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1.Introduction
Approximately 90% of phosphate rock is used for food production: 82% for fertilizers, 5% for animal feed, and 2–3% for food additives [1]. Furthermore, in current agricultural P utilization, nearly 90% of P is lost to the environment. Such losses enrich the P concentration in local streams, leading to environmental problems such as red tide and eutrophication. Municipal wastewaters (MWW) may contain from 5 to 20 mg/l of total phosphorous [2], making them an interesting source of P because of the possibility to simultaneously purify the water from P and recover it. Removal of ionic substances using the principle of adsorption by ion exchange resin has been used quite commonly in wastewater treatment. Adsorption guarantees full control of the effluent quality and allows P recovery, leading to a final product than might be used in fertilizer manufacture [3]. In comparison with alternative P recovery technologies, adsorption presents advantages such as operational simplicity, low capital and operational costs [4]. The choice of the adsorbent material must be done based on many parameters: capacity, selectivity, ease of regeneration, but also it must be able to bind phosphate at low concentration. This is fundamental since the MWW usually shows P concentrations around 7 mg/L, a very low concentration compared to those of other anions, such as sulfate and chloride, but with relatively high valence and weight. The consequence is that traditional ion exchange processes are not effective in removing phosphate anions. Various adsorbents and anion exchangers were found to show high adsorption capacity for phosphate ion, including metal oxides/hydroxides, hybrid anion exchangers HAIX and double-layered hydroxides LDH [5]. LDH are intensively studied due to their favorable properties such as high surface area, basicity, anion exchange properties and positive surface charge. In this work pyroaurite (used after calcination at 350°C for 5 hours), an LDH belonging to the group of hydrotalcite, has been studied as adsorbent material for the removal and recovery of P from a MWW from the purification plant of the municipality of Bologna (HERA). In particular, the research focused on (i) assessing the performances of calcined pyroaurite regarding P adsorption and desorption in batch and continuous flow tests with an actual MWW and (ii) evaluating the sorbent structure stability during 6 repeated breakthrough tests.
2. Methods
The performance of the material in terms of P adsorption has been estimated by adsorption isotherm tests, and continuous flow adsorption/desorption breakthrough tests, in a fixed-bed column packed with calcined pyroaurite. Cations analyses were performed with an HPIC method. All the procedures and methods followed are extensively described by Pinelli et al. [6]. The continuous tests were performed in a small-scale laboratory PVC column (0.40 m length, 0.013 m of diameter) packed with the adsorbent material for a height of 0.20 m.
3. Results and discussion
3.1 Adsorption Isotherm
A 9-points isotherm was performed with a real MWW effluent to investigate the performance of calcined pyroaurite in presence of competing anions. The results of the isotherm test are shown in Figure 1 in terms of P sorbed concentration versus P the residual equilibrium concentration in the liquid. The experimental data were interpolated with the Langmuir and Freundlich models, with regression coefficient closer to 1. The experimental data showed a favorable isotherm: high solute adsorbed can be obtained even at low concentrations in the fluid. Indeed, the estimated P operating capacity at saturation resulted to be 13.1 mgP gdry resin-1.

Figure 1. 9-point adsorption isotherm of calcined pyroaurite with HERA MWWT.
3.2 Continuous flow adsorption/desorption breakthrough tests
The adsorption/desorption breakthrough tests were conducted in a packed-bed column fed with the HERA WWTP effluent at 24-25°C. The adsorption phase was performed with an empty bed contact time (EBCT) of 5 min. The results obtained (Figure 2) show an excellent phosphate selectivity: all the other anions finish eluting even before the phosphate starts coming out: all the competing anions start to exit the column from 8 to 12 hours of operation (100 to 150 BVs) and their concentration became equal to the inlet one around hour 29 (350 BVs). Phosphate anions started to exit the column after about 40 h (500 BVs), meaning that large volumes of wastewater can be treated in a single adsorption cycle. The half saturation P concentration (3.5 mgP/L) has been reached after 77.5 h (928 BVs). The desorption/regeneration procedure was performed eluting the NaOH 2% with EBCT 10 min to regenerate the resin and recover the P rich product. The curves obtained (Figure 3) are partially overlapped, and this means that purity in P of the final desorbed solution cannot be expected. 




Figure 2. P adsorption continuous flow test conducted with calcined pyroaurite. Breakthrough curves of phosphorous and the competing cations obtained with P-spiked HERA WWTP effluent.

Figure 3. P desorption continuous flow test conducted with calcined pyroaurite. Breakthrough curves of phosphorous and the competing cations obtained with NaOH 2%.

