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Study on Comprehensive Utilization Technology of Spent Lithium Batteries Based on Sulfation Roasting-Alkali Leaching Process
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Abstract: To solve the problems of difficult lithium-sodium separation and low product purity in conventional processes, a pilot
study on lithium extraction from spent lithium battery black mass was carried out using the sulfation roasting-alkali leaching
process, with the innovative introduction of bipolar membrane electrodialysis technology. The pilot study showed that under
optimized process conditions (a volume ratio of black mass to concentrated sulfuric acid of 1 # 0.65 and roasting at 540 ‘C for
3.5 h), the lithium leaching rate was stably above 99.38% , and 99.65% of the fluorine in the black mass entered the flue gas,
resulting in an extremely low fluorine content in the leachate. The nickel-cobalt-manganese residue obtained after alkali leaching
was subjected to two-stage countercurrent acid leaching, and the leaching rates of nickel, cobalt, and manganese all exceeded
99.2% , enabling efficient recovery. To address the high sodium content in the alkali leachate, bipolar membrane electrodialysis
was employed to convert the purified lithium sulfate solution into a lithium hydroxide solution with a hydroxide ion
concentration of 1.38 mol/L and dilute sulfuric acid with a hydrogen ion concentration of 1.48 mol/L. The lithium hydroxide
solution was further purified by nanofiltration and evaporation crystallization to prepare a lithium hydroxide product that met
battery-grade quality requirements. The process is simple and efficient, with an overall lithium recovery of approximately
97.9%. Preliminary cost estimation shows that the total processing cost per ton of lithium produced by this process is
approximately 94 100 yuan, demonstrating both technical feasibility and economic competitiveness and providing a new
approach for the comprehensive resource utilization of spent lithium batteries.
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Table 1 Main chemical compositions of battery black mass used in the test %
44 B Ni Co Mn Li Fe Al Cu Zn Ca
1% SR 6.48 4.35 10.68 3.52 3.70 1.51 2.58 0.003 7 0.13
2% HopHRL 10.60 3.70 14.58 4.08 1.65 1.50 2.87 0.005 4 0.30
B RL 24 B Mg Pb Si K F~ Cl-
1% Mgy R 0.035 0.036 0 0.011 0.021 4.08 0.13
27 Bm R 0.042 0.006 1 0.092 0.076 2.08 0.13
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Table 2 Main chemical reagents

5 EA iR
1 4l 7k —
2 W 93 % Tl Wi R

3 Bl AR 4 H7 4l

1.2 REEEEEE

H IR ) S A IR R

(D RERG AR 2 m® 1918707 U BHIL,
T RBE S R MIE S 581k,

(2) KBRS0 M H B 1 50 7 20l SR, i e
AR 850 °C A9l 3 B2 T A, FH T R 1k B 458
TP

(3) IR RGE B SIS MM 5T 1 — L — s
% b 2 WAL A RS BR A2 2% S5 | KUBIL 1 Ak B e
A A RS AR R

() B 5k U8 R G0 50 50 & R Al 1 Pk 0 B
T N 28 B LA A B B /N OB R 56 43
FE A g i PACE R TR A L Bl B
i L RAF OB B L 2 BN ik B B 10 %)
BP-2/CT-4/AHT ) | ¥4 AR5 i 35 A7 46 & L 40 08 /D
1.3 KW H*E
1.3.1 R ALK b — iR f i T2

(1) TRBR AL K 5 1Y Lt Sk L AR B
B e XS I R ST ARE T A —
RB R R R . 455 T 0 380 BE 55 B Ja] () RHIR G
By 51 3% 78 53 B w7 Ak

(2) BRERAL KT B - 4 2L J5 1 Wy kL 34 5 A kLT
BT b PR IR R BT R (RIS Be it E)D K
25 W DR BE AT RGeS
KPR

(3) Bdi2 PR . B R H G kb R — 2 1
RO 1) S A8 00 0 R T — 0 T TA1 B 3R JRE R[]
W 2 S R A 85 A9 2] & E R R
SR O B R R LB R B RIE R L AN L B 1Y e
Bt

(4) AR T 2 0 BRI AT T B U R
Bts., —BRHAERRERLE pH=1.6 2247,
TBCRHAT 4.2 mol/L R R R BRI Y B SR LA
BTN,

1.3.2 WU JBE g 2 il 4 S AR T2
(1)t PR A WL T 8 < BB 0 e 1« R T ik i

HCBLRLTCAN LA o T2 TR P P v 2 S AR AL
W pH=10.0 £ 47 UTTERR L8R VB VB S 4 e 1
Ik U I A5 B R X v 1) TR VS VR . 0 B SR H
AR IR AT R B R A (R BB S VBEAE)

(2) XUHR B F Y8 T < o T A 35S ) A TR A 0 TR
YEMERE JERL, A =S SR R B &, 1
HnHSER T 8= Lit M SO 43 4li& i
TERE R B 58 AT B & 5 R IR L 5 UK I K
fRE A OH - A1 H ™ 454 40 0 A il A R AL i
RN BR VS W o Fh % 1 TR B IR AL

