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Fig.1 Schematic diagram of electrodeposition principle

220
200F N Total
180} —#— English

: —@— Chinese
160

140

Papers

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year

B2 2013 47 1 32 2022 45 12 J E AN LTUR G [l SORIDCSUUR SCRE (BESCICHR: £ Web of Science
(WOS)&%EEFEF'U “Electrodeposition” F1 “Metal recovery” KA 3R] S SCSCHR A R E R B
E772 LD R T AR 1 L G/ o 4 e R i )

Fig.2 From January 2013 to December 2022, the number of papers published in the related fields of
electrodeposition metal recovery at home and abroad (English papers: using "electrode position” and "metal
recovery” as search keywords in the Web of Science (WOS) database, Chinese papers: using "electrodeposition”

and "recovery” as search keywords in the China HowNet database)
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1.1 EBRas

FL TR R A B £ S AL B, AN 42T (ANl . BRRNEN) . BB R (NG B L & SR isiR
BN UTAESR WIS BB AR BRI T R AR Ak LIRS TR T 2R . Liu 227 0%
A FABERRAAAE B A A B (SWCNTs@SSN ) VE A BAMY 25 BR/K VAW 18T (Ph) o 24 PH WIRRIR N
20~150 mg/dm’ i}, A3 90 min J5 , Ph* Y EBRILRIK 97.2%~99.6% SR , X Al 75 Bk — P K
BB S AR T 71, TR X T SE PR K AL BIRCR . MELZ T SRR (A IR B 55 8% RVC)
A LR TR RS s e 1 48 K A L T ARIN F9 4% B 28 . Ramalan 26170 5% ) B s o
78 2 G AN FRAR B AR PHP AR, E 210 min P AT 258 90% LA Ph* . HZ2ALA S8, RVC A H
PRAGTTRE AR RGBSR, [RIE, RVC AR IER: R il (RCE ) £ 0 I T 2 L TR 4 s [m1 i
WFFEH, AN RCE A% PRI RL, FEAR AL i m AL B B0 FE s iR R e, R i AR 8 R/ N B 4
J& TR S BRATTUBULR , Luan 25V JF & T —Fp 22 AR R4 BB 1 FL AL 2 K BTk R 456, DS ok Tl 47
IBHK RGNS A, 5 FEE DI i TR 0% 2 2 250 1™ 26 B DR800 , 45 8 T L fk
FOKBALRGE Ca> PIBUR . Yang S5 2P T — b BIML 2544 , 57 1k SR AR o o B i — i
Sgk APRRIT 408 OH AP~ A gl S 2. 7EFIR N 40 A/m” Bif, Ca™ il Mg™ BOTTRUR 2351
FLAL GBI B T 12.8% M1 46.1%. 475 BEXT4F 2 A0 4 18 1Bk 25 PR A T g et | e 4538 A BH AR b
R mEE . mAT R FA A AR AT LA/ R SR (AT U N ) o

BB AT RE Jy e AL 27 B AR BOAZ SR, B W T AR SRR A AR o FERR 75 0 P S VA H W
Bl WREEAR . A AN e R A, P SRR SR S A R A IR A . Guo 25
AT 4 FpBLAUEk I 4 e AL A (BA3E Tn/Ru HARR . K3 In/Ta HELRR . BK3E PbO, HERR AIERIE Ti,0; H2
W) TEHALZE BRI R AR R I ZE A MR RE . 250 BT TR Ti,0 FRA A Ca™ IRR L 5, CaCO; B T
BHEFERAG. Lei 2P EH42 Pr, Pi-lr F1 Ru-Ir /R BARZ AL BE & AT Ca® F0AE IEBERRER A4 K I5F & BX, B
W AN AT Z AR, Fo o Ae SOy i AR IE B BRER e b R IE B RR SR , 6 2 B 5 7 B 5 Ca™ RO A
BCBERR S TTIE . Hor ) Ru-Ir FERRATT S FLA 45 5, RIS 53 [ 36 (COH ) , PR LR IE B R h 4 1k
BRI 7E 168 h P Ca* il EBRFIAF] 43%.
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1.2 BHZFERAHEET

