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FEE SR ILDOE LN T —FOH B2 ALY (Fey 04/ Y, 05 ) MW B 300, I X G 3% 1 i P B Wl W BRHAT R AT TR0 2B 5T, 40 L B8
(SEM) 5 X-SHERATHL (XRD) FARLE R | OB EA 9K G54 WIFORLFF3R0AE 15,2 nm. IR SIRE S RESRTT (VSM) 45 HL AR %
LRI N 38.7 emu-g ™" BEPERCR , T )5 (5 b S RV 8. WRBRERI A S PR 8 6. 8. BB SR B HH , 25 C i, Langmuir W BFA5 R 28 P07
A Fey 0,/Y, 0, SHATR AT (R? =0.989) , T KWEHHE (pH=5.0) 8 60. 6 mg-g~' (LA P it) ; WS e, 7 120 min AT 5EAL
W B 1 80% LA I, FFAE s J1 2RI (R? =0.997) 5 #W pH X Fes 0,/ Y, 05 WRFHBEAYSENRE N W] &, B T30 B ML R K ; SL77RH
BT X B M Y /NI A €L~ < SO3~ < €03~ < Si03 .
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Preparation and characterization of Fe,0,/Y,0, magnetic particle with nano-
structure and its phosphate adsorption properties
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Abstract: Fe;0,/Y,05, a novel magnetic adsorbent, was prepared by co-precipitation process and its properties were investigated. Scanning electron
microscopy (SEM) and X-ray diffraction (XRD) analysis indicate that this adsorbent is formed with nano-structured fine particles with average primary
particle size of 15.2 nm. The specific saturation magnetization is 38. 7 emu-g ~' measured by vibrating sample magnetometer (VSM) and the isoelectric
point is 6. 8. Batch sorption experiment data is well fitted with Langmuir model ( R* =0.989) with maximal phosphate adsorption capacity of 60. 6

1

mg-g ' at25°C and pH 5.0. The adsorption kinetic data is well described by pseudo-second order model ( R* =0.997) and over 80% of the equilibrium

adsorption capacity is achieved within 120 min. The phosphate adsorption is dependent on solution pH, while ionic strength poses little effect. The effect
of coexisting anions on phosphate adsorption on Fe;0,/Y,0; increases in the order of Cl~ <S03~ < €03~ <Si03~.

Keywords: Fe;0,/Y,0; oxide; nano-structure; magnetic; phosphate; adsorption
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KA VS e B AR A DL SOk 1 )
W B 57 3 A K M K ( Pengthamkeerati et al. |
2008) .40 i# ( Oguz, 2004 ) . 7% J2 ( Roberge et al.
1999) 4 Fh 4@ %A L% ( Huang, 1977 ;Rentz et al. |
2009 ; Tanada et al. , 2003; Xie et al. , 2005; Zeng
et al. , 2004 ) J 25 /K AL PRT R ER U ( Agyin-Birikorang
et al. , 2007) % Hob, &8 (8 ) KA
AL W X KA i BB T A Y e B RCR
(Chubar et al. , 2005 ; Tokunaga et al. , 1997) , JUH:
LM e )R E A% 1Y (Cheng et al. , 2009 ; Long
et al. , 2011 ;Zhang et al. , 2009) b H—% b HA
SRR BT RE. TR (NS ) R Ak
X BERR AR 2 25 1 H A 4 5 W ( Anderson et al. |
1989). {H FaRWE B 5] 22 Sy AR, 7252 B
FEAE 53 15 PRI (7 ) R

ARG B A, W B — R AT
RO o3 B 51, AT 3 B WA BCRT % 1k 1 W 5 | 2%
R, IEAER, WG 0 ORI o ) 7 22 B oA
B89 Y0 5 TR 614 o7 B B A2 38 5 1, 3 S B 5]
BAT IS BB B RCR , (A R /N
W Rt/ 3 ] pH YO A8 AR, BRAR) T AEER
S R B T R (SRR AR, 2006) . 49K
AR BAT RUBE /I | e e T AR W B B ) i 45 Ry
ML, TE K AR B 32 2 )2 B AL (Kanel e al.
2006) . PR, ASBIFFE R AL T3 1k ) 4 HAT 9 oK &5
¥ B4 B ALY (Fe,0,/Y,0, ) BEE W57, X
RIMA5HE WEASRIE A5 ST RAE, TR
WY AEIRER B0 T B pHL S 1 5 HE R A B 2
X A P R 52

