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Soluble Manganese Removal Using Manganese Oxide Coated Media
(MOCM)
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Abstract

Soluble manganese removal was analyzed as a function of filter media, filter depth, presence or absence
of chlorination, and surface manganese oxide concentration in water treatment processes. Sand,
manganese oxide coated sand (MOCS), sand+MOCS, and granular activated carbon(GAC) were used as
filter media. Manganese removal, surface manganese oxide concentration, turbidity removal, and
regeneration of MOCS in various filter media were investigated. Results indicated that soluble manganese
removal in MOCS was rapid and efficient, and most of the removal happened at the top of the filter. When
filter influent (residual chlorine 1.0mg/L) with an average manganese concentration of 0.204mg/L was fed
through a filter column, the sand+MOCS and MOCS columns can remove 98.9% and 99.2% of manganese
respectively on an annual basis. On the other hand, manganese removal in sand and the GAC column was
minimal during the initial stage of filtration, but after 8 months of filter run they removed 99% and 35% of
manganese, respectively. Sand tumed into MOCS after a certain period of filtration, while GAC did not. in
MOCS, the manganese adsorption rate on the filter media was inversely proportional to the filter depth,
while the density of media was proportional to the filter depth.

Key words: manganese oxide coated sand (MOCS), manganese removal, black water, granular media
filtration, adsorption
FHO: MUTIIIEAL Y7HHH, S5 AN}

X+
Al

]

*Corresponding author  Tel: +82-42-860-0239, FAX:-+82-42-860-0248, E-mail: Kjinkeun@kwater.orkr (Kim, JK.)

813



=

Al
2 e

ol

7+ A A
[e)

©

< 0.05mg/L ]

ong Uil A

Journal of the Korean Society of Water and Wastewater

Vol. 20, No. 6, pp. 813-822, 2006

elekaL

=

k)

B HeAlA 0.05mg/L o]

1}
P

[+]
24
w3

&

171

]..

o] g7} ¢l
o] pH7}t

gl
2
L

7

Z
2t
A
T

T

©

ol

.q

2

2 &7
2
[5]
A=
s

H
=

e}
7

, 1998 AEHAMTIHE L ¥

% —  2000; Jusoh &, 2005;

o}, 949 pHIL &8 7

}‘.

2004) .
&

ot mEkA

3

=
<]

1999; Hu
(Ao AAT

<

© 47hd 3719

+ AAZE FE B kEZRfO|ET} AMGET

2o 2} (MOCM; manganese oxide coated media) 2]

o] ANzt #Hlol Tk

(Zaw
A olA
X

i

L

7]

-

, 26.3%

Wl 5

loz AT dYFR gl e

R
e ¥R & Aoz B4Hw ANl

e}

il
A AL
=

=13
YT ok, T e

2005 AN of 22AME S 5

oH

P

9} (Knocke %

A~
T

W 5Bge] $ATE Fuste gedd) £

M

1A A

&
s

d

hd

2

SERIEE BT

1991).

1

o

O

o3

=

=

1988; Knocke
R

o)

1+ (Williams

3

74

=
=

Azte] oF 0.1%
1986) B4Rz wak 0, 2, 4, 6, 79

ot} A5t =

o
ﬁo
A4

| A7 st

pH 8.5 <]

ol A
s}
=

Hlgo] 7] g
1991; Sommerfeld,

=
[

.

1

stol| A& Atste

)

2k Eﬂ»‘:— o] 9 tH(Knocke

0]
P
814

4=

2=

g
H(Sommerfeld, 1999; HASKERF A, 2000).

7t

& o
T

Koy

=

HA =0

,'7} 5]

=

Q

7} <F 300-4004}



HOIREYRA| =0
207 8%, pp. 813-822, 2006

SEA ke e e
299t 99
olZtH(Knocke &, 1988; Sommerfeld, 1999).
I ABelBne o) BT F3 AA
S BEel AT eliA] A
on, ol 99
A ETE MOCMY R&48 7
jshe 257} m%%olﬂ}(lﬁlocke

o s

S,

-

R o i

B b Al
e

=

o

Slg HelA 4

, 1991; Sommerfeld, 1999)
MOCM $lo =
Pyrolusite, Birm"™

o

7+ AF (manganese greensand) |

EEELEE

A #Ho| &
s Yrke A
AAE A AT
HEAHMOCS; manganese ox1de coated sand)
I Qe (BAZ &5, 2005), MOCS= &
OME} HV\ %«1 TEE AANE

