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EFu40] Qe wZo) pH, B34 % AHCON)E-Rol uhet cheFst B41 340l 2 8Hth ol ARHCN)Y] el
Ao} g £AHNaOC S o &3 27e] s Heo] UMHA 02 o] A1 ek 2Lk, YEjoby WANHN)g} A
KONyl FAlo T38 79 G0k FANHN)2 M2l 91of Aot d £4HNa0CI) o] ThefshA v 5t A7} 9]
o} ol 23t BAIE S123t7] 9I3te] £ AT AIRKCN) 2o 1014 1) Bl AR ol Lol A (NH: N5 o

£ Aol 2AHNaOCHS] ARG ZAFSER 2) ferrate (VI)ZF AIHCN)E e 0 2 H2l% 5 QA Btk =
4 ol 83 Y AT LT FLY AL FEU 0P F2NH Ny =7 5245 AHCN) A7 go] 2o
o] Zobel A NaOCN 2] 4u]3o] Lol FANHN) SE0] mheh 4B 2 0.2 Z7155ct. Ferrate (V)E 0183 A
QHON) AAGNAE FRUoH AANHN) 0] Aol AKCN)Y AAS Belstgon ojn havjoby Pz
(NH;N)©] A& wo} ferrate (V)7H AIRKCN)S A4 0.2 A7 THE: SI3HTE. Fermate (VO] AIRKCN) AAR&-2
pHZF 24 7] LR fermate (V) FUFol BAGIO] 99% o142 Hole A SFuso] 8% Aol At
ferrate (VIS AIRKCN)] :¢) B3] 1:10]4] 99% o] 4] & A A &-E B O™ o= SHIFE WHgA10] Bt Aok
232 29| Wt A R obd A2NHN) L 7|ehe GEPo] FRE A4 Mol HE HehH 02 AKCNE
ARG Aoz sl =g},

ZFH|0f : Ferrate (VI), AIRKCN), ¥ Yot FANH:-N), A2 A A, =g w

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 NaOCl 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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qU T334 $ HEE vEEE AMCN)E Za3H o] 4
Aol wet ©4=9] Cu, Ni, Cd, Co, Cr, Fe, Pb, Zn 59 S5<&
o] 21} ¥h-gsto] =40l ek AlQMateletEE P/ttt

AIRHCNYE 3HRt g H<oll= AQESr4(HON), F-2]A]
OH(CN"), &<4-A]9t Z8H=E(metal-cyanide complexes) 5-°| T
2 7ol AH(1]. AljelRE Ha & SAFEY} BA
glol A W =/do] mif- A%t A= dHA Utk 59] FH
AIRHCN)Z Al29] A EFFAS R A0 SRE = E
Agsto] Al 252 Asftttt. by =g3A Al HiEE=
T ARKCN) HIEAE 7]&9] FR270] A HFEI 1o
o, g ARKCN)H+F Aty 3t A= A&8iA A
TE AT AIKCN)S TR =aH A2s 154 W
QI A& APy, d4dady 2 /M= s 3
S}1 AYSPY, A71SFSHY AYSPY, W, dialysis®, peroxide
Aot & ThSHAIRH2-7], @] pHEZONA Aotg ait
(NaOCly& Fste] ARKCN)S AFSHA|A A A= 424 d
Aol 7P dutd oz ARGEI vk By w4 Fofl &
HUobd EANH:-N)7F E350] U2 Ffole= FU7E Zfof
A44HNaOClo] FHYoH] FAANH;-N)eF §HE-5to] A|Qt
(CN) AIATEL FAA7|AL oFEe| 208 2747 of
Bgo] gick. AT olefet BAIS s1AsH) Slstel A7IAsy
Hog dryory AANH:-N)2F ARKCN)S FAlof A1# st
= A7t o] FoAAL UOL(8], YEUHOH] HA(NH:-N) A
Aol ARE= HYH] Fo&2 FAdo] HojAH, thFet S5
& ol Qe =aual] A A5 ®Ho| AAYo] 3
dElo] AAl 30l A-Est7]oll= ool U