(3) WG Ab B AL FE W 47 | 2l Ak RN 2 . Wk
AR < NSRRI e B S S A B L PR B TR 3k 7K
3 R FHRE B L B B AT e 4, AR MR . 4l
Ak« SR FH 400 8 B 0o 0 S A I R R A 7 A B L A B S BR
RIS M 2 B 1. 25 fb K ali Ak vk 46 5 1)
SRR AT 78 4, 22 A H g K
AL
1.3.3 ¥ 5 RIE

SR FH P BRI 5 B A R S I 3 AN S W
EARE P &RITR &, ST A8 RE T
0k I R P PR R L R Bk R FH R
Y TR BT S I A . R S0 3 5 R R AR AL %

2 MBRMAER-FMEITLFEAR

21 EBEBRAUIFMEL

TR TR A0 B 2 52 ) J5 2k i be 38 ) e 5 L i fb
R, P e O S B AT T L. BRR
T T B R SRR R R CREBR L 1 2 0.5~
1+ 0.7) X B, 45 R R0, s & i
filR(1 = 0.5 B, BRI R TR R 96.5% ; i IR it 4
(L s 0.7) T By ™ 25 B, HORk IR 30 AR
A, PR R R L R 12 0.65 CR AR I R )
THAEMRABRER 20 0.65 m®) , JLIHHR 32 R A2 ETE 98 %
PLE S W BRIR S AE X A o 05 B 5 e (E] . 7 [
BHIR L2 E T, 42 = 4 $E AL 3 (16 ~ 24 Hz) £ Fl
THRER S YR ¥ SR G 0 KOBORL , 4132 R Bl
ZIRELHE AR N 24 Hz, IRERAEIZLT 1 h
AF S 7 ) B U R e AU 5 5 %€ 2 hi3 ho4 hiR R
Af ] & B, 3.5 h A2 DL R AIE 78 43 s N . 4k 252 S K TR TR
B[] %o 38 SR TS B WL B R 3.5 h MR TR
Fig st ) SR, AT R TR R O B IR A
B, X5 T FE Rk 33X A 4t f 5 2 8 B R 9 TR S R R 0
N AR S R AL S 8505 & H ORI A7 7 58 4 1 Rt



3292 g LB R S5 A

2026,46(9)

WL S IS SR B S . TR, IS 22 Tl AR T £ X
W PRHRE M R A el T e A SR B DI Y T TR
BHE
2.2 WEPKERE T FIIE

W UL S5 M TR R AR AT B b e rpril . R
BT 2B BIRIE N 540 °C YR 8505 Be it a]
3.5 hCGF RN BE 2 5.2 m/h) L RLZ R BE N 45
mm, TEULAAFE T HEAT T P O 50 3 56 45 2 L
F 3. ek, B R E g AN A

SR L B AT TR VR . Xk WAL 1 6% D HE AT B I 5 I
PRI RN 97.26 %0, B Ao xR
PEAT T % MR R I L IR0 R BB TR PR R .
Je B2 B 558 W) S RIS A R I X I R R )
YR R 4R TE 2 98,3800 . X — S5 HLIE T A B0 I
AU B O R TR R R R | i g B [l i A R S
B RISARAY OB . W e i R ASRE - B P AR A
MR A K e e £ FE A AT AT L AHLT5 B I ok 1 0 1
HF SO ) X 3 # b1 B4 Hh 3 e 22K

x3 FEHEEXEER

Table 3 Test results of alkali leaching of calcine

N , . . 2w & i R b kL 3 M R/ -3
LoEiIRYN I Yt - N .
Mgk M IB/L Tt/ /% /% % Bk %/ %
1%-0416-1 3.8 32 2.40 0.060 98.50
Pkt 1-0416
B 1%-0416-2 3.9 36 — 0.092 97.17 07 26
27-0416-1 3.9 38 2.34 0.120 96.47 ’
R L -0416
2%-0416-2 3.9 40 — 0.085 96.90
#-0510-1 3.9 29 2.38 0.015 99.37
Pk IT-0510
P I-05 % 0510-2 3.9 27 — 0.030 98.74 05 56
) #-0510-1 4.0 28 2.44 0.006 99.75 ’
Rk IL-0510
#-0510-2 3.8 31 — 0.007 99.64
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Table 4 Calculation of fluorine balance in sulfation roasting-alkali leaching process

BA 75 FOE 01 5 431
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o~ g % L T/ (g/L) g % W/ % %
T R Ak s 4% Ry 100 1.280 0 — — 141 0.004 5 99.65 0.35
B ME R KA 100 0.004 5 7.3 0.000 12 61 0.001 7 42.00 58.00
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Fig.1 Schematic of the principle of three-compartment

bipolar membrane electrodialysis
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Fig.2 Process flow of lithium hydroxide preparation from

lithium sulfate solution by bipolar membrane electrodialysis
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Fig.3 Schematic of solution balance and circulation in the whole process of lithium extraction by bipolar membrane electrodialysis
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Table 5 Comparison of estimated processing costs per ton of lithium (metal)

for lithium salt products prepared by different process routes
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