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ABSTRACT : This study evaluated treatability of soluble Mn(II) using multifunctional sand media simultaneously coated with iron
and manganese. In the preparation of IMCS(Iron and Manganese Coated Sand), 0.05 M Mn(Il) solution and Fe(III) solution was
mixed with sand at pH 7. The mineral type of IMCS was identified as the mixture of 22MnO,, goethite and magnetite(Fe;04). The
contents of Mn and Fe coated onto sand were 826 and 1676 mg/kg, respectively. The pHp,. of IMCS was measured as 6.40. The
removal of soluble Mn(II) using IMCS and oxidants such as NaOCl and KMnOy4 was investigated with variation of the solution pH,
reaction time and Mn(II) concentration in a batch test. The removal of Mn(II) on IMCS was 34% at pH 7.4 and the removals of
Mn(II) on IMCS in the presence of NaOCI(13.6 mg/L) at pH 7 and KMnO4(4.8 mg/L) at pH 7.6 were 96% and 89%, respectively.
The removal of Mn(Il) using IMCS and oxidants followed a typical cationic type, showing a gradual increase of removal as the
solution pH increased. The removal of Mn(II) was rapid in the first 6 hrs and then a constant removal was observed. The maximum
removed amount of Mn(II) on IMCS-alone and IMCS in the presence of oxidants such as NaOCI(13.6 mg/L) and KMnO4(4.8
mg/L) were 833.3, 1428.6 and 1666.7 mg/kg, respectively. Mn(II) removal onto the IMCS in the presence of oxidants was well
described by second-order reaction and Langmuir isotherm expression.
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Q09F : B3l o d &3 25 Y A= ohr|sA FaAIel Auf idrto] HAo] 8 E E&(Iron and Manganese Coated
Sand, IMCS)E °|-&3dlo] &€& Mn(D) A7 E4& H7IsHott. Aol AMH-H IMCS+= 0.05 M2 Mn(D¥} Fe(ID) &<
pH 7oA Egtsle] @Az 2 mlo] Il Al xsAt, IMCSE y-MnOg FEje] Mn AHSHET goethite I
magnetite(FezO0q) FEN Q| HASFE0] FAlo] EA5l= AC 2 et Mndt Feol d7F2 Z7F 826 9 1676 mg/kg
2 BEAEQon pHpes 6.4022 ZHE Sk IMCSEF AFSHA 24 NaOCl} KMnO4E ©]-83te] Mn(1D)2] AjA ol w3t
3 8A APe pH Azt Y FEE HEE sto] =35ttt IMCSE o8-8t Mn(D)<S A 2stels o, pH 7.40A4 oF
34%2] AAES e, 4HEHA|Ql NaOCL(13.6 mg/L)& 4 & IMCSe ¥h-&-A1%1 A1t pH 7.0914 96%2] AAES
Uebd KMnO4(4.8 mg/L)E& |83t % pH 7.6914 89%2] AAES Yel et IMCSe AFSHAIE o] 831 Mn(ID&
AAG 79, &N pH7L F7Feel what Al A&0] S718k= oFol FEY AA FFS ztom, vkg A7t 6A17to] Zat &
AL At o] Eddt= AR YERgT IMCSTHS o8-8t Mn(DE A AT 79 833.3 mg/kg®] HANAAFE
ER R, AFSIA| 2 NaOCI(13.6 mg/L), KMnO4(4.8 mg/L)E £ & IMCSe} 9h-&A171 ¢ A A2 242} 1428.6 %
1666.7 mg/kg 2 & Yepgth IMCSO 28t Mn(ID 2] AlA&= 24} 934 =4 Y Langmuir 422 & XH = 9]},

ZFHO : L7t NaOCl, KMnO4, & A3 A 2 27t MStE

1. ME2 AstaL 4kt Qs Askeole 88 AR EART U1t
2 41 42, +3, +4, +6, +79] AS} FEE 7HA AL QAR o

Y2 7Y, T Eegaoln] AL I TR Wl AR oA = +29 +42 ZAEH, HaolAE A
g e sk SEEA HASY WY, FHEY, S, FPETRE Asheo] gol EaEofgleh D Xlo}TOM A
244 59 Aol Ampols §of Ee Bt AHE & sk &5 W2 4wkl pH 20NN Akt o] AR
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syatict.

