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ABSTRACT

Rare earth metals have been made from rare earth compounds which were prepared from rare earth ore concentrates through
successive processes such as leaching(i.e. extraction of rare earth elements to liquid media), separation, purification, pre-
cipitation. Here, process for treating monazite and bastnasite ore concentrates were briefly reviewed, and metallothermic reduc-
tion and fused salt electrolysis methods were introduced as the extraction technologies for rare earth metals.
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Fig. 1. World demand and prediction of rare earth. (Data :
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Fig. 2. Decomposition and leaching process of monazite.
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Fig. 3. Sulfuric acid leaching process of bastnasite
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Table 1. Reduction process of some rare earth metals
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IR RS =3 :
=g Heaga S AR (Reduction)
Process A8 (EEdazxA) Azd 24 2 g
Chloride-Reduction YCl;-Na ¥ Li Y crystal, slag distilled
Fluoride-Reduction YF;3-ZnF,-Ca Y-Zn alloy, Zn distilled
) Fluoride-Reduction YF;-CaCl,-Ca-Mg Y-Mg alloy, Mgdistilled
o]
Y . 7;{ d Oxide-Reduction Y,05-Mg Mg-5%Y alloy
_ " Oxide-Fluoride Electrolysis Y,053-YF;-LiF Y nodule (99.8)
Mo Y,0;-YF;-LiF
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Er 3};; Fluoride-Reduction ErF5-Ca Consolidated Er metal
Oxide-Reduction Er,05-Mg Mg-5%Er alloy
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a _
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Alloy |Nd-Fe-B| Xx=x}4] NdF;-FeF;-Ca-B Nd,Fe 4B ingot
Ca-Reduction NdF;-FeF;-Ca Crude Nd-Fe alloy
Nd,05-Fe-Ca-CaCl,-NaCl Nd-Fe alloy
NdzO3-NdF3-LiF NszeMB powder
NdF;+3/2 Ca— Nd+3/2 CaF, ®) E3131d retortel] WA, 300°C A== 71Esl] FERF
E3ES A ol A, E UE WHoE JER
o] Bk3-9] FEArIUA] Wshs B2k 900°Cl oM EAE g ello] Baks Thsle] EstEs A
Al g8t dlolHZ5H -160 ki/mol®= A= BEZ vk AIA of3} - AL 300~500°ClA 71x3te] S ERF
o] ApA o2 FFPHTE Nd ©]€]4 Dy, Tb, Gd 5 3= de ol k. glol ARgsle w5 2
T veFEH $YT o gHr) o] whgow I T SRAASA ARGt FHlE SER Esked
TE FE5% 47 EiME ekl SER EsiE 9 w5 Zgd sl Asidges goldE Ta, Mo
g7} IFAolt). SER Ested 2B AaUE TS A retorts FFEell AUstal, BEG7EE FollA

2deelZd A 21 A A 335, 2012



80 FREEE - B (ML

900~1,300°C= 7+&3}
4 olFo® 7Igs w52 8§ duHE 2T

2
it
o
&
o
ok
r o
ot
ox
oX,
ol
I
1o

Yo 22 I8 F5(YS 84 1 1,557°C)y 554
S A E F45S §AZ Belsh] oFgnh o)&
SE37] 98l =25 rldlgs kel 24593
3 AgH] YMg 2 48 4 JA olE A
2 2T 5 Atk oA Ao v-Mg S ¥
SHHCE A Y 2EAE 9 H, o)F e
§3t Y ingots 4A "l

423, F5E93A-F2PH(RDA: reduction diffusion
method)

u]=2] Coch7} 19739 SmCos A &S A=
st7] 918 sidel whgoloh. Aksl Sm3t Co £
CaH,9] #%& &5t retortd] FASIL F45 =
i 71 FhATIEZ BEEE 55 SmS Co v
o FLAA Festehe Wrgolth. o] W2 o
o7 F% Ca ¥ CaHyel whetd AT &+ Jo

[e] [e] 2 2=
e e wige R & 4l

i

Sm,0;+ 3CaH, + 10Co — 2SmCos+3Ca0 +3H, 1 (9)

Sm,0; + 3Ca+ 10Co — 28mCos+ 3Ca0 (10)

(e}
[01:
st

i
=
9
4 2 2 m

vhe k8% SmCos B3 Al &
S F2 A Azl tshd £

& 2

RN
ol
ol

Y
o

15/2 NdyO5 + 45/2 Ca+72 Fe +4/30 FeyBgy—
Nd15F677B8 + 45/2 Ca0O (11)

424, F5939) 579 (metallothermic reduction and
distillation method)

SmCos AMEOF 20l= F4 SmS JEFISE

J. of Korean Inst. Resources Recycling Vol. 21, No. 3, 2012

5.000

4.5600

4.000}
> —— Sm?*
o —a— a3+
2 3500 —o— Ce’*
= p —x— N~
o o 3
> 3000 Sm?

2.600

2. 1 1

0005 500 1000 1500

Temperature, °C

Fig. 6. Theoretical decomposition voltage of some rare earth
chlorides.

e oe Axsl] st £, S5Aghd oA
= 37190l woH HAFE0] Y AREEE Sm,
Eu, Ybo} Zo] F7I¢te] =& ol dief 2 8d &
gleh. 2ol oA w2 S7I9S ol 8o EHN B
F 5 HENEE o8HoR 4 & U ¥
ofzt =52 At FAl z

Sm203 +2La— 2Sm T + La203 (12)

o] Wk AR WHsl= 1,000°CA] 15 k/mol
2@ S z7] wiel wkgo] AR FEIviy A
ZIE| R, AR Sme] Al ¥reZ A A Hrphd y-go]
o207 APHL F& La7l EHLZ o] &FHy
ujAlHEo] AME-E7|= g}

T, Smy0;9F B Lart WAHRRE RS £gste] =
g2 A3, olF retortol] Hol AFEFAAA 2R
3 & 107Pa o139 I3 AelelA 1,200~1,300°CE
71835 Sme| SHslA A o)F Wz IIH Iek
& Alakge] SAEC pAWES AYAZ ALgS)

T

= A9 WMeAe e ol &
Sm,0;+2Mm(mischmetal) > 2Sm 1 +Mm,0; (13)
MEYE T ARAE HER AT v

Haldse ARtk Aol slow, Eus ole ¥
S gor dg & Utk



FirtJETE Wl 718 81

4.2.5. NEOCHEM process
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