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BRe b2 RAHEDDIE & gt U2 B RS, xR

LV RSB RER e TR0, PH% 710055; 2. B E ¥4 5 WIHE S LR, W% 710055; 3. XA K
A A BRTEAF, 1 714300

B B RAGMEEGERFINSAESRERALY S COD M &R G EK, EEHE TIMNNEIE, &
T pH . AL A A IRD R AR AR ] B 45 DR 22 X A Ak 0 A COD £ bR AR, 7240 A BFOK H CIRI BHAR BAL R, A
TRV T Al A B R is e W SR A J PR AL . 25 SRR, BE A5 S m e TR RN E A DD B B R, AUk A R
COD EBRBBEWI K LA S NN, kA4S MM, RA—FAMH B fE R EARETTEA, YBER 45V,
WG pH R 7. HLAEBETEI N 3 h, WAREIFE N 1.5 em T, S5 4E% (CNp) . COD. SCN K Cu i 2 FR 2 i 5
A3k 99.6% . 96%. 99.9% 5 99.2%., HLfE AR R pH ZFEFREAL, HIHVER T 2 17 E 8 2 BE R 0975 Yo 2
[ 3= Z2 09 H T HCIO K ClOHY a1 42 S AL/ T, 24 pH KT 5.0 B DL HCIO By 484Kk £, CIO Y4 AL M3, T pH /D
T 5.0 B ) 22 HCIO WA 1L . MR E Ak B 29 36.17% 1) Cu 5 SCNTE i CuSCN IL 3 T B B 2, T4
H A E AR DT . GC-MS BTk B, BikeZds . MRS, EMZRSE KT C=CHE. FRIL. L (L% a0
HVE BE 9L AL WTEE /N> T, B S 4k 224k 4k H,0. CO, AN,

KHIE R A K B E; fheEf A, fey; &

FALPE Gt R b o AR RE WK, JFEA TRIEE 28R RO, TR of #2 b 75 20
2, Z)E, BT BT RIEZS . A . FEmMELRIRN L, ikt CcOD FHE . XIEE K
HRAY EZE SR E LG SCN HIEFLE, Wl A LM &EX, Bl sfg
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BFEIAN 2.5 h F 2 1.0 h, SEBL T FAL Y 0 25 B (4 TR) IR [T K B M e R o LIVS 26 2R T H fig 1k
% b7 8 U TP MERE AR TS e R AT R, DL TI/RuO,-IrO, M BAAL . Al I8, TEH BN 0.1
A-em™, pH K 6.37, CILEIKE N 6.5 ¢ L™ (Y51 N HLf# 150 min, COD F1 NH,-N 25 BR 3 43 51| Ky
83.7% F1 100%, ik GC-MS Zrti KW, 7EH il 2 A HLY AR 2R BT A o L T R, AL
Wy 1) 2 B 3 BEAR SRV VR TP I CUAE B AR ZE B S AR P 107 2B W) Bl (HCI1O . CLO™45 ) X L i 47 401k e Bk o
FAJARDO "7 45 3% F Ti/RuO, FH % FL 1k 2% 4k T2 Ab B B 2 /K, BI85 Al COD 1) ) 4R o R B oy
323mg L A1 118 mg-L™", 4 NaCl ik E N 10 gL, HIHEE N 119 mA-cm?, ¥J4h pH N 3.4,
L 3.0 h J5 B B Al COD il 2B R m LK 3] 100%, (HANFR S (4 A A K C. i fb ik
XPEACY S A ML A B B, o CUR S| A TS e B B ff i 5 2 X ZEPE R, (B Sh
4 FEL A I3 A0 SR PO I A S 4R T R K B AR B AL A , IR A5 CUSE BT B AL 4y, [R]E BLAG AF 5% 3 AR &R 5
B AEXARMR B . o B — DL SRS W AR B B, T SE PR TR IR A K i B 2% . 15 ik
FEwr, WA KR, DR B

ARSCUARE B GBI IR IR G IR AR RERT G, K & K EE CU, AT oy B 4% v M SR A A 31 28
SESLAE, TOR A M A T, KORTT B AR . PR, AR ST R ER R AR A TR X A R K
Hh i Vi R AR B A AL Ak B (5 e D B R LA T TR, BB T R . H R (]
X EALY S AN B KBRS, S AT T AT RE R REAEALEE , DU IS ST R OK TR ER Y S A L
YR EEA IR BRI BT IR 12
1 #R5E*%
1.1 LIEHR