2 (Iron and Manganese Coated
83to] &2 B AA gt AFE

2.1. A"l XM=
IMCSe A=

chemicals Co.,

= Al9F Fe(NOs)s - 9H20 (Kanto
INC.)¢F Mn(NOs)s3 - 6H20 (Junsei
chemical Co.)E AR89 Fe:Mn B]E(mole ratio)& 5:5
2 5to] 23S 0.1 M2 2483ty 24 Milli-QE AR
5to] A 23 Mn-Fe £3-4%E 6 N NaOHEH 2 pH 7
g 23 5 FEAA ZYAIA FHIEH A=
NaOCI (Junsei chemical Co.)® KMnOs (Kanto

chemicals Co., INC.)& AM3IT

IMCS® E4& 1¢rstr] ¢ WA XRD(X-ray
Diffractometer, XRD, D/MAX Uitima III, Rigaku) &4
& E3f 42 Fe(mineral type)S RAFSHGTH IMCSY
X-ray IAEF E4L 60 kV & 80 mA9A CuKa
radiation(1=1,5406 A)E °|-§3to] =353t} IMCS #H
o =4 - kA BA4E AR Sfell AL - 471 A dEE
53l pH 434 (pH of point of zero charge, pHpz) 4
S FoRa, v EHAE ANV (Surface Area &
Porosimetry Analysis, ASAP 2010, Micromeritics(U. S,
ANE olg3te] HEWA BAS st F 34 24
< 93t E4FO] A EAH(EPA Method 3050B)= ©]-8-3}
IMCSell ZF ¥ Fedt Mn9| -2 2ARHITH

2.2.2. Mn A A&
IMCSE o]-85t0] Mn(ID) A7) S4& obir] 98 3
B4 Agow pH Wsh % AZL Mn(D £ SERsl
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o2 AALNE s3I pH Wstel| W AALAS
I3l polypropylene conical tube(Falcon Co.)oll 5 mg/L
O] Mn(ID)-&ef o] 2A|7]E 0.01 M NaNOs= 3fo], pHE

3~11Ato| 2 243}kl IMCSE 5 g/LE2 93t AA B
S doproitt 3 wky|oA FEE o] o]Fox|= oF
24N 750t ¥F2A1713L o W (membrane filter,

(Advantec, Cellulose Acetate(0.45 um))E ©]&3to] o
It & N F I FEE FEEETEn S YR
A7|(ICP-OES, Perkin—Elmer, Optima 2000 DV)E A}
&oto] SAsk ¥REE A= M) $=E 5
mg/LE 3}al o] &A]7] 0.01 M NaNOs, pH 72 1331
0~24 417k Afo] 8] A|A HoFe 2AREAH. Mn(D +9 &

LRl w2 —;T’l. 192 Mn(H) $EE 1~300 mg/L 7}
A M3hg £aL o] 2A]7] FEE o] 2A]7] 0.01 M NaNOs,
pH 7= Wﬁ} oF 24A1ZF WESAIZITE. IMCS Sl

2 Mn(D)9 AAFE Lotz $&) Mn(l) == 5
mg/LE 3} o] &A]7] 0.01 M NaNOs, pH 72 1A3stx
IMCS9| F#S 1~20 g/LE2 WA AlA A3 A}
sFeict.

