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Abstract: In order to effectively remove phosphate from wastewater, a novel granular adsorbent was prepared by coating Fe-Mn binary oxide onto the
surface of sea sand and was characterized using multiple techniques. The SEM image indicated the coated sea sand surface was rough and porous. The
specific surface area of the sea sand was increased from 0.06 to 2.52 m> g™ !after coating. The adsorption behavior of phosphate was also investigated with
batch sorption experiments and the results show that the coated sea sand was more effective for phosphate removal, with a maximal phosphate adsorption
capacity of 1.01~1.23 mg-g™!, which outperformed the majority of coated sands reported in literature. The adsorption curve was better fitted by pseudo-
second order model than pseudo-first order model, indicating a chemical adsorption occurred. The phosphate adsorption depended on solution pH, while
ionic strength had little effect. The effects of coexisting anions on phosphate adsorption decreased in the order of Si03> CO%™ > F~>S03™> CI™.
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1 5|5 (Introduction)

BRI KA S B RN R —, J&
S N WIS NE = S LA 127 V) % NG R R N2
Bi, s N REFUK AW AR bR AN G S
PR RSB KHEA, Z 9K E BT
H 25 /™R, PRI, 57K Al i 25 B bl ke sz 3 5 3.
M2 32 ) P X B3t EL AT 5 o 2 B R B9 A L, d et
TEMRLR 5 BEIR h =22 [A] K A 1) W LA 2 W o 45
S AEHE K o B LB, BA sk TG 3 N
98 oy PR L) R TC R G AL AL, R I ISR
U89 — B B 8% 75 15 ( Shannon et al., 2008; Qu,
2008 ) . M8z BRI I B AR B DG B, SR BRAN R &L
) 2 BT 551 s 2% S [ PN 9D BB AT 0 8 O 1 1 L AT

ARk, AR ALY R Ay
(Tanada et al., 2003) . %k & L ¥ ( Zeng et al.,
2004) SmE ALY (Mustafa et al., 2006) A K #i 1 %8
E¥) (Guo et al., 2011 ) F5EXF W EA BRIV M HE S
VEREME, BOkEAZ B EAM. #E— AR ERI, W
Fha MR LL I 4 8 E A 45 G AE—R, 4% ke
(Zhang et al., 2009) Ek#E (Ren et al., 2012) EKER
(de Sousa et al., 2012) 47 (Z=E5 45, 2012) Bk
Wi (Liet al., 2014) % RV E G ALY, AUAT4RK
BRGS0, AR BB AME, A
HPBRIRLN, 5w ALY, B B
MBI I VERE, o ALBRBESR AL 1 2 % o B A
W A1 R}

SR, Tl 2 IR M FRIAE T R AR, RSB L
FHAELAE W A2, A TE T T W B A, BR
G B L DA 3 E e I S T s A A R TN
B, LB R &8 2 A A k17 [# & 1.
R BEE A AL B 28 T EAAURE ) (T S RS )
FE Y AL AL PV s H TR T — b & A R
W o 550) 161 %€ 46 7775 ( Ayoub et al., 2001 ; Arias et al. ,
2006) .

HIBFIE R W 52 & S8 AL A S Wl 541
HAT 0 B e e | PR AU | pHL Y B AR A
(Zhang et al., 2009). K T 70 B EZ A Ak
VIR MR e, A SOk FHBE IR 4= 5 L M A AR R 1Y
TR0 R AT RL, TFIRERGER I G A B BT b
(1 8RR IR E PSS i N3
i 525 A AR 0 [T e Ak, 2B KRR

F AL AR B HITE R, 15 K B it —
ol TR AR R 5.

