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Experimental Research on Mineral Processing Technology of Refractory
Rare Earth Ore in the Dalucao

PENG Rong, WEI Zhicong,LIU Yang,BAI Rui, WANG Hengsong,BAI Shaojun
(College of Land and Resources Engineering, Kunming University of Science and Technology, Kunming 650093 ,China)

Abstract; The target rare earth mineral in the Dalucao REE Deposit in the Sichuan province is bastnaesite. The
target mineral has fine disseminaton size and complex dissemination relationship with other minerals, and the
associated minerals such as fluorite, barite, strontium and barium sulfate mineral are high content. The ore sliming is
serious, which makes it difficult to recycle rare earth. Aiming target mineral > s distribution and unique
characteristics, the flotation-magnetic process was established. Lots of tests for the flotation technical condition were
conducted in the laboratory,especially the appropriate grinding fineness and optimum flotation reagent system,such
as the desliming test, the dosage and types tests for collector, inhibitor and frother. The beneficiation process of
refractory rare earth ore showed that the efficient separation could be obtained under the condition of the pre
desliming,at grinding fineness of 65% passing 0. 074 mm. At roughing stage, using water glass as inhibitors, new
collector 103 as collector and SL-301 as frother,a closed-circuit flowsheet of “pre desliming, two roughing, three
scavenging, three cleaning, cleaning scavenging” was adopted. The close-circuit results showed that the grade and
recovery rate of REO in the rare earth flotation concentrate was 30.38% and 73.74% respectively, and flotation

secondary concentrate was 11. 93% and 13.41%. The final rare earth concentrate with a grade of 61.11% and a
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recovery of 60.09% is obtained after the flotation concentrate passes through the “one roughing,one scavenging”

high intensity magnetic separation with a magnetic field intensity of 1. 19X 10°kA/m. The rough concentrate and the

middling produced by the flotation concentrate pass through the high intensity magnetic separation with a magnetic

field intensity of 1. 19X 10°kA/m and then pass through the strong magnetic operation with grade of 56.03% and

recovery of 3. 87%. The total recovery is 63. 96 %.

Key words: rare earth ore;bastnaesite;seriously weathered;flotation; magnetic separation
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Fig. 1 Structure and embedded distribution diagram of main rare earth minerals
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Table 1 Chemical analysis of the raw ore /%
Compsitions TREO CaF, SiO, BaSO, Fe Mn Al O4
Content 6.52 21.52 20. 8 8.57 2.01 1. 43 4.39
Compsitions S Pb Cu Zn Ag! Au!
Content 1.55 0. 36 0. 002 0.012 0. 77 < 0.02

note: lunit(g/t)
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Table 2  Analysis of mineral composition of raw ore

Category Main minerals

Other and micro mineral

Rare earth ore Bastnaesite

Carbonate minerals Strontium carbonate mineral, calcite
Fluoride mineral Fluorite
Sulphate mineral Barite.celestite

Silicate mineral Potash feldspar

Monazite, thorite

Dolomite, cerussite,aragonite

Clay mineral,biotite,muscovite, sphene, chlorite

Oxide minerals Quartz opal, rutile
Other minerals Limonite Magnetite, Pyrrll()tite“ sphalerite, chalcopyrite, covellite, pyrite,
galena,goethite,marcasite etc
x3 TYANERVIHEE
Table 3 Content of mineral composition in the ore /%
Mineral species Bastnaesite Monazite Strontium carbonate mineral Celestite Barite
Content 5.02 0. 04 5.70 1. 20 2.00
Mineral species Fluorite Limonite Strontium and barium of sulfate mineral Gangue mineral
Content 19.13 1.73 14. 50 50. 68
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Table 4 REO analysis results of the sample at fineness of 65% passing 0. 074 mm

Size fraction/mm Yield/ % REO/ % REO distribution rate/ %
+0.15 9. 46 3.09 4. 48
—0.15+0.074 27.71 7.13 30. 31
—0.074+0. 045 14. 97 7.99 18. 35
—0.045+0. 038 1. 64 8.23 2.07
—0.0384+0.025 7.15 8. 31 9.11
—0.025+0.018 5.15 4.13 3. 26
—0.018 33.92 6.23 31.42
Total 100. 0 6.52 100. 0
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Fig. 2 Principle flowsheet for the tests
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Agent dosage
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Fig. 3 Experiment of direct flotation
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Fig. 4 Experiment of pre desliming
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Table S Test results of pre desliming

