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The Treatment of Heavy Metal—cyanide Complexes Wastewater by Zn"?/Fe™?

Ion and Coprecipitation in Practical Plant (IT)

Jong Cheul Lee - Young Man Lee* - Ik-Joong Kang®**
KL Corporation - *Kolon Engineering & Construction Co., Ltd - **Department of Chemical & Bio Engineering, Kyungwon University

ABSTRACT : Industrial wastewater generated in the electroplating and metal finishing industries typically contain toxic free and complex
metal cyanide with various heavy metals. Alkaline chlorination, the normal treatment method destroys only free cyanide, not complex
metal cyanide. A novel treatment method has been developed which destroys both free and complex metal cyanide as compared with
Practical Plant(I). Prior to the removal of complex metal cyanide by Fe/Zn coprecipitation and removal of others(Cu, Ni), Chromium is
reduced from the hexavalent to the trivalent form by Sodium bisulfitea(NaHSO;), followed by alkaline-chlorination for the cyanide des-
truction. The maximum removal efficiency of chromium by reduction was found to be 99.92% under pH 2.0, ORP 250 mV for 0.5 hours.
The removal efficiency of complex metal cyanide was max. 98.24%(residual CN: 4.50 mg/L) in pH 9.5, 240 rpm with 3.0 x 10* mol of
FeSO4/ZnCl, for 0.5 hours. The removal efficiency of Cu, Ni using both hydroxide and sulfide precipitation was found to be max. 99.9%
as Cu in 3.0 mol of NaS and 93.86% as Ni in 4.0 mol of Na,S under pH 9.0~10.0, 240 rpm for 0.5 hours. The concentration of resi-
dual CN by alkaline-chlorination was 0.21 mg/L(removal efficiencies: 95.33%) under the following conditions; 1st Oxidation : pH 10.0,
ORP 350 mV, reaction time 0.5 hours, 2nd Oxidation : pH 8.0, ORP 650 mV, reaction time 0.5 hours. It is important to note that
the removal of free and complex metal cyanide from the electroplating wastewater should be employed by chromium reduction, Fe/Zn
coprecipitation and, sulfide precipitation, followed by alkaline-chlorination for the Korean permissible limit of wastewater discharge,
where the better results could be found as compared to the preceding paper as indicated in practical treatment().

Key Words : Alkaline-Chlorination, Complex Metal Cyanide, Coprecipitation, Electroplating Wastewater, Zn"/Fe” Ion

=AM BlEEHE dae 540 g Aljteled AlRbRERHE, 18a gYet FEge] FhE Atk olHg =
do] Zgk Aljtol | ARt FRHEe] ATle g Ao ok AlQE Aol 1t dubH oz & 47 Wolth

Qrol 22 Fal rhssht AlIQE A3EES] A o AoE dEA U1, AR AFEAGNA FAREEAYG
AESENF AD) 1 mgle 233k 457t Wit B AolMes I 93 ojduy 2 ZHAFAHEL o83 Y F
2 Ao @A) (kA “dAA )2 FA Tt vluste] AFFAAE] F Fe/Zn 3T GS AE3to] A
HRAS AAS AL, A AL g IAFAIRY A HEHHOE HESAY. AFAYE o/F AES 3V AFSE A
BAA 24 NaHSO0;Z AHE3Fe] pH 2.0, ORP 250 mV, ¥HS-A1ZF 30 min.olA 99.9% o]4e] HWAAELES 4& & AUtk Felzn
TRl gk AIFH AALFHL pH 9.5, FeSO4/ZnCly 3.0 x 10™ mol, mixing rpm 240014 A|QFo] 9] A AFE-L 98.24%(FHFA]
FEE: 450 mgL)E Hule] A5 AUt FsE A 93 7EtEE4(Cu, N)A NS 2712 pH 9.0~10.0, RH&AIZE
30 min. mixing rpm 240914 Cu®] 7% Na,S FYU % 3.0 mololA 99.9%, Ni®] 7% Na,S 4.0 molol A 93.86%2] HHAHAE AA
o Fe/Zn3 A8 & ZFRAIREE 450 mg/LY AAE Hste AL A 2 12 48Eg-2 pH 10.0 ©]/d, ORP
350 mV, reaction time 30 min, 23} AF8}HFS-S pH 8.0 ©]3}, ORP 650 mV, ¥H&-A1ZF 30 min. oA AAFE 9533%, FFAICHEE
021 mglLe] AFE AUTh = (1) AFSFUAE, (2) Fe/Zn FHFAH 2gt A 74E AA 2 7E} SF4(Cu, Ni) X2, (3)
A Al 93k ZFAIRE Al el S AAE Aol “AFH IR EA I AR ARFE=E 021 mgLEA F
A g FANARAN B W FRAMESSE7IEM XNY) | mgLe] FAR ol3tE AYrt sFsdithe AL AF FAd ¢
AT “HAHYI)ET HE&HQ SHoly AAFHA SN BF 435I AFE 4L F IAk

