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ABSTRACT The South China region is abundant in high mud lithium mica resources, which are characterized by their complex
mineral composition and high fine mud content. These properties present significant challenges for flotation separation, resulting in low
resource utilization rates. Geochemical studies have identified an evolutionary trend of lithium mica: Biotite evolving into
Ferrimuscovite, then Zinnwaldite, Trilithionite, and finally Lithium mica. During this evolution, some lithium mica acquires weak
magnetic properties owing to iron content, making it suitable for superconducting magnetic separation technology. This technology
offers high magnetic field strength and low particle size limitations, offering great application prospects. This paper addresses the high
mud lithium mica resource at Jiepailing, Hunan Province. The main lithium-bearing minerals in this ore are iron-bearing lithium mica,
constituting 21.43% of the ore. Owing to the fine size of these target minerals, fine grinding is essential to increase monomer dissociation
before beneficiation. The ore contains kaolinite and other vein minerals, which are easy to be muddied after grinding, making the amount

of fine mud greatly increase. Additionally, the ore contains high amounts of fluorite, which negatively affects the flotation process for
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lithium mica concentration. The presence of high fluorite and fine mud content limits the efficacy of conventional flotation methods.
Furthermore, the weak magnetic properties of certain lithium mica minerals pose challenges for conventional high-gradient magnetic
separation techniques. Therefore, a new combined magnetic—flotation sorting process has been developed based on the ore
characteristics. Stronger magnetic zinnwaldite is preferentially separated and enriched through high-gradient magnetic separation.
Subsequent secondary grinding allows for another round of magnetic separation to obtain high-grade concentrate. Weakly magnetic
lithium mica is pre-enriched by flotation, reducing throughput after impurity removal. Finally, the flotation concentrate and fine sludge
are separated and enriched using superconducting technology. This process finally causes “high-gradient magnetic separation—fluorite
removal flotation—lithium mica flotation—superconducting magnetic separation” of the whole particle size beneficiation. Experimental
results have shown that microfine-grained lithium mica, which cannot be effectively separated by conventional magnetic separation or
flotation methods, can a Li,O grade increase from 0.52% to 1.86% using superconducting magnetic separation technology. This greatly
improves the ore utilization rate. Under full process experimentation, raw ore with a 0.76% Li,0 grade yielded a comprehensive lithium
mica concentrate with a 2.22% Li,O grade and a 77.62% recovery rate. The new process bypasses the shortcomings of conventional
separation methods through the organic combination of high-gradient magnetic separation, superconducting magnetic separation, and
flotation technology, achieving efficient extraction of high mud lithium mica in full grain sizes. This research provides a reference for the
efficient development and utilization of complex lithium mica ores.

KEY WORDS silt; lithium mica; superconducting magnetic separation; whole grain; magnetic-flotation separation

B, DA HE X T W 1R 55 . R E 2 A4 PR = B A AR
T RS AR, b TR S R T A B b B
AR B S AT AROR, Z TR
F. A, SRR BOR 5 WL BOR B4 5
o 8B 2 B A e ORI BRI T B RO figp By R

A ST L] 1 M JH 5 R X e Y PR s B
ﬁﬁﬁﬁ%ﬁ%@T@z!Taﬁ%”ﬁ%@%&

77 A 3 2R AL o 2 B 23 B AR F 5 DB 2L
%ﬁﬁﬁﬁ@mmpﬂﬁﬁﬁﬁﬁﬁﬁ\ﬁﬁﬁﬁ

PRV N EZREIR &8, B A (A=
TRHLR] 2016—2020 ) F R H BB P 08 I H 5%, J&
XU B bn Y 2 S N, ke R A 2 F Ak
ARV A R R, B A BT RE Rl A PR
&, BT SRR SR 2Rk, fiff B B KA AR B A AR < B
WiEEZ R RE BT BA MR,
&ﬁ&m#ﬂwiyﬁﬁﬁ‘ﬁﬁﬂﬁﬁ:@%
HEHHFEZMmREBERRE, AEREN T
ﬂ%ﬁ“ﬂ&H@zAWIEAﬁ?$MﬂEE

PR A, BRIk B E R, AP S, TR T R RS e T
T A R R, B BRI I kT R S 2, FEBL T PR B 0 AR i ASOR

5 HR 0 3R S A 2 o ) R A e A5 8 2 3 o 4 o

e
S e R s e R L TR ER BT RTET R

J A FH R 850 il Sk = 08 A0 S B =, KA DOk
M L o B — VR = ORI UL B 284 = B Tk
m?ﬂ@iﬁﬁ*ﬁﬂ%ﬂ%hﬂz SHM 2 SR, W
e LA R S 0 R e e R ) o e R
M L) A5 BRAB Y [m] R

-5 0 B B ARAE Sy — o 4 e TN,
T 5 Y 3 EE At T A W A%, B il Ak L
TR O[] B, S R T A A R R L B
FEAR, M EREE, RARNARETtm
Arfa, PR i SO R A 1Y 10% 22471
UL, B R 7 ik ff 15 08 3 0 0 15 % T LA S R

1.1 HRHERLERS W

B AR iR R BT R A B RG0S M X R 2 R
W, SHR B R 2 mm AR, IR A 4643 e B BT
TR SR T 20 W 8501 R 48 (MLA) i
T T 50 P2 Rk 43 .