Experiment process Product names Yield/ % REO/% Recovery/ %
Rough concentrate 9.37 4. 14 5. 86
Direct flotation o
Tailings 90. 63 6. 87 94. 14
slime 3.62 3.48 1.82
Predictive desliming Rough concentrate 21.41 21.12 65.21
Tailings 74.97 3.05 32.97
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Table 6 Test results of slime magnetic separation /%
Magnetic separati Yield Recover,
Flotation products agnetic separation REO : : Y
products Operation Raw ore Operation Raw ore
Concentrate 16. 13 12.94 0.47 59.98 1.09
Slime o
Tailings 1. 60 87.06 3.15 40. 02 0.73
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Fig. 5 Test results of grinding fineness
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Fig. 6 Test results of collector types
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Fig. 7 Test results of collector dosage
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Fig. 8 Test results of depressant types
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Fig. 9 Test results of depressant dosage
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Fig. 11 Test results of frother dosage

M 11 7] LLE B8 & R i 55 SL-301 &t Y
S8 REURS 7 % b 57 R [ Wi 3R 387 A B S B S #a T
FaE R RS M B R F 30 g/t B MUK B 6 07
R E f (A 26. 37 %0, MY HEIE 68. 8304, (AL, 2 i
A SL-301 iy f5e A FH 28 2 R 30 g/t
2.3 FiEAKIRE T

TE TR Z R 50 T 2% A 3 ) il 2 L AT
T A AR A BRI, oA PR IE Tl A 7 I DA A
W o (Y, | o L Rl B = Bl SR U
5T F 3% ] PAT B 9 e R T S B e — R — =R =
A 1 P 6 o R ) R X E L TR 4 3 VR A 1
il e R N 1195 Y G W2 i - R i % E = B (2
b iy P B R 2 T e R =R =
C= I = brird i e S L S A T NN L R
I a5 R NE 7 Wim, R 7T ATLLES, THH
TEAE MV 1 PA 366 R i 7 LR RS 0 1 ot o7 0 [ s 38 4 331
N 22. 87 Vo H1 67. 64 Y4 T 152 RS 451 34 4 Ml 1) AT B O
FEr= 1 KE B 5 0 R DR 43 B A 30. 3806,
73,74 %% BB G 7 RS B LR TS 3 H
Hw . Xl RER I R I SR 18] 2 5 R ER 2
W % A S 06 1) 0 47 1 2 9 B R A R T R o R
WOBMEAE R CEALH L0 YRRk A B . MRS 4 3
Vb 1) ¥ B AR TIE T 3 B A0 b R 1 R i O R
G ST A S R VG D R R B A D B0 7 T g
PRI U 2 0 e & TR B S I e — PR — =k —
=SH R HE A B R



80 A6 4R TR 11 %
Raw ore
Na,C0, 500
O 65% -0.074 mm
3 X 121 60
Desliming
3
1 X Water glass 500
1 X NaOH pH=8~9
1 X 12140
10 X 103 1 500
3 X SL-301 30
Roughing|I
3 10 X 103 300
1 X 12120
3 X SL-301 30
Roughing|Il
3 10 X 103 200
1 X 12115
/ 3 X SL-301 20
Scaning|l
1 % NaOH pH=8~9 N MN—
1 X 12120 10 X 103 200
3 X SL-301 10 1 X 12110
Cleaning|l 3 X SL-301 10
2 /N
Scani
1 X NaOH pH=8~9 caning]l
2
Cleaning]l A 10 X 103 100
1 X 12110
4 3 X SL-301 10
1 X NaOH pH=8~9 Scaning]lll
BN S 10 % 103 100
Cleanin«’lm 1x 12110 :
- il 3 X SL-301 10
3 Fine[Scaning N
N 4
/N
Slime Concentrate Secondary concentrate Tailings
12 FiE A BRI IR R AR
Fig. 12 Flowsheet of closed-circuit test
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Table 7 Closed-circuit test results /%
Experiment process Product names Yield REO Recovery
Slime 4.43 3.47 2.17
. . . Concentrate 20. 97 22.87 67. 64
Without middle scavenging .
Tailings 74. 60 2. 87 30. 20
Total 100. 0 7.09 100. 0
Slime 3.78 3.28 1.73
Concentrate 17.43 30. 38 73.74
Middle scavenging Secondary concentrate 8.07 11.93 13. 41
Tailings 70.72 1.13 11.13
Total 100. 0 7.18 100. 0
2.4 JFIEA B MR E 2.4.1  WEEE

MR ATl A5 #E (XB/T 103 —2010) , F filk 4
B R REO S AIRAS /T 50 %, B Ik X 7 ik 7=
A5 7 T UK AT SR Wk ) . A R gk iR
o 32 AL A U A A I A5 Y W Ak RN R 3 o (R]
7 st ) PR G A R A R A 1 1 0 AR
WE 13 Fas .

