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Experimental Study on Flotation Process of a Complex and Refractory
Spodumene Ore in West Sichuan
JIANG Peng"*?, L1 Chengxiu"**, CHENG Renju"*?, LIU Xing'**
(1. Institute of Comprehensive Utilization of Minerals, Chinese Academy of Geological Sciences,
Chengdu 610000, China;
2. Technology Research Center for Comprehensive Utilization of Metal and Mineral Resources,
China Geological Survey, Chengdu 610000, China;
3. Technology Innovation Center for Rare Earth Resources Application of China
Geological Survey, Chengdu 610000, China)

Abstract ; Lithium is a crucial rare metal, and both lithium and its compounds exhibit excellent physical
and chemical properties. They are widely applied in lithium batteries, aerospace, medical fields, ceramics, glass
construction materials, and other areas, making them essential components of new materials. Additionally, lithium
is hailed as the “Energy Metal of the 21st Century”. The Western Sichuan region is an important enrichment area
of spodumene resources in China. This paper conducted detailed flotation process experiments on a spodumene
ore from Western Sichuan. The main chemical components of the ore include SiO, 71.97%, Al,O; 13.20%,
Na,O 2. 92%, K,0 2.42%, Li,0 1. 07%, Nb,O, 77. 55 g/t, Ta,O, 38. 7 g/t, etc. The main minerals are feldspar,
quartz, and spodumene. Secondary minerals include muscovite, with minor biotite, and trace amounts of chlorite,
zinnwaldite, pyroxene, cassiterite, columbite-tantalite, etc. The ore complex and refractory characteristics for

beneficiation, including high content of slime, mica, and country wall rock. The research results on flotation
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technology indicate that the pre-flotation-lithium flotation process, involving pre-flotation tailings discarding
followed by a one roughing-three cleaning-one scavenging flotation circuit for lithium recovery, achieves efficient
enrichment of spodumene. Using [LA-3 as a pre-flotation collector to preferentially float readily floatable minerals
such as lithium-containing mica, and further employing sodium carbonate-sodium hydroxide as pulp modifiers
and PN60 as a spodumene collector, a spodumene concentrate with 5. 24% Li,O grade and 80. 26% recovery
is obtained. The concentrate contains 2. 46% TFe, 0.034% Nb,O:, and 0. 014% Ta,O;, with achieve efficient
enrichment of niobium-tantalum in lithium concentrate. This creates favorable conditions for improving lithium
concentrate quality, reducing impurities, and recovering associated niobium-tantalum resources, while providing
technical assurance for the clean and efficient utilization of such lithium resources.

Key words ; spodumene; pre-flotation - lithium flotation process;direct lithium flotation process; niobium

and tantalum; collector
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Table 1 XRF analysis results of raw ore /%
253 SiO, AlLO, Na,O K,O Fe,O, MgO ZnO SrO Nb,O;
o 71.177 15.788 3.999 2.639 1. 376 0. 383 0.016 0. 007 0. 008
ik P,0O; CaO TiO, MnO Rb,0O SO, Ga,Oy 71O, SnO,
CE 0. 256 0. 651 0.155 0.132 0. 094 0. 070 0. 005 0. 009 0. 061

®2 BETUFEESTEIWER

Table 2 Chemical multi-element analysis results of the raw ore /%
Eiby Li,0 Nb,0," Ta,0." Rb,0" BeO" TFe Sn" ALO,
ot 1.07 77.55 38.7 942 623 0. 83 461 13. 20
M5y SiO, P,O; S Na,O K, O MgO CaO MnO
GE 71.97 0.27 0.037 2.92 2.42 0.31 0.56 0. 099

T DA g/t

M2 1200 8 A0 R T 225 R SO, Bty sl a R a0 B A LB
FALO,, Hk A Na,0 . K,O . TFe . Li,O.CaO,MgO, VEINEG LN N N U LR A
M IJCE A Zn, St . Nb, P, Ti, Mn. Rb, S, Ga%:. 1.2 X FIFAiL o8 (X 88
FET YK A A, RENA s, DR I B R A W AR (JB50-D). HL T RF
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i Na,CO, 1 200

BER —-0.074 mm570.7%
3 x LA-3500
T
4 5 % NaOH 600
R 3 x PN60 1 200
i
4
S R

E1 FF—FEIZRERE
Fig. 1 Flowsheet of pre-flotation and lithium

flotation tests
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45

HURG 8™ R
2 EEFEIZHABERE
Fig. 2 Flowsheet of direct lithium flotation tests
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Table 3 Comparative test results of

the two processes /%

bt T A4 R JrE Li,Offl  Li0 ek
HURT ™ 22. 24 4. 06 80. 79
B Jfﬁ) 65. 9§ 0.19 11.37
ke e 11.83 0.74 7.84
JRE 100. 0 1.12 100. 0
KR 27.58 3.36 82. 59
HEEA 2208 72.42 0.27 17.41
JRH 100. 0 1.12 100. 0