SCEG KRR BB SR R IR A K, AKBERHE W SR 1 TR o KSR T A s AT 1)
T RAWTEAFH, S S5HID AR EE, FEELY (CNy). Cu, COD., SCN AW,
435124 1 700.00, 2 600.00, 33275.00, 22 571.45 mg- L™, [AW} i85 % T Eik 3 130.00 mg L™ 55
T, XX FRAFOHEGABGEITRERELE, ZEKAET) NE LS RILE WA, JFK pH N
6.0, Zn Ml Fe & EARE, X0 030 mg- L' Al 1.23 mg-L™', H AK M 237 55 & (CN) IAETE, Hitk,
T RAHEE .
1.2 XWR

DL 2 ey 8 MR B — BBk A 4 M VE BRI AR 2 B FH— B — s il iR &R, RS2 50 mmx30 mmx
2mm, K LP305DE % £ e v U545 il B i, R A CII78-1 U i g dh s b AT e 4, 9000 e B R Il
SCHRT®,
1.3 L HE

R T MERG B 100 mL JE K B T H @M S, F NaOH, H,SO, V817 pH, Hifif i 72 il FH e 5
PPt SR TR, — g B ]S SEAT BORE L 08, R BV AT 4 M U E CN;. COD. Cu. Fe. SCN,
Zn FICI A&, VIS KRB FRBER T, 7660 C FHLT/E 41T,
1.4 SWFEE

JEIKH Cu. Zn %548 51 R KA IR Mo (GB 7475-87. GB11911-89) M2 ; CNp R K
Jit AL P I RE A A AR GO RE R ) (HI484—2009) H A i R AL IR 2 WA I E 5 IR CORTRE A
AP 0 2 i R AR TR AE T ) (GB 11896 — 89) il 22 ; COD R A 7K Jit b2 75 480 (1 U o0 4% iR 6
) (HI828—2017) il a2 , o I A iR R VS W K T B S0 B8 19 T4 5 SCNTRH 7200 2143 S5k B
TFHEATINAE 5 CLO AT CL, 7 2t >R FHAR A A% 2 B0 e v RT3 % o SR X'Pert PRO MPD %! X 5 26 17 i
ASOT FEL AR I A DT UE B B 2GR A T 20 M, IO 79 0T 3 A L BB 30 R HH Zeiss Sigma 300 454 L+
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B AT AR, VWA WL 4 SR T PY-3030D SR £ 5 T i I HEAT AT . e R g e
() #HATIHE .
n= COC;C x 100% (1)

K: CoMEKPFEAY . B, 2. BRI EWRE 501 COD, mg'L™"; C, WAL IE K
a8, BE. SCN IR R E 5 COD, mgL',
2 #ER5iTE
2.1 SMINERERYEZ N

FEMREE i . AR EIEE R 1.5 cm, NI RS2 510 3.0, 3.5, 4. 45, SV ST HME 3L,
15 YW bR R KR KR E R ARSI TR . BEFESNINHE R A K, Cu. CN;. SCN'5
COD A < B R B Wi 3 K, 7£ 3.5 VA Cu, CN, & B R ik 8 &g KAH 96.2%. 98.5%. H T I W
COD. SCN WMk R, EFRET I & L&, Bk, COD F1 SCNFEAMINE -l 4.5 V i}
LERFA BRI 90% LA b, S HE BT L BRI . K AEAE U, Ar sl S Ebn e
HLAZ 40 0 oA 1.36 V FT 0.40 VIRL RG2S H KT 3.0 VI, P RABT SRk 32 o CUAE BH R A2 A
Cl,, HCIO. CIO 4 {E AW L 2~ (4)), HL B EA R 1% MR w4 ™, JE i HCIO
ClO % s S8 AL PE Y Bl WAL . A UL ST B8 Ab, SEPR bak 5 & 5UE K B 09 4k 31 77 1k vk
SARIEZERL . [R5 4 JE 2% B B R ok 1) & BH B - S waR IR R B LB AE 4 TR L B DT AR
TE B = DT A5 DA D00, (R H i g B, & E AR s I T B A T O T (B (b)), TR
SRBFEIG K, L BE A Tt S e RN R A LR I BRI AN R 4.5 V.

