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Fe-Mn Binary Oxide Impregnated Chitosan Bead ( FMCB) : An Environmental

Friendly Sorbent for Phosphate Removal

FU Jun', FAN Fang’’, LI Hai-ning’, ZHANG Gao-sheng’"

(1. Sino-Japan Friendship Center for Environmental Protection, Beijing 100029, China; 2. Key Laboratory of Coastal Environmental
Processes and Ecological Remediation, Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003,
China; 3. School of Environmental and Chemical Engineering, Xi’ an Polytechnic University, Xi’an 710048, China)

Abstract: Fe-Mn binary oxide impregnated chitosan bead (FMCB), an environmental friendly sorbent for phosphate removal, was
fabricated through impregnating Fe-Mn binary oxide into chitosan matrix. The FMCB was characterized by SEM and BET surface area
measurement. The adsorption behavior of phosphate on the FMCB was systemically investigated. The FMCB showed a porous and
-1

fibrous structure, with a high BET specific surface area of 248 m”+g~" and a pore volume of 0.37 m’-g~". It had a much higher

phosphate adsorption capacity than pure chitosan bead. Langmuir model was more suitable for describing the adsorption behavior and

" at pH 7.0 . The kinetic data were well fitted by the pseudo second order

the maximal adsorption capacity was as high as 13.3 mg-g~
model. The phosphate adsorption on FMCB was pH-dependent and decreased with increasing solution pH. Coexisting Ca>* and Mg**
enhanced slightly the adsorption of phosphate, while the coexisting anions hindered the phosphate adsorption in the order of Si0~ >
CO}™ >S0;” =Cl™. The phosphate-loaded FMCB could be effectively regenerated using NaOH solution and repeatedly used. In
column tests, about 800 bed volumes of simulated groundwater containing 3 mg-L™"' were treated before breakthrough ( phosphate
concentration in effluent reached 0.5 mg-L™").

Key words : Fe-Mn binary oxide; chitosan bead; phosphate; adsorption ; wastewater
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LFRRAE R e SRR > 27 B R A ) e At
T B A . T, AT LS R N
AR AR E A A AL S
) —Fh IR AU B R S AR 58 R R
(FMCB) W RfF35 2% HEJR 7% T R B 0 A o 7 i LA
KR HBERe . FT AR A A A
14 BL 470 BB, T05) FMCB 7 & — Vs 78 (14 25 2
BRmis I B 350, E2) BTy IR, T FMCB W B B
AR SE R ILARGE | PRI, A SCE A A s 52 Ak
Yy RAR LU (AR R R L R 60 1) il T —
Tl Bk AR 5 A AR/ 72 RBEERW L7, RGEWFST
TBE AR LR Sh 12F W pH RN AE B A
A e 2 ~ 4 P S CERAEY e =1 S A
T T AT RE AR IR 2 BRAIL .

1 #RE5FE

1.1 Bt 51

K H: FeCly - 6H,0, FeSO, - 7H,0, KMnO, .
NaOH ., HNO, . KH, PO, 4 A3 #r 4l , 5256 FH K38
EETK.

SEEAN A : HZQ-C Rz SAE R IR 7 o , DH-201 5
H PR T8R46 , TU-1810 AVEESAT WA H-.
1.2 YA A EY/ C R (FMCB) [l 2%

HRAE AL 2 /i WY, R 2 & e/ 7%
FHEER (FMCB) (il 46> Bk Ay i S — 4 e
# 12.16 g FeCl, -6H,0 F112.51 g FeSO, -7H,0 ¥
F200 mL 7K BC il B IR G W a, SREH 2.37 ¢
KMnO, 11 8.4 g NaOH ¥ T 200 mL 7K it BUTE & ¥
W b, 15 4 FeCl, - 6H,0: FeSO, - 7H,0: NaOH:
KMnO, B9 Bt B e R 3: 3 140 1. 7EPR i PEAY 5%
TR ERAEE b ZRMARB VW a b, JnEe,
RSP 0.5 h, BRfL 4 h 5, R TEERIF RS
PR, U85 55 CHET, BFEE i 80 ~ 100 H i =, il
YA AY) ;5B 00 2 o BB T 100
mL 0.2 mol - L™") HCI H SR 5 K ek 2 & A AL
SRR RN 4.1 IRE AR K R3]
250 mL (920 2k, R 05 26 20 s <1 1 g e — 1
10 mL (B HAEL (22 1.8 mm). IRAIFERGHE
WK B E A 0.4 mol-L ™'Y NaOH 1, Jill
B | 5 TV PRI A R 2 b | SR 55 cC ot B
1B A A/ SE R R,

