (ppm) | Gd
YAAD | Veva | YEOF [ Yyay [ vrea [ vaor [ v¥at [ yvey [ YAV | vas [ YYAY | Y-vY | (ppm) | Ho
WAYYS [Wary[vasas [ vas v vaey [yvvav as vy [yevyalveves [yevay [ vav A Wy e | (ppm) | La
YRy [ yva [y [ vy [ voa [ vys [ voa [ vvo | vaf [ vay | Yo [(ppm)| Lu
WA EE [NvaAR[ Y Y[ VFErE Ve sa [ WEAY | 1esa hav Yo vaAy | YeAas [ Ve [ Y | (ppm) | Nd
VY[ v [ ovey oy [ ova [oave | ova [ oava [y sy [ vav [ %) | P
Weo [0y [ VEes [ e [ vosy [ VEAY [hoxe [ 100f [ Vovs [ soy [ vefY [ VvEaY | (ppm) | Pb
SYAS [ SEXY [ 5500 [ #0080 | FAOA [ VAYY [ Vaey [ vyyvy [ vyoa [ vaay | vy | s¥AY [ (ppm) | Pr
oY [ faa [ faA [ vas | o [ ove [ ooy | oor [ ass | ove | oy | o-A [(ppm)| Sc
YWy [awvar [ yva [ oy [ voxs [ Yoft [ veeo [ YAYe [ Yaxy | vos [ Yrve [ VAt | (ppm) | Sm
VWYFS e[ VN A0 [ V0 F [ VDV EEY [ VAAS IVAYE[ VAYY A Ys A YY O [ WYAA [V VEYE] (ppm) | St
Wea [y [y [esa vy [avey [ A [ [avpa [avsa [ WA [ vexe [ (ppm) | Th
W S e [ ves [y layy ] < o ava | v [y < [epm]| U
VoA V[V Y aA YBR[ DALY [T A0 F [V 0A0 [ VWA [VASY] aYNA [ (ppm) | Y
Y ¥ VY Yy ooy [oyys [ ovry [ovyy [ oyay [ YA | YAA [ vy [ Va3 [ (ppm) | YD

1 180} Ol & 0 3lodd o 0398



S Bl guigo & 5

oo 33l T e (5397 B LI Al v 31 S 536 polis b 3L

Y oy yolie F Jou mll 4 azgi b o] ol ¥
Sga> iy 4 g Cawl Gl op i gl erenast g
S ol polic JS 51 Sjs doys V8 FF 51220 Y VA
g et 9 el 9ol el polie ams oo S5,
ci g ol ke G iy (S b polie o
b polie JS 5l Ss ampo VIV 5 VT AR STV og0m
Eyoze T Jouor @l 4 az g5 b aims oo JSA5 ) (S
Cud 4 d9zse i 5 S ol polie Jle Sl
eSiln e gyeme ol ol gz VPEFD 5 A+ FAY oga
Sl gl VPADY Sgu> diged (pl jo 0L Lolie S
5 S b polie 1) o] 559 doy AFFY ke ol 5l aS

IREXIPPIE W SR ORISR EW C S PSS PARWSCR A i

plsl XRF ICP-Mass) slas il mbs 4 az4 L

OlFsn (55 5 Aged 91700 & g0 ) diged 03 (55, p 43,5
ouds 418,85 sladiges ;ob jolic Lo il aS ¢85 asms
4 el 05 Jlws (oS 5 dges b albl o alises bl
laialesl diome sladiges (55, p ymeds Sl @ LS (on
Wgod Vo bolds 5l a5 S5 Gladised 9, » el 5
G ¥ ¥ b S sl a8 5 alol (ol onls 4y Time
o S g S Hob yolie Jle (S0l oS
e el s ge (LA T (S Wiged )0 pla
yole Jle Sl wlal p LSS ol 0 oud awlbre
Egozme el odel Caws 4y 1 1SS g oS 5 Alges yo ol
J9oz 5o (e yais A g S ol paie £ L (2 S0Le