2CI -2¢” — ClL(aq)  E°=136V Q)
Cl" +20H™ -2¢” — ClO” +H,0 E°=089V 3)
Cl, + H,0 = HCIO + CI" + H* (4)
100 _ X 2. 551
/.
90 | sob
g0l o
45+
< 710} A
§+ £ 40t
& 60Ff i}%
H 50 / ——Cu s
- —a—CN, .
4f ——cop o7 /
—v—SCN- .
0L 251 —
30 3 20 25 50 30 35 20 23 50
HLUE/V R/
(a) {5y B3R Ab (b) K iRE R

1 e X5 S 4 25 BR 2R F0 B VKR B RO 2
Fig. 1 Effects of applied voltage on the removal rate of pollutants and wastewater temperature
2.2 ERFERTIE AR
FEAMMALE S 4.5V, HAEIHE 500 1, 20 3, 4, ShaEMETR, SR ERFEREKD CIE
I kST MR S AR A S R AN 2 R o B AR S B #EAT, Cu. CNp. SCN™. COD [ 2 B %
BT, 63 h BRI, 5000 96.2% . 98.5%. 99.9%. 90.6%, ZJn/ANHEAAW] WAL,
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Fig. 2 Effects of electrolysis time on the removal rate of pollutants, Cl" and active chlorine

TER NI, fERGIER T 8 TR s, 78RR KA B0 HCIO . ClO 4 nl XA AL Fs ik )
HEAT A AR B RO AT, W DA B R BE R AR, SNy o BE AR, 45 B AR ARG
TN o RN R — RN B E AR R N, HE A B TR s i R N R AN T B
T Rl g, PR, R8I SN B ) R T Gl A R ik ) o B OR L (HL R AR I R K 2 R B R
Ay, R, e A AR LA IR R 3 ho

e HL g AR CUS TG P SR AR (R 25 SR AN 1] 2(b) B o Al AR, BER OV dEFT, Cl'g
Wik A, PR S B W T . XOJR O CUFE PR B A AL Mg PR, S CURETHAE . Mg
YA S 5FAAY ALY N EILREfG, WA RS, BT RS =B, 2505
YLy A SN )T PR A B 2 /b, T B0 W A B 3 M S T R S R i Y
2.3 #%H pH B9S2

R pH RS, 6. 7. 8. 94 FHM 3 h, 15 QM Lbr3E . TG0 XK pH 128 1k
BLANE 3 BTN o PR R LG pH AR L X Cu. CNp. SCNHY K BRI A 8, {H COD kB % b
pH A3 KA T JE BEAR, pH A 7 A )5 KAE 96%. 78 pH N 5~9 RIS, ML= A my Cl, & 4=
KA (X @), F2ER HCIO 2 —MESiR, ekl o L 6)™, o HREFMAFT CL 1K
fife s i, F 3 CL, % 46 HCIO Fi CIO Y EL 3R [ AR, [ pH ik 2352 i) HCIO i1 C1O 76 & /K Hr iy
7, T 52 W % T5 e Wy 1 4 F% . SR FH Visual MINTEQ # 4% 25 °C . CIJSi & # & 4 3 130.00 mg-L™
BF, VW TP I M U AN [R) pH A5 4 T 19 43 A - i il & AT BE L AN 8] 3(b) BT o AT AIAE pH< 7.5 i),
FE DL HCIO B X AEFE, X4 pH<5.0 B, CIO #H% HCIO %% & JL-F Al DL Z W& A3t 1 24 pH KF
7.5 8, HCIO it 2 5 CIO & A= ) W e ##:24 Cl057(3X (6)), ClOy By A fb 5551, 23k COD L FR%
TR MO, AR ClO, 2 5 3 W (R B 15 B 0 7= A= S R # (NaClO,), &R EA W] FE i COD 1y
MR B, XA COD il 23 7= AR A2, S 30 45 R Ak, Bk, ZRG%EEsEpH R 7,

Kl 3(c) B T AERT i pH oA 7 4544 T HL A AR 09 pH A8k o T 1 Bl R A B R AE G, K Y
pH Z WAL, XA CUAE I 5 OH e i A B 107, 4=t (3), WAk CL, &5 H,0 [ b
AL HCIO(EK (4)), LA, SCNTIRE fift i B2 25 3 A8 OH (X (7)~3X (8)), & T B W 1Y pH %
o M 3(c) AT AIFERLf# 2 h J5 pH B2 5.1, ULHAFE RIS [A] ) 0~2 h N, HCIO 5 CIO ¥ fEHE T %
K2 575 e iy B A%, sl (7))~ (12), HLLHCIO M E; i 2h )5, KEAKFILEHR
HCIO f74E, i HCIO 55 4% 5 YL ) K i

