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Application of Ferrate(Vl) to the Removal of Humic Acid and
Heavy Metals (Cu, Mn, and Zn)
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ABSTRACT : In this paper, we have performed an experimental study to simultaneously remove humic acid (HA) and heavy metals
(Cu, Mn, and Zn) from the river water using potassium ferrate(VI), a multi-purpose and environment-friendly chemical. In the experi-
ments for treating three 0.1 mM single heavy metals using 0.03~0.7 mM (as Fe) ferrate, the removal efficiencies ranged 28~99% for
Cu, 22~73% for Mn, and 18~100% for Zn. In addition, humic acid and heavy metals could be very efficiently removed at the same
time using 0.03~0.7 mM (as Fe) ferrate: for example, 49~81% (humic acid), 93~100% (Cu), 22~86% (Mn), and 20~100% (Zn). The
removal efficiencies of humic acid and heavy metals in the mixture of humic acid and heavy metals were higher than that in the solu-
tion of single humic acid or heavy metal. It can be explained by the fact that, before adding ferrate to the mixed solution, part of solutes
were already removed by the complexation between the negatively-charged functional groups of humic acid and heavy metal cations.
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Table 1. Relative reduction potential of the oxidants/disinfec-
tants used in the aqueous solution'”

Oxidant Acidic medium(E°,V) Basic medium(E°,V)
Fluorine 3.03 2.23
Hydroxyl Radical 2.80 2.06
Atomic Oxygen 2.42 1.78
Ferrate 2.20 0.70
Ozone 2.07 1.52
Hydrogen peroxide 1.77 1.30
Perhydroxyl Radical 1.70 1.25
Permanganate 1.68 1.24
Chlorine Dioxide 1.57 1.15
Chlorine 1.36 1.0
Oxygen 1.20 0.88

B3 HF &3 AEQ Fe(llDS #7332 A=
AEE F A’ Potassium ferrate (KoFeO4):= Na,FeOs,
BaFeQs, AgFeOs 53 2 671 & F 54 FAA 713
o] ARgEE), ol T sRtEET Ao 41 Az
g FANA 2:F HYEly] wjEolth'? Potassium fer-
rate7} AS3+, Mn2+, o, Pb2+, cd®, Cr3+, Hg2+ =o] 22
& AAN 2L ke Aol RuEow Y w3
NOM AAMNE ferrateE A3 B& J7AINEC] B
E]%-q_.7,l3~17)

£ dFdNME 2E&EE A potassium ferrate S ©]
g3t &Y T FE5EE AASRLH, E=F humic acid
HA)SY TFE502 BAY 2499 & ferrateE A&
3t 1 AE 7MeAdE gorrgit)
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2.1. Potassium ferrate (K2FeOy) SH 2 2

T2 gl A3 potassium ferrate (KoFeO,)¥ De-
laude$} Laszlo,'”” Licht'¥o] mohst whjoz @A43I9ch
FEAE E2E OIS 7718 o838t BAEIYE UV-Vis
spectrophotometer (Shimadzu, UV-1201), FT-IR (Perkin El-
mer, Spectrum GX), XRD (Philips, X'Pert-MPD system),
SEM (Hitachi, $-2400).'” ¢ chromite AAHo =z =
A&t} 1819

2.2. & A=

B a7l A3 AE ASE B4 GEgA AHs)
ot AT ARE dEstd APHR &2 %, 045 pm
AAAE RHEZS AASIT WHEAIAT A7 A

Table 2. Physical and chemical properties of water sample
(Nakdong River in Busan, Korea)

Parameters Values
UV3s4 (mg/L) 3.34
pH 7.65
TOC (mg/L) 5.01

B9 2213184 EA44 UV-Vis spectrophotometer, pH meter
(Orion, model 420), TOC Analyzer (Shimadzu, TOC-Vcph)
& o83t Yohigky, 11 AFAE Table 201 YR

2.3. Ferrate FUE0| LE SF & HHEE HSL

AP FF45LS Cu, Mn, Zno|YoH, Cu(NOs),
Mn(NOs),, Zn(NOs)E 27} 2EFMilli-Q)dl = 0.1
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AZo] 234 FEE AASE A3

