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New Process of Low Temperature Curing and Water Leaching for Lithium
Extraction and Purification of High Purity Quartz from a Lithium Ore
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Abstract: The Li, O content of a low-grade hydrothermal altered lithium ore in Southern Anhui Province is
0.21% ., which belongs to a new type of lithium ore resource. The main mineral components are feldspar,
quartz, muscovite and chlorite. Lithium is mainly present in lithium chlorite in the form of lattice. The
new process crushes the ore to —1 mm, and the +0. 425 mm particle size enters the grinding to prepare a
qualified particle size of — 0.425+ 0.074 mm. Mica concentrate is obtained by magnetic separation of
qualified grade products after desliming, feldspar concentrate and quartz concentrate are obtained by
flotation of non-magnetic materials. Feldspar concentrate and mica concentrate were used to extract
lithium, and quartz concentrate was purified by acid treatment to obtain high purity quartz. The —0.074 mm
fine mud produced by screening of raw ore, regrinding, and by qualified grade stirring and scrubbing,

respectively, were combined into total mud for subsequent lithium extraction. The results show that the
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leaching rate of Li, O is 88.78% by low temperature curing and water leaching process to extract lithium

from slime, mica concentrate and feldspar concentrate respectively. After acid leaching, the content of

SiO, and Fe in quartz concentrate is 99. 942% and 4. 38 mg/kg respectively, which meet the requirements

of low-end products of high-purity quartz. The yield of feldspar and mica leaching residue after lithium

extraction is 54. 48 %, which can be used for building materials. XRD and SEM analysis of samples before and

after leaching show that low temperature curing of sulfuric acid destroy the lattice structure of lithium chlorite,

replacing Li" in lithium chlorite with H" to release lithium. The new process reduces grinding costs, has a high

lithium leaching rate, takes into account the recovery of mica, quartz, and feldspar, reduces tailings discharge,

and improves the comprehensive utilization level of low-grade hydrothermal altered lithium ore.

Key words: hydrothermal altered lithium ore; low temperature curing and water leaching; high purity

quartz; comprehensive utilization
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Table 1 Results of chemical composition analysis for the samples /%
24453 SiO; Li, O Al, Oy Fe, O CaO K;0O Na, O MgO Ti S*
Ji e Ay 64. 47 0.21 19. 60 3.55 1. 62 3.48 0. 85 0.98 0.31 474
4y P Zr* Ba* Cr* Ga* Mn * Ni* Rb* Sr* Nb *
il it 838 153.3 434 11 21. 8 526. 4 5.2 160. 2 89.9 11.8
T x B g/t
F2 AEERSINER
Table 2 Results of lithium morphologies analysis for the samples
S BT S BRIREL A S Pk AALS RANGES Bt 2s it
Li & & /(mg - kg™ 1) 3.15 0.45 1.68 2.10 952. 40 959. 78
A H /% 0.33 0.05 0.18 0.22 99. 22 100. 0
F 3 RH XRD ST R Li Beog e B WP . 99 0 e # Rt 4 A
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Li-rich altered rock(a) and microscopic ore identification photo(b)
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Table 4 Results of +0. 425 mm regrinding, desliming, magnetic separation, and flotation test

T JE5 I 1] /min 7 AR FER/ % Li,O g fiz/(mg « kg™ Li; O [ 3%/ %
ke 33.15 3 751.75 56. 56
T 1k 1. 30 539. 65 0. 31
4 =GR 11.16 1 526. 50 7.75
FaE R 0 11. 07 184. 28 0.93
K AR5 43.32 1747.95 34. 45
B 36. 40 3622.75 57.35
T 1 4k 1. 44 612.75 0. 37
5 Y 0 7.66 1 451. 25 4. 84
FEE 8. 45 249. 40 0. 92
KOk 46. 05 1 823.20 36.52

Hi 26 4 Al B = % 33.15% ~36. 4% . Li, O
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Table 5 Results of shaker magnetic separation test

—0.074 mm 5t/ % 75 i 4 B PR/ % Li; O ffifif/(mg * kg™ 1) Li O [al g 2/ %
60 iR 66. 88 2 537. 00 77.51
70 IR 70. 22 2 459. 60 79. 43
80 4R 77. 44 2 339. 20 84.17
M2 5 Al R0 BREE RO 7= A A e b Li, O 5 TR A5 0F 3 A FESR 23 B A 5020 ¥R B2 1Y

HAEF 2 500 mg/kg FE A7 % T 64008 AC AR B FE 2 ¢+ 1,78 150 C &8 F a2
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Table 6 The results of comparative experiments of lithium extraction at low and high temperature