2 #Bl57F % (Materials and methods)

2.1 LERA 58

K7 ;: FeCl,» 6H, O, FeSO,-7H, O, YCl,- 6H, O,
NaOH HNO, 2 — W ( PEG, 14> FH: M 400)
Bkt al, KH,PO, AR 2, S 90 /K 348 25 8
FoK. WERIFREL219. 4 mg KH,PO, T 1 L &Z&EIRH,
Tk 2= Z126 B4 50 mg- L~ BTG £, S230 AR
P AN [) 1) 5 S i 2 VOO T 2R S [ U

SCHAUAS HZQ-C Bz S E R AR % 4% , DH-201
T PIE IR T HRAS , TU-1810 B2 4ha] W40 66 g
11, PHS-2F pH i1 ( FiFHERE) .
2.2 Fe,0,/Y,0, M 7| th 4 %

L FeCl,-6H, 0 il FeSO,+7H, O A JFURE, A i

Fe'* Fl Fe WA R LR 21 1 AU 400 mL, H:
H Fe® MR 0. 200 mol - L', TEA AR TU A
WA 90°C. MLREEFE T, 1A s A 50
mL Z7K. 10 min /&5, A1 50 mL /) PEG, )i 1 h,
BHIEENR, ik, K CEERG, 50 CHET, B
BEAE, FRIRMEDSEY), 102 Fe,0,.

¥ 2.50 g Fe,0,.19.00 g YCl+6H,0 F111.25 g
PREWT 1 LK, HidEy5). A% 20 min J5
BN 90 COKIBMRFR4 h. #ERE JKPEE, T 100 CHE
T, WRER A, S EEREL A, B AR S
It MR35, i8R Fe,0,/Y,0,.
2.3 Fe,0,% Fe,0,/Y,0, tyR4E

FHAH T W% ( Geminil 530 ) WA BFF 57 1Y
FMIEA, X5 L AT L (D/max2500VPC) 73t
FRFFR0 Y A A AR 2l B L 8 5 1 ( VSM model 155)
AT 7 PR B 70 79 L A T A5 8. S5 FL L (pae) T
TERHEIM AL (Tan et al. , 2008 ; Uehara et al. |
1980). ML il — 5 51— & Vi BE 1Y W B 551 i W (50
mL), HH % NaNO,0.01 mol - L', FI HNO, I
NaOH T pH 4 3 ~ 11, BEBTA S IR IR
ViR, VA 12 h 5 IA pH, G808 pH,. TRV
WP IA 1 g NaNO, , 4kZeHiEIR 12 h J5,
pH, i¢ M pH,. UL pH,-pH. %t pH, /F &, I A 75
E2| pzc.
2.4 WML

We R SEEOAE (25 £1) °C 170 r-min ™' BUPR T 4
HE -7 24 h, T 8 h A2 h P83 — WK pH, i fiz &
pH F&5ELE 5.0 0. 1 (pH XF0R BFF ) 5 00 5256 5241 )
5L T NaNO, (0. 01 mol -L~") . W B 5¢ s
FEAIL 0. 45 wm BERREFAER IR, SR BBt
T 0 7 A
2.4.1 Fe,0,/Y,0, MR EIRL TE—FRY
BEA 50 mL A[RIBEHE EE (0 ~30 mg- L") M F
HEAT R R A5 2 0 o S 3y W A R B & Ry 200
mg- L1 W% 58 5 BORE  axk R 000 o e
2.4.2 Fe,0,/Y,0, *tBEWG R Mt 20 1% 161 LW
WIEHR 5.0 mg- L~ AUV WCH HEA TR B 3l ) 25 50 56
Fe,0,/Y,0, #hH~ 200 mg- L' F:BE— & i} A]
HURE, axh B 0 A Vs b i vk
2.4.3 pH K& FI&EX Fe,0,/Y,0, % a0y %
e O — 251 5.0 mg- L BOBEA, W FFFRIEEN
WHO0.2 g L7, BHRAR G pH(H (3 ~11) 1 3
AN ) 85 758 B NaNO, (0. 1.,0.01.0.001 mol-L™")
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XPUR BfF 520, ) HNO, A1 NaOH I8 5 R JE | i i
%% pH FETEA R BE (A

