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ABSTRACT

The binary oxide adsorbent using Fe and Mn (Fe-Mn) has been prepared by precipitation method to enhance the removal
of phosphate. Different amounts of chitosan, a natural organic polymer, were used during preparation of Fe-Mn as
a stabilizer to protect an aggregation of Fe-Mn particles. The optimal amount of chitosan has been determined considering
the separation of the Fe-Mn particles by gravity from solution and highest removal efficiency of phosphate (Fe-Mn10).
The application of Fe-Mn10 increased removal efficiency at least 15% compared to bare Fe-Mn. According to the Langmuir
isotherm model, the maximum uptake (gm) and affinity coefficient (b) were calculated to be 184 and 240 mg/g, and
4.28 and 7.30 L/mg for Fe-Mn and Fe-Mn10, respectively, indicating 30% and 70% increase. The effect of pH showed
that the removal efficiency of phosphate was decrease with increase of pH regardless of type of adsorbent. The enhanced
removal efficiency for Fe-Mn10 was maintained in entire range of pH. In the kinetics, both adsorbents obtained 70%
removal efficiency within 5 min and 90% removal efficiency was achieved at 1 h. Pseudo second order (PSO) kinetic
model showed higher correlation of determination (R?), suggesting chemisorption was the primary phosphate adsorption
for both Fe-Mn and Fe-Mn10.
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AF/IM IR Fa A FHAAL £
ATt v EHLo] At EYOR BO AAEE
2 Yelaz ¢l HFO(Hydrous ferric oxide)7} 714
3£ A o]t} (Aragaw et al, 2021; Zhang et al., 2019).
AR FIE 93] L 790 2 3 0]F Fd(Fe-Ce
(Zhang et al., 2005); Fe-Al (Hong et al., 2010); Fe-Mg
(Khan et al., 2021); Fe-Cu(Zhang et al., 2021))2] %
=2 575 v AAEES YL ik F7)yt
olFEE UAE =2 FFESE UEHUW L 3ol
A DACNA AR =2 oUAZ siA ¢
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FHA 9 Aol 64 3ttt (An and Zhao, 2012).
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2.1 Fe=Mn ¥ Fe g4

—Mn—chitosan

Fe-Mn9] 3dHH& 139 g/L9 FeSO,7H,O(Sigma
Aldrich, USA)®2} 2.65 g/Le] KMnO4(Sigma Aldrich,
USA) &Hs 72t 833 mLE 1 L Eol24(D,
deionized water)o]] H7} ¥ wHl 3¢ o, &3 gl
wHE A pHZ} 7.57} QEE NaOH 4 M-g&HS x}-8-5}
o] Z2A3}%h pH ZA 5 1A7F BoF =71 ¢l myt
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2.6 2 di

HS-1000Plus(HUMAS, Korea)?} ion chromatography
(IC) (Model:ICS-100, Dionex, Sunnyvale, USA) A}-8-5}
of qlitel B BAL AAsIon, AR pH %
A& pH Z=HOrion Star A211, Thermo Scientific,
USAYS AHgate] Z4steich

3. 2 Y ma
3.1 Fe—MnI} Fe—~Mn—chitosanS 0|25t QI At
H7H=& Hlw

Fig. 12 Fe-Mni} 7|EAF FQjEfo] wE Fe-Mn-
chitosan 3%(Fe-Mnl, Fe-Mn3, Fe-Mn10)2] Q1A+ A|
AfEe Ued Aot Fe-Mno| 7 4k A7
TEL 60%0] 2 Fe-Mnl, Fe-Mn5, Fe-Mnl10-& 2z
7 69.4, 68.7, 76.4%= TATA A ZIEALS] 9Fo|
ZlEes QAo AAEgo] PHBL & &
o} ol FeMn Q12 TAA 71 ATe] Q1R10) e
29| A%Z oJm|gtt}. Fe-Mnl¥} Fe-MnSoj|A] 7] &4k
o] o] F7HSolE 4t AATES] AolE
Holz] AL Fe-MnyAe] e flsiA= AR ©
Abo) 7|4k Felepo] Wagh Ao peEn, 4
Aol A= Fe-Mnl0o| A 2 A 9] 7|EAF QA% 24
3 % 9lek o B SR 7|E4HS o]§3ho] FeMn
4 T A% AR ol ok FY Wl
x| gro} aroHF o] of#Fo] Utk wEbA QIAFY
AAGLFLS SIshH FeMnl00z AQFon]
Fe-Mnz} W] w5Hgic
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Fig. 1. Phosphate removal efficiency for Fe-Mn, Fe-Mn1, Fe-Mn5

and Fe-Mn10 in a 20 mg/L initial phosphate at pH 6.5.

