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Fig. 1 Isomorphic property of REE elements!'*': (a) Radius
comparison of rare earth ions and common metal ions at
different charge and coordination number; (b) Content of REEs
in apatite, quartz vein scheelite (wolframite), porphyritic
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magnetite
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[La]r=[La*']+[LaOH?*"]+[La(OH), +[La(OH);(aq) ]+
[La(OH), J+[LaH,PO,* +[La(HPO,) ]+
[La(HPO,), J+[La(POy),* J+[LaPO4(aq)]+
[LaSO,"T+[La(SO4), ] (1)

[WI=[WO,* HHWO, [+[H;WO4(aq)[+2[W,0," I+
3[W3040" [+4[W,4015" J+5[WsO06” +7[W-0x" T+
T[W+024" T+7[W7055” TH8[WgOas™ I+
10[W03;” T+11[W,034” T+12[H;W 1,04, T+
12[H,W 1,040 [+[PWOg 1+2[PW,00 T+
3[PW301, J+4[PW40;5 J+5[PWsOy5 J+
6[PW¢Oy; J+8[PW50y7 J+10[PW (053 ]+
12[PW 1,04 ] (2)

[P1:=[PO,™ +[HPO,* [+[H,PO, J+{H;PO, ]+
[LaH,PO,> J+[La(HPO,)' [+2[La(HPO,), |+
2[La(PO,),* [+[LaPO,(aq)]+CaH,PO, T+
[CaHPO,]+2[Ca(H,PO,),]+[CaPO, [+{PWO, T+
[PW20q J+[PW;301; [H[PW4O5 [H[PWsO5 |+
[PWOa1 [+[PW5Oy7 [+[PW 19033 [+[PW 1,049 ] (3)

[S]r=[SO,* +[HSO, ]+[H,SO,]+[LaSO, 1+2[La(S0.), ]
“)

[Ca];=[Ca®"+[CaOH 'J+[CaH,PO, ]+[CaHPO,]+

[Ca(H,PO,),]+[CaPOy ] 5)
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Table 1 Chemical reaction equations and corresponding equilibrium constants of revenant reactions (25 C)

Equilibrium reaction Equilibrium constant Reaction No. Reference
La**+H,PO, =LaH,PO,* 25 1 [17]
La*+HPO,* =La(HPO,)" 5.1 2 [17]
La*>*+2HPO,> =La(HPOy), 8.4 3 [17]
La*™ 2P0, =La(POy4)," 17.6 4 [17]
La*"+P0O,” =LaP0y(aq) 10.96 5 [17]
LaPOy(s)=La*+P0O,> 2243 6 [17]
La*>+S0,> =LaS0," 3.4 7 [17]
La**+S0, =La(S0.), 5.1 8 [17]
La**+OH =LaOH* 5.34 9 [17]
La**+20H =La(OH)," 9.86 10 [17]
La**+30H =La(OH);(aq) 14.09 11 [17]
La**+40H =La(OH), 15.14 12 [17]
Ca®*+H,PO, =CaH,PO," 1.504 13 [18]
Ca*+HPO,* =CaHPO, 2.8331 14 [18]
Ca>+P0O,”=CaPO,” 6.5391 15 [18]
Ca®*+OH =CaOH" 1.40 16 [18]
CaS04(s)=Ca*"+S0,* -4.5 17 [19]
Ca o(PO,) ¢(OH)x(s)=10Ca*"+6PO,* +20H" -116.8 18 [20]
Lay(WO,)5(s)=2La*+3W0,* -3.9 19 [19]
CaWO,(s)=Ca>"+WO0,* -8.8 20 [21]
H+WO0,” =HWO, 3.5 21 [21]
2H"+WO0,> =H,WO,(aq) 8.1 22 [21]
WO,0H +WO;0H =W,0,* +H,0 1.8770 23 [22]
W,0,7 +WO;0H +H'=W;0,,> +H,0 6.1758 24 [22]
2W,0,7 +2H'=W,0,;* +H,0 22.5979 25 [22]
W,0,2 +W;0,0> +2H"'=W,0,,> +H,0 24.1878 26 [22]
W0, +Ws0,6° +2H"=W;0,,> +H,0 17.3569 27 [22]
SH+7WO0,> =W;0,," +4H,0 65.19 28 [23]
9H"+7WO0,> =W;0,,> +4H,0 69.96 29 [23]
W;0,,> +WO;0H +H =W;0,5 +H,0 2.7088 30 [22]
2W50,¢¢ +H2H=W(0;,> +H,0 10.5923 31 [22]
W10032 +WO,0H +H'=W,,05,”> +H,0 12.3147 32 [22]
14H"+12WO,* =H,W,0,,'° +6H,0 115.38 33 [23]
18H +12WO,> =H,W,0,4," +8H,0 135.02 34 [23]
HPO,> +WO;0H +2H'=PWO; +2H,0 6.4187 35 [22]
HPO,> +W,0,* +3H"=PW,0y +2H,0 22.7451 36 [22]
HPO,” +W;0,,* +3H"=PW,0,, +2H,0 29.7232 37 [22]
PWO4 + W30,0> +2H"=PW,0,5 +H,0 31.5192 38 [22]
PW,0y +W;0,,> +2H'=PW;0,5 +H,0 14.3684 39 [22]
PWO4 +W:0,s> +2H"=PW,0,, +H,0 11.3725 40 [22]
PW0, +W,0,* +2H =PW;0,; +H,0 18.2844 41 [22]
PW;0,, +W,0,* +2H"=PW,05; +H,0 17.1214 42 [22]
W1,0342 +PWO; =PW,049" 91.3631 43 [22]