ST RSB AR 2 R AR 1A% 0 ) R R 45 E RSB . T 1 S I B LA AL
FdR | EHACR . BRI AR EE MR A . AR A R L 950400 A FUA F SRR A
ARSE P R AR B S L AL 2 S RS I I P e KK B K SR o Jin 25T
PR RE IR 3t v (18 3A) , AF 30 me/L Cu® 19 1.0 mol/L HCL ¥ HH B EHL43 55 H 93.6%1 Cu®*, HL I
RN 89.4%; K FHH HILFL A Al L RE LA 20% B B IR IGIT 30% 04 Cu®, Hirf 40%~50% 7= A4l
[ Cuy0 I CuClye Yu 2558 S XMEFRAHIK T Ca¥ R TIT & T —Fh 2P B TIRUR I 2 (18 3B) . 24 H
AN B B AR T S N AR TR . 0 . A0 DX 1) 2, Sl e i 45, i LR IR 5 1 A AR0R
SV i O T RR T R FL 3 85 0 ) 5 38 711 gem®/h A 37.6%, Il EE T 7 CaCO; AEFEIU R 3.17 kW-h, £
PR N 25 SE LT HALGE RO 25 R 15 22 I UTR G A B S R00R |, [RIB REFE B & IR, S Kis 1T
Ji , R EARAETURE S AT RE AR AR 1Y Ca®* Z5BRAIOR . T 3k S 17 i A BRE T A 55 o L R
FRAGAL R, 41 i 4 8 DRI IR RERE
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Fig.3 (A) Schematic diagram of copper electrodeposition in cylindrical turbulent tank*7); (B) Experimental

diagram of multi-stage Ca** removal electrodeposition reactor "’
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UL AN 5 A Cuy Ph. Cd 1 Zn By v BE SAL YDA, 45 S 3R B, (o I B RS 45 0 T DA Bk L T
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BO%HY ME 04% . FL Y245 FE 3 — i (LT , 4 IRDRCRRAE AR R I, Zhang 25470 Hhy 0285 1 A
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Ja RO Ca¥ R AR/D R TUR; U AR FIE A TTRUZ BLAS T Ca™ [ IR R 5. SRR
FL I 2 B8 1T AR o Rt L i S b B ] AR I 00 5 A 20 B T R S BRAIG, B REAERE I, PRI FR
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1.4.2 pH{E

pH {EJE RN 4 & [l i pe e PR 26 o 7R s Ak 22 SO pH A2 0 JsyiB pH B (B & 1T pH {H) FE&
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Fig.4 (A) Effect of current density on the morphology of the products recovered by electrodeposition*™;

(B) Changes of the overall pH value of solution and the pH value on cathode surface during electmdeposition[m
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1.4.3 BE1THER

L TR i R OB PR sl B S A s A T, S AR /K i Rt N FH H I o )7
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Wi AR AR ISR U = 5 P Ao, 0 S, i A A 11 P AR [ o el A — A, B 2 A
S LR 500 R T Bh 2R SR SIAE IR IR  (FE] SA) PSR E AR |, B R TR 3 77.53% , BHAR FEL AL
KK 84.87%. TE/NEL T AR A B PR /K B E AR FH PG BB 1T, BEAS S i A BRI R] , SCRT LA B
IREAE IR BT 42 . BAVR SRR =y T AL BEK B, RIREZ BRI KelE . Guo 25 3R
PR SR B A BAGER A HIK TP Y Ca™ (8 SB) IS & B Ca™ VIBUR B 1N 25% , 428 25 BRIk, (2
TES AR AN 500 mL AA0E T, B/NF AR IR B TG4 8 Lo SR HLAGFIBE AR b TR G S LA
G TR DTSR AN S N 1 R B ] 5 2 e ] T IR K R B AL R AR R (R T B e S i s p A
T4 HK R AR E AR BUER, S A TR K AL . 7B A BRI BAYGE SRR AR T, B BRA R]
SV A AE SRS I FH HroRs BN 28 355 R AL

2 HARBAIZEREEW

RLTCRREA T N —Fh R ACLE . &) 2 BLASE PR YBOR  ANURT DL BRK e 7 e TR R i g
DA S (EL RS <5 BT, DA A i el s i Tz B o (EU: , B A A e, B — R URL B i i
AL K R 4 T S ) L BT R oR o i, LR DUBOAARME N B Jm 45 5 0 vh AR D, i
JRACHR 4 e R T AR, W5 R P B AR R A e 4 AL B, UK B3 LA it ORIk 3
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3-BIMR A, 4-FHEG T SCHNR, 5-IT8 1 SCH R, o- PRt , 7-BIRRAR , 8- ELUiHL IR, 9- XU =% Hi fift4# , 10-
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(B) Mk i S st L TR Ca?* R BRS0000 1)

