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FL 27k A FRAR U K B e bl ) 2 R, il o A 2 A FH A R AR 0% K b i A 5 1A T el
o i —miERER (KHSO,, PMS) & —Fpat iy &b, WHEAREIME . T Ri5 R ER
UM, TR AL PEAR , f —BERERfE G . . B, B T IE SR B TR IE I E T RERE R
s A A PE R B IR AR B B 56 (SO, WTHLLE L Z R A P . A BT a5 RO R, 4B o] LT
1k PMS j24:80; -, #FMA R MBIIA R . Wy A SEY . W E LA (H,0,) B i BR M o8 %
Bz N T K AL BRI . H,0, W T A 38 e R R AR K Y, AR B 5T 43 5 oR T PMS il
H,0,, LLifb i fb2F L BR A 54 &9 Cu(CNL) AL BRAL R, I 5 48 T AN [R] 3 7010 v 5 0 Hi 9 2% 5 %
Cu(CN,)* L BRI 52 .

1 #MR5RE*%
1.1 LI AKIKER

SEU FH KB E B g e X S BRI RUR K, EK R R, EBE N R E% A Y Cu(CN) .
A AL B (NaOH) ., ik iR 9 (Na,CO;). 1 A1 FR £ &% (C,H,KNaO, 4H,0). %K /KK 1E & : pH N
11.3, VU BT R R 680.24 mg L™, SV A JBT & ¥k B4 554.32 mgL™', COD A 228.00 mg-L™,
HL 5% K 1.6 S'm.

1.2 WA S5NEE

FER o —FRH (KHSO,). Wi (H,80,). A L4 (NaOH). BEfR (H,PO,). £ —FR M
4R — 4 (C,,H,,N,ONa,"2H,0). % % T(CH,C,H,SO,NCINa-3H,0). W2 — 4 8 (KH,PO,). 54k
(CHNO,)) . ML ZR (CH,N,0,). A (H,0, 30%), A idi5 T [ 2454 B33 50 4 BR A )
W, PR,

FEALLS . DH1765-1 B E AR R mL R . S840 Ot BT (Te ke, db 035 Hr i@ A AL 38 A B
TR A, TAS-990 J& W 43 606 BE v o # T ek 2% (8 B SRR & A IR A Rl HACH
DRB200 Ji4 f#{X . DR2800 % COD b . A3 MLBE I W 2% (A% A 6 cmx5 cmx5 cm). RuO,/Ti Mk
FHAR CBEAS R 5 emx2 em, FLAE A 0.2 cmx0.5 cm), kB (A% A 5 cmx2 cm),

1.3 XBWHE

RARAE S8 S AR b pH ML T 9, 78 52560 JF 46 Ay i NaOH Al H,SO, ¥ pH ¥ 5 2 12, Je i JF
AHTHL 100 mL /K FE & T A VLB N &8, 8 pH I 2 12 J5 iCE fERE ka8 L, 8% RuOy/Ti
D R 151 e A0k 9 A o 4 L VR AR A S I A R AR BT B R 2 em, S A AN K IR IR . I —E =
) H,0, 5 PMS 2l &K, W f, SR 5 26 AS [R] B iy B[] G ORI s Vst . 4 2§ 1 Fi COD,
AT 48T

FER I SR, B S BN EEA NI ES, WIMABRAC RN 4, 1
pH /DT 2 4500 T IR, V& B 5 8 2 S0 0 A B R . I e 24 75 28 11 30 4 3 o £k Dy i
A, ZJA SRR - 20 RSN o A B TR, A DU N 610 nm. Hi B T FH A
JE W O3 S R A TG, COD SR FH I ik e €6 3k 0 52 o
2 #ER5TE
2.1 HBUZLBFSEKER

