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Abstract: The process of conventional hydrometallurgical recovery of lithium batteries not only consumes
corrosive acid and long-time reaction, but also produces secondary wastes. In this paper, microwave-assisted deep
eutectic solvent (DES) is used to leach and recover valuable metals from cathode material LiCoO, (LCO). The
leaching and recovery process is not only green and low-pollution, but also owns a fast reaction rate, good solubility
stability of the valuable metal and high purity of the recovered product. Meanwhile, FT-IR, XRD, ICP-MS, SEM
and electrochemical analysis methods are used to explore the mechanism of microwave-assisted DES leaching of
valuable metals from LCO. The effects of experimental factors on the extraction efficiency of valuable metals are
obtained by orthogonal test method. The degree of influence is DES>temperature>liquid-solid ratio>time.
Afterwards, according to the results of orthogonal experiments, the single-factor experiments are successively
adopted to explore the optimal experimental conditions for microwave-assisted leaching of valuable metals, 99.86%
of Li and 99.05% of Co can be extracted under the condition of choline chlorine-oxalic acid (ChCI-OA), 180 C,
10 min and liquid/solid ratio (L/S) of 60 mL/g. At this time, Co exists in the leaching solution as formic acid cobalt.
Finally, a green and efficient strategy for extraction of valuable metals from spent LiBs (LCO) through microwave-
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assisted DES is proposed, which provides an important reference method for recovery of valuable metals from spent

lithium-ion batteries.

Key words: lithium battery; deep eutectic solvent; microwave; hydrometallurgy recovery; lithium cobalt oxide
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Tab.1 The optimum conditions and leaching efficiency of LCO recovery using different DESs

SR DES Ffi2k AT el GIES
[10] SALNES- 2 — B ChCI-EG 220 °C, 24h, 20 mL/g Co R HUK % 94.10%
[8] SALBEBR-JR % ChCl-urea 180 °C, 12h, 25glg Li B HLACE 95.00%, Co ¥ L3R 95.00%
[11] % 2. iR polyethylene glycol-thiourea 160 C, 24h, 50g/g Co ZINA# 60.20%
[12] TA @+ F 2R R - AL E A, MAL+PTSA-ChCI 100 ‘C, 72h, 50 mL/g Li 3% 98.61%, Co BHUR% 98.78%
[13] SALNEH- 2 — B ChCI-EG 180 °C, 20h, 50g/g Co = HUK % 90.00%
[14] FALETR-FER ChCI-OA 120 °C, 2h, 50g/g Li B HUACE 96.10%, Co ¥ HUAE 96.30%
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Tab.2 The proportions of three DES components

BT 5 2H K JFE IR B rig=4=a
DES-1 SR F ChCl-Urea 1:02 1.16
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1.2 iR s#HBNAY DES i2EY LCO
RS 0.1 g 19 LCO 55— & DES &
G RERIREYIBNE A 100 mL DU LN
(PTEE) Z&&dsH, FHAEMBE & TANERE T4k
PEAN[AIRS ] o E 290023 B AR B (1) LCO B I8V,
53 ) FH S ER AR BR A A\ DES VB I8 TiE Rl L
Fl Co BN & Ja o B Ja G/ U8R I3 2534 2%
ff) HNOs V&R B¢ 2 000 1% )5 #E4T ICP-MS #6:1l .
1.3 RIEAZE
] NexION 350D % Ha B & 55 &5 A i i
1% (ICP-MS, ZE[E PerkinElmer A %]) il & DES &
TR Li Al Co M EMRAE. IEARBP R Liv Co B8
FHREECE n i@ AR Q)T
n= Co Vo 1009 (1)
m-w
X Co MIRBURH Lits Co*JRERE, g/imL;
Vo NIZBUREIERL, mLs m A IESM R AR 2,
g; W N LCO ¥A Co. Li TEBREDE, %.
ffiF§ XRD-6100 BY X HHERATHAN (H AR A
FD S HTUTEDIIAL 2B 4514 s 48 Nicolet R 51{H#A7
AR LT AN SOERESGHAT FT-IR W&, AR
8 (KBr) & HEFHEd, KRy 4 000~
400 cmt, RN 2em L. R R SHAR R TR
Bt (Gemini SEM 500) 4 HTitie F= I 2R H FE 50 s
DU L X SRR ATHMY (XRF,
S4PIONEER) it
f§iFH CHI400C HLA 7o BT A TAFSS (RigR
HERERATD TR 7 (CV) HALF S5
i = W RGBS &, X AR A AR
(Lemxicm), SHLHEMONER BN, TAEHEM AR
WA, BT A AR IER T Lom DUR . HIARAE
FART R HEAT PRACEE . 4D 4R4T BE 2 J5 F /K L
FERAETEIEH STk, BE RSP RIET
. BT CV WL T AN DES Xt Co* ik JEitkRE,