Fig.5 (A) Schematic diagram of sequential circulation experimental equipment for double-membrane three-
chamber electrodeposition of metal manganese and electrolytic manganese dioxide (1-Anode chamber, 2-In-
termediate chamber, 3-Cathode chamber, 4-Cation exchange membrane, 5-Anion exchange membrane, 6-Anode
plate, 7-cathode plate, 8-DC constant voltage constant current power supply, 9-Double-membrane three-
chamber electrolyzer, 10-Digital thermostat water bath, 11-Cathode circulation tank, 12-Intermediate liquid

circulation tank, 13-Anode circulation tank, 14-Partition, 15-Peristaltic pump)®>; (B) Schematic diagram of

experimental equipment for Ca** removal by single continuous flow mode electrodepositionBﬂ

2.1 BRAREHEBUZEIZEE
2.1.1 BRRBEFBRELELEAR

HUAE AL A AR (EO ) &R LR e i 7= 2E H 36 GO S A ML A AL o, SE35 K b B8 7T LA
053 N B R A R IR S Ak | A 7 PR 2 10 B FREUT X S R4 T | i D03 s BRI i 4, ol T
R R AEAE R A WL S, HorP &R oA SR 4 &, AR B ) B 71 i ML DR AR AR
MEM AR AR A Th B N 4 TR . A AR i TR 25 B 7T LA A 4 B 48 ) . Sun 258
il T —FELE 2 PhO, B T KB HE B K B Ni-EDTA . 1% Ni $824023E T Ni-EDTA R figad
FEH ) AR E AL AI-OH 4k, TEHREIE N 5 mA/em® . N 45 mL/min £0F T, Ni-EDTA 1 Ni (923
BRI R 96.5% = 1.2%F1 52.1% + 1.4% , FEFE N 2.6 kW-h/m®, Guan %515 5% Fl e g Ak S84k -FEL DTS
B T LRSI R RN FEIZ R G, AR A ALTE 90 min PIAMEER- 245 A4 i Ni* Rl
B NH;, 985 , NiZ9lad 5o NiO FHUTREBAML I, Ni ISR IA 85%~95%. Bl 44 FIF Ni (1=l
LB B 7E S pHAE (pH>10.0) 5504 T, BIMR R 1 25 5 7= AE AN P Ni(OH),, ANTTTRZMA Ni [l i) 2l
FE o XA R AT AN H T HE 4 Em 4G Y A 38 % 4 )& NI,
2.1.2 BRARBEHESTHEAR

HLBHT (ED )& — Rl SR ) 2 75 SRRSO 7R Akl D R 4 e 3 i P ik P s A
H RSN BB AR ORI . Song 5T XHE G L G s EARSR (A AERERE R . WEURRI ARG . BREE
VH Y AEAN R B TR RN R AR A AR R . BRSO AR FL R SRR R T2
TERARSECT , 4 i i A A — S8R 77 2853 Bl 75.1%F11 23.6% , BERE ) 5701 kW-h/t, Jin 25 CIFF % T
— PSR DB TR HIK P Ca™ 2Bk . SEGH AR, B PR TR Ca™ L BRE AT A
WA AR B 14 B TS A B B A, 7R 4R 5 Ca™ LBRTEREAY RTINS, KR IARAR T A, % T 2s 17k
B UUTE R I 64~84.6 g-h/m® | MAEGE R TTRRE AR 1.2~2.8 15, 5T 72 CaCO; FEFEI N 8.8~12.0 kW+h,
2.2 HRAREEIZHEE

T2 5 e AR AR A T (A9 S B R R L 2 25 B 1 (MCDD) S TR R A, Wang 25 LTR
PR A4 (ACK) A HLA , il 455 ] MCDI B2 g M e TR A S8 rh 4 T WG B T R4 s 1)
I . SE TR, Cu™ BRI W AT UURR RSl R, Cu™ Bl S, 3 ELHR Cu/Cu,0 41 AGHY
W JE =BG SR TR, R R AR P BE P R [, NI T Cu® AL, #E 0.8 V HLETF, Cu®[Hl
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WA A F 42.8%, [R1AE 5L 8L T WK iR AT Cu™ (4 [T

