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Decomposition process of rare earth rough concentrate by
low temperature sulfation
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Abstract: A decomposition process for two rare earth rough concentrates obtained by physical and chemical floatation at
low temperature was investigated. The effects of ratio of acid to concentrate (mass ratio of sulfuric acid to RE
concentrate), acidification duration, acidification temperature and liquid-to-solid ratio on the leaching rate of rare earth
concentrates were investigated by the orthogonal test and single factor test. The results show that mass ratio of
concentrate to acid, acidification duration and acidification temperature have significant effects on the leaching rate of the
rare earth concentrates, and the optimum conditions are as follows: mass ratio of concentrate to acid of concentrates [

and II are 1.8:1 and 0.9:1, respectively, durations of concentrates I and II are 2.0 and 3.0 h, respectively, temperatures
are both 150 °C. Under the optimized leaching conditions, the rare earth leaching rates of concentrates [ and II are
90.42% and 91.35%, respectively. The process mineralogy of automatic quantitative mineral technology MLA was used
to test the decomposed residues of the two concentrates in order to find out the influencing factors on rare earth leaching
rate, and the results prove that it is the critical influence on rare earth leaching rate that rare earth and calcium sulfate
form the complex insoluble sulfate.
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Table 1 Chemical compositions of two rare earth rough concentrates

Mass fraction/%
Concentrate
REO P205 SIOZ A1203 CaO MgO F€203 F U Th
Concentrate | 13.08 5.71 35.72 6.30 11.72 9.12 11.86 0.82 0.0037 0.0051
Concentrate 1[I 11.73 15.90 28.43 1.16 8.48 0.13 2.09 2.36 0.0838 0.0625
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Table 2 Factor and level table in orthogonal experiments of

purification of sulfuric acid acidification at low temperature

Factor
LeVel A: B ) C: D:
mass ratio of duration/ temperature/ liquid-solid
concentrate h C ratio
1 0.6:1 1.5 120 3:1
2 0.8:1 2 150 4:1
3 1:1 2.5 180 5:1
4 1.2:1 3 210 6:1
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Table 3 Orthogonal experiment results of sulfuric acid acidification at low temperature

Test No, Factor RE leaching rate of RE leaching rate of
A B C D concentrate [ /% concentrate I1/%

1 0.6:1 1.5 120 3:1 4.61 54.62
2 0.6:1 2 150 4:1 5.25 60.38
3 0.6:1 2.5 180 5:1 5.21 62.52
4 0.6:1 3 210 6:1 4.96 63.27
5 0.8:1 2 120 5:1 34.88 80.14
6 0.8:1 1.5 150 6:1 33.67 73.37
7 0.8:1 3 180 3:1 34.21 84.54
8 0.8:1 2.5 210 4:1 30.68 80.83
9 1:1 2.5 120 6:1 52.42 90.57
10 1:1 3 150 5:1 54.55 91.56
11 1:1 1.5 180 4:1 53.61 72.35
12 1:1 2 210 3:1 50.24 79.15
13 1.2:1 3 120 4:1 66.37 88.38
14 1.2:1 2.5 150 3:1 68.25 88.05
15 1.2:1 2 180 6:1 68.04 81.21
16 1.2:1 1.5 210 5:1 62.09 72.18

> 1 20.03 153.98 158.28 157.31

P 133.44 158.41 161.72 15591

I 210.82 156.56 161.07 156.73

LY 264.75 160.09 147.97 159.09

'l 240.79 272.52 312.71 306.36

PRI 318.88 300.88 313.36 301.94

> 332.63 320.97 300.62 306.40

LY 329.82 327.75 295.43 307.42
ky 5.01 38.50 39.57 39.33
ks 33.36 39.60 40.43 38.98
ks 52.71 39.14 40.27 39.18
ky 66.19 40.02 36.99 39.77
K 60.20 68.13 78.18 76.59
K 79.72 75.22 78.34 75.49
K; 83.16 80.24 75.16 76.60
Ky 82.46 81.94 73.86 76.86
R, 61.18 1.53 3.44 0.80
R, 22.96 13.81 4.48 1.37
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Table 4 Minerals composition and distribution of residues