390 hEA SR R

2018 42 A

2 HR5E

2.1 La-W-S-P-Ca-H,0 Z#HANZE 01

7E La-W-S-P-Ca-H,0 &, 2L BRYFiA pH A%
WoAZ, WG, HREE e . £
FIRIRZ R AWM LSO, LA pH H 0.1 kG R
B S 5 mL:1 g, GBI EEI4°4 0.5mol/L 4%
PER EHEH 5 1) 1ge —pH B, WK 2 FioR.

MR R IE BTN, B0 G LR AT L
LaH,PO.*". LaSO, "\ La(SO,), » E3WH K [PW 120401 -
K 2 260, @ @) @ B4l A B LaPOy(s)-
CaHPO4(s)+ Ca3(POy4)y(s)+ Cajo(PO4)s(OH)(s)HI i Fk

lg[c/(mol-L™)]

-1 . .
P
= il
L -3t : N
— ' ' |
o ' i
£ ' L @1
S -5 © & ®:0
o0 ] (N [T
- . HEN R
[ ' vl
-7t : vooNdkale i
] ] i [
[ ' ~o Vo
: i N
_9 1 i 1 PR 1 12 3 11N
-1 0 1 2 3 4 S 6 7
pH

B2 La-W-S-P-Ca-H,0 AR EE AR5 1g o—pH Bl 55
HLORAE. R, RBE. BB 1g c—pH E(25 1C)

Fig. 2 lg c—pH diagrams of main species of La-W-S-P-H,0
system(a) and total tungsten, calcium, sulfur, phosphorus and
lanthanum(b) (25°C) (1—Ca®>"; 2—La’"; 3—S0,%; 4—W0,*;
5—P0,*; 6—LaS0O,"; 7—La(S0,), ; 8—LaHPO,"; 9—
LaH,PO*"; 10—HSO,; 11—HPO,*; 12—H;P0O,; 13—
H,PO, ; 14_[PW12040]37)