S 5 Aiges b calisio gdiges XRF 3JUT ulis ¥ Jguo

L.O.1 Vzos Kzo Na20 P205 SO3 MnO Fe203 Ti02 MgO CaO A1203 SiOz Cans aS
(%) | (0) | (0) | %) | () | (%) | (%) | (%) | (0) | (%) | (%) | (%) | (%) ”
(%) (%) | (%) V,of | Yof SA L oYY | SYAA | - 02 | FAY 'Y YAy V4,07 A
AYA cAY | f0 VEA | Y YA <Y CAY | FVAY | 200 | 0f) VYV ONO 14,0V B
AYA cAY | FY \VEY | VAL <Y Y YaYo | <07 | QVF | YR | oY) AR C
AA AR AR \id YAV | Y2 | ¥V | Y 2 | - 0Y | OAN YYD AN AR D
AT AV | fF VOA | FYY <Y SYY | YRR | - 0f 4 V¥ A Y\# E
AYY AY | fY ] VY | YAA ohs <YY | YaeY | o) g \YWYP | 6fa V4,v# F
AOY AN oYY VOV | S0 | o XP | XYY | FYOF | -0 oY AAA AR ARNAY G
\Aas <AF | ey VEO | YV Y | XF | OSYEY | -0F | OV | YWY ATER \RYd H

A N7 ¥ VY | YOA | < YY | -)NA o N OYO VYA 4 VA7 1
vay NP NP AV S B A A g R B A R | f-A SO0 | OFY | VY YO | OFY AR J
ANA N0 ¥ VOV | YAY | < YA | -)NA \Rli4 N OOY | VYA oY Y XY mix
AYY <AV | e FY VEY | YYA | - YY Y VOV | < 0F | Y0 | YV ¥Y | oY AEN1 (rggg;t)
180.7875 148.675
64.085
. — o
La Ce Pr Nd Sm Eu
=Sy Wiged 3 ol o sy S )0 polie jlee (Sl Y SO
Ve ) Ol € 05l coidld 09 1Y



(oo Rl (guigo 4 i S b oo ¢ S 031 ke s MoSRod

G4z bamsse Ol 1) (oS5 Lged sanals @y S 5 B yro Aiged (g s 4y 52x —0-Y
w‘uj)iwff/va )"‘JJtS"‘SJJ“wdSO‘AJSW r)-’ d)M Bgas G5y 2 GVpw 43 ol

e lais o ool e i Jlogel £ S YA 5T DY ST V0 A - clasip jl 5 2,5 al

5 obel Gl b el e s o oLt |y iy i

o . 0970 (omyp Slp b olitul (i 4525 sy (39,5
ol oo el o3 Ve Y Sl g See VY LY

‘ . > ) U 51 oo 3285 cilize slo iy 5o 5oL polie a8
preven <\J|OW)J O Cow ‘bb)ﬂ) (SLDQ*W B Q’Q‘ )L"c ¥ Jﬁ‘-" 59 (5_\_',),“, 4)):&; )_.JLJ C_;Lu A eolawl ICP
Co5eS 8 cuiled) ] clbonnST S Coolie S L - .. |

She Ol g8 oo cddlice (5,500 o 5l eS olal o Jages B S ol ol g )5 (6 pos 4055 cilis

104.785
21.185 18.7
7.09 5.03
2.54 2.28 2.85
Gd Tb Dy Ho Er Lu Sc Y

S 3 Aiged 30l o e 9 mSaaw job polie Hle (SOl :F S

Syxo diged yo yob polic (39 w0 yo g 5k @598 1Y Jaur

K Sis e s (g w2y (e &) be 2b pole
VAN 19,340 VA~ YA La
F00-A B VAD FAZ YA Ce
A3y Y,- AA ¥ A Pr e
\YaNY \#FFE VEASY Nd
Y, #A YFEE YY) Sm
Y-y - Y¥F Y Eu
AF SN - Ve a-FNY - £ gareo
\AAY VY AA YVA Gd
YYA \OF Y Of Tb
\Yo- VYV YAY Dy
SYY \ YA Y YA Ho )
. 5f Y Y, a Er O polie
VPV VY YA Lu
< EVY A\l INEAY Sc
AA-F SY VY V£ VA %
O YA V.- \5¥F0 f fone
Ve - Y PALY - b olie e S pyame