W X s BT AT AR S 2 n R A A, B
HEB RN &, T R UL 1L ARIE 45 2R,
JE B LiO & 2 4 0.76%, % ik f1 96 & N Si0,.
CaO. FIU &, i &t 43 8043 il 4 38.00%. 18.44%.
12.90%, FWHPKGT Y F 2 e s A . B 1
FETRT Y.

1 AEZITRIER (B H0

Table 1 Chemical multielement analysis results %

Li,O F Si0, Ca0

Fe,04 Rb,O K,0 Rest

0.760 12.900 38.000 18.440

3.576 0.1655 3.849 22.3095
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Table 2 Mineral composition and relative content analysis

Minerals ~ Mass fraction/% Minerals Mass fraction/%
Fluorite 27.4422 Calcite 3.0282
Lithium mica 21.4316 Hydrotalcite 0.8708
Quartz 14.1746 Pyroxene 0.3832
Muscovite 9.8862 Zinc—iron spinel 0.1566
Topaz 9.6229 Pyrite 0.1555
Kaolinite 5.2972 Lead manganese ore 0.1455
Iron oxide 3.6091 Zinc—manganese ore 0.0545
Plagioclase 3.5209 Others 0.2209
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Table 4 Test results of high-gradient magnetic rough separation

Magnetic strength/T Product Productivity/% Li,O grade/% Li,O operational recovery/%
1.4 12.53 2.10 34.54
1.5 Magnetic separation crude concentrate 14.83 2.08 40.59
1.6 21.38 2.03 56.79
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Table 5 Test results of high-gradient magnetic fine separation

o s . Li,O
Milling Grinding Productivity/% Li,O operaztional
time/min  fineness/% grade/%
recovery/%
0 81.85 63.36 2.25 71.27
0.5 88.69 66.94 2.30 76.89
1 96.12 58.95 2.65 71.57
1.5 97.04 58.82 2.67 77.63
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Fig.8 Schematic of the sorting processes in the superconducting magnetic separator*
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Fig.9 Procedure for the dosage test of fluorite collector reagent
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Fig.10 Results of the fluorite collector reagent dosage test: (a) CaF, grade and recovery of fluorite products; (b) Li,O grade and recovery of fluorite
products
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Fig.11 Procedure for superconducting magnetic separation
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Table 6 Results of the full flow open circuit test

Products Productivity/% Li,O grade/% Li,O recovery/%
Products 1 11.29 2.63 39.45
Products 2 10.13 1.96 26.38
Products 3 3.57 1.81 8.59

Middles 5.50 0.62 4.53

Sweep concentrate 1 8.45 0.47 5.28
Sweep concentrate 2 6.98 0.36 3.34
Fluorite products 19.51 0.15 3.89
Tailings 1 8.45 0.12 1.35
Tailings 2 18.57 0.17 4.19
Tailings 3 7.55 0.30 3.01

MR, AT A I R B — R,
TF RGBT E AR R A R AT 4R T P B U
EIGnE 15 fros, g 25 R w3k 7 R AR5 4
W LiO S0 50 51N 2.63%. 1.97%., 1.73% (%) = F
K0 72, LA R0 LiO A ] i 5843 51
2.22%. 77.62%.
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Fig.15 Flowchart of the closed-circuit test
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Table 7 Results of the closed-circuit test

Products Productivity/% Li,O grade/% recoLvié(r)y/%
Products 1 11.71 2.63 40.39
Products 2 10.08 1.97 26.07
Products 3 4.92 1.73 11.16
Tailings 1 23.21 0.32 9.69
Tailings 2 18.85 0.17 4.20
Tailings 3 11.87 0.30 4.67

Fluorite products 19.37 0.15 3.82
Cons"lliigifi iﬁ’i““s °of 2670 222 77.62
Consolidated tailings of 53.93 0.26 18.56

lithium mica
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P, —800 HAiZ 5 H 39.55% . Li,O 4343 40.20%,
A e S A B s R

(2) 553 Rk o e i ) B = BRI A TG R R
) 0 32 BT 0 S A AR o ik, T S R R 2L
AR T SR, BN 2R BRI, BEAS N T
I BMEE AR 2 B e IR LiyO db 678 0.52%, 48
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PEM RT3 Ry 60.16% 1) GRG0 5 V7 BERS 0 76
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T, Li,O &7 F 0.75% $2 Tt 2 1.91%, Bk a5 %
H 75.80%.

(3) Xt T4 4 1 Ve B o BE, R A i 11 Rk
2 BESR FH i B B TR 43 S, S MM R kL
PAR s B AR £ B g vir) ) e e N L U =T ¢ )5
s e — Mt o A VT v s RV R 4
By 8 T4, FEEED 40 % 200 H 5 b 83.6%
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K038 3 WS R (4.5 T) 4R T, 4078 5 s B i
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