1 CaSOL ()R LR . LkOULA, FEH /ot
M 6 B A DA A R S D T A B DT 5
LOUA, WP IS AR B LaPOy(s)UTTE AR
TR @5 Z%E XN CaHPOL(s)FE X ],
IEIN R AN S 58 14 & o il B BRE IMPER
FIRBERRIHIFE: L@ HL@Z N Cay(PO,), FaiE
DX, B T ARG AR Ay B T A A RS, T R
S, DMRIEEU) WO, SN2 R . 5 Ik,
WEF 2 A B P IS R SO>Sl L%
RELA & BT biE pH ThHa R L@,
HIREEBE AT A, VRS 43 Al (9 DT 23405 5 R AR
ghity, PILOWRCT CaSOL(s)UiE 4. MK 2
TR, PEAAR LRI e AR Z O LA I 75 5
W R X AT, Bz, Wb Rh
LaSO,". La’*fl LaH,PO,*". Bl pH 715, B
B HL,PO, WREERINI, CaSOu(s)JiiEsli SO.2 WKEH
i, W7 e L™ AWk ek s &, X T o i R
Lay(WO,);=2La* +3WO,”, i L4 153 107 [ # 3 .
P REAT R RIS - (9 1 B IX TR e 2R QO
pH {H, pH {HAK, S8 L3 nsese X o, %)
JRE R T2 A SR E AR ik, THE T AR
BB R ZOpH EIN R, Wk 3 Fix. Y
[S]r=0.5mol/L I, JTCit[P]r Wifil &4k, LOIRFF pH=1
AB(B ML 1, 20 3), 114 [Pl fHE, [S]rilkEEHE A,
£ OpH AL 3G (S 1. 4. 5), HIWY
IN[SIr [Plr MBI IRFF & Z ARSI ZE 1. 64 7).

1.0

s o o
N [o)} e’}
T T T

Total recoverty If La

o
\]
T

05 10 15 20 25 30 35 40
pH

3 ANIELEM S R AR SV [ R B pH AR

257C)

Fig. 3 Change of total recovery of La with pH at different

concentrations of total sulfur and phosphorus(25 C) (1—

[S]=0.5 mol/L, [P]=0.5 mol/L; 2—[S]=0.5 mol/L, [P]=2 mol/L;

3—[S]=0.5 mol/L, [P]=4 mol/L; 4—[S]=2 mol/L, [P]=0.5

mol/L; 5—[S]=4 mol/L, [P]=0.5 mol/L; 6—[S]=2 mol/L, [P]=2
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Table 2 Coordination constant of some rare earth ions with POMs (25 C)

Type Polyoxometalate Rare earth cation lg f Ig p»
[SiW,040]* Eu®* 1.8861 7.68037 -
ce* 94138 15.688
, [SiW,030]% Ce* 24.68%% 35881
Keggin Eu* 8.106! 14.283¢)
. ce™' 8.70% 15.45%
[FWuOsl Ce* 22,9038 33,50
Nd** 2.86139 -
Eu* 3.868¢, 6.71137 -
[P2W18062]67 Dy3+ 3.530¢ -
Er* 3.30039 -
Yb* 3.188¢ -
La** 8.000% 10.19-11.45%
ce* 6.61%% 8.108
Well-Dawson 01-[PaW 17061 Ce* 21.78%8 27.98%81
Nd** 8.6308 10.70-11.955%
Eu* 10.3588 12.53-13.5788
La*" 7.538381 11,3383 12.978381 17,1263
ce* 8.8038 14.858
02-[PaW 17061 Ce* 23,188 33.68%
Nd** 7.92881 11,661 12.42881 17,9231

8.050%, 11.408%

14.595% 18,5133
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Fig. 6 Solubility of lanthanum sulfate at different
temperatures(a) and heteropolytungstate acid concentrations(b)

and pH value of heteropolytungstate acid in theory and

experiment at 25 C
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Table 3 Leaching results of tungsten and rare earth of

scheelite under different conditions

Test ¢(H,S0,)/ Leaching rate/%

No. (mol-L™) La Ce Nd
1 1.0 65.49 33.61 32.91
2 2.0 77.48 41.50 40.50
3 2.5 85.61 45.68 47.03
4 3.0 63.50 40.18 35.41