2.4.4 HEWET M Fe,0,/Y,0, B M2ty %
BRI LR YR 2 7.0 mg - L™' B, 43 51 % %5 €O |
SO?° .Cl™ Si02~ PURPR B FAEAIRIVEEE (0. 1.1 .,10
mmol + L") By Xof B4 K2 S 114 5 1

2.5 BAELA

2.5.1 BRIWEITHE Fe,0,/Y,0, XHEWMHE ¢
(mg-g~ ") #x (1) #HATIHE.

qg=V(cy—c,)/ m (1)
AP VORBEE AR TR (L) ¢ o, BRI ¢ 1
ZIRIWRRE (mg- L") m MR RRSRE N & (g)
2.5.2 BMFBREEANSE  Fe,0,/Y,0, X HE
(R I BEE| Langmuir i Ay ( = (2)) . Freundlich
FEA(H(3) ) Al Temkin B8 (2 (4) ) #FATILA.

qe :qumaxce/(l +kLce) (2)
qe :kFce]/n (3)
q.=A+Blnc, (4)

K, g, BT A I A W B (mg g ™) |, g AR
BEEF50 S6 FRE BA Bt (mg - g ™1 ) e, P A I VR P R
PR BE (mg - L71), ky B 5 3 22 6100 8L
(Lemg™") ko 55 W BFF 58 B2 A DG 098 85, n o 5
BRFBE 1A R B AL, A LB Y0 AR
2.5.3 RMah A FEANE BRI 5E 55
FHHE—Z ME N A 4™ B 08 R R &5 2R 17 40
B MRS SR (X (5) ) e TR E W R 32 9
PO BREE W BR R 38 0E b T 1 A 0 B i 5 ¢ B 22
R A P 22 {EL ( Lagergren, 1898 ). i 2% 8l J7 £ X
B (F(6) ) FE T MR B3 8 32 1~ W B AL B e 42
il , IZALIE PG Ko 3 W B 5R) 5 W BT 5T = ] iy v - 2
B T (Ho et al. , 1999). UKL PN B Al
(R (7)) iE T H2Z DY HLEE R SR, Rad S
i 1Ay oA UKL A R ) 3 ) A A
log(q, —q,) =logq,— k,t/2.303 (5)
t/q,=1/kyq,> + t/q, (6)

q. = k" +C (7)
A, g B g 53 1R ¢ B 20 0P 25 B I B
(mgeg™") kb, R UE— G B R EL (min ') Lk, K
WEZ R M ER H L (g-mg ™ min ") kS INYTHE
MR R (mg - g - min™®), C HH
(mg-g™).

3 R (Results)

3.1 Fe,0,% Fe,0,/Y,0, ) KAE

Fe,0,5 Fe,0,/Y,0, M43t 5% (SEM) B8 F- 4
Bl 1 Fs. ATLAE R E Y Fe, O, 0 AN B 4
AN, A Y,0,2 )5, BURCRIAR A BTG K, (A
T 200 nm, H PR — 2 B 1A1ER.

pd $ 72 a "N
m EHT=10.00 kV . _
WD=6 mm Signal A=InLens

Mag=100.00 kx 200 m

200mm  EHT=10.00kV ¢ _
e Signal A=InLens

Mag=100.00 kx WD=6 mm

E1 i RREBERA (o Fe;0,; b, Fe;0,/Y,0;)
Fig. 1 Images of the magnetic materials (a. Fe; O,; b. Fe;0,/

Y,05)

B2 AR XS R AT ST L SARIER Fe, O,
TR A & B, 45 1Y Fe, O, 9 523705 92 A1 1Y
(MK 4, 2009) . ARHEAT ST TR R & 18 P Ao
ol , eI 6 M ERsRATHE((220) L (311) ,(400) |
(422) ((511)F1(440) ), FIH Scherrer A d = kA/
(Beos®) (k=0.89, A =0.154 nm, 0 JAFIAEATET
FA(°), B AT R B I BE (rad) ), HEAT AR
50, BOEFHIE, 15 Fe, 0,/Y,0, BIFI9K T F
PikifE R 15.2 nm.

