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Phosphoric Acid Leaching of Cathode Materials from Spent Ternary
Li-ion Batteries and Its Dynamics Research
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Abstract; A phosphoric acid - ammonium sulfite leaching system was employed to leach valuable metal elements such as
nickel, cobalt and manganese from cathode materials of spent ternary lithium-ion batteries. The effects of phosphoric acid
concentration, concentration of ammonium sulfite monohydrate, temperature and time of reaction on the total leaching
rate of valuable metals were investigated. It is found that with phosphoric acid at the concentration of 0.8 mol/L,
ammonium sulfite monohydrate at the concentration of 25 g/L, reaction at 70 °C for 90 min can result in the total
leaching rate of valuable metals up to 95.2%. After the acid leaching process is kinetically fitted using the shrinking
unreacted core model, it is shown that the leaching process is controlled by surface chemical reaction.
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Fig.1 XRD pattern of raw material
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Fig.2 Raw material and its SEM image
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Fig.3 Effect of phosphoric acid concentration on total leaching rate
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Fig.4 Effect of concentration of ammonium sulfite monohydrate

on total leaching rate
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Fig.5 Effect of reaction temperature on total leaching rate
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Fig.6  Effect of reaction time on total leaching rate

L6 AT LI, KA TE] 90 min LAY, A 1 4@ ot
R G R N I ] 38 R W38 i 5 2 g e []
i 90 min FAMEREITRE SR INF/B T MR, 2
PEATK . A2 07 AR B 43 B T 60, B S g B[] Jiz
N5 T REFE AL 2 G0, B N7 1) A A4 T 51 1 7 [
AT, DA% 05 3 ol o 2 0 M vl A, UK S
TR R A R ] SR P 3R AT R A
JEURLR IR 3 SN, A & @ Je R R e iR i 4k
AN (TR 7w b 3 R S N o B R e
FWSHRN, NS A N SR TREGRNE,
SRR SR E] A 90 min , LA 4 B T R B AR
HFN 95.2%,

3 Riahi
B SN J& T RN, SR AR s I W04 A A
RIS RN IR B 12 R T Ak A BN S 4 T
BRI AR
1= (1-X)7 =kt (4)
X X HERR R, %0 N NEE], min;k Ak
RN HRE R min ™'



162 R

T

o 46 %

R AR ] 5236 B AR A (4) |, FF b AT gtk
G RN 7 Frs . ATRUR Y i r e R
N 0.97 , IR H I REAT 5 2R AR S 10 Wi 4 A A R 1Y)
SR, 5 R 2 2 Al SO P

0.67

0.62
R=0.96774

0‘42 1 1 1 1 1 1
0 15 30 45 60 75 90

t/min
& 7 m%nywl—méﬁtm%%

1
Fig.7 Relationship between 1-(1-X)3 and ¢ at 70 °C
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