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Recovery of Lithium Carbonate(Li>COs) from Lithium
Sulphate(Li>SO4) using Thermal Reaction

Dong-Hyeon Choi

Department of Metallurgical Engineering, The Graduate School, Pukyoung National University

Abstract

Lithium is mainly used in a variety of fields, including lithium-ion secondary battery anode active
material, raw material for light alloys for aircraft, and fuel used for nuclear fusion power
generation.

Regulations to counter global warming and climate change have been increasing recently, and
advanced countries are developing electric vehicles to replace internal combustion engine cars,
which are responsible for carbon dioxide emissions. Demand for lithium is on the rise as research
and development of lithium secondary batteries and lithium secondary batteries for electric vehicles
increases, and the impact of lithium on the world as a whole is expected to be huge in the future.

The nation relies on imports for most of the raw materials and rare metals used throughout the
industry. South Korea's actual self-sufficiency rate of lithium and scarc metal is less than 12
percent and its deposits and production of lithium and rare metal are very poor. As a result, it is
necessary to supply and demand lithium materials on its own since the situation of international
metals such as price, production and supply and demand has a huge impact on the domestic
industry.
Most of the existing technologies for lithium recovery and lithium manufacturing through recycling
in Korea include leaching through acidic solutions such as D2EHPA, PC88A and nitric acid, and
leaching through organic acids such as citric acid and oxygen acid, which are separated and
recovered mostly through acidic solutions.

As such, the technology to recover lithium using acid or base fluid can cause environmental
pollution caused by by by-products and wastes generated during the process, such as the cost of
disposal of waste. Therefore, it is deemed necessary to develop environmentally friendly recycling
or lithium recovery processes that do not use acid and base solutions.

Accordingly, a study was conducted to manufacture lithium carbonate (Li2CO3) from the
lithium-mixed mineral (Spodumene) through carbonation and to manufacture high purity lithium
carbonate (Li2CO3) solution and powder through water leaching and decompression filtration using
distilled water. If lithium carbonate is developed through simple dry heat reaction and applied to
South Korean industries, it will also contribute to localization of lithium materials that depend

mostly on imports.
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2.1.2 Lithium¢ &%=

9FY §E: Fig2l o dehigion, gEe dugos
HzAel g BF SFE Fuzqel Ao el
o Age watel g

25
Heted g, 53 Fas g
g

¥ @ R(LIAIH), @Folu=
LINH)SS Bt A28, a5e dedReos Agssd vy

¢

Folth ARHER Le Gl FHAZE AgHH, dFe] quAe He

= = 4ol FolAE qae o =@ W) wWE

of BT wE $F NPE Bol AEHE FHolth o) E AR A
L)

E2 AMgEY [15]

Concentrate
Metal Compound
Ceramics&
Frease Air Recycle
Glass Other
the Materials Conditioning Of Oxygen
Manufacture
High Medicines,
Solvent Maintain
temperature Spacecraft, Synthetic
(Decrease the of .
. ) Of the . Submarine Rubber,
Melting point) . Humidity
lubricant lon Battery

Fig.2.1 Use of Lithium
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Table 2.1. Use of Lithium Compound

TEEHFE) 45
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Table 2.2. Major Lithium Containing Minerals

JJEH | #A 4
25 s Li20 B
Hd Li20
FRHFH | FHFW
Rk
Spodumene LiAlISi»Og 8.0 2.9~7.7
Petalite LiAl(SifO1p) 4.5 3.0~4.7
Lepidolite K(Li,AD3(S1,AD4O10(0H,F); 7.7 3.0~4.1
Amblygonite (Li,Na)AI(PO-(F,OH) 7.4
Montebrasite LiAlI(PO»(OH,F) 10.2 7.5~9.5
Eucryptite LiAISiOy 11.8 4.5~6.5
Bikitaite LiAlSi;O¢ - H20 b
Cookeite LiAl,(A1Si3010)(OH)s 2.9
Virgilite LiAlISi;0¢ 4.1
AEF
Hectorite Nap 3s(Mg,L1)3S14010(0OH), 1.17
Salitolite (Li,Na)Al3(AlSis010)(OHs) 1.65
Li(ALLi,Mg)4((5i,AD4010);
Swinefordite 3.76

