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Fig.1 XRD pattern of magnetite/zeolite composite
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Fig.2 Removal of ammonium and phosphate by magnetite/zeolite composite as a function of adsorbent dosage

2.3 &% pH X UKt B9 %0

Bl 3 D9 ¥ pH X Fey O, -3 41 5255 A RHIZ R
BEMBER IR0, LW pH b 4 ~9 Y,
Fe, O, 2 G A BEX 7K r 8 () W B BB 381 5
YA pH H1 9 HE 11 B, Fe, 0,-Bh 1 H & 4F
BEXK R i AR R B B R, SRR
W, B R BRK B MBI kA Hh AT A 4k R
BT 5K M E 7R . Hil, Fe,0,-
WO EMELERK P RN FENF RS A
H Rl SR PH B F 2 B B A0, WP AR
ﬁﬁz B, B NH, - H,0 F NH4+ a:%ﬁﬁ
AR # S iz 2

NH, - H,0=NH,* + OH" (1)

MYEW pH | 9 W E 11 B, ¥ P A
NH, - H,0 JESFERNE ARV B8, mka
X NH, - H,0 1 38 70 ) 84K, AT 3 3L
Fe, O,-3h 1 2 G PRI - & A BAL I Ff &
DERTAS (A

HI &l 3 F] A1, Fe, O,-#h 1 2 & A B 7K Hh i
PR 1) BRLAT W o B2 B VA VR pHL 3 i T 32
W o X ULBIEUIRA pH A F T Fe,0,-3 A G4
BEXK PR ER IR . E AR BEF R, WA Xt
K RIBEER R L TR M RE 1 o Wb A FRESE
Wath S AL R R G ) BT LA B R AT Bl
A EREI 5/ R R BROK Al i B R 2.
I, Fe, O, -WhA 2 A MHEX K P R 0 1 2 B &

http: //www. shhydxxb. com

BRELE SR Fe,0,, Fe,0, & —Fhifk
YRR, B R A LA T RS
FeOH, *=FeOH + H* (2)
FeOH=FeO™ + H* (3)
4 Fe; 0, MAFHLAL(PHyc) 400 7 15705 24
W pH AR T 7 B, Fe; O, HYZRTH IE A, U 7K
HHT 67 B BRBRAR B 7RI IEFRL Y Fe, O, RIEZ
[B] F) F P I 51V 2 Fes O,k 1 5 41 B 5 B
IKHBEREE KINLH . ©AWFFERY, Fe,0, KA
AR FE S B BR AR B T Hh 4R =2 ] ) Tz A 32 2
Fe,0, Bk B MRER OB BHLH™ o B, %
W pH AT 7 W Fe, O,-Bh f1 A KL K BRK
FREL PRI MR (A S . YW pH & T
7 W, Fe, O, BRI LR, Lo i IR 51 /E A
J2 Fe, 0,-#h 1 G HHKL K BR K Fh B IR ER O HLHY ,
FCAL R3S J2 Fe, O, -3 4 52 & AP RH R BR K i
PRERRIMLA . MWW pH 1 4 BHTHEINE] 7 B,
Fe,0, SR TH i 1E H fif 2 ¥ ol /b, 5 B IE 1
Fe, 0, SR 57 7 FIBERR AR B 1~ =2 8] ) 7 FL I
51 FIB AR, T 2K Fe, O, - 1 5 BHREXT
TK R BERR ER PR B I B B B D . VAR pH
H1 7 ZWENE] 11 i, Fe, O, 2 T #Y 171 H 7 22 ¥
B, SBCH TR Fey 0, R A 7 H BB IR
MBS 2Z 18] F) 5 v, HE e 0 32 W 1 9, AT =2 3K
Fe,0,-Bk f1 & PRI K FRBRERER i 50 I T B
Wb A, R pH B 7 ZETE N E 11 A



3 M R, % B =8-0h A E e bR LBk b S B RREE T T 379

Fe,0, K EMIBRILEW >, $BOE I FAL k%
Bl IR OB R BB W, N TR 5L
Fe, 0, -Yh 75 5 & BHRHR K B R AR O (TR R
Wb
2.4 REEHHE

] 4 4 Fe, O, ¥ i 4 & RN B 2k gk i
AR H2E . B 4 AT DA, R B3
Fe, 0, - Y 75 51 4 MR 7K P e RV R  1 WR
A, W VT 6 5 101 Y 25 00 7
R T ) A 667, ¢ 38 9 R 3 A
“EVHCE N, 5 B (A

