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Table 1 Chemical analysis results of the rare earth

rough concentrate/ %

Component REO  P,05  SiO, CaO MgO Fe,05 F

Content  13.12 16.25 3.92 15.35 0.16 24.05 5.27

MFE &R F M LM B W

o Em, HE RS &K, REO & & A
13. 12% . WA RGOS 0 IS = 00 12, 240
SRS Z —, R 2 AT ERE
%M + 96 % (La,0,, Ce0, , Pr,0, il Nd,0,) & it
91. 68% ; 1 #5 £ L& (Sm, 0, Eu,0, ., Gd, 0, Th,0,
Fl Dy,0,) &1t 6. 63% ; H i + 70 % (Ho,0, .Er,0,
Tm,0, . Yb,0, .Lu,0, 1 Y,0,) &3 1. 69% ; 5 FH N
W W LA L RS S L o R SRR
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Table 2 REE distribution of the rare earth rough

concentrate/ %

Component La203 CeOz PI‘60]] Nd203 Sm203 Eu203 Gd203 T})407

Content 21.35 42.64 5.83 21.86 3.35 0.72 1.68 0.27

Component Dy,0; Ho,O3 Er,O; Tm,0; Yb,0; Lu,0;3 Y,0;  Total

Content 0.61 0.15 0.19 <0.001<0.001<0.001 1.35 100.00

1.2 KIGJHIE
1201 WAL R A S e i 2
WRBIR 5> f s 07 0 1 32 R
2RECO,F + 3H,S0, = RE,(S0,), + 2HF +
2C0, + 2H,0 (1)
2REPO, + 3H,S0, = RE,(S0,), + 2H,P0,(2)
Fe,0, + 3H,S0, = Fe,(S0,), + 3H,0 (3)

CaF, + H,S0, = CaSO, + 2HF 1 (4)
Si0, + 4HF = SiF, T + 2H,0 (5)
TE 200 °C ~300 °C , BERR WK i 22 Ay FE R «
2H,PO, = H,P,0, + H,0 (6)
330 CA AT, BRI it «
H,80, =S0, T + H,0 (7)

400 “C iR BTty 4 fige m Ay i =X R K, 45 ol
R K -
Fe,(SO,); =S0, T +Fe,0(80,),  (8)
H,P,0, = 2HPO, + H,0 (9)
1.2.2  BRZeid ) sy 5
R 2 e R %) s 07 S AN R
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Fe'* + PO,>” =FePO, | (10)

Fe’* + 30H =Fe(OH), | (11)

RE’* + PO,”” = REPO, | (12)

RE** + 30H =RE(OH), | (13)
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Fig. 1 The principle process
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Table 3 Chemical analysis results of the leaching

liquid and the residue

REO P205 SIOZ CaO MgO F6203 S

Component

Leaching liquid/(g/L) 28.04 6.85 0.064 0.67 0.12 41.68 /

Residue/ % 2.1518.24 5.48 19.49 0.18 8.3118.65
2.2 B

TR F IR R T — 7K 5 A5 3] 1495 HE 9 P 2% o
B R, TR FH U SRA A AT v R TE B 2%
SIS R O S AL BN B pH Ol 3.5, 01
JETLE 60 °C, ULHERE] 1 h, VUHE S 9E 47 W # 4)
B AL IR B Al B T2 SR LR 4 1
L a7

x4 HBURMGBHEHUZITER
Table 4 Chemical analysis results of the purified liquid and the Fe-P residue

Component REO P,0; Si0, CaO MgO Fe, 0,
The purified liquid/(g/L) 21.07 <0. 005 <0. 005 0.51 <0. 005 0. 022
Fe-P residue/% 0. 64 6. 83 0. 058 <0. 005 0.11 41.53
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Table 5 Chemical analysis results of the rare earth carbonate and the mother liquid of rare earth

Component REO P,04 Si0, Ca Mg Fe
RE,(CO;) 3/ % 46.22 <0.01 0. 093 0.61 0. 0044 0.02
The mother liquid/ (g/L) <0. 005 <0. 005 0.010 0. 009 <0. 005 0.08