. =15 2 = 2 2
FHIO : @ZH ALY, FEEAL AEF{E, FHTA, =, ZnFe” o2

T

P

b

>
>
=

1 }\1 =
EFdee 95490 nExY AorEEEES vEsky
+ Corresponding author CN, Cr, Cu, Ni, Zn, Pb, Fe 59 =& E4& ks
E-mail: ijkang@kyungwon.ac.kr o z15 o) A== A9 3A o E daeE = &~
Tel: 031-750-5357 Fax: 031-750-5363 daretr Qo) MEd 23 826 o AAE = F

J. of KSEE / Vol. 30, No. 5, May, 2008



Atk ol#d FFEHELS AEAY A8 FUFEE 9
Adlel &5, A= vpdEAR 9 FAFES oA
AEAY Feu 9 Ay WHIE fEste
Hog Agdh= Ao A Yok A Fe

Atk LY PN, AV, L&, 59 F
BFEW, o]y, AAEQN, dialysis', irradiation®,

permanganate AF3}4, peroxide AF3H{, polysulfide$} 23}
=1, Kastone 39, VIBEW 5 Tt

AF7HA e AP SEEES dsAgs gz
A 2Pt atH NaOChH ol ol ARk 4Fsl Eafjsh=
Wilo] 7P et gdgh o R de] AR Ho|A
3 QT sy A FEE5ET deAe B
A Al AJES FolRH HARE ZsgHE g
A=Y 7t 7P gl 2L S53EEAY A &
A7E AolAd, H daiAe] Heo| &3t HARE #3}
FEo] TG T F9E Zlo] URleE FAHHI
ok HAIRE F3etEe debHo R FHE AIRE Ao
ZHESE AR oA, AIRMHAl #Hg T wEFe] HA|
F Z3HERE EAE] wEo dFAEdaY ARAEE
= TAEA @i Al dol A wWEd8VES
wehs 497 gk’
53] Agte Hol¥Ah T A7 ZFSt Ferrocyanide

o

[Fe(CN)s]"t} Ferricyanide[Fe(CN)s]" 9] HE)E ZEA)al=t)

J

>

>

y

e olg@ By FEE-AAe )

o AFAE A 525
ol gt AltEEHES Wl Mt 81EHA ksl
£7hsse?

B ATs dellA el <dgA @) ABAA A
ZalEe] 839 AYE TR FHFTAH(Fe/Zn)S
o]g&3t AFole FAAT T At AtsiH ] wE AlQt
ol ¥ FFEHEY AAEES AES= 1 F2Fo] Stk

)

2. ddgA 2

A

1

2 AL A7 g3l fxjsha e AR =
AE gz Aty A7t deHE gl Y
HAazoA G AF F AE5AT ARt
A & AR "t

Fig. AdEd AA HeAgge FFEE YER
o O AAAFS FEE 36 m(T101), SHAZ(T102), pH
ZHZ(T103), 12} 28k2(T104), 22} A482(T105), pH %
HZ(T106), SRZXTI07)E 242 1 m’olth. 28a FA
Z 14w, %% 1.6 m’, @57 15,000 Licycle, HHZ 1
m’olth. 39l nkEFo] EYEE oFFS HS0s NaHSO;
o] EEH, 12} Aks}x9} 23} AbskEol= NaOH, H,SOs,
NaOClo] £49t}h pH ZdZol= NaOH$} H,SOs, NayS
7F BYE I SR E ol 1A SHA FYEch
E ARL A HFHEgS o8 ARG XE
o] HAsFHS B 98kl pH ZEZ(T103)] FeSO4
¢} ZnCLE F4Y, 33339 A&7 ek