1YY 180} Ol & 0 3lodd o 0398



S @l gwigo 4yl oo 33l T e (5397 B LI Al v 31 S 536 polis b 3L

S diged Gy &gy 3IUT G iF Jgu

(o Sy 039 Ny Ao o3l
Xy 5 03,5 j5ue Xy (59, oile 2,0 £S5 (09,5+)
avys 7YY Al Y¥A V-7
5 AF- V55 £ 3.
ANAY VY YV Ve Y Yo
AV A8 VY- CAY Yy sy
A YY VO VY Yy VYo oY
Vv Y- AY XL VAR 0
VYA YO0Y 50 W) YA
V.- VYA YVEN YA
- - Yoo YA Egos

S 5 diged iliseo (s iy 50 (b (ol 1B Jgua

o2l @is 5l Fe Le 39 oo Atz o3l
() () @ 2oy £S5 (09,55)
.00 VY- VA, v % YEA Vo§
VXYY - Y0 YAy \ 55 £\ q.
% .09 Y, Y4 Y VY VoY Yo
.50 SVA YN - AY vy Y
YAY - AY YYOY Yy VYW oY
£ YA VYO YEYF O\ YAA £
Y. VY- YOVF £50 Y YA
yaa YY0A Yo YE¥A YV -YA
Yoo YAD) YA Ve YEA Eyorme
100
90
, 80
370
i 60
100 ) 50
; 80 \2"‘40
60 _; 30
:1 40 120
% 2 ‘\‘M 3 10
0 0
1 10 100 1000 1 10 100 1000
(&3 5540) 03 slul (0950) M yaw Aot 031l
S 49 3205 Cilisio (St 50 (T jlee o ye 1 JSD S 5 Aiged Gaidild @y je8 Hloged b JSU

1801 Obiwe) € 0 ko i 093 1Ye



P Bl guigo & 5 (Sl dom0 (T 03 jule b domod
B 4 35 ilizeo s iy ICP-Mass U1 5 Jgu
. ($9550) Sy e o3l
SIS gl -YA YA A\ oY 4 Yo q- \R¥4

VA¥ VAY X \OA VA YT YAY Y5 YA (%) Al
WY [ NVAE [ OYOXA | VEYY | WYY [ OYAYA [ Y ye | Vve00 | VYA | (ppm) Ba
FEVAY | $A20N0 | OAYNA | OYQ2Y | OVVEY | 0OVES | F9AY | FYQNY | YFAAY (ppm) Ce
YAYE | YUY | YaYA | avya | v\ys | YYAy | YARY | YAYY | YPAY | (ppm) | Dy
\ONO | VYYY | VAYA | YAA | VEYE | veas | VEYA | VEYY | VEeY | (ppm) Er
0,0 f,0 5y Ay a5 0FY .01 VY Y | (ppm) Eu
ANY ANO Y20 \AR #44 Y,00 YAY AN £54 (%) Fe
WAA | N ROA | WYAY | AYE | VY0 | WWAY | A \Y¥0 | (ppm) Ga
Y-VA | YYD | FAYA | VEY® | YAGS | YVSA | YoOF | Yosd | YYYY | (ppm) | Gd
DAF | 00 Y FY VoA P VY BY b ¥Y 5\¢ | (ppm) | Ho
YYYOY | VYY)VP VYO VO9,£9 VOV YY | VPO FY \YF VO \YAFA V-£20 (ppm) La
Y VN0 \# Y7 Y VA YT YV oY | (ppm) Lu
YEVA \YP2Y VEEND | YEN YWY V0¥, 4 YYY,OF \YYA Vo2 (ppm) Nd

Y0 VY& Yy Y AA YA ANAN YAY Yy VA4 (%) P
R4 ayy WY VY- 0 YYAY A YY,0F V0,0V VA BF (ppm) Pb
RYATRYA NyYr VY2 A AR¥ZAN V-E XA ARRTAPA ayyy A AA YAYQ (ppm) Pr
YY VY AN YYYY Yo VY FY YV £Y YYFY AATERY ARFEAY (ppm) Rb

