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Abstract

To investigate the separation of La(Ill) from sulfuric acid solutions containing Fe(III), rare earth double salt precipitation
experiments were performed by adding sodium sulfate. In this work, the effect of sodium sulfate, Fe(Ill), and La(III)
concentrations; reaction temperature; and time was investigated. The extent of precipitation of La(Ill) was proportional to the
concentrations of Na" and SO4* in the solution. As the reaction temperature increased to 100 °C, the extent of precipitation of
La(IIl) increased. The extent of precipitation of Fe(Ill) decreased with increasing reaction time. The concentration ratio of
Fe(III) to La(III) did not have a significant effect on the precipitation of La(IIl). Our results indicate that it is possible to separate
La(III) from a ferric sulfate solution through selective precipitation by adding sodium sulfate.
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Fig. 1. X-ray diffraction of the precipitation residues of rare
earth double salt ([H.SO4] = 0.1 M; [Aqueous] =
Fe(IlT) 1 g/L, La(IIl) 0.5 g/L; 5 wt% Na,SO4; 80°C;
3 h).
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Fig. 2. Effect of the molar ratio of Na(I) to La(IlI) on the
precipitation percentage of metals ([H.SO,4] = 0.1-1
M; [Aqueous] = Fe(Ill) 1 g/L, La(IlI) 0.5 g/L; 1-10
wt% Na,SOy; 80°C; 1 h).
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Fig. 3. Effect of the molar ratio of Na(I) to La(IIl) on the
precipitation percentage of metals ([H.SO4] = 0.1-1
M; [Aqueous] = Fe(Ill) 1 g/L, La(Il) 1 g/L; 1-10
wt% Na,SO4; 80°C; 1 h).
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Fig. 4. Effect of the molar ratio of sulfuric acid to La(III) on
precipitation percentage of metals ([H.SO4] = 0.1-1
M; [Aqueous] = Fe(Ill) 1 g/L, La(Ill) 0.5 g/L; 1-10
wt% Na,SOs; 80°C; 1 h).
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Fig. 5. Effect of the molar ratio of sulfuric acid to La(III) on
the precipitation percentage of metals ([H.SO4] =
0.1-1 M; [Aqueous] = Fe(Ill) 1 g/L, La(Ill) 1 g/L;
1-10 wt% Na,SO4; 80°C; 1 h).



FAFEU &AM FEFIUD S A= A £ 35

Witk 3.2. 804 SO,” 0|2 57}t F7IeHE SHERA (I
9] FHEo] F7RRIThE AL I} T 3H4to]
FAEET v 23] o g2 80,7 o] AlFgl=
E7ot, Abs ot S7Hel whet fEbd Y] AHE
o] ZrAFrt. o]t AP FAEES 3 wit% H[The
2 JA7FHAY HEH) 557 R2E FER
oli= Fato] SO, 0] Al Bt of et 840 pH
£ TaA1717] HiZoltt. 84 F pHY| Frh= H o]
St Z7RIE Ag 9ulstH, ol H + S04 =
HSO, ¥1-8-2 &3l HSO, 7t B4E 22X 4] (3), (Y
S-S olgASIEE Bgo] MAEo| #AT 4
HhH, 4] 5= Hsk= FH(1) Q] JHE vt 4
T 7IAA] ot & Aol A H ] WAE Pl
ot 3KIER 5o 24 9Esi= AL 4 5
o}, wpebA 2Eg PAs S FA]5ks o] FER (I
Aol dasing F&EHAE LRSS 0.1 M2
At

S

p

o)

3.4. BEHE(IN) 5=

0.1 M9] ZAHgAof| A EFE(IIN2] F=E 0.1974
1 g/L7IA] WSPAIA 7o) miAE 9F= AR
0 FAUEFS] LS 5 wit, B2 80°C2 1%
S 1A SRt W, A2y dErd () 558 &
T2 HE| Fig. 60 WEHT SLe F2] BAHES
< A7HE Wl FERAD B2 0.1 g/L]1 73 e

—=— Fe(III)
—o— La(Ill

40

Precipitation percentage, %

20 |-

0k .\q%—.——ﬁ("n

0.0000 0.0015 0.0030 0.0045 0.0060 0.0075

mol

La

Fi

g. 6. Effect of La(IIl) concentration on the precipitation
percentage of metals ([H.SO4] = 0.1 M; [Aqueous]
= Fe(Ill) 1 g/L, La(Ill) 0.1-1 g/L; 5 wt% Na,SOu;
80°C; 1 h).
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Fig. 7. Effect of reaction temperature on the precipitation
percentage of metals ([H.SO4] = 0.1 M; [Aqueous]
= Fe(Ill) 1 g/L, La(Ill) 0.5 g/L; 5 wt% Na,SOy;
25-100°C; 1 h).
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Table 1. The dependence of the solubility of sulfates on temperature (g/L)

FA14 - ol

21,24)

Temperature (°C)

Substance Formula
0 10 | 20 | 25 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
Iron(I1I) sulfate Fex(SO04)3 - - | 440 | - - - - - - - - -
Iron(I1I) sulfate nonahydrate Fex(S04);9H0 | - - | 440 | - - - - - - - - -
Lanthanum(I1I) sulfate Lax(SO4); 3 1272(233|2.14| 19 |167| - |[1.26] - |091|0.79]0.69
Lanthanum(IIl) sulfate octahydrate | Lay(SO4);*8H.O | 3 - 1233 - - - - - - - - 10.66
Lanthanum(III) sulfate nonahydrate | Lay(SO4);*9H,O - - 1292 - - B - - - - - -
Lanthanum(III) alkali Double sulfate|NaLa(SO4),*8H,O| - - 234 - - - - - - - - -
Sodium sulfate Na,SO, 476 9.1 [19.5(28.1|40.8 (488 | - |453| - [43.7(42.7|425
Sodium sulfate decahydrate Na,SO4 10H,O - - - 281 - - - - - - - -
Table 2. The stability constants of sulfate complexes for 100
La** at several temperatures™ D/D/D/D/D
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Fig. 8. Effect of reaction time on the precipitation percentage
of metals ([H.SO4] = 0.1 M; [Aqueous] = Fe(IlI)
1 g/L, La(Ill) 0.5 g/L; 5 wt% Na,SO.; 80°C; 10-180
min).
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80°C; 3 h).
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