APSHA 24 NaOCIeF KMnOsE ZH2Z 913 & IMCS$}
HESAIA Mn(D 9] AlA Aaks AT pH ¥stol wh&
AFo A NaOClZ KMnOsE ©]2% A&H[FS] 1/2, 1, 24)
2 Zhz7} Q) sto] AbekA| o] 27 F=Q1FF(NaOCl-o] 24 4:H]
2ro] 28f, 13.6 mg/L, KMnO4—0] 22 AH]aFe] 1/2u], 4.8
mg/L)& APgste] AIZF W3} sk W3} IMCSS Y%=
H3EAIA NaOCl# KMnOsoll 2J3F Mn(ID9] AFskel IMCS
k] A|A W& Y5tk

3. Zut A ¥
3.1. E2Nle| 22| - s8HH EY
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3050B% 483 A3}, Mn3} Feo] Hio] 2k7} 826, 1676
mg/kg O 2 LFERSTE

XAl B|AAAE 0]43}0] Cuk, radiation(d = 1.5406 &),
40 kV, 40 mA, Scan Range = 20~80 02] H-AZZojlA
IMCSe] 24 T2 BAHE A Fig, 19} o] dojHt
XRD &4 A3 IMCSoll= SRl y-MnO,, HAtehe
2l FesOs(magnetite), A1 /<l SiOa(quartz)7t EA =]
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Fig. 1. XRD pattern of IMCS.

A2 FEXARRE IMCSe vjEHAL 747 0.3604 m2/g3t
0.869 m2/go2 eI, Mni} Fedl 8ol o3 H]%H
Zo] of 2,48 A= Ax ALz Yyt o= IMCS &
o Mn¥} Fe Alokzo] TR Eol GA WO AH7|7} S7F
SRl o] & QIgk 9] F FHA o] ol Ao o3t Ao vt
=t

A7) ARAE S ol TEE IMCSY| #WHol23} A
T pKar® pKaoE 0188+ pHpse 42 39T pHpzes
ARREH O AsH7E 091 A1 Y] pHEA A(4)3} o] Ak
o X =, pHpse w0l S7FeHA HH A9 s
(protonation)§k-g-o] $Alstel U pHAlA F&5AEHE9|

FHE FHsE 1A =t
pHpze = 0.5 [pKa1 + pKao] 4)

ZyZy 3 0] 23 A (surface acidity

e}, pKaidt pKa®l
Z¥7k 3,51, 9.302.2 YR, A/(4)E E3l pHpser= 6.402
UERsTh ol pH7F 6.4 odel 2HoA= IMCS9| %9
o] FHsHE YA o] A4 o] WY 4= lrk= A
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Table 1. Physicochemical characteristics of IMCS

Mn content (mg/kg) 826

Fe content (mg/kg) 1676
Specific surface area (m2/g) 0.869
PHpzc 6.40
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Fig. 2. Adsorption of Mn(ll) onto IMCS and sand as a
function of pH.
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Fig. 3. Speciation of 5 mg/L Mn(ll) obtained by MINEQL+
software as a function of solution pH.

3.2. pH H3lol| e wM7HE

D*iﬂfn‘ AFgE mel IMCSS ©]83ke] 5 mg/L Mn(ID 2]
AAES Fig. 20] Yetlsich A2 AHEE Hefjol= Fe
dto] EAste] pH 8.591A4 °F 17%9] AAES UEhd
ok, pH7F 9Hth & oA = A2 AREE Refjo] o3t
AAZE obd Mn(De] ol o5k AjAL sl =t o]
© MINEQL+< ©]-&3tod pHell wfet EAsh= Mn(D9] 3}
sk BT TARSE Fig, 322 A9E 4 9ot Fig. 3&
&2 Mn(ID 5 mg/L7} pH ®i3}ol| oJ3f ojwHgt o] Fejz
EAS=AE HARE ATRRIH], pH 9.57H = HiE &
Aejo) Mn™* o] de|Z ZA)5he n]aFe] MnOH' o] @
g7} pH 8,594 9F 13% Ax ZAsh= A2 LEytt), o]
7331}& Q_}_ A]—EHE }_zﬂs}g Mn ID—O— pH 9. 57]]-;(] Oko]i
P = EARIT= AS HolFal, pH7E 9.5 ool HH 1}

o|2 I Z0}o| E(pyrochroite, Mn(OH)z) e JHAEZ
ZAste] 8& Y] Mn(ID) o]2o] AlAE= Ao= e
wow, o] Mn(De] 73t dae|21oA= Al 9
3 AAE 5 Adoke AS AlAlsiEe

