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Abstract— A new method of separation by fractional precipitation of lanthanide mixture is described. The process ex-
ploits differential precipitation rate of lanthanide hydroxyl citrate complexes by mono hydrogen phosphate. The complex
was stable at a range of pH greater than 9. The differential rate of precipitation between La and Nd was influenced by the
initial molar ratio, Ln: CH;O;” :HPO}", and pH. The rate of precipitation of all the components varied according to the
time of reaction, however the rate for La was much faster in the initial stage that it enabled its complete precipitation
within 10 minutes, leaving large fraction of Nd in solution unaffected. Various ways of separation schemes can be design-

ed by adjustment of the reaction time according to the emphasis on the grade and recovery of the products.
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Fig. 1. Distribution of various citrate ion species present in the solu-
tion as function of pH.
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Fig. 2. Distribution of various Nd-citrate ion species present in the
solution as a function of pH(Nd=10"*M, citric acid=3x10""
M).
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Fig. 3. Weight percent of La and Nd precipitated at various initial
concentration.
(Ln : citric acid : phosphate=1:3:1, initial pH 10, temp. 24 °C,
reaction time 10 min)
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Fig. 4. Weight percent of La and Nd precipitated at various molar
ratios of citric acid to lanthanides and phosphate.
(Initial Ln concentration 0.02 M, initial pH 10, temp. 24 °C, reac-
tion time 10 min)
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Fig. 5. Weight percent of La and Nd precipitated at various molar
ratios of phosphate to lanthanides and citric acid.
(Initial Ln conc. 0.02M, initial pH10, temp. 24 °C, reaction
time 10 min)
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Fig. 7. Infrared spectrophotographs of Nd precipitate obtained from
the reaction. .
(a) air dried precipitate, (b) precipitate heated for 2 hr at 200 °C,
(c) precipitate heated for 2hr at 400 °C, (d) precipitate heated
for 2 hr at 850 °C
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Table 1. Composition of the precipitated product

Species in the precipitate

Precipitates ~ Sample number -
Lanthanide ~ Phosphate H,0
La 1 0.492 0.317 0.191
2 0.497 0312 0.191
3 0.490 0.316 0.194
4 0.498 0.312 0.190
Average 0.494 0.314 0.192
Mole ratio 1.000 0.930 3.000
Nd 1 0.500 0.311 0.189
2 0.505 0.306 0.189
3 0.506 0.306 0.182
4 0.496 0318 0.188
Average 0.502 0.310 0.188
Mole ratio 1.000 0.940 3.000
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Fig. 9. The X-ray pattern of Nd precipitate obtained from the reac-

tion.

(a) NdPO(A.S.T.M. standard), (b) precipitate heated for 2hr at
200 °C, (c) NdPO(synthetic sample) heated for 2 hr at 200 °C, @
precipitate heated for 2hr at 400 °C, (e) precipitate heated for 2
hr at 850 °C
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(initial Ln concentration 0.02 M, initial pH 10, temp. 24 °C, re-
action time 10 min)
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Fig. 14. Flow sheet for the separation of mixed rare earths by the
fractional precipitation.

Table 2. Metallurgical balance sheet for separation of La-Nd(1:1)
mixture.
(Ln : citric acid : phosphate=1:3:1, initial Ln concentration 0.02
M, temp. 24 °C, initial pH 10, reaction time 10 min)

Ln wt of product Assay, % Distribution, %
mg (%) La Nd La Nd
Feed 28 (100) 50 50 100 100
Residue 16 7 75 25 88 28
Filtrate 12 (43) 14 86 12 72
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Table 3. Metallurgical balance sheet for separation of La-Nd(1:1)
mixture
(Ln: citric acid : phosphate=1:3: 1, initial Ln concentration 0.02
M, temp. 24 °C, initial pH 10, reaction time 30 min)

Ln wt of product Assay, % Distribution, %
mg (%) La Nd La Nd
Feed 28 (100) 50 50 100 100
Residue 21 5 67 33 100 49
Filtrate 7 (25) 0 100 0 51

Table 4. Metallurgical balance sheet for separation of La-Nd(1 : 0.5)
mixture
(Ln : citric acid : phosphate=1:3:1, initial Ln concentration 0.02
M, temp. 24 °C, initial pH 10, reaction time 30 min)

Ln wt of product Assay, % Distribution, %
mg (%) La Nd La Nd
Feed 28 (100) 67 33 100 100
Residue 26 93) 72 28 100 85
(La product)
_Filtrate 2 @) 0 100 0 15
(Nd product)
100 Nd
soé
\e\e\e la
® ]
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Reaction time, min

Fig. 15. Grades of the separated products.
(La product as precipitates, Nd product as solution)
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