YO NY AN <Yy <9 Yy AN < Y9 A (%) S
YA¥ YAy YA ¥ov Y00 YAD YAY Y04 T4 (ppm) Sc
FONF OAAY Y&A VVOAY XN AL Yeb N\ AN fars (ppm) Sm
YA FAFN a9 fA A- A4 Yano RYARY N4 AYA AAYA (ppm) Sr
VEYY VEO V)08 VA< A 0V Vo FF A+ ¥ R4 UAY (ppm) Th
\ VA VAD VA YA Y0 \ ¥5 VY \FY YY) (ppm) U
Y- AD YA YOA | YRAA | Yeo) | V9% | VAAY | Vasd | \WAS | (ppm) Y
YAV | eYA FYO vs YA b,V Y08 VA 8- | (ppm) Yb

ol cabis el sho ol ool i (6,915 il 5" alboly
FoS b GGl aris )0 Cussaze 4 Olgie b
9y » XRD 5JUT ol [VV]s 8 o )lal Gj9 aoyo ¥ 5
Sl SB 5l cad i as albl aw a5 e oo L B pre diged

el 00 L&M) M?Jjé

SEM axlbo -V-Y

chis A0 5y 2 S9rSl oSy S Slallla

YOHOY =V F4VD 4V o7 ol anST 3 L digad ) Jao

it ol @l g 0b ol g Sae YA 5-FOLYA 0¥ FO
Dgd oo A A S 5o Slalllas

Yo

ol Sl Lo, § 5l s 09,500 PV (VL ol o yol
25 ISE g 4 azg b el (uSike Jle a5 59k o
RV IRV S NP

S 3285 Az gla s 5l 5ol pobie Ul b
olis ol mls a8 cool sanl VIS jo jloged &jgo &
g Sloads oaiSTy b yisu ples ;o ol jolic Lo a5 aas o0
4375 Goyb 51 48 (55001 (g3 4328 LT s
b yole il Jdo a4 1) olal 5l s ol (g0 e
25 ke n old (A 50 5oL polie S i bl B>

XRD ;JG6T -5-¥

S 00 LS5 sl S5 ololes aalllas ol 5l o

1E0) Ol & o lod i 09



S Bl guigo & 5

olo o> &T&a‘5)9T)§455)lr4ﬂalgu\uj|@'l$)éufabcdlljh

600
~ 500
3
3, 400
2
300

4
“y 200

100 -

(o' 2 )

106 90 75

-
—

63

—_

53 45 38 19

(c19550) (goxig il sla!

—— ) e—Ce

Nd ey e Dy Ga

G & 5 ilizeo iy )0 Hob polie jlee iV S

GdS) g Voo cabline Giolos Giolesl oo
i uboliio ot olgs 51 lS usbliis slga b 2,8 ol
b Gl Geblise e e )0 ol jolie e 5 0l
Jsaoma b 525 alo o 55 osal Cans & ool Jyans
otaloj] Ioazme 5 oads bglve pa 3l alo o pubolits
b cd,S plol usS Ve e e B b rbliie il
Gilee ¥V Jauz g laz uablisels I Gudblises 8 olse
Lo oo plas YL cals 5 pwablise islas jlae s>
dgaz albl glyie ) (punbliin 50V Jar i 4 4y
Ol g oyl elen 4y 093 L1y ol yolic 5l S39 ae )0 VAV
oo bsogys sk JS 5l (Sis e s YOFA (59 Jlai I i
sl ke oo Vb LYs s e LSt | ol A-Y
559 S 3l az o pas Lo a4 bl (23w 00U
5 Saill wgslise aiile 10U polie 5l Gla S5 (555,
4 bl Jpams ool ool (0SSl S L s
Syg0 weS IV oo Ol b cwoblon iolas 5leanl cuss
Siahz ey 2, poe LYo b cé S 13 SEM clallas
US55 SEM clallias gulis a5 058 _plulids pblise
o2l GeaST L b G (nl 65,0 eaiiSunl 5 V-
SLaSTL ol polis g3l Sl slags o555 ool
robie Jke 509 Y o 4 (oo, I U canl ool el 0]
Gl Aohn Oy S olsie 4 (pupbline i3y ;o 0k
sl 30 ol sy sl 53,55 1,3 ooliil 3,50 onlis
iged (555 3 St b S5 el b Srpd Slikas