1999). MOCMoﬂ

2el xaw Sels 2ol e & 5

Mn** + MnO,(s) — MnO,(s)-Mn**
MnOy(s)-Mn** + HOCL + H,O
— 2MnO,(s) + 3H+ CI

MOCMe] Zdof| 1
. MOCMo9| <]
el 255 Akt
(1964)°] 2l3d ©

ﬂ ‘:'1

o ox ox

ox Hoth 2L

e K

2

—

of

—_

a0t Kn cke %(1991) d oJ3Pd o
A A5 Addldn B,
22gelm g4
24, MOCMe] A

MnO,(s)-Mn®

o

14
tlo
o
i3

& M

4
o

£

tlo o moi o M O
oy
> oo
= oX
Q o
o 2%
o L
ﬂl{olr
4\2‘ Dt
ol
lo o
LU

=

>~

N
°
i
ol
iy S
4 L

KON rot by
Ch

=

:
ol o
Lo
(R
fot,

Y

o2

MOCMo] thi] Zgtslo] d&son
= AAZ F A A S %ﬂfrxﬂ/ﬂ MOCMPJ
AQE fote] F2 Ahgohes WS MOCMo| 24
oA Adel] dhdan S3rdae

How ALES 2010}5 Aot} 2F

it
oy

b off 2,

¥ £ W
o~ D off X
e do T Iy

o
o

A b

Ael8A, pH We} Tof o gE297t 3
|Asle Aotk HEAAE e AR 747 B
g, 2# +MOCS, MOCS, dA4&A4 e (GAC;
granular activated carbon) & -2 4719 a2
AXeta Aol M BUAAE, ezt 2R
HEAAE, HFEE 58 ﬂ%‘s}ﬁiﬂ.

Higd

2. AUy

oo

2.1, FAKY
mef, 2y +MOCS(%Z_]H]E 50%4 %),
A7 20cme) 47) o2y
o= ?*éﬂ E‘%%%E%— oj 83t A= sgle
o DYZAE MFE oA ApFe Fig. 1 2
2ot & ATl ARSE MOCS& H<t
T2 Ao g AFSEFY oA A 2 8}

[So]

From
Sedimentation

Tank

Ry

\,

el 3H

X0} Tank
1 Sy
Waste Bottle

7
Peristaltic Pump"

: :

| IR
Effluent

Sampling

Fig. 1. Schematic of experimental filtration system(not to scale).

815



=
5,

GAC
87
1.16
0.55
<1.9
oI 7 H]

=,

e}

A7)

2}
=

MOCS
70
2.25
0.7
1.39

AAEE pH, *

L

-

el A

81
247
0.81

.38

1

Sand+MOCS(1:1)

5
5
5

9
2.49

Sand
0.9
.48

)

mm

No. 6, pp. 813-822, 2006

s

Journal of the Korean Society of Water and Wastewater

\/
Uniformity Coefficient

ol. 20

Media
Depth(cm)
Specific Gravity
Effective Size(

Table 1. Filter media specifications
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Fig. 2. SEM image of sand.
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Fig. 3. SEM image of MOCS.
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Table 2. Manganese removal under pH changes and no pre-filier chlorination

Media pHB.9 pHG6.0
Conce. (mg/L) Removal (%) Conc. (mg/L) Removal (%)
Sand 0.244 7.9 0.225 1.1
Sand+MOCS 0.034 87.0 0.150 34.1
MOCS 0.013 95.0 0.082 64.0
GAC 0.217 18.1 0.220 3.5
A4E uQ ol # AL pHL woluss 10 pre
MOCSe) Edle] F2EE W] §&H o} 1A o
Aoz YAz gel AdEe A% MOCSS w3t B %
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o } _ £
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Table 3. Mn concentration vs. filter depth {mg Mn/g media)

depth{cm) 5 10 5 20 25 30 3 40 45 50 55 &0
Sand Beginning 0 0 ¢} 0 0 0 0 0 ¢ 0 0 0
After 1yr. 112 101 42 35 3.0 26 22 23 25 2.3 2.0 2.0
Sand + MOCS  Beginning 802 475 13.6 20.3 45 1.8 9.2 4.7 1.3 6.1 25 0.6
After tyr. 193.0 1802 1058 610 13.3 8.6 42 2.3 1.8 1.4 1.0 0.9
MOCS Beginning 1042 775 573 37.9 288 126 14.7 47 56 3.0 8.0 27
After 1yr. 2087 1721 1069 628 329 246 11.3 105 9.5 8.9 10.0 6.3
GAC Beginning 0 0 0 0 0 0 0 0 0 0 0 0
After yr. 04 06 1.0 0.9 0.9 1.0 1.0 1.2 1.2 0.6 04 07
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