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Abstract

structed wetland were studied by isotherm adsorption and adsorption kinetics experiment. The results showed that

The phosphorous adsorption characteristics of three substrates ( shale, haydite, gravel) in con-

both Freundlich and Langmuir equations were well fitted for describing the adsorption characteristics of these sub-
strates. To simulate the equilibrium phosphorous adsorption data, the Freundlich equation was better than the
Langmuir equation. The maximum phosphorus adsorption capacity of shale increased as the grain size of the ma-
terial decreased. The phosphorous theoretical saturated adsorption capacity of three substrates followed the order
shale (527.992 mg/kg) > haydite (328.165 mg/kg) > gravel (129.729 mg/kg). The process of adsorption
could be divided into fast, middle and slow stages. The rate of adsorption followed that shale > haydite > grav-
el. Pseudo second order kinetics, dual constant and Elovich equations could be suitable to describe adsorption
characteristics of three substrates. In terms of correlation coefficient, Elovich equation was the best model.
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N T Ml I B2 B R R A B TR
g5 SUA Y F 2 A= U4 R Si0, (AL O, (Fe, 0,
CaO MnO; B ki ) 3= 24k % 1% 43 R Si0, | AL O, |
Fe, 0, .Ca0; ik f1 1Y = Z A % i 73 o4 Si0,, Al O,
e BT pH T2 FLBRUR K 1188 R A
SRR BT, o pH SR AL (K HR2.5: 1)
I, B o 1 2 A0 L B 230 SR A o 1 3 2 T i
VR R, 37 %Y i €1/9: S L R, 373 8L 0] iSRRI
1.2 XWHE
1.2.1 $BAMEL

WERRFREURLAZ R 0.5 ~ 1.0 mm [ 5T B i Fl
BRA 41 g T 100 mL H .08, 400 im A 50
mL f 0.02 mol/L ) KCI 7 & e il 1) il o1 et vie £ Ky
0.5.10.20.30 .40 f1 50 mg/L ) KH,PO, i i, %
BB PRI 2 A LB I A TG B, B K
BIE IR e, L 200 r/min JE B 25°C 4R 24 h,
Pz e e JE #E 5 000 r/min T &0 10 min, B K
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X=(C,-C)v/m (1)
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M v B (mg/L) 5 A WA ARFL (L) s m Ry 35055 19 5
it (kg) o
1.2.2 A B 42 3 oB W e B 04 % v

A SRR 42 <0.5 mm 0.5 ~1.0 mm f1 1.0

~2.0 mm IEK 1 g, BT 100 mL B IR0
o ARSI A 50 mL i 0.02 mol/L () KCI %5 Wi B il
) B B B Mk Bl 05,10 ,20 .30 .40 FI 50 mg/L )
KH,PO, W . 45 B0 din A 2 i & 05 LLB 1k
AW S, BT K TR AR AR R, LA 200 1/min
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EBIFRBURAZ S/ 0.5 ~ 1.0 mm % T4 Ve ki A
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Table 1 Physical characteristics of substrates
used in the experiment

) THE FLE KINGiE FAL
£ B pH (g/em®) (%) K(em/s)
s 8. 12 1.32 50.3 10
P i 7.65 1.16 54.0 42
A 7.89 1.48 48.2 48
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Table 2 Equilibrium adsorption concentration of

substrates used in the experiment (mg/L)
[ GR03ER 1 0 B e T2

{3z UiEe) Vi WA

5 2.404 3.358 4.208
10 5.730 7.086 8.632
20 13.472 16.036 18.166
30 22.364 25.252 27.862
40 31.742 34.962 37.854
50 41.038 44.556 47.832

