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- Phosphorus:is an essential nutrient:among: plants -and animals; but-it ig-a: nonxenewable
resource, and the global commercial phosphate reserves will be depleted in 50-100 years.
While global phosphorus scarcity is likely to be one of the severest problems of the 21
century. Therefore, there are concerns about ensuring long-term and stable availability of
phosphorus resources from recovery processes in the future. So far, there are a number of
technologies (chemical precipitation, 'biological phosphorus removal, crystallization,
adsorption, etc.) which can be used to removal, and recovery of phosphorus from phosphorus
‘contained aqueous solution within a sustainable strategy. In order to rembve"and?réc“‘é?éef
phosphate resource from aqueous solutions by adsorption method, we synthesized a novel
adsorbent of calcined Mgs-Fe layered double hydroxide (LDH), and examined the phosphate
adsorption performance in synthesized NaH,PO4 solutions. Furthermore, we applied this
adsorbent to actual anaerobic sludge filtrate to investigate its practlcal adsorption capacity and
reusability.

In chapter 1, the general, objectives and structure of my studies were described.

In chapter 2, the significance of phosphorus resources and its global scarcity, the alternative
phosphorus removal technologies were introduced, following with the history of layered
double hydroxides which included the structure, synthesis, characterization, their potential use
for removing inorganic contaminants such as oxyanions and monoatomic anions from
aqueous solutions by the process of adsorption and adsorption mechanism.

In chapter 3, a series of Mg-Fe LDHs after calcination were synthesized by using
co-precipitation method under low super-saturation conditions. Several factors such as Mg/Fe
molar ratio, pH, coexisting anions, adsorption kinetics, adsorption isotherm and desorption
efficiency that affect the phosphate adsorption capacity were discussed via batch experiments.
It was found that the highest phosphate adsorption capacity was obtained with Mg/Fe ratio of



3 and calcined at 573 K, which was in agreement with the results of the powder X-ray
diffraction (XRD). The appropriate pH value was found to be 6.9. The distribution coefficient
(Kq) revealed good adsorption sclectivity of calcined Mgs-Fe LDH for phosphate in a mixed
solution with NaCl, NaNOj3, and Na,SO,. The adsorption kinetics, yvhich was studied using a
pseudo-second-order model, showed high adsorption capacities of 77.5 mg-P/g in NaH,PO,
solution. The adsorption isotherms showed that the phosphate uptake process was better fit
with the Freundlich model than with the Langmuir model. The adsorbed phosphate can be
effectively desorbed (73%) by the addition of a 0.1 M NaOH solution.

As a continuation of batch experiments in previous chapter, we focused on evaluatlng the
performance of granular calcined Mgs;-Fe LDHs for removing phosphate ions in a fixed-bed
column using synthesized NaH,PO, solutions in chapter 4. The effects of parameters such as
bed-height, flow rate, and initial concentration on a breakthrough curve were investigated.
Widely used column adsorption models were applied to validate the experimental data.
Furthermore, the adsorption mechanism was proposed according to results of model fitting.
We also assessed the performance of the granule-packed fixed-bed column in removing and

recovering phosphate from actual anaerobic sludge filtrate. Finally, exhaustion-regeneration
cycles were employed to investigate the reusability of the adsorbent. It was found that an
increase in bed height and initial phosphate concentration or a decrease of flow rate improves
the adsorption capacity. The Bed Depth Service Time (BDST) model was found to
satisfactorily predict the breakthrough curve up to 60% breakthrough at a 0.024 L/h flow rate
and 10 mg/L initial phosphate concentration. The Clark model was found to be the most
suitable for fitting experimental data with respect to various bed heights, flow rates, and initial
phosphate concentration values, followed by the Thomas and Yoon-Nelson models (in
decreasing order of suitability). We found the applicability of this adsorbent to phosphate
recovery from anaerobic sludge filtrate because of its good selectivity in a system of
coexisting anions, high adsorption capacity, and acceptable reusability.

Chapter 5 makes conclusion and future work of this study. As far as we are aware, this
calcined Mg;-Fe LDH adsorbent has potential for the application of phosphate adsorption
from aqueous solution. In addition, several important considerations should be taken in the
design of LDH adsorption system. 1) The supernatant from the anaerobic sludge filtrate
contains medium suspended solids, which could foul the ion exchanger and cause potential
clogging problems. Therefore, an economical pretreatment such as dual-media or multi-media
filters would be required for a pilot application. 2) The further processing of recovered
phosphate from phosphate-desorbed alkaline solution to useful finalized products such as
calcium phosphate, hydroxyapatite, or magnesium ammonium phosphate need to be
investigated, and the proper disposal of the restored desorption solution also needs to be
addressed.
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