Ak, BT R E T R S i, TR
MRS, BT RIFHBER . B2 R S T R
e e, Bk T RER PR EEOR B 26

1) FIABERR . BRI B4t & &+

iR B HARFF R IGE &, pH<<1 W, 22 RLL
SEREIIPW 1,040 TERAFAE, HRAE[SIW 1,040]" 55 1
PTCAL 5 HAHE R L C 5 B 0/ T 02 . DA, DRI
Fi - EH % REH,POS™ [ RESO," 2545 W01 LI,
A FH BH S 1 A HR) (R ) 44 EURR 1 P FH B 25 1 A L
(B ) S o

2) FIHAZ BRIE s A B B+

RSN pH #HITE 1~3 2 [0, #WlHEa2
PR AZ R BT A T o X PR T IR 20 2 TR AT R ZU IR 45 R
THET), W LB TR KERA T T2 2 R
A, HILRCAZ B8 1 K TR . BRIRAR I . BEHT,
R FH e REBGR) (S R K A% T 5 8 R AR E, AR
PRERF IR S 2t +, PR A S A

3 %t

1) MHERAE 27 1 A7 2 16 el iR 4 - 5 S5 450 Kk
ARG E A, 456 BT s R R 7
file ol T2, WA s, %7 25 CH
La-W-P-S-Ca-H,0 R HH L 4F0kH pH {H. GiBHER
WL 2 P B LU TR S e Z LA R

2) FEAM AR R IR 1 R P R IR | DR AR
T BRRSE 4% B B TR RS T (R i, AEAE R BRI
AT T R LR R PR S P SO AR 1 IRITIE

3) FESHT Al T O A 2% 22 18 T 5 4 L 2R A
TEREZYIE T, W ERTE—E A R Z RS
G L RE I K TR SORERAR I, BRI S = R 4
A5 | A R0 =3 o ] AL

4) SEBG R 2k 2 BRAE =i =y TR T 4 F R N R 1
I AAVER], AR RIREE 90 *Cy [ NINHE] 5 h AR

WP Imol/L RFRHE 2.5 mol/L IFf, La. Ce. Nd %%
R 85.61%. 45.68% 55 47.03%.

S) WMt E RN LA pH AH DA ol VR R A
FE, VR S R B 2 2 IR GRS, BTk
IR T 58 1 43 20 B )P B

REFERENCES

[1]  Ehess, 2 F, £ 5, Bk P EB LR RS b
[E45 {042 )8, 2010, 20(2): 34-38.

HAN Xiao-ying, LI Ping, WANG Yong, WANG Xin-lin.
Development situation of China’s rare earth[J]. China
Nonferrous Metals, 2010, 20(2): 34—38.

[2] MRS, WIE AR IEIUR S IR R[] BT R
FFk&, 2003(S1): 69-72.

SUN Yan-mian. On current situation and exploitation of scheelite
resources in China[J]. Mining Research and Development,
2003(S1): 69-72.

[31 ALK, B BAREUEIAR[M]. dbnt: w4 DR AL, 2006:
52-88.

HUANG Li-huang. Rare earth extraction technology[M]. Beijing:
Metallurgy Industry Press, 2006: 52—88.

[4] GOLDSCHMIDT V M. The principles of distribution of
chemical elements in minerals and rocks[J]. Journal of the
Chemical Society, 1937: 655-673.

[51 3R, BEEREAEM]. st BRE HIRAL, 1987: 38-60.
LIU Ying-jun. Geochemistry of tungsten[M]. Beijing: Science
Press, 1987: 38—60.

(61  SARTJE. BRI ERA E TS RE[T]. A B 4, 2009,
15(1): 19-34.

MA Dong-sheng. Progress in research on geochemistry of
tungsten[J]. Geological Journal of China Universities, 2009,
15(1): 19-34.

