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Application of Adsorption Characteristic of Ferrous Iron Waste to Phosphate Removal

from Municipal Wastewater

Jin-hyung Kim, Chae-sung Lim, Keum-yong Kim, Daekeun Kim, Sang-ill Lee, and Jong-soo Kim" (Department of
Environmental Engineering, Chungbuk National University, "Department of Civil Engineering, Sunmoon

University)

ABSTRACT: This study proposed the method of phosphate recovery from municipal wastewater by using
ferrous iron waste, generated from the mechanical process in the steel industry. In the analysis of XRD,
ferrous iron waste was composed of Fe;O4 (magnetite), practically with Fe’* and Fe’". It had inverse spinel
structure. In order to identify the adsorption characteristic of phosphate on ferrous iron waste, isotherm
adsorption test was designed. Experimental results were well analyzed by Freundlich and Langmuir isotherm
theories. Empirical constants of all isotherms applied increased with alkalinity in the samples, ranging from
1.2 to 235 CaCQs/L. In the regeneration test, empirical constants of Langmuir isotherm, i.e., qmax (maximum
adsorption capacity) and b (energy of adsomption) decreased as the frequency of regeneration was increased.
Experiment was further performed to evaluate the performance of the treatment scheme of chemical
precipitation by ferrous iron waste followed by biological aerated filter (BAF). The overall removal
efficiency in the system increased up to 80% and 90% for total phosphate (TP) and soluble phosphate (SP),
respectively, and the corresponding effluent concentrations were detected below 2 mg/L and 1 mg/L for TP
and SP, respectively. However, short-circuit problem was still unsolved operational consideration in this
system. The practical concept applied in this study will give potential benefits in achieving environmentally
sound wastewater treatment as well as environmentally compatible waste disposal in terms of closed

substance cycle waste management.

Key Words: Phosphate removal, Biological aerated filter, Municipal wastewater, Ferrous iron waste, Isothermal
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Table 1. Experimental setup in adsorption isotherm test

Run (mguéé:(lj%tay/u PO’P(mg/L) adsgﬁfg g)
1 12
2 282
3 1180 25, 50, 100 8";5,05523'55
4 235.0
5 345.0
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Fig. 1. Schematic diagram of the integrated treatment
scheme consisting of the chemical precipitation followed
by BAF.
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Table 2. Characteristics of wastewater

[term Concentration(mg/L)
TCODq 136.8+78.3
SCOD 66.7+28.3

N 52.0+10.3
NH,-N 31.9+4.6
TP 6.5+2.2
SP 5.0+1.6
pH 7~7.5

Fig. 2. SEM pictures of fine ferrous waste
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waste iron before use.
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Table 3. Adsorption characteristics of ferrous iron waste by alkalinity

Freundlich adsorption isotherm

Langmuir adsorption isotherm

Alkalinity (¢g=K-C'") (g= b-C, )
1+b-C,
(mg/L 2 2
as CaC03) 1/1'1 K ) R qmax b R
(dimensionless) (mg/g)(L/mg)" (p-value) (mg/g) (p-value)
1.2 1.23 0.12 (309(?(?(?1) - - )

28.2 0.60 1.37 (<0090990 487) - - B
118.0 0.30 12.08 (369()8()1(;11) 22 7.50 (36939;11 5
235.0 0.27 37.62 (3(5938021) 935 0.34 (3692959952)
345.0 035 11.75 (fdggggl) 217 4.34 (3695?;58)

- : Unable to apply

q:

Ce :
1/n: adsorption intensity(dimensionless),
(max: Maximum adsorption capacity (mg/g),

adsorbate concentration adsorbed on the adsorben(mg/g)
equilibrium adsorbate concentration(mg/L)

b:

R : square vale in the linear regression

K : freundlich Adsorption capacity (mg/g)(L/mg)"
energy of adsorption
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Fig. 4. Empirical constants of Freundlich adsorption isotherm by alkalinity; (a) 1/ n, (b) K
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Table 4. Adsorption characteristics of ferrous iron waste by regeneration

Langmuir adsorption isotherm

Freundlich adsorption isotherm

Frequency of

Regeneration max b R " n 1/n X
(mg/g) (pvalue) (mg/g)(L/mg) (prvalue)
0 1548 052 (<0(')_918 o 5 20.05 0-19 (<Od.90905051)
1 3.58 0.4 (36?19;1195) 349 025 (3(5.9095314)
2 3.37 029 (<Od.92895265) 072 0.35 (36.90993;4)
3 1.82 -1.65 (<Od.95927117) 0.02 118 (36?5()9;9)

*Alkalinity: 226mg/L as CaCO;, pH: 6.9~7.0
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Table 5. EDS analysis of ferrous iron waste

o]Fo A A k2 o7 gl Wikl HExIF 4%
H BAF W3 FA(TP) 2 €5 (SP) 9 AlAa&o] Z+
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Fig. 5. Comparison of phosphorus removal performances
between single-BAF and integrated BAF

Before Element @) Al Si P Cl K Ca Ti Fe
acid washing  Weight(%) 216 152 153 12 09 3.1 0.3 0.7 417

After Element (@) P Fe - - - - - -
acid washing  Weight(%) 20.8 1.0 78.2 - - - - - -
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