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Effect and Mechanism of Additives in Recovery of LiNi, ,Co, ;Mn, .0,
by Acid Roasting - Water Leaching
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Abstract; In order to promote resource recycling from spent lithium-ion batteries, a novel process consisting of acidic
roasting and water leaching was proposed to recover valuable metals therein. With LiNi, ;Co,,;Mn,,;0, as raw material,
effect of additives in roasting process on valuable metals was investigated. The results indicate that obvious weight loss
and endothermic behavior occur when LiNi, ,Co,,;Mn, 0, is mixed with additives of NaHSO, -H,0, KHSO,, Na,S,0,,
and K,S,0, at molar ratios of 1:3, 1:3, 1:1.5, and 1:1.5 respectively and roasted. In the presence of additives, Li,
Ni, Co and Mn in the roasted LiNi, Co, ;Mn, 0, exist as corresponding sulfates, and the roasted products are massive
and compact in structure. After the mixture of LiNi,,Co,,;Mn, 0, and additives is roasted at 600 °C for 0.5 h and then
the obtained calcine is leached with water, the leaching rates of metal elements are 99.99%, 98.97%, 99.89% and
98.86% by correspondingly using additives of NaHSO,-H,0, KHSO,, Na,S,0,, K,S,0,, respectively.
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PRES b (LIBs) R B B A DL SRk B el Mt £ = Ju i B i
A BRI R R R ZE TALRB RIS SRR i, 5 il w7 8 AR A 1 i A
G IZ I, AEBCR SR SR BRG] ISR AR S AE R AR IH LIBs, JRIH LIBs 19
B EER PRI IR SR FREFTREB AT ARy IERBPRR A Li NG Co SRS BRI G R, H

O WFBH: 2025-08-25
EeUWA: EX AP FEES (51864032) s LM BRI ER (KRG TRE-FOLBM LS HAMNERE L LRERSES
(18LHZD002) ; H i 2 B4 5 K %5l (22ZD6GA008 )
YEZ B R (1996—) , 55 b B B Lo AE , EZMNFRIFEIEAFHAMIY, Email ; sx1348024805@ 163.com
BEEER: EROMH1972—) B W fas A Tt B2, FENFE R BEIEERF T . Email : wangdh@ lut.edu.cn



551

RIBeTy , 4  BRYER - /K 2 BISUK TH LiNi, 5 Coy s Mn, 5 O, 32 B HR ER AN B 5 0 K HHLERATF 5T 115

FHAE J AT 77 B & R4, BRI S A
LiPF i T2 8BS KA h S A A EY
JE . JEREIH LIBs 1 7 = s BRI , BE RE f2 1F 42
J& UG IR R, SCRE T bR X AR A PR B 1 U
HAEBEEZEY,

FHKE G2 T AWK IR LIBs AN AL EE ) H
PR R AT R e R AT A5 21 4% AR B s sl I A
Yy, PR LTS Ay A 7 S A SR ), A B
AR R G FERE T K R Rl 5 AT e RORIR
i, B R AR AE S L R A R, BIRIR 4T
2o H A R A T ol SR B R R IR T2 R
T2 [ SO 4 i FEL R A TOUAR B TE AR T 4 B R
MR R TR AE . R IR —E A R R A G
SRR, SRAJOHLER (INERAR  BRIRAE ) + WUAEU/K AR
s IH LIBs g4 4 48 o 238 H i ok
F 100% , R X B A 0 B 6 Tl 22 5K w8, HLR i it
H A A AR (R S5 ) DA K s & TR B VY
T B TSR Ab B T v R IR R IS A B Y Bl e
TR A VIR (CIAr R SER R R 3k
AR BURINIR R =2 SRR =R .2
R ORI ) LA RS [A] 28 B A AL IR TR & T TR 45 ok AU
FEHLRRIE i LiNi,_,_ Co, Mn, O, H1 4k B i HEC7
L T A5 AR B IAT, H C H/ERJEF],
LiCoO, I LiNi,__ Co Mn O, ¥ & A: 25461 w] 5L 3
TPERRIE RIS 42 .

T SRR TR Ak PR A A B IR) T, AR SRR R
fibe-/Kig” ik IRIZ, LA LiNi, , Co, ; Mn, , 0, ( i
PR NCM111) A J50KE, 435 A NaHSO, - H, 0 KHSO,
Na,S,0, . K,S,0, Bk Hu A, TR ARSE T NCM111
43515 NaHSO, - H,0 KHSO, .Na,S,0, . K,S,0, A [f]
FL B TR A e i el A b () A AR AR B fh 2 AL
HIEORIE TRk B KR M T A S50

1 525

1.1 EWER KA SEE

J I H AR f b U T H R 22 N S ik, PR THER
P ML 28 TRUA 3 K s T e 25 B ML IS, 459 81 = JTE
b kL NCM111, 3 XRD KBl 1, HoTRAMILER 1,

FE LI — KSR SN TR = A
TR AN LR B, ¥ AT, SEIR K R L
FIK,

SR A LA HL T R Sl TR K I A
ENCEROIE g N R N

A A—LiNi, ,Co,,Mn, O,

>

A

A A
bl e
) I\
| LiNi, ,Co, ,Mn, O, (PDF#70-4314)
I, N

. Lol ma
10 20 30 40 50 60 70 80 90

20/()
B 1 NCMI111 B XRD Elig

Fig.1 XRD pattern of NCM111
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Table 1  Elementary composition of NCM111 %
Li Ni Co Mn Mg Al
7.22 20.36 20.55 18.99 0.005 0.09

1.2 EWFEERAZX
1.2.1 iR

NCM111 57407 (NaHSO, - H,0 KHSO, \Na,S,0,
K,S,0,) 7 BR & 5, 1R & Y 7E B M s e i 72 vh Al R
A RN -
Na,SO, + SO,(g) + 3H,0(g) ==2NaHSO, - H,0

(1)

K,S0, + S0,(g) + H,0(g) ==2KHSO, (2)
Na,SO, + SO,(g) == Na,S,0, (3)
K,S0, + S0,(g) =—=XK,S,0, (4)
H,0(g) +SO0,(g) == H,S0, (5)

Li,0 + S0,(g) =—=1Li,S0, (6)

NiO + SO,(g) NiSO, (7)

Co0O + S0,(g) == CoSO0, (8)

MnO + SO,(g) == MnSO, (9)

12LiNi, ,Co, ;Mn, ,0, ==
6Li,0 + 4NiO + 4Co0 + 4MnO + 30, (10)
AR AG-T IR 2 B, 4 R
NaHSO, - H,0,KHSO, Na,S, 0, .K,S, 0, 7E 600 C
(873 K) T 3 68 2o $A 73 % 52 07 A= i 18 25 Na, SO,
K,S0, 1 SO, 54K, NaHSO, - H,0 KHSO, #4 /3 fift 7= 4y
LA H,0 A, S0, 5 H,0 7EKTE T ol 45 & T8 Al
H,S0,, Li Ni,Co Mn Wy LY RENS S5 SO, AR hi
Az BN TC R R IR £ | A2 BUR R 5 i ITUT 2 « Li, SO,
>MnSO, >CoSO, >NiSO,, Li Ni,Co, Mn W& LY 5
NaHSO, - H,0 KHSO, Na,S,0, K,S,0, #3571 i)
SO, 4 4 @ i R &k, 3 LiNi, , Co, ; Mn, O, R Wi 53
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Fig.2 AG'-T curve of different reaction
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Fig.4 TG-DSC curves of NCM111 with and without additive
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Fig.5 XRD patterns of roasted samples
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