(71 SR, IR, XUESP, SOEHL R R R A R AN R

PRI AY 1 BT A B 0 3 MU Bk AL SRR AE (D). ST Bk AL 2,
1998, 26(2): 34-38.
ZENG Zhi-gang, LI Chao-yang, LIU Yu-ping, TU Guang-zhi.
REE geochemistry of scheelite of two genetic types from
Nanyangtian, Southeastern Yunnan[J].Geology-Geochemistry,
1998, 26(2): 34-38.

8]  THEZE, BR&HE TR X B R RS 22 i e

M £ G IR 8 SIRAFIRAS ], 7273k, 1991, 112):
122-132.
GAN Guo-liang, CHEN Zhi-xiong. The compositional
characteristics and existing state of major, trace and rare-earth
elements in wolframite from the Dupanling tin ore-field,
Guangxi[J]. Acta Mineralogica Sinica, 1991, 11(2): 122—132.

[91  3BALE B LA Pt s M) dbnt: thE DA AL, 1963.
GUO Cheng-ji. Rare earth minerals chemistry[M]. Beijing:



5528 53 2

FARsE, & BUBRRIR MK AR AR R RAT N

395

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

China Industry Press, 1963.

TR Wi Lo IR A M].
HUTTHA AL, 1989: 1-69.
HENDERSON P. Rare earth element geochemistry[M]. TIAN

F, 0 W, et

Feng, SHI Lang, transl. Beijing: Geological Publishing House,
1989: 1-69.

sRE, RSO, B, FIHOE BRI
HE—H PR J3 IR R R PR S Sl b 7R [0, MBERAE 2%, 1990(1): 11-20.
ZHANG Yu-xue, LIU Yi-mao, GAO Si-deng, HE Qi-guang.
REE geochemical characteristics of tungsten minerials as the
genetic types of ore deposits[J]. Geocheical, 1990(1): 11-20.
WERNE. R LA RAT R A A6 b R A U AIE
SRRl [T, 7 PRHLT, 1985, 4(1): 49-55.

MAN Fa-sheng. The rare earth patterns and origin of
tungsten-related granitic rocks in South China[J]. Mineral
Deposits, 1985, 4(1): 49-55.

AUFFY, SR, Rrkdz, /R A0 L RO R
WEFTBLIR[]. H E 8L, 2010, 25(4): 15-18.

ZHU Hai-ling, DENG Hai-bo, WU Cheng-hui, HE Xiao-min.
The current comprehensive recovery technology of tungsten
slag[J]. China Tungsten Industry, 2010, 25(4): 15—18.

Rlde, BRW, AR, WE, HREIC Ml PE A
BT IRRIGFIE[T]. BRI 4, 2015(2): 114-116.
LIANG Huan-long, LUO Dong-ming, LIU Chen, XIE
Ying-bang, HUANG Tai-yuan. Leaching of scandium from
tungsten slag[J]. Hydrometallurgy of China, 2015(2): 114—116.
ZHAO Zhong-wei. LI Jiang-tao. Method for extracting tungsten
from scheelite: U.S., Patent 8771617[P]. 2014-07-08..

HAAS J R, SHOCK E L, SASSANI D C. Rare earth elements in
hydrothermal systems: estimates of standard partial molal
thermodynamic properties of aqueous complexes of the rare
earth elements at high pressures and temperatures[J].
Geochimica et Cosmochimica Acta, 1995, 59(21): 4329—4350.
SPAHIU K, BRUNO J. A selected thermodynamic database for
REE to be used in HLNW performance assessment exercises[M].
Cerdanyola, Spain: MBT. Tecnologia Ambiental, 1995: 24—56.
LU Xiong, YANG Leng. Theoretical analysis of calcium
phosphate precipitation in simulated body fluid[J]. Biomaterials,
2005, 26(10): 1097-1108.

SPEIGHT J G. Lange’s handbook of chemistry[M]. New York:
McGraw-Hill, 2005: 341-352.

DOROZHKIN S V. Calcium orthophosphates[J]. Journal of
Materials Science, 2007, 42(4): 1061-1095.

