ISSN 1005 —2763 BB RE A F 46 K F 38 2026 % 3 A
CN 43 -1215/TD MINING R &. D, Vol.46,No.3 Mar. 2026

B itk 53 %k 7 JE |H B 2 K 4 A ot (o] i Ak 3 A
SEa AL E AN AR

xRk RB A AR H AR
CLARIURHE K2 WEUE S PRBE TREEBE . M1k B0 430081
2. M UAE BT BB A R A W) W K 410012)

BEASEARARAE,> L F FDKRBREEL L TR BRET S EHERSZHUPA, T RaX T b Ayt i
BTG SENARBRED RAEsREHRAE TR BESRSAN BT ERSE, RELERAVN . Y TREAEH
2.95 g/cm®, Bl Hb 4 0.35 g/mL B, 4242 K F 0.630 mm 694748 &4 69 Al ok R34 %) 96.99 %, Cu Bk R X ) 99.72% 5 4
124 0.630~0.104 mm #4748 &80 Al B R A 3] 97.62% ,Cu @i F ik 3] 90.02% ;470 4 7= S o) Al @k & ik 3] 96.44 %,
Cum Kk £ % 99.83% ;82K T 0.630 mm #4357 & E Al @K F ik 5] 99.66%,Cu &M F ik 5] 98.52%, %44 4 0.630~
0.125 mm #9454 = Koy Al BN R £ 5] 90.60%,.Cu @K X 3] 96.46% ., KERWRIZ ER > THINMAL, DERY
RMEZERSATHR BT, ARERABEFENFEBBAN - RTHT A,

KR R MR TR Sy TRk

B 525 :X705; TDIS2 XERARIZAD : A X EHS 1005 -2763(2026)03 —0313 —09

Research on the Application of Heavy Liquid Separation for Copper-Aluminum Particle Separation
in the Recycling of Spent Lithium Iron Phosphate Batteries
WU Jilong', HUANG Zili', XIAO Xiao*, XIAO Shuo*
(1.School of Resources and Environmental Engineering,
Wuhan University of Science and Technology, Wuhan, Hubei 430081, China;
2.Hunan Shunhua New Energy Technology Co., Ltd., Changsha, Hunan 410012, China)

Abstract: Aiming at the problem of low separation accuracy when recovering copper and aluminum particles from lithium iron
phosphate batteries by wind specific gravity separation method, heavy liquid separation was conducted on three samples: the
copper-aluminum mixture obtained after crushing and screening of battery cells from a factory’s battery crushing and sorting
system, as well as the copper product and aluminum product obtained from air gravity separation. The results show that at a
heavy liquid density of 2.95 g/cm® and a solid-liquid ratio of 0.35 g/mL, the aluminum recovery rates of the copper-aluminum
mixture vary with particle size. For particles > 0.630 mm, the Al and Cu recovery rates reach 96.99% and 99.72%.,
respectively; for particles of 0.630 —0.104 mm, the corresponding values are 97.62% and 90.02%. The recovery rates of
aluminum and copper are 96.44% and 99.83% , respectively. The aluminum recovery rate of particles greater than 0.630 mm
reaches 99.66 % , and the copper recovery rate reaches 98.52%. The aluminum recovery rate for particles in the 0.630 —0.125
mm size range reaches 90.60% , and the copper recovery rate reaches 96.46 % . Copper and aluminum can be obtained from raw
materials via heavy liquid separation, and separated from raw materials using the same method. The research results provide a
basis for the subsequent separation of black powder and metal particles.
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Table 1 Sieve analysis results of experimental raw materials

P O RN 53 FR AT
Kigk /mm Rk Rif R AR R i R FRRL
HERAEY P R AY 7 i
=>0.630 45.48 93.29 60.34  HICEOR T CBBRD,  HWEOREECEBBRD ., HEDRE L BRRD,
0.630~0.125 28.43 6.71 28.95 B R RO RLIR A . i RO R R T, AR D B R RO RLIR A .
0.125~0.104 25.08 0.00 8.78 SRR R RO RLIR A . Jc Ly
0.104~0.074 0.65 0.00 0.48 2k TG Bk
<0.074 0.36 0.00 1.45 ey I Y