HCIO == CIO™ +H" (5)
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100 g - 100 7.0 ¢
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o 90¢ ) 6ol
S sst S 60 -
£ sl e wl B SS|
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70 b 20 45t
65} —
: 0 o
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Fig. 3 Effects of system pH on the removal rate of pollutants, active chlorine and pH
2HCIO +CIO™ +20H"™ = ClO; +2CI" +2H,0 6)
2SCN™ + 11HCIO + 130H™ — 2CO,1 +N,1 + 11CI" + 12H,0 +2S0;” @)
2SCN™ +11CIO™ +20H™ — 2C0,1 +N,1 +11Cl" + H,0 +2S0;~ ®)
2Cu(CN);” +7CIO™ +2H* — 2Cu** +6CNO™ +7CI” + H,0 O]
2Cu(CN);™ + 7HCIO — 2Cu*" +6CNO™ +7Cl” + H,0 + 5H* (10)
2CNO™ +3HCIO — N,1+2C0,1+3Cl" +H,0+H* (11)
2CNO™ +3CIO™ +2H" — N,1 +2C0O,1 +3Cl” +H,0 (12)
2.4 RARIE)EE B 52 i
WpH 2 7, fEMRAMEEES 0.5, 1.0, 1.5, 00r 1 M
_ — [ 0/' B \
2.0 cm S FHLAE 3 h, S5 RANE 4 frs . Bl 0r — °
HWMABE R K, Cu, CN;. SCN, COD s 4 —
FBR A E D, FE AR B FEIA E] 1.5 cm s T v
45 5 T 0 2 R R K B RL K L 4R 99.29% £
99.6%. 99.9%. 96.0%. 4 B ] B i /1K or A
e A 18] By R s 22 R, ) T ol B ) 5 P 3 WOr —a—cop
AT R TR O WA I B, A o TvTSAY "
F L AR R AR O, W A& R T 2003 1o 15 20 25
PR RN, I BRI T, BB/ cm
BHBC, MR BCR AR, MRS R, A 4 RAREEEX ISR ERE AR
MBS ALY N ERR, HiL, & Fig. 4 Influence of plate spacing on the removal

rate of pollutants

P AR BTRE R 1.5 em,
25 mEFHFITIR
TEEWR, WIE 45V, pH=7, WAEEE 1.5 cm, HA#EE 3 h &0 F #4973 B4 52586, CN,.
Cu. COD } SCN -2 B R 50 Wk 99.58% . 99.22% . 95.93%. 99.99%. SL4kRFaxE, Uik
FH i F A AL B SR R T IR IR B K h I EUR Y 5 A DL = A T AT .
26 HBESUERESH
1)SEM-EDS 4 #7 o £ e A 2514 F L fift 5 B A A () SEM-EDS 43 #r 5 S a1 5 frok . W LA 1,
RF AR A 2 1 (AT M S B, D A DA o A o R K R 4 i A A R T BH B B AR
fb, B R Cu* . Zo® fTEHLIAE R T 2 10 1B ERAM R mbT A AR R T, RN anal (13)~2X (14).
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ﬁ & H 0 2 4 f 8 10 12 14
Feld of View fEH/keV
(a) PR R HITRIE 5 (b) BRI EDS i

5 ERERRIR SEM-EDS Ei%
Fig. 5 SEM-EDS diagram of cathode plate after electrolysis

‘ CuSCN-PDF#29-0581
L L

Cu**+2¢” - Cu E’=034V (13) o =
S S
Zn’* +2e" —>Zn E°=0.763V (14)
ot o~
Sy Ve v INR=N S
2) ULIEWI o3 HT o B A4 T LM I VA T STERNGE

UUVE P 1) XRD & 3% 73 B a1 6 Brzs o FF il 1
XRD &3 i 5 7R H #75 fY CuSCN T §f 1% (PDF#

0 10 20 30 40 50 60
29-0581), 7 HL @t F2r, FHI K OH & 5 20/°)
SN T RETE RS, SEHWRE R, i — E 6 BMRETES~YE XRD [Eik

R 1T B AR AE PH A AR JE ) Cu(CN),>. SCN™ Fig. 6 XRD pattern of precipitated products after electrolysis
Z 8] K AR U I, A2 i CuSCN UL 3E R, 2
NN (15)0 B HLffAE e FE 45 1 F A DTV W kA7 ad 8, AKYEZE i, 7 60 C THET, ZJFH
HWEAFFR 155 0.18 g /9 CuSCN, ViHA K /K 45 36.17% Cu., 3.81% SCN & i i A= i, CuSCN T JE &
AR Z:, FAM Cu VTALTF MM I, SCN I HClIO. CIO & LA N,. CO, M SO,>, KL
K N~@8)-

Cu(CN)2™ +SCN™ +3H" — CuSCN| + 3HCN (15)

3) SUHH G B R o3 M o R A A BT S A9 KRR B9 GC-MS B AN TA 7 TR o JEUK R
26 FA LIS YY), 2R LIS, AR A ML S B AT A 26 Ff, (EILGER BEAF 2] AR KRR
ARG o 3 T ol i APl Ak B T 6 18 TR /K R A LTS e WA 36 e A e FLASOCR

