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Comparison of Phosphorous Adsorption by Forsterite and Furnace Slag
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(1.Research Center for Eco—Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 2.China School of Environment
and Natural Resources, Renmin University of China, Beijing 100872, China )

Abstract: Media is one of the key factors fortreatment performanceof the constructed wetland. Forsterite and furnace slag were used to com—
pare the characteristics of phosphorous adsorption. Results of batch test showed that the phosphorus adsorption process of both forsterite and
furnace slag fitted with the Langmuir isothermal adsorption equation very well, and their saturation adsorption capacities were 161.29 mg-kg™
and 666.67 mg-kg™, respectively. The pseudo second—order rate equation could fit the experimental data of forsterite and furnace slag well
(R* were 0.982 1 and 0.983 4, respectively ), and the phosphorus desorption from both forsterite and furnace slag was low. At the column
height of 600 mm and hydraulic loading rate(HLR ) of 0.8 m*+(m?+d )", results of dynamic adsorption test showed that both the forsterite
packed column and furnace slag packed column had significant performance of phosphorous removal, i.e., 77.4% and 87.8% of the average
removal rates, respectively. All these results clearly showed that both forsterite and furnace slag were suitable as media of the constructed
wetland for phosphorus removal.
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Table 2 The major water quality parameters for water used in

the experiment

ZH pH T/°C EC/pS-cm™  POY-P/mg- L™
YE 7.09~8.49 23.5~28.5 579.7~1127 0.57~2.1
HE b2 7.35£0.25 25.4+2.52 709.4+139.4 1.51+0.72

At i R BT g 1 R AR A RN 7 e
A B AE , 7K B i (Hydraulic loading, HL) #5314
0.8 w () i SHR B PR
TR R AIT o 25 W B 110 26 S FL B3 7K T 4% B B
[N 3 s

3 HERREBITSH
Table 3 The operating parameters of the dynamic test

R FLBR 2SR A RIREY K ifafr ik
o 1% it ) /h L ms(m2d)”? Led?
it 44 18 2.65 0.8 3.53
BERIS A1 52 18 2.65 0.8 3.53
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Bi-X BRI 3 M1 (Feiquanta 200, Hitachi, H 4% )
Xof B I T AOUL A A FUBL 3 HEA 0B 5 SR FIBET W B

®1 HRERNEETRSE(VIZ)

Tablel The chemical compositions of substrates used in experiment(WT% )

MR 2 FR C (0] Mg Ca Si K p S Al
it 16.49 34.23 0.81 443 23.19 1.84 0.21 — 13.38
BRI A 7.93 36.73 26.02 1.73 18.68 0.3 0.12 1.76 1.18
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Figure 1 The adsorption isotherm of phosphorus in solution by

forsterite and furnace slag
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Table 4 The Freundlich and Langmuir isotherms for

phosphrous on substrates

Freundlich Langmuir

e . » : .
1/n K R q./mg kg™ b/L-mg” R

NS A 07585 24759 09621 16949 1875 09716
Mk 04865 171.16 0.8433  666.67 11.834 0.996 8

ATH, A WA FLS R AN BN 5 4351k 169.49
mg- kg™ F1 666.67 mg-kg™' . [A]HF, i Freundlich WY 45
TR TR AL, 93 1Y Freundlich #4% 1/n<0.5, Bk
HRIR ER A 55 DI B R B 5 BRI 41 Y Freundlich
B 0.5<1/n<1, FRPIBEMINE A1t 5 T K iR £h
HR T
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(A)Forsterite—before (B )Furnace slag—before

(C)Forsterite—after (D )Furnace slag—afer

2 SEMIRINRERMETEH SEM B
Figure 2 The SEM photograph of forsterite and furnace slag before

and after adsorption
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Table 5 The physical and chemical properties of forsterite and furnace slag( before and after adsorption )

PEBTZHEL PR A (I BT ) PR A1 (WIS ) A% (BT ECRME) k%
BET L1 #H/m*- ¢! 32.90 4.13 87.45 105.64 58.87 44.27
AL R A m? ¢! 11.95 3.76 68.54 30.76 33.45 -8.75
rPFL R /m?- g 20.95 0.37 98.23 74.88 2542 66.05
BELA em’ g 0.070 0.004 7 93.29 0.73 0.58 20.55
WALFLA e’ ! 0.014 0.001 5 89.29 0.34 0.25 26.47
FPLFLA em® - ¢! 0.056 0.003 2 94.29 0.39 0.33 15.38
R4 /nm 8.72 4.56 47.71 246.79 202.09 18.11
JCE ST
Cl% 7.93 6.93 12.61 16.49 9.11 4475
0/% 36.73 38.03 -3.54 34.23 30.49 10.93
Cal% 1.73 2.32 -34.10 4.43 34.82 -686.01
Mg/% 26.02 6.58 74.71 0.81 2.11 -160.49
Si/% 18.68 34.55 -84.96 23.19 429 81.50
Fe/% 5.44 9.03 -65.99 5.17 9.74 -88.39
Al/% 1.18 — — 13.38 1.24 90.73
P/% 0.12 1.99 -1558.33 0.21 7.51 -3.476.19
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Figure 3 The EDX photograph of forsterite and furnace slag before and after adsorption
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Figure 4 The adsorption kinetics of phosphorus in solution by

forsterite and furnace slag
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Table 6 Kinetic parameters of phosphorus adsorption on forsterite and furnace slag

o T ALY TE 0 RS AY Elovich 7 AURE N B ISR
qJmg kg ki/hT! R? qJ/mg kg h/mg-(kg-h)™ R*  ay/mg-(kg-h)”" Bi/mg-kg™ R? k/mg-(kg-h")"  R?
BEMNLAT 212.36 0.1229 0.981 9 208.33 54.95 0.982 1 125.64 0.019 0.945 2 37.812 0.904 7
it 392.05 0.1498 0928 1 434.78 100 0.983 4 244.54 0.012 0.952'5 60.694 0.928 0
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Figure 5 The desorption curve of forsterite and

furnace slag saturated with phosphorus
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Figure 6 Comparison of phosphorus removal efficiency

for the columns
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Figure 7 Comparison of pH of the influent and effluents from the columns
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