http://rifd.cbpt.cnki.net

H T PEIMA 22 i 2635 A BHAR 7 a1 Ag e AR A4
1.4 KI5 ES

SFALAEEE (CsH1CINO, J3#r4li, 98%). fliR
(HNO3, 7r#rali, 65.0~68.0%). /K& MR
(H,C204 2H50, fh24l, =99.5%) W'E T [E 254
Ak 2R B 78 A PR A R . LiCoO, (4@ 4l %
99.5%). JR#Z (CH4N20, #r4k, 99.5%). 4 —HF
((CH20H)2, 43#ral, 99%). Wz (NasPOsr 43
Mrali, 99.5%) WAE T LA RILFRAREGRA
Hlo HAKHEE /KRG % . DF-101S £#H5(
LERNIEAY Ak s = Y= B A i i & RS
RN T R CAIZSE WX-6000 Y, %E TR
9240 W, HiESAE N 2 450 MHz.
2 ERS N
2.1 DES HORAE

L 3 iy DU A 1 % 3 b S IH
DES DIFFtHXT LCO HiREAE 1. 3 FhA B fiiiA
Foxt M EAGIERRFE DES ) FT-IR L4k B Fi
LRFAE I B o an Pl 1. P 2 FIER 3 .

EG 1620 1 080,
20 Ll 461 880
410
2946 I
3336
P Urea 1622 54
:J‘ 3205 68 1450,
o 3347
1127
3452 OA 1 6[74 12F3
1 L 1 1
4000 3000 2000 1000
P Hem!

1 TEISEHRE FT-IR ik
Fig.1 The FT-IR spectra of different hydrogen bond donors
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Fig.2 The FT-IR spectra of choline chloride based DESs
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Tab.3 The infrared absorption bands and corresponding chemical bonds of the constituent substances in DES

#H/em? Xof 24 5t
3351 (O-H......C)20.281, 2551 (O-H), 1749 (C=0)2°28], 1 168~1 196 (C-C)14I ChCI-0A
3452 (O-H)[*4, 1 674 (C=0)[2028] 1 263~1 127 (C-C)[4] OA
3389 (O-H)51, 3 020 (C-H)[4, 1 640 (C-Ol141, 1 480 (-CH-)11421], 1 080 (C-0)[21, 955 (C-C-0)[2225], 862 (C-H)114l chal
3315 (0O-H...... (6))] ChClI-Urea
3 347~3 205 (N-H)[22241, 1 668 (C=0)[24], 1 622 (N-H)[22241, 1 450(C-N)22.241, 1 154(-NH;)[2224] Urea
3267 (O-H...... Ch=l, ChCI-EG
3336 (O-H)I18], 2 946~2 880 (-CH,)[%%], 1 640 (O-H)251, 1 461~1 410 (-CH,-)12%1, 1 080 (C-0)251, 880 (C-C)i29 EG
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Tab.5 The results of orthogonal experiments

Tt DES P it [8]/min HEIC

I EL/(mL g )

R BETT ELIR ISR %

Li Co

1 ChCl-Urea 5 50 25 211 0.71
2 ChCl-Urea 10 75 50 1.84 0.36
3 ChCl-Urea 15 100 75 19.60 3.00
4 ChCI-OA 5 100 50 95.60 61.28
5 ChCI-OA 10 50 75 47.24 3.40
6 ChCI-OA 15 75 25 78.26 8.97
7 ChCI-EG 5 75 75 5.46 2.15
8 ChCI-EG 10 100 25 86.36 7.89
9 ChCI-EG 15 50 50 21.36 8.88
K1 27.61 167.30 83.69 184.29

K2 294.74 147.08 97.03 189.33

Ks 132.11 140.07 273.73 80.84

R 267.12 27.23 190.04 108.48
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