R e - Rt/ AT Li: O/ B2k Li, O/ Li, O fE k. Li, O X g™ Li, O X J5™ Bt
RETR S % (mg kg™ (mg + kg™ 1) R/ % 2R/ % &R/ %
SR 76. 67 3751.75 367. 65 92. 49 52.31
IR 42 41 = EEREB 67.00 1 526. 50 288. 10 87. 35 6.77 88.78
KA 93. 33 1747.95 258. 00 86. 22 29. 70
B 79. 33 3 751.75 971. 80 79. 43 44.92
AR =S 75. 00 1 526. 50 350. 45 82. 76 6.41 79.73
KK 88. 00 1 747.95 348. 30 82. 43 28. 40

4 6 0T A IR B A BOE R SRR TR TR LT AL Fe' Mg
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I 3R 4 0 O R o B RS 0. 05 T WL IR R B U Ik B £ T AR A S B R T
SRR BEZ HLA Li' T U B IR R B K i
SRR TS W B IR A B G K B BB R AR B BT B A S R B B IR R
Wy, HC SRR TR S AR E 2 RO SR M5 TEERTANEE —0. 074 mm 14 1 1009 8. Li O B Hy
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RIS VeI H R AE AR (100~200 O Falbf7Me  XKOL BR2hl S 7P 1 K A7 20 Y VF 10 UK O K 77
ki B S B R ALY KBRS A BIBRRR 0 PP O T 4 SR 0 40 DR R T

PRERW . H iR . Hes o 2 A ICP-MS ) 13 35 i3 & oo %, 22 W 2 15
(Li, Fe) Al, (Si;AD) O,, (OH); + H,SO, — SiO, &, AFKT IR INE 7 s,
Li, SO, + Al (SO,), +FeSO, +H,SiO, + H, O A TFRA TR SIO, S 99.86% . ALO, & &

1E—ERE T HMRAB G AR AR R S 4t 0.16%,Fe, Oy 4t 0. 0100, 3K B R = i 2
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SR AZER P L VAP (Fe't (Mg®t (FetT & 2015),
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Table 7 Results of flotation quartz concentrate /(pg+g™)
4y Si0, * Fe Mn Cr Ni Cu Mg
B 99. 86 70.12 1. 80 0.19 0. 05 0.61 20. 68
4455 Ca Al Na Li K B Ti
o 71.02 877. 60 58. 05 40. 21 206. 16 0. 40 64.76

T = B % I
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Na, O 78 &5 R W3 8 PR, i3k 8 [l KA1 1k
FI BRI A A RE & BT 7000, 2] LU B
JEURE A DR BORE I ARG KR A DR

£8 KARE.ZHRBAMER

Table 8 Analysis results of feldspar leaching residue and mica leaching residue %
T 44 FR SiO; Al, Oy Fey, O K,O Na, O
K AT i 78.79 9.31 0.58 3.27 1. 46
= HR & 77.52 8. 09 2.22 2.77 0.51
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PRI ZR 5 MUK o mali A e T4 R L3k 9.,
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Table 9  Analysis results of high purity quartz /(pg-g")
o SiO; Fe Mn Cr Ni Cu Mg
B 99. 942 4.38 0. 36 0.19 0. 05 0.12 0.70
My Ca Al Na Li K B Ti
iy 51. 89 390. 98 15. 65 40. 21 12. 07 0. 40 64.76
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Fig. 2 XRD patterns of samples before and

after leaching



2024 455 9 1

A4 E GRERE ) (http://ysyl. bgrimm. cn) + 185 -

SRS 38 X J5URT RN JE B S TR e 2B AT T
SEM 73 &5 R W 3 18 4 Frs. A 3. 4 nf
R 352 R A o SO Y R R AR S AL RE T 0 A

-

e -
WD: 24.98 mm T

SEM HV: 15.0 kV MIRA3 TESCAN|
SEM MAG: 15.2 kx View field: 18.3 pm

Det: SE Date(m/dly): 05/29/24

5 pm

in situ@ODEC HFUT

A ERPEATH PIAFAE B 5 IR bl BE T 0 A B A Sk
A0 U B G A v NG A P B AR

A RIS E R TR .

SEM HV: 15.0 kV WD: 25.18 mm ‘ MIRA3 TESCAN

10 um
SEM MAG: 6.09kx | View field: 45.5ym ——+—1

Det: SE Date(m/dly): 05/28/24 in situ@ODEC HFUT

3 RHAT(a) iR H/F (b) # MR EHY SEM 57
Fig. 3 SEM morphologies of samples before leaching(a) and after leaching(b)
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Fig. 4 Energy spectrum analysis of sample before(a) and after leaching(b)
3 s DB L EIA T A QI A — R EHEE
5 18

D B PO oh B F 2T W KA
32.11% . A %% 30.47%, [ = Bk 17.66%, & 6 A
19. 77 % ARICF FH LS A% B Y U AE AE SR e A
. BWEEE L0 0.21%,Si0, 64.47% , Al O,
19. 60 %6 , Hofth G 2 75 A A%