2 #8557 % ( Materials and methods)

2.1 R EHE

¥} FeCly6H,0 FeSO,7H,0 KMnO, HNO,
NaOH NaNO, %4k 2210034 73 #r 4l ;. KH,PO, ik
ool MRS AR G T Y I RD, JORL /N 40 ~ 80
H, fick 0S; Bt i KH, PO IF T LB K
A5, SCIET 25 B oK B 24 e TR

4% . HZQ-C ¥ 2 B R PR 3% %%, DH-201
T P TR TR AR, TU-1810 B 4E 4 a] W43 %6
i1, B g 3 STAR #1435 pH 3.
22 HEALENHEEED N E
22,1 4GEAENYNEE PEESAEMLY
K FH AL L/ SETUE 15 il 5 ( Zhang et al., 2009)
PL FeCly6H,0 FeSO,7H,0 5 KMnO, K JFRL, =&
YRR 3:3:1. ] KMnO, B T in A — & &
1) NaOH ¥V 2 I W 201, SRS FE s HE 451k
THE KMnO, ARG A FeCly6H,0 5 FeSO,-7H,0
REWWh, ke, 4k2ehitt 30 ~ 60 min, #iE FR
fom , W BV, A B FKUEREIFY 3~4
W, 153 i R B0 B R A A k.
222 H4GEAENMMEEEDNEE KHE
BT KIEUE TS W R i A 5 1 2R 2 A 4
e, BEFE 1 h, idiE, 55 C TR 12 b, 53k
HAEAMPEEEY, f[Hidh CS.
23 HEEAENMMEELREEDN KL
23.1 HEEAANMEENE HEFHPRIUE
(AR D 1AL B TR A0, T Ao ) R TR R AR
200 r-min"' 5% 24 h )5, BT 0.45 wm BEFRZF
YERE, H ICP-OES 35 I 2 W W b 4k e vk 1,
B S A R S D SR R AR
TR it
232 hEREARME SHBOET SRR, @
it Beishide3H-2000111 21 B 1 2 T 0 2 4300 7 ot
KB BET AR,
2.3.3 SEM k/fE SrHIBUSEAE IR, T
FWEE— 24 B, BT Hitachi S-4800 %>
PERFF BT T IR T2 TR 55000
2.3.4 EDAX RAE 3wl HGERD 5w BN TS A
BGRY, TG B T Hitachi S-4800 75 7 ¥R
B T T EDAX I 1r.



882 78

i

il

¥

36 %

2.4 B
Wz BFHABAE (25+0.1) C, 200 r-min”' HIHR
# PR 24 h, AT 6 h AE2 h R 1 WK pH, J5 18 h 4
2 K pH, i pH F8&, T 5 H M B NaNO,4(0.01
mol - L"), WERHFIHEEE N 4 o- 17", W Rk 58 BUG FE &
i 0.45 pm BEFREFAER I, SR EHBA DA 0B TE
7 Wl e 2
241 HWEEL  BH— RG] 50 mL A EH)
IEBRVRE (0~20 mg- L) K, 304800 200 mg W&
BR5R), B — BES ) — K pH, i pH F2ETE 5.0+
0.1(7.0+0.1) , WeRtfe, HORE i B e ik i .
242 R ¥ FE 1.0 LBEKESSNHN 3.0 5
6.0 mg- L™ ARG FPIE W B AT, R B 550 () 45 n iR
4.0 g, pH 4 5.0£0.1. % Fa— B i ] BORE |2k S 0
FEWRIRE.
243 pHEBHTFEED® BH—FR 50 mL i
JE 5.0 mg- L™ BRI, 433180 200 mg W B 5],
F5AR T pH (3.0~ 11.0) AU [ B F 38 & (0. 1
mol-L™", 0.01 mol-L™", 0.001 mol-L™" NaNO, ) X}
FFFRAE A S0 . HNO, A NaOH 157 pH, f#i pH
R AN [ T {1
244 EHEBHTHEH OEH—FRY 50 mL HE N
5.0 mg- LB, W pH 7.020.1, F35 480 200
mg W FfIFI, %% Cl F-.COY .S0,> 5 Si0? 5 A
BTAE 4 FPASTEIHE (0 mmol - L™, 0.1 mmol - L',
1.0 mmol-L™", 10 mmol - L") R} XsJ W5z BFF 1 52 1)
2.5 BAELAT
2.5.1 BRI EITE BRI ¢ #aU() IHE.
q=V(e, =¢)/m (1)
K, g B (mg-g™') , V MBRERARFL(L) ,
co M e, 70 B RS WA G AN ¢ B 20U (mg - L"),
St ¢, BN ¢, , m SRR BRI N (g) .
252 B FREEADNE  RBET SR 0
H Langmuir AT X (2) 5 Freundlich i (3) o
(RES
Tk