F VSM {li#5 Fe, 0, Fl Fe,0,/Y,0, H IR N
FLIREE 25K 69.3 F138.7 emu-g~', XtAMNIMEL
B ERRRAE . ¥ Fe,0,/Y,0, ¥ T /K P 58504
FEXIST, WEEA RL 5 K A BUIR L, A AT AN ARG 1



2170 7 A T I RN
H}6.5, Fes0,/Y,0, B5EHL 5N 6.8. > pH 7F 6. 8
311 e "
2 Fe,04 LAR I BRI E L s pH 5 T 6. 8 I, A4 kL 1
b. Fe;0,/Y,0; T
N A .
09
—0— Fe;0,/Y,05
0.6 —v—Fe 0,
03
:t; 0 | | | | | | | |
= 34 5 6 8 9 10 11 12
a H
_0l3 - p 1
L ] | | | | ] 1 |
10 20 30 40 50 60 70 80 90 =0.6 -
200°)
09 |-
B2 ®EEMEE XRD B (a. Fe;04; b. Fe;0,/Y,05) s
Fig.2  X-ray diffraction pattern of magnetic materials (a, Fe; O, ; .
b, Fe,0,/Y,0,) E4 Fe;0,% Fe;0,/Y,0; IERI
Fig.4  Point of zero charge of Fe;O and Fe;0,/Y,0;
FAFT, s g R, 2359 s, B4

'—ﬁ?kéj\
TR
3 S PR AR R S T B w2k, R,
AR 2 TR LR 1 (AR R ) | e S
Yt T BERUR I N /6, — BAMEE SR, LT
AREFRIBEARAE , FITAORH R B Y, O AL BN
Fe, O, MREMEA — s m, (B4 HA B m i 73
PERE. SCERid B &, 7E 1 min A RIVADKE I B 5 45
Ko a. KRG WA A R B g 23
BETERE, W] R 3 BB 37 (A 70 B [T

S84, 5 ORI R K X L, — 4R & W

80 —
a. Fe;Oy
b.Fe;0,/Y,04

60 —

40

20

LA ALR B M/ (emu-g )

0 | | | 1 | | | | | |
-5000 -3000 -1000 0 1000 3000 5000

W5 S 10e

B3 #elettiamugisaE
Fig.3  Magnetization curve of Fe;0,and Fe;0,/Y, 0,

WE 4 iR, 23 IMAENHE | Fe, O, IS5 HL &5

3.2 Fe,0,/Y,0, xtak iy % 45 4

W 45 T e T 4 38 1 A e B 55 O B 2 )
FEZ, EHIE Fe,0,/Y,0, Ay R FHE. MK
SA[LIAEH, Fey0,/Y,0, X i i BB bifi i 7 i ik
JEE R34 i TG . AR T Fe, O, AR B HE (9. 7

-1 =
mg-g '), Fe,0,/Y,0, 47 B K Y W K& (60.6
-1
mgrg~ ).
70 —
/
60
50
o 40
3 A Fe;0, a. Langmuir
\é 30 Fe:0./Y,0 b. Temkin
= 4 ¥ X0 c. Freundlich
20
10 - A .
0 m ! ) ! |
0 5 10 15 20 25
¢/(mg-L)

B 5  wgEst it R W SR

Fig.5 Adsorption isotherm for phosphate on magnetic materials

3.3 Fe,0,/Y,0, X8k By B2 1 %

&l 6a AT AT, W BRFik 2 AT B 85 20k R A o B
BILG BB, W B AR AR R, W B T 04 i, 7 fe )
[ 120 min PN AT 58 8 S0 BT 52 719 80% LA - 5120 min
VUJe Bt 2 W o Ao 1) e 22 4 WA o 38 23 528 il /), T
FRF i AKE Y B, 1440 min BF IR AR 15 3 S 447
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251 a
- = =
- =
20 L T
o0
- mm o
—~ g
I - =
0 15— =
o L S
E |m S
= 10fm =
2
5 —
0 Hm
1 | 1 1 | -15 1 1 1 1 |
0 500 1000 1500 2000 0 500 1000 1500 2000
t/min t/min
100 — 25
: =
TC-D
g
20
=
£
1 1 1 | 0 1 1 1 1 |
0 500 1000 1500 2000 0 10 20 30 40 50

t/min 2

El6 WA EX Fey;0,/Y,0; WHHBEHIRMD (a. BENIIZ) S 2 Mk b, E—R BT AE L, o MBI # B, d. WY ELS) -
)
Fig.6 Effect of contact time on the phosphate adsorption by Fe;0,/Y, 05 (a. phosphate adsorption curve, b. the pseudo-first-order model, c. the

pseudo-second-order model , d. the intra-particle diffusion model )