255 plosl albl s )0 39250 4l

1801 Oliwo) € o lod (i 09

csbl g coslise sl SIS a8 ol lis oldlas gl
2 Sajlise SU axs ol olie ol diged ;5 S92 g0
Sl S50 ouSTy Sge 4 iy (5,5 Wz 0>
scwnd o 3 Q.m—l BlaSTL Coilge (6,05 ,0 !
(3bls & 5 50 uigred el 00l sualie ladigald 3l g0l
GO JRCEIPETIR SIS POPET JI R SRSCHVRPUICIY E
@ 50 Gl ol (S migy 09 oo odmlive 35 Coglgs
bl g Cuslge b aS conl 00l 00y diged j0 205 ol
5 Cojlge (65,0 Waed 3l Caond SO0 ] LS
iges )l o5 lacend o0l glolil Sgaul b pidsd;
09 YA i )0 5 Sl 1550 bSs, GUT L Zajlse
sdalie Cujlge o5 SIS iges slocwand I Lax o
Sl b bownd can o ool glasuS] o5
72550 Coglys g el g 5l aile bS5 S
o el cg )b ninSegilig asle o ol SIS aiis
2 iz e 4 Sl gl 9 Dlewald 5 e slanidlge
Lol 00l ovalive i ddiges

omlaz Ghgy 4 )00 pole gilwybep (wyp -Y
(YU ©ud) 5 bl
(oS WWee Vb ol 5 pwablion (ilae olles
3,5 plnil 4 S Culisld 3l (1) al> o) STy55 55 2
bbbz DY game cuss o5 jo las pl 31 s
o 5] Cawd 4y (0,50utS)  cmaboline e g (allol)
)3‘) 4.1.>).c )l OJ.OT Cawd L MLAA)& Js.«a.?u S99y »

™M



(oo Rl (guigo 4 i S b oo ¢ S 031 ke s MoSRod

20um* Signal A=QBSD  Date :30 Jul 2019

Signal A=QBSD  Date 29 Jul 2019
EHT=1800kv WD= 16mm Photo No.=4480  Time :9:40:16

EHT=1800kV WD= 15mm  PhotoNo.=4480 Time :11:50:38

(<) ()

- prrEr——" prn SrelA=0BSD Do 29 Ju 2019
s SR W T Pl Gl — EMT=1800K/ WD= 5nm  ProboNo.=44T8 Time 14330
) @

(€ (3155 9 CoiiSogilind) 9 (ComlS 9 Ca3g0) (il 9 a3Ug0) 63055 (0 il b (oo aunsST g o jUgo (g 853 (A S
185 CadT b oaTansT (655 50 oo b Ca 3lgn (6 5550 (5 ] w9 35,168 (il b Cu3Ugo (6 2550

T PR W 6)‘“5” > ".n —f
oah 415 5 gladiges 45 ans e lts XRD 5T gl

on] K 65,6 A8 albl a5l ond 351 wiges
o9y 2Bl g g5l sl g 00 polie g5l gloyol>

00l JoSCid Curaglyd § CudsS S (eliTs ol (55,18 anlllas 5550 diges olwlid 4,00 paie 5L 6l ol
Ao, AF VO sga a5 ol ools ylis 50 XRF guls el A 1) Oy bl s Sldllas ol gl a5 ol L

\vY 181 Sbiun € 0 3lads il 0598



S Bl guigo 4yl

olo 38l (T i (58T 3 B 47 Alboly o 3 T 36 yolie b 30

( b )

