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Introduction

Water becomes supercritical fluid if its temperature and pressure exceed 374.2℃ and 218 atm respectively.  Water has fascinating properties as a reaction medium in its supercritical state where it behaves very differently from that of normal liquid or vapor. The water in supercritical state shows high solubility of reactant such as organic compounds and oxygen so that both reactants are in homogeneous phase. These particular properties may enhance reaction rates while improving the selectivity of reacting system. Therefore, supercritical water oxidation (SCWO) is known to be one of the most promising technologies for treating of hazardous chemicals.  For last decades a lot of studies have been carried out for the oxidation in supercritical water of various organic compounds including PCBs and dioxins.  Nowadays, SCWO is being applied in pilot plants and a few commercial scale plants and has been successfully demonstrated for complete destruction of organic wastes efficiently. The aim of this study is to develop a process for destruction of highly toxic chemicals came from TPA manufacturing plant and for recycle of process water. Generally, the wastewater is treated by aerobic wastewater treatment, followed by incineration of dried sludge. The present paper discussed the oxidation of wastewater from TPA manufacturing process with H2O2 over MnO2/Al2O3/CuO in supercritical water. 
Experimental
The experiment apparatus was composed mainly of feed pump, wastewater storage, hydrogen peroxide storage, preheater, reactor, heat exchanger, filter, back pressure regulator, G/L separator and so on. This system was designed so that wastewater and hydrogen peroxide do not come in contact with each other until they have been pressurized and heated to the desired reaction conditions.

Each of the wastewater and the oxygen solution is heated in 1/16-in. OD x 4m length of SS 316 tube coiled in a preheater. The both streams were mixed at the reactor inlet. The reactor was made of stainless steel 316 (280mm long x 18mm OD x 9.5mm ID). 

The reactor effluent is cooled by a tube-in-tube heat exchanger of 12cm length and then is depressurized by a back- pressure regulator (Tescom co. 26-1721-24). The reactor effluent is separated into vapor and liquid phase in the V/L separator. The liquid products were collected in a graduated cylinder, and their volumetric flow rate was determined. The concentration of wastewater in the liquid effluents was analyzed by a high performance liquid chromatography and CODcr. 
.
Results and Discussion

Thirty-five oxidation experiments were performed for wastewater in an isothermal, isobaric packed bed flow reactor and all the experiments were carried out in the supercritical state. Carulite (MnO2/Al2O3/CuO) was used as a catalyst in a tubular reactor. The reaction conditions ranged from pressures of 220 to 320bar, temperatures of 380 to 440℃. The initial COD concentration of wastewater ranged from 678 to 2141 ppm (21.19 ~ 66.91 mmol/L). 

Figure 1 shows the effect of feed COD concentration on the COD conversion at given W/FCOD0 in supercritical condition. Figure 2 shows efficiency of wastewater treatment in supercritical water is compared with it at liquid phase in subcritical water, this result represents that reaction rate in supercritical condition is faster than at liquid phase, because temperature in supercritical condition is higher than at liquid phase and solubility of hydrocarbon in supercritical water is more increasing than at liquid phase. In Figure 3, as pressure is increased, it is known that wastewater conversion is enhanced, Figure 4 shows that when pressure is increased from 160 to 320bar with constant temperature, COD and oxygen concentrations, the wastewater conversion does not appreciably change. Figure 5 shows the effect of temperature on wastewater conversion.
The global rate for COD decomposition may be expressed as

rate = k[COD]a[H2O2]b[H2O]c



(1)

Equation (1) can be solved analytically with the initial condition X=0 at W/FCOD0=0 to provide equation (2) as the relationship between the COD composition conversion and the relevant process variables.
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We performed a non-linear regression analysis to fit the COD decomposition conversions. The hydrogen peroxide concentration is assumed constant throughout the reaction since H2O2 was always present in at least 200% excess of the stoichiometric requirement. These 35 data sets led to reaction orders of a=0.94 (±0.07) for COD, b=0.10(±0.05) for hydrogen peroxide, and c=0.04(±0.08) for water respectively. The values of the Arrhenius parameters A and Ea are 37.4527(±59.4742) mmol-0.08 s-1 L1.08kg-1 and 39.556(±11.214) kJ/mol, respectively. The uncertainties reported here are the 95% confidence intervals.

Figure 6 shows a parity plot of the rate predicted from the global rate law using the parameters in Equation 2 against the rate obtained experimentally. Our model fits reasonably well experimental data.
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	Figure 1. Dependence of initial COD in supercritical water. 

[H2O2] = 489mmol/L, T = 380℃, P=280bar
	Figure 2. Effect of hydrogen peroxide feed concentration on wastewater conversion. 

[COD]0 = 1423ppm, Excess H2O2 = 200~1000%, P=280bar
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	Figure 3. Effect of water feed concentration on wastewater conversion.

T = 380℃, [COD]0 = 1423ppm, 

Excess H2O2 = 1000%
	Figure 4. Effect of water feed concentration on wastewater conversion.

T = 400℃, [COD]0 = 1423ppm, 

Excess H2O2 = 1000%
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	Figure 5. Effect of temperature on wastewater conversion.

P = 240bar, [COD]0 = 1423ppm, 

Excess H2O2 = 1000%


	Figure 6. Parity plot for power-law rate equation considering water concentration at supercritical condition
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