2) J5T AT 2 U A0 AT ST W A A T L A TR
KR T2 )5, Bl XRD 3% b iy 4% )¢ A 17
ST 2K L SEMJE S5 FI BB % 40 7 K B IR B 1 4
P 78 BRI W] b J5 i R 5 4R ke A1 & 2B RO
IR T BRI AT I As A5 H AU B A L
H AR I ke A L R Ak A R T R R A VA A

—1 mm JF " BT 53, AU 77 2 5020 /9 +0. 425 mm
KL e A JEW ZRGE T A A R g A il 1
WA P A e, 1 SRS 2 1500, B Al a1 A 0
SiO, & 99.942% ,Fe 4. 38 mg/kg, A 4 {I% i /&5 46
A YD 5 =R AR IR 2 Al AR B R L TRK iR
Tt 1 B AT AL B R, B R Rk 88, T8 6L BT
e U B TS TR 2 Bl R R R R R IR Y A L T
5 VORI 1 280 24 55) XIK04 |] LA i 8043 1 |1 U
B R A A KA RS R o BRI AR
54. 480 AT L F /K U8 B RE i A A% L K B RL S
L B HE R L B P ORI B 1
IDAEE S AN W S g SRR Y E I 7 Y E i



186 -

A4 g QR EE ) (http://ysyl. bgrimm. cn)

2024 4F55 9 1

(1]

(2]

[3]

[4]

(5]

(6]

7]

(8]

[9]

[10]

YAN Q X,LIX H,YIN Z L,et al. A novel process for
extracting lithium from lepidolite [ J]. Hydrometallurgy,
2012,121/122/123/124 :54-59.

ROSALE G D,RUIZ M D C, RODRIGUEZ M H.
Novel process for the extraction of lithium from
B-spodumene by leaching with HF[J]. Hydrometallurgy,
2014,147/148.1-6.

ZHANG Y,SUN W, XU R, et al.

from

Lithium extraction

water lithium  resources through green
electrochemical-battery approaches: a comprehensive
review[ J]. Journal of Cleaner Production, 2021, 285
124905. DOI:10. 1016/j. jelepro. 2020. 124905.
VIECELI N, NOGUEIRA C A, PEREIRA M F C,
et al. Optimization of lithium extraction from lepidolite
by roasting using sodium and calcium sulphates[]].
Mineral Processing and Extractive Metallurgy Review,
2017 (1). 1262858. DOI. 10. 1080/08827508.
2016. 1262858.

ZHU L,GU H N,WEN H J,et al. Lithium extraction
from clay-type lithium resource using ferric sulfate
solutions via an ion-exchange leaching process [J].
Hydrometallurgy, 2021,206:105759. DOI:10. 1016/j.
hydromet. 2021. 105759.
GUHN, GUO T F, WEN H ], etal. Leaching
efficiency of sulfuric acid on selective lithium leachability
from bauxitic claystone [ J ]. Minerals Engineering,
2020,145:1-7.

XA AL, X507, 58, E RSN R 4y
A5 s MO 2 T e SR TT ], wh [ 3t 5, 2017, 44 (2)
263-278.

LIU L J, WANG D H.LIU X F, etal. The main
types, distribution features and present situation of
exploration and development for domestic and foreign
lithium mine [ J]. Geology in China, 2017, 44 (2);
263-278.

ZUO K S, WANG H, XIONG K, et al. Structural
transformation and dehydroxylation of clay minerals in
lithium-bearing clay[ J]. Journal of Thermal Analysis
and Calorimetry,2022,147:13231-13237.

ZHANG X F,CHEN Z C,ROHANI S.,et al. Simultaneous
extraction of lithium, rubidium, cesium and potassium
from lepidolite via roasting with iron ( [| ) sulfate
followed by water leaching[ J]. Hydrometallurgy, 2022,
208:105820. DOI.10. 1016/j. hydromet. 2022. 105820.
YANG J, ZHANG Z L, ZHANG G, et al.

Process

study of chloride roasting and water leaching for the

(11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

extraction of valuable metals from spent lithium-ion
batteries[ J]. Hydrometallurgy,2021,203(6):105638.
DOI:10. 1016/j. hydromet. 2021. 105638.

SU H,JU J Y, ZHANG J, et al. Lithium recovery
from lepidolite roasted with potassium compounds[ J].
Minerals Engineering. 2019, 145; 106087. DOI. 10.
1016/j. mineng. 2019. 106087.

AP, A, X AL A R RE R A A R BR ICR R
710, AL T .2016,43(24) :81-82,105.

LIS Y,KANG L W,LIU J J,et al. Research on distribution
and extraction technology of lithium resources [J].
Guangdong Chemical Industry,2016,43(24):81-82,105.
Zpdinm. i SR IR R R IR T S R A ol R
Bk R %], A @ 4R ,2015(5) . 16-23.

