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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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(1.State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou University of Technology
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China)

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.

Key words: spent lithium-ion battery; LiNi, ;Co,,;Mn,,,0,; metal recovery; acidic roasting, additive; water leaching
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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 EWFEERAZE
1.2.1 iR

NCM111 57407 ( NaHSO, - H,0 KHS0, \Na,S,0,
K,S,0,) 7 BlR & 5, IR Y 7E B M s e o 72 vh Al R
RAASE 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)

CoO + 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 ¥ 68 oo $A 53 % 52 07 A= i 18 25 Na, SO,
K,S0, 1 SO, 4K, NaHSO, - H,0 KHSO, P4/ fift 7= 1)
LA H,0 Ak, S0, 5 H,0 7EKTE T 7T 45 & T8 Al
H,S0,, Li Ni,Co Mn FySE ALY RENS S5 SO, S 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, M7 1 i)
SO, 4 4 @ iR &k, 3 LiNi, , Co, ; Mn, O, A Wi 53
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Fig.2 AG'-T curve of different reaction

1.2.2 %7k

R4 Ak 2 ) nE 2, #f o NCMILTL 5 3 i )
NaHSO, - H,0 KHSO, \Na,S,0, K,S,0, f¥) fi i i L
PN 1:3.1:3 . 1:1.5 1: 1.5, B HAPHIFRE, B A
WFERBIEES 30 min, MRS KR &R 2 55
f B g HE s R A KSL-1100X-S 8 Sy gp | FHEIR
i 14 Bl e o b A SR R S 5 B op 23 UG L B
B R G HR A 7 2, FHR R 5 °C/min, EE
TRFFURINAAZE 600 °C, PRIE 0.5 h, ki bedt s By %
HEZEWR, KRR =P ImA B K, 7
AR T R R R S R A bk . R
MR W E B 20 mL/g, HiEFEEEE 150 r/min, 37 H i
J&Z 80 °C, 12 T [H] 30 min, 7KI= 58 BUG i FH FL25 A5
P S, LR mARME 3 Fn, g, TS
BN PRI RR R
1.3 SWAE

K STA 449F3 B4 [5G T AR A W A T34
T (TG) MZE /R ML Hr (DSC) , FHl %
10 °C/min, ##EE K 25 ~700 °C ., K D/max-2400
B X BHERAT AL (XRD) X NCM111 B Fogs 58 7= 4 itk
YA, R MDI Jade 6.0 3k {44 %} XRD %k it
307, R FHH A (JSM-6701F %) WELkE B =1

JRIHAHES T Hiith

B PR TR
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Fig.3  Flowchart for test
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2.1 TG-DSC &3#f

NCM111 & NCM111 Z NaHSO, - H,0 KHSO, ,
Na,S,0,.K,S,0, J5 ) TG-DSC ik tnE 4 i,
Kl 4 AT LA NCM111 7E 25~ 800 °C i [l N 5 A7 W]
Wk ETS,FZW NCMIL] EiZREGE N 2R
ST HARGE R 2 R0E A KRk,
W6 A 2 . R AR 7 e BE T ) I BB 42 5 AR TH R
T-H M PR MRS B NCM111 &4 (i C 25 4= R
K, AN NaHSO, - H,0 ,KHSO, \Na, S, 0,
K,S,0, /51 TG-DSC il £k £7 76 W1 1o 1) 2K o0 F1 0 R RR
fiE, @I NaHSO, - H,O0 B L&, 26 — 2% 5 By BE 7
25~90 °C, W IIETE 59.81 °C 45 — 2L FH B 7E 90 ~
270 °C , WA 2 B AR 149.27 1 173.52 C, %5 =2k
B 7E 270 ~ 460 C, W #4043 il 7 376. 63 Fil
429.17 °C ;460 CJ A KREYH ,HTE 603.25 CH
W I 25 ~ 700 °C X ] EVR B3R 17.68% , ¥ N
KHSO, IO FE i, 25— R E B BLAE 25~ 180 °C 58 K&
W BE7E 180 ~ 360 °C, W #A U 43 WIFE 194.53 ,218.09 Fil
326.60 °C , 5 =R E B BAE 360 ~540 °C , W G435 7
401.16 f143530 C; 540 C J5 % A K &H ¥ &, 7
563.72 °C A7 34 ;25 ~700 °C IX 8] 342k B % 415.23%
NI Na,S, O, FURE i, 55 — R F By B ££25~80 °C., I #4
IETE 61.74 °C %8 R EBYBIAE 80 ~330 °C, W H g7
172.7 °C , %5 =2 8 [ BEAE 330~ 460 °C |, W Hué 73 5 7E
380.38 1428.85 °C ;25~700 °C X [H] MK R N17.51% 1%
H K, S,0, Bttt 55— R BB B 25~ 180 °C, 55 K
Wy Bt 7E 180~360 °C |, Mg #1443 B 7F 196.27 220.12 FI



