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(57) ABSTRACT 
The present invention relates to a method for complex 
processing of apatite concentrate resulting in producing 
concentrate of rare earth metals (REM) and plaster from 
phosphogypsum, a waste of Sulphuric acid technology for 
producing phosphoric acid from apatite. The method com 
prises recrystallization of hemihydrate or anhydrite of cal 
cium Sulphate into dihydrate of calcium Sulphate in the 
presence of a soluble calcium salt at concentrations of 
0.075-3.75 M (in terms of Cat) at subacidic conditions 
(pH>1), and dissolution with strong acid (pKa-0) at a 
concentration of 0.2-8.0 M (in terms of H"). Recovery of 
REM into solution is up to 95%, the residual content of 
impurities of phosphorus, fluorine and alkali metals in 
dihydrate of calcium sulphate does not exceed 0.3 wt.%, 0.1 
wt.%, 0.05 wt.%, respectively. 
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METHODS FOR EXTRACTING 
RARE-EARTH METALS AND PREPARING 

GYPSUM PLASTER FROM 
PHOSPHOGYPSUM HEMIHYDRATE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This patent application is a national phase filing under 
section 371 of PCT/RU2013/000991, filed Nov. 8, 2013, 
which claims the priority of Russian patent application 
2013109739, filed Mar. 5, 2013, each of which is incorpo 
rated herein by reference in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to technologies for complex 
processing of apatite, in particular, technologies for obtain 
ing a concentrate of rare-earth metals (REM) and gypsum 
plaster from phosphogypsum, a waste of Sulphuric acid 
technology for producing phosphoric acid from apatite. 

BACKGROUND OF THE INVENTION 

Tens of millions of tons of phosphorus-containing min 
erals, such as apatite, rock phosphate, etc., are processed for 
producing phosphorus-containing fertilizers. Typically, the 
processing is carried out by treating these natural materials 
with concentrated nitric or Sulphuric acid. During the treat 
ment with Sulphuric acid, apatite is decomposed with pre 
cipitation of calcium Sulphate and formation of phosphoric 
acid solution. In this case, the main waste product is phos 
phogypsum (calcium Sulphate contaminated with impurities 
of POs, F, Fe, Al, Sr., REM) which comprises most of the 
rare-earth metals contained in apatite. For example, apatite 
of the Kola Peninsula contains up to 1% of rare-earth metals, 
the 70 to 100% of which are precipitated with calcium 
Sulphate at apatite processing with Sulphuric acid. Phospho 
gypsum constitutes whole mountains around the plants for 
processing of apatite. Every year millions of tons of phos 
phogypsum containing about 0.5% REM in terms of oxides, 
which currently can not be extracted from it, are sent to 
dumps. Furthermore, the presence of such dumps containing 
toxic compounds including fluorine is an environmental 
problem. In this regard, numerous research projects have 
been conducted to develop processing technology to extract 
REM and remove toxic components. 
A method for extracting rare-earth elements from phos 

phogypsum by treatment with nitric acid and Subsequent 
extraction of rare earth elements (REE) by phosphine oxide 
is described in Martynova I. N. et al. Research of distribu 
tion of REE in the course of extraction from acidic nitrate 
phosphate solutions. Collected articles “Processing and 
physico-chemical properties of compounds of rare elements. 
Apatity, 1984, pp. 6-8 (Rus). The disadvantage of this 
method is the need for expensive trialkyl phosphine oxide 
and the impossibility of complete liquid-phase removal of 
REE from the organic phase. Furthermore, because of the 
high loss of trialkyl phosphine oxide with the aqueous phase, 
this method is uneconomical and requires additional facili 
ties for trialkyl phosphine oxide utilization. 

Nitric acid extraction technology for isolation of rare 
earth elements from apatite, giving up to 85% release in a 
Solution also containing phosphorus and fluorine is 
described in (Kosynkin V. D. et al. “Condition and perspec 
tive of rare earth industry in Russia”, “Metals” (rus), No. 1, 
2001). The disadvantage of this method is the impossibility 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
of using process Solutions in a closed loop and the Subse 
quent low recovery of REM in the process in closed loop. 
A method for extracting rare earth elements from phos 

