creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

F g A A E Y =R
1= e S
A(LiNi Cl
(LINiICoAIO,) &7 5-4H8 246

g
Bl B GobRd 8 A7

2023 2¢



T AT EER

FL] ,E_o] %ZJ_X] OO]:T:L%L%]E]

NCA(LiNiCoAlOy) &4
Z=As g 53 824 B4 o



Th )

02¢

2023



L. A& o 1
Lo HIA B 1
II. O] 2 HJ ] oeerreereereeressemsersessesseiseisessesseissisessessessessessessesseses s sssens 3
1. AR Q] FPQ werererrerenineii 3

D) 1RERAR] ererrer s R R T 3

2) 2L AR g R T T I e 6

0. a5 o)oadx ¢ 7 odf- Al W M . T 7
DR o B TR R — 7

9) 2% oalx] o] S Wan . NUN. ... L 9

3 A7|AHEAE] 25 o] A P S 12

1) LEP(LIFeP0y) ™ e o e, 14

) NCM(LIVECOALQ,) +++++eesssssssssssssssssinsnsenseesssssssssssssssssssssssssssssssssssssssnssss 16

3) NCA(LINICOAIQy) #++vssseessseessssesessssessssessssssssssssssssssssssssssssssssssssssssssnsens 18

A, ZEAFBFR]) B (LUQH) vevveeverersessemseemsensssisessseiiesise et 20

5. B 50 AR ALY T QA e 7

6. 2| E0] LA 9] TG 7]Z BT oo %

1) S2] TR 7]Le rerrerreerremesseieises s U



pil g

o
Nfo

3. Hy gas B9 7] QHES v

A

—

i

gl
Nd

iy
o}



Recovery of Lithium Hydroxide and Valuable Metals from Process
By-products of Lithium Ion Battery Cathode Active Material
NCA(LiNiCoAlO,)

Jong-Ha Hwang

Department of Metallurgy, The Graduate School, Pukyoung National
University

Abstract

Lithium ion batteries are widely used throughout real life and industry
due to their high output and high energy density. The cathode active
material, which greatly affects the performance of a lithium ion battery,
determines the capacity and average voltage of the battery as a storage
of lithium ions. LCO (LiCoOz)-based cathode active materials have been
used in most small electronic devices such as smartphones and laptops.
Research is progressing in the direction of high power and high energy
density. Currently, major countries are encouraging the production and
distribution of eco-friendly electric vehicles by strengthening automobile
fuel efficiency regulations and carbon dioxide emission standards. It is
expected that more than 30% of global vehicles will be electric vehicles
by 2040, and a rapid increase in supply is expected accordingly.
Accordingly, it is expected that the number of batteries will exceed

80,000 after using domestic electric vehicles in 2029, and it is predicted



that there will be problems with battery disposal after rapidly increasing
use. Currently, recycling of used lithium ion batteries is mostly a process
of leaching valuable metals using acid or alkali, which may cause
secondary environmental pollution as well as treatment costs due to
process by-products such as waste liquid. Therefore, in this study,
research was conducted to develop an eco-friendly dry process for
recovering lithium and valuable metals from lithium ion battery cathode
active materials, and H2 thermal reaction, water leaching, and magnetic
separation from process by-products of lithium ion battery cathode
active materials NCA (LiNiCoAlQ,). Lithium hydroxide, Ni, and Co were
recovered through the process. First, NCA was phase-separated and
reduced through H; thermal reaction, and at this time, the effect of
reaction temperature and holding time was investigated. Second, the
phase-separated Li, Ni, and Co were water-leached using the difference
in solubility in water, followed by filtration and drying to recover lithium
hydroxide powder. At this time, the effect of water leaching time and
solid-liquid ratio was investigated. Finally, Ni and Co mixture powders,
which are water leaching residues, were separated through magnetic
separation. As a result, lithium hydroxide was recovered from the
by-products of the NCA process, and the recovery rate of Li was
calculated as 92.30%. It was confirmed that the purity of the Ni powder
was 95.44% and the purity of the Co powder was 95.98%.
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Intensity(a.u.)