Sample Mineral M.a 58 A.rea Particle
fraction/% fraction/%  number
Bastnaesite 0.42 0.28 95
Orthite 0.28 0.21 69
Si0, 26.38 28.52 4114
CaSOy4 26.69 31.86 28391
Amphibole 21.58 18.19 1847
Pyroxene 18.76 15.81 1418
Epidote 2.00 1.68 141
Residue Pyrite 1.15 0.66 98
Limonite 0.34 0.27 53
! Orthoclase 0.99 1.10 144
Plagioclase 0.38 0.42 107
Biotite 0.11 0.11 66
MgSiO; 0.41 0.42 210
Clay 0.13 0.14 60
Titanite 0.14 0.12 39
Calcite 0.11 0.12 41
Total 100.00 100.00 36924
Sample Mineral M.a 58 A.rea Particle
fraction/% fraction/%  number
CaSOy4 74.47 80.39 25392
CePOy 0.26 0.13 56
CeSOy4 0.11 0.07 31
Orthite 0.37 0.25 197
BaSO, 9.29 5.59 1083
BaSrSO, 5.03 3.10 2035
SrSO, 0.58 0.38 153
Residue Quartz 3.70 3.61 290
Si0, 4.56 5.13 1774
. Epidote 0.31 0.23 82
Amphibole 0.12 0.09 19
Orthoclase 0.57 0.57 114
Topaz 0.30 0.22 58
MgSiO; 0.06 0.06 56
Limonite 0.05 0.03 32
TiO, 0.22 0.15 66
Total 100.00 100.00 27136
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Table 5 Chemical compositions of residues

Mass fraction/%

Sample
Al Ba C Ca Ce Cl

Residue I 241 072 0.04 12.15 0.65 0.15
Residue II  0.44 13.76 0 1241 082 0.01

Sample F Fe H K La Mn

Residue I  0.04 4.69 0.07 048 035 0.09
Residue I 0.05 036 0.01 033 0.27 0

Sample Na Nd O P Mg

Residue [ 0.32 0.11 44.86 0.03 3.02
Residue II  0.00 0.26 42.37 0.13 0.06

Sample S Si Sr Ti Total

Residue [ 7.41 22.05 0 0.36
Residue II  18.65 8.30 1.64 0.13

100.00
100.00

F 6 JUF Ca. Ce. La Ml Nd 7EGH 4 i) 43 A7

Table 6 Distribution of Ca, Ce, La and Nd in residues minerals

Mass fraction/%

Sample Mineral

Ca Ce La Nd
CaS0Oy, 5222 6043 66.18 75.82
Bastnaesite  0.05 26.21 19.93 19.18

Si0, 1.43 9.37 10.25 0.00
Residue Orthite 0.20 3.99 3.64 5.00
I Amphibole  15.99 0 0 0
Pyroxene  26.65 0 0 0
Epidote 2.74 0 0 0
Calcite 0.35 0 0 0
Mass fraction/%
Sample Mineral
Ca Ce La Nd
CaSO, 98.87 78.14 78.02  84.05
CePO, 0.01 11.63 8.71 9.38
CeSO, 0.02 4.90 4.90 3.95
Residue Orthite 0.26 4.06 6.08 2.62
Il SiO, 0.24 1.27 2.29 0.00
Epidote 0.41 0 0 0
Amphibole  0.09 0 0 0
SrSO4 0.10 0 0 0

R4 WK, B T M2 DA TRIRES .
AACHE . SRS, S 93.41%, R ARIRES
AN SR IR AT BE 11, 235 26.69% A1

26.38%, 1M1 AT FIREAT Ry AR SN (R RERR $h ), ol
40.34%; AN G A0k SRR R T AT . Bk
T B A SO TRIRES . BN, R IR
BRIREE . —SAALRERASE, A 97.63%, ik
G P AN EBR IR 28 o 89.37%, HE SV ENH)
F PR~ — SE AR b 8.26%; A SN HIHG -4
YA .

x5 WoR, Bl 1 EEICERANN O, Siv Ca.
S. Fe. Mg fil Al, i 3 Fics & m &l 10%;
BRI EZICRA A Oy Sy Ba. Ca. Si il Sr,
T 4 A BRI 10%. MIELET S, SRl 1T
T2 20 A e, R T AL 24 2 AR B2 2 0 1o

M 6 FTLLE Y, B T Pt 60%fs 102
Ce, La fll Nd 5mRAS E Bimi i Z R IL0E, 29 25%
3R T RS R A AT A, 29 10%K0 Ce
Al La PET A REID0E s TR 1T id 78%)
Fii T 7635 Ce, La FIl Nd 560 R4 JE B IR &2 b L0,
2y 5% A TR RS AT, 2 15%50 AT T
IR SR AR £ .