KRR T 5 2 ¢ ERBEH T 100 mL

0.2 mol-L™' iy HCl "', R J5 & % i A %] 0.4
mol - L. ™' 1Y) NaOH 7, J5 Zz3d F2 [] I+, B A5 3] 4l 52 3R
1.3 BRI

BRIz B 20 2 LA W B S 40 347 100 mL KA
(IR CM BRI T 64T, FH 25 8 1 K G & 1 3 i
WSARFR 50 mL, 5 S HL# T 0. 01 mol-L™' /Y
NaNO, , B FE0 83 1.0 gL' 7E(25 +
0.1) C,170 remin "I FH AW P I 36 h, i H
NaOH 5%, HNO, #5775 pH,{i 6 h &2 h #{—K pH,J&
24 h I 3 W pH, fif pH FUE7E 7.0 0. 1 (pH XU
IFZIRERAD ) . W B 58 S d i 0. 45 wm iR £F
AR, R AR BEDT AT 00 BE VI e Wl
1.3.1  WERHAETRER

E— RZIEEA 50 mL AR B BE (0 ~ 45
mg-L™") W T AT I B AR SR (25 £ 0.1) °C,
W M ) BB R 1.0 g- L™ W B 58 1, BURE |
b I AR
1.3.2 WEREh I

FE1.5 LR 5.0, 10.0 mg- L~ (ke
PR HEA T B 50 g 4 S0, R B R B B S 1.0
g L' BRRR—ERTE] (0, 5. 10, 20, 40, 60 min &
2.4.6.8.12. 14,24 .28 32,36 h) e, bR,
MREBEH . b — e if IR, P81 —K pH, f# pH &
ETET.0£0. 1.
1.3.3 ¥ pH B30

E—RIVEH 50 mL #5354 5.0 | 10.0,
20.0 mg- L' BV WM R M BB RHI TP m 1.0
g- L™ AIRBAEFAL, 43 5 22 R [A] pH (5.0 ~11.0) X
W R B 52, ] HNO; Fl NaOH 38 35 2 B2,
fii e 2 pH A2UE FEAS A 0 1H.
1.3.4 IAEEF500m

1E—ZR 5 %A 50 mL #4358 5.0 mg-L™'
BV TR 2R SR SRR 0 1 g LT AR5, 43
WEEE Ca>" Mg’ C1, COZ™, SO, Si02™ % 6
FhES FAEA R (0, 0.1, 1.0, 10.0 mmol-L™")
Fis X A R B 5 SR F 52
1.3.5 W50 A PR e 2 0

SR FH L FF 58 A0 8 512 90 DA 2k 4 2 A SR AL/
SCRMEER (FMCB) Y3 52 R PERE. W B 52 30 75 %
0.5 LYEHS5.0 mg-L™"F110.0 mg-L ™ BEIAE
(BER T R AT , W2 B 390 (R 5 in 8 500 mg, 75 5%
fi#J5i 4 0.01 mol-L~" ) NaNO,, pH 4 7.0 +0.1,
25°C NRRELAE Y 24 h R HURE S RS i i
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W B, TSRl A o . ISR R S 35 2 1 A Wl Y
FMCB A 100 mL 0.5 mol-L~"# NaOH & 11,5
CNFRLLAEHE 8 h J5 B oy 85, BT | B, SR it
A5 — R PR B Ot o S 5, JE AT 4 IRAIE R,
1.3.6 FESCE:

BEWITAHEE S 3.0 mg-L~"  JIIA 25 g W fFHikE
FHEAA N 1.90 em [WAETF-H, IR BE50) 76 A b K
FE N 24 mm, — DAL R 68 mL, 45 R fil i [A]
43514 10 min F1 20 min.