Ferrate (V)= ¥ TSt 79 LAdEd5s a2
A 4= A= A=A AFEIL o H[9-13] Y¥HE O
HpA ol ARE= 271 37 Adibs 2 67tE Alshe
AAC g FEE 7RIt 6719 AlotE A2 dEed-EA0
A= - QP Aol ARt F/d ©]5ke] pH FH A= B/
o] Eot E, Mhelea SHG w2 4SS 7= A
2 BIEI JQtH14]. E5] 59 ‘sulfurt} ‘nitrogen’S

=
3 0HRAIN WSHES Wet o5 0@RAS ARAoR

=
=

2

|AS 4= 9= HhH, carboxylic acids, aldehyde, alcohols@} Z-
2 8715 Ad f71ed= ST AEo s ey
2o ferrate (V)= A5t A8i/do] gdsiri{15].

£ Ao A= ferrate (VD) AFSFAE}JE o] 85to] T
T 5 YEYoM FANH:-N)2F ARKCN)o] EA =il 7
£ st Y 449 IFEATE st 5o
ferrate (VI)o] 93] A]QKCN)o] AEZH oz AL 2= =X
B7Fotdt.

£

2.1. Ferrate (VI) M=

Ferrate (VD)= S24M4H8HE o]&sto] A xstalon 4 ~
16%2] 2}o}e 24HNaOCl) (CAS 7681-52-9, AHH<=0F2)), 48
~ 52%9] N AMSHFEE(NaOH) (CAS 1310-73-2, AFd<
oF5 )} 38% ABHA2E (FeCls) (CAS 7705-08-0, (F)AHF)E
Equation (1)°f] w2} ¥H-g E8|E -85kt 16]. Ferrate (VI)
o] TR A2AL FA5tL 30 min PFIYE R & BF
SHo] HepHo g Walsh= MZHMIIE I3t

2FeCl; + 3NaOCl + 10NaOH —
2Na,FeOy + 9NaCl + SH,O (1)

A 23t ferrate (VD] X+ pottasium ferrate (VD) (5=
Hubei xin bonus chemical, CAS 39469-86-8)2 HEZ=N-S A Z
st & &3¢ %= =% (UV-Visible spectrophotometer, T60, PG
instruments)& ©]-8-5}0] A5 2™ Equation (2)E ©]-&35}
oF 65,000 mg L& AAEcH

y (Ferrate (VI) mg L)
= 1.0903 x x(&FT % at 505 nm) 2

2.2, UZR|FAH0f It A|RHCN)H|A
?:_1_;‘,_:_}!—_4 oﬂj_{\_]ﬂ% pH_‘ﬂ]. i].o}-onﬂﬁ\_/&(NaOCl)—f—?J‘% %6\:. ORP
Alotell 2sh 1} 4

b AESEeL 23F AlSkE Y o & o] FoXItt. 95.5%
ZESHAIQHKCN) (CAS 151-50-8, AH&eka e 7ol
1£0] 80 mg LT 9] 19| ARKCN)HSE A|Zsom &
Hyoky HANH:-N)ol| 93t JFZ 45171 fiote] =9
HZ=0] 99.0% F3FFH E(NH,CL)CAS 12125-02-9, Abzl4=ok
A olgsto] dmUobg AANH:-N) 55 ZH2 200,
400, 600, 800 mg L'2 9] w0 £33t AIRKCN)TH
AEYoHd HANH:-N)7F ZgHE HOJH|4> 500 mLof| 48 ~
52% ZASPES(NaOH) 89U (CAS 1310-73-2, AbH4org
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NS FUske] pH 1022 ZAHZ ORP 550 mV7} 2 wj7}X|
Aol A4HNaOClyS Fdste] 13} A4S o 23} AtshE
Ql5te] THA] 5% SFAHH,SO,)&H(CAS 76664-93-9, AH7<=0F
)2 pHE 8Z £ & ORP 700 mV7} & wj7}x] Zjotd
A2AHNaOClH S FYotATt. 13} Alsle)l 22} Ak} & Eg =
(Hach, DR890)y& ©]-&3}o] & AIRKT-CN), YEUoHy A
(NH:-N) 325 245131