To verify the repeatability of the adsorption/desorption process and the stability of the actual active phase after that the calcined pyroaurite is rehydrated, a set of 5 breakthrough tests has been conducted with the same operational conditions: the performances were similar, indicating a reproducible behavior of the process. Moreover, after the test, there was no sign of mechanical degradation of the resin, so mechanical stability and structural integrity have been preserved, even if more tests are necessary to confirm the durability and regeneration capability of the material.
Calcined pyroaurite after 5 BTs shows very good average performances: for the adsorption phase 665 BVs of MWW effluent were treated at breakpoint BP (1mgP/L as law limits for P concentration in MWW), with an adsorption yield (Yads,P) of 95% and an operating capacity at BP (ƞP) of 7.5 mgP/gdry resin. The mean concentrations CL at BP in the desorbed product were:  70 mgP/L for P, 81 mg/L for Cl-, 8 mg/L for NO3- and 257 mg/L for SO42-. The concentration factors (the ratio between the concentration in the desorbed product and that in the fresh MWW) were 32, 0.38, 0.49 and 2.99 for P, Cl-, for NO3- and SO42- respectively confirming that the sorbent is very selective for P (only sulphate was partially concentrated in the desorbed product).
4. Conclusions
Calcined pyroaurite seems to be a very interesting material for P removal and recovery from MWW. The data collected after 5 breakthrough tests confirm that the process is reproducible and that, therefore, the adsorbent phase and structure is preserved after each test. The process seems to work well on a small scale with an EBCT of 5 min. BT curves of the other competing anions are well separated from the P one and the adsorbed amounts of the other anions are low, showing that the material is very selective toward P. The concentrations of the desorbed product confirm that the process leads to concentrate P by 30-70 times, sulphate by only 2-5 times, while nitrate and especially chloride dilute to less than half of the initial concentration of MWW. These are all promising results, but further tests in a pilot plant with a greater high resin bed are needed to optimize the process.
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Cl, NO3 and SO4 outlet conc. (mg/L)


P outlet concentrations (mg/L)




PO4 - P	0.51451446460650241	1.0290289292130048	1.5435433938195073	2.0580578584260096	2.5725723230325124	3.0870867876390147	3.6016012522455174	4.1161157168520193	4.630630181458522	5.1451446460650248	5.6596591106715275	6.1741735752780293	6.6886880398845321	7.2032025044910348	7.7177169690975367	8.2322314337040385	8.7467458983105413	9.261260362917044	9.7757748275235468	10.29028929213005	10.804803756736552	11.319318221343055	11.833832685949556	12.348347150556059	12.862861615162561	13.377376079769064	49.802607658729805	789.50967196769716	588.8466652760651	338.79607265619239	232.89636109297675	159.71419595000992	110.22977765115813	77.800888226043227	50.847929690695537	36.126920675347314	20.339171876278208	14.009849159534294	12.034346456132935	3.2044117782602486	3.34683007951626	0	0	0	0	0	0	0	0	0	0	0	Cl	0.51451446460650241	1.0290289292130048	1.5435433938195073	2.0580578584260096	2.5725723230325124	3.0870867876390147	3.6016012522455174	4.1161157168520193	4.630630181458522	5.1451446460650248	5.6596591106715275	6.1741735752780293	6.6886880398845321	7.2032025044910348	7.7177169690975367	8.2322314337040385	8.7467458983105413	9.261260362917044	9.7757748275235468	10.29028929213005	10.804803756736552	11.319318221343055	11.833832685949556	12.348347150556059	12.862861615162561	13.377376079769064	8.1227436823104675	11.507220216606497	92.057761732851972	12.409747292418771	61.823104693140799	19.629963898916966	6.9140354920488578	21.894445724821384	11.062456787278172	9.2187139893984771	20.281170776676653	33.187370361834525	44.833625218914186	3.2691185055458263	9.1068301225919459	5.3706946876824286	2.335084646818447	25.919439579684767	0	17.686758203397719	85.641144984873179	33.744472888061438	90.760996043751447	6.2834535722597176	17.305893358278762	196.67913938260057	NO3	0.51451446460650241	1.0290289292130048	1.5435433938195073	2.0580578584260096	2.5725723230325124	3.0870867876390147	3.6016012522455174	4.1161157168520193	4.630630181458522	5.1451446460650248	5.6596591106715275	6.1741735752780293	6.6886880398845321	7.2032025044910348	7.7177169690975367	8.2322314337040385	8.7467458983105413	9.261260362917044	9.7757748275235468	10.29028929213005	10.804803756736552	11.319318221343055	11.833832685949556	12.348347150556059	12.862861615162561	13.377376079769064	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	12.6	0	0	0	0	13.4	SO4	0.51451446460650241	1.0290289292130048	1.5435433938195073	2.0580578584260096	2.5725723230325124	3.0870867876390147	3.6016012522455174	4.1161157168520193	4.630630181458522	5.1451446460650248	5.6596591106715275	6.1741735752780293	6.6886880398845321	7.2032025044910348	7.7177169690975367	8.2322314337040385	8.7467458983105413	9.261260362917044	9.7757748275235468	10.29028929213005	10.804803756736552	11.319318221343055	11.833832685949556	12.348347150556059	12.862861615162561	13.377376079769064	151.4	1430.6	471.2	189.39999999999998	101.6	59.199999999999996	39.800000000000004	29.2	27.6	16.400000000000002	19	11.200000000000001	17.2	11.600000000000001	8.7999999999999989	10.6	7.8	12.2	0	16.8	26	16.600000000000001	0	18.2	0	23.400000000000002	Bed Volumes desorbed (- -)


Desorbed Conc. (mg/L)
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