1 1 a] R B L BRURE 2 B0 A A MR 2, R
W B EE AR AL . 3 R AL S b H R R S

Yy id 0.630 mm ki g1 3 AR L AR UKL, DB K
AR750.630~0.104 mm KL 2% g Ay 4 L 48 WOk 1R



RREF ERHSGEREVHBEIE T LA R PSR ES SRR R]F LB L F£,2026,46(3). 315

A/ 0.104 mm KL =2 R B, HRL ™ S
HoE e 0.125 mm RLZLR 3E 0 T 45 0K . HL AR 5
B AR PR 2 WA R T 0.125 mm AL g Uk .
FEORL S S A 0.630 mm B Y T AR L
hr s FLAR ORL LG B IR 22 50.630~0.125 mm R Z%
SRRy R VR BORLR G s /DT 00125 mm BRI F
jﬂib’} 3 A E R NT 0,104 mm BRI FE Ry
By Hoo5 FEAR /N T VR S Ry Il Ak 3

36 1R A 45 PO R £ e IO SR ARk L TG K & T
P L 35928 43 B 28, i I 2 4 A Ak A iR A BR 4
e,
1.2 R EE
1.2.1 ATl

BN URLAE ) R B A BT S ] rpod B TR FRAE
P TR o [ R R 76 VA v 1 g T ) B TR e T
UKL IR R . R A DT R R B

XN
 nd(6—p)g
Vo — 6(/jp (l)

Koo, HPORLM A R VIR E, m/s; ¢ AN
B . m/s"sd N R BURRL AR .m0 O [ A R,
kg/m® ;o NWAKREEE . kg/m’ ;¢ FFH ) R4 E 2
SURLTE R FER 5 50 Re 1) AR, 78 F0URL 35 21 17T B K
HF . R

(1) 0=>p B, MIBUKLZE AR H R0 :0<<p B, N
UKL F o A UKL 5 A 2 TR R 2R SRR, R
TUER 7 118 0 K 5 T A R 5 Y 22 ] % o 25
SN I ER T A N

(2) WORDRLAR d B, TN UL b A0 3 B K
WORDRLAR o /N, R ek L A R N
1.2.2 FHUirE

URL TR T 2 6% 52 ) 2 F TR IRV R ST A 5 ik
2% e E S TR JIUR BT 51 A 1 R o R 2 ) R
b7 B A M 7E A B A 5T 2 () BT B L 3 0 B T 5
PR R TP TR .

SR T HIE T R s i 32 1) 1) BEL 7 6 455 B AR BEL g A
v S0 N N 0 7 O R 1 R 2 N 1 AR N
B, DUBERZS BRI A KoK

_V )
A—V><1ooA (2)

ArfaA AR EE . V05V, S T WP [ 443
KLFT AR m® 5 VR A P U P AR S A ) i R
Z,E\%qu °

B RL Y D 2 50 KL A (5 JBE LR RE 27 AH W] A R
) TR TR A N

J“d(a £ (1—20k =0 (1) (3)

Ko, S ORI DT R R
A XA R IE 5.

P 2 (3) 1T T A 25 AR v B A CRELA T o AR R/
SRR B, R T TV Y R N

T3 A1, 2 RTURLFE AORL BE 98 01 i) B I, R T o
JE R A R, G JE DR R 55 0 0T A B T R, A
TTT el A 119 370 ok S 55 8 80 1 R — T P R O A T AR
L5 B R T B %% B, DRt TR 32 31 LE 3 i
5 NORE AR (BN E
1.3 K H*E
1.3.1 5%

(1) T4 . T 26 X5 IRk R A7 0 43, AR 48 4% J5 ok
(A RE B RN B A3 R A 0 SR BB L kL G S B s AN
[F]RE e o FFR e . v DR, O 8 R SRR L 4 40
Sk = (R ASORL 5 400K 22 48 R T AF L B AR R TR A Y
URL s BB R AR RN, LT HOA Bk, AR 3 i
B IR BN SRRy [T WS SR A UKL . O 4 Y 32
H 92 By 1k T8 1l 8 2 07 WO =X TR TR

(2) THYe. BES A oAl BB A 2Rk R AR
RN AR D% 3 248, 5 R Bl TR IR

SEMR T 438 I RSO FIORG BE . WA PRk ol T L AR
JFH W o A R 2 T 2ok O AN BRI 2 B, A R A
HATIEE .