(OH,F)4 - nH,0

=

=

] : Lithium : Global Industry, Market & Outlook (Roskill 2016%3)
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Table 2.4. Lithium Reserves by Major Country
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2.1.4 Lithium® A4 &%

g5 AA AL A2 Table 2501 YEFHATE A AAA o2 2§

AAEFS 175631 = LCE(Lithium Carbonate Equivalent)o]™, ©]% 92%

b &F, A, of2AEY, F3 59 Fa aFeA A Folw, Al

o]. =0
TR 262573 = LCE(Lithium Carbonate Equivalent) thy®] Al 7% &
2 67%o°|tf. 3k ofgle] Fig.ol =71 gl AR FolE YEUA

t}. [18]

Table 2.5. Lithium Production by Major Country

TH zF A4 Vit T 7€
Bt
A2l
(HE, 70.0 62.7 18.7 10.7 135
LCE)
E (i)% 39.9 -7 | 10.6 6.1 7.7

= 3

=3 : Mineral Commodity Summaries - Lithium (USGS 20164)
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Table 2.6. World Lithium Production by Major Companies

TE Albemarle SQM FMC Talison 7€}
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Aol Aol At 2He JpA Bol a4hz 2gHT)
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23] A1 Rockwood 714l A 2lE& Aitstal = FolH, ol=dlE o] ¢
B g Aol A= wl=re] 71990 FMC71de] Salar del Hombre Muerto %
bl A ElEws AL Foll Ak mEgh AFFRI(Spodumene) 78289 -5 59

Greenbushes 498 34F 2 S0l A ALk

_‘]3_



2.1.5 Lithium¢ A2 2 &%

A FAor AAEHE gue] B¢ A9E 2 dFdo® UFolA
F sgEd SAHE(LiCOs), F4kste] & (LiOH), o3&
%(Li metal) 7t W82 7ty AT = A= 2w
= Aolattt. A4y sgET 1AH R AsEF(Li0) FH
¢l AXZFH(spodumene) APo =z Inj 7pssht A ZF (spodumene)
ABo] A9 A EFECLLO) 2 &F 1 HE(Aluminium), TF4(Silica) 53
gES olFa Q7] wiEd 2x¥ o=z siFo] HasiH, X~
(Spodumene)< 7h& s8] ©4ke] & (LixCO3) 2 4kste] & (LIOH) = A4ks)
of AR&shal U

drgde A5 R AFHoE B E(LiCO;) B A8l FLiChe =
Aakol 7hssl, AlzE B E(LixCOy)2 224 02 ¥3kste] aksly]
¥(LIOH) % 4dste]FLiCho= ¥3kate] A, =3 443t #(LiOH)
! A3 S (LiCD =3 gHahe] F(LixCOz) & 2 W3 7Hs st
Fe5e 4% d3ds@ichd dstg g sges A= Aitet
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Fig.2.5 Final Lithium Compounds and Their Uses According to
Development Method
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&
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43| Etize
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&=
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Fig.2.6 Acid Roast Method process chart
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222 A3 S B HEdE Ax

ToAA 719 S Tdl B-2XFuez st A7),
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F(Li0)s A ogA AdE stz (Ca2S04) et 4tslEl

Lix0) Td=< A9 &5 T A as AAR 7 FAsdE

ER 2l et [29]

HFEERY
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S ARHE7I(80~120°C) —
-———-_,_____—_____,_.————"
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Fig.2.7 Lime Roast Method process chart
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e -
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Fig.2.8 Clay type lithium compound production process chart
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Fig.2.9 Brine method process chart
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31 43 A= 3 A

3.1.1 ¥A s

2 ATl Aed AF

clo
o

= A~ ¥ F U (Spodumene) FA o2 RE 3}
kel F(LixS0)S  AFE3tdern, 42

XRD(X-ray Diffraction), ICP(Inductively Coupled Plasma), SEM-EDS

>

gow Az B %

Ay
)
ot

(Scanning Electron Microscope)®] 371#e] AR S F3 dA 59 4
= st

XRD #4 A% & Fig 310 JUedilen, EDS, ICP #4 Azs
Table 3.1 e ATt EAZAE BA W, XRD £4S5 &3 9A=
o Abo] Li2SO4 Ale #eletglom, EDSEAANE Fa ANz
Oxide 63.75wt%, Sulfur 36.25wt%<] & #FS gl oy, ICP #4& §