kb (2)
q, = ke, (3)
Horh ) g WA B (mg-g '), g, R R

PRI (mg-g™") , o, A P07 I 300 P R A e
FE(mg L"), bk, W SHIIEA KR HEE(L-mg™ ),
ke 25 W R R A A H AL (L-g™") L n S IERE
T KR H AL

2.53 WMEhh FEA A BB 1255
R HIME— 8l Iy 2 AR (4) Rk R 5l ) 2 R
K (5) IATHIA.
(1) HE—sh J12ERR
WE—2 3 1 2F B B (B W B 52 1 i 3R
Pl W B R R A B ST A A e e e 22 W
(2508, HERI RN,
g, =q.(1 -e™) (4)
(2) ez Jy2EAn
WE 2 B ) 2 R T W B R A2 fk o
R B HILEER Fg s, 2 AL 94 % 0] 0% I 5515 0 I =22
(] ) 2L B L 54 75
q. 2kzt
A (5)
K, ¢ F g, 53900 R o B 2 RV A 2 R g R
(mgeg™"), k HIE—FWR AR ("), koA UE
TR AL (g mg T h ).

3 ZRIIFL (Results and discussion)

3.1 S@mAEANNTEEDHRE

3.1 #%EAAANHNEE BHREREN
B A U I REAER 1 PR, S E A A
WY B S R B S5 R 13.68 mg- g7 5
2.03 mg-g™, HEK S E AT G E SR
eyl s B i —F R L, AR R R B S
SEAL L D B B M R N 2.5% , T C
kAT B BT BT 608 A SR A AT R S 1.9% 5
TRERET L A S B AR R S B 1.0%  (Rusch
et al., 2010). GBSV AY BET HLRTHBUE K, th
0.06 m*g ' HEZE 2.52 m™ ™", BRI IR BT AR AL T 2
RIS RS A7

*1 BHEEEEUNSESERILTER

Table 1 Amount of Fe and Mn on sorbents ( OS, original sand; CS,

coated sand) and BET specific surface area of sorbents

B/ i/ MR mA/

(mg-g™") (mg-g™") (m™g™)
0S 1. 12 0. 01 0. 06
CS 13. 68 2.03 2.52

3.1.2 SEM RAE i E &Y B
R BT SEM B8 H- &l 1 B, B E AT (&
1 a5 b) MEREDEH, ¥W5 -, R
(B 1 e 5 d) 3R R KRR BReR 58RIkt
b HAREL I 0 A A — i, i MY AR
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RN, AZALREH, X 5B R R 1) BET

FAR I B 1 A — 2

1 BU5EEEWHNAKBERRA (a Bx100 f5; b. &
X 10000 155 c. f B HERP* 100 475 ; d. 27 ¥ 75 x 10000
)

Fig.1 SEM images of original sand and coated sand (a. OSx100;
b. 0Sx10K; c. MSx100; d. MSx10K)

3.1.3 EDAX RAE b5 AT RDRE O BRI IS
EDAX E3EanE 2 fis. b I T R 5 5o RN
FEWSY, BEBEE G AAYE, BT R
Bt R ST RMEHE, RV A Ay a
BAETGR AR, Rk S AT AP Y EDAX Kl
N T BT R MRHIENE , R E A Ak
TR 5 v AR e ELAT W B

‘O J\j |
LA L L 1 1 1 1 I
0]

b
Mn,
1 Fe Mn
Mn Fe
| i
1 L 1 Il
c
Fe Mn
I\/{n W Fe
! ! e I I
4 5 6 7 8 9 10
Energy/keV