DR Ay B i rp A A B A KPR 5L R G K
ST TR L DY S A e S PRI VR R R L BB ASURL I
ATGVEFRI A B FE 5 min, T f04H 2 Ry D ASURE 22 1
B ERE S min, FREEOR R TE VR PRI S A LR
I VAT 300 o =W w7/ I T 1 O N T B U R
VR T R L TR s A R L T,

(3) ERECH . PR £ b5 U S Ak e e il N
B ER . BT IR EE® R 2.97 g/cm®,
UG Ak i %5 ol 1.60 g/em’, B0 WY B AT AE
2.97~1.60 g/cm® Z [AIFEFTIH Y,

G318 X G v & 2H 43 1) R IR T ) AR
P o 45 443 % B WL 3% 2 Hovh IE ARORE BE (32 A 43
PR KA R R (32 2R A3 A 58D B S5 5 3 S ot
L 7% I A5

sm/ssk 950k



316 g LB R S5 A

2026,46(3)

®2 HAHPEASHEE

Table 2 Density of various components in the sample
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Fig.1 Separation process of coarse-grained samples
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Fig.2 Separation process of fine-grained samples
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Fig.3 Effect of density of heavy liquid on the recovery

rates of copper and aluminum
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Table 3 Effect of density of heavy liquid on

grades of copper and aluminum

s/ %

FWET/ KF 0.630 KF 0.630 0.630~ 0.630~
(g/cm®) mm r{lm 0.104} mm 0.10‘4 mm
' ARG T LiFEY Tyl

R R A A A REE A il A
2.75 84.19 96.92 43.46 8.50
2.80 90.89 96.92 48.68 8.51
2.85 94.78 96.92 51.16 8.52
2.90 95.21 96.90 54.86 8.52
2.95 95.38 96.90 55.33 8.53
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Fig.4 Effect of solid-to-liquid ratio on the recovery

rates of copper and aluminum

0.630~0.104 mm A7 AR 4 14 [7] 50K B [
WL A DV N . S B LM 0.25 g/mL &
AAREH 0.45 g/mL, 8 IR A 90.38% T B =
90.03 % AF AL AS Bt . A5 A R0 SC R i [ T L 34

PSR 5 B AR A 8 A, Y R L R 0.35 g/mL
B, 408 A TRl R 97,80 %6 o 4k 52 344 I [ 9% EL E1] 0.45
g/ mL AR ENR R R R 96.05% ., X A& N 0.630~
0.104 mm K ZIXHE P A 2 Bty B2 S BT
"] 5 U T 2 M) 73 1 25 R & 184 00 T L S I 1 Rk
R B IR 52 S 3505R 0 DS R

HEHEWHEE N 2.95 g/cm’ WM, % 28 B
O X 2% 7 it b 62 B B2 R, 5 R WL AR 4.l 4 W]
MW R 0.35 g/mL B, R AR KT 0.630 mm b
AR AN 95.38 %0 . RiAR KT 0.630 mm FULH
Bl i LR 96.90%50.630~0.104 mm | I W) 48 5 fF
49 55.33%,0.630 ~0.104 mm F UL ¥ M & A7 N
8.53%

e X TR KR DN SR VA TS 7 N
F 0.630 mm R IXAEE 0.630~0.104 mm K ik
FEB 38 B AY [ HE#R S 0.35 g/mlL,

