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An experimental study on the removal of manganese

in water using Electrolysis
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ABSTRACT

An experimental study on the removal of manganese

in water using Electic Oxidation

Song, Geon
Advisor : Prof. Kim, Sung Hong, Ph.D
Department of Civil Engineering

Graduate School of Chosun University

Manganese is a natural component of the crust, derived from a water source.
If it is not sufficiently treated in the water treatment process, it may cause
the black water phenomenon of the tap water.

In particular, the level of manganese emission in the lake can be varied from
vear to year depending on climatic and hydrological conditions.

In Korea, high concentration manganese may be introduced into a water
purification plant when conduction phenomenon of lake water generally
occurs. Water quality standards in Korea have been steadily strengthened
along with the increase of the number of items. Currently, 55 items including
turbidity are being managed. Recently, the treatment of aesthetic substances
has become increasingly important in water management.

In this study, the effects of various types of electrodes, number of electrodes,
contact time, and voltage on the removal of manganese were studied by
using batch and continuous electrolysis equipment. The following conclusions
were obtained through the analysis of manganese concentration.

The difference in manganese removal rates between the SUS and Ti
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electrodes was almost the same in the batch type manganese electrolysis
equipment. The removal efficiencies were 11.3% (2), 16.2% (4), and 25.5% (6)
depending on the number of SUS electrodes at 0 to 15 minutes of electrolysis
contact time. The removal efficiency of manganese from the Ti electrode was
93% (2), 181% (4), and 25% (6). In the continuous experiment, the
manganese removal efficiency was 30.9% for the SUS electrode and 34.19 for
the Ti electrode for a contact time of 60 minutes.

As a result, the manganese removal rate also increased when the contact
time increased.

The efficiency of electrolysis tended to increase proportionally with the
number of electrodes, but there was a little difference in efficiency between 2
and 4 electrodes. The number of electrodes of 6 showed higher removal rate
than that of 2 and 4. It confirms that the number of electrodes is also
proportional to the manganese removal rate.

In addition, the most effective removal efficiency was shown when the
voltage was 9V higher than 3V and 6V.

Therefore, it demostrates that the electrolysis efficiency of manganese

increases proportionally to the voltage.
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o 2.1 Forms of Manganese under neutral condition

prar}

[ tem 0Ox <> Red 0x < Red
Oxidation number +2 (1) +4 (2) +7 (3)
ol Water

oxidized

Water =
0.8 reduced 1
12} [Mn}y 1 = 1078 M Mn{OH)s(s)
-1.6— Mn(s)
] | ] l | |
0 2 4 6 8 10 12 14
pH

18 2.1 Diagram for manganese as function of redox potential and pH in a water at
25C (Edzwald, 2011).
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o e B84 A3tEd FAEE dYg 2 B £t Morganl967, Moore, 1977,
Sawyer and McCarty 1978). @714 A= &89 3gh=o] +471e] Abd ol A
+2712] g8 AstdEz FY9En. (Sawyer and McCarty 1978, Stonel9d87). o] ¢+

2o Ao A e e B fr)Ee] HIEHTEA AAE ARste] dojulA HH,
ol tslEr A E WESh s Y 7S TEA Huh 2ol RS His 3 &
Eolatateat ¥be AT 1 AR plHE YolAm 89 xho] Fvletd gl
A3 g7ke] g8 Htew EZHUHGehm and Bregmenl976). X 22v 473
o Fuz Anstn ik FFo] s o4 FE Fehe BeAdon} Lo 2
Mg w frt
I 2.2 Manganese compounds common valence states (Bailar, 1978)
Valence | Chemical . L
Physical form and description
state formula

1 Mn(s) Manganese metal, silvery metal with slight pink apperance

2 Mn (OH), Manganese( Il ) hydroxide, flesh colored

2 MnS Manganese( Il ) sulfate, salmon colored

) MnSO, Manganese( Il ) sulfate, reddish

2 MnCl12 Manganese( Il ) chloride, pink

MnCl,4H/ Manganese( Il ) chloride, tetrahydrate, rose colorde

4 MnO, (S) Manganese in solid pyrolusite, dark brown or black

6 K,MnO, potassium managanate(VI), dark bottle-green

7 KMnO, potassium managanate(VI), intens

— 6 —
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2 2.2 Manganese cycle occurring in a sediment-water system (De Schamphelaire,
2007)
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Cd(34#=)) > Mn(1.881) > Cu(0.841),Pb(0.89)) > Zn(0.7H]) (A4, 2009)

Mn(323mg/kg) > Zn(247) > Cu(221) > Pb(165) > Cd(1.03)

Mn(74mg/kg) > Zn(64) > Cu(47) > Pb(21) > Cd(0.3)
Mn(137mg/kg) > Zn(44) > Cu(37) > Pb(16) > Cd(1.0)
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. Mnlz - H20 @ manganese on the surface of filter media

O MOz - MnO ; insoluble and inactive manganese oxide
o Filter Media

18 2.3 Removal mechanism of soluble manganese using manganese sand

214 3o 4 J+
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Health Service(USPHS)+= Auldoz E#7e Fx ¢ 47t o fidh 7lol=