IR BIE5BT, A— 2 2 H W) A B L 80% (A HILAL 43 (e AT AR A3, 4 L 5 88008 12 v
PRUEDI BLHEAT UG, 15 BARIETS Yy KA SC SR 10 "I, REAL BRI E 16 KK BT & A I
KA T G5 KR A2 2 B LR o A G W, Ak B85 AT HLAI TS G W) R o3 by 45 K Ay 1 B )
BEERAIN T TAE Y o ML BS BK T B TR R 4L, X RT RE R L i i AR R O A AL
Prgi HCI0, CIO SR AL N HO. CO,. N, K HiAl— 28/ 73 -9 i 270, {HLIE 25 WL A i [R] 1) 3 4
TE 3 0 ZJ5 30 R R SR AR B T 22, AR LAY HCIO ., CO 35 3 S AL P 1 AN A2 LURE R
RAA LY 58 2 AL AR, TR AN T AL . AN, 3R 2 TP BL R A i O
IR REATHES , TSR AR, SR TR R Loy o /0 B ) B D R SRR, R
BE RS2 F HL oy 1 S0 A0 ) 0 R )5 S5 o HE MR )R B LA R R A AR TE TR IR K
AR 3RS A RE ARG A L, i) 1 S e b S B i e v A — BB LR 1 R A

IRy 4 K AT &5 B REMT S5 DR 1 R A AL R B 6 28, SRR 20 ATl , BEIR K
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Fig. 7 GC-MS map of selection and smelting wastewater before and after treatment
#z1 LEBAIFIEARERKPENITIR
Table 1 List of organic compounds in selection and smelting wastewater before and after treatment
Bk S PR KA
P ALY FR
WERIR EAYH%  MERER E 4%

1 W R ZBR 1.23x10° 021 8.53x107  1.63
2 N,N-Z ZH: F Bt e 3.69x10° 0.62 8.58x107  1.64
3 I RN g 1.28x10° 214 1.46x10°  2.78
4 FHEHR T ER 1.42x10° 237 1.48x10° 283
5 1 9.38x10° 1.57 — —
6 2,2,4- = H5E-1,3- L B — — 5.50x10°  10.48
7 5 TR — — 5.04x10°  9.62
8 2,4-ZHFE-2 3 B 1.04x10" 1730 — —
9 5-2.3-1,3- -5 F 3.36x10° 5.61 3.94x10° 751
10 2-2.3E-13-C "1 — — 1.63x10°  31.05
11 2-F LT R NI 1.55x10"°  25.80 — —
12 3-SR QR N R £ Bk 2.63x10° 439 1.02x10°  1.94
13 2,4-RUT HORB 2.59x10° 043 2.59x10°  5.02
14 4,4-— HFE-2- R O -1 7.99x10°  13.35 — —
15 2,7- -1 6.73x10° 1124  721x107 137
16 3- TR 1.43x10° 238 — —
17 2-F K2 M- 1-2EQQE)-2- T IR 5 T TG 247x10° 413 — —
18 23-ZTHI R KR 1.81x10° 3.01 — —
19 WL (2-PIBEI L) 484 — H 2 ie 3.94x10°  0.66 1.79x10° 341

-

AR



3576 ok L B ¥ W Fl6 &

Kp EES AR BRI, B, WRAK *2 LEEIRIEGEKPENEADI LML
W EASYE, BEArREGIYE L. —)F Table 2 Changes of organic components in selection and

smelting wastewater before and after treatment

M, WREEZEEINY T ERK, #AK
e [N N p— N FH BRI T / : El»‘m:*- -
B S T, AR, SR SO ARG = 53 A AL 5 A

B BRI, EiE K RS | e d S R VTR WETRL H%e  VEIMAL WEHRLY H/%
st i 6T I R /D T I K A A T L Jisifs 2.94x10° 51.54 2.64x10° 63.58
Th. AW C=C . BEEE . BOESmpA PR 2300 4L70 160t 2801
Wik, BRS. MUK THOMRARE A PR 29000 eas 290t 6
BERAIUM LAY, HEeRmmmsy R WO 370000 0es skt 207
BekEds 1.80x10° 3.16 0 0

FEAL B S KRR AR Y, U B O i e A AL
Wy S A R /NS T S Uk Sk B HCIO, clom  _ ME 140 250 0 0

Ak A H,0. CO,. N,, Mg ME k. 1t
A, AERET IS B 2 T A 0 T R R & AR AR Ak, 3K nT AR PR R 1A PR K R I A AR — S R A A AL
24-RUT BOR B, R A B AR e M, ARXEWT RO DT S SO % 5 1% o0 A LTS BT ok
B ot A E AL, BT IR AL,