Zx BRI, Wi s TR T R A MR IR
RS Al R dnE AP IS

3 Zig

1) H# RS T FORE D T1 IR AR IR AR R Ak
S IE AL SRR R [N 3R SBT3 B AL T 24
N FRETEE 1.8 1CKED 1A 0.9: 10K 11), Mtk [a)
2.0 hCKEW™ T )1 3.0 hO'HT 1), BRAKIRSE 150 'C, &
I L 4:1. RO ANE AR LE N, F LR
%R 90.42%CKE A T)AT 91.35%CkKEH™ 1)

2) Fh R R AR AR 120 W5 o W 4
RE7R, Wit SRR T SaEnmR e, 2
REMARR T3 H R I BN 35

REFERENCES

(11 BRwe)l, T5525. FRERA M L HURT b BT VR R 0F STt i
D). Wt ) SR G4, 2009, 37(3): 43-47.

LANG Xiao-chuan, YU Xiu-lan. The latest development of
Chinese mixed rare earth concentrate processing[J]. Rare Metals
and Cemented Carbides, 2009, 37(3): 43—47.

2] Rz, $)70, IR, BRIBAR, ¥R CaO M NaCl Kike
WA M DR R P 20 N [D]. R R R 23, 2004,
22(2): 210-214.

WU Wen-yuan, HU Guang-yong, SUN Shu-chen, CHEN



3154

A G A R

2014 4£ 12

[10]

[11]

Xu-dong, TU Gan-feng. Decomposition reaction of mixed rare
earth concentrate and roasted with CaO and NaCl[J]. Journal of

the Chinese Rare Earth Society, 2004, 22(2): 210-214.

WSO, RIEA, #0 2&, IRERD, g, SAERTRE A
WA ARG HURE T b RO 7] TR RAE AR iR AR R

fiit, 2002, 32(4): 45-48.

SHI Wen-zhong, ZHU Guo-cai, HUA Jie, XU Sheng-ming, CHI
Ru-an. Recovery of RE from rare earth concentrate with
ammonium chloride roasting[J]. Journal of Henan University:
Natural Science, 2002, 32(4): 45-48.

K, AN, KRR, AROCPE. QSR DRSS IN 25%
BN K e ) B 3)) )24 E ). #2000, 21(1): 65-69.
QIAO Jun, LIU Zhao-gang, ZHANG Chun-rui, HAO Xian-ku.
Study on the roast reaction kinetics of Baotou rare earth
concentrate added by 25% Na,COs[J]. Chinese Rare Earths,
2000, 21(1): 65—69.

MRTTFR. A EHURT T A I AL 85 s be L 205, ML,
2002, 23(2): 13—15.

YU Qing-chun. Technological research on roast of Baotou rare
earth concentrate added by calcium oxide[J]. Chinese Rare

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

REA, W3ch, ke, S ERTbe i TR Bl B2 B
RS HERED]. P R 2R, 2002, 20: 136—-142.

ZHU Guo-cai, SHI Wen-zhong, CHI Ru-an. Process on recovery
of rare earth from bastnasite with NH4Cl roasting treatment[J].
Journal of the Chinese Rare Earth Society, 2002, 20:136—142.
FENG Xing-liang, LONG Zhi-qi, CUI Da-li, WANG Liang-shi,
HUANG Xiao-wei, ZHANG Guo-cheng. Kinetics of rare earth
leaching from roasted ore of bastnaesite with sulfuric acid[J].
Transactions of Nonferrous Metals Society of China, 2013,
23(3): 849-854.

BIAN Xue, YIN Shao-hua, LUO Yao, WU Wen-yuan. Leaching
kinetics of bastnaesite concentrate in HCl solution[J].
Transactions of Nonferrous Metals Society of China, 2011,
21(10): 2306—2310.