°1-8 0.05mg/LE AAstA o, 1977, USEPAC] Safe Drinking Water Act(SDWA)
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TSR Etel dE A4 vete] dal Ve #3223 F Zow wiYE HAs e
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glol7] 1% =5 00lmg/LolstE At e, A4S S3= 0013 0.02mg/L2
015mg/L& AN A THAWWARF, 20064). B 0= U 452 52475
& 1A #AoA AR HAY. BA FEE S F47ES 03mg/Llell=T o]
= AAIRATFAA FAstE dAsrE W7I$E 0bmg/LelstE TAStE Ao=E

of
Y
-0,
-

1 1
A7 005mg/Lelatelvt e A7 dd

0.0omg/L= 3= At He = 72
A € 0.0lmg/Lel&} o]th

F Qi FEolaL, o

_10_

Collection @ chosun



AWWA
0.02"
0.01%

0l
RI
RO
ro

0l
&I
20

[e)

R

2,197mg

T

At T =0l
L

A

[ox]

]_

S

WHO

=
KIr
Rl
n0

~

n

B.
K
Rr

<0

NRC(Foodand Nutrition
19773 o] NRCel
o 4], MnCl,2] LD50

SFth.

S
=)

215

EU
0.05

A4 AHAEES 270mg/dayE A

1L.D50
Aol A A7 et AR

o] WolxlttAY ol A

197313 9]

37Tmg = ZAF

i

<)
gl

o] o]
=

6]

-

CANADA
0.05

[e)
°l&

R

R

o] A2 3Tng/day = 74

=

=

=AE
SuH] =
"24
el 4

°F 14mg/Le] ®

BN
T

JAPAN

ki

Kl
<

H
oir

)]
Pl
<k

|
-
T
O
il

R

= Al
of] A
oz BaEr)

R

o]
=

g Hot

USEPA
0.05

k)

SFth.

it o=

0.05

2.3 Water limits for manganese

KOREA

1T
e

O
<

BN
T

74

[e]

4107475mg Mn/kg®l W4, KMnO,9] 79 3797750mg Mn/kgoel 3L, MnO,

Mn/kg® ZAF

Board ofthe NationalResearch Council)® 4]

= HAY

e A A
o] ¥7]% %}, Biofilm

—_
"o

o
ol
A

=
ol

=Ny
[}

0.01~0.05mg/Lel

]

] o

5
R

[e]
Sphaerotilus discophorus

ro)

A=)
=

[e]
T

g

11

3 ol webA A

3

< ZH
Arthrobacter, Hyphomicrobium, Pseudomonas,

%!
th. (AWWAREF, 20061; AWWARF, 2002).

s
al

T

.
TFEH
T

o
Collection @ chosun



171 4

©

A A

a7kl AlA A
Mn?t 2

Q=
T

2.15

T

R

3 4

3

"k

o]

ol
_E_u

XA

—

_XD
ol
XA

—

' XD
|

0

sz
&+

o
F 2 silica

)

<)
Ak

ot

S

9

k. pH 95 ©]

ol ot
ol Ar7) A}

[€)

=4

o] Stk

[€)

7b =gla, ZAAF pHel A Aslrr 79

Mn?*o] gt AHsE R} v

sand, natural greensand, anthracite

A3 A2

]

Yol w3 F 2| (Strong Acid
F# 02 sglassy phosphate, odium

H
T

)

[e]
=

o,
=

i

<)
gl

w2
o

tq &

©

AL

[e]

=

W& A A2l AlAo]
Cation-Exchange Resin)

ol

&

o 3

-
<

polysilicate

ametaphosphate, polyphosphate,

<)
gl

1oh e,

2 o] LH(F &, 2016)

AT

Q

CE RS

ol

T

R

]_

S

A A

[e]

=

|

}tH(Crittenden et al., 2012;Edzwald, 2011).

S

2}
ol H]

AAZF &7V
— 12 -

T

Xt

oA
[¢}

/\o]-

pH7} 9.8 9]

2}
B 7] mEel

Collection @ chosun



Ao AAE 93 Aad ARFE F0E weow, HadHsL Wa €9
n0,(s) g = AA AT Asto] 9% o]
gom, s A9,5e, dR, B, A, Ay

mol we} Arsheie] wpach

I 2.4 Theoretical reaction stoichimetry for manganese 1 (sommerfeld, 1999)

o PN o124l
{F 2] ==
(MSHH/HASE)
0, (aq) MZ2*+1/20,+H,0 — 1\/[nOQ(S>-|-2H+ 0.29mg : 1mg Mn
HOCL Mn®" 4+ HOCL+H,0 — MnO, ) +CL +3H" 1.30mg : 1mg Mn
KMnO, | 3Mn>" +2KMnO, +2H,0 — 5MnO, g +2K "+4H"| 1.92ng : 1mg Mn
0;(aq) Mn** 4+ 0, +H,0 — MnO,s) +0,+2H" 0.88mg : 1mg Mn
CIO, Mn®* +2CI0, +2H,0 — MnO,g)+2CI0, +4H" | 2.45mg : 1mg Mn