M5 AR, B L OO R T REO & KT
0.005 g/L, i L ULVER T4, BRI A 17 &b (1) 24
TG, IR + REO & & 46. 22% , 115457 -
ISR 99. 80% ., SLIM 427 i B [0
2.4 EREHBLIERMSN

X A AR R 7 i R T R B o AT
OIAT BN 6 i, H T ORI 10TV BRI
+EERARTF 0.005 g/ L, WA B I mA K,
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Table 6 REE distribution of the whole flow/ %

RE oxide La,0, Ce0, Prs0,, Nd, 0, Sm, 0, Eu, 0, Gd,0, Th, 0,
Rare earth rough concentrate 21.35 42. 64 5.83 21. 86 3.35 0.72 1.68 0.27
Residue 17.31 37.12 5.79 21.40 4.87 1.25 3.03 0. 56
Fe-P residue 12.96 35.94 5.71 20. 32 4.54 2.38 8.93 0. 96
RE,(CO;), 22.02 43.72 5.86 21.98 3.07 0.57 1.30 0.21

RE oxide Dy, 0,4 Ho, 05 Er, 05 Tm, 0,4 Yb, 0, Lu, 05 Y,0, Total
Rare earth rough concentrate 0. 61 0.15 0.19 <0. 001 <0. 001 <0. 001 1.35 100. 00
Residue 2.21 0.45 0.76 <0. 001 <0. 001 <0. 001 5.25 100. 00
Fe-P residue 2.19 0. 82 1.21 <0. 001 <0. 001 <0. 001 4.04 100. 00
RE,(CO3) 4 0.35 0.09 0.08 <0.001 <0. 001 <0. 001 0.75 100. 00
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Table 7 Rare earth recovery of the whole flow/ %

Sulfation-water ~ Impurities ~ Rare earth ~ The whole

Recovery

leach removal  precipitation flow
REO 88. 44 97.73 99.25 85.78
CeO, 89.93 98.12 99. 68 87.95
Nd, 04 88. 68 97.90 99. 36 86. 25
Gd, 0,4 79. 14 86. 51 96. 95 66. 38
Dy, 0, 58.10 87.59 96.71 49.22
Y,0, 55.03 89. 08 97.22 47. 66

N T ET A, R R A A I R R B R 0T
RS IR REO B9 MR 55 A S s Ay 22501

MR T AT LE & TR 1+ CeO, Fil Nd,O,
(4 BRI T REO BSR4 T & +
Gd,0,.Dy,0, 1 Y,0, B ECRZLF REO (1]
R HA AR R L — 1= 1 B [ R A A 2 5 i v |
i = [ e f A R R LU B0 UE B 4 o
A DOIE R 2, MR SCHR [ 2] B R 43 i i
MLA F3tr s 25 5 i fbad B b W iRk 5
TR IR S ILTTIE Y B2 2 M v B IR A2 &, 4 T 43 1l AE
TR T R R R IR AL,

3 4

1R iR IR AL - K B -BR A -l 1" T2
N LRSS PR RS £, 6 - [T5% 85, 78% , H:
i HE 0K CeO, Al Nd,O, I8Ny 87. 95% Fil
86.25% ; 1 # - oL & Gd,0, 1 Dy,0, [\ &K
66.38% 1 49.22% ; W Hi LT &R Y,0, [ HR Ny
47.66%

2 AE TGS R A £ 45 TT R TR AR AR ]
Hh | EE A Y [ SRR | o 2 PR A 1R TR A —
KRR HA AR R S R S A T

AMER BRI ER

SE 0k

[1]

[2]

[3]

[5]

[7]

RRIGE)I, T75 2. FRENR G A0 40 205 1% i i
FEHERE[J]. Wil &Jm S RE R 4, 2009, 37(3): 43-
47.

Lang X C, Yu X L. The latest development of chinese
mixed rare earth concentrate processing[ J]. Rare Metals
and Cemented Carbides, 2009, 37(3) . 43-47.