- eI
Ry
—— R
400 [
2
< 300
g
I8
= 200f
5
100 <
0 10 20 30 40 50
PO (mg/L)
P AN [R]85 M ) 45 I A R i
Fig.1  Phosphorous isotherm adsorption curves

of different substrates
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KAV 1 rp 3 Tl Jo g B B ARG R o DA 3 Rl B B
S5 U T B ith LA B A OC ROk (R 3) , Linear
LA G5 AR B 2, Nl A B iR 3 Fil
B 5T 4 S5 U B B 2k o Freundlich J7 #2 5 Lang-
muir J7 T 24 GEAR 4 b 4 3R DU | B RL A AR A7 6T 8 1
SEI MR AE A OC R B R T 0.9, X 5 AR
A REEE IS4 AR — B, I ELA Freun-
dlich J5 F2 45 RCR B 4F T Langmuir J7 2, 3X 1 U
1AL JTOR B B RN A TR R B2 R R R 2 1, H
e B 25 T A7 A6 3 — 2 R B 59T
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Table 3 Phosphorous adsorption isotherm models and related parameters of three substrates

Linear 2k 4 455 7

Freundlich 1% %Y

Langmuir o A

& a b R? K n R? k X, kX, R?

WA 7.677 169.376 0.879 95.583 2.304 0.978 0.123 527.992 64.832 0.998
P Hr 4.207 105.876 0.876 53.893 2.247 0.958 0.102 328.165 33.453 0.998
N 1.437 52.428 0.765 25.204 2.145 0.916 0.125 129.729 16.174 0.994

MR Y5 Langmuir #2578 7] 0, 3 A e o X # 79 #H 18
0 T B /MR I Ry DA (527992 mg/kg) > Fi
%7 (328.165 mg/kg) > kA (129.729 mg/kg) , W&
X Wt 1) S R RE 0 i ik, LU A B AL 1k A %o 858 ) IR o
AE S 2%

1t Langmuir J7 f2 v, & g W Bif 45 & BE, & (8
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th 3 Ak 5T 5 8 2 18] 9 25 5 BE A R/ R Bk AT >
T > BakL, k- X, de K ZE ol s &, S e ] 9k 14
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E ST RIN KRB A, W R 200 8 A, X 9 oy i
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Isotherm adsorption curves of phosphorous

K 2
Fig.2

by shale with different grain sizes
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165 B B0 T BAE 07 5T o A R B R I Y B B B B
(0 ~2 h) , W By ith £ 3= B0 A BE U 1 o, 5 28 5T %
(%) RZ T 38 05 A, R R e b PR AR PR 5 W R 2 0 I
(2 ~12 h) W2 B 3 58 A Pl A, W B o - s
/N 3K AT BE S FR T AR OGS W 1% R BR A7 A S ik B
LA 5 2 B B B S B (12 ~ 48 h) |, i J5 0 38 ) 8% A
RN B S AR AR /N, 422 30 s 3] 0 B

35 P TSR FAE 3 A4S BN B B B A S
PO e 2, T DL L3 R S X s A % B R
PR R R ETE O ~2 h N, T X B £ R A
HRig R (52. 18 mg/ (kg « h) ), 3k o Fig ki (36. 80
mg/ (kg + h) ), Bk A %5 8 ) 0 B o 22 A 18 (17. 98
mg/ (kg * h)) .
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Table 4 Phosphorous adsorption of tested

substrates at different time

YE F It i) W% B 2 (mg/kg)
(h) i P [iYa)
0.5 43.6 36.7 18.3
1 78.3 58.4 29.5
2 107.3 77.3 37.8
4 138.8 98.4 48.2
8 174.1 114.5 59.6
12 202.3 130.4 62.7
24 213.5 145.7 68.4
48 220.7 153.9 74.3
240 —o— gk
—— FRfa
200
2 160
on
g
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Rz ki) (h)
B3 A T) 5 5 X i 1 1 B 3 g 2 il 2

Fig.3 Kinetic phosphorous adsorption

curves of different substrates
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Table 5 Average rate of phosphorous adsorption

of three substrates

Wi Bt 3 € (mg/ (kg - b))

R 0~2h 2-12h 12~48 h
5o 52.18 9.22 0.48
R 36.80 5.00 0.61
W 17.98 2.43 0.31
2.5 HiERXBI WM N FEER ST