3.2 pH & &3

Fig. 2= pHof| T Fe-Mn¥} Fe-Mn109] ¢14bgd A
71 E&2 e Aot pH7E Qb EAke] vjA=
P2 A FrHAeIn A= A
f15h= E(species)o] 5=5-2] pHoll ofsl] AA €. <l
o] pk.Zre zHzF 2.14, 7.20, 1242 2
ZdAH ol A= HiPOs, ©F HoPO,
716l A HPOS , 18] 3t 7371/l Al POS
7F 8 Fo=2 ZA3tt (Kim and An, 2021). 2 A
A=Z(pH 4-9)° 4 ] 4T A el ¢ HPOs (pH 4-7.2)
o} HPO (pH 72:9.0)2 F& ZAgtc}. FHAE= pH
of 9|3t 9FAlA}SH(protonation)2] Ao ukE} F2HA|
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olRofAn] 450 OHO} QlArde AR Het
(An and Zhao, 2012; Du et al., 2017).
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Fig. 2. Phosphate removal efficiency for Fe-Mn and Fe-Mn10
as a function of time in a 25 mg/L of initial phosphate.

™, Z} pHOJ A Fe-Mnl09] el A|A &S] Hoh=
UEhA] o= 2o R Helrh ol pH F7te] o
AATZE AL 71872 YEhY S 1 Fe-Mne
-8.74, Fe-Mn10- -9.64% G-A}3t 7]&712 Uehgoz
A AAFE ) AARES A7 oA 2HHS
el & 4= Slek

vt © & Langmuir®} Freundlich 5-282F g4
o mel EL e TAE Agskod A8l 5

X3} e (affinity) o] H]wL7} 7kt
Fig. 37 Table 1& 582 mul 4L o] galo] 3t
S e ik R 38 vmeld S A% T &
24| += Freundlich 5-2-82H]& #-8-5F91S uff Langmuir
of Agrr He S e gov] o] upgko
2 Quiele] Fao] Beld Fatolw, thEE Faol
o|F oAtk #HeE 4~ It} (Kaushal and Shingh,
2017). Qui} K= Langmuir®} Freundlcih 5-25-2H4]of
A F &S e, Fe-Mni} Fe-Mnl09] 4] Qn
o 7}z 184 mg/gT} 240 mgle, K= 1587} 19002
Fe-Mn109] 7%~ Qni} Kol Al Z}2} 42.89} 20.3% 57}
H S 92 4 Utk Langmuir 2 @& o]-8-5o] A2

-l

bol 7%, H3=ES Yepdch (Kim and An, 2021).
Fe-Mn¥} Fe-Mn109] 7%, 247} 4283} 7.30 UHEfU

L QAT

7+ e

o= Fe-Mnl102] 79~ Qlabdof digh zete
e AL Sl

350

300
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200

150

100 -
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— — — Langmuir
Freundlich
0 -0 T T T
0 10 20 30 40
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Fig. 3. Nonlinear Langmuir and Freundlich isotherm model
for phosphate for Fe-Mn and Fe-Mn10.

Table 1. Values of the parameters calculated by non-linear
Langmuir and Freundlich isotherm equation

izz‘gfer(i Parameter Fe-Mn Fe-Mn10
Qm (mg/g) 184 240
Langmuir b (g/mg) 4.28 7.30
R? 0.976 0.939
Kr
(mgg)mg'™| 190
Freundlich 1/n 0.0484 0.0875
n 13.9 9.92
R? 0.980 0.971
3.4 HI2AE A5

Fe-Mn¥} Fe-Mnl10 &2&HHe &% HE ¢}
AS A5k Fig 4= WS A7k @2 QA
AARES UeRH Zlolth Fig. 4a)°] &JstH +
2HA| W whSAIZRo] 12A]7kof| A Q14RO Sk
o] B =dsl= AL UEon, vkg 1At
A A 2] 90%ol4Fol G E e, WAIZE
(2 AoA 7P 32 AhS A F S
5T A AARES 73%Z =7t A= ATt (Fig. 4(b)).
E3F Fe-Mnl10& A A HH-2- A)7F 59 Fe-MnEt} 10%
o9 i AARES ALHoE YehfaL glo
™, HRSAIZE 1020|555 e AAGEY] AolE Ko
Zt} (Fig. 4(a), dash line).
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Fig. 4. Phosphate removal efficiency for Fe-Mn and Fe-Mn10

at pH 6.5 in a 10 mg/L of initial phosphate.