IMCS& pH7F W2 7oA gyt Zefjoll vls Mn(ID)

of gk AAEe] tha Wok=d| ol= IMCSell 2%k Mn(1l)
o] HF Als} 2ol oJgt AAL} TA IMCSell 29 H 37t
AtghEo] 7t Abd 2 7lol A 8E5 7] wiZell A4 Mno] Al
Ago] thh Y o2 HutE Fig, 20 yehd vket 2
o] IMCSell ¢Jgt && 47t AANE AT} pH 7.8004= oF
35%2] AAES Uefligletl, ol gyt Hafjof vls) oF 2
i A= AAgo] S7HA Aot ol= 4] (3)2] kol wht
IMCS®l Z¥¥ YZHASE(MnOg)o] £ A< Mn(1D) A
A9l Zuff gk §b7] wjolzt wete %WHJ% 2]
o Mn(Il) o]&0] &
FEro] Mn(ID) OI%

F

Jﬁl%ol Hol RAHER 3ol

o ES IMCS«] pHpze7} 6.400]1 22 pHZF 7.0 ©]4¢1 A]
HollA= IMCSe W2 F438HE HA| Hof o A5
MnOzfl &fsf eFol24] Mn(ID) o] o] HH7]4 2l=o] &Js)
A7 HEgo] £4d Ao dghEnh, ol 27H4] thE
o) Y3t FRARE o183t & Y& AT Lee et al.ol
o EuE Y Mn(D) AlA B3 fARE 23S HojE
th16) pHofl #sto] whg meiel IMCSS| Mn(D) AlAES
pH7F S71dell weh A& S7tske ol FH
(Cationic—type)®] A7 F&d= wh2e AL2 YeEylth

A (B)& WS AuE ofol FHS] Mn(D) o]2°]
PHdskee] AdstH H ol &o] Wsh= A& & 4 3tk

el
ARl o8] GFol 2F e <] o] o] Fatof o3 A|A
H Al (5)~10)9] Bhgol et G4 pH7} Wolx|A €
t} 22
=MnOH + X*" & =MnOX> +H" ®)
=MnO +X*" & =MnO'X*" )
=2(MnOH) + X*" & =Mn0),X> +2H" )
=2(MnO) + X*" & =(Mn0O )X ®
=MnOH + X*" + H,0 & =MnOXOH + 2H" )

=MnOH + 2Y*" + H,0 & =MnOY,0H>  + 2H" 10)

Fig. 4= Mn(ID) ©]2& AP AF8kA)7]7] 9fgt AlsiA =
Ai NaOCl& o]-83te] IMCS2t 54171 3 Mn(ID2] A|AE&
< Yehfieh 5 mg/Le Mn(D& ASHA7]=d Zasgt
NaOC19] o]&2] &:H|FZ 6.8 mg/Lo|H, 0|24 4:H|FY
1/2, 1, 2812} NaOCl& F=ste] 4tsbA|et IMCS7} Mn(ID)
< AASE B AR NaOClE o] 24 4H|F)
1/248191 3.4 mg/LE FUHE A5 pH oF 7oA 40%2 A
A UERaL, o]24 anjais FU3E 35 549 pH
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Fig. 4. Removal of Mn(ll) onto IMCS obtained at four different
NaOCI concentration as a function of pH.
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Fig. 5. Removal of Mn onto IMCS obtained at four different
KMnOg4 concentration as a function of pH.

oA 52%= S7HE AATS UE e,
o] 2ulQl 13.6 mg/LE FUT Aol oF 96%°] AAZ
Hle} NaOCH Tl S7Htel whet 8 Mn(D)2 Zﬂ
Ago] F7Fle AR Ueon NaOClE FUE 73
S ool T_%IEHJ AA BeFe hE2es Aoz ey
NaOCl& F3gre 2 A hypochlorite acid(HOCH7F Mn(II)