3.4 pH R & FBE 3 Fe,0,/Y,0, F a8k i % mol - L', Fe,0,/Y,0, XF B (i W% Bt i & A 1o &
7 Sy pH FHEG 5 BEXT BRI B A 52 me. R 1 kR,

ARG pH(3 ~5) B, Fe,0,/Y,0, XBERBLHA: 3.5 BFWE T Fe,0,/Y,0, M5k 8 %

SR IR RE 3, TR W RS2 4x, R N HEAE pH =5 CO2™ .S02™ .Cl™ . Si02™ % 4 Pk W &

IR BIR KA ; B pH(6 ~ 11) Tk, WA TR R B 20 UL 8. M 8 W LLE H,

WA B2 B 790 H 0.001 mol - L7 HEHNEN 0.1 €1 F1SO2™ 73 MRIE/KF(0.1,1,10 mmol-L™")
T 100% £ 0.1 mmol-.L”! =1 mmol-L™! KX 10 mmol-L™!
* 0.001 mol-L™! ° 7: 7: E§
Br v g 9 0 0.01 mol-L™! §§ — — 7
¥ y | 80% H//A— — —
v L — — — |
~ 20— O 0.1 mol-L = N = g
%cg 15 ~ %()0% - ; % ; E
: ) ) = — . =N
40% H/ = = = —
10 ¥ % o, @ = = = =
20% HZ = — — _
T o = — - —
1 1 1 L 1 1 1 1 I " = - =\
2 3 4 5 6 7 8 9 10 11 0 > > -
pH CO5~ SOy~ cr Si03”
7 pH METFRES Fe,0,/Y,0; MBI R0 8 HEFE T Fe,0,/Y,0, WHBEAIRM
Fig.7 Effect of pH and ionic strength on phosphate absorption by Fig. 8  Effect of coexisting anions on phosphate adsorption by

Fe,0,/Y,0, Fe,0,/Y,0,
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XTI B REA A R, COS™ R B TH v, W A
I, EsZma e BEAR /I Si0;~ W BE 9 T v X W ot 149
MR . 4 FiEg XTI B A HE R CL
< S0;” < CO;” < Si0;™.

4 1318 ( Discussion)

4.1 Fe,0,% Fe,0,/Y,0, thkAE

MRLRTH B F PEG 37K 3k A 1) 25 [l HE & 76 H
AR AI B A, (H SEM FR A (& 1) i, W
PRI ABORL 40 — 2 1 A 3. HAR R R AT BB 4T
—J& PEG Wi T & B/ R 20K b R P SR 7
—i; IR B RE S A A TR R BUA R Y
KA (Ma et al. , 2009).

XRD Eli (& 2) SR, A R 168 22 8
A AT At 2% 0 | 358 B ) 5 19 Fe,y O, 7 45
Wy HAli . A Y, 0,1 Fe, O, 1% B T AR
b A2 S04y W AR 0T 5 B AT T REAIS, Ui e
PRI 45 5 BN B LB T JE R 0 T A T 2
Fe,0,/Y,0, HILE R 587 (0, X2 H T Fe,0,/
Y, 0, AidhER kbR BN B R, Y, 0,
BN, R SR G170, RRAE IR X DA
I (Andelman et al. , 2010;Das et al. , 2008).

