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Adsorption performance of Fe-Mn binary oxide loaded on palygorskite clay for
phosphate
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(School of Chemical and Biological Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: The supported adsorbent was prepared by loading Fe-Mn binary oxide onto the surface of palygorskite
clay with the oxidation reduction coprecipitation techniques. The adsorption properties and mechanism of
adsorbing phosphate were investigated by static adsorption experiments with a discussion on the adsorption ki-
netics and thermodynamic characteristics. The results demonstrate that the initial pH value, adsorption time and
temperature of the solution can influence adsorption capability, and adsorption equilibrium can be reached after
about 90 min under neutral conditions. It is found that the adsorption processes follow pseudo-second-order equa-
tion most effectively, with the adsorption apparent activation energy being 11.76 kJ/mol. The fitting of the
adsorption isotherms with Freundlich equation is slightly better than that with Langmuir equation, and the max-
imum adsorption capacity is 26 ~31mg/g. Adsorption enthalpy is 9.29 kJ/mol, adsorption entropy is positive
and adsorption Gibbs free energy changes are in the range of —4.3~ —5.8 kJ/mol. The adsorption is multilay-
ered and heterogeneous, with the coexistence of physical and chemical effects, without strong chemical bond function.
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Fig. 1 SEM photographs of palygorskite (a) and palygorskite supported Fe-Mn binary oxide (b)



% 6 3]

HOHEFS AT I AR L BBk A S S AR PR 108 F) P

1087

L B2 B ORI AN )N, G5 4 B, R U Bk
B A A SR S A B R S MR 4
R AT BB 2 (R A8 A, A 2 SR ) 2 5 TR B 2 0 R
- 2T 4 A 2 AL, LR TR K, R 4 A 6
o 7] I FL AT B 26 B R0 A 5 A SR AR A R R
A I T P R B
2.2 pHEMEMEHZME

F#i HCL 8% NaOH % U #FE 10 mg/L A1 20
mg/ L R 2 3R 5 2 AR 1) pH {5 293 K i
TR 90 min, il 45 U 1 1 B 2 & A L)
(1) 38 28 0 8% W B 7 AT VR B, WA B S Bt ) s pH
AR 2 oo B2 m] DL, VR S RT B 1 W
B f B A R U pH AR B T s kb, HLAE pH>7
B AR/ o 3K R B TR AR I A7 AR T AU K
IR ARTE pH M0 2.1 ~7.2 a2 UL H,PO,
(P AFAE, T AE pHAEAN 7.2 ~12.3 I, EEAFAE
TEE HPOR —, pH E R i 3 4 B3 R Al 5 22 1) 4
HA (L ez al . » 20145 [F) IS, W B 5510 149 6 T FR A 2
AR pH {H 15 W, B 5 A E A ) ¢ A B
pH {EL )38 0 FEAK (Zeng et al ., 2008). pH {42
AEK o VR B 770 2 THT 2 K 26 0T A A T, 8 5 2R 11 I /e
Ao 5 T 3ok 1 D T ) TR AR 2 T S A R 11
W B £ 0 5 pHLAPL S8 iy 2 A7 R B 90 2 1T 5 T AL, R
AT 1E FLA) 0 99 5 J0HEAE pH A K T 25 F a5 R B 51)
T EL AT o D038, T 3K B PR AR 1 7 b P S i,
A AL (A DRSS A W B B SR )

120
10,0
8.0}
T=f"
2 60
< - :
3 * e N A
- — _-\
20k —d— 10 mg/L
—+— 20 mg/L
0 L 1 J
2 3 4 5 6 7 8 9 10

Bl 2 BREEAIUS pH AR I B R 1 5
Fig. 2 Effect of original pH value on adsorption quantity
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Fig. 3 Effect of time on adsorption quantity
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Fig. 4 Isothermal adsorption curves
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Table 1 Kinetic parameters for adsorption rate expressions

Co/ y Qo o/ pseudo-first-order /5 & pseudo-second-order 7 F#

(mg*L™ D K (mgeg D Q./(mg*L™ D R? ky/(gemg 'emin™ D) Q./(mg g D hy/(mg*g "*min" D R?
10 293 4.551 0.692 0.906 3 0.1412 4.619 3.013 0.9999
10 303 4.545 0.624 0.8809 0.1587 4.606 3.368 0.9999
10 313 4.568 0.671 0.9190 0.1742 4.625 3.726 0.9999
10 323 4.669 0.715 0.8900 0.1787 4.719 3.981 1.0000
20 293 8.568 2.184 0.9545 0.062 4 8.726 4.748 0.9999
20 303 8.671 1.383 0.900 4 0.0758 8.803 5.872 0.9999
20 313 8.789 1.591 0.9534 0.0850 8.897 6.729 0.999 9
20 323 9.025 0.987 0.8612 0.0987 9.124 8.217 0.9999
30 293 11.617 3.512 0.905 4 0.0340 11.891 4.801 0.9999
30 303 11.763 2.869 0.8757 0.0377 12.019 5.444 0.9999
30 313 11.900 2.778 0.9743 0.0422 12.121 6.196 0.9999
30 323 12.301 2.438 0.9611 0.0499 12.500 7.716 1.0000

3.2 WRPRIIELEE

WFE T A R T4 1 B R 2432 By, n] BG 0 i Bt
)5 1ol 1 AR 2 1) PR ARG R AL 2 5 AT Ih 7 5 56 ¥k 52 5
P 2 R B R, BB FE IR T v A BT K,
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Ink=—E,/(RT)+1nA (5)

K e AHEEFE RN £y, A WIRWHE T, E, TG
L BE(K]/mol)s R A E/R ST AL, T Al E (KD .

