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ABSTRACT

An Experimental Study on the Removal of Manganese

in the Raw Water by Electrolysis

Seo, Hoe Yeong
Advisor : Prof. Kim, Sung Hong, Ph.D
Department of Civil Engineering

Graduate School of Chosun University

Manganese constitutes about 0.1% of the earth’s crust and when dissolved
In water, it becomes manganese ion.

If the manganese ion is not sufficiently removed in the water treatment
process, the black water phenomenon may occur in the tap water. Although
the safety of tap water has been greatly improved due to the recent efforts
of the water supplier and the strengthened the water quality standards, it is
sometimes reported that black water comes out from the tap water.

In this study, we experimented the removal effect of manganese in
electrolysis under various conditions of electrode type, contact time, operating
voltage and oxidants usage. The following conclusions were obtained by the
experiments. The manganese removal rate increased proportionally with the
contact time increase. For the 10 minutes of contact time, the manganese
removal rate of the titanium electrode and the manganese dioxide coated
titanium electrode was 4.7% and 7.1%, respectively. The manganese removal
rate also increased as the voltage increased from 9V to 24V while the rate

slightly decreased at 30V.
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Aeration did not improve electrolysis of manganese however, hydrogen
peroxide rapidly improved the manganese oxidation. But the oxide was not
attached to the electrode. In these experiment, the manganese dioxide coating
was found to grow on the surface of the coated titanium electrode. This
means dissolved manganese can be recovered as solid by using manganese

dioxide coated electrode from water treatment process.
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X 2.1 Forms of manganese under neutral condition

| tem (1) 0x < Red (2) 0x < Red (3)
Oxidation
2 +4 +7
number
Mn (HCO
Typical form O:&msdﬁQ MnO, « nH,0 KMnO,
4
ol Walter

oxidized

Water e
—081- reduced 1
-1.2} [Mr‘l]mm =108 Mm Mn{OH)(s)
-1.6 — Mn(s)
| | | | | |
0 2 4 3] 8 10 12 14
pH

el 2.1 Diagram for manganese as function of redox potential and pH in a water at
25°C (Edzwald, 2011).
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Aerobic zone in water

Reservoir water

DO = 6-10 mg/L
No Mn
in the water
Raw water
intake
-
Aerobic
MnO,  pacteria
Aerobic
Anaerobic
Anaerobic MP”
bacteria
Sediments

December-June

Aerobic zone in sediments

Dissolved Mn zone in sediments
Dissoived Mn zone in water

Reservoir water

DO = 4-6 mg/L

Mn oxidizing
bacteria in the
water

Aerobic
MnO, bacteria  Raw water
Aerobic

intake

Anaerobi
aerobic S

Anaerobic
bacteria

Sediments
July-August

Reservoir water

Agrobic
“noz bacteria
Aerobic
Anaerobic Min:
Anaetobic
bacteria

Dissolved Mn
in the water
DO <4 mg/L =

Raw water

intake

Sediments
September-November
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. Mz - H20 @ manganese on the surface of filter media

O Mn: - M) : insoluble and inactive manganese oxide

o Filter Media

g 2.3 Removal mechanism of soluble manganese using manganese sand

SR A S (F A ¢
)

Mn(HCO,),+MnO, « H,0—->MnO, « MnO +2H,0 +2CO, 2.1
A A dk-&- (L3} RS-

MnO, « MnO +H,0 + C¢,—2MnO, +2HC/ (2.2)
Mn(HCOj,), +MnO, « H,0 +Cl,— 2MnO, + H,0 +2HC/+2CO, (2.3)

AAYREEA], AF L G7hol o] el wke-sto] WAL gRle] oitsitto e ket

H 2.4 Stoichiometry for Mn(1l) oxidation by chemical oxidant

] ] Stoichiometric amount
Oxidant React ion Eq.
(mg/mg Mn)
Chlorine, Mn?" + Ct, + 2H,0 <> /5
as Ct, MnO,(s)+2C¢ +4H " '
Chlorine dioxide, as | Mn*" +2C¢0, +2H,0 « > a6
CLO, MnO,(s)+2C¢0 "+4H " '
Mn?* +0,(g)+2H,0 «
Oxygen, as O, ? ? 0.29
MnO,(s)+4H "
Permanganate, as 3Mn** +2KMnO, + 2H,0 o
KMnO, 5MnO,(s)+2K "+4H " '
Mn** +0,+H,0 <
Ozone, as O, 0.88
MnO,(s)+0,+2H "
— 12 —
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22 B AAR TF

