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EFu4e] Qe w4o) pH, B4 % AHCON)E-Rol uhet cheFst B41 340l 28Hth ol A2HCN)Y el
Ao} g £AHNaOC S o &3 27e] G Heo] UNHA 02 o] A1 ek 2Lk, YE|oby WANH;N)gk A
SHCN)] FAlo T38 79 SR loby F2NH;N)2 M2l 9lef Aot g £AHNa0CI o] TestA 05t £A)7} 9L
o} ol I3t BAIE S1237] 9I5ke] £ AT AIRKCN) 2o 1014 1) DLl A3 oA R L obY A (NHy Ny 5=

£ Aol 2AHNaOCHS] ARG ZAFSER 2) forrate (V)7 AIHCN)E A4 0 2 H2l% 4 QLA Btk =
N4 ol 83 W AT LT FLYANA L FHU 0P W2NH N5 =7 5255 AKCN)2 A7 go] 2o
of Ao} 2AHNaOCHS] &:b]Fo] QhELjoby A4 (NHsN) So] mtet My 02 S715}5iet. Ferate (V)E |8 A
QHON) AAGNAE FRUoH AANHN) $E0] Aol AKCN)Y AAS BHelstgon ojnf rmvjoby Pz
(NH:-N)9] A4 &2 St ferrate (V)7 AIRHCN)E A1E14 0.2 AATHE SH13HT. Fermate (VO] AIRKCN) AAR&-L
pHZF 24 7] LR fermate (VD) FUFol BAGIO] 99% o142 HSle A SFwso] 287 Aol A
ferrate (VIS AIRKCN)] £:¢) B3] 1:10]14] 99% o] 4] & A A L& B O™ o= SHIFE WHgA10] Bt Aok
A3}z 29| Wt B SR oby A2NHN) L 7|ehe GE o] T8 A4 MAolHE HehH 02 AKCNE
AASHE A02 Bl

ZFH|Of : Ferrate (VI), AIRKCN), Yot FANH;:-N), A2 A A, Egw

Abstract : The treatment of plated wastewater is subject to various and complex processes depending on the pH, heavy metal,
and cyanide content of the wastewater. Alkali chlorine treatment using NaOCl is commonly used for cyanide treatment. However,
if ammonia and cyanide are present simultaneously, NaOCl is consumed excessively to treat ammonia. To solve this problem, this
study investigated 1) the consumption of NaOC]l according to ammonia concentration in the alkaline chlorine method and 2)
whether ferrate (VI) could selectively treat the cyanide. Experiments using simulated wastewater showed that the higher the
ammonia concentration, the lower the cyanide removal rate, and the linear increase in NaOCI consumption according to the
ammonia concentration. Removal of cyanide using ferrate (VI) confirmed the removal of cyanide regardless of ammonia
concentration. Moreover, the removal rate of ammonia was low, so it was confirmed that the ferrate (VI) selectively eliminated
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the cyanide. The cyanide removal efficiency of ferrate (VI) was higher with lower pH and showed more than 99% regardless of
the ferrate (VI) injection amount. The actual application to plated wastewater showed a high removal ratio of over 99% when the
input mole ratio of ferrate (VI) and cyanide was 1:1, consistent with the molarity of the stoichiometry reaction method, which
selectively removes cyanide from actual wastewater containing ammonia and other pollutants like the result of simulated