phogypsum is described in PCT publication 
WO2011008137. The method involves the acid extraction of 
rare earth element compounds from phosphogypsum using a 
Solution consisting of a mixture of Sulphuric acid and nitric 
acid in a ratio of 3.2:1.2 with a concentration of 1-3 wt.% 
and a liquid to solid ratio of 4:5 over a period of 8-12 
minutes, while the extraction Suspension is agitated and 
Subjected to a hydroacoustic effect. The insoluble gypsum 
residue is then separated from the extraction Suspension and 
the rare earth element compounds are recovered from the 
extraction solution by cation exchange sorption with the 
extraction Solution being passed through a cation exchange 
filter. The main disadvantages of this method are not suffi 
ciently high enough degree of extraction of rare earth metals 
(up to 85%) with the high cost ion exchanger, long duration 
of the process and large material flows. 
A method of recovering rare-earth elements from phos 

phogypsum disclosed in RU patent No. 2293781. The 
method comprises treatment of phosphogypsum with Sul 
phuric acid solution to recover rare-earth elements into 
Solution, separation of gypsum precipitate, increasing of 
oversaturation rate of the solution in terms of rare-earth 
elements to crystalize rare-earth metal concentrate, and 
separation of the concentrate from mother liquor followed 
by concentrate processing. Phosphogypsum is treated with 
22-30% sulphuric acid solution at liquids-to-solids ratio 
1.8-2.2 during 20-30 min to prevent spontaneous crystalli 
zation of rare-earth element concentrate in solution before 
insoluble precipitate is separated. An increase of the over 
saturation rate of the solution is achieved by means of 
providing Sodium concentration 0.4-1.2 g/L. The disadvan 
tage of this method is the use of additional reagents, high 
acid concentrations and significant amounts thereof, a large 
number of basic technological operations with incomplete 
extraction of rare earth elements (up to 71.4%) and the 
overall complexity of the process. 

SUMMARY 

Embodiments of the present disclosure may provide for 
methods for extracting rare earth metals (REM) from phos 
phogypsum. Methods may comprise Successive steps of 
recrystallization of phosphogypsum and dissolution of 
REM. Recrystallization of hemihydrate or anhydrite of 
calcium Sulphate into dihydrate of calcium Sulphate may be 
carried out in the presence of soluble calcium salt at con 
centrations of 0.075 M to 3.75 M (in terms of Ca") at 
subacidic conditions (pH>1). Dissolution may be carried out 
with strong acid (pK-0) at concentrations of 0.2 M to 8.0 
M (in terms of H"). 

In some embodiments, the calcium nitrate or calcium 
chloride, or a mixture thereof may be used as the calcium 
salt. Nitric acid or hydrochloric acid or sulphuric acid or a 
mixture thereof may be used as the acid. In some embodi 
ments, recrystallization may be carried out at 10° C. to 50° 
C. during 0.25 hours to 4.0 hours. In some embodiments, 
recrystallization may be carried out at 20° C. to 30° C. 
during 2.0 to 3.0 hours. 

DETAILED DESCRIPTION 

The present invention addresses the problem of highly 
efficient extraction of REM from phosphogypsum followed 
by obtaining REM concentrate, and simultaneous purifica 
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tion of calcium Sulphate from phosphorus and fluorine 
impurities. In the present invention, the term “REM' is used 
to indicate lanthanides and yttrium. Also, the symbol “Lin' 
is used for these elements. 

Embodiments of the present disclosure may advanta 
geously address the aforementioned problems. The first step 
of the method comprises recrystallization of phosphogyp 
sum from hemihydrate CaSO, 0.5HO or anhydride CaSO 
into dihydrate CaSO2H2O in neutral or subacidic solution 
of calcium salts, at the same time REM are extracted from 
Solid solution of calcium Sulphate into separate Solid phase. 
At the second step of the method, compounds of REM, 
fluorine, phosphorus and alkali metals are dissolved with an 
acid. Yield of REM extraction is 88-95%, the residual 
content of phosphorus, fluorine and alkali metals in calcium 
sulphate dihydrate is no more than 0.3 wt.%, 0.1 wt.%, 0.05 
wt.%, respectively. Isolation of REM concentrate from the 
aqueous Solution can be effected by any suitable method 
described in the literature. 
The essence of the present invention is set forth in details 