OSSEO-ASARE K. Solution chemistry of tungsten leaching
systems[J]. Metallurgical Transactions B, 1982, 13(4): 555-564.
BRrR3%, 55 g, Bl SRR, a-Keggin B[PW,,040] 1K
oML OB # J) % ®F % [EB/OL] [2011-09-02].
http://www.paper.edu.cn/html/releasepaper/2011/ 09/42/.

LANG Zhong-ling, GUANG Wei, YAN Li-kai, SU Zhong-min.

Theoretical study on formation thermodynamic of a-Keggin-type

[23]

[24]

(25]

(26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[PW,04]> anion[EB/OL]. [2011-09-02]. http://www.paper.
edu.cn/html/releasepaper/2011/ 09/42/.

TKREH, B, BRET, XPUIE. W-Mo-H,0 R #5473
I 253 M (3], AT (4 2% 4], 2013, 23(5): 1463-1470.
ZHANG lJia-liang, ZHAO Zhong-wei, CHEN Xing-yu, LIU
Xu-heng. Thermodynamic analysis for separation of tungsten
and molybdenum in W-Mo-H2O system[J]. The Chinese Journal
of Nonferrous Metals, 2013, 23(5): 1463—1470.

FERL, Je&ar, WM, SR, o, AL Wik
P A o e R T A R o ] ORI D]. T AR 1244, 2008,
26(3):307-312.

WANG Liang-shi, LONG Zhi-qi, HUANG Xiao-wei, PENG
Xin-lin, HAN Ye-bin, CUI Da-li. Rare earth distribution control
during wet process of phosphoric acid production[J].Journal of
the Chinese Rare Earth Society, 2008, 26(3): 307-312.

WIRTH F. Contribution to the chemistry and technology of thor
and rare earth[J]. Journal of Inorganic Chemistry, 1912, 76(1):
174-200.

PEACOCK R D, WEAKLEY T J R. Heteropolytungstate
complexes of the lanthanide elements. Part I. Preparation and
reactions[J]. Journal of the Chemical Society A: Inorganic,
Physical, Theoretical, 1971: 1836—1839.

KEGGIN J F. Structure of the crystals of 12-phosphotungstic
acid[J]. Nature, 1933(3331): 351.

POPE M T, MULLER A. Polyoxometalate chemistry: An old
field with new dimensions in several disciplines[J]. Angewandte
Chemie International Edition, 1991, 30(1): 34—48.

POPE M T. Polyoxometalates: From platonic solids to
anti-retroviral activity: From platonic solids to anti-retroviral
activity[M]. New York: Springer Science & Business Media,
1994: 1-40.

POPE M T, MULLER A. Polyoxometalate chemistry from
topology via self-assembly to applications{M]. New York:
Springer Science & Business Media, 2001: 69—135.

PEACOCK R D, WEAKLEY T J R. Heteropolytungstate
complexes of the lanthanide elements. Part I1. Electronic spectra:
A metal-ligand charge-transfer transition of cerium (III)[J].
Journal of the Chemical Society A:
Theoretical, 1971: 1937-1940.

LUO Qun-Hui, HOWELL R C, DANKOVA M, BARTIS J,
WILLIAMS C W, HORROCKS W D, YOUNG V G

RHEINGOLD A L, FRANCESCONI L C, ANTONIO M R.

Inorganic, Physical,

Coordination of rare-earth elements in complexes with

monovacant ~ Wells-Dawson  polyoxoanions[J].  Inorganic
Chemistry, 2001, 40(8): 1894—1901.

ZHANG C, BENSAID L, MCGREGOR D, FANG Xi-kui,
HOWELL R C, BURTON-PYE B, LUO Qun-hui, TODARO L,
FRANCESCONI L C. Influence of the lanthanide ion and
solution conditions on formation of lanthanide Wells—Dawson

polyoxotungstates[J]. Journal of Cluster Science, 2006, 17(2):



396

A 6 2

2018 4F2 A

[34]

[35]

[36]

[37]

389-425. Inorganic Chemistry, 1991, 30(24): 4563—4566.