F 4 BT AR R H
Table 4 Effect of solid-to-liquid ratio on

grades of copper and aluminum

L/ %
By, KT 0.630 KT 0.630  0.630~ 0.630~
(g/mlL) mm mm 0'104, mm 0‘10‘4 mm
Y T Ry T
ELTE A i b Aoz ELTE A i b i
0.25 95.73 96.97 55.33 8.54
0.30 95.50 96.94 55.33 8.54
0.35 95.38 96.90 55.33 8.53
0.40 94.96 95.33 54.72 8.52
0.45 94.55 95.09 54.34 8.51
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99.15 % () _E PR Wy N4 A7 99.1 %0 19 R L L 48 1 [a]
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Table S Separation results of copper-aluminum mixture with particle size over 0.630 mm
. Fh L/ Y% [/ %
7= 7%/ % - ——= - - — .
C LiFePO, Cu Al C LiFePO, Cu Al
LY G 33.41 0.54 0.85 0.53 98.08 51.67 39.56 0.27 96.99
T UL D 66.21 0.12 0.23 98.12 1.53 22.75 21.21 99.72 2.99
Tk B 0.38 23.50 74.11 0.97 1.42 25.58 39.23 0.01 0.02
F6 EAFFMSEER
Table 6 Separation results of copper particle products
Fh L/ Y% B &
7= TER /Y - — < ) F >
C LiFePO, Cu Al C LiFePO, Cu Al
R D 18.94 0.11 0.06 0.68 99.15 9.43 1.83 0.16 96.44
T UL D 80.27 0.03 0.02 99.10 0.85 10.89 2.57 99.83 3.51
T Uk R R 0.79 22.30 75.32 1.05 1.33 79.68 95.60 0.01 0.05
F£7 KF0.630 mm U RHBHFFRATEER
Table 7 Separation results of aluminum particle products with particle size over 0.630 mm
. A/ % [/ %
7= i 0% - ——= - - — .
C LiFePO, Cu Al C LiFePO, Cu Al
SRR Y/NC:ED) 70.28 0.11 0.16 0.60 99.13 27.66 15.47 1.45 99.66
T UL GED 28.93 0.06 0.09 99.05 0.80 6.21 3.58 98.52 0.33
TH BRI B 0.79 23.40 74.47 1.11 1.02 66.13 80.95 0.03 0.01
2.3.2 kgl LRy BB R 5 48 0 DI FE S 97,62 06 . 4 Y[Rl fi

3 2 R G R 43 1k 1 B L R 0.35 g/mLL,
22 G5 9 0.630~0.125 mm Lg% 19 55k 72 & 48
2.5 g/cem® M SBT3 2] Bk, {H 0.630~0.104
mm R BIE S YE 2.5 g/cm® ) B IR/ E45 3 1)
YR AR ZE, R 2.95 g/em’ IIER L.

AL LR 8.3 9. Hh A IRRE 1 o) i 25 R
ATH1,0.630~0.104 mm R AR A P4 2.95 g/cm’
FEW AR LRy EE BB, T &

4 90.02%, 0.630~0.125 mm ki EE KL= E 2.5
g/cm’ B AR BB LR AL B EAA
0.3% 1 1.45% , AT AE y J& Ay [ml e, R UTH) 4k 2 &
2.95 g/cm® HWR 43 HEAS B A LI Y O B A
BR TR TR FE S PR T 5 45 IR R 90.60 %6
FRI MR R 96.45% , 0.125~0.104 mm $i 2 44
R AT A BT 4 R IR 10, 4 VB S A 2 00 A
1.19% . A 4R ok Il

#£8 0.630~0.104 mm AR EEWHEER

Table 8 Separation results of copper-aluminum mixture with particle size of 0.630 —0.104 mm

g P A s/ % A [l R/ %
C LiFePO, Cu Al C LiFePO, Cu Al

R 26.12 31.03 11.10 2.54 55.33 70.82 4.33 9.71 97.62

T D 72.08 4.07 86.95 8.53 0.45 25.64 93.65 90.02 2.20

TH VR B 1.80 22.50 74.97 1.01 1.52 3.54 2.02 0.27 0.18

£9 0.630~0.125 mm B =R ELE R
Table 9 Separation results of aluminum particle products with particle size of 0.630 —0.125 mm
. " : ‘ L/ % : ‘ IR/ %