508 B S5 TS AR R L, W B Bl g 2 R R 8 7
— B R B b B R BT (Y I B BR AL B o SR — G Bl
F1oE 5 B HE Bl g 2 7 R OBUE B #E A Elov-
ich J5 5 XF il (1 W B 8h ) 2 R EAT R, 45 R Ak
6 AT/, IWHIERBORE  HE Rsh )12 WUE 0
FEAN Elovich J5 & ¥ B8 %2 4 b 48 38 A T2 10 Hb 56 o
15 18 W B 20 g 2 R AE  HHOC R A IAE 0.9 DL 15—
RN R A RO 2% SRS, %
Bh F) 2E ARG 3 T i S5 0 B sh o 2 2k AR Y A K
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Table 6 Kinetic phosphorous adsorption models and related parameters of three substrates

R — B IR W g 2 e XUH O #E Elovich 5

a k, R2 k, X, R? a k R? a k R?
A 2.049 0.008 0.619 0.001926 232.5581  0.999 4.310 0.345 0.900 79.95 41.45 0.970
W kr 2.135 0.005 0.673  0.002669 161.2903  0.996 4.034 0.304 0.930 58.75 26.56 0.990
WA 2.223 0.002 0.630  0.006057 76.9231  0.998 3.341 0.294 0.918 29.51 12.51 0.984

3 WwitE&R

T b 5 T (1 2 ¥ 80 P S B R T Y B
P&, H LT 1 4 B BT 0 25 75 ROR S R, RN BE
W, Al S 32 Oy 2 R A A 2R O
T2 AL, W] DL 9 0 R R R R T 2 AL
FEAK PR B A B T, 386 A AE 9 N TR 3 KBRS e W)
0 32 BERE BT, B A 35 A O A S SR 5 ISk
5 % ZBOK T, Wk A0 AW R I 3 EAE g N T
BB, M VIR Z .

Freundlich 1 Langmuir 5 % ¥ §8 % {7 Hb 181 & 4%
B JOTOXT B 1% W A5 AIE , A5 s S5 OX Bl 1 L 9 e A G R
B /NMRKR N W A (527. 992 me/keg) > P Bi
(328.165 mg/kg) > kA (129.729 mg/kg) , T A%
28 ) W2 B R T e ik, L Ay Wl R 5k 0 B ) I T
T8 2% o GUG SRR A 1 —Fl, B0 52 2% Rkl 1
AW (AN 0 A7 V52 A0 55 ) A, 38 5 AV 2 RE T B
Prnase Ko 85 ) M E A0 90 (AN Bk V8RR
e S5 SRR 5 ) o B Ui B AR A B
A AR A0 B iy, HG [ TR il ) W I 2k £
FIVBA 96 0 0 B0 L 22, 0 T o A W A 7 i
X ] B A2 DU W RN ASCR B 1 I 22— o BB ARG
25 1Ry il BE A 1T B, &5 A A 3 M 5 AR MBS R R
Pk B SR A SR e, DRI B AT B0 ) W B 80OR o R
A EE Ry A Si0, , Hois P E AL W Y % i IR,
R A 0T T8 014 08 3 T g R R o A 1 R o A
KRB

YHHBAAM 1.0 ~2.0 mm FEE 0.5~1.0
mm A1 <0.5 mm B, H & KB 0% FFE M\ 213.7 mg/
ke BN ZE 448.1 mg/kg il 647.3 mg/kg, H: k2
R/ 0N A ) T i e B JSTAS B Y b 2 T AR R B Y 4
A A | R B S5 e R S5 2 T Ml TR RS A 52 1 ]
RE J2: A o1 fie Wi R oY A 412 e Y AT

% 5 TR W 1) OB B o A O D bR R 18 3 A B
B, 3 o 5 KT i 11 B R S SR AR O T > Bk >
[Z¥a

HE G ah 12477 B RUR BT R A Elovich J5 72
49 BB A e M 3R N3l T W8 14 A R 3l g <
fiE  AH AR G R BORF i 93 J1 2 05 2 5O il ik 3
hHET .
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