T A A FHWE o8] WA
AL TZHPFO, 4] (5)), 22HPSO 4] (6)) WH<=Alo]
ML 3HS Table 29} Fig. 5 UERjo] WHS4 o]
3t Ak winEs WsAh RGE vlae] A4,
Fe-Mn102] 7% PFO2} PSOo Al 0.90]4F© & Fe-Mn

200
150 - 0 o ° °
o R .’ . *
te)] o —. -
% 1oo~‘i
5
50
° Fe-Mn
o Fe-Mn10
— — — Nonlinear PFO
Nonlinear PSO
0 T T T T

20

Time, h

30

40
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Fig. 5. Nonlinear pseudo-first-order (PFO) and pseudo-
second-order (PSO) kinetic for Fe-Mn and Fe-Mn10.

Ho} &2 g vUeEhslen, S&Ae
9lo] PSOo A Altjzd oz =° R? 7+ ey Qo
H AeE 9u|sk= kit kgto] =
7h w5 olu|gttt kit ky o Aoighe A& vjud
7 YA ki ko ZFzbol] gt AtiA HlaE skl
(Shin et al., 2021). Fe-Mn102] <%= A}4= ko] PFOY]
A OF 16%, PSOA A= oF 15% A 43 3
ofZth o FAAY Eio] F|EA] EAR 21
AIe) WgHEE ArjHoR LalAt AL o
ehdith (Kim et al, 2019). Q1AFE F2Hq) 9] B,
H A g 12} 21}01]*1 Fe-Mn109[ 4] Z+2} 253} 23%9]
?ﬂﬂ% = 0}74] Kol gl
2 APgAeR 41‘ (M ®)=
o, A= Table 29} Fig. 69 212t Le}
4] PFO= ]9 2o RPZEOZ QlafA, &
= »wa}w(w 2] eh2). ol Al
BEH q.0) g Astel kigkat A
& BIY ok = wIYor HYH ool
UEeldT) (Revellame

ofs) wAES S of
et al., 2020). A7}x o7 o T A A3 A PSOE
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Fig. 6. Linear pseudo-second-order (PSO) kinetic for Fe-Mn
and Fe-Mn10.

Table 2. Values of the parameters of the non-linear and linear pseudo first and second order kinetic

Nonlinear PFO Nonlinear PSO Linear PSO
Petameters
Fe-Mn Fe-Mn10 Fe-Mn Fe-Mn10 Fe-Mn Fe-Mn10
k 17.3 14.5 0.24 0.203 0.0337 0.0184
q. (mg/g) 109 136 114 140 125 154
R? 0.872 0.941 0.933 0.974 0.999 0.999
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A4l PFORTE AFsln gon ALE APsti
9lt} (Revellame et al., 2020). & 7L Al AxE A
4] PSOE= 0.9999] R? 7h& 92 5= itk

4. 48 2

2 oILo] A= Fe-Mn I} Fe-Mn-chitosan 2 A}-8-3}
of theFet AEE XS Ak AlA aE&S H|
w3k Ay ohe 22 AES 4t

(1) Fe-Mn A% A], 7|EARS 3HASE A9 QlAk

A A7 LS Fe-Mn HE} oF 10%°ll A4 16% 5713}
F71aLE A ol gk YAt
3 3 s O‘ZH 3% ‘@%01 Taste] g2 7t

rr

or r&
o o2 o o oX uR

SIS

S2 5 FAA0) A AA RG] ZAsck pH
7t e AARE 71e7]e F S BFE H
o 71871 yepy, mE
Fe-Mn 2t} 10%d % &2 A4 AlA 88 S
shel shglon, pH Z7he] ofgt 2lie o) it B
&3t OH'e] Aol olgt AC2 F =
o3k Fe-Mn I T3 Ao g wotEch
(3) Fe-Mn 7} Fe-Mnl0 & AREsE A712 u]43

_S?_EXI-/U oﬂ 1-1 .Q_ o]— _‘9:

Fe-Mn10 2] JJEHEZ,% l 240 mg/g ©F Fe-Mn HE}
42.8% 3SFATE Z % Al Freundlich 5235

A] Fe-Mn10 ] Kr Zro] 190 ©. & Fe-Mn ¥t} 1.2 H A
€ 398 AN S eg R gk wlis}sy
2219 Zho] &otom, ol&
e A Bls.
5 F3A BE 52 of
Yol MAe] oF T0%ol4ke] FaRHEo] olol|m,
W& AlZF ¢t Fe-Mn 2} Fe-Mnl0 o] AAREE oF
10%2] ko] Btk PSO oA R? =2 ZHe el
slem, PSO 7L Age WS malolehs AL 1
Ebdlich whS&x mdo] Aglo] Fe-Mnl0 o] R* gt
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