XUBE, XU, XURLFE. F AoRDRS B A0 R4 R Ak ik
TAL)]. P EA A48 =M, 2014, 24(12) :3147-
3154.

LiuY, Liu Z Z, Liu M D. Decomposition process of rare
earth rough concentrate by low temperature sulfation|[ J ].
The Chinese Journal of Nonferrous Metals, 2014, 24
(12) :3147-3154.

R, VPIERE, WL, SF. AL R TORS O Mk i AR IS TR
Ribe TAHARPE[J]. # £, 2010, 31(2) :20-23.
Ma Y, Xu Y H, Chang S, et al. Study on the decomposi-
tion of baotou rare earth concentrate| J]. Chinese Rare
Earths, 2010, 31(2) :20-23.

AT Ak R B e A TR A UL % b 1) R
[J]. Fiit, 2008, 29(2) :66-68.

Shi F. Quantitative analysis of decomposition of baotou
rare earth concentrate[ J ]. Chinese Rare Earths, 2008,
29(2) :66-68.

TS, a2, SR, S5 AU ORDRS B AR BR AR
WGP T ZRE5E[ 0], Mt 2003, 24(4) :29-31.
Wang X Y, Ma Y, Zhang L P, et al. New technique of
decomposition of rare earth concentrate[ J]. Chinese Rare
Earths, 2003, 24(4) .29-31.

R, R, BB TR MR R AR RR IR
Fe LA ALRBEFE[J]. ARG, 2013, 39(3) :47-49.
Zhao M, Xie L A, Hu Z B. Study on industrialization of
roasting mixed rare earth concentrate with concentrated
sulfuric acid at low temperature[ J ]. Science and Tech-
nology of Baotou Steel, 2013, 39(3) :47-49.

2, TN, ORI, A SRR B AR BR AR TRLT
M LR SLRMFFE[J]. Mt 2013,34(6) :45-50.

Li J, Wang S B, Li B W, et al. Microwave-assisted de-



514

X BB

\\

- L HDRS 7 IO AR T R A LI 5T 55

(8]

(9]

[10]

(11]

(12]

[13]

composition of rare earth concentrate with sulfuric acid at

low temperature[ J . Chinese Rare Earths, 2013,34(6) :

45-50.
FIN, A, ORI, A VR B AR IR S

LGB 1B )], Mt 2015,36(4) :31-37.
Wang S B, Li J, Li B W, et al. Kinetic analysis of
decomposition of mixed rare earth concentrate with sulfu-
ric acid at low temperature [ J ]. Chinese Rare Earths,

2015,36(4) :31-37.

2y, MM, SRR, 5. HCL-AICL BB 4 &2
50 IREHM EAET NS [ 1], FiA &8, 2016,40(7) .

695-700.

Li M, Hu J L,Zhang X W, et al. Coordination leaching
of baotou 50 mixed rare earth concentrate by HCI-AICI,
solution[ J]. Chinese Journal of Rare Metals, 2016, 40
(7) :695-700.

2oy, SR, XIEE, 45 HNO,-AL(NO,), a5
AL TR A EOCR M AT ], P EA
4 IRR, 2015,25(2) :508-514.

Li M, Zhang X W, Liu J, et al. Coordination leaching
of fluorine element of Baotou rare earth concentrate by
HNO,-AI(NO, ), and its coordination mechanism[ J].
The Chinese Journal of Nonferrous Metals, 2015, 25
(2):508-514.

X, ZEM, MIHR, & ARIRAT BT S AR
AEFAE[T]. T ER 1R, 2012,30(6) :673-679.
LiuJ, Li M, Liu Z G, et al. Coordination leaching of
baotou mixed rare earth concentrate[ J]. Journal of the
Chinese Rare Earth Society, 2012,30(6) ;673-679.
NE, R, i, % Ca( OH),-NaOH ZM#iR &
s L REHBORFSE[J]. WL, 2014, 35(4) : 30-34.
Bian X, Wu W Y, Zheng Q, et al. Study on decomposi-
tion of mixed rare earth concentrate by Ca( OH),-NaOH
[J]. Chinese Rare Earths, 2014, 35(4) ; 30-34.
BH &, LM TS B85 55 b T2 5%
[J]. %+, 2002, 23(2): 13-15.