2.3 Ferrate (VI)Z 023t A|2HCN)2| ME4X| X7 & pHoj
o[t ot

Ferrate (VDE ©]-&3t ZH W4 59 AIRKCN)YE A=z o
= AA A ferrate (V) BH-8-2] pH 9F= H7] flsto] =g
T AHFAA Aol AA kL Qe 1 AR HAE O] #H
Aol FA== AA =gHRE ol&sta, He A
S Table 19} Zt}. 500 mLY] 40| ferrate (VI) 4L 0.5,
1.0, 1.5 vW%Z 247 E9]5ta] AJQK(CN) A|Ao]| tht ferrate
(VD) SSJ] e Qe ZARioc

pHOl o3t FF2 48 ~ 52% FARRFLHEF(NaOH) &Y
(CAS 1310-73-2, 4 A0F3- )2 ©]85to] pHE 3, 5= 227
245t pH 274 Al DA8E JAES] Yoff ferrate (VDS
AIRKCN) AAEEo] FFE =R A Ao JAES
ZGL H (o] F AL} AAES EToHA] E2 Hx (0]
T ASHE HACRE ferrate (VE Z+2 0.5, 1, 1.5 vivieX
Fdstde

Ferrate (VI) ¢ 3°f 300 rpmof|A4] 30 min ¥ wHl
& E AFIct] FF = (Hach, DR890)Z ©]85t0] & Al
KHT-CN), FEYoMg HANH:-N) =5 24531
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3.1, YL EHAHY 25 A[PHCN)H|A

AIRKCN) AIAE o 29| H<=9] 13} AH5te} 23 48} A
o] AR5 XFolHAAKNaOCH)Q] %2 Table 29} Zt}. Equation
(3) Equation (4)= Z+Z AIRKCN)Q] 12} AFSt 9 22} AkSigE

SOl AIRKCN)O] Aot 4AHNaOCol 3 A A H = w7t

T2 UEHd:. = 13} Aslofl A Aot 44 NaOChe] 2]
3l A[RKCN)o] AFSFAIRHCNO)S. = AtalRt & thA] 23} AFs}
oA ApotPAAHNaOCHO &J3f CO2F No= A7 H .

NaCN + NaOCl — NaCNO + NaCl 3

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

2NaCN + 5NaClO + H,0 —
N, + 2CO, + 2NaOH + 5NaCl )

12} AFstol 4] ORP 24-& 9ol FYH 2fotAAAHNaOCl)
FZ YEYoM FANH:-N) 57t S7FsHHA HFH A2
S7Fet o 23} AbStabg ol A= QtR U oHd A4 (NH;-N)
ol BAQlo]l YAT 2polP AAHNaOCl) FJ 22 ORP7}
AE At TEhA AIRKCN) A AE At Zfobd 44HNaOCl)
S AT 13} 4b5to] oJsf| AujHom PR Wttt
F o Qlth

AIRHCN)] AAREL ORP Floll 7]&Este] Aot it
(NaOCl) = & %% 80 mg L'of|A A2 & 5= 0.1 ~
0.8 mg L2 98% ©]A}9] F 53t A Aa8-S H Y chFigure 1).
T8y dEYoM EANH-N) glo] ARKCN)RE 2AE di+=
Ao AAHNaOCH O] & 3 mL ARE ¥ H<= Fof] ARy
oMd AANH;-N)7F F& Al YoM AANH:-N) &
L7t goMdeE AolPAAHNaOCH 2] AH o] H|F| 2 o
& F7ot= Ao YEHTh

AolH A4HNaOChHo] 23t AIRKCN)Q] Eofuhg-2 T4
O F A7] Equation (5)& 2= 7o 2 I#A loH, 2
9] AIRKCN)O] 5 mol®] Ao} A4HNaOChH I BHZ-Slo] o] &
20 & NaOCI/CN = 2.5 mol B2 §F23kc} 18y AR 49
o A= AIRKCN)FE EA5k= H9] H4=9] 72 NaOCI/CN 2]
HHg ZH|7} 3.8 2 ZolPAaAHNaOCl)o] o] 2431 gk} oF
1458 o EJE9lom, o= ORP o] s ApofPA4k

1o BN ooff fit 19
b O

i

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
(mg L")

Table 2. NaOCI 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 84
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.