YU G 5 mblie (B9, 4 0L polic Ghulos oy oo Cagld @SS

Yh ol 5 (bl Giolaz oo 52 dijlao Y Jaao

S S bk 26 yolie (39 ke y 039
.. : . - 9 ey - Jyaze
Sxb | D (¢S ) GREREY ¢
) \ YA VOV YV Voo Y\V$- Sly55
V00 SO Y1054 YYa. FYYE ¥ - (0,5LiS) piblise ,ue 5
YO VO,AA OY, VA VVE. Y\ YA £y (ale) oiblise iy
. OF YAV £1,) A-Y YO FA YYY- (albl) gblise (i

(blo & p )0 uiored Sl cvaline LB bbaises
9SS wiile Slo S Gla SBT L 5 )0 &g 4 Zujlge
Wgos 3l oS Gladiend 10 090 o canlin 1S Cowglge
098 YA (i )3 g Sl 1550 Sg) S L e
odalie Zujlige ol3l SIS iged slacand 5l can o
Slagl b lacwns pan o ool slosesT 25b 0
7500 anglyd 5 Zadl g 31 ke il S g wilShens
polie S yolie 5l as ol (Les ICP LT bt oxiwn
e P 4 g 009 ke (b SIS et g oY i
o6 polie JS 51 55 dops VEFE 5 199 BY VA sgu>
el polie (S polie jlaas oo S5 ) S
P g 039 ke e SIS ey 9 el 93l

1801 Oliwo) € o lod (i 09

sl slS) ol slearst sy @ 1) wges IS 5l S5
pedS (gloannST ((Sig w0 FVOY L (CsS 5 cuslen
OYA L il (slaonST 5 S5 S0y Yo ¥ L 55,1sS 4
Wges ;0 ool Hle ke ol ools LSS Sj oy
5l gomails zals bl jle g cosl 0o )o YADY sg0>
Ver VBT 5l e @ 09,5 YO 25 B 9,50 V)
Sl ools Ll SEM aladllas zuls ol co (yiol38l ao o
agai onl 55 9750 Sl g sy wujlise sla Sl &S
D9y Xz a5 Cojlisge SIS asiws ob olie g5l
Lol ‘.)5.;:;‘59 oo lice wl;T (5'15 B og\..S‘)J SHgo A ).H.M.u

ol slocand jo 55 Q—“] GLaSTL cojlge 605 )0

1A



e @lo (ouigo 4 50

S U> Moo ( 5 03! jale s et

i PO
SipeA=CBSD  Dite 28 2021
EHT=1800KV WD=15mm  Photoho.=7425 Time 20450

Signal A= 0BSD  Date 26 Jan 2021
EAT=10008V  WD= 15mm  PhooNo. #7410 Tiww 04108

&N
Al

B S S

Signal A=QBSD  Date :26 Jan 2021

EHT =18.00kV  WD= 15mm Photo No. = 7408  Time :0:30:45

tblido Gl Jyano 30 8T Spu! b oaisi) 3 CailyT ac ge (55558 10 S

Ol S35 20 VOY 5 S 1ol polie 1) (T (55 00y
e (G e 43355 ool B o oSS K job polie |
s il ,5 ey aslllas 5590 aiges Ay a5 sl ools oLzs
s 43 4255 by el g, Se YD ol adyl (s slnoolel L

ebliie Gl (g, Ghales] 090 aiged )0 ol YL

AR

o6 jole IS 51 S35 a0 VXY g AT AL £Y VY sg0s
Pb jolie (5:0he jle goazme dind oo S5 ) (S

orl o b pelie IS Sk jle ggamme g sl plo o

1801 Oliwo) € o lod i 093



S Bl guigo 4yl

olo 38l (T i (58T 3 B 47 Alboly o 3 T 36 yolie b 30

Journal of Alloys and Compounds, 995-998.

[9]1 Gupta, C., and Krishnamurthy, N. (2005). “Extractive
Metallurgy of Rare Earths”. CRC Press Inc., 1-504.

[10] Kumari, A., Panda, R., Kumar, M. J., Kumar, R., and
Young, L. J. (2015). “Process development to recover
rare earth metals from monazite mineral”. A review
Minerals Engineering, 79: 102-115.

[11] Ritcey, G. M., and Ashbrook, A. W. (1979). “Solvent
Extraction: Principles and Applications to Process
Metallurgy”. Part-I1, Elsevier, Amsterdam, 386-420.

