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Abstract

Rare earth alloys and compounds are the raw materials for the manufacture of advanced materials. Although domestic mon-
azite ores have been found, there are some difficulties in recovering rare earth from these ores. Rare earth ores are found in few
countries and these countries put an embargo on the export of rare earth ores for the protection of their industry. We gathered
some information on the hydrometallurgical and pyrometallurgical processes to recover rare earths from bastnasite, monazite,
and xenotime which consist of 95% of the total rare earth ores. Since rare earth with the purity more than 6N is needed for use
in advanced materials, some separation methods such as fractional crystallization, precipitation, ion exchange, and solvent extrac-
tion were introduced.
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Table 1. Atomic radii and effective ionic radii of the rare
carth elements (in nm)

Symbol Atom RE# RE> RE#
Sc 0.1654 0.0730
Y 0.1824 0.0892
La 0.1884 0.1061
Ce 0.1825 0.1034 0.096
Pr 0.1836 0.1013 0.095
Nd 0.1829 0.0995
Pm 0.1825 0.0979
Sm 0.1814 | 01232 | 0.0964
Eu 0.1984 | 01220 | 0.0950
Gd 0.1817 0.0938
Tb 0.1803 0.0923 0.088
Dy 0.1796 0.0908
Ho 0.1789 0.0894
Er 0.1780 0.0881
Tm 0.1769 | 0.1127° | 0.0869
Yb 0.1932 0.1115 0.0858
Lu 0.1760 0.0848
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Table 2. Separation factor(ag®) of rare earth elements from 0.1M HCI solution by 0.2M D2EHPA in kerosene

B
A Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
La 214 | 228 | 243 | 18 | 263 | 446 | 711 101 125 212 319 | 414 425
Ce 107 | 114 52 123 | 209 | 333 | 472 | 384 | 991 149 193 199
Py 106 | 516 | 115 | 195 1 311 | 41 | 547 )} 927 | 139 181 186
Nd 486 | 108 | 183 | 292 | 415 | 513 | 871 131 170 175
Sm 223 | 375 | 602 | 855 | 106 | 179 | 270 | 351 | 360
Eu 169 | 270 | 383 | 474 |.804 | 120 | 157 | 162
Gd 160 | 226 | 280 | 475 | 715 | 930 | 955
Tb 142 | 176 | 298 | 448 | 583 | 590
Dy 124 | 210 | 306 | 411 | 422
Ho 170 | 255 | 331 | 341
Er 150 | 190 | 201
Tm 130 | 134
Yb 1.03

Table 3. Separation factor(ag*) of rare earth elements from 0.1M HCI solution by 0.2M PC88A in kerosene

B
A Ce Pr Nd Sm En Gd Tb Dy Ho Er Tm Yb Lu
La 130 | 142 | 167 | 333 ( 652 | 952 | 225 | 364 | 939 | 17 156 175 199
Ce 109 | 128 | 257 | 502 | 736 | 173 | 280 | 723 | 905 | 120 135 152
Pr 117 | 235 | 459 | 672 | 158 | 642 | 660 | 827 | 110 123 140
Nd 200 | 394 | 574 | 135 | 208 | 563 | 705 | 937 | 105 119
Sm 196 | 287 | 674 | 109 | 282 | 353 | 468 | 526 | 595
Eu 146 | 345 | 639 | 144 | 180 | 240 | 269 | 304
Gd 235 | 381 | 982 | 123 | 163 | 183 | 207
T 162 | 418 | 523 | 695 | 1781 3.83
Dy 258 | 323 | 429 | 482 | 545
Ho 125 | 166 | 187 | 211
Er 133 | 149 | 169
T 112 | 126
Yb 1.13
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> CClM > xylene > benzeneT 2.2 B ER F&9 F+
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Table 4. Characteristics of the processes employing solvent extraction in recovering rare earth metals

Process Ore Medium Solvent Products
; ; . 99.9% Eu,0;,
Molycorp Bastnasite HCi D2EHPA Gd, Tb, Dy, Ho, Er, Tm, Tb, Lu, Y
. , . . REO concentrate
Denison Mines Uranium processing HNO, D2EHPA (30% Y,05 + 60%RE,O5)
Indian Rare Earth: Monazite HC1 PC88A Th, U
s onazi La, Sm, Nd, Pr, Eu
Megon Xenotime H,80, D2EHPA 99.995% Y,0,
He D2EHPA All the rare earth metals with purities >
Rhéne-Poulenc Monazite TBP 99.999% are produced almost entirely
HNO; . .
amine by solvent extration
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v A { 1
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