below. 
According to embodiments of the present disclosure, a 

significant part of REM in the phosphogypsum hemihydrate 
is present in the form of compounds MLn (SO) (wherein 
M-alkali metal atom, Na or K), forming a solid solution 
with the main phase of calcium Sulphate. Thus, treatment of 
calcium Sulphate which is not accompanied by changes in 
the crystal structure thereof will not provide a high degree of 
extraction of rare earth metals in the solution. That is, the 
best extraction of rare-earth metals is achieved by recrys 
tallization of calcium sulphate hemihydrate CaSO, 0.5H2O 
or anhydride CaSO into dihydrate CaSO2H2O. It is 
shown for dihydrate CaSO2H2O that REM form separate 
phases in the form of sulphates, while REM are not present 
in detectable amounts in crystals of CaSO2H2O available 
(Bushuev N. N. Nabiev A. G., Petropavlovskiy I. A., 
Smirnov I. C. “The nature of inclusion of REE cerium 
Subgroup in the structure of calcium Sulphate crystalline 
hydrates”, Journal of Applied Chemistry (rus), 1988, No. 10, 
V. 61, pp. 2153-2158; Bobik V. M. Coprecipitation of rare 
earth elements in a system of three heterovalent ions with 
Sulphates of alkali and alkaline earth elements. Radiochem 
istry (rus), 1977, No. 5, pp. 606–610). 

Thus, behaviour of REM in the course of recrystallization 
of phosphogypsum hemihydrate can be described by the 
following equation: 

The presence of calcium salts in the solution promotes 
extraction of REM from solid solution of calcium sulphate 
and precipitation thereof in form of separate solid phase. 
Therefore, recrystallization is preferably carried out in the 
presence of readily soluble calcium salts: Ca(NO), CaX 
(where X is Cl, Br, I), Ca(CIO), CaSiF etc. The concen 
tration of calcium salt is selected to allow: a) proceeding 
recrystallization of phosphogypsum (increasing calcium 
concentration makes dihydrate formation thermodynami 
cally less favorable); and b) full recovering of the rare earth 
metals (as it is shown in the Examples below, increasing 
calcium concentration increases recovery rate). Use of 
CaCl and Ca(NO) at concentration of 10-300 g/L and 
10-500 g/L, respectively, is especially preferred (0.075-3.75 
M in terms of Ca"). The upper limit is determined by item 
“a” (the possibility of occurrence of recrystallization of 
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hemihydrate), the bottom limit is determined by item “b' 
(the desired degree of REM extraction from the solid 
Solution). 
The duration and temperature of the process is determined 

by the same demands, such as the possibility of occurrence 
of recrystallization of hemihydrate into dihydrate and the 
completeness of recrystallization. The process is preferably 
carried out at 10-45° C. for 0.5-4.0 hours, most preferably 13 
at 20-30° C. for 1-2 hours. 

Conversion of hemihydrate into dihydrate and anhydride 
into dihydrate is thermodynamically possible. However, due 
to the high stability of the calcium sulphate anhydride, 
conversion of anhydride into dihydrate takes too much time 
(under normal conditions the detectable conversion occurs 
within a few weeks). Conversion of hemihydrate into dihy 
drate is more preferable, since it occurs quickly. 
REM can be precipitated from neutral or subacidic solu 

tions in form of separate phases, such as MLn(SO4), 
LnPO, “nHO, LnP5°nH.O., M.Ln(PO)*nHO etc. Thus, 
on the second step of the method of the present invention, 
REM along with calcium phosphates and calcium fluoride is 
dissolved by strong acid. The term “strong acid' includes 
HX (where X is C1, Br, I), HNO, HSO, etc. 

The concentration of acid is selected to allow complete 
dissolution of REM along with phosphorus, fluoride, alkali 
metal impurities (as it is shown in the Examples below, 
increase of acid concentration increases recovery rate). Use 
of HCl and HNO at concentration of 5-250 g/L and 5-300 
g/L, respectively, (0.2-8 M in terms of H') is especially 
preferred. 

If all the above conditions are fulfilled, the degree of 
extraction of REM in the solution is up to 95%, a residual 
content of phosphorus, fluorine and alkali metal impurities 
in calcium sulphate dihydrate does not exceed 0.3 wt.%, 0.1 
wt.%, and 0.05 wt.%, respectively. 

Isolation of REM concentrate from an aqueous solution is 
described in the literature (e.g. Chemistry and technology of 
rare and trace elements. Part 2. Ed. Bolshakov K. A., 
Moscow, High School, 1976, p. 360 (rus)) and is not the 
Subject of the present invention. As an example, the process 
comprising precipitation of REM from Sulphuric acid solu 
tion with sodium sulphate (RU patent 2293781) or the 
process comprising acid neutralization followed by precipi 
tation of REM in form of phosphate-fluorine salt (RU patent 
2109686) can be used. 

Thus, the overall recovery of REM from phosphogypsum 
into the concentrate according to the present invention is up 
to 95%. 
The present invention is explained in more detail below 

using exemplary embodiments, serving solely for illustrative 
purposes and not intended to limit the scope of the present 
invention defined by the appended claims. 