FHCS) T H W B R R ) R TR e B,
11.76 kJ/mole — A HE Bt ()5 AL REAR AN, A
4.2 kJ/mol, 27 T (RS A REAE 8.4 ~83.4 kJ/mol
Z i (Aksu ez al.» 20050, KL IZW I il 72 B A L2
Rz B ) A2 Joi o

3.3 RMFRARE

0 W o 5 e R DAy VG B ) R B i 1) )
T A o2 it o 5 PEAE B . R Langmuir 77 12
Al Freundlich 77 &AW B 86 2 b 4T T e MU & 40
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Table 2 Parameters of the Langmuir and Freundlich models

Langmuir /5 % Freundlich 77 72

T/K

Q./(mgeg™D b/(Lemg™ R? k n R?
293 26.246 0.174 0.9873 4.726 0.447 0.9893
303 27.473 0.173 0.9860 4.855 0.455 0.9891
313 29.326 0.168 0.9833 4.991 0.469 0.9878
323 31.153 0.185 0.9812 5.527 0.469 0.9890
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Freundlich 721 Langmuir /7 F£ £ M 5¢ R 2000
j‘j:
InQ = nlnc + Ink (6)
/Q=¢/Q.,+1/Q,, 7
Xk Al ERFPEE G 0 (HANT 1 RN S
AT Qu N JE MR B 5 Cmg/ @) b AW B 2R 4K
(L/mg)» AT S WS B 5t B W B 70 2 1 W B 67 1 &85 5
HE T
R 2 v W B 2 S Langmuir 7 F2F1 Fre-
undlich 77 R84 — & A G M, HH O R B R T
0.98, Freundlich /7 £ U & &5 R B L T Langmuir
J3 R, e s v S W B R A A B AR A, W
BEANBR T2 20+ 2, oI AT 2 2B s B Langmuir
JIREAH R KM 5 26 ~ 31 mg/g» 5 SCHR (Zhang
et al . » 2005) "1 R ATERAR 525 S A IR B A LE , 471
R B TR0 A 5 4 B W B P B Freundlich 7
FEFF 0 AH0 0.44~0.47, k B ETH R4 K, W
WS B 3 o Ay AR P W B Je T 0 R R T v
B 68 ) A7 P 1 5
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k2T AR B O R IR AR DT, S A e TR
RAAE AH A2 AS AR BE N I Gibbs H H
HEZE AG
InK = -~ AH/(RT>+ C (8
AG = — RTInK (9
AS=(AH-AG)/T 10>
K K WA 5L K= Cog— ¢/ cor cg T ¢,
73 300 A9 VB B YR A A VA W B~ I R ke
AL Cmg/ L) C 0 8 R W BE IR AR L
[8.314 J/(mol*K) 1.
H1a0 8.9 Al 10 FIf31) AHVAG H1 AS 31 T3
3o MR 3 ATLAE H, WM Gibbs H HTAEZE AG 4
B, R RS FUR IR, AG ZERHE RO, W Bt
YER IHES) 7 BOK, B8 i R T W B AR ) B Tk
Isge AH F1AS A 1EAE, 15 B B2 W A s e o

®3 WMHRNFESH

Table 3 Thermodynamic parameters

co/ T/K AG/ AH/ AS/
(mg°L™ D (kJ*mol ™D (kJ*mol™"  (Jemol '*K™D
293 —4.358 46.594
303 —4.748 46.343
20 9.294
313 —5.247 46.458
323 —5.746 46.564

AH AT J Bt W B 700 R0 W B 5T 2 1) 9 FH 1)
JoL, AR 5 R B A 4~ 10 k]/mol, 18
Wel) Jy 2 ~29 kJ/mol, BEA7AE A HI 2T 40 kJ/mol,
22 BAE KT 60 kJ/mol(Oepen et al.» 1991), H
I 25 B B G S AN B R B 9.29 K/
mol, T W B V5 T AN i s A 22 B4, 32 22 AR
() PRI A FH RTC A7 A FH 5 VB B A A R A R A 2 W
FEAFI LR

4 ZEe

(1) B2 F 4 A Bk B 5 S A ) IR B 71 %)
BB At ) VB Y A R, OBE Y 0 52 WA W BT 4 pHL ML 5%
Wiy, Bt pIHL 35 AR B e gal 0, LA Bk P 2% 78 D/ B
Wi

(20 B 6 500 o) s A7 2652 v P WA B 5 22, 90 min W
IEE] P17, pseudo-second-order 3l 17 % 7 B g B U
IR AR B T T TR B ke, R RE TR Y OK, TR
B AL RIS AL REA 11.76 kJ/mol, A 221
B PR 5

(3) WP 25 UL 26 5 Freundlich J7 #2 B4 & 45 2R
WAL T Langmuir 7782, WBHE #2082 R AN 5]
W B, B Langmuir 77 #2175 5 KW 5 26 ~ 31 mg/
go WIS N 9.29 k] /mol, i 732 K IEAE, H HEER
K —4.3~—5.8 kJ/mol, W Ff ik #2605 P 2EAE A0
HZAE T B AN & SR A 22 B E
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