0] L0 AE}E ZAA|7|BE Mn(D] ALSHE A4 MnO;
o] IMCS ™o F7F4 o2 I8 % o] Mn(I) ©]&2] A7}
e Ao gekEc

APHAIE KMnO4s& ©]-88to] Webd Mn(ID) AlA &2
Fig. 59 Zt} 5 mg/L2 Mn(D) AtsiA7]=d "ast
KMnO49] 0|22 AH|ZFS 9.6 mg/Lo|H, o]22 Au|gk9]
1/2, 1, 2812 KMnOs= 3t} AHebA|eF IMCS7F Mn(ID)
= AASH: 542 AT KMnO49] 7% 6 pH 1
oAl Mn(ID& MnOg& 5% oW Ag}Al7]=d], Van
Benschoten et al.o] 2i1gt Wj-gof E® oF ze|4d<l pH
7.5~8.0 FAolA F7t Abste] 2Zofetar dejA Qlrt 10
E3 ARt AkstE o] ogff o]EA o Al Kot A2 ¢
2% andos Mn(De AR & QL w2 A

0|27 iu]ak

Fo

Y7 &(MnOy )o] 2 o] a7} P o & 2
d o7t kel BuEgiet o] 24 4HFe 1/291 4.8
mg/Le] KMnOs& ASIAIR 913t 49 pH 7.8914 oF
89%°] Mn(II) A|A7} o]FAF 1L, o] NaOCI Zo| pH
7F 571kl wheh Al A&l —7}°PE Foled AAHFS I
231 T}, KMnO4 9.6 mg/LE Y8 4 pH 3~119] ¥
flollA 96% olFel AAES UEFHSIH. KMnOs 19.2
mg/LE FUg 74-F AA Y1 AAE pH 3914 oF 71%
o AAES Holn, pH7} F7hetoll whet A g1t AAE
o] % io}oﬂ‘:}. o] I KMnOy Yol T2 Sol-23 9]
Tt Aprgrbko] 0] ofatgof ol glof o]t AnHE UE
W Zos dhE AR RA KMnOsZ ©l-8sto] 8&
Mn(D A2 Al KMnOs 5ol ot 8
5= QUek, o] 24 FYF ofstR FYsHAY o]

A U Hot 3*—\::% A FYslE 9= Mn(D) AA
A g ¥ TS Al AR BT s =t
Z715FH ekl Raveendran et al. .= B8}t 23 &2
7o) Atste] oA AA ==t 1A KMnO4s7} NaOCl
o Al AL Mg F Yol KMnOs9]  4takehed A ¢
Aol 7]

&& Mn(D9] &7

(1.68 V)7} NaOC12] Al5}3}
olst Ao 7 FhE)

A (1.48 V)EL 2

3.3. B3 AlZtof| mE MAHZ

Fig. 6= 27| pH 7x71ol|lA A7t ®isto] w5 mg/L
Mn(De] AA EA4L Yetilch ASAE FUsHA F2
IMCS®} AFFA| 241 NaOC12F KMnOs2 ©]-8-3t0] AFstAlz]
& IMCSell 9fgt AlA W& Hashct. AsAE st
A] 331 IMCSRRE 0183 F2F ¥hg-ofl A= whg- 6A17F o] %
of F 33%2] AALES Holn] T2 HHo| k= AoR
LRt} AFSRAI 24 NaOClE: ©]-83+%S o, HOCIol 2
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Fig. 6. Removal of 5 mg/L Mn(ll) onto IMCS at pH 7 as a
function of time.
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Fig. 7. The pseudo—second order plots for the removal of
Mn(ll) by IMCS.
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HhS Alzbel w2 Aukg Fal AAIE o] 85kA] ok
Mn(1D AA7}F B mEsh= Al7ko] oF A7 o]2h=
o = %L, NaOCLE AHSHA| &2 o] 83t 3¢ AlstAl &
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Al (19 23 ¥ &%
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kg/mg - hr, NaOCI AFshgl= Z=elah 4% 3.18x10 °
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