3 Lithium 14.8wt%<9] A+ =S glstAdt
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Fig.3.1 XRD pattern Li2S04

Table 3.1. EDS and ICP analysis result of Li2S04

8¢

EDS (wt%) ICP (wt%)
DA
0 S Li
Li1,S0O4 63.75 36.25 9.53
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(e)Thermocouple (f)Alumina crucible (g)Sample

Fig.3.2 A Schematic diagram of experimental apparatus
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Program< &3 A3ttt &4ke]l 5(LisS0,) e Carbonation®] &k vk
25 of#el YER AT

Li;SO4 + 4C — Li,S + 4CO (1)

Li,S + CO; — LixCO3 + SO, (2)

1
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ol vkeA S &gk & 2] AEstien, 1 Ay

fe=]
=
¢ Table 3.2, Table 3.3°] eI

e

o}

Table 3.2. Analysis of HSC Chemisty Program of lithium sulfate

Qg2 Li,SO, + 4C = LiS + 4CO(g)
T(T) AG (kcal)
0 84.048
100 66.962
200 49.97
300 33.146
400 16.525
500 0.124
600 -15.891
700 -31.114
800 -46.132
900 -60.903
1000 -75.43
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Table 3.3. Analysis of HSC Chemisty Program of lithium sulfate

]i'_]_'%/}-]l Lizs + CO;, — LizCO3 + SO,
T(C) AG (kcal
0 -188.952
100 -182.119
200 -175.363
300 -168.708
400 -162.196
500 -155.882
600 -149.656
700 -143.529
800 -138.37
900 ali37901
1000 -128.689
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323 TGA €% #4

TGA(Thermogravimetric Analysis) €% % 4] A0S Al&35lo] 3HAikg]
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2 4l 5 (Photodiodes)

IR &2 LHOI2 =(Infrared LED) e
=& 24| (Meter movement) T :
#HE Z(Balance arm) - 14
& & B (Tare pan) ﬁr/i/ _/
NE .

| = 2= H(Sample platform)

Z H© B (Thermocouple)

A= H(Sample pan)
JIHEZ & =2|(Furmnace assembly)
HAl 2IH &= (Purge gas outlet)

7+ Il (Heater)

Ht= (Elevator base)

W I & 2-(Purge gas inlet)

A2 B 13 H(Sample pan holder)

Fig.3.6 Schematic diagram of Thermogravimetric analysis
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Fig.3.7 XRD Pattern of Thermogravimetric analysis
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Fig.3.8 TGA analysis diagram of Li;SO, with various

heating temperature of 257990C under CO, atmosphere
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3.2.4 Carbonation

FAF (LSO o258 g §(LixCOs)= Alxst7] fla H7HAIQ]
carbon powderg 7}t ¥ CO, 7}~ &S &3l g H(Li:COs) S
2o Aust 23S A 53

k] (LSO 2.2 58 Carbonations &3 AW st ofo el
Eg-Alel ofs] e H(LixCOz o2 sty dojum, Ske] HSC

Program® 3] 600T Y8 Wgo] dojiti AL elsech

LSO, + 4C — LiS + 4CO, AG® at 600C <0 (3)
LixS + CO; — LisCO3 + SOx, AG® at 0T <0 (4)

T TGA €% 4 ZAE 3l 8007950C Alojol Al ARist7t ¢of
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Sk B (LioS0,) 8] Carbonation 28-S F3& st @ g2k H(LiCOs3)
(LixCO3) 9] 3l+&
THES JIPgsigon, FAEFL ol e ELiCOm3I 1 9