Examples 1-3 

Recrystallization CaSO 0.5H2O+1.5HO->CaSO. 
2HO was carried out under the following conditions: tem 
perature 20-45° C., total time of crystallization 3 hours, 
the weight ratio of the solution (L, liquid) and loaded 
hemihydrate (S. solid), L/S=3/1. Recrystallization was car 
ried out by continuously stirring the Suspension. 
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At the end of the recrystallization process, precipitate of 
dihydrate of calcium sulphate was filtered and washed out. 

Then, resulted precipitate was treated with nitric acid 
solution for 1 hour attemperature 20-45° C., the weight ratio 

258 B2 
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Table 2 shows the composition of the initial hemihydrate 
and the resulting recrystallized dihydrate after acidic treat 
ment. 

of the solution (L, liquid) and loaded dihydrate (S. solid), 5 Examples 6-7 
L/S-3/1. The treatment was carried out by continuously 
stirring the Suspension. Recrystallization CaSO, 0.5HO+1.5HO->CaSO 

Table 1 shows the composition of the initial hemihydrate 2H2O in solutions of nitric and hydrochloric acids without 
and the resulting recrystallized dihydrate after acidic treat- additional salts was carried out under the following condi 
ment. 10 tions: temperature 20-22° C., total time of crystalliza 

tion—3 hours, the weight ratio of the solution (L, liquid) and 
Examples 4-5 loaded hemihydrate (S. solid), L/S=3/1. Recrystallization 

was carried out by continuously stirring the Suspension. 
Recrystallization CaSO, 0.5HO+ At the end of the recrystallization process, precipitate of 

1.5H2O->CaSO2H2O in y% CaCl, solutions was carried 15 dihydrate of calcium sulphate was filtered and washed out. 
out under the following conditions: temperature 20-45°C., Table 3 shows the composition of the initial hemihydrate 
total time of crystallization 3 hours, the weight ratio of the and the resulting recrystallized dihydrate after acidic treat 
Solution (L, liquid) and loaded hemihydrate (S. solid), ment. 
L/S-3/1. Recrystallization was carried out by continuously As can be seen from the data in Tables 1-3, recrystalli 
stirring the Suspension. 20 Zation in the presence of calcium salts yields much higher 
At the end of the recrystallization process, precipitate of extraction of REM into solution (up to 95%), then recrys 

dihydrate of calcium sulphate was filtered and washed out. tallization without calcium salts (up to 50%). 
Then, resulted precipitate was treated with 4% nitric acid While the present invention is described in detail above, 

solution for 1 hour attemperature 20-45° C., the weight ratio one skilled in the art will recognize that modifications and 
of the Solution (L, liquid) and loaded dihydrate (S. solid), 25 equivalent Substitutions can be made, and Such modifica 
L/S-3/1. The treatment was carried out by continuously tions and Substitutions are within the scope of the present 
stirring the Suspension. invention defined by the appended claims. 

TABLE 1. 

The first The second 
Temper- treatment, treatment, HO HO Ln2O3 

Example ature, Ca(NO), HNO, total, crystal, P.O.s, F, total, NaO, K2O, 
No. o C. LS wt.% (M) wt.% (M) Solid phase wt.% wt.% wt.% wt.% wt.% wt.% wt.% 

1 20-22 3/1 30% (2.4M) 4% (0.65M) Source phosphogypsum 21.4 6.9 11 O.32 O.49 O.19 OO6 
Dihydrate after 28.30 19.7 O.87 0.22 O.38 O.12 O.OS 
recrystallization and 
washing by water 
Dihydrate after 29.O 20.7 O.21 O.06 0.043 O.OS O.O3 
washing with 4% 
HNO, 

2 20-22 3/1 10% (0.9M) 10% (1.67M) Source phosphogypsum 21.4 6.9 11 O.32 O490 O.19 O.O6 
Dihydrate after 29.30 204 0.76 O.18 O.39 O.13 O.OS 
recrystallization and 
washing by water 
Dihydrate after 30.1 20.9 O.15 0.04 O.O83 0.06 0.03 
washing with 10% 
HNO, 

3 40-45 3/1 40% (3.7M) 12% (2.03M) Source phosphogypsum 21.4 6.9 11 O.32 O490 O.19 O.O6 
Dihydrate after 31.10 18.6 O.96 O.28 0.45 O.16 0.06 
recrystallization and 
washing by water 
Dihydrate after 30.7 20.7 O.20 OO6 O.O.33 O.OS O.O3 
washing with 12% 
HNO. 