C LiFePOy Cu Al C LiFePO, Cu Al
2.50 g/em® L¥FH) 33.35 32.07 66.18 0.30 1.45 63.08 31.17 1.68 7.74
2.95 g/ecm® VR 29.47 11.50 68.92 0.30 19.28 19.99 28.68 1.48 90.60
2.95 g/em® FULH  35.28 6.93 76.53 16.30 0.24 14.41 38.13 96.45 1.32
TH VR Rk 1.90 22.45 75.21 1.22 1.12 2.52 2.02 0.39 0.34
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£ 10 0.125~0.104 mm 5B #1 7= R T 4 R
Table 10 Composition testing results of aluminum particle

products with particle size of 0.125 —0.104 mm %

C LiFePO, Cu Al

20.26 76.55 2.00 1.19

2.3.3  HLMB T RUBE K XS L
20 B 1 R i L 2= < (R = NN 4l I I
ARG TSR YAl T O <SNTI =  V I I APl < 2 S

11,

e U3k 45 5L T g 4Ok S Cu i L
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Table 11 Wind separation results in the plant

o Py Fh L/ Y% R/ %
C LiFePO, Cu Al C LiFePO, Cu Al
R 46.20 0.22 0.62 79.68 19.47 2.68 1.77 77.87 27.49
BB b 53.80 6.86 29.59 19.45 44,10 97.32 98.23 22.13 72.51

24 PHFEMARERBRATE

Xt FERL 2R 20 3R 1Y) 2 A 000 235 2R B [) ol
IR BT ANRL G Cu, AL [l e R 5 HORDRL 2 A7 A —
PEPEY N R o 7 A 1 B GR A D DR — 2 PR Ay e A2 i
/I UKL TTC I L 88 A1, AU TTC I I 1) 30 RE /), U B
B Z BIHABBORL T 0. 53 4h I ARL A 19 7>
VeI 24 2R 0] LU A 85 Rl R R A8 I R AT 70
T B 3 AL Rl A AR AN 1o X 3 B | 8 TRk L
AR A o HLRE A 5/ 1 A0 0 UKL AR 2 A4
£ WERR RN IR AR L BB Cu AL IR TR .
2.4.1  HORLZUURL IR AL BT

H T R 2 YR B AR R L 2w A —
TR TRE TR AR SRR D RE 22 18] B RS B AT A R
FEAE L R TR e URE 2 A A AR R S B
Tk FEVE R R IR .

24 DLVO B¢ il i 25 & 7% 18 WOk 8] 9 1 7
A 3 R R 0 OR Sk R IO AR T B AR B R AR E AL
il T R TR S ) B R AR E 5
Sz H R 1/ TR s AR 5] J1 g, S A SRR
TER.

T8 WA Z A HLIROAR T 88 1 5 BE AU 0k
T FEL AT P OUUHEL J2 B4 T 24 e oL R TR 0 3 s L
T8 S O MRHER R D IR
2.4.2 ORI BR 2R 4R

225 ()57 BEL B 36 R T it kA5 BIL I 500 4 R 1N A,
BER IR, % B 4 HOR 4y T — i kK
e VAT B 3 7 TR 3 T L — i Ry R BE B L I R AR A
BRI . 23 IR 1 A JURE 3% T8 B 8 = 18] 437 BHL
v i AR T L B 1k R

e HWEIR =T Wg CTBP)/E 70 BRI 76 [ L
4 0.35 g/mL, HIE BN 2.95 g/cm’®  FF 43 HIE M
126.2% 3% A% W BERR =T BR 2% T . X 0.630~
0.104 mm R B 5 65 1R A P 2R A7 o0 e K
HAR I 12,

®12 BBZ=TESE3]0.630~0.104 mm A

BAY Cu Al B R #E
Table 12 Effect of TBP content on the recovery rates of Cu
and Al in 0.630 -0.104 mm Cu-Al mixture

a1 R/ %
TBP &#/% A
Cu Al

0 90.02 97.62
1 92.64 97.63
2 93.07 97.98
3 92.75 97.97
4 92.42 97.81
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