T3 —RAH GHRITEI G A TR E R AZ LUBEIE (UF) . RIBiE (RO) MIE RS (FO) R
IR PEFEA o FE MKW T 70 85 4 I Jy T, e 8 HAT R4 i FH A 55, F DTRR B AR R s e A 15
FIVE S 42 B VUTE B0 AR AT BE T 25107 P Wang V4548 1 T —Fh B TTRURVEB JEAE & T2, IR UE VR 45
W e R . %R T 20l ad A i CaCO; Fl Mg(OH), AL #1755 Ca® Fl M L TE , P it 0 it
UE5T B & JRUTTEY) , CaCO; il Mg(OH ), iR 86 EE 43501 R 92% 1 64%.,  H T BRI == rh A ALk Bt 25
8, BI5 Y R RBD . Camarillo 251745 B4 Wyl Mg H R (PEUF) 5 TS &, [ HDK IR RS
Wy 3 R R AR 4 AR Cu® 78 pH=5.5 I}, 99.5%F1) Cu® i e 4i [n1 Wit , Ha TRRBICR AT 1k 99% , kb 35 14
WP Cu™ R T 1 mg/Le XFRRS T2 BRIt HAE R &9, v TR 4L PEUF.

2.3 BARSEH/ZERREE

TEA BT TR A DU DS S 2 s IR B AR — K FRLTTORR R 5 R R PR R B sl A5 R AR
FGE G AR LR T e e 1, SCBUE 4w BRI A [ o8

BT WARYE I — A R TR R IR A AP R, IE e T 4 i 8 7 AR AR, AT R %
GEAEMGL R LA T B TS AT YA o T TR A K P [ 4 T 5 1) B8 T WA JBURT L I
FRA T 2 AEX A, O RE 048 I FE4R (Sr) . 45(Cs)!, 4m(Pd) ™ sl (u)", &o(Nd) ™,
B (In) PRI (PO 24 Chen 2874 368 —Fioxt Pe HAT 5 3R AU O BT EDIR 4 B TR O s
WA RR . Fe®* . Ni**, Cu® il Zn® 1Y HCL H P 3R E e | e & POoA AL TR TURL IR A S
TR T e L ORI R T [ A SR T PO AR, 9 H AR BCICR R & BB %, iR i,
97%LA_E ) PE AR R PR, 280 3 AR UURBEIR G , Pe ) LGRS R AE 95% LA E .

W T v P OB AR LA EE A S A O B - R DU 5 D v, IRl N B ) B RO = ik
95.6% 7, AR AT LA Al (96.38% ) FMKAERE (0.6 kW-h/kg Cu) MUK T AN Cul™ . [F 52 PRA g Wi 7T A
oI SEE IR BEREEAEE, AR BLAS AT AR, T LA 0 M FLE K Ve 4 5 A Ni FT Cu 55 4
B TR, 45 A TR EA T [l 7
2.4 BRREEERE

FL i A B8 RV% ) HIOR: A ORI A 2 A AR A% 2o B S DR L LR S T ke 3 g 2 2 )
IR &R B KU R, RS AR T AR A A R LA K BB RE S 5 R — R B
2RSS (S e I AT AR AL B R . IR 5 A S RSN R A
7 5 L IUBAEES G L RSCR I R B I —FP AR L i T Ab )y =X

R I AT DL 25 AR s B B2 4R R BB A UURCR . Farooq 2577 5 #8745 375
LRSI H KSR P R TR g . 25 SRR BB 1 (35 kHz) BB 508 5 4 TR AR (55.1%~
94.6%) . I 1Y PRI UM AER IR (100 mg/L) BT B I | 3002 PRI Oy 46 i g Pl ol o 7 R iR HIOVE
IR W BRI, S R BRI, RS R RN A2 S BT B2 BT RAE
W S 3E R ALR | AR TTRERE . 75 3730 ] 1 o L A UE TP MR RERE . bk, AR TR P A0 [l i
FNH 4 JE AT . Dong 25 B4 IR A 4512 (500 kHz 5 1 MHz) 7537 5 AR A0 2 m /K is o h BAA R
) AR S AT (1) 42 8 B 7 (P . Pb FIER (Ga) ) R IRIICR . S5 R F I, [l 4 8 Hu ] B T 4 8 i 2%
RIFAEE AR 9 R . Hor | Pd A4 IE IR0, Ph A Ga WIZE [ b ek (DU i 84k . BT Pb Al
Ga A B82S 5 AL, i atRE 75 U 5 | R iR F AR 2l 25 S B TR R AR B | R R 2 — 2D o Ak
Yy A R PR e DR AR e 1
2.5 BMREEEIZRE