2 BR5aEERRMBERIS R EDAX B (a. ;b
W R T A LB D 5 ¢ WRRTRRJS HO A TERD )

Fig.2 EDAX images of original sand and coated sand without and
with P adsorption (a. original sand; b. coated sand without

P adsorption; c. coated sand with P adsorption)

3.2 WMEEL

&l 3 hifgih S5 ES I pH 8 7.0 55.0
S5 KT P R O A5 TR 2 T X I VR T P VR
REIARAG, BRER A ALY A 5 1 R0 XA W s
(14 I T D Sk B A R i o YA B 1 R 4
B, PRS- v 3 1o VR A e 1 fn e SRy il , 224
e B — A0, W RGNS g , TR AL

AT -
I oty
CL AT =
Em -
g ’ 3
2 sl fa e
Z -
S B OS(pH 5.0)
a
. ® MS(pH 7.0)
=
2 A MS(pH 5.0)
g 0.4 Langmuir
f:’ = = = -Freundlich

0.2

Equilibrium concentration/(mg-L™")

B3 BuEaBswBrRmERE GFEAR=50 mL,
5% =200 r-min~", W B3804 = 200 mg, pH=7.0+
0.1, pH=5.00.1, BEWIEAWRE (0~20 mg- L"), P
[l =24 h, T=(25+1) °C

Fig.3  Adsorption isotherm for phosphate by original sand (0S) and
coated sand (CS) at volume of solution =50 mL, agitation
speed=200 r+min~!, adsorbent dose =200 mg, pH=7.0+
0.1, pH=5.0 +0.1, initial P concentration=0~20 mg-L™",
equilibrium time=24 h, and 7=(25+1) C

A% Langmuir 7 AR Y 5 Freundlich W fff
PRV THLA, 4528 W3R 4. Freundlich WY FFHASE AU 1
PIALEH R 0.95 (pH 7.0) 5 0.95 (pH 5.0) K
T Langmuir W SHAERILIZE R R* 4 0.92 (pH 7.0) 5
0.93 (pH 5.0), ZSBH Freundlich W BiHA5E 7Y B 5& 4
AL BTSRRI BT, SRR S A A AR
e W BfT 45 I £k 0L 5 B Y AH — B ( Zhang et al. ,
2009).

FET Freundlich W B A AU ) o S 40 HE T, (2
RO R R B 0y 22001 JZ W RR, ie RO B 4
4 1.01 mg-g”'(pH 7.0) 5 1.23 mg-g”'(pH 5.0), b
i 75 T D Y Wl e B R RE 0.07 mg - g7 (pH
5.0)#2m 1 13~17 1. MR E PR E 54
R & RN 2.5% , TH AL D P B A2 5 A
Ak 1) B e KW Bk 28k 37.6 mg g7 (pH 7.0) 5
46.4 mg-g '(pH 5.0), & & T RTINS R A IR
BER A A A A B R B 75 4 36 mg - g (pH
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5.6) (Zhang et al., 2009) , R E 5 ALY 1
BB A BE SR S SR ek, 2T
T 70 AR W B R BT RE P T T K B, T ELBESE
I3 RAR R AR S G A ALY Wl R I .

A, 55 3CHR AP AR E 19 07 A R I B 5 AR L
(WL 3) , BARE &R DB R B B0 1Y
iz B OIC 2.