Yu Q C. Technological research on roast of baotou rare

[14]

[15]

[16]

[17]

[18]

earth concentrate added by calcium oxide[ J]. Chinese

Rare Earths, 2002, 23(2): 13-15.

FRIGE, BA)TH, PMAEL, 4§, CaO T NaCl K5 beiR &
s TR SRR 0 o S RE [0 ], AR 424
2004, 22(2) : 210-214.

WuW Y, HiGY, Sun S C, et al. Decomposition reac-
tion of mixed rare earth concentrate and roasted with
CaO and NaCl[ J]. Journal of the Chinese Rare Earth
Society, 2004, 22(2) ; 210-214.

T, MW, skA7S, . kM HRDR 07 7
25% BRI KT e SN 3 1 “E AT ST []. M 12, 2000,
21(1) : 65-69.

Qiao J, Liu Z G, Zhang C R, et al. Study on the roast
reaction kinetics of baotou rare earth concentrate added
by 25% Na,CO,[J].
(1): 65-69.

Mg, YKEZAE, SRR
FriRE AR LR AT [T ].
2016, 34(1): 55-61.

Chinese Rare Earths, 2000, 21
, 2. Na,CO,-NaOH K55es i
o E e R,

Li M, Geng Y H, Zhang D L, et al. Roasting of high-
grade mixed rare earth concentrate by Na,CO,-NaOH
[J]. Journal of the Chinese Society of Rare Earths,
2016, 34(1) . 55-61.

WPSCrh, RIEA, A, A SALERIE bk R 5 A
Mo MUK B s [ 0] TR K22 240 (A AR
2R, 2002, 32(4) ; 45-48.

Shi W Z, Zhu G C, Hua J, et al. Recovery of RE from
rare earth concentrate with ammonium chloride roasting
[J]. Journal of Henan University ( Natural Science) ,
2002, 32(4) . 45-48.

RIEA, WSO, Wik, SAAERNT be ik I Sk i i
PR L BT HEE [T ] b B i, 2002,
(S2) :136-142.

Zhu G C, Shi W Z, Chi R A. Process on recovery of
rare earth from bastnasite with NH,Cl roasting treatment
[J]. Journal of the Chinese Society of Rare Earths,
2002, (S2):136-142.



56 i o 9539 %

Study on Distribution of Rare Earth Elements during the Recovery Process of

Rare Earth Rough Concentrate

LIU Zhen-zhen"** | LIU Yong' >, LIU Mu-dan"*>, ZHOU Ji-kui'*”

(1. Guangdong Institute of Resource Comprehensive Utilization , Guangzhou 510650, China ;
2.State Key Laboratory of Separation and Comprehensive Utilization of Rare Metals , Guangzhou 510650, China ;

3.The Key Laboratory for Mineral Resources R&D and Comprehensive Utilization of Guangdong, Guangzhou 510650, China)

Abstract: An associated rare earth phosphorite is composed of a variety of minerals with fine dissemination size and com-
plex intergrowth relationship. It is difficult to concentrate. Rare earth rough concentrate with grade of 13.12% REO was ob-
tained by chemical concentration and physical concentration from the ore. Rare earth elements were recovered from the concen-
trate by the process of medium temperature acidification-wtaer leacing-impurity removal-rare earth precipitation. The REO re-
covery of the whole flowsheet is 85. 78%. The recoveries of CeO,, Nd,0,, Gd,0,, Dy,0; and Y,0; are 87.95%, 86.25%,
66.38% , 49.22% and 47.66% , respectively. The results showed that the process could extract and recover rare earth from
rare earth rough concentrate effectively. The recoveries of each rare earth element are different, and the recoveries of medium
and heavy rare earth are lower than that of light ones, that is because medium and heavy rare earth and calcium sulfate form
the complex insoluble sulfate during the process of sulfation-water leaching.

Key words :rare earth rough concentrate ; concentrated sulfuric acid; acidification at medium temperature ; distribution of

RE elements