2.2.1 A3l o7 7k A A

- 0l 28l
ALSLA S 4 _
(MSHHI/HHEE
0, (aq) Mn** +1/20,+H,0 — MHOQ(S)+2H+ 0.29mg : 1meMn
HOC! Mn** +HOCl+H,0 — MnOyg)+Ce +3H7 1.30mg : 1mghn

KMnO,4| 3Mn** +2KMnO, +2H,0 — 5MnO,g)+2K "+4H | 1.92mg : 1mghn

0,(aq) Mn?" +0;+H,0 — MnOyg)+0,+2H " 0.88mg : TmgMn

CeO0, | Mn**+2C0,+2H,0 — MnOyg)+2C¢0, +4H ' | 2.45mg : 1mghin

_13_
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(1) 7] #7](Aeration)

57 7= A AAdE 783 oA, WkAAY Ao, W] =g
pH 9.5 ool Hastr] wiitol #F-8&3 Yol otk FFollA W3t Ahst= v Al
GAlZ wkgo] dojyry, o]ggt w32 x}Evf(autocatalytic reaction) WHS O =,
MnO,(s)ol &<& WIHI)o] F&eted AAEH, HF dA= pHY d3FS v b
o, pH7} st gkl d el 7 ¥ oL, pH7F w01 Al ef 7 ftH(AWWARE, 2002).

(s)

Mn®* +0,—->MnO,(s) (slow) (2.4)
Mn?" +MnO,(s)—Mn*" « MnO,  (fast) (2.5)
Mn?" « MnO,+0,—2MnO,(s) (very slow) (2.6)

(2) ¢ 24FsHChlorination)

Knocke 5o 9&tH, B7tsE=ZS 1.0mg/LolA 0.7mg/LE A 7Fsl7] ela]s=, 3ske
EAQ A& FAEF Bk of 49 ol o Fdstar, pH 7oA HA 3A7EY] HEA
a3ttt pH 9ol el A= 3t Abstago] mobA HFAIE 1A1E ool
&% 0.05mg/Lelst® Azt 7hsskH, pH 8ol =%=7F 25°CelA 14°C= Zrastd
ZA|gro] 3~4u) kst = gRE AFsE mEo] AstEe Ao Hauda v ¢
of & Wittt RAZL 7] F7]ol 9% 43t A I FAFsHH

)+ClI"+3H"  (slow) (2.7)

s
o
N

ir

b

HOC1+Mn2++HQO—>MnO (s
Mn?" +MnO,(s)—Mn?*" « MnO, (fast) (2.8)

Mn?" « MnO, +HOCI—2MnO,(s)+Cl”+3H"  (moderate) (2.9)

(3) Id7H4a2E (Potassium Permanganate) 2ks}
F TYEFE 05~20 ppmeol™, 4tst ®HS7F Hol A3, T4,
A7 Ao EF AHgo] 7FesHH(AWWARE, 2006). ©feb, 4 1HAME &L 7]

1
)= =
71 ASAlE e Qo dRYoks AEAI7IA XetheE wdo]l Stk

| 4] 25°C, DOC 1.0mg/Leolstd A-F 60% ool HFA|gto] Hasiry, 3
pH 5.5 A b TCER AAERS B, W Aste dad HEAE 60 ©f
— 14 —
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120z oJvel™, DOC %7} 10mg/L ©]

1
)

|

7] wWZell, =% 25°C, pH 7.0¢]

)

25

e

k4

&0

RN

)

AN 87 ATHAWWARE, 2002).

al
=

(MnO,(s))&

N
o)

(4) 2(Ozonation)el] <]

A
=

3)

Rom, Aol H
1, pH 201 4&= MnO, 7+

)

o] +77H MnO, )& AF3} o]

w3

=
L

o ¢

=N
¢}

o] At} Seby

tH, pH 4~8 Atelol= MnO,(s)=

)

7
“

!