&
e
)
o
)
Y
St
o
=
o
o
=}
o
o
£
[oN
g
Lo
.{
AC)
e
>,
E
i

Table 3.4. Solubility of Li,COs, Carbon powder and impurities in water

. ) Carbon Powder
Materials Li,CO3 .
and Impurity
1.54 g/100 mL (0C)
Solubility 1.32 g/100 mL (20C)
Insolubl
in Water 1.00 g/100 mL (60C) R S
0.72 ¢/100 mL (100C)

Table. 345 HHW B H(LiCO# EEES] 2o dd &= *fo]7t
Uethglon, ebe] 5 (LiCOs)% BF =l the &a=7F vete= vt
d, greed 49 =9 Wd Sert ey 7] i SR dE
s e E(LiCOx) Eeee 227 7oty £33 aitel &
(LiCOz) 9] &dlm= 2=7F vrope wel &3 =7t okA= As &
&

(LipCOg)e] =0l = whgo] wdwkgo]l7] wjid

r>~
L)
i
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Carbonation &% =7
WSS nig oz A3

LHER 2L

Table 4.1. Carbonation experimental condition

My =24
exzd o e A
10C /min 10C /min 8001, 900C
HE-3- A 2k 5hr
AHA7MA vl& 28] 5(Li;SO) : Carbon powder = 1 : 3
A =4
T e A
971 Ar gas Ar gas CO2 gas
300cc/min 300cc/min 300cc/min
HES-2 Electric Furnace
H-E =7 dFr =7y
A% A= 9be 3 BS XRD(X-ray Diffraction) #4S E38] = 2
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Fig.4.1 XRD Pattern of heat reacted Li2SO4 at 800C, 900C
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Table 4.2. Carbonation experimental condition
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oz F= e A
10°C /min 10°C /min 900C
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L - |
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Fig.4.2 XRD Patter according to additive ratio
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4.1.3 Carbonation ¥H-§ A7t 7o w& A3}
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Table 4.3. Carbonation experimental condition

LGl
Hk-S- A3t Ty ohr
aA =4
eczA T s A
= by 10°C /min 10°C /min 900C
A7HA Bl 8} 2+2] 5(Li,SOy) : Carbon powder = 1 : 1
3= 4> A
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H-3=2 Electric Furnace
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Fig.4.3 XRD Pattern according to thermal reaction time
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Table 4.5. Li content in powder after filtration

according to distilled water ratio

ratio 1:10

ratio 1:20

ratio 1:30

Li contents

2230ppm

139ppm

N/D

_5‘]_




el

X
oy
Ny

—

_ZD
&+

!

_(H

552

vl
=

A (LiCOs) ¢

~
fi%e)

oot

-
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Table 4.7. Li content in powder after filtration

according to leaching time

1hr 3hr 5hr

Li contents 2119ppm 380ppm N/D
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Li wt.% O
(LizSO4, 10.132g) 14.2 wt.%

Table 4.8. Lithium Content in Raw Material

Li wt.% \
(LiCOs, 5.7859) 2R vt
Li weight 1.371¢g

Table 4.9. Lithium Content in Recovered Lithium Carbonate Powder

Recovery rate (%) = 1.371g/1.439g>x 100 = 95.27%

Table 4.10. Recovery rate Calculation Result
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ICP A4 3 44403

Al Fe Nb Sn
(Aluminum) (Iron) (Niobium) (Tin)
As Ga Ni Sr
(Arsenic) (Gallium) (Nickel) (Strontium)
B Ge {2 Ta
(Boron) (Germanium) (Phosphorus) (Tantalum)
Ba In Pb Ti
(Barium) (Indium) (Lead) (Titanium)
Be K Rb Tl
(Beryllium) (Potassium) (Rubidium) (Thallium)
Ca Li Re Vv
(Calcium) (Lithium) (Rhenium) (Vanadium)
Cd Mg Sb W
(Cadmium) (Magnesium) (Antimony) (Tungsten)
Co Mn 3 Y
(Coblat) (Manganese) (Scandium) (Yttrium)
Cr Mo Se /n
(Chromium) (Molybdenium) (Selenium) (Zinc)
Cu Na Si Zr
(Copper) (Sodium) (Silicon) (Zirconium)

Table 4.11. ICP Analysis 40 kinds of Element
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