(NaOC& FJ57] o] o9l ke Aoteiadt
(NaOClyo] © T Aoz FWorHT

webA AISHCN) A7 o ARE-E Aohed AAHNaOCH) 41
2 A5 AAY FRioby FANHNG 228 obg
A NaOCl) F9] & FYHE A& 49 Equation (6)7} 2
o] U HFH TAS AR’ = 0.9996)3 5 Ao G
ZUoby FANH:N) 1 mol & XFold AAHNaOCI 2] TH9)=
7}eFo] 1.94 molZ AF&E| 9t

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

3.2. Ferrate (VI)Z O|&%H A|2H(CN)2Q| MEHX K| & pHO|
of3t o8t

AAl =FH4E ©]&5to] pH7} ferrate (VD)9 A|A &L
Az YFE B7I6t7] fisto] 9 #H<e9 pH 14004 pHE
A A9 mAus 2o Tpaly e ok olese] WA
sel 4 ARk Heby WAEo] ot Fge 2ol W
StAt =gl e(pH 1.4 pHE 242} 3, 52 249 3
Ape} A54eo ferrate (VIYE 0.5, 1.0, 1.5 viv% £ A] A|Qt
(CN) AlAST dRYoH] HANH:-N) AAES FASHITH
EFH4 & AQHCN)Q ZEE 66 mg L0192, Figure 2
oA Uelih= Hiel o] pH 1.4%1 ¥ H=o A= ferrate (VI)
o] Flof| we} AAEo] ferrate (VI)o] FJTZol Bl st F
7¥otqitt. pH 278 77t 33t 52 2T 9ol ferrate
(VD) Fd=ol BAQLC] 9% ol 2 AAES Eo
ferrate (VI)Q] ¥H-3-0] pH 3 ~ 504 ZAHE7} &2 Ao 1}t
et

Ferrate (V)= pHo|| w2} Figure 39] Pourbaix diagram [18]
oflA Kol v} o] A S| Zo|7t A pHZF *
=55 EQHsto] §Eg/do] oAl Aol AN pH7F Y
F 2o EQtAdo] ol LA=EA T ¥ty Aol A7t
3] (self-decomposition)F+= 7AFo] =0} 23] LIEZY
AAREC] FAHA dFE A= Ao wekEH20].

WA AR ES 2ot -Gl disiAl= ferrate (VDO
F]dgo] S7HdE AAEo] S76k o, A 0% ==
A|AEo] HolA HHEo] ferrate (VD] AIRKCN) A|A HE-&
= Adfishk= Ao2 UErgTh

o i =

TG F ARKCN)S} A A AE 9131 Ferrate (V) A8 171
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Figure 2. CN removal rate according to input amount of Fe (V1) at

different pH.
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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.

UE YoMy AANH:-N)= BHiE - E] e AL
A At dREYoM] FANH-N)2| A|AE0] S7H5HA
al, -2 pHOIA = ferrate (VI) FYFO] 5715 FHHof
3 AZNHNS] AALE 27159k Figure 4).

Iy el WA pH 3014 27.5%, pH solA=
10.5%% WEt pH S71o] weh fRyory A4 (NH:-N)9|
AAEE FastAt

Ferrate (VI)of] 213t A|RKCN)E3]| §H-g-4]<> Equation (7)1 2
O H[18] ferrate (VD)2} AJQHCN)2 1 mol : 1 molZ W3St}

2HFeO; + 2HCN + 5/20, + H,O + 20H"
— 2Fe(OH); + 2HCO;y + 2NOy  (7)

Aglof| o]ggt =g #4500 mLo EA5H= AIRKCN)S]



TE B2 3HASHH 1.27 mmolo|H ojuf AR ferrate (VI)