wastewater.
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o] 21} ¥h-gsta] =A4Jo] A5k AlQMateletEE P/ttt
AIRHCNYE HRt g HSoll= AQESr4(HON), F-2]A]
QH(CN), &<4-A|Qt 28l=(metal-cyanide complexes) 50| T+
2 7FsAol AH(1]. AljelRE Ha & SAFEY BA
glol A W =/do] mi¢- A%t A= dHA ot 59] &
AIRHCN)Z HI29] AEFFAS R A0 SRE = E
Agsto] Al 252 Asftttt. by =g3A Al HiEE=
T ARKCN) HIEAE 7]1&9] F27d0] A HFEI e
o, g ARKCN)H+E A5ty 93t A7t A&8iA A
TE AT AKCN)E i3 EaHs Aes A4 Wi
ol AESHY APy, dZdadyt 22 /M= s 3
st Aok, A7|8kehd Atshy, @&, dialysis'H, peroxide
Aot & ThSHAIRH2-7], @] pHEZONA Aotg ait
(NaOCly& Fste] ARKCN)S AFSHA|A A A= 424 F
Aol 7P dutd oz ARGEI vk 1By w4 ol &
Huyohyd FANH:-N)7F = 0] 12 A-Foll= FAUT Zfof
F44AHNaOClo] FHYoH] FAA(NH:-N)eF §HE-5to] AJQt
(CN) AARES FA2AZIAY o9 ARE F7H7]+= o]
o] At L ol2f’t ZAIE At ] st A4k
Hog dryory AAL(NH:-N)2F ARKCN)S FAlof Al# st
= A7t o] FoIAAL O8], YEUHOH] HA(NH:-N) A
Aol ARE= HPH] o2 Aol HojAH, thFet S
&% ol Qe =aual] A A ®Ho| AAYo] B
dElo] AAl I A-Est7lol= olFol AUk
Ferrate (VD)= 2 TSt 79 LHdEdEs a2
AL 4= A= A=A AFEIL o H[9-13] YR
HpA ol ARGE= 271 37 Adibs g 67t2 Alshd
Ao & FEE 7RIt 6719 AlotE A2 &80
A= - QP Aol ARt F/d o]5te] pH FH oA = Bt/
o] Eot E, Mhelea SHG w2 4SS 7=
2 BIEI QtH14]. E3] 59 ‘sulfur'y} ‘nitrogen’=
g L FEAY} BRSEETL WEt ol LAEEE BNy
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|4 4= 9= H¥HA, carboxylic acids, aldehyde, alcohols@} 2+
24871 Ad §71=d= SRSV Ado s ey
Ol ferrate (V)= A8} Agi/gdo] EEsiri[15].
2 AFoA & ferrate (VD] A EAJS o]-§oto] =g
T 5 YEYoM FANH-N)2F ARKCN)o] EA =i+ 73
§ dAsts 4 A4y FEHHE siasty] Sk
ferrate (VI)ofl 2J3f A|RKCN)o] AgH oz AAH 5= A=A
B7Fstde.

flo

R=h

2.1. Ferrate (VI) M=

Ferrate (V)= H24AEPHE o]&sto] Azxsigion 4 ~
16%°] 2ot 4-AHNaOCl) (CAS 7681-52-9, AHH=2FE), 48
~ 529%9] M Z=AFSHIEE(NaOH) (CAS 1310-73-2, AFd2
oFF-)2t 38% ABFA2E (FeCly) (CAS 7705-08-0, (F)HF)E
Equation (1)°] whe} kS EH|E 28351 TH16]. Ferrate (VI)
o] ALl AFH2 FJskl 30 min PRI E W RE F W
gojo] Repon Wsiols Azwste selsiin

2FeCl; + 3NaOCl + 10NaOH —
2N32FCO4 + 9NaCl + SHZO (1)

A 23t ferrate (VD] X+ pottasium ferrate (VI) (5=
Hubei xin bonus chemical, CAS 39469-86-8)2 EZFUE A%
st & T3 %= =% (UV-Visible spectrophotometer, T60, PG
instruments)< ©]-8-5t0] &L O Equation (2)E ©]-8-5]
oF 65,000 mg L& AAE o

y (Ferrate (VI) mg L)
= 1.0903 x x(ZFE %t at 505 nm) 2

2.2, AZ2|HAHO0| QI AIRKHCN)| A
obzte] AL pHI}F Zotd AXHNaOC)FS E3t ORP
Alofell <fal 12} 4