[12] Abdulkerim, Y., Abdullah, O., and Ismail, G. (2003).
“Effect of thiourea on sulphuric acid leaching of
bastnaesite”. Hydrometallurgy, 68: 195-202.

[13] Das, S., Behera, S. S., Murmu, B. M., Mohapatra, R. K.,
Mandal, D., Samantray, R., Parhi, P. K., and Senanayake,
G. (2018). “Extraction of scandium (Ill) from acidic
solutionsusing  organo-phosphoric  acid reagents:
a comparative study”. Separation and Purification
Technology, 202: 248-258.

[14] Lopez, J., Reig, M., Gibert, O., and Cortina, J. L. (2019).
“Integration of nanofiltration membranes in recovery
options of rare earth elements from acidic mine waters”.
Journal of Cleaner Production, 210: 1249-1260.

[15] Li, F., Wang, Y., Su, X., and Sun, X., (2019). “Towards
zero-consumption of acid and alkali recycling rare earths
from scraps: a precipitation-stripping-saponification
extraction strategy using CYANEXS572”. Journal of
Cleaner Production, 228: 692-702.

[16] Jyothi, R. K., Thenepalli, T., Ahn, J. W,
Parhi, P. K., Chung, K. W. and Lee, J. Y.
(2020). “Review of rare earth elements recovery from
secondary resources for clean energy technologies:
Grand opportunities to create wealth from waste”.
Journal of Cleaner Production, 267: 1-26.

‘"‘;lﬁ )QU )mb.:" ava¥ L0 ‘ts"‘i“"" & @y W[\V]
NNEN o el oS el sixio alRisls slpa ol jLacsl

! Bastansite

2 Leaching

1801 Oliwo) € o lod (i 09

el ol jolie loslie 5 ool Bl (sl Vb
SoaSTL ob jolie sla 5 05,0 Jds w a5 285
sl plae AT gl 00 bz (pucblise Jpams (ol
eabliae Golas g,y e oo lid a5 ol oogs ol
Sz gy 9 0 (295 3 Sles le ke At 5o
3L slr oyl 5 S slaanl b e (o]

Dg oo Slpaidiy yob yolic

&=y -0

[1] Haxel, G. B., Hedrick, J. B., and Orris, J. J. (2002).
“Rare Earth Elements Critical Resources for High
Technology”. USGS Facts Sheet, 1.

[2] Jorjani, E., Bagheriech, A. H., and Rezai, B. (2007).
“Determination of rare earth elements in products
of Chadormalu Iron ore beneficiation plant (Iran)
from beneficiation point of view”. Iranian Journal
of Chemistry and Chemical Engineering, Jahad
Daneshgahi, 26(4): 11-18.

[3] Jia, Q.,and Tong, Sh. (2009). “Solvent extraction of rare
earth elements with mixtures of sec-octylphenoxy acetic
acid and bis(2,4,4-trimethylpentyl) dithiophosphinic
acid”. Separation and Purification Technology, 64: 345-
350.

[4] Kanazawa, Y., and Kamitani, M. (2006). “Rare earth
minerals and resources in the world”. Journal Alloys
and Compounds, 408-412.

[S] Gupta, C. K., and Krishnamurthy, N. (2005). “Extractive
Metallurgy of Rare Earths”. CRC press, Boca Raton
London New York Washington DC, 1-159.

[6] Xie, F., Zhang, T. A., Dreisinger, D., and Doyle, F.
(2014). “A critical review on solvent extraction of rare
earths from aqueous Solutions”. Minerals Engineering,
56: 10-28.

[7]1 Jorjani, E., Bagherieh, A. H., and Chehreh, Ch. S.
(2011). “Rare earth elements leaching from Chadormalu
apatite concentrate: Laboratory studies and regression
predictions”. Korean Journal Chemical Engineering,
28(2): 557-562.

[8] Hongfei, L., and Fuqiang, G.(2006). “4 new
hydrometallurgical process for extracting rare earths
from apatite using solvent extraction with P350".