N T S S E T REO 213K 50 0L I
X FUSE U6 — PR —RE = — RS0k 4 v R P
P S SR AT T R R B3
119X 10° kA/m, #A FT H AR 1.5 mmy, Jik o vfrik
200 r/min, oo, FREEAE DT R UK 46— H— R WG e 1
A e e — AR REE AR, HA I 25 SR Nk 8 I .
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Fig. 13 Flowsheet of magnetic
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Table 8 Test results of flotation closed-circuit product magnetic separation /%
Mz tic s ati Yield Recover,
Flotation products agnetic separation REO - - 4
product Operation Raw ore Operation Raw ore
Concentrate 61.11 40. 51 7.06 81. 49 60. 09
Concentrate Middlings 25.15 4. 39 0.77 3.63 2.68
Tailings 8. 20 55.10 9. 60 14. 88 10. 97
Concentrate 28.53 30. 51 2. 46 72.96 9.78
Secondary concentrate Middlings 11.43 6.19 0. 50 5.93 0. 80
Tailings 3.98 63. 30 5.11 21.11 2.83
Concentrate 15. 89 13. 37 0.51 64.77 1. 12
Slime o
Tailings 1. 33 86. 63 3. 27 35.23 0.61

M 8 BT LA Y, o vk T LAAR = % R AR £
ARG B SO TF Ve A5 7 28 3k — ML — K5 50 i %% 7T LA
RS AL 61, 112, [BHRCR 60. 09 Y6 1 e & s L KE#-
CRRAE A7 Mk #5 #E (XB/T 103 — 2010, 7 f Ji 5 Sy
000160 » 1 ¥ 35 YRS W™ 28 2k — L — K 58 i 228 7T LA 3k
3 28. 53 %6 (1 i 07 » o 5 7 F1IF RS 57 5 R 3k 7
(P R 22 AN L 2 ) [ g 36 AT 3K 12, 46 00, 1
U8 28 ek — U3 i 1 M b ] AR 3 7 15. 89 %611
G 77 T+ 32™ i T DK LR [l B P e A A T 1R
AT 3447 77 2 32 1) i 4
2.4.2 bR R R g

W= A S 3 7= AR T — S ] L 3 g )
G377 i i LA I QI A 2 0 0 — R — R SR
AR5 A3 20 ™ CRTFRBE P 1) 5 9% 38 O/
Wit oo 1,19 X 10° kA /m (1) — KL — M5 98 1 16
VRV J5 75 B ) RS 07 (RTFRRERS 9 27 ) 1) REO fh iz
FE 250 AT TRIEAE T Al il 1. 19 X10°kA/m
18— YR 3 e 1 M A5 2 1 G R T (R AR G B 17 )
SRR it e 1,19 X 10°kA/m (1) —
— K R BG4S B W BE T (RIARRE T 27 D 1Y)
REO §h 778 10 %6 A2 47 Bt o AT K i 3 o ] 7= 4
H REO S0 AH T /Y 7™ il & 96 40 B 3R 47 — IR

=

77 i G R RIS L BR T AR RS A O RS e, Hal I a5 Rk 9 Piow .
R9 HMEPEFRBREZREER
Table 9 Test results of secondary magnetic separation of magnetic separation intermediate products /%

Magnetic separation intermedium products Magnetic scavenging products Yield REO Recovery

L . Concentrate 0. 50 56.03 3.87
Magnetic midding 1* +Magnetic concentrate 2 * -
Tailings 2.73 22.56 8.59
o R Concentrate 1. 25 29. 86 5.20
Magnetic tailings 1* + Magnetic midding 2* o ~

Tailings 8. 85 5.33 6.57
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A DLA 22,56 Y0 ([RS8, 59 Y I RE A . WG R HT
1 SRgrhw 20 & —wEH®E R, iR R 5T REO
LA 29. 86 Y0, IR Ry 5. 20 %6 5 3 1 Al AT LA
W AR RSk L T YR AT S A Ml o DT BEAT PR IR
MiwE R 1 REO &7 h 5.33% , % Hi 2k B9 1] LA
S ek Ry KT Ak R SRR
BB R AR B LRI 5 AL A R 53
J1.73% 1 21.14 %,

3 %

1) Ui 8 8 K ki i A 0 B T 3 5 h ik
BiE AR T E 2 A R R AR AR EE R
T L I G TR

2) A Y g SR Y WS R e PR =
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WK

3) 2y [ Bp ORAIE A & 9 1 b Ao 0 el i 32, R
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