%1 RIBEy , 4  TRYER 2 -/K 2 BISUK TH LiNi, 5 Coy s Mn, 5 O, 32 i H ER AN A5 0 K HHLERAF 5T 117
(a) 4 (b 5 (o 8
[ 47% 3.60%
100} - T‘}:- 3 100 % 8.64% d4 100 5.51%
BT~ 9o 4.32% 3T el ! 6.12% 142
95 {2 & I 1677 & I T g
. R 1] - B R W] 2 S s I | =
g 90 ] 1% 370 I ' E %80_ 563.72 Wﬁ' 0%
= T F 508 17352 42017 60325 | S F 7oL 218,09  i401.16 V =
108 60 -\/\ 376.63 bsc] 0 3 19453, /32640 Jj};w bsC] 4 2
85 pscy , A 2 e 142
-1 50} 49.27 14 B
80 1 1 1 1 1 1 1 2 40 1 1 1 1 1 1 2 50 1 1 1 1 1 1 8
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
T/C T/°C T/°C
d 6 (€) 6
¢ )100 1 6.29% 100k 0.60% 5.07%
497% 15 6.86%
90y 6.25% {4% 90} 16| 4 %
& F- il o TG 3 E g
= S 220.12 =
S B 1727 k| % < 80 19627 {2%
= 38038 o es 1428 E 0 328.2;402 » 64_947&#” S
i DsC| O r 436.58 AR
4 1 é} /T\ 1 \LL__\_ DJC_ 0 2
60| 1o 60 I
50 1 1 1 1 1 1 -1 50 1 1 1 1 1 1 =2
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
T/°C T/C
(a) NCM111; (b) NCM111+NaHSO, - H,0; (c¢) NCM111+KHSO,; (d) NCM111+Na,S,0,; (e) NCM111+K,S,0,
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Fig.4 TG-DSC curves of NCM111 with and without additive

328.28 °C, 55 =R H M BLAE 360 ~ 540 °C |, W #4043 51)
£ 402.32 Fl1436.58 °C ;540 CJrEAH L E -G, HLE
564.94 C A5 W # 0, 25 ~ 700 °C X H] 4 gk #H R
H12.53%, REF-G 5 48 KBS S K
P19 A ST 0 390 443 A% B BEAE O . 600 °C B AR &R 4
JCH B i AR AL, HICH] R T oy R R A2
N T 58 1, PRI, A SO B 8 Tl BE Sl 600 °C
700 °C ' ,NaHSO, - H,0 KHSO, \Na,S,0, .K,S,0,#{g
A A2 H,0 F1 SOy AT T8 Fe MRtk DL K Al
SERHEE R NCM111 A5 NaHSO, « H,0 ,KHSO, .
Na,S,0, .K,S,0, &b RN, 28 700 CREHe)E 1T
B45%) LiNi, ,Co,,,Mn, ;0,55 NaHSO, - H,0 KHSO,
Na, S,0,.K,S, 0, /& & % 1y B 5K 5 R 5 5 R
39.38% .29.11% ,27.95% .25.13% , 5556 I 15 1Y &
R BAL T AR 2 A B SR AR UL
Bt B NCM111 5 NaHSO, - H,0 KHSO, Na,S,0, .
K, S, 0,43 iff 7 Az i SR Z 1) e A= Ak 2 S