4.0
3.5
2 3.0 M o A
g
NG 2.5
@ 2.0 V=25 mlL
X 15 m= 50 mg
’El 1.0 Co= 16 mg/L
B 0.5 ph= 7

0 40 80 120 160 200
SN /min

(a) %

_A_
—o—BER R
V=25 mL; m=50 mg;
C=20 mg/L; t=24 h

0

BANTI B i/ (ng/g)
© = N WA U]~ ®

3 4 5 6 7 8 9 10 11 12
pH
E 3 &k pH 3} Fe;0,-# A E A# BHR Mk
BB EL KR

Fig.3 Adsorption of ammonium and phosphate on
magnetite/ zeolite composite as a function of solution pH

4.0
3.5
="}
3 3.0
< 2.5
gg 2.0 V=25 L
& L5 m= 80 mg
| L0 C= 16 mg/L
: pH=7
0.5
0 50 100 150 200 250
J R ] /min
(b) BEERER

El4 Fe,0,-#A E AP HIX 7k s FBEEL 2 i) IR i 3h /1 5 2%

Fig.4 Adsorption kinetics of ammonium and phosphate on magnetite/zeolite composite
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Tab.1 Kinetic model rate constants for ammonium and phosphate adsorption onto magnetite/zeolite composite

HE— 3 Sy =R W3 Sy E A
/
2 i Jo 24 784 9e,exp (mg/g) qe,cal/(mg/g) k,/(1/min) R2 qe’m/(mg/g) k,/[¢/(mg + min) ] R?
3 3.23 0.435 0.017 2 0.782 3.25 0.132 0.999
BERRER 3.72 0.967 0.012 8 0.922 3.76 0.048 3 0.999
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Fig.5 Adsorption isotherms of ammonium and phosphate on magnetite/zeolite composite
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Tab.2 Isotherm parameters for ammonium and phosphate adsorption onto magnetite/zeolite composite

o Langmuir 555 W% fFH#5 7Y Freundlich 451 1 fR 5 2 D-R %5 W FH AR

90/ (mg/g) K /(L/mg) R? Kp 1/n R? Gmax/ (mmol/g) E/(k]/mol) R?
73 5.55 0.167 0.984 1.05 0.501 0.901 1.12 9.99 0.920
BERREL 8.42 0.400 0.988 3.18 0.292 0.99%4 0.224 14.8 0.994
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Fig.6 Adsorption of ammonium on magnetite/zeolite
composite as a function of coexisting cations
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Fig.7 Adsorption of phosphate on magnetite/zeolite
composite as a function of coexisting anions
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Removal of ammonium and phosphate from aqueous solution by magnetite/
zeolite composite

ZHAN Yan-hui, LIN Jian-wei, WANG Hong, WANG Xin-rui, HUANG Na, OUYANG Dan
(College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The adsorption of ammonium and phosphate from aqueous solution on magnetite/zeolite composite
(MZC) as a function of adsorbent dosage, solution pH, reaction time, initial adsorbate concentration, and
coexisting ions was investigated. The ammonium and phosphate removal efficiencies of MZC increased with
increasing adsorbent dosage. The ammonium adsorption capacity for MZC was relatively high at pH 49, and
decreased with increasing pH from 9 to 11. The phosphate adsorption capacity for MZC decreased with
increasing pH from 4 to 11. The adsorption kinetics of ammonium and phosphate on MZC could be described
by a pseudo-second-order kinetic model. The equilibrium adsorption data of ammonium on MZC could be
described by the Langmuir isotherm model. The equilibrium adsorption data of phosphate on MZC could be
described by the Langmuir, Freundlich and Dubinin-Radushkevich isotherm models. Coexisting Ca** , Na* or
K* in solution reduced the adsorption of ammonium on MZC. Coexisting C1~, SO,”” or NO, ~ in solution
slightly enhanced the adsorption of phosphate on MZC, while coexisting HCO, ™ slightly reduced the
adsorption of phosphate on MZC. The ammonium molecules adsorbed on MZC could be completely desorbed
in 0. 1 mol/L NaCl solution. Most of phosphate molecules adsorbed on MZC could be desorbed in 0.1 mol/L
NaOH solution.

Key words: magnetite ; zeolite; composite; ammonium; phosphate; removal
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