Philadelphia Water Department(PWD)ol| A 2]

< oy, A #2012

al

K

)
N
K

0.015mg/L =

FE9 2+F(15mg/L)&

T
- Il

|

A5

(o)}
=

)

—_
file)

l

OC o

3}

}ﬂ]:

-{51_

(5) ©]4ka} 4 (Cl0y)l <

o ¢

=N
¢}

T

st} Gregory

&

Z}
S,

152 287

[e)
2
RS

FH, 10°C ©]

A}S
FH KT E%=7F 0.060~0.200mg/L <l

)

o
T

b2 s

)

0.0lmg/L o©]

=,

Al 2017-190

4]

2017.10.23.); °ll <

—
file)

<

To-

(6) A3k 2~ (Hydrogen Peroxide)©l 2]

ol )3} Faksharas Apole o

)=2)
™

4, pH 55~85

)

of o
oJUbA 37) wiol, SparEga S

=N
¢}

Knocke

o)
=

s
a-
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e el A AA FAR sAocr Aeddor AAAG. 2y 43
AA

rr
il

lo
2
ol
o
&

of ghrh. W3hel Abst= Holl Hldte] 6ul o] oY A7t D Qg o
= AdUAE 471 A B 6vlE O AbsA| Aok gtth= &fn| o]
A AAAS e B A add, o w2 Wihe o] &35t
U oojabsler s HoE ¢ W frleArE Z 2838k Fth(Hallberg and Martinell
1976).

Siderocapas, Leptothrix, Crenothrix, Siderocystis, Metallodenium <¢] ®re|g]o}7}
W3 Abs Ao ®E deA] vt wrEH g ol dWHA O R enzyme#-&-oll o g A Al
APSERES A, At Ao BEIE F& Fol wiEE 2o SujEgol ¢
gt Wbe AATH. A=A A

=3t Ql el oe A A B

2 pH 75 ©]%, DO 5mg/L, 2t} 39 A 217F 300~400mV ©]d FAgt= AL
Aok Algt A4 27] 7hs Al AT AEE Asted 2 Ruyes ¢ @

2l 2~8F9] AlZte] &g H= whilo] Stk webA AEshAQl WS o] &3 HRHA
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2.3 A7 &3

2.3.1 A7 &3 o] &

A71E& o] A= =2 F}38tA Michael Faraday(179171867) <]a 1833 &+
| 2

v A58z 8

b4
K

AFS A3 A7|3s4 Hde
EET PEE T A

|
et FnlE floe B3-S

A 2glo] A gehirh. ke

l‘

y

[©)

o o
Lo
A

oo
oo
.

RN
o

$ K

o]

2.6 Type of electrolytic treatment of wastewater (sommerfeld

T

A|2~El L 18801 o Toj| A A&

UO

, 1999).

Kind Type

Application

Anodic oxidation

Direct electrolysis ] ]
Cathodic reduction

Oxidation
decomposition of organics,
cyanide ion Electrodialysis

of metal ion

Indirect Anodic oxidation

electrolysis Cathodic reduction

Application of ClO,
Application of H,0,

Electro flotation Water electrolysis

Application of micro air
bubble A part of direct
electrolysis

Electrolytic
aggregation

Physicochemical
treatment

Application of soluble
electrode (Fe, Al, Zn)

Electro-dialysis lon treatment

Desalting

Concentration of metal ion

ELHES EREEE R
g H5Ao] o] g,

4% H (Electro coagulation),

T F714

714 FH(Electro

oxidation), ¥ W&

a8}
Qo] L,

Z+(Surface complexation),

oH g Wesel we

- =

_18_
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e dol A7]AMdA =

714

AT = 7~7]./\]7i| 7LZ OOﬂU7<1O

H =9 1w

A4 A
o2 WAEE 7]
17174 AFgH(Electro

o1& (Electrostatic attraction),

flotation),

%1 2H(Chemical modification), 3}8t2 %% (Chemical precipotation)s 2] ®+-g-0]

A AS= HhH o=
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4 ¥lo] Feol
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L
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o] H,0 % OH ¢ wjiste] g5}o] 0] &

3

7 &

(2.10)
(2.11)

Fe(metal) — Fe™?+2e”

+HT + 2

aq

+

Fe(metal) + H,0 — FeOH

0
4r

ooz A3}y

-o/‘l F€2+,F€3+7]—

5

RETAPSY
pu

[¢)

i

o WBEIF AR TG G50l

=

ST

o bR,

o
,.__AO

)

(2.12)

2aq

+

2FeOH ', + %Oﬁ H,0 — 2Fe(OH)
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(2.14)
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aq
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°oF A}&3le] 9V, 12V, 24V, 30VE %A 108wt Al2E AFHsta o
A =
4.301] ER ST

H 4.3 80 HE 22 dI[=o &8 =A

Parameters conditions
potential (voltage) [V] 9, 12, 24, 30
Temperature [C] Room temperature
Reaction time (min) 0, 10, 20, 30, 40, 50, 60
electrode Olatatet M=
KMnO, comcentration (mgMn/L) 5.0
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CHOSUN UNIVERSITY
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