1 LiNiCoAlO,

a0 40 50 G0 T
2-theta(Deg.)

Fig. 3.1 XRD pattern of LiNiCoAlO,

Table 3.1 Chemical composition of LiNiCoAIO,

XRF (wt.%) ICP(wt.%)
Ni Co Al Zr S Li
87.65 10.88 0.71 0.44 0.32 6.94
Standard Deviation
0.098 0.072 0.554 0.344 0.051 0.032
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— 3 Filtration
LiNiCoAlO, H, Thermal Water Leaching and Drying = 3
i powder

Reaction

(o e @ oio T o\,l;:

@ - nEvi= s s

Solution

Residue
X xrxl
it @ Magnet 2
@ » @ g
90000

Ni, Co powder [ Ni powder ] [ Co powder ]
Separation

Fig. 3.2 Schematic diagram of experimental process
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Weight(%)

0 200 400 600 800 1000
Temp(°C)

Fig. 3.3 TGA diagram of NCA under H. atmosphere
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(b)

|
o0 o 00000

Q[H........

(a)SiC heater (b)Thermocouple (¢)SiO2 tube (d)Cooling line (e)Cover

(f)Alumina crucible

Fig. 3.4 Schematic diagram of experimental apparatus for H. reduction
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Table 3.2 Solubility of LixO, LiOH, metal in water

Molecular formula Solubility in water

Li,O Reacts to form LiOH

12.7 g/100mL(0C)

LiOH 12.8 g/100mL(20C)

175 g/100mL(100C)

Ni, Co, AlLO3 Insoluble

(d)

I ———

b
g ¢ e+ (C)

@ L X a0

(a)Stirrer (b)Heat, RPM controller (c)Magnetic bar (d)Beaker

Fig. 3.5 Schematic diagram of Magnetic stirrer
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Ni content

Co content

Fig. 3.6. Concentration gradient cathode material
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90 000 -
L

. Magnet

. (c)

Co
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00000

(a)Heat treatment furnace (b)Carbon crucible (c)Alnico magnet

(d)Thermocouple

Fig. 3.7 Schematic diagram of Magnetic separation
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Fig. 4.1 XRD pattern of heat reacted LiNiCoAIO, at 600C~800C
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Fig. 4.2 XRD pattern of heat reacted LiNiCoAIO, at 1thr~3hrs
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Fig. 4.3 Ni, Co attached by magnetism during water leaching
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Fig. 4.5 XRD pattern of the powder of drying the solution in the water
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Table. 4.1 Li content in recovered LIOH powder

ICP(wt.%)

Weight of

SOlld—I‘AQUId LiOH Li(wt.%) Stalilda}rd
ratio Deviation
powder(g)
1:10 2.88 20.32 0.098
1:30 3.12 20.53 0.106
1:50 3.23 19.93 0.087
Table. 4.2 Li recovery rate calculation
IF IJTE& A4
AA &5 Tl |2k & Rk s
Lo TEH TS g0
= F(g) Li 5% (g)
1:10 0.694 0.585216 84.33
1:30 0.694 0.640536 92.30
1:50 0.694 0.642447 92.57
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Fig. 4.6 XRD pattern of residue recovered from magnetic bar
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Fig. 4.7 XRD pattern of magnetically separated Ni and Co powders
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Table. 4.2 Chemical composition of Ni powder

XRF (wt.%)

Ni Co Al Zr S
95.44 3.79 0.51 0.16 0.10
Standard Deviation
0.871 0.326 0.117 0.996 0.959

Table. 4.2 Chemical composition of Co powder

XRF(wt.%)

Co Ni Al Zr
95.98 3.67 0.26 0.09
Standard Deviation
0.770 0.092 0.414 0.932
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