TR T R Y 2 B Ao AR v R I R S T R BRI EAR LR R, R 1 R, Y
BE 30 min J5 . 7E HLUE R O 1L 50 100 20 Am R, UM B9 2% BR R 2 5 37.50%.
57.02%. 80.29% . 81.47%, Wil 2=Fk3R 0K 40.80% . 44.66% . 54.41%. 63.05%. FARAMYEERF
B 5 FEL AL %% 5 T 1 T 3 0, 3 ph 0 L 9 T AR TR R A A 7, DT R R AR
PSRRI, AN, 3G A I 2 S (A B A G W B s R 1w (R (D)s
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Fig. 1 Effect of current density on the removal rates of total cyanide and total copper in copper cyanide wastewater
Cu** (aq)+2e~ — Cu(s) (1)
F 2 FL 0% B 10 A m® 325 3 20 A m 7 B, FUR Y L BR 3 ALH 80.29% Tt F 81.47%, iX &
HY 16 o L i 25 B N A5 5 A RO, DT e Rk 5Pk A 1 AR AR R30S pl B 5LV 6 1Y) £ BB O
F., BBREAD SRR EE N 10 Am?,
22 H,0, BB ZELBREERRK
TERN BB UL BT, 58 T 24 H,O0, MW i W 20 0.1~0.4 mol-L™" If, X S35 25 R F8 A0
] B B R R ) o AE H AR R R R ER AT, A HLO, B8 55 AT DL = S AL I B ALK . X e T
H,O, A B AEmd M 551 N i g th o T4, o TR LS 55 &4k, D52 & 54k 2 i 41
FERCRUS H IR R EZW, 1,0, BT Ynt, FAk Y e e vk S M IREE R I mR £ X (2)),
Z 5 R AR 28 5 K it SN 8 o3 i R AR A R AR (X (3)!7
CN™+H,0, - CNO™ +H,0 ®)
CNO™ +2H,0 =5 NH] + CO¥ 3)
WK 2(a) s, 78 H,O, W1 IR M BEAE 0.1~0.4 mol- L' i, &UAR 1Y 25 4 R b 5 H,0, ¥ B At 48 i imi
T, 30 min BF A0S 25 B 3R 1 84.77% HE AN &= 96.12%; 1E H,0, ¥ B i T 0.4 mol- L' i 5UAR 19 25 [
BRI 7E H0, WREE R 1 mol- L' B UM L PR R im0 N ey, b IR R, Y
H,O, ik i g i, S AR BRI AR r= A 1 -OH i 2, HHh—3 409t k2= 58 E AL N, 1
R H BN B IEAE . HIR AR BEE H,0, W46 Wk FE A I mi g n, 24 H,0, VK 0.8
mol L™ I L AR fie i, 4 87.30%; 4 H,O, W AR MEEE y 1 mol- L' I, 1 T H,0, ¥R B b i & A T
SRR, M S EERAE T, BT CN &L= CNO, WK 2(c) ir/x, CNOBEH
CN s AT i, HoRke DB RAR . WAH PR . 2 A, Uil CNO A S 1y £ 2. COD
1) 2 B AL BEE H0, W) 1R v BE 34 30 T e s S BRAR A IR S, 7E H,0, MK JEH 0.4 mol- L™ i,
30 min IHFE A ML (BL COD ) B i ik )8 49 9.24 mg-L™', COD £BRFE N 95.94%., HIt, ZEHE
A 1) Fe A H,0, W 0.4 mol- L' {H H,O, X T Ik v BE (1) SR AL BRACR AR AR , 72510 4 bR R
it 80% J5, FH T B AL R A AR B SR N, AR X PMS (A AL RSOR R T B8 -, 23U
ORI S, BOTE 30 min BN BERF U 58 @ 25 B
7 AR AR SN FE AR T 4% A HLO, 0 AT 4 5 8 25 0 L PR . W& 3(a) o, i B 1Y R BR A bl
# H,0, ¥l M BE S I s, 24 H,0, W N 0.4 mol-L™' . )3 30 min i, 425 7= N 81.93%,
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Fig. 2 Effect of initial H,O, concentration on the removal rates of total cyanide and COD in copper cyanide wastewater
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Fig. 3 Effect of H,0, concentration on copper ions in copper cyanide wastewater
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2.3 PMS 2L F A IR E LK

ABFFE AP 22T AN [R] PMS e B X Al 50U 7K AL B SR B RE . PMS 1T DL 1 Ak 2 K 2R 6 T4
TR KM EACRR, i PMS WREE R38N, SR L BRR Wb 2 . SR 2e 48 vl LIAE ) PMS 1Y
AR (Fe(0). Fe(Il), Ag(l) 25U, vk B 1Y PMS 1] LIE #F Cu(CN,) 143, Cu(CN,)* 73 i i 11
Cu® AT LAVE Ak PMS 72 £E SO, -, SO -AI LA &4 i 48 Ak CN°, K CN #e Ak M IR i CNO Y, — 43
B B 1 7 BH A AR WP LAY CuO Rl LIS PMS BEA7T6 4k, PR A £ 10S0; -, R FEXT CN HEAT
A,

PMS [ B X 4 BU% K TP E R A 5B 5 B2, 45 SRR 4 s o SN E PMS |,
SR 30 min J5 U RS 22 BRF R 80.29%; 24 PMS ¥ & A 0.2 mol-L™' B, W 30 min J5, AR EBRF
254 100%, /NT 03 mg L £F4 CHRBETS S HEBORE ) (GB 21900-2008), >4 PMS ¥ i 0.3 mol- L™
BF, FUR KBRS PMS R JE N 0.2 mol L™ B I SEAMA R . X &k, Rl PMS # & i, 5~
AT RERSO,, HZRSO; RA VKN, FEMK T SO, MR P, M # Wk & PMS ¥ 46
e B RE i e, Hofm o 90.21%.

CN™ E’J%ﬂ%?ﬁ% CNO™ B K I 25 5 an & 4(c) i m . CNO Rl CN s A i 8, HL oA K I 1 i
FRAR . WASE AR AE A, UL CNO MASLE A EE =4 . COD )2 B R 2 Fi 5 PMS ¥ J& fi¢ 3
hnmi A, 4 PMS {M;‘qu 0.2 mol'L™ A1 0.3 mol'L™" i}, COD My LBRF2FE /., Wik, H T4
Bl 45 7K 1) e A3 PMIS ¥ BB A 0.2 mol L',
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Fig. 4 Effect of initial PMS concentration on the removal rates of total cyanide and COD in copper cyanide wastewater
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Fig. 5 Effect of PMS concentration on copper ions in copper cyanide wastewater
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Abstract Copper and cyanide in the wastewater discharged from surface treatment industry are the difficulties.
Electrochemical oxidation is a kind of conventional common approach in water treatment and can effectively
treat the common pollutants in water. The hydrogen peroxide (H,0,) and monosulfate (KHSO,, PMS) are the
green and clean oxidants. Based on electrooxidation, the strengthening effect of electrochemical treatment of
copper and cyanide effluent by H,O, and PMS was explored. The result showed that the removal rate of cyanide
(CN") and copper ion (Cu®") increased with the increase of H,0, and PMS addition. When the current density,
H,0, concentration and reaction time were 10 A-m2, 0.4 mol-L™" and 30 min, respectively, the removal rates of
cyanide and copper ion is 96.12% and 81.93%, respectively, and the recovery rate of cathode copper reached
75.60%. When the PMS concentration and reaction time were 0.2 mol-L™" and 30 min, the removal rate of
cyanide approximated 100%, the removal rate of copper ion was 94.83%, and the recovery rate of cathode
copper reached 93.51%. The above results showed that the addition of suitable reagents could improve the
treatment efficiency of copper and cyanide through electrooxidation.
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