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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 in supercritical water without any heterogeneous catalyst. 

Experimental
The experiment apparatus was composed mainly of feed pump, wastewater storage, oxygen storage, preheater, reactor, heat exchanger, filter, back pressure regulator, G/L separator and so on. This system was designed so that wastewater and oxygen 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. The gas samples were analyzed using a gas chromatography (Hewlett-Packard 5890) with a thermal conductivity detector. 
.
Results and Discussion

We conducted wastewater oxidation experiments in an isothermal, isobaric tubular flow reactor. The reaction conditions ranged from pressures of 220 to 280bar, temperatures of 420 to 500℃. The initial COD concentration of wastewater ranged from 561 to 6236 ppm (17.53 ~ 194.88 mmol-O2/L). The hydrogen peroxide concentrations were between 192.27 and 720.59 mmol/L (Excess H2O2 = 200 ~ 4010 %). Our main interest is in the development of reliable reaction rate laws requires experimental data obtained over a wide range of conversions. Figure 1. display the results as plots of the COD conversion at given [COD]0, and shows that ,when the hydrogen peroxide concentrations were set at 720.6mmol/L, the global rate law for the oxidation of wastewater is less than first order in COD. Figure 2. shows that COD decomposition rate increases with increasing hydrogen peroxide concentrations. We therefore conclude that the global reaction order for hydrogen peroxide is greater than 0. Figure 3. shows that when the water concentration is increased from 5.8 mol/L to 9.4mol/L with roughly constant temperature, COD and hydrogen peroxide concentrations, the conversion does not appreciably change. To determine the effects of the concentrations of COD, hydrogen peroxide, and water individually on the reaction rate, we performed experiments wherein one concentration was varied and the other two concentrations were fixed at roughly constant values. The global rate for COD decomposition may be expressed as

rate = k[COD]a[H2O2]b                           (1)

Equation (1) can be solved analytically with the initial condition X=0 at τ=0 to provide eqs (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 41 data sets led to reaction orders of a=0.65 (±0.05) for COD, and b=0.39(±0.05) for hydrogen peroxide, respectively. The values of the Arrhenius parameters A and Ea are 7.048(±5.204)ⅹ103 (mmol/L)-0.04 s-1 and 76.82(±4.15) kJ/mol, respectively. The uncertainties reported here are the 95% confidence intervals.

Figure 4. shows a parity plot of the rate predicted from the global rate law using the parameters in Eq. 4 against the rate obtained experimentally. The keys represent data at temperatures between 420ºC and 500ºC. Our model fits reasonably well experimental data.
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	Figure 1. Dependence of wastewater conversion on the initial wastewater feed concentration at 420ºC and 470ºC.
 A : 470ºC, [H2O2]0 = 720.6mmol/L,

P = 240bar, R.T = 24sec 

 B : 420ºC, [H2O2]0 = 720.6mmol/L,

P = 240bar, R.T = 30sec 


	Figure 2. Effect of hydrogen peroxide feed concentration at 420ºC and 470ºC.  

A : 470ºC,  [COD]0 = 2051ppm,

P = 240bar, R.T = 24sec

B : 420ºC,  [COD]0 = 2051ppm,

P = 240bar, R.T = 30sec
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	Figure 3. Effect of water feed concentration

at 420ºC.

[COD]0=2051ppm, [H2O2]0=299.4mmol/L, R.T = 30sec
	Figure 4. Parity plot for power-law rate equation for COD decomposition rates

rate = dX/dt = A exp(-Ea/RT) [COD]a[O2]b
a = 0.65, b = 0.39, Ea = 76.82 KJ/mol
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