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Adsorption Kinetics of Phosphate from Aqueous Solutions onto Modified Corn

Residue
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Abstract: The adsorption kinetics of phosphate from aqueous solutions onto modified corn residue was studied in a batch reactor. The influence
of initial pHs concentration and temperature to adsorption effect were investigated. In addition, the kinetic data were fitted by pseudo-first-
order equation, pseudo-second-order equation, modified pseudo-first-order equation and intra-particle diffusion model> and the respective
characteristic rate constants were presented. The results showed that the adsorption data fitted Freundlich isotherm model, and the maximum
adsorption capacity of phosphate would decrease with the temperature increasing. Furthermore, the adsorption process could reached
equilibrium in 30 minutes, and the pseudo-second-order equation and intra-particle diffusion model generated the best agreement with the
experimental data for the adsorption systems. The intra-particle diffusion was the main rate-controlling step. With increasing initial
concentration; the rate constant of pseudo-second-order equation decreases and that of intra-particle diffusion model increases. The adsorption
kinetic analyses could be of a great practical value for the technological applications of phosphate removal from aqueous solutions.

Key words: modified corn residue; phosphate; adsorption kinetics; adsorption rate constant; pseudo-second-order equation; modified intra-
particle diffusion model

TP K AR 8 SR A T8 A — ™ L 1) A 5 1)
ST TR S Ak A IR A K AR R BR o R
T DRI K A B3 R B B R, i
FRI A A AL B A K i A 7 400 i 1ol o e DA DR AIE Tl )
IEARHEI AEAE 7 2 = AR W BRI 2
— P BE NS 5 Ly ML T 9 AR R Y LR K R W 1)
?2[3,4].

AT 2 IR AR A RS AT B2 5 /K 6 12
b FE P FORAEFHAE = B A 242 ) H Ay AR A
PIREAT ORI KRS 3 M3k — 2 Tl sk},
BTG BB 23%; et E kL, B
AT B GIRL, 490 B 24.0%; = H %
WRRL A=) BTREVR, o5 31.5% » JLARFEAT BN B IR

Sl A H AT, A O 2R R S
A 6 A 5t L 3 A R R el
T B T 2 b ) 6 S TR B 7

AT IR KRR AL 2 v, il TR
TATHRAN, T AT T SO T KR AT B R AR 1Y W
Bk 2 g SR L W B B0 g 2RI, ANACRT BAAG
SRR B 2o 4, o o AR A 5, T HL BB A% 4 S M AL
B, ST R )N ) A, oH AR B B ) S R
CIRYSSISENE iR a7 W ey O e e e S 8
Y= B #A:2007-03-23; 1£ 1T B #A: 2007-06-16
EE&WE - (LA A RO H (2006662206007)
EBEN: 71968 ~ ), F, [l -LHF5T A, mg TR0, 180907

7] 4 A AR BORK AL BB AR, E-mail: wy @ sdein. gov. cn
% JEIRIKER A, E-mail: bygao@sdu. edu. en



704 E7

F} 2% 29 &

il 55 S5 TR AR R A S s
1 #MR57AE

1.1 FEE AR S

N> N-HIEHFEEIZ (AR« H % CAR) VIR 5
PIHECARD, il R 4 CAR D~ YW AiF 2 & C ARD < it R #h
(AR R — &N CARD s BRFEFF Ik A 1L 448 T
WO .

HH. S K % 18 5 K % 48 (T 98 48 4 32 T B 74X
5T J1-1 34y Bl P 2% (VL IR & 3R T IR I7 AR
) HY-4 W 2 HR 4 (UL 988 S ia i R A
#5705 PHS-25C TOWL Y 1R B v O M i M R AN s
B2 F]D s WEZ756 540 v WAoo BEvHC Rl il A7
B 5 JSO4H B A HLVK A C b ifg b SR HOR
HHMRARD.

1.2 oM KRS FT ) 2%

W FRFEFFE VL T AR 100 pems WEHAIR AE
N N- R b, 78 100°C R B2 T 53 A AN
fes HUE RN 3 hy, S TEHhIE . TS, BRI 43 2
B 25 7 IR B 75
1.3 TORAEFFSCrEay fa aty i o0 ol s

43 99 U T S 19 K Ok 2 T K
FH Ak R AN g R 2 T FEL R 00
1.4 W) )25

W B Bl ) 2 S AE 250 mL FLFEHE T HEAT
SO FORFEFF BN 0.1 g5 B R AR 5 909k 52 (LA
P ) 4 5 A 10420440 F1 50 mge L', A F 4 100
mLs IR 3% I BE A 120 remin~'; FE fb 38 3% I 18] & 90
min; 1% HE A E (1) I 18] (8] B& EURE , 4K 95 GB 11893-89 £H
Pl 43 66 BE T 0 2 o o B TR AR R, T AR N [

Ui
R EAE T 3 0 W BLRIE S B4 P
L.