=3 Al JHA FEEol E-EHA JE AR ferrate
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ot ERAIE 100 mLo ferrate 0.03~0.7 mM (as Fe)S
FU3% O, 20T, 300 rpmolA 18, 35 rpmeollA 2087
2Rk HAG & AHY HF FEE FEE AASE F
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FerrateS ©]§-314 HASH F5E5E& FAlO AAs= A
o] MRS e 2ol F 7IAE WrolA A=zt
Rk 1) HASE g 7HA] $541(Cu, Mn, Zn)Tt &3 AIS,
2) HAS} BE U F558 £ A5 ANA A
£ 95489 HA (Fluka) 557} & 10 myL, 281 o
Ab EF4(Cu, Mn, Zn) FE7F Z42F 0.1 mMo] HEE A
71 N 8E AZ£3YTh HA+Cu, HA+Mn, HA+Zn, 18]
T FHA A AMAY 2 TR FEE S1H HA
9 A 7HA B2EEL 25 EFEA A=Y HA+Cut
MntZn. HA 5% 10 mg/l, 2t £8% 55 0.1 mM
o)t

HAS 3%l &9 v 71 A8 100 mLA-E 2zt
Zgaze 47 92 g ferrate F=7F 0.03~0.7 mM
(as Fe)o| =5 A ferrateE FUSIHTE 20°C, 300 rpm
oA 18, 35 rpmolA 2087 wHletT o3t T A
I HA BEE UVyuE, 1813 £35 F55 AASE
ZA5A ok
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3.1. Potassium ferrate (KoFeO,) EHd 2 54

343 potassium ferrate (KoFeQp)e A28 we 25
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FAG TABLO| potassium ferrate 1A & FH3L7] 3]
UV/Vis, FT-IR, XRD, SEMS.2 #4391 ol e}
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o} wpR7IAZ 800 em oA HAE RATH XRDE £4
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Fig. 1. Image of potassium ferrate analyzed by SEM.
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3.2. Ferrate FU&0|| E S 4 MHEE H3l

Fig. 2& ferrate FUF| M S35 AAEZE W=
YERd Zolth 0.03~0.7 mM ferrate (as Fe)E ©]£-3] 4
0.1 mM Cu AEE ML o AAZE] 283~99.3%
o], Mne 21.8~73.2%, Zne 18.3~99.8%7} A A= o]
ferrate”} Fa<4 AAN ARHAE 25U THFig. 2.(a)).
0.1 mM Cu®} Mns A2 AAs7] 93 HA ferrate
FYFL 0.1 mM, 0.1 mM Zno] F-$= 03 mMeolYTh
Al 7 FF4(Cu, Mn, Zn)2 £l D5 A|go A
-, ferrate FYF=7T 0.03~0.1 mM3} Zo] e W= o
Y FEEHE A do wsH AAEE] WYk 1
1} ferrate® 0.3 mM oL E FH3] Fsd =34
EFANBANME AAEE] IA F4E ferrated] $H
BIE AT = JUATh EFABANA 2 FF49 AA
FES the 2tk 194~99.6% (Cu), 15.4~98.3% (Mn),
6.0~74.1% (Zn)(Fig. 2.(b)).

Ferrateo] 9§ F5< o] AANELS g3 2o F
WA 71Fe g2 A9HE 4 ok AA, FEE golee
ferrate ol 279] EHARE 53 AAE 5 Yok £
Al ferratet= pHOl W} 47F] E(1FeO,", HiFeQs, HFeO,,
Fe0,)9 Fe)2 EA8tH pK,gte o3} 2tk pKi=1.6
pK>=3.5 pKs=7.3. o] A¥ =AXE FAH(pH 7.65% &
oA tFES] ferrater HFeO, & &R}, =24 ofo)
22 HFeO, 98] AFE 53 IAE 5 2P =4,
ferrates= pH 9~10 ©]9]¢] pHAME olF B Al &
AN wEA U= oju) Y= Fe(OH):S SHAZ
A Zg5h=),? o] $FA BHlo] 5% olLo] F3)

o AAE 5 Ak
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Fig. 2. Removal efficiencies of Cu, Mn, and Zn depending
on the ferrate dose. (a) 0.1 mM single heavy metal
solution, (b) mixture of three 0.1 mM heavy metals.
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Fig. 3. Ionization reaction of acidic functional groups in
NOM depending on the pH of solution.”
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Fig. 4. Formation of stable complex by the reaction between
the functional groups of NOM and the heavy metal
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Fig. 5. Complex formation rates between 10 mg/l. HA and
0.1 mM heavy metals (Cu, Mn, and Zn).
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Fig. 6. Removal efficiencies of 10 mg/L HA and 0.1 mM heavy metals by the ferrate doses of 0.03~0.7 mM (1.7~39.1

mg/L as Fe).
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