*x2 B 5EEEWA Langmuir 71 Freundlich WM& RLUEER

Table 2 Langmuir and Freundlich isotherm parameters for phosphate adsorption on original sand (OS) and coated sand (MS)

Langmuir W fi 15754

Freundlich M i %Y

A Qua/ (mgeg™')  k/(Leg™h) R kg/(L-mg™) 1/n R
0S(pH 5.0) 0.07 0.32 0.83 0.02 0.43 0.68
0S(pH 5.0) 0.94 2.60 0.92 0.58 0.23 0.95
0S(pH 5.0) 1.08 5.17 0.93 0.72 0.23 0.95
F 3 SCHRIRIE A S U R B A B R B R
Table 3 Effects of reported coated sands for the phosphate removal
1 ﬁai‘zﬁzﬁﬁ/ i pH Wﬁfﬁ? 4 ”E‘fffi“f?/ S50k
{4 b 1.23 5.0 0~20 4 A3
A 1.01 7.0 0~20 4 A
TR 0. 0090 7.0 0.2~15 4 B HEE A 2009
B IE A 1.50 5.0 5~30 20 Boujelben et al., 2008
KR E AR R 0.88 5.0 5~30 20 Boujelben et al. , 2008
AR B AL 0. 080 7.0 0.5~15 50 VFLJH S 2007
R A e 0.15 7.0 0.1~0.5 60 FARIBEE, 2007
3.3 Wizl ¥
M4 PR, BRER S A A B BT D X i 1Y) e I Ny
W T LIS RSB . AR BB (0~3 h) 518 sl T iy
BrBE(3~24 h). TERIRAR B, BRULME R, .
A8 B (R TR A, 3k pl T e R B A T A gw- --------------------- oo 0
MR SR 2, WO S B T R B T Sl L o3 0mei
WEEZZBR, WS oy 1 R 60 7 ¥ 120 3% T 0k VA T ‘§ ® Co60mgL!
Wit T BOE A SR AT, W R A5 B i A R B R AN 202 Pseudo-first-order
VWY BE , B ST, % W BT . I
G IR Pt — 0 U 4 01 ) 2 A5 6 7 S T N7

AN TR T B2 W Bk BRI A T I, UG 2
PIESHO WK 4 Fe 3k 4. 1 BRI R AL
(R°=0.96, C,=3.0 mg-L"; R°=0.98, C,=6.0
mg- L") B FUE— R RZE(R® =0.90, C,=
3.0mg-L7'; R*=0.92, C,=6.0 mg-L™"), 13t
IR AT E W B Bl g2 AR I AL
TR R R KA T A

Time/h

B4 SEBSWBERMZNE (B E S 518 6.0
mg-L7 1 3.0 mg-L7' | #IAF=1.0 L, W4 NH =
4g, pH=5.0£0.1, F# =200 r-min~"', T=(25+1) C, F
HrHda] =24 h)

Fig.4 Kinetics of phosphate adsorption on coated sand at initial P

concentrations = 6.0 mg+ L™ and 3.0 mg- L', volume of

solution=1.0 L, adsorbent dose=4.0 g, pH=5.0 = 0.1,

agitation speed = 200 r-min™', T=(25+1) C, and

equilibrium time=24 h
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Table 4  Kinetic parameters for the phosphate adsorption on coated sand

Co/ HE— 2R Jy e 25 Jy

(mgeg™") q./(mg-g™") ky/h7! R? q./(mg-g™") ky/ (mg-g™"-h™") R
3.0 0.55 1.26 0.90 0.60 3.17 0.96
6.0 0.90 0.53 0.92 1.01 0.72 0.98

3.4 pH 5 % F 58 Z Xt ek R M ol vl

VAR pH. 5 15 NS 0, 75 VB A S T B8 £ 5 i)
NP s B, BB 4 W W R ROR 32 2 pH
AISEI , BEAE TR pH (B TR, Wi R A 2 k5
BEAIG, (2 REMRA IR A K. MW pH {H 3.0 I,
W25 54 0.79 mg- g™, 1 pH {E T+ 11.0 A,
CLEHEE W AT R A T B R BRI A R, O 0.51
mg-g™", VLA 0 ARy B R ARG A pHL
T PRI VAR 1 5 JRE 1 728 A o 1l WO RS R U 52
WAANK, HEWTE(E A S A A ALY a B D 3R e
BT NERES S