KA PR AR Z e D B TERE A T2 RIS Rt T2 getk . BRaTA S T 240, HETZ
] S GUBE TR A, IS4 s A Rk 5 BRAn e, AR URE AL BE TOL AR A HIZK RS Ca® 7k
I ) RS} 205 AR A1, i S PR g L ORI R P2 A Y Ca TR AS BE AT S5t TR ZE BB L, ki 3 ol T
Bk R g o I, Guo 25180 AR LIRS R A V6 45 T R 48, il 1 g A AR DT
PRERAR Ca® LB ERE . 7E Ca™ ¥R N 300 mg/L, UEBHZEFEH N 10 v/min, HLFHE N 6 mA/em® DK
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WA R N T A KB TIZ RS0, Ca® RBRECEN 15.0%~33.4% , ¥t 8 TP — A AL R G /Y
Ab PRSI (9.46%~18.07% ) o FEULIERY I, tHE— L WFFEFI FH B DR YL 5155 3 45 i R Ge A & 25 B A [mll
EaEEA—EME X,

o L TR R & S ) — VB e I Rl R R TERRE N S T A BE EE A TR S & ) n 1A
Sh** ] L B H URBUE AR 5 T Sh AN RERE AL JF 42 I8 She S SH RN, Zhao 2511 4R
HAE M (UV ) AR R ER 5 By L TR A 12 , a7 A B K A L T2 Sh™ A JER Sh* , SR 5 16 B
A Y Sh RLALAEIR JF R 428 She B4 E T, ST ISR A 78 6 h PNk E] 95%L I,

H GE 5 F TR 4 i SR & B AR AR R AE RGN T 2542 28 B el b 42 15 4 I RS0 R B ISR 45
TRAREF L T IR AR IR . Wang 25 23R H—F [ 3OERALEEB 15 R S8 (PECOS) , % 2 50 il 1 B HE 5
S LA TRIEE , DRRAEL 4 8 G i K P Bl 2 Fh 4 . SR Ul B BE G IR BTG PECOS LA 51 g/h/m® 5 i X
(1635 25 DARSEFDL 55 A 1 7 H [ A TR 7 Pl B K T S B Ol 228 mW/m? . IR, TG S I 7= A
(B3R 2, PECOS il i LLIE M98 1% (FO ) it 4 0.84 L/m*/h 1) FO JEARBUR AR D K . Z3AR
A AL 2A 8 5 2R G0 1) FEDE DR K A [ 2 R g U

£ ORUIBRES T2 4R Mk
Table 1 Metal recovery by electrodeposition coupling process
K g )E X e [l &S AEFE \
. WERS Pk : %3k
Metal in . Recovered Recovery Energy
Coupling system Wastewater type . Ref.
wastewater product rate consumption
m H AU AL - FE IR FAEPERIE K
Nickel Electrooxidation- Electroless nickel plating Ni 52.1% 2.6 kWh/m’ [58]
e electrodeposition wastewater
- - ERERASKEY
” L AT Tk
. Electrooxidation- . . Ni 85%~95% 0.11 kWh/kg Ni [59]
Nickel . Actual nickel ammonia
electrodeposition
complex wastewater
PRI R AR P R
- ISR IK
Hh BB IR Manganese-containin 5701 kWh/t #E7K
i Electrodialysis- ° R & Mn, MnO, 75.1% and 23.6% L [62]
Manganese . wastewater in actual 5701 kWh/t inflow
electrodeposition .
electrolytic manganese
production process
ke S FC ] PR
4 HLBHT- TR ” Ik N
’ Electrodialysis- i CaCo; — 9~12 kWhikg CaCO;  [63]
Calcium . Laboratory preparation of
electrodeposition . . .
circulating cooling water
b g sk 0.306~0.659 kWh/m’
N - TR R 6000 CaZt i’ ok
Calcium.and Ultrafillratif)r'l— Nanofiltration CaCO;, Mg(OH), 120 ; M/ 0.306~0.659 kW h/m® [66]
magnesium electrodeposition concentrate .
inflow
A~ A
g &L a)m I HCl
5 AHR- R .
. Extraction- R . Pt 95%~97% — [74]
Platinum . HCI solution containing
electrodeposition .
various metals
e S WL R
. W - S ;&%é@?gi%ﬁ LR
. Adsorption- . Cu 65% 0.6 kWh/kg Cu [75]
Copper . Laboratory preparation of
electrodeposition .
copper sulfate solution
' - S I ) A R A
. AT e
Ultrasonic- . Cu 94.6% 10 kWh/kg Cu [77]
Copper Laboratory preparation of

electrodeposition

copper sulfate solution
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3 GR5EE