BIAN Xue, WU Wen-yuan, YANG Mei, SUN Shu-chen, TU
Gan-feng. Kinetic of dissolved phosphorus from calcination
products of mixed rare earth minerals[J]. Journal of Rare Earths,
2007, 25(S1): 120—124.
EHH, M, IR, X

AT, MK, REEAT. Sk A

TRR R A IR 65 B2 S LB BIE 5[] ‘Mi?ﬁ*@, 2006, 25(3):

134-137.

WANG Xiu-yan, LI Mei, XU Yan-hui, LIU Ling-sheng, LIU
Zhao-gang, XIONG Xiao-bai. Study on decomposition mechanism
of rare earth concentrate by concentrated sulfuric acid[J].
Hydrometallurgy of China, 2006, 25(3): 134-137.

THURST K ;.LE&TE%/ luJG%La}xﬂw H
20-23.

. it 2010, 31(2):

[12]

[14]

[15]

[16]

[17]

[19]

MA Ying, XU Yan-hui, CHANG Shu, QIAO Jun, WANG
Jing-jing, WANG Bao-rong. Study on the decomposition of
Baotou rare earth concentrate[J]. Chinese Rare Earths, 2010,
31(2): 20-23.

AR SRR DR AR R AR 5 e I B R AT (0], A
1, 2008, 29(2): 66-68.

SHI Fu. Quantitative analysis of decomposition of Baotou rare
earth concentrate[J]. Chinese Rare Earths, 2008, 29(2): 66—68.
EFHHE, o2, SKENHE K, A B, WK, ML
AL TR BRI e 20 8 L 298 00]. Wi, 2003,
24(4): 29-31.

WANG Xiu-yan, MA Ying, ZHANG Li-ping, ZHANG Jun, BAI
Yan, XU Yan-hui, HAO Xian-ku.

New technique of

decomposition of rare earth concentration[J]. Chinese Rare

Earths, 2003, 24(4): 29-31.

B, W, BB TRAA A DR G R A K

DAL RETRI]. B R, 2013, 39(3): 47-49.

ZHAO Ming, XIE Long-an, HU Zheng-bo. Study on

industrialization of roasting mixed rare earth concentrate with

concentrated sulfuric acid at low temperature[J]. Science and

Technology of Baotou Steel, 2013, 39(3): 47-49.

WANG Xiu-yan, LIU Jie-min, LI Mei, FAN Hui-li, YANG

Qi-shan. Decomposition reaction kinetics of Baotou RE

concentrate with concentrated sulfuric acid at low temperature[J].

Rare Metals, 2010, 29(2): 121-125.

JKarE, BMERE, BRGu, sk, R 2E RO

JEIRIEWEIT[T]. i E, 2013, 34(5): 58-62.

ZHANG Hong-ymg, LUO Chuan-sheng, CHEN Zhi-qiang,

ZHANG Jun, LIU Jin. Beneficiation experiment on an apatite

rare earth ore[J]. Chinese Rare Earths, 2013, 34(5): 58—62.

X5, B, XAFE SR L BEACH R K 2R

WEFR]. A& 1B, 2013(12): 28-30.

LIU Yong, LIU Zhen-zhen, LIU Mu-dan. Study of rare earth

separation from rare earth bearing apatite concentrates[J].

Nonferrous Metals: Extractive Metallurgy, 2013(12): 28-30.

4 P, RAR, RFH. KA ERR TV A LETY

ZEWFAUT]. P ERG 2R, 2012, 30(6): 761-765.

LI Bo, LIANG Dong-yun, ZHANG Li-li. Process mineralogy of

an apatite-rich complex rare earth ore[J]. Journal of the Chinese

Rare Earth Society, 2012, 30(6): 761-765.

MR, Mk z, EMAE, W #, TARM, BATE. R
I il SR 5 A DR A IR e IWFSE D). A, 2012,

33(3): 96-97.

CHEN lJian-li, LIU Ling-yun, DONG Fu-zhu, XIE Jun, WANG

Yong-li, JIA Xiang-ping. Addition of iron mud to Baotou mixed

rare earth concentrate in its roasting decomposition with sulfuric

acid[J]. Chinese Rare Earths, 2012, 33(3): 96-97.

(RiE FRITE)