0.8 N
) A
= B © ¢ 4
2 06k 8
£ R s o.
: r X3
g
§04r O NaNO; 0.001 mol-L™!
=
~§ B ® NaNO; 0.01 mol-L™!
2 02 A NaNO; 0.1 mol-L™!
<
0 ] ] ] | 1 | 1 ] ] |
2 4 6 8 10 12

pH
5 pHESEFEREEXNGESUWRMBEHZME (BRIIHE
JE=5.0 mg-L7", EWIARL =50 mL, MR = 200
mg, ¥4 =200 remin~!, T=(25£1) C, VAt =24 h)
Fig.5 Effect of pH and ionic strength on phosphate adsorption by
coated sand at initial P concentrations=5.0 mg-L™", volume
of solution = 50 mL, adsorbent dose = 200 mg, agitation
speed=200 r-min~"', 7=(25+1) °C, and equilibrium time
=24 h

3.5 A TR Y

KR WA B 1 cOY .Cl7 F™ . S0T & Si0Y
Xof 7 Vi D W B8 ) 52 T i 151 6 B aR. L 5 SO%
X BRCR 52 s COT 5 F RYAATE IS 3L
T T BB, RO A A B TE 2 10 mmol - L7
B, AR B 225 6 AT 2 457 70 % BB S BB 90% LA I
Si03 XTI 2 BRA — g, LB v B 1 5 5% )
B4R, WTREH TRE S8 T TR E 2 v R —

HORIABELE, HLSI0T 5 PO, MBAHIM, 75t
D TR A5 (077 3 e, SO
W2 BRI, 5509 5 FSCAE BB TR0 B B
WA Si02 > COY >F >S0% > CI7, Mk [k,
B RV T B EL B R

0 0.1 mmol-L™!
[~ E==3 1.0 mmol-L! [ 10 mmol-L™!

7 2 % % 7

Adsorption capacity/(mg-L™")

VAN AN,
AMMIMMNMNMIMIMINMDTIINNMMVMBMN
VAN AN,
AAMMMHHMMIMIIBMDMIDIDID0/000M0NIAINAN
Imnnnm
VAN AN,
AMMMMIMHMBGMDUMJDO0000008
[Innmm
VAN IIA NN,

N
N
N
N
\
N
N
N
N
N

% 4
co¥ Cr

% 24 %

Si0%- Nern

=
2

Ee6 HEBFNEESDR MBI RN (BNRIGEKE =50
mg- L7 AR =50 mL, MR = 200 mg,
pH=7.0+0.1, #%# =200 r-min~', T=(25+1) C, FHHt
[8]=24 h)

Fig.6 Effect of coexisting anions on phosphate adsorption by coated
sand at initial P concentrations=5.0 mg-L™", adsorbent dose
=200 mg, agitation speed =200 r-min~', pH=7.0%0.1 T=
(25£1) °C, and equilibrium time =24 h)

4 25 ( Conclusions)

1) 3 3 X 0 A AP i SEM, BET He 26 1t FH
EDAX J & iR & ft i RO 5T, R 2 &
ALY I B AR RP R I, SCEL T M AR R AR
I S A B FR  [i  Ak.

2) AR RRHS 7 KRR R & A
WML RE, WA RE ) W P, S R R A i
4 1.01~1.23 mg-g™", BT ZBOCHRHGE 1) 17 2L
PERD ORI 7] 5 o) Bl A VR A TSR A e, 3045 A 1
TRB AR N AT R R L A TR
2P RS

3) VR pH 5 A B A R BT, LR AR ) R R
K, TERTERY) pH 0 FATY BLAG 5 e 1% B8 W B 25 4
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TS B2 AN K, S W e e 6 2 T b 3 v T
BT MZRnSEY; MrE TR RN, 1
TR e (1 e PR AT B A e R

4) AW IE B 5 G S A W B0 A v D UL I
FUR ] 7 IE TR, DR SR e, LI
B, R b A IR Ay A 77 LR A % B 5 1 2 0
S5 KRB T 20 B IR AL 1 R4