Pl 8 fRT ZE IR T F A A B2 R U B A WL R B AR B AR . R R B, KT B I 7EH
e R R R A, Hoh sk S LR HCIO ., ClO 28K Bk i ) SUAL 0 S AL i, L 2 B e
) Cu™, Zn™fE LG AE N 2 10 3048 2 A% 3R 1 1 1 B 10 ) BB [R] B — 3 A i A AR AE PR AR
i J& BB Cu(CN),™ . SCNZ[H] & A UL v R L, B A CuSCN VL€ I 9 Bk 2 o B2 /K mh i A L 40 4 g
B BERRISAE RS T C=C #E . FEAL . BRI fL 2R g HCIO, CIO %5 AL Wrat /N 7,
ZJ5 ORIk SNy B4R AR HOL CO, FlI N,

.
IR
AR o® ‘gﬂ - e g
N . o,
— tre1ttt
@g - o e T
HCIO o JL.@%J of L0
X VY WER e né 00 e 7ot
ZQ o O ] ot 2 . "u‘ v v Zn(C.N)4 :
Cl, Cl;o—l‘ Ti9eed o~ b TR,‘{J" ,J . ﬂ
. ' @ /i
.y HZ’@ @Z’j . [ Cu(CI\QZ-,---" :
CuSCN(s)

8 BRUERHRENTREE

Fig. 8 Schematic diagram of the reaction mechanism of pollutant removal

1) R HL i SR AR TR A B S0 ) IR IR TR A R K T R AR A LA Y B R AT AT . LU
B B, BRASBCN I, MEE N 4.5V, pH N 7. HREE Y 3h, BeAREEA 1.5 em 4%
fFF, CN;. COD. SCN [ Cu i E£BRHR ;ML E] 99.6% . 96.0%. 99.9%. 99.2%.



5114

B ss . WU BB A )RR IR K

3577

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

2) IR K T CUXE TS YL A Rl 25 R G B EMVE T o 7 ri fif o B2 PP R R pHL 32 9T A1
FL 3V R R 1) 32 A% 35 PR BREIT A9 95 Y 9 () 22 B 2 2209 IR T HCIO K ClO™ Ry IRl 3 A Ak Ve, 7 H fi
WHE A 02 h N, KR pH KT 5.0, BLF BV Y9 LA HCIO AL 3, ClO 5L M4, i A fig
KF2hJa, BEAHRZR pH/NT 5.0 75 44 A4 R g 03 K F HC10 [ %Ak

3) i B P A ) HCIO . ClO™ 5544 18 #% 28 BHAR B 3T 19 LA 0 S8 Ak A N, Fil CO,, Kl |
BE2 | bt IR A WL e B AL /N T, 2 JE SO X B /N4y T ) TR AR H,0. CO, FITN,.
#B4r Cu(CN),* 5 SCNIEHR & 4E 76 FHAR AR JE [, T2 Al CuSCN UiiE . K h B3 70 & Jm 4 & 3 T 1
BHMR Bl ST R A0 4 I PH B - S BB RO B L 45 4 B ST DU R B B L

£ 3wk

AKCIL A, ERUST C, GAHAN C S, et al. Precious metal recovery from
waste printed circuit boards using cyanide and non-cyanide lixiviants: A
review[J]. Waste Management, 2015, 45(3): 258-271.

KA, S, RAEAR, 4. B P UTTE U AL 2 e B TR AL K BT
[0]. A5 42 ), 2015, 39(4): 357-364.

MEKUTO L, NTWAMPE SKO, AKCIL A, et al. An integrated
biological approach for treatment of cyanidation wastewater[J]. Science
of the Total Environment, 2016, 47(8): 435-443.

ABIDIN C Z A, RIDWAN F, ONG S A, et al. Decolourization and cod
reduction of textile wastewater by ozonation in combination with
biological treatment[J]. International Journal of Automotive and
Mechanical Engineering, 2016, 13(1): 2229-8649.

SONG Y H, LI Y F, HE X H, et al. Treatment of cyanide-bearing
the N263-TBP

wastewater by

Chemosphere, 2021: 133052.

synergistic extraction system[J].
SONG Y H, Li Y F, He X H, et al. Enrichment of metal and recycling of
cyanide in cyanide wastewater by N263-TBP synergistic extraction
system[J]. Journal of Environmental Chemical Engineering, 2021, 9(6):
106774.

YANG W L, LIU G S, CHEN Y H, et al. Persulfate enhanced
electrochemical oxidation of highly toxic cyanide-containing organic
wastewater using boron-doped diamond anode[J]. Chemosphere, 2020,
252(11): 326-334.

