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Study of Rare Earths Separation by Cross-Current
Extraction and Counter-Current with Reflux Extraction
Using 50% Tributyl-Phosphate in Kerosene as the Solvent

Pipat Pichatpong and Nitaya Suparit
Chemistry Division, Office of Atomic Energy for Peace, Tel. 579-5230, Fax 561-4081

ABSTRACT

The study of rare earths separation by solvent extraction, which is a part of
monazite breakdown process, has been done by shaking in separatory funnel to initiate
the cross-current and the counter-current with reflux technique. Rare earths in the
aqueous nitrate solution were extracted by 50% tributyl phosphate (TBP) in kerosene.
The results show the preferable separation of the latter to the former technique.
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Tablel.1 composition of domestic monazite(l)
Composition %o
Thorium oxide (ThO,) 4.5-10.6
Uranium oxide (U, Oy) 0.24-0.79
Total rare earths oxide (RE,O,) 47 - 58
Cerium oxide (CeO,) 19-23
Lanthanum oxide (La,0,) 7-15
Neodymium oxide (Nd,0,) 6-11
Praseodymium oxide (Pr,0,,) 1.6-3.4
Samarium oxide (Sm,0,) 07-1.6
Gadolinium oxide (Gd,0,) 1.0-14
Dysprosium oxide (Dy,0,) 04-1.9
Table 2:1 Results of rare earths separation by cross-current extraction
Sample | "l“otal Composition of Rare Earths (Yowiw)
] Rare
code Earths La, 0, Pr,0, Nd, O, Y,0, Sm,0, Gd,0, Dy,O,
Conc.
(gmA)
FO 488 45.84 10.84 3221 4.10 4.47 1.56 1.11
F1 393 55.37 10.55 28.17 2.78 2.94 1.35 0.65
F2 314 63.34 8.38 22.12 223 1.77 - 0.22
F3 232 74.16 8.50 18.16 233 1.14 - 0.13
F4 167 72.30 6.28 14.89 2.33 0.63 - 0.11
Fs 118 69.58 6.86 16.95 3.05 0.42 - -
S1 110 12.53 8.77 42.45 8.47 8.18 6.06 1.23
s2 106 21.96 11.29 39.38 4.65 6.17 3.83 0.70
S3 87 38.65 11.22 30.91 332 4.44 2.64 0.43
54 71 54.83 9.53 27.70 2.66 2.27 - 0.21
S5 58 64.90 7.23 24.02 2.72 1.47 - 0.08

-=non defectable
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Table 2.2 Results of rare earths separation by counter-current with reflux extraction

E74

Sample Total Rare Compaosition of Rare Earths (Yow/w)
code Earths
Conc.
(gm/lt)

La,0, Pr0,, Nd,0, Y,0, Sm,0, | Gd,0,
R2 510 68.09 6.17 5.98 1.49 - -
R1 508 57.48 7.04 19.97 2.74 3.28 3.32

F 510 37.60 9.28 33.48 3.42 4.62 5.96

S1 528 21.28 8.71 38.24 7.36 7.96 7.28
S2 528 5.32 8.03 40.13 9.24 17.14 13.82
®o 68 71.86 8.66 1.72 3.03 - -
®1 82 56.27 11.24 13.19 3.37 - -
1)) 87 31.37 14.38 47.48 5.98 - -
O3 90 10.10 9.93 37.89 8.55 8.01 16.22
(OF] 91 3.20 5.90 37.21 10.79 15.85 1535
Ds 92 - 4.80 32.92 12.50 19.11 15.37
Ds 92 - - 26.94 14.27 20.09 20.05
(O} 92 - - 25.34 15.58 21.85 20.44
A0 341 66.60 2.78 7.79 - - -
Al 481 83.26 3.52 - 1.16 - -
A2 499 68.06 6.18 16.52 1.64 - 3.70
A3 503 50.96 10.27 20.57 1.92 - -
A4 525 24.72 9.75 41.86 5.97 4.69 3.70
AS 526 5.82 7.64 43.90 7.22 11.14 11.44
A6 527 3.82 6.88 46.89 8.66 13.68 14.42
A7 528 3.99 8.25 43.40 8.66 14.07 15.56

non detectable
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Table 2.3 Distribution coefficient of individual rare earth (D) and its separation factor