BEEEEN: K5 £(1977—), B, @R A, ML 4R
Ji, EERENECETEM AT AR, AL LR
RHBYTF & RCEL % AR e A LR, A fh A A 4 A R 7 KR
TS Ay R AL

FL(1957—), B, ##, L AL RN TEHRITH
KR BR LN R 3 B B R %

£ 2% 3k ( References) :

Arias M, Da Silva-Carballal J, Garcia-Rio L, et al. 2006. Retention of
phosphorus by iron and aluminum-oxides-coated quartz particles [ J].
Journal of Colloid and Interface Science, 295(1) : 65-70

Ayoub G M, Koopman B, Pandya N. 2001. Iron and Aluminum Hydroxy
(Oxide ) Coated filter media for low concentration phosphorous
removal [ J]. Water Environment Research, 73(4) ; 478-485

Boujelben N, Bouzid J, Elouear Z, et al. 2008. Phosphorus removal from
aqueous solution using iron coated natural and engineered sorbents
[J]. Journal of Hazardous Materials, 151(1): 103-110

de Sousa A F, Braga T P, Gomes E C C, et al. 2012. Adsorption of
phosphate using mesoporous spheres containing iron and aluminum
oxide [ J]. Chemical Engineering Journal, 210; 143-149

GuoH C, Li W J, Wang H Y, et al. 2011. A study of phosphate
adsorption by different temperature treated hydrous cerium oxides
[J]. Rare Metals, 30(1): 58-62

ZEETE, REA, BRER, S5 2012, GRS Fe30,/Y, 05 BETERNURLIY
il GRAE BB AT S WP ST [T BRBERL AR, 32(9)
2167-2175

Li G L, Gao S, Zhang G S, et al. 2014. Enhanced adsorption of
phosphate from aqueous solution by nanostructured iron ( III') -copper
(I1) binary oxides [ J]. Chemical Engineering Journal, 235.
124-131

B, PN, BT, AE 2009, MRS BEHIL B i 2 B T
5K AL B K P RIS (0], KA, 35(3) .
31-34

Mustafa S, Zaman M I, Khan S. 2006. pH effect on phosphate sorption
by crystalline MnO, [ J]. Journal of Colloid and Interface Science,
301(2) . 370-375

Qu J H. 2008. Research progress of novel adsorption processes in water
purification; A review [ J]. Journal of Environmental Sciences, 20
(1):1-13

Ren Z M, Shao L N, Zhang G S. 2012. Adsorption of phosphate from
aqueous solution using an iron-zirconium binary oxide sorbent [ J].
Water, Air and Soil Pollution, 223(7) : 4221-4231

Rusch B, Hanna K, Humbert B. 2010. Coating of quartz silica with iron
oxides; Characterization and surface reactivity of iron coating phases
[J]. Colloids and Surfaces A Physicochemical and Engineering
Aspects, 353(2/3): 172-180

Shannon M A, Bohn P W, Elimelech M, et al. 2008. Science and
technology for water purification in the coming decades [ J]. Nature,
452(7185) : 301-310

Tanada S, Kabayama M, Kawasaki N, et al. 2003. Removal of phosphate
by aluminum oxide hydroxide [ J]. Journal of Colloid and Interface
Science, 257(1): 135-140

TR, AR, AT, % 2007, SPEA S0 i g W B R R o
B[], KALBEAR, 33(12) : 70-72

VPO, JifE, A% 2007. £33 5 a3 A A Bk B BRI A P4 30 ) 24
WE5E [J]. FRETREAAR, 1(6) : 15-18

Zeng L, Li, X M, Liu J D. 2004. Adsorptive removal of phosphate from
aqueous solutions using iron oxide tailings [ J]. Water Research, 38
(5): 1318-1326

Zhang G S, Liu HJ, Liu R P, et al. 2009. Removal of phosphate from
water by a Fe-Mn binary oxide adsorbent [ J]. Journal of Colloid and
Interface Science, 335(2) : 168-174