0.5% £ Alof& 1.35 mmolZ 1.0%% 2 mmol, 1.5%
= 3 mmolZA] ¥g EH]&=1:1, 1:2, 1:30]|t}. Ferrate (VI)
£ 05% Q1 T4 ZH] 1: 1914 AAEC] 99% oo E
Bt A2 dEYoM FAMNH:-N)9| F=of ¥Aglo] At
(CNT AH 0= W39k AJARRITE. ESE ferrate (VD)2] &
JFo| F7HdE dHE YoM AANH:-N) A A& F716t
= 4TS Ho] T FAH ferrate (VI)7F AIRKCN)Z HE
Fal XRoh= ferrate (VI)7F FEYoHd FAANH:-NYE Al

S5t
75te Aoz deEr21].

o

4.2

S5 B AHCNIS Ash] 9] Bol Agsie 22
2 gA e ORP ol SJEte] Fold2AHNaOCHE FU3h
L ejoly] mhel FFmuioby WANHN)Z Zo] oleid:
AHNaOCI)S ABSH o] 24T B9 K59 AHggo

=

45 S7Fhe 2AIE AR, Ferrate (V)= &2 A4
IS 7H= B4l AeuAE AettidEdel gt A=
A iede 7He S4EA HeA A8 Al W 2

A 584 7 AUt

dmuobd FANH-N)2H AIRKCN)o] ZFHE  #rofl A
ferrate (VI)E ©]-&sto] AIRKCN)] AEi&] A|A 7Fs4dE& 3
7het At YoM FANH-N)S ko] BARCl &
$329] AIRKCN) AAZEE YehdS gRlsty). o] Aot
AAAHNaOCHS o] 85t 4z AAPOo R ARKCN)S A&
St o, FRUM HANH-N7H SE7F wobdeE 2
ot 44K NaOCI) ] AxH]FFo] fzobA R ot A (NH;-N)
BE 600 mg L' oo A Gryoby HANH:-N)7F 4
StA] 5 wol] Hlste] oF 7u[9] 2totFAAHNaOCHO] 4B H
AT} oS- 2= Aot

Ferrate (VI)9] A& A]QHCN) AAZ 913t pH FFRA]
A= pH 3, 594 B 99% o] AAREE Hlon £
EH] L1 E A|AEo] o} ferrate (VI)7} A 02 AlQH
(CN)Z WA ¥h-g5H= 2 SIS Ferrate (VI ©]-8-9)
of EFHSE AT A% ferrate (VD] X% §RgpHOJA] o
Fol FHER Adf A B8 FFS A& Aol UelL
£ ol AHE| 93t ferrate (VI)Q] AL7F HATS oJn]
gt kA B8 F pE (B o A7t FF d
a3 Aoz wergr)

4 At

B Q7E SRAAR71e YY) “Fa84719 A8t A
AALgI7o] AR o]Fojzon] A A=A,

10.

11.

12.

References

Chung, H. J., “A Study on the Removal of Cyanide and Heavy
Metals in Plating Wastewater,” KSWST J. Water Treatment
21(2), 45-57 (2013).

Kim, T, Kim, T. K., and Zoh, K. D., “Removal Mechanism
of Heavy Metal (Cu, Ni, Zn, and Cr) in the Presence of
Cyanide During Electrocoagulation Using Fe and Al
Electrodes,” J. Water Process Eng., 33, 101109 (2020).
Yang, Y., Nian, F., Xu, D., Sun, Y., Hwang, J. Y., Qiao, P,
and Xi, L., “Oxidation of Cyanide and Simultaneous Copper
Electrodeposition from Electroplating Wastewater in an
Electrochemical Reactor,” Materials Engineering—From
Ideas to Practice: An EPD Symposium in Honor of
Jiann-Yang Hwang, 249-256 (2021).

Kim, T. K., Kim, T., Jo, A., Park, S., Choi, K., and Zoh,
K. D., “Degradation Mechanism of Cyanide in Water Using
a UV-LED/H,0,/Cu** System,” Chemosphere, 208, 441-449
(2018).

Pérez-Cid, B., Calvar, S., Moldes, A. B., and Manuel Cruz,
J., “Effective Removal of Cyanide and Heavy Metals from
an Industrial Electroplating Stream Using Calcium Alginate
Hydrogels,” Molecules, 25(21), 5183-5198 (2020).