2.2 XRD 9%

NCM111 5 NaHSO, - H, 0 KHSO,  Na,S, O, fll
K,S,0, FTRAYITE 600 °C TR 0.5 h J5HEMAY XRD
FHEWLIE 5, M S o] LAAZBL, NCM 111 B AR KT Be s
IRV RRIERT S SE A TH O, BA BT A . 45 a
&1 2 FIE] 4 5307 FEIZRBEARAE T B A5R] NaHSO, -H,0
KHSO, \Na,S,0, .K,S,0, ¥ fi£ i NCM111 {54 1k

AR, IRA YRR IR & AR R, 7 R
SO, BUAE T R5 Bt B A AR ALK, SO, AR
% NCM111 ki 318 , 5 Li . Ni.Co Mn WA LIPS S
T BAH N, 1) 4 8 Bt PR 6, 45 Ja8 i 2 8 55 B Js TS 5] 44
SHRIE U A S Na, SO, 5% K, SO, #F — 2 K AE B4 I
N, Na B¢ K S5 AH R 14 TR i iR &2 3
2.3 SEM &o#f

& 6 4y NCM111 LA K NCM111 S5%#ES G 7E
600 °C TRl 0.5 h Kibe /e iy SEM #l, &l 6 7]
DIFES],NCM111 LAR BRAR R 3=, 2 A 7 INSURL IR B
S MFANR A RBe G , A B B0 RT3 . BH
B R NCMIL KA T R, 5K 5 2540
G ANFEEINF AR b= Py JC I i 22 5, B DIBUIR
OB R F AREE BN R AR IORL, 5 be ™ Py B o
A E] JERAFN]
2.4 JERFEHIRIKIR

NCM111 435 5 ¥ Jin 7] NaHSO, - H, 0, KHSO,
Na,S,0, K,S,0, Y ik 1:3.1:3.1:1.5,1: 1.5
REJE 78 600 °C NI 0.5 h Fr AR5 Heft i, 76 [
Ft 20 mL/g 3P 150 ©/min 80 °C R /K 30 min,
1253515 99.99% 98.97% ,99.89% 98.86% . i i
PRI e-7K =, AT LA e A8 [mTWie 1 B A4 ) i 4 )i oT
R, JRERHZER UUE TP X &4 Li.Ni Co,Mn
BRI T AR B AT A AR B B R A R R |
TR IR R L™ i o
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Fig.5 XRD patterns of roasted samples
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1) NCM111 5% Jn5] NaHSO, - H,0,KHSO, .
Na,S,0, K,S,0, 7 nlE ¥ &t b 1:3,1:3,1: 1.5,
LS RETERR, AV B RE S RMT R, &t
600 °C 0.5 h k%585 ,NCM111 F1#9 Li \Ni Co Mn JCZE
3 AAH R BB IR Eh I8 XAFAE , R 58 7 1 S Btk RN L

450,

2) NaHSO, + H,0,KHSO, Na,S,0,.K,S, 0,7
600 °C (873 K) T H4HEIE i #I3f 51w A= )i Na, SO, B,
K,SO,H1 SO, TEAMFIAAAERTE AL T, NCM111 Hr iy
Li \Ni Co Mn ¥4 iR IR ER | Ko A= Ak~ # 551k

3) NCM111 5 %03 NaHSO, - H, O, KHSO, .
Na,$,0, .K,S,0,7E 600 C N5k 0.5 h J5 /KR, =i
RO 99.99% .98.97% .99.89% .98.86% , FRYER:
Be- KR LT LA s B mIOE A R i & R TR
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