2.2 EFEEHRAR
2.2.1 BEyERE

& 0] A AU H R0 0 R R B, s Y
VER A0 B 2 H B0 A e ok AR P S RO B R T A
& %€ Na,CO; -~ 1 200 g/t, LA-3 500 g/t, NaOH
600 g/t, PN60 1 200 g/t, % %< & 8 41 & X i 51 48
BRI  BE 4H FE 1E B —0. 074 mm & & 409 o5
53.6%.60.0%.66.3%.70.7%.77.5%.82.2%
HEAT o R TR UL IE 3, i 25 R LR 4

JEE”

NaOH~

- 3 % PN60O~
Tty A

LR JE
B3 FEELERRE

Fig. 3 Flowsheet of flotation condition tests
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TV B A0 BE RS B L0 & A 52 W B, Li,0 [8] i
KA K H I, J5 2R 5 e 5 A 18 19 B T 40
7 —0.074 mm 5 60. 0%,
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Fig. 4 Results of grinding fineness tests

2.2.2 Na,CO, &t
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45 80
el /‘ |
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og 39 1 2 :ﬁ
S {74 S,
= 37t s

35 {172
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Fig. 5 Results of Na,CO, dosage tests
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Li,O £ 2 8 i e B R K, Li,O 0] i 8 Rt AN B 4
I, 5 S0 5 % £ Na,CO, A1 &8 1 500 g/t
2.2.3 LA-3/H&EIX%

LA-3 YR 2 v [ b B R 2 Be i 7= 255 R AF
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S
g S
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Fig. 6 Results of LA-3 dosage tests
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Fig. 7 Results of NaOH dosage tests
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1400 g/t, %% PN6O H X #5485 b5 i 5210 . PN60
H0 36 900, 1 200, 1 500, 1 800 g/t PUAS &1k
AT, R AEFIE 3, 45 5 W IE 8.

4.6 90
—— Li,OfhfiL
—=— Li,0lalicR
& 44t / 80 ¥
og =
o E[
._.“’ Ool
= 42t 70 3
4.0 : : : : 60
600 900 1200 1500 1800 2100

PN6OJTt/(g-t™)
E8 PN60HEIRIELER
Fig. 8 Results of PN60 dosage tests
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Fig. 9 Flowsheet of the open-circuit flotation tests

x4 FEFBAWER
Table 4 Results of the open-circuit flotation tests /%

e A Li,O iz Li,O [
R 14.15 5. 62 70. 86
th I 0.91 5.22 4.23
LRE | 2.32 2. 04 4.22
i 1 3.15 0.41 1.15

HH 1.71 0.70 1.07
jiftEa=tn 21.25 0.71 13. 44
PR 56. 51 0.10 5.03

J5E 100. 0 1.12 100. 0

K UAAEZ S, B AT PE R s B A e, R
TR T T AR - =R
W) TR, JFR T )IVE 546 fh s B 4 0 i
14 A B A, % 24 00 ) AT T R R, P B
KRR WL 10, IR IR 25 R LK 5.

2% 5 A AL, BT X LiL,O fh 7 R 1. 12% 59 1] 75
A5 b A BN A S5, T LA R B e R
FILA-3 5iF 40 PN60, BG4 —HM—H =4
B V7 36 P R 50 TR, A RS LiL,O dh v R 5. 24 %
HRLRE ARG, Li,0 M3k 80. 26 %0, S8 T 41
A1 = 5T B
2.4.2 PREIET

XoF AT B AR ) RS 7 A EAT T A 2 T R Ay
Br, ST R 6,

Y 2% 6 AT, B 1 RS B Li,0 &b 7 5. 26 %0,
& TFe 2. 46% (% Fe,0, 29 3.51%), MnO 0. 43% .
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Fig. 10 Flowsheet of the locked-cycle flotation tests

x5 FEABABER
Table 5 Results of the locked-cycle

flotation tests /%
RS JrE Li,O ffii Li,0 [IeR
R 17. 23 5. 24 80. 26
A 61.97 0.12 6.61
TF 20. 80 0.71 13.13
A 100. 0 1.12 100. 0

x6 ERUTUFEZTESNER
Table 6 Results of chemical multi-element analysis

of lithium concentrate /%

ik Li,0 TFe Ta,05 Nb,O; Rb,O MnO

ik 5. 26 2.46 0.014 0.034 0.013 0.43

45 PO, MgO KO Na,0 Si0,  ALO,

il 0.42 0.25 0.42 1.08 62. 24 22.07

MgO 0.25% . K,0 0.42% . Na,O 1.08% . P,O,
0.42% . Nb,O; 0. 034% . Ta,05 0. 014%. 7J UL, 4
A S AR, FEE S A SE . K, xEk
30 AT o i — 2D W BRARER B, [ Rl F A

3

D) NP9 5 i A B RV A )R 32 22 4 45 R SiO,
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5.26%, % TFe 2.46% (5% Fe,0, 27 3. 51%), MnO

0.43% . MgO 0.25% ., K,0 0.42% . Na,0O 1.08% .

P,O;0.42% . Nb,O; 0. 034% . Ta,0, 0. 014 %, 44
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