b AtSEeL 23} 4SS 0 & o] FoXtt. 95.5%
ZFIAIRKKCN) (CAS 151-50-8, 4HH&EA)E S7ol
1£0] 80 mg L% 9] B9 ARKCN)HS&E AR50 &
Hyokyd FAMNH:-N)of| oJ3t 92 &45H7] fIste] =9
H4=0] 99.0% F3FEE(NH,CL)(CAS 12125-02-9, AH&4=0F
Ty ol&sto] YRUoMd AANH:-N) 55 ZH2} 200,
400, 600, 800 mg L' 9| H5=o] £ttt AHCN)ZH
AE YoM HANH:-N)7F EZgHe HOJH 4> 500 mLof| 48 ~
52% ZAFSPFEB(NaOH) 8H(CAS 1310-73-2, AFA&okz
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NS EYsto] pH 1002 ZAHZ ORP 550 mV7} & wj71A]
i}o}%i*P(NaOCl)Q FJsto] 13} 4MekA| R o 23 AtekE
95to] thA] 5% FFAHH,SO.)EH(CAS 76664-93-9, AFA4=oF
T pHE 8§ 2ZA 3 ORP 700 mV7} 2 Wj7}A] Xjold
AAHNaOCl S FYstA Tt 13} Aksle} 23} Aks) & g
(Hach, DR890yS ©]-&5to] & AIRKT-CN), HUoHd HAi
(NH:-N) =5 &£451t

2.3. Ferrate (VI)Z 0|28t A|2HCN)Q| MEHX 1|7 2
olst HEt

| pHO|

Ferrate (VI)E 0|83t =254 F9] ARKCN)S A=z o
= AA H ferrate (VI) BH-8-2] pH 9= H7] flsto] =g
T AHFAA Aol LA Sk Qe T AR HANE O] #H
Aegol SRISE A4 E2MsE ol gaAL, Wl B4
2 Table 19} Zt} 500 mLe] |49 ferrate (VI) €42 0.5,
1.0, 1.5 vW%Zs Z}Z} £935lo] AQKCN) A Ao thst ferrate
(VD) o] o JFS RARSHIH

pHOl O3t QRS 48 ~ 52% ZAFSHFER(NaOH) 8
(CAS 1310732, A0S o] &ato] pHE 3, 52 7}2t
245t pH 27 Al DA8E JAES] Yoff ferrate (VD)
AIRHCN) AABEo] FFZ WA AP 9ol A=
ZL H (o] F AL} AAES ET6HA] &2 Hx (0]
—ﬁ,— c}: )5 QAC R ferrate (VIYE 242} 0.5, 1, 1.5 v/v%X

Ferrate (VI) £¢] 3°f 300 rpmoOf|A] 30 min ¥ wHl
A54E AF 5t &4 =H(Hach, DR890)S o] &5fo] X
QK(T-CN), FHEYoHd AANH:-N) 5EE 2453k

=
Al
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3.1. LU HAHO| O AI(CN)HIA

ARKHCN) AIAE I ;o] =9 13} Alste} 23} 418} A]
o] 22% 2o} A4HNaOCI)Q] Y2 Table 29} 2t} Equation
(3)% Equation (4)= 22 AIRKCN)S 13} AFs} 9l 23} Absiut

o4 A2HCN)o] Zot A 2AHNOChe] ofef AAE w7k

22 UEhith 3 13 Aol AL Aobel2ANaOCl)] I
3 AIRHCN)o] AFBHAISHCNO)O.2 A1BHet % ThA] 27 Akt
o4 Aol NaOC] O3] CO.9t N AlAlek,

NaCN + NaOCl — NaCNO + NaCl 3)

2NaCNO + 3NaOCl + H,0 —
2C0; + N, + 3NaCl + 2NaOH  (4)

2NaCN + 5NaClO + H,O —
N, + 2CO, + 2NaOH + 5NaCl %)

12} AFSlol Al ORP 2782 918l FUH ZFolhaAHNaOCl)
F2 dryokgd FA(NH;-N) 527 S7FohHA vl E o
7¥shl ot 23 Abskag ol A= FE YoM A4 (NHs-N)
o] BAQlo]l LATH *FolPAAHNaOCl) FYOZ ORP7}
A=At TEhA AIRKCN) A AE At Zfobd 44HNaOCl)
S FUFE 13} Al5lo]] ofsf) AujA o g FFs Wkt
T AUtk

AIOP(CN)A AAGELS ORP ol 7]&3to] 2ot Ait
(NaOCl) = & 5% 80 mg L 'of|A] Xiaﬂ T =T 0.0 ~
0.8 mg L2 98% 0]4+9] 53t A ARES H Y tHFigure 1).
Iy YoM HA(NH:-N) §lo] *1°P(CN)”} AT =
Aot 2AHNaOChO] & 3 mL 228 ¥ 35 Fof dmy
oMd AANH;-N)7F T2 Aol YoM HANH:-N) &
L7} EolA4E AJolP AAKNaOCH) Q] AX ko] Hu|g Ao
g F7loh= 208 YEhEth