Kim, T. K., Kim, T., Choe, W. S., Kim, M. K., Jung, Y. J,,
and Zoh, K. D., “Removal of Heavy Metals in Electroplating
Wastewater by Powdered Activated Carbon (PAC) and
Sodium Diethyldithiocarbamate-modified PAC,” Environ.
Eng. Res, 23(3), 301-308 (2018).

Zhao, X., Jang, M., Cho, J. W., and Lee, J. W., “Operational
Conditions of Electrochemical Oxidation Process for Removal
of Cyanide (CN’) in Real Plating Wastewater,” Membrane
water treatment, 11(3), 217-222 (2020).

Kim, N. C,, and Song, J. H., “Removal of CN" and NH; from
wastewater using Electrochemical Oxidation Method (I) -
Laboratory Scale Study -,” J. Korean Soc. Environ. Anal.,
13(4), 204-208 (2010).

Zhu, M., Huang, H., Yuan, B., Zhou, Z., and Liu, S., “Removal
of Cyanide and Heavy Metals in Electroplating Wastewater
by Sodium Ferrate,” Chinese J. Environ. Eng., 11(3),
1540-1544 (2017).

Klis, S., Barbusinski, K., Thomas, M., and Mochnacka, A.,
“Application of potassium ferrate (VI) for oxidation of
selected pollutants in aquatic environment - short review,”
Arch. Civ. Eng. Environ., 12, 129-137 (2019).

Sharma, V. K., Yngard, R. A., Cabelli, D. E., and Baum, J.
C., “Ferrate (VI) and Ferrate (V) Oxidation of Cyanide,
Thiocyanate, and Copper (I) Cyanide,” Radiat. Phys. Chem.,
77(6) 761-767 (2008).

Terryn III, R. J., Huerta-Aguilar, C. A., Baum, J. C., and
Sharma, V. K., “Fe"", Fe", and Fe'¥ Oxidation of Cyanide:
Elucidating the Mechanism Using Density Functional Theory



13.

14.

15.

16.

Calculations,” Chem. Eng. J., 330 1272-1278 (2017).
Chen, C., “Enhanced
Electro-Generated Ferrate Using Fe(0)-plated Carbon Sheet as

Zeng, F., and Huang, X.,
an Anode and its Online Utilization for Removal of Cyanide,”
Chemosphere, 241, 125124 (2020)

Sharma V. K., “Potassium ferrate (VI) : an environmentally
friendly oxidant,” Adv. Environ. Res., 6(2), 143-156 (2002).
Licht, S., and Yu, X., “Electrochemical Alkaline Fe (VI) Water
Purification and Remediation,” Environ. Sci. Technol., 39(20),
8071-8076 (2005).

Jung, S. Y., “A Study on the Decomposition Characteristics
of Cyclic Compounds Using Liquid Ferrate (VI),” Master’s
thesis of the Department of Global Environmental Systems
at Pukyong University, (2018).

TG F ARKCN)S} A A AE 9131 Ferrate (V) A8 173

17.

18.
19.

20.

21.

Sharma, V. K., Rivera, W., Smith, J. O., and O’Brien, B.,
“Ferrate (VI) Oxidation of Aqueous Cyanide,” Environ. Sci.
Technol., 32(17), 2608-2613 (1998).
https://en.wikipedia.org/wiki/Pourbaix_diagram
Costarramone, N., Kneip, A., and Castetbon, A., “Ferrate (VI)
Oxidation of Cyanide in Water,” Environ. Technol., 25(8),
945-955 (2004).

Lee, Y., Um, I. H., and Yoon, J., “Arsenic (III) Oxidation by
Iron (VI) (Ferrate) and Subsequent Removal of Arsenic (V)
by Iron (III) Coagulation,” Environ. Sci. Technol., 37(24),
5750-5756 (2003).

Sharma, V. K., Bloom, J. T., and Joshi, V. N., “Oxidation
of ammonia by ferrate (VI),” J. Environ. Sci. & Health Part
A4, 33(4), 635-650 (1998).