Y Fe, 0,7 Y,0,)5, pze H6.5 LF-E 6.8,
AN, FR T LA B 7 ) i B pHL 3
FE 52 M AN K

4.2 Fe,0,/Y,0, %t &k th % M

M1 7] WL, AN F Freundlich #% % #1 Temkin
R Fe, O, Fl Fe,0,/Y,0, XF W 09 W Bf 3 45 &
Langmuir 1% 5 43 5 J5 W B 700 09 % B & R 9.7
mg-g”' FF-E] 60.6 mg-g™", L SCHAHRIA Ay — LB I%
B0 (26 2) A M BFF A 8. SCRik P 4R 38 A RV Fe, O,
LRI A 7.2 ~12.8 m™>g ™' (LMY, 1994) A&
W55 Fe,0,/Y,0, B R LA 10. 69 m* g~ Al
W, Y,0, 0% X Fe,0, M RIFAA K KA,
M Fe,0,/Y,0, A H 26 1 AL AN B He e W B 7] K
PRI, 33CAS S LR B o 38 K L. Fe, 0,/Y,0, 4
TRFRE B K — 5 TS AR AR S5 O, AREEL
A 15.2 nm BIR) YR TRIAR , 77 AE K 19 0% BF 07
SO, R Y, 0, % Bl W R, S R
Rifi 42 09 E B R A, X 5 HAB A 5Y ( Anderson
et al. , 1989) it ¥ 70 2 X BE R AR 29 i A e Sk
W B A R ) A

BT R, =1/(1 +k,¢,) S Langmuir p i
(TR E SR, H 9 R T W B 75 o0 A )i AR
MR, > 1B ARFINER, R =1 iR etk Wk,
0 <R, <1 W KA R, R, =0 By A AT 306 0
(Al-Degs et al. , 2000). Fe,0,/Y,0, W B R,
4 0.002 ~0.067, Ui Fe,0,/Y,0, %AW it A
AR, H R, B e B 0 5 )N, vl B
PR VA JEE TR A R I

F1 EMEREBEER(25C)

Table 1 Langmuir, Freundlich and Temkin isotherms constants for phosphate adsorption (25°C )
Langmuir W% 45 3 Freundlich Mg 4 i xC Temkin M {275 20
W 551 Goe k.
R? ky 1/n R* A B R?
/(mg-g™') /(L-mg™")
Fe, 0, 9.7 0.33 0. 849 3.6 0.28 0. 827 3.39 1.64 0. 836
Fe;0,/Y,0, 60. 6 13.8 0.989 42.7 0.17 0. 845 47.08 7. 46 0. 950
T2 T R B A X A R B s SR
Table 2 Effects of reported adsorbents for the phosphate removal
i /E[‘ﬁzﬁ,*j”‘) ) (fffl : N il “ﬁf’z i{@?fﬁﬁj Sk
Fe,0,/Y,0, 10. 69 60. 6 5.0 0~30 ARFFE
E=RIR 7S 47.90 12.6 6.7 20 ~30 Zeng et al. , 2004
AL 230. 00 29.7 6.7~6.9 0 ~300 Liu et al. , 2008
BB ZR KL RARE 6.7 7.1 1~5 Li et al. , 2009
kG AR 46. 00 15 2.0 50 Rodrigues et al. , 2010
BRES G G A AL 106. 20 13.6 4.0 0 ~100 Long et al. , 2011
PR A ALY 309. 00 36 5.6 2 ~40 Zhang et al. , 2009
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W B Bl ) 2 BRI, Fey0,/Y,0, A3 HT
W2 2 2 T3 5 I VR R B R R, TRt K
SRR, e oy 52456, WO R Bl
A O R AR AN BT A7 82 R A7 28 9 R, % o
BTG , BB WP e — 2 GO

PRI ELA S 3O 36 3, E ARG R (0. 997)
FEsE— R N 3 BOB L R (4303l A 0.946 FI
0.965) B 423 1, 2 W W BAF 8 fin 4% & v — 9 W i 2
J12% UL B FE Fe,0,/Y,0, Fifi &4 T fb 22k Fff
(Wu et al. , 2001).