LI F Q. An overview of world lithium extraction
technology and current situation &. development trend
of lithium carbonate industry[J]. World Nonferrous
Metals,2015(5) :16-23.

SR R AL RS 4. il g KR B IR 1 T R
BERLT]. hr 5461.2015,7(44) . 1-2.

ZHANG D A,SONG L H,ZHAO S F,et al. Progress
and development of lithium resources about the salt
lake brine[J]. Journal of Salt and Chemical Industry,
2015,7(44) ;1-2.

AR, R T, L AL TR R A ARG
R T2 se ()], 5B TR, 2014,34(6) :81-84.
LI R G,SONG X Y,GAO Z,et al. New technology for
extracting Li from low-grade lithium-bearing clay in
Henan province[ J]. Ming and Metallurgical Engineering,
2014,34(6) :81-84.

PR ZFIEE LA % . B LRy SR b — R
ERETZRBIIEI ] A asE e i) .2023(2)
63-70.

ZHONG Z Y,LI1Z Y,KONG L A,et al. Experimental
study on clay-type lithium ore chlorination roasting -
acid leaching to extract lithium process[J]. Nonferrous
Metals(Mineral Processing Section) ,2023(2) :63-70.
TRIE B, 2B A8 R R b R AR
RBFgELI ] A EJE GRS . 2021(9) :37-40.
XU L,HUI B,GONG D X,et al. Study on high-efficient
leaching of lithium from clay-type lithium ore [J].
Nonferrous Metals ( Extractive Metallurgy),2021(9) .
37-40.

A B B RO BRI AL B SR T AR A L AL AR
R RELZRARERI] &8, 2023,
52(1):199-203.

SHI G M,ZHOU Y C,CHEN H J,et al. Experiment

study on lithium extraction with roasting and acid leaching



2024 455 9 1

A4 g QEHE ) (http://ysyl. bgrimm. cn) .

187 -

[19]

(20]

(21]

[22]

process for a sedimentary clay-type lithium ore in
central Yunnan province[ J]. Metal Mine, 2023,52 (1)
199-203.

PURCER 9 IV R N TR A =T s R R
B TREL B ]. &8 11,2024,53(3):
112-116.

LIU Y. TONG X, XIE R Q. et al. Study on roasting
and non-acid leaching test of a low grade type lithium
ores[ J ]. Metal Mine,2024,53(3):112-116.
S, B AR, TS L 4. — i AU 280 v 4 AR
i 79 : CN114959253A[ P, 2022-08-30

MIAO Y W.LI C D,QIAO Y C,et al. A method for
extracting lithium from lithium clay: CN114959253A[P].
2022-08-30.

K 75U R R X 4ERE L AR A SRR R IR 5
SEEREL ] B R AP 5 AT 2020,40(5) - 17-23,
ZHANG X F., TAN X M, LIU W Z, et al. Current
status and research progress of lithium extraction
technology from ores[J]. Conservation and Utilization
of Mineral Resources,2020,40(5):17-23.

KLU BRI , S5, A, — IR A S ol A2 R 40 ™ 3 24
JRHL AN Al B U7 i . CN117718135A[ P, 2024-03-19.
DU S H, TAO N, XIA L, etal. A method for
efficiently extracting lithium and high-purity quartz

from low-grade hydrothermal alteration type lithium

[23]

[24]

[25]

[26]

deposits: CN117718135A[P]. 2024-03-19.

PR 206, E 0 4%, 5. SR80 5 1 SR BB R BF 5T
JELI]. WAL K242 CA R B2 AR, 2020, 42 (1)
56-60.

TIAN J,LI T, WANG M Y. et al. Research progress
on extraction process of lithium from lepidolite [ ] ].
Journal of Hubei University(Natural Science) ,2020,42(1)
56-60.

A%, EE MR, % LR 6 R &R
pe MR A 048R TR, 2022, 12(12).
66-72.

KONG L A,LI1Z Y.ZHONG Z Y.et al. Extraction of
lithium by adding ammonium sulfate roasting-acid
leaching from clay-type lithium ore [ J]. Nonferrous
Metals Engineering,2022,12(12) :66-72.
SRR B B B s, R AV b R KR BT
F20J]. #42,2023,44(12) . 47-50.

PENG K Q,ZHOU R X, QAIN X. Experimental study
on the leaching of lithium in a clay type lithium ore[ J].
Gold,2023,44(12) :47-50.

AR 4 K B B, 55 &G R BB b B A R
BlI]. A @8R GRHEIS) . 2020(11) : 35-40.

ZHU L,YANG Y Q,GU H N,et al. Study on leaching of
lithium from clay-type lithium deposit[ J]. Nonferrous
Metals(Extractive Metallurgy) ,2020(11) :35-40.