2 HR5UTE

2.1 EOKFEFF Ok a5 iy HU R Dl AR Ak

3 K S S I R RS FEORL 3 5T K
JFH A LUK ASCIN s O R T R O 22 5, D RO
FEFF 7 A H AT, Zeta FRAZ A - 30 mV, 0 PE 5 &
KFEFFR M 1E HAT 5 Zeta FLAZ K50 mV, A7 A%
T - B
2.2 W B RS o X R A 255 SR 1) 5 i)

W B 4N A — N EE RS ke TR
I 50 % W o ) WO o 5 Ay i o O TR B =, 4y

AT T HNE N 0.01.0.05.0.1.0.2.0.3.0.5 A
0.8 g I, SO FOKAEFF X 25 mL 20 mge L™ i R AR
WS B A R I 7, 4 SR 1 s

HH ] 1 ], Bl SSOPE ROK RS AT & 1R 1 K,
X B IR AL 1) 25 Bk e b B 2 T v, BN 0 K B —
FREE, 25 R AR AN T 0 S22 33K s DR A W o 5045 o =
BOR B — e PR, i SR M AN Re b 78 40 R AT, 7=
AR R I A R A A B IR BT ) W B
MR A 2 U RO AT BN 0.3 (I b
12 g LW 2R FILF] 90% , gk B34 KB &, %
BRZARA AN B S DAL, W DA E 0.3 gCREIW LG 12
g L7 B BN

100
/l__d
Q0
/
X 60 H
3
*
w40
L
20 L
0 l l | l
0 02 04 0.6 0.8 1.0

BingE/g

WEE: 20°C, PO;~ WREE: 10 mge L1,
PEPEH L : 120 romin~"', HEFEHFAL: 45 min
Bl 1 $5nE 3 IR MIROR B 52 00 ih
Fig.1 Influence of adsorbent dose on adsorption of

PO~ onto modified corn residue

2.3 pH XTI B AR 5 )

TR FCHS WA R WD 4 pH OGS W B 280 2R 1) 5%
Wi, 73 5K 10 mge L' #) KH, PO, 1) pH ¥ % 2.
3.4.5.6.7.8, JFMlIE 0.3 (P LL 12 go L7 DB E
KAEFE XTI ) 2B 2 (1] 2)

HH 1] 2 A, SR 4G pH 2 B & 3 I, 2%
FRAEH 859% MY K32 900%, pH 4k 4L tH 4 W5 K &
8, LR H B N 929 . A Ik, S0k FOK RS X
TR AL 1) 2 B 2R A SR 4 pHL (1% 388 DT 328 7 14
Ko Tt pH A R T DOk KRS R i R AR 119 25 B
2.4 LRI BRI (1) 5

SR BT R 5 X TR B 280 SR PR 5% 1, 3 ) A ¥ A
293.303 1 313 K G4 N, Wl ik T KA 10T 3%
P AL 1 WS B A5 U 2, JF 0 L HEAT T Langmuir A1
Freundlich R 26U & (& 3 AR 1. & 1 w40,



3 S P TORREFEXD A BERRI T I 2 ) 5 s
o 50
90 |- ./‘l\__-/'_r.
. -
¥ . Sar/
a / O 293K
® 303K
10 £ A 313K
—— Langmuirfil&
,,,,,,,,,, Freundlich#l &
% ‘ ‘ | | 0 1 1 1
2 4 6 8 200 100 o "
oH co/mgL-1

WPE: 20°C, PO3- MM 10 mgeL~"', BEHEHAE: 120 remin~!
PEFEN E): 45 min, BN 12 gL
2 pH 3T UR M 35 SR B 2 e ik 2%
Fig.2 Influence of initial pH on adsorption of PO3

onto modified corn residue
55 Freundlich S5 A 2UAH L, Langmuir 55 3 452 2 &
D 4 R 50 T KRR T 6ol TR AR ) 455 0 O R 25 R
B 5 L B 1 T, T R OK RS AT Rl R AR 1 g

3 FRELERE T B E K FEFE X B AR BY IR i SR 2%
Fig.3  Adsorption isothermal curves of PO;~ onto modified

corn residue at different temperatures

KB C QOB kS A 293 K ETHE] 313
K 20T T KA FF T R AR C LA P ot ) 1 S5 KR it 7
( Q) HH40.48 mg* ¢ ' IH/NE 30.24 mg* g™ LI,
BRI P2 A R T 5 T KRS T T ke R AR 4D R A

%1 Langmuir 71 Freundlich WM &84 A 2B 4"

Table 1 ~ Parameters for Langmuir and Freundlich equations
Langmuir Freundlich
T/K — 1 —
JifE Qua/mg=g™"  b/Lomg™! JifE K Un R?
293 ¢./q.=0.02470c. +0.780 3 40.48 0.031 66 0.9197 Ing.=0.1737 Inc, +2.569 13.05 0.1737 0.7307
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Fig.5  Adsorption kinetics of phosphate onto modified corn residue at various initial concentrations
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