1.4 BAESHT
1.4.1 WA RAAIIS

I A A5 0k 28 2 FH 4 8 2 S 590 A ] - e
T PR B0 A 3 e X R A A R 1 400 A B X TR B
I B R B 25 . X 4 A o 45 R 26 . Langmuir
W BFAR 7 K2 Freundlich #78 #E47#04& PG 240
K1), K(2) .

(1)

q. = kee.” (2)
K, g, R AR (mgeg ™), g R
FIL A B i (mg-g "), e, 9 V-1 I 3 9 b 3 4%
BEWRE (mg-L7"), k HERSEE LN H K
(Lemg™"), ky NS5 UREEREA CH L, n N5
B RE 1 S B H AL
1.4.2  WEREEh 2 # A&

W B 2 2 e FH s R o 550 X R o A 1 R o
R, M — A 28l 2 R A
W B 2l 2

(1) We—H 8 12 Aol

HE— G 8l ) 2 R I (i W 32 3 B R
il VR B S T L T A O o o 5 o S 2R R
el R AR Ry

g, = q.(1 —e™) (3)

(2) e =R 5l 12 Ay

THE G 8l 7 2 R I (i W o 3 e Az Ak 2 i
BEHAIL AR AR 4201, I ML 6 K 381 18 B 551 45 0% B okt =[]
(i L I s R

kot
4@ = 1 :]-eqekzt (4)
Ko, g, T g, 500k o SR 200 0P A 25 B 1 W o
(mg-g™"), ky HUHEE—ZWHEREE (L"), k, N
WE R A H R R 8 g+ (mg-h) 7' .
1.5 BEWE Ik
A A0 R FH B B 0 o0 e BE Y .

Boox 3%
EALBRUNE .

1.5.1 et 2yl

BB 50 mL HLZE A 43 A 0, 0.50,
1.00,3.00, 5.00, 10.0, 15.0 mL 2 mg -L~ " B8
PR ER AR PR, 7K & 50 mL ZI2K.

(D Ea mikEE A 1 mL 10% FiRin
FRVAWE, IR A). 30 s J5 N 2 mlL BHMR £ 18 W 78 20 1R
1, JCE 15 min.

()M A 10 mm H AL, F 700 nm ¥ K
b, AR BEV TN S L, T OB
1.5.2  BESLAIE

SPEGE ARk (F R AR 0.6
mg-L™") A 50mL F 48 KRB R Z1k. LU
AR IR E IR AP BRI A T I L s
FISCI B RE , I RS il 28 1 5 i

2 HFR5ITE

2.1 BREEE AR/ ST RBEER I R AE

YA A ALY/ 7 BHEER (FMCB) JEAR A
SEANERIE , H A1 L oy 80% A k4R 2 A A fk
Y1,20% W R 5e . BEALPEIE 100 A0k, X E 1Y
B RHIUA R B A T 0 o B, O B R A
1.8 ~2.1 mm Z[A], HLWGREAE 1.5 ~3.0 N Z
[B]. FERBERUR K FMCB i 4 B8 - an il 1 fr
/R, B 1 (a) W] LA H4l58 SO0 0kE 26 1 FL AL
S, TMNE 1 (b) 23, IMABREE Z A A5 | #1115
(1) FMCB 11 22 10 MU | TN Z LT 4R 2540, iX
— 45 R, FMCB 1] G Fb5e RO ok 2 A 5
(R I, AR ) T YA ) W SR 90 R PN I
BET {4 73 M7 45 & i 7%, FMCB (9 [ 3 i £l 248
m’ g™ FLA N 0.37 em® gt AR A ALY
fA 1L 2 1 AR R AL 2 43 i A 309 m?-g ! il 0. 42
em® g YL R A IR s R O R (3 AR I 5
I HL R TEAY, KSR FMCB 1T B ELAT K10 AW R e
2.2 WGRHAEIRLR