I EEGEARMIL, i T RAL L R PE A St TR G 8 IS HAT I R BRI B
S FLTERERE , BHAR AL RE T 2% & R AL & Wy D UAR InDSGES B ke i P, AS R BRI B0 X 42 s 1D IAcsi
FAEIGEW o A TR AR B B Al A R i i ORI R A% e M R MR . &
YRRV R M pH (L RE A B4 T8 TS ORI IR REFE RO RCR , AR AT 7 s A E W I T .
DU R, N R — DU T Z AR R, S T Z B T SR 2, 3 1 IR IR & T
SIS B RS BUILE o AR SO A A ORI [ e s B T s ) TR AR DR S A T 1 0, O R4 il 1
A HIBESETT ), MBS o (1) AR N AR A B O IR BAT USSR Y L
B L2 R B 4 T ORI s 2 H T S A WF S BRABE R A ORI 5 LB BORZEA T TS M A 5 LA
AT AP TP BRI A R AR R L 2 . (2) BUR Bera DURR IR HOCR | St AU O R S5
BREIE B SR TR AIBFTE AN AL o HEAh, X 34 DL R A KBk I A T S LA Bk D 3=, 17 5 22 25 S R
DUBGE , ISCEL A N EL R s o1l (3) KR Hh s i e 1 S 36 2 e il 19 KR | 55 52 Bk BRAT AR — 2
D22 o R S SE P B0 , IO ol FH 512 P R 7R sl A S i A A s L T i S S PR R 7K R 4 25 o s
FOIRAS , VA0 5296 5 S PR BT I 22 - (4) BB BESe g 28 7K AL BEALRR /N, Unfn 7e s ] B (£ 2 B0 R ik
PRI A FUBEAFRAIRTE o IR AE 526 28 5% P B S BOK B A vk, -5 A SR T
T, PR R RS 527 . (5) T ZMs i @ YEESE BRI AR 28 R 2T AU RETESR
JL A0 N UE I H BAT R R i 22 1 R IE A TP RE S T RE ™ A AR DL . IRLMEBIFE 35 0 22 5 T2
RIEATREE , 4 A SCHT I USRI AT Al REr =L . (6) R IIBUAE TR TS,
O MNEBEA | 3BT A | HEGPSAS . A A RIS i (i A D TR TR LR [T i )
AR, AL R Geals , (EHERF A T K
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Research Progress on Treatment and Recovery of Metals
in Wastewater by Electrodeposition

ZHOU Jie', LI Xin-Yuan', TIAN Min-Ge’, YAN Wei'®, ZHANG Da-Min*, XU Hao
Y(Department of Environmental Science Engineering, Xi'an Jiaotong University, Xi'an 710049, China)
*(Scientific Green (Shandong) Environmental Technology Co. Lid., Jining 272000, China)
3(Research Institute of Xi'an Jiaotong University, Zhejiang, Hangzhou 311200, China)

“(Shen Mai (Hubei) Information Technology Co. Lid., Wuhan 430074, China)

Abstract Heavy metal wastewater poses a threat to human health and biodiversity. Among the treatment
techniques, electrodeposition technique has attracted much attention in the removal and recovery of metal ions in
wastewater because of its cleanliness, wide range of uses and high stability. It is found that the papers on metal
recovery by electrodeposition at home and abroad have shown an upward trend in the past decade, indicating that

electrodeposition technique is still one of the hotspots in current study and has great research potential in
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wastewater treatment. However, the single electrodeposition process has great limitations, so it is necessary to
couple it with other processes to improve metal recovery and reduce energy consumption. In this paper, the core
factors affecting metal recovery by electrodeposition were analyzed, including electrode material, electrochemical
reactor design, operation parameters and influent quality. Then, the research progress on the coupling of
electrodeposition with other electrochemical methods, membrane process, ultrasound, adsorption/extraction and
other processes was further summarized. Finally, the problems and challenges of metal recovery by
electrodeposition were discussed, and the future development direction of metal recovery by electrodeposition
was put forward.
Keywords Metal wastewater; Electrodeposition; Metal recovery; Coupling process; Review
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