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come    

Considering the potential impacts of pharmaceutical products on environment and human health, it is highly important to remove them from domestic and industrial wastewaters before discharge. It has been shown that many pharmaceuticals are not completely removed by conventional wastewater treatment and, as a result, their occurrence is being reported in sewage plant effluents, rivers and lakes, and more rarely in groundwater 1 . Then alternative methods, like catalytic wet air oxidation (CWAO) using activated carbon (AC) as catalyst 2 and sequential adsorption-oxidation processes with AC 3 , have to be evaluated. The aim of this work was to study the feasibility of paracetamol degradation by CWAO using different ACs.

Experimental

In a typical experimental run, 200-mL of 1g/L paracetamol aqueous solution and 1 g of AC were added in a stirred autoclave (Parr Instruments), operating at 150 °C and oxygen partial pressures of 3.5 bar (total pressure of air 20 bar). The experiments were performed batchwise for the liquid phase and were continuous for air at a flow rate of 60 L/h to ensure constant oxygen pressure. Prior to oxidation reactions, the ACs were saturated with paracetamol at 150°C under nitrogen atmosphere. The stirrer speed was set at 800 rpm to avoid catalyst attrition and prevent external mass transfer limitations. Liquid samples were analyzed via high-performance liquid chromatography, using a C18 reverse-phase column and a diode array detector at 254 nm. The closed reflux colorimetric method was used to determine COD values.

ACs from different source materials (carbon L27 from wood, S23 from coconut shell and C1 from casuarina) were characterised and then used as catalysts to compare their efficiency.

Table 1 shows the physical properties of ACs. The adsorption equilibrium on fresh AC particles sieved to 800-1000 µm was reached after 2 hours, showing an higher adsorption capacity of S23 and C1 than L27 (Fig. 1). Then, after AC saturation, the CWAO reaction was started, and the highest oxidation rate was obtained with fresh C1 and the lowest one with L27. Further, the stability of AC to recycling was studied, evaluating the total conversion (adsorption + CWAO) and mineralisation (Table 2). In all cases, both paracetamol degradation and mineralisation decrease when AC is recycled. A similar trend has been observed by other authors when CWAO of several substrates was studied, due to the blockage of micropores by some carbonaceous deposit, formed by oxidative coupling reactions and irreversibly adsorbed 4 . In our case, although L27 was less efficient in the first cycle, the best results were obtained for it after five CWAO cycles, which can be explained by its higher mesoporous/microporous ratio. 

Conclusions

The degradation of paracetamol by CWAO using different ACs as catalysts is feasible. The best conversion and mineralization degree after five cycles was obtained for L27 AC, which has higher mesoporous/microporous ratio than others studied ACs.
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 12 Figure 1. Adsorption and CWAO of paracetamol on fresh ACs

Table 1 .

 1 Physical properties of the ACs (particle diameter 0.8-1 mm; r: mesoporous/microporous ratio)

	AC	BET surface area, m 2 .g -1	Microporous volume, cm³.g -1	Mesoporous volume, cm³.g -1	r	Average pore diameter, Å	Apparent particle density, g/L
	L27	1860	0.77	0.48	0.62	25	552
	S23	1234	0.49	0.04	0.08	17	1013
	C1	1304	0.53	0.26	0.49	22	799