(SF) in cross-current extraction

613

Distribution Extraction step
coefficient(D)
FO+SO—>F1+S1 | F1+SO—>F2+52 | F2+S0—>F3+83 | F3+50—>F4+54 | F4+S0—>F5+S5
La,0, 0.019 0.042 0.075 0.137 0.229
Pr,0,, 0.069 0.162 0.190 0.285 0.255
Nd,0, 0.127 0.213 0.247 0.349 0.349
Y,0, 0.256 0.248 0.207 0.213 0.216
Sm,0, 0.188 0.316 0.417 0.445 0.483
Gd,0, 0.304 - - - -
Dy,O, 0.126 0.270 0.375 0.276 -
Separation Extraction step
factor (SF)
FO+SO—>F1+81 | F1+50>F2+82 | F2450—>F3483 | F3+S0—>F4+S4 | F4+S0—>F5+85
La-Pr 3.63 3.86 2.53 2.08 1.11
Pr-Nd 1.84 1.31 1.30 1.22 1.37
Nd-Y 2.02 1.16 0.84 0.61 0.62
Y-Sm 0.73 1.27 2.01 2.09 2.24
Sm-Gd - - - - -
Gd-Dy - - - - -

D (La,0;) = Concentration of La,0, in organic phase

SF (La,0,) =

Concentration of La,0, in aqueous phase

D(La,0,)
D(Pr,0,,)

unable to calculate
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Table 2.4 Distribution coefficient of individual rare earth (D) and its separation

factor (SF) in counter-current with reflux extraction

Extraction Distribution coefficient
step D)

La,0, Pr,0,, Nd,0, Y,0, Sm,0, Gd,0,
¢+r2—>¢o+a0 0.143 0.411 0.029 - - -
do+r2—>P1+a1 0.061 0.289 - 0.264 - -
drR1—>¢2+A2 0.043 0.214 0.265 0.336 - -
b2+F—>P3+a3 0.019 0.094 0.179 0.434 - -
d3+51—>Paras 0.012 0.056 0.081 0.165 0.309 0.380
da+s2—>s5+as - 0.049 0.069 0.159 0.157 0.123
ds+s2—>de+as - - 0.053 0.152 0.135 0.128
de+rs2—>d7+a7 - - 0.053 0.165 0.142 . 0.120
Extraction step Separation - factor(SF)

La-Pr Pr-Nd Nd-Y Y-Sm Sm-Gd
b+r2—>¢o+a0 2.87 0.07 - - -
¢0+R2—)¢1+A1 4.74 - - - -
d1+R1I—>¢2+a2 4.98 1.24 1.27 - -
d2+F—>p3+a3 4.95 1.90 2.43 - -
¢3+51—>a+aq 4.58 1.47 2.04 1.87 1.23
dars2—>¢5+as - 1.41 2.30 0.99 0.78
dsrs2>deras - - 2.87 0.89 0.95
ders2—>7ra7 - - 3.11 0.86 0.85

D (La,0,) = _Concentration of La,0, in organic phase
Concentration of La,0, in aqueous phase
SF (La,0,) = _D(La,0,)
D (Pr,0,)

= unable to calculate
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Diagram of countercurent with reflux extraction
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Fresh 50% tributyl phosphate in kerosene

Extracted S0% tributyl phosphate in kerosene

Raffinaterare earths nitrate soclution

Fig 2.1 Crosscurrent extraction diagram..
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Extraction step h where n = 0,1,2,3,4,5,6,0r 7

Fresh 50% tributyl phosphate in kerosene
Extragted 50% tributyl phosphate in kerosene
Feed rare earths nitrate solution

Raffinaterare earths nitrate solution

Fige 2.2 Countercurrent with reflux extraction dfaqram
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?qu;lb;ium'cu:ve of mixed rare earths (RE)} in nitrate solution (A)
and 50% tributyl phosphate in kerosene solution (0)