WANG W D, WANG K, HAO W T, et al. Preparation of Ti-based Yb-
doped SnO,-RuO, electrode and electrochemical oxidation treatment of
coking wastewater[J]. Journal of Rare Earths, 2021, 257(6): 246-253.
ZHU X P, NI J R, LAI P. Advanced treatment of biologically pretreated
coking wastewater by electrochemical oxidation using boron-doped
diamond electrodes.[J]. Water Research, 2009, 43(17): 4347-4355.
WANG J D, YAO J C, WANG L, et al. Multivariate optimization of the
pulse electrochemical oxidation for treating recalcitrant dye
wastewater[J]. Separation and Purification Technology, 2019, 230(4):
247-254.

WANG Z, L1 J B, TAN W H, et al. Removal of COD from landfill
leachate by advanced Fenton process combined with electrolysis[J].

Separation and Purification Technology, 2018, 208(10): 3-10.
HU Y N, ZHANG T, GONG X Z, et al. Roles of Ultrasound on

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

hydroxyl radical generation and bauxite desulfurization from water
electrolysis[J]. Journal of the Electrochemical Society, 2018, 165(5):
177-183.

HUANG X Y, ZHANG Y, BAI J, et al. Efficient degradation of N-
containing organic wastewater via chlorine oxide radical generated by a
photoelectrochemical system[J]. Chemical Engineering Journal, 2019,
392(13): 453-462.

NIDHEESH P V, KUMAR A, BABU D S, et al. Treatment of mixed
industrial wastewater by electrocoagulation and indirect electrochemical
oxidation[J]. Chemosphere, 2020, 251(5): 579-587.

GAO Y, ZHOU Y, WANG H T, et al. Simultaneous silver recovery and
cyanide removal from electroplating wastewater by pulse current
electrolysis using static cylinder electrodes[J]. Industrial & Engineering
Chemistry Research, 2013, 52(17): 5871-5879.

LI J, YANG Z H, XU H Y, et al. Electrochemical treatment of mature
landfill leachate using Ti/RuO,IrO, and Al electrode: Optimization and
mechanism[J]. RSC Advances, 2016, 6(53): 367-375.

FAJARDO A S, SECA H F, MARTINS R C, et al. Electrochemical
oxidation of phenolic wastewaters using a batch-stirred reactor with
NaCl electrolyte and Ti/RuO, anodes[J]. Journal of Electroanalytical
Chemistry, 2017, 785(9): 378-385.

M, AAHE, TRELAY, . RIS AREOR AL B U R 0], PR 5
TREAAR, 2021, 15(5): 1662-1669.

ISKURT C, KEYIKOGLU R, KOBYA M, et al. Treatment of coking
wastewater by aeration assisted electrochemical oxidation process at
controlled and uncontrolled initial pH conditions[J]. Separation and
Purification Technology, 2020, 248(8): 358-365.

DUTRA A, ROCHA G P, POMBO F R. Copper recovery and cyanide
oxidation by electrowinning from a spent copper-cyanide electroplating
electrolyte[J]. Journal of Hazardous Materials, 2008, 152(2): 648-655.
SONG Y, XIAOM Y, LI Z Y, et al. Degradation of antibiotics, organic
matters and ammonia during secondary wastewater treatment using
boron-doped diamond electro-oxidation combined with ceramic
ultrafiltration[J]. Chemosphere, 2021, 286(2): 3257-3264.

DEBORDE M, GUNTEN U V. Reactions of chlorine with inorganic and
organic compounds during water treatment: Kinetics and mechanisms: A

critical review[J]. Water Research, 2008, 42(2): 13-51.


http://dx.doi.org/10.13373/j.cnki.cjrm.2015.04.010
http://dx.doi.org/10.1016/j.jece.2021.106774
http://dx.doi.org/10.1016/j.watres.2009.06.030
http://dx.doi.org/10.12030/j.cjee.202012002
http://dx.doi.org/10.12030/j.cjee.202012002
http://dx.doi.org/10.1016/j.jhazmat.2007.07.030
http://dx.doi.org/10.13373/j.cnki.cjrm.2015.04.010
http://dx.doi.org/10.1016/j.jece.2021.106774
http://dx.doi.org/10.1016/j.watres.2009.06.030
http://dx.doi.org/10.12030/j.cjee.202012002
http://dx.doi.org/10.12030/j.cjee.202012002
http://dx.doi.org/10.1016/j.jhazmat.2007.07.030

3578 ok L B ¥ W %165

[23] WANG T X, MARGERUM D W. Kinetics of reversible chlorine degradation of ethyl xanthate collector by O;, UV,,nm, UV g5 50,
hydrolysis: Temperature dependence and general-acid/base-assisted 03/UV,540 and O3/UV 5,554, processes[J]. Journal of Environmental
mechanisms[J]. Inorganic Chemistry, 1994, 33(6): 1050-1055. Chemical Engineering, 2020, 8(1): 108-119.