Gregory 5(2001)° ¢Jstd, Mn(Il)& %7 0.06070.200mg/L8] HFE A3t
T Mn(I)s5%=E 00lmg/Lolstz fXate dlo olitstdirl 7P ax#<el 4tst

_13_
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Mn?* + oxidant — MnO,(s) (Oxidation) (2.4)
Mn®* + MnO,(s) — Mn?" « MnO,(s) (Adsorption) (2.5)

Mn?* « MnO,(s) + oxidant — 2MnO,(s) (Oxidation) (2.6)

pH 7914 MnO,(s)9 &2 ok 0.3mole Mn® /mole MnO,(s)o]™, pH 7°]8}
NAE F2FEo H4stal, pH 75 ol doAE F25Eel 484 Srishy] Wi

o, pH 75 oM FHeH k= el B

o
4
us)
ol
i~
to,

(autocatalyticoxidation) ¥--&-¢| o3t Zlolt} Algt F® A& dst7] Halrle
Ao A% FUE T3 ARE ANAWAI A sh, AR He HAhE FYshe A
Z1E2AQ Eu] 4bsl WHoeg ASFAE 58 aEsie 94 FUHE 2Eshook

o

SITHAWWAREF, 2006). Philadelphia Baxter 4 5=7del A A A8k st
ostH, pH 65 =AM A4 FUHEHS 05mg/L=E, pH 70]/d ol A 2
0.5mg/L. olst® 9T & dom, 10T olste] F2ox "Hojxy, dAsn FYZFS 1.0

ng/L o]’ o=2 F9fsteiof gt

rir
ul

223 A=A Wil 9 FA7

Siderocapas, Leptothrix, Crenothrix, Siderocystis, Metallodenium ;2] ®Fg]2]o}7}
B kst T o2 dulA Qlvk wElglols AWH 02 enzymeXt&ol o F AUWAE
Wehkg, Ak, AlEEe Y] EEFT FERTO wiEd E2n Y SujEge] 9
gk ALAE AstE I A= FHEAE Fote] WHhE AASH. A=A A&

of oal AgE I ol FAEL BFetHel wy od A4dE A w

>

FUHAAE §18 AESA ARA = 57 21 FAEek o] wiEe] H A AR
s71 2715 v ol dlFojor vk Aeetd AE A% Iy =438 DO Sme/L,
pH 7.5 o], Absl g9l d917F 300~400mV o] frAlshs Aoz et At A
FAe 27 7bE Al AR e flske] 2~859] Alto]l saw= @Ro] Jlth

et A e ol 8% PtA = A AreARy d83t HA e
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o]-&, pHE 7.59]

= 9o
o =

}od lime, caution soda, soda ash

S

=

&4 AA

E=
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2.3 A7 83

A71gdel o

2.3.1

b mhol = # ¢ dl o] (Michael Faraday, 179171867)¢l
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Aok T, 2006). A o] HE L
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718}
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4, (DF3 (OFNA 01, A} HASARNEE olue zgte] ¥
Stolm, o] gl wwabd a7l Yojubam el &8st A4EE 7] 5o
= Aol (DA sl akaiargo] o) 4
el AEAl W BE AR ol avel 23 weow fk, AHT

A7bel ols) mEAw Ay Feled &
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i o &L du
” Jl 2
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e
N
2
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b
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2
2
B
rl
N

G2 AeE A7 H9A A F A AsEe 1899 GFeM AL =YsE
o, T AE GRuEt 2L AR st A5E Atz §40 A7 "o,
A EE foc 842 918 LRUFE A2 AEF LA U S8

&

Aestadtt. dbEl ArEaE e F/FE w259 eI

I 2.5 Theoretical reaction stoichimetry for manganese 2 (sommerfeld, 1999)

kinds Types Application
Oxidation
. . deecomposition of
Direct electrolysis ] ] ] . I
Anodic oxidation organics, cyanide ion
Cathodic reduction Electrodialysis of metal ion

Application of CIO,

Indirect electrolysis Application of H,0,

Application of micro air

Electro flotation Water electrolysis bubble A part of direct
eletrolysis

Electrolvtic agaredation Physicochemical Application of soluble

y ggreq treatment electrode(Fe, Al, Zn)
Electro-dialysis lon treatment Desalting

Concentration of metal ion

A71Eelel olste] edEdo]l A= 7|Ee ol&dA= FEstA FHH o 39l
H

A AR F2 ool W & 4710 $1, 4718 ¥, A28 48, 2WEE, 4

714 48, stebd A& ol oA dojdria Ba
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A7 AZICDel Agde ol (Ampere)ol i1, HSHV)e] ©E EE(Volt),
AR)IS @9= w(Ohm)olth. = 199 A o] et 194#o]e] AF7F 827 sh=
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A AR AE T kel glolA s Eofof & QAo
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