Aot AAHNaOCHo 23t A]RKCN)9] Hafih-g-2 i%@
O 2 A}7] Equation (5)5 W2 AoZ 4 921, 2 m
9] AIRKCN)©] 5 mol®] Zfo}P AAHNaOCH T} ¥HE-5}od Oli
20 & NaOCICN = 2.5 mol H|Z Hh-g-stc}, T2} AA| Ag
ofl A= AIRKCN)RE EA5h= Ho] H4=9] %-$ NaOCI/CN 2]
BS EH)7} 3.8 2 ZolgAAKNaOCl)o] o]2& 9] fH ) oF
1.454] B FJElom, o= ORP Ftol ofsf Zpopdaik

o{N

O.L;
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mov o bdr e

Table 1. Characteristics of plated wastewater in the I Surface Treatment Center

Classification pH CN NH;-N Zn Cu Ni T-Cr
Concentration 1.4 66 320 194 1.1 25 60
(mgL™)
Table 2. NaOCl consumption depending on ammonia concentration
Raw concentration (mg L) NaOCl Consumption (mL)
NH;-N CN 1" Oxidation 2" Oxidation Total
0 80 1.5 1.5 3
200 80 7.2 1.2 8.4
400 80 12.5 1.5 14
600 80 18.5 1.7 20.2
800 80 23 2.8 25.8
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Figure 1. Removal rate of NH;-N and CN treating & NaOCl
consumption at different concentration of NH3-N.

(NaOCHE EU3l7] uhio] ol&Hel Furhe Ajoeladl
(NaOCl)o] o E9jd Aoz st

wfebA] AIRKCN) A7) AFEE Holel2AHNaOC]) AW
& ASStI AR Fmroby AANHN 22H Fobe)
AAHNaOCl) F9] & FYH|E A& 9 Equation (6)3 2
o] v AFAel TAZ FAR = 0.9996)F 5 U™ o
2Uobyg FANH:-N) 1 mol F XFolg A4HNaOCI) 2] TH9)=
7}eFo] 1.94 molZ AF&E| 9t

y (NaOCl mol) = 1.94 x (NH3-N mol) - 0.97 6)

3.2. Ferrate (V12 0|83t AI2HCN)] ME4% X|74 2 pHoj
ofst ozt

AAl g5 ©]&5to] pH7} ferrate (VO] A|A &L
Qe el Fstel € weo] pH 14014 pHE
A A ZaHs SOl TRek s ThdEt ol A
spelgt % Yock T AR ot FFL ol B}
StAl =W ¥ 1.4)% pHE 242 3, 5= 2733 3
20} AFS20] ferrate (VI 0.5, 1.0, 1.5 vive £¢] A] Al
(CN) AAET YEYoH AANH:-N) AAES AT
TFH4 & AQHCN)Q ZEE 66 mg L0192, Figure 2
oA UettE HReE o] pH 1491 Y H=ol A& ferrate (VI)
o] ol upg} A AL ferrate (Vo] FJZol| HlF5t]
7Fetit. pH 278S 77t 33t 52 23T 9ol ferrate
(VD) 4=l BAQC] 9% old 2 AAES Eo
ferrate (VI)Q] ¥H-3-0] pH 3 ~ 504 ZAE7} &2 Aoz 1}t
ettt

Ferrate (V)= pHol| w2} Figure 39] Pourbaix diagram [18]
oflA Kol v} o] A S| o|7t A pHZF =
=55 EQHsto] §Eg/do] oAl Aol AN pH7F Y
F 2o EQt/do] ol LAEAT WSty Aol A7t
3] (self-decomposition)F+= AFo] =0 23] LIEZY
AAREC] FAHA dFE vA= AoE wekET20].