[24] é’%}’fi, F/lkﬂ:’}%, ﬂi’fi, % ’ﬁ@&%ﬁﬁFllUﬁ'%ﬁmomﬁuﬂﬂﬂ"l%’%ﬁi’dﬁimﬁ [291 %H, ?%EL %H%E, % (?1&%7}(*}%%;‘5%“"] EE'{E’H:W Eﬂfﬁ’ﬂz%ffﬂ
SrHTI]. T E S5 7KHEK, 2018, 34(23): 80-84.
[25] AJAB H, ISA M H, YAQUB A. Electrochemical oxidation using

RFE B ALRI[]. A (058 441, 2018, 28(3): 594-603.

[30] WANG Q F, SHAO Y S, GAO N Y, et al. Degradation kinetics and
Ti/RuO, anode for COD and PAHs removal from aqueous solution[J].

mechanism of 2, 4-Di-tert-butylphenol with UV/persulfate[J]. Chemical
Sustainable Materials and Technologies, 2020, 26(3): 2573-2581.

[26] LEISM, SONG Y H. Comparative study on electrochemical treatment Engineering Journal, 2016, 304(4): 201-208.

of cyanide wastewater[J]. Frontiers in Chemistry, 2021, 9(6): 235-243. [31] LIJN, WANG S Z, LI Y H, et al. Supercritical water oxidation of semi-

[27] edm, BEURSE, SREEHE, 45 di 3Rk 220 22 K COD[I]. 3h85 T 78 coke wastewater: Effects of operating parameters, reaction mechanism
2F41, 2012, 6(12): 4310-4314. and process enhancement[J]. Science of the Total Environment, 2019,
[28] FU P F, WANG L H, MA Y H, et al. A comparative study on the 710(11): 4796-4804.

(FTAE % 452 )

Treatment of selection and smelting wastewater from gold smelter by
electrolytic oxidation

LIAO Long'*?, SONG Yonghui'**", ZENG Xinhui'**, LI Yifan'**, ZHOU Min’, LIU Gang’

1. School of Metallurgical Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, China; 2. Shaanxi Gold
and Resources Key Laboratory, Xi'an 710055, China; 3. Tongguan Taizhou smelting Co. Ltd., Tongguan 714300, China
*Corresponding author, E-mail: syh1231@126.com

Abstract The electrolytic oxidation method was used to treat the selection and smelting wastewater from gold
smelter containing both high concentrations of cyanide and COD, the effects of applied voltage, solution pH,
electrolysis time and plate spacing on the removal rate of cyanide and COD were studied. The anodic oxidation
effect of Cl” in raw water were fully used to deeply explore the electrochemical oxidation process and pollutant
oxidation removal mechanism. The results showed that with the increase of applied voltage and electrolysis
time, the removal rates of cyanide and COD gradually increased. With graphite as the anode and titanium alloy
as the cathode, the one-cathode and two-anode electrolysis system was taken to oxidize the wastewater, and the
maximum removal rates of the total cyanide (CN;), COD, SCN" and Cu could reach 99.6%, 96%, 99.9% and
99.2%, respectively, when the voltage was 4.5 V, the initial pH was 7, the electrolysis time was 3 h, and the
plate spacing was 1.5 cm. During the electrolysis process, the pH value of the system gradually decreased, and
the removal of pollutants that directionally migrated to the anode under the action of the electric field was
mainly attributed to the indirect oxidation of HCIO and ClO", at pHs higher than 5.0, HCIO oxidation was the
main pathway, while CIO™ oxidation was an auxiliary one, at pHs lower than 5.0, only HCIO dominated the
oxidation. During the electrolysis and oxidation process, the CuSCN precipitate was formed through the reaction
of 36.17% Cu with SCN", which could be removed accordingly. The surplus of Cu diffused to anode and the
electrodeposition occurred. GC-MS test indicated that the chemical bonds and function groups such as C=C
bond, ester group, carbonyl group in large molecular organics such as paraffins, ester and ketones were oxidized
and degraded into small molecular organics, then were continuously oxidized to H,0O.CO, and N,.

Keywords  mixed wastewater from selection and smelting; electrolytic oxidation; chemical oxygen
demand(COD); cyanide; chlorine
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