#3 Fe;0,/Y,0, WM B N ERESH
Table 3 The kinetic model parameters of phosphate adsorption by Fe;0,/Y, 04

E—Gr it g WO
¢ T, exp
/(mg-L™Y) /(mg-g™!) Ge, cal ky 2 9e, cal ky 2 9e, cal k, I
/(mgeg™")  /min~! /(mgeg™") /(g'mg = “min~") /(mgeg™") /(mg-g~"min~"%)
5 22.8 12.0 0.0026  0.946 22.9 0.0012 0.997 23.2 0.204 0. 965

MK pH 7E 2. 12 ~ 6. 80 Z ]I, H,PO, &
WRAFAE ) I (pK,, =2. 12, pK, =7.20, pK,,
=12.36) , LTI RRR 2 180 BT -1k, 2 10 S aE R
WA TR AR 17 B8 25 5 4 W 5 | B0 I P 1) R o 5] 2
T W2 B S I, AR B e AR 5 XS pH R 6. 80 ~
7.20 BF, H,PO, "B AA7ER) EZIEAS (R ET
A7) 25 1T P T AR B 51 0 AR R R O, R R T
PR AR 2555 W BTS00 (9 45 6, 0 B 2 BRI 5 > 9 W
pH REEHET, W B 751 2 1 07 A e afE— 20 B i, L
BEAS AT Z AT HPO, PO, R IR,
SEONT T W BET , R B 5 A1 5 5 8 1 728 b X
BTSN S AL 2 o Ao R S Ml AN K 2 s i
Y887 AW B 1T A1 S22 AL ] 0 o 2 52 2810t 555 0%
BB 40 NO, ~ I ZE 4+ 52 1 ( Zhang et al. , 2009).
K, Fe,0,/Y,0, SBEFEK/ A ALY 5 1A i P 3
48 EY).

W B 8 ) 2% 55 S 5 S ) S 56 1) 43 A 45 2R
KU TEMMPRVESREE T, BRRRARTE Fe,0,/Y,0, K
AR R R . B, Fe,0,/Y,0, I R T4k
(X(8)); ZfEmF LRI SBMRRE G,
B R (3K (9)) B XU (X (10)) BE &4
(Muljadi et al. , 1966 ; 45 1993).

—Q—M-OH

b M-OH2
| +HY — |
——M-OH —— M-OH3
: (8)
. 0
! B O [
—— M-OH, Il ——M-O—P—0OH
| + O—P—OH— | |
! M-OH3 l ! OH
—= OH —— M-OHj} (9)
i 0]
—M-OH; || —+mo._ 0
: + 0—P—OH— | >P
—— M-OH; I —+M-0" oy
: OH - (10)

€03~ .80;™ . C1™ . Si03™ Ak i WL B 7 5
A ) 7 I A T 2 532 W MR RS ) £ 082 B . R
ASCAE 3 AWK R (0.1,1,10 mmol - L™") B %
T X HIAF B TR Fe, 0,/Y,0, W BRI , & 3
DRI (C1™ <SO;™ < CO3™ <Si0; ™) nlf# R
NEFZ IR B AL, ik S R TR R
(LT[ — o 390 1 AR SR AL, B 5 B 6L T X AR 2 Ao
IR BT 5 25 15 B B RH U VE LA A
SIBTES T SRR AR AR LR R, S B R AR X H
TEPE A PR A S 2 W B, 5 S50 5 IR R 50 3 ok
(8 FEL T T BT DTS X WA B ) 2 i .

5 #5i8(Conclusions)

1) A R REVE B R LA 9 oK 254, 2 9ok F
VIR 15.2 nm, HEABRIFREYE, LI ARE 1k
SRIEA 38.7 emu - g, AT 5 i PR Hb SR [
OIS

2) IR pH XF Fe,0,/Y,0, W i 5% i %5 A WA
i 7E pH =5. 0 I e KRR, 4 60. 6 mg-g ™",
o T A L TR R AR S R X R R S K
U BABE S EIE BT N R T 4% A 9.

3)Fe,0,/Y,0, XFHEAT 5 = A I Bk 2, I B4
BUE LB SRR W e R R A

4) K rpE WL B F X Fe, 0,/Y,0, W B 5 i
F/NBUFH . C1™ <S03 < CO2™ <Si02™ , Hrh ¢l |
SO~ X Wl B AR TEHE Wi, CO3 ™ Ko 1R B 552 i 2 /)N
Si03~ X B 5 MK

RIEEEEN: KE£(1977—), 7, @R R, AlLER
fi, TEFARXNAQHEXEHF AL, AL &R HH
B TF R B AR B A LR 4 (b A A 4B BORAE AR T 3
BE N,
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