KN
p—

S

T
] 13

—3
.-E -
-]
¢4

|
Titd Ticd T Tidd Tidd

L ]
Tl TUAE Tmr | T
TiH

T T m:'"""lf
b
—I =
TI 4 ilk
Erragem Tomi ha -
) ‘ [ -
Fums Pl
THERE e

Frecostid drom 1115
LMy = 1301

T4 THS T TiEa

=T T m HE-H-I h'\.ﬂ..h

THEES [T
L

.
Fla i

s o

Fig. 1. Schematic diagram of treatment plant.
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Fig. 2. Flow chart of Electroplating process.
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2l 5, %, 29UAETS 30824 Ak g BEHS Fig 301 eSS,
29w gx9 AHIHL AY F S| w5, 2 N
2 Ua 2Tzo st Table 1. Characteristics of raw wastewater
oATAL YREo] AT WEHH, SATA] Poll;ltans Concentration
EAS Table 13} 2T f 17~22 mYday, pH 2.0~8.0, Q(“;I/{day) 21';:;20
CODy, 480~1,100 mg/L, CN 83~720 mg/L, Cu 110~322 CODw(mgL) 2801100
mg/L, cr'® 71~216 mg/L, Ni 68~192 mg/L, N-h 5~33 CN(mg/L) 83 ~1720
mg/Lo]t}, Cu(mg/L) 110~322
oA BHRl coldEiy B FHFFS o83 HF TF Cr'(mg/L) 71~216
S-A1EA HSee] A D) A A E] & Ni(mg/L) 68~192
aFPAR T el AAAHFRY AAZT PED N-h(mg/L) 50~33
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Fig. 3. Flow sheet of reduction and Fe/Zn coprecifitation, followed by alkaline chlorination for removing metal complexes.
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Fig. 4. Removal dfficiency of chrome at various time in Ist
reduction(Reduction: pH 2.0, ORP 250 mV; 2nd reac-
tion pH 9.5).
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Fig. 5. Concentration of residual chrome at various time in

Ist reduction(Reduction: pH 2.0, ORP 250 mV; 2nd

reaction: pH 9.5).
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10* mol, 2.5x10™ mol, 3.0 x 10* mol FY3IAS W =
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mg/L, 41.03 mgL, 3333 mgLZ 74393 35x10*
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Yebgtth zZnCl, 2.0 x 10* mol, 2.5 x 10 mol, 3.0 x 10
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mg/L, 1692 mg/LE 74383l ZnCly, 3.5 % 10* mol F
A3IAS W AFAIFEEE 28.54 mg/LE FeS0. 5% ™
o} WA E tad FUbske ASE UERETE FeSOd
ZnCLS FAo F48dLS A 2.0x 107 mol, 2.5x 10
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446 mg/L, 434 mg/LZ 7rA3Y 3.5 x 10" moleF$)3F
AL uf FFAL FEE 530 mgLE AIgHY] AREEE
Al F7ksle ARE 4ok & FeSO4, ZnCl, FeSOJ
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(1) Ni(OH), with complecxing agent  (2) NiS with complexing agent
(3) Ni(OH), without complexing agent (4) NiS without complexing agent
(5) CuS with complecxing agent (6) CuS without complexing agent
Fig. 10. Effect of pH on GuS, NiS and Ni(OH), Precipitation
conducted in the presence of various complexing agents.
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Fig. 11. Concentration(mg/L) of residual CN at various time
in 2nd Oxidation(1st Oxidation: time 30 min., pH
10.0, ORP 350 mV, 2nd Oxidation: pH 8.0, ORP

650 mV).
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Fig. 12. Removal efficiency of cyanide at various time in 2nd
Oxidation(1st Oxidation: reaction time 30 min., pH
10.0, ORP 350 mV, 2nd Oxidation: pH 8.0, ORP
650 mV).
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Fig. 13. Concentration(mg/L) of residual CN at various pH in
2nd Oxidation(1st Oxidation: time 30 min.,, ORP 350
mV, pH 10.0 2nd Oxidation: time 60 min.).
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Fig. 14. Removal Efficiency of CN at various pH in 2nd Oxi-
dation(1st Oxidation: time 30 min., ORP 350 mV, pH
10.0 2nd Oxidation: time 60 min.).
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Table 2. Comparison with treatment efficiency between the prac-
tical processes of (I) and (I)

Practical treatment (I) Practical treatment (II)
Residual Removal Residual Removal
concentration | Efficiency | concentration | Efficiency
(mg/L) (%) (mg/L) (%)
COD 167 79.2 66 91.5
CN 0.41 99.8 0.14 99.9
Cu 0.10 99.9 0.10 99.9
Ni - - - -
Cr 0.01 99.9 0.01 99.9

* Residual Concentration of the effluent
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Table 3. Comparison with economic efficiency between the prac-
tical processes of (I) and (II) (W/m’, kg/m’)

Practical treatment | Practica treatment
Unit price Q) n
(W/kg) | Amount | Amount | Amount | Amount
used (kg) | (W) |used(kg)| (W)
NaHSOj;(tech) 650 0.8 520 0.5 325
FeSOq(tech) 250 0.6 150 0.6 150
NaOCI(12%) 200 17.5 3,500 1.3 260
ZnC1(90%) 150 0.4 60 0.4 60
NaOH(tech) 800 2.1 1680 1.1 880
H»S04(98%) 250 1.1 275 0.4 100
Na,S(tech) 800 0.5 400 0.5 400
Total 23.0 6,585 4.8 2,175

* Unit price of chemicals as based on the customer price,
* The used Amount as determined according to the amount by ORP and
PH meter.
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