BARTIS J, DANKOVA M, LESSMANN 1J J, LUO Qun-hui, [38] GSCHNEIDNER K A, BUNZLI J, PECHARSKY V K.
HORROCKS W D, FRANCESCONI L C. Lanthanide Handbook on the physics and chemistry of rare earths(Volume
Complexes of the a-1 Isomer of the [P,W ;06 ] 38)[M]. North-Holland: Elsevier, 2002: 337-375.
heteropolytungstate: Preparation, stoichiometry, and structural [39] SMITH B J, PATRICK V A. Quantitative determination of
characterization by 183W and 31P NMR spectroscopy and aqueous dodecatungstophosphoric acid speciation by NMR
europium( [l ) luminescence spectroscopy[J]. Inorganic spectroscopy[J]. Australian Journal of Chemistry, 2004, 57(3):
Chemistry, 1999, 38(6): 1042—1053. 261-268.

FEDOTOV M A, PERTSIKOV B Z, DANOVICH D K. "0, *'P [40] MASSART R, CONTANT R, FRUCHART J M, FRUCHART J

and '"®W NMR spectra of paramagnetic complexes with the
heteropolytungstate anion [Ln(PW;,03),]'""" and their co[J].
Polyhedron, 1990, 9(10): 1249—-1256.

VANPELT C E, CROOKS W J, CHOPPIN G R. Stability
constant determination and characterization of the complexation
of trivalent lanthanides with polyoxometalates[J]. Inorganica
Chimica Acta, 2003, 346: 215-222.

SAITO A, CHOPPIN G R. Interaction of metal cations with

[41]

M, CIABRINI J P, FOURNIER M. Phosphorus-31 NMR studies
on molybdic and tungstic heteropolyanions. Correlation between
structure and chemical shift[J]. Inorganic Chemistry, 1977,
16(11): 2916-2921.

ACERETE R, HARMALKER S, HAMMER C F, POPE M T,
BAKER L C W. Concerning isomerisms and interconversions of
2:18 and 2:17 heteropoly complexes and their derivatives[J].

Journal of the Chemical Society Chemical Communications,

heteropolytungstate ions  SiW,04" and  P,W 306, [J]. 1979, 17: 777-779.

Behavior of accompanying rare earth during process of
decomposing scheelite by sulfuric-phosphoric mixed acid

GUO Fu-liang, CHEN Xing-yu, ZHAO Zhong-wei, HE Li-hua, YANG Kai-hua, YANG Zhen

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: The thermodynamic equilibrium diagrams for the distribution of species of accompanying rare earth(REE) at
different pH values, sulfuric and phosphorous acid concentrations were drawn at 25 °C. Using these diagrams, the
technical methods for extracting rare earth and tungsten were found theoretically and tested by experiments. It appears
that rare earth ions can be coordinated by phosphorous acid, sulfate anion or hereopolytungstate anion at different pH
values. When the pH value is less than 1, rare earth ions coordinate with phosphorous acid or sulfate anion preferentially
and transform to cation cluster. At the pH range of 1-3, rare earth ions coordinate with hereopolytungstate anion and
transform to lanthanide containing anion cluster. These complexations are favorable to decompose rare earth minerals.
The heteropoly acid can promote the decomposition of rare earth. When the mass fraction of WO; and rare earths in
scheelite are 26.11% and 0.13%, and the concentration of sulfuric and phosphoric acid are 2.5 and 1 mol/L, respectively,
the leaching rates of La, Ce, Nd reach 85.61%, 45.68% and 47.03% at 90 “C for 5 h. Besides, rare earth and tungsten also
can be extracted separately or simultaneously as the species of complexations difference.

Key words: rare earths; scheelite; lanthanide containing hereopolytungstate anion; extraction; thermodynamics
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