B A A ALY/ 7 BB ER (FMCB) DL & 4lise
SOHIURL XA ) W R LR N 1 2 IR, 0 B 2R
Langmuir B8 F1 Freundlich 455 75 X 5206 06 £ 47 40
A (1), Langmuir 55 i W B RS H 1 I B 7] ¢
H] A B0 T2 W BT, ELAS IR B B o A 345, W s
[543 22 J8] HAEFH ; Freundlich 25 35 M5 B AR 764 ) B
T 257 F 2 W 0 & A A W B A A S 4
ZEW , Langmuir %1 ( R* =0. 963 ) #¢ Freundlich £ %!
(R =0.953) e 4F M 38 FMCB X 8 1% 1 ot
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(a) FERAEWORL; (b) FMCB
1 EEFEHHIA FMCB Wi BERE
Fig. 1 SEM images of chitosan bead and FMCB
R FVCB B0 I 0 A TR, B "
Langmuir £ 83158 FMCB X 8 5 A 10 W B 25 2> ol e
13.3 mg-g " JRAGTRHEIRL (g, =2.28 mg-g™") 0} '
B 5. 8 A, [R) SCHR b 2 28 B4 Al R B 5] ( 3% 2) AR EE o slh w AR
FMCB 7 EUA §2 5 1 W B 75, S/ FMCB 2 — £l M
o EL A 5 7 P 5 PO Sl O B 5. S Freundlich )
2.3 WHa NS i
Bk 45 LA 0/ 75 B K (FMCB ) X1 B N
Kt sh 120 3 fras. AN RTHEL FMCB X ) W Bt 0 10 20 30 40 50
AR P B B R B B (0 ~ 12 h) FIE 5 By B c/mglL”
N N — NI YR /[:{ - 5 = . .7 -1
(12 ~36 h)[38], E@Jﬁﬁ‘[ﬁ?fﬁ,@?”ﬁﬁiil‘ﬁﬁﬂﬂﬂﬁ I 50 mL, ”&zzﬁﬂﬂi 1 0? L™,
. N X g s H=7.0+0.1, %% =170 r-min~',
VRN, 0 A e 5 2 I 9 S 0 B 5 L sat v T 6
m@’b,'&mjﬁ/\‘l“;‘iﬁm&,ﬁ 24 h Euﬁgﬁ%j—(i 2 FMCB ﬁﬁmu&mﬁ%i&&
?fuquﬁﬂf(?{& iii% %Tf[ﬁlgﬁiﬁﬁ %%ﬂ ﬁﬁ\ m& s U3 Fig. 2 Sorption isotherm of phosphorus on the FMCB
%1 Langmuir 70 Freundlich W& B &S HIMAER
Table 1 Langmuir and Freundlich isotherms parameters for phosphate sorption
Langmuir 15571 Freundlich 5%
b G/ Mg g ! k/L-mg™! R? kg 1/n R?
FERBEER 2.28 0.071 0. 949 0.25 0.522 0. 870
FMCB 13.3 0. 408 0.963 4.40 0.342 0.953
F2 FEHMWWMEFIXBERRKRHEEEER
Table 2 Comparison of maximum phosphorus sorption capacities for different adsorbents
R 551 USRI HREA/m? g™ 0 pH T/ M8~ SCHk
FMCB A 248 7.0 13.3 AHF5
FORMEER A — 7.0 2.28 A5
B RA TR 4R ki 16.4 6.0+0.2 8.75 [32]
AL KR 47.3 7.0 12.9 [33]
R B ILAG AR AT 4 Uk — 4.8+0.2 4.30 [34]
WEE RS A A A WK 106 4.0 13.7 [18]
S A 90 B A 4T 4 KR — 4.0 29.4 [35]
BRI % LU A — 6.6 12.5 [36]
LS Xaki- A2 s 2.52 7.0 1.01 [37]
[21]

B A AR AR 309 5.6 36.0
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B0 &1 2 T W B A 8 22 VROAH S5 11 3 T R
R AR ST BB BRI 5 2 45 6, SO N
BRI Bl L R AR SR AT R RS 32 L o W
SRR AT , WA R e — 2
FIAE 3l Jy 2 B R0 0T Wl R B o A2 AT L5 (3R
3) , SRR I B AR A A S M Rl Sy A
R I B AR B T W B R Az
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