U AHES 236t Ao tisfiAl= ferrate (VD)9
o] 37145 AlARo] F7Isklew, Hdl 70% g e=
A|AEo] HolA YHEo] ferrate (VD] AIRKCN) A|A Hh-&
= Adfish= Ao2 UErgTh

Wi

o]

-
fu.
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Figure 2. CN removal rate according to input amount of Fe (V1) at
different pH.
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Fe,04nH,0

0 Fe?*

-1.2- Fe

pH

Figure 3. Iron pourbaix diagram. [19]

£ Ferrate solution 0.5% NFerrate selution 1% B Ferrate solution 1.5%

NH;N removal rate (%)

Figure 4. NH;-N removal rate according to input amount of Fe (V)
at different pH.

ol HANHN)E B2 RE] Yt Aol
A SRt gyobd AANHN A7 g0l Z71el9
1, 22 pHO A= ferrate (VI) FdTo] 715 4o}
4 AANH:-N)2| AAEE F716H%th(Figure 4).

I8y AJsgol HisiA pH 304 27.5%, pH 591A=
10.5%= Yeht pH S7Fof| wet dEyoHd F4(NH;-N)9
AAGE Zasloich

Ferrate (VI)ol] 9JSt AJQHCN)E3} H-3-4]-2 Equation (7)} 2
O m[18] ferrate (VI)2} A|QHCN)2 1 mol: 1 molZ HF3-3ict,

2HFeOs + 2HCN + 5/20, + H,0 + 20H
—> 2Fe(OH); + 2HCOy + 2NOy  (7)

Ao o]get = H< 500 mLof| EAcHs AIRKCN)9]



TE B2 3HASHH 1.27 mmolo|H ojuf AR ferrate (VI)
E9 Ao 1.35 mmol& 1.0%= 2 mmol, 1.5%

3 mmolZA] WS ZH]+= 1:1, 1:2, 1:30]t}. Ferrate (VI)
£ 0.5% < £ =H] 1: 1904 AAEC] 9% o=
Bt A2 dEYoM] AANH:-N) = #ARo] ARt
(CN)I} $AH 02 9hgehS AJAFRITh ESE ferrate (VD] &
JFol 71T dHYoM EANH:-N) AAEo] F7tst
B Kol FlsHA FAH ferrate (VI)7F AIRKCN)ZF HF
til ZHR5he ferrate (VI)Z7F GEUOHM HANH-NYE A

L
Ste o= ddHEn21].
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EFH F AIRKCN)S AP 5t7] sl Wol AME= &
Y HAaHZ ORP Fhof| 2J&Esto] 2ot 44HNaOCl& F
= d9go]7] "ol FEYoM] HA(NH:-N)2F o] Zjotg
AHNaOCly& ALsh= Edo] &Y 4§ kg9 Apggo
FHH S7Fot= BAIE EAYAIZIH Ferrate (V)= =2
SHIS 7HA= BA40] edAE AStdEE o] digth
A WL 7= EARA HEAR HE Al ul$
A 5aE&dS 7HAL ok

AHUoHd HANH:-N)2E AIRKCN)o] ZZheE m|5=ofA
ferrate (V) ©]-&5to] AIKHCN)2] AEA] A A 7Fs/d< B
7kt Ayt FEYoMd FANH:-N)2| skof Ao w2
29 AIRKCN) AAEES YRS ERIsH3t o] Zfot
AA4AHNaOChHS o]- &3t g FAH o= ARKCN)E A
oS wf, YEYoMd FANH:-N7F 527t wotdas &
o} &4HNaOC 9] AH[FFo] obA Yoy A (NH;-N)
5% 600 mg L' o]4ofAE grYolg AA(NH:-N)7F 24
SkA] e wof] H|ske] <F 7H]9] Aol A4HNaOC)o] AH]E
At v 2= Atolct

Ferrate (VI)2] A€ A[RKHCN) AAE gt pH FFEAL]
A= pH 3, 5904 H5 99% o9 AARES Hlon £
EH| L19AE AAEO] o} ferrate (VI)7F A0 & At
(CN)Z} 4] ¥hgot= A& ERIsHtt. Ferrate (VI)E ©]-8-9)
of =g¥E AHY AF ferrate (V2] 24 ¥H-EpHOf|A] Tk
Fo| JHEZ Qo) A7 &&ol FFE vX= Aol et
=0 ol Il Yt ferrate (VO] AH7} HAYTHS ofn
sich wEbA g S HEEA QS A FE 2
Q% Ao mehgr)

e

P
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Mo g
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