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Sorption of Dissolved Inorganic Phosphorus to Zero Valent Iron and
Black Shale as Reactive Materials
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ABSTRACT : In order to reduce the availability of dissolved inorganic phosphorus in surface water, lakes, and estuaries, black shale
and zero valent iron can be used as reacitve materials. Sorption of phosphate to sampled sediment, black shale, and zero valent iron was
quantitatively evaluated in this research. Effect of coexistence of calcium was also tested, since coexisting ions can enhance the precipi-
tation of phosphate. An empirical kinetic model with fast sorption(k;), slow sorption(k), and precipitation(k,) was well fitted to experi-
ment data from this research. Langmuir and Freundlich sorption isotherms were also used to evaluated phosphate maximum sorption
capacity. Calcium ions at 0, 1 and 5 mM affected the precipitation kinetic coefficient in empirical kinetic model but did not have impact
on the maximum sorbed concentration.
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Fig. 1. The sediment sampling site in the study.
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Table 1. Characteristics of the sediment, black shale, and ZVI Py = a - exp(-ky- )+ b - exp(-ks * )+ ¢ - exp(-kp * 1) 1)
in this research

Sediment Black shale ZV1 A7 Py= AZE tlAY QA9 F&, k k 2P
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Table 2. Estimated parameters of Equation (1) in this research

1 b1 Black shnke
ib“h ca” .
i L ] ky ks ky a b c

w | =—ay _ , (mM)
_.—_,_ 0 0573 1.00E-3 - 0251  0.749 - 0.989
= TR Sediment 1  0.573 1.00E-3 6.40E-03 0.059 0.452 0.4880.859
a0
; 5 0.573 1.00E-3 6.80E-04 1.60E-12 0.485 0.5160.917
= "1 . i 0 0260 251E4 - 0181 0819 - 0970
= L Nk Ca=" Black
™ , . .y 0.260 2.51E-4 4.70E-02 0.0333 0.876 0.1200.967
= 21 2@ |mMCa shale
. - T4 5 0.260 2.51E-4 2.50E-03 6.70E-14 1.39E-5 0.967 0.968
SmM Ca
TR, 0 0.798 5.90E-3 - 0.368  0.631 - 0.987
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Fig. 2. Phosphorus removal kinetics at different added calcium ) .
concentrations: (a) 0 mM, (b) 1 mM, and (c) 5 mM. Freundlich model ¢ = K/C' (€)
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Fig. 3. Phosphorus adsorption isotherms at different calcium
concentrations: (a) 0 mM, (b) 1 mM, and (c) 5 mM.
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Table 3. Parameters of Langmuir and Freundlich sorption iso-
therms of phosphate

Langmuir equation
Ca2+(mM) Gmax b 7

Sediment 0 1.166e+0 2.590e+2 0.942
1 1.673e+0  2.433e+2 0.982
5 4.752¢+0 1.933e+2 0.995
Black shale 0 8.274¢+0 5.024e+0 0.944
1 3.56%¢-1 4.241e+8 0.498
5 2.849¢+0 1.126e+9 0.937
ZV1 0 3.773e+0 1.076e+1 0.991
1 2.045¢+0  2.451e+l 0.966
5 3.324e+1 1.149¢+0 0.748

Freundlich equation

Ca>(mM) Ky n P

Sediment 0 1.141e+0 9.602¢-1 0.939
1 1.645¢+0 9.760e-1 0.981
5 6.239¢+0 8.916¢-1 0.995
Black shale 0 7.721e+0 4.535¢e-1 0.908
1 8.406e-1 6.337e-1 0.709
5 5.973¢-2 1.447¢+0 0.987
ZV1 0 4.873e+0 5.431e-1 0.962
1 3.799¢+0 5.813e-1 0.975
5 2.364e+1 1.360e-1 0.743

Table 4. Possible calcium-phosphate compounds, their ACa/
AP ratio, and Ky(4)

Compounds ACa/APratio K,

Tricalcium-trihydrogencarbonate-phosphate(TTHP)

3Ca’ + 3HCO5 + PO,” <> Cas(HCO3);PO, 3.00 107
Hydroy-dicalci?_m-pho_sphate(HDP) 2,00 10226
5Ca” + 3P0, + OH < Cas(PO,);0H
Hydroxyl apatite(HAP) 584
2Ca”" + HPO,” + 20H <> Ca,HPO4(OH), 1.67 10
Dicalcium-phosphate(DCPD) 1.00 107659

Ca’" + HPO4* + 2H,0 <> CaHPO,4 x 2H,0
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