TABLE 2 

The first The second 

Temper- treatment, treatment, HO HO Ln2O3, 
Example ature, CaCl2, HNO, total, crystal, P-Os, F, total, Na2O, K2O, 

No. o C. LS wt.% (M) wt. (M) Solid phase wt.% wt.% wt.% wt.% wt.% wt.% wt.% 

4 20-22 3/1 17% (1.76M) 4% (0.65M) Source phosphogypsum 21.4 6.9 0.93 0.27 0.59 0.15 0.09 
Dihydrate after 29.S. 18.8 0.67 0.15 0.38 0.11 O.O6 

recrystal 
washing 

lization and 

by water 
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TABLE 2-continued 

The first The second 
Temper- treatment, treatment, HO HO Ln2O3, 

Example ature, CaCl2, HNO, total, crystal, P-Os, F, total, Na2O, K2O, 
No. o C. LS wt.% (M) wt. (M) Solid phase wt.% wt.% wt.% wt.% wt.% wt.% wt.% 

Dihydrate after 29.0 20.7 O.12 O.O3 O.O37 O.OS O.O3 
washing with 4% 
HNO, 

5 20-22 3/1 10% (0.98M) 10% (1.67M) Source phosphogypsum 21.4 6.9 O.93 O.27 O.S9 O.15 0.09 
Dihydrate after 34.30 19.1 O.86 O.17 O.41 O.18 O.O7 
recrystallization and 
washing by water 
Dihydrate after 30.9 20.8 O.18 O.O4 O.OS3 O.O6 O.O3 
washing with 10% 
HNO 

TABLE 3 

Acid HO HO Ln2O3 
Example Temperature, concentration, total, crystal, P-Os, F, total, Na2O, K2O, 

No. o C. LS Acid wt.% (M) Solid phase wt.% wt.% wt.% wt.% wt.% wt.% wt.% 

6 20-22 3.1 HCI 7% (1.97M) Source phosphogypsum 29.7 7.O O.85 0.31 O.38 O.14 O.11 
Dihydrate after 31.5 2O2 O.O3 O.O2 O.18 O.OS O.O3 
recrystallization and 
washing by water 

7 20-22 3.1 HNO, 12% (2.03M) Source phosphogypsum 29.7 7.O O.85 0.31 O.38 O.14 O.11 
Dihydrate after 33.30 20.4 O.OS O.O1 O16 O.O4 OO1 
recrystallization and 
washing by water 

What is claimed: 
1. A method for extracting rare earth metals from phos 

phogypsum, the method comprising: 
(a) treating a hemihydrate or anhydrite of calcium Sul 

phate with a soluble calcium salt under subacidic 
conditions to form a soluble calcium salt treated mix 
ture, the soluble calcium salt treated mixture compris 
ing a first calcium Sulphate dihydrate precipitate and a 
rare earth metal precipitate; and 

(b) treating the soluble calcium salt treated mixture with 
a strong acid to form a second calcium Sulphate dihy 
drate precipitate and a rare earth metal Supernatant, 

wherein the soluble calcium salt has a Ca2+ concentration 
from 0.075 M to 3.75 M of Ca", 

wherein the Subacidic conditions comprises a pH greater 
than 1, 

wherein the strong acid has a pKa less than 0, and 
wherein the strong acid has an H" concentration from 0.2 
M to 8.O. M. 

2. The method of claim 1, wherein the soluble calcium salt 
is selected from the group consisting of calcium nitrate, 
calcium chloride, and a mixture thereof. 

3. The method of claim 1, wherein the treating a hemi 
hydrate or anhydrite of calcium sulphate with a soluble 
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calcium salt under subacidic conditions is carried out at 10° 
C. to 50° C. during 0.25 hours to 4.0 hours. 

4. The method of claim 1, wherein the treating a hemi 
hydrate or anhydrite of calcium sulphate with a soluble 
calcium salt under subacidic conditions is carried out at 20° 
C. to 30° C. 

5. The method of claim 1, wherein the strong acid is 
selected from the group consisting of nitric acid, hydrochlo 
ric acid, Sulphuric acid, and a mixture thereof. 

6. The method of claim 1, further comprising filtering the 
second calcium Sulphate dihydrate precipitate from the rare 
earth metal Supernatant. 

7. The method of claim 6, further comprising concentrat 
ing the rare earth metal Supernatant to form a rare earth 
metal concentrate. 

8. The method of claim 1, wherein the rare earth metal 
Supernatant comprises lanthanum. 

9. The method of claim 1, wherein the rare earth metal 
Supernatant comprises yttrium. 

10. The method of claim 1, wherein the rare earth metal 
Supernatant comprises a combination of lanthanum and 
yttrium. 


