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Introduction

During 1980s, was demonstrated that Supercritical water oxidation (SCWO) could be an effective alternative to the destruction of hazardous organic wastewaters and sludges. Because of this promising potential and growing interest in SCWO technology, research and development efforts were intensified. The first such commercial facility (1,100 L/h), as developed by Eco Waste Technologies Inc., was commissioned in May 1994. Today, several demonstration SCWO facilities exist in industries and governmental laboratories. 

The SCWO process produces environmentally acceptable effluents (gas, liquid, and solid), lends itself to resource recovery, and can be economically competitive. As such, the process can be used to serve as a pretreatment unit, as an end-of-pipe facility, or it can become an integral part of an industrial process. The aim of this study is to develop a SCWO process for destruction of wastewater 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.
Experimental
A schematic diagram of our SCWO experiment apparatus is shown in Fig 1. The experiment apparatus was composed mainly with 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 by a preheater. The both streams were mixed at the reactor inlet. The reactor was made of a stainless steel 316 (280mm long x 18mm OD x 9.5mm ID). The catalyst, γ-Al2O3 was packed in the reactor. 
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 high performance liquid chromatography and CODcr method. 
Results and Discussion

Ninety-five oxidation experiments were performed for wastewater in the flow reactor. All experiments were carried out in the supercritical regime. The reaction conditions ranged from pressures of 220 to 300bar, temperatures of 416 to 513℃. The initial concentration of wastewater ranged from 1538 to 9562 ppm (4.80 x 10-2 ~ 2.99 x 10-1 M). The oxygen concentrations were between 1.7 x 10-2 and 6.7 x 10-2M. 

In Fig 2~4, the initial concentration of benzoic acid and p-toluic acid as major components of wastewater were 220ppm and 180ppm, respectively. As shown in these figures, concentration of p-toluic acid is decreased rapidly by oxidation, while benzoic acid survived for a long time at the supercritical water oxidation condition. During the oxidation process, benzoic acid are formed and destructed so that it behaves as a rate-controlling intermediate. Therefore, in our experiments we can classify three groups of organic substances to exist in the reactor effluents. Group A includes all initial and relatively unstable intermediate organic compounds except benzoic acid, group B contains the refractory intermediates represented by benzoic acid, and group C is designated as the oxidation end products. Group A compounds are converted to group C compounds through three simplified reaction pathways. A schematic of these simplified pathways is illustrated below:
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If groups A, B, and C are expressed in concentration terms, then

[A] = [all initial and intermediate organic compounds] – [benzoic acid]

[B] = [benzoic acid]

[C] = [oxidation end products]

The concentrations of group A or B may be expressed in forms of chemical oxygen demand (COD). The reaction rate may be assumed to be first order to group A or B. Thus, the rate equations for the oxidation of groups A and B in an isothermal, ideal, plug-flow reactor with a constant volumetric flow rate can be expressed by Eq. (1) and (2).

                       
[image: image2.wmf]]

)[

(

2

1

0

A

k

k

dF

dW

dX

COD

+

=

÷

ø

ö

ç

è

æ

                      (1)


[image: image3.wmf]]

[

]

[

2

3

0

A

k

B

k

dF

dW

dX

COD

-

=

÷

ø

ö

ç

è

æ

                    (2)

At time T = 0, [A] = [A]0 and [B] = [B] 0. Equations (1) and (2) can be solved analytically, as shown in Eqs. (3), (4) and (5).
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where, T = [A] 0W/FCOD0. The application of the model based on simplified reaction pathways for supercritical water oxidation will be discussed.
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	Figure 1. HPLC analysis of wastewater treated by CSCWO at T=420℃, P=240bar; 

1. [O2]0=61mmol/L;   2. [O2]0=43mmol/L;   3. wastewater ([COD]0=1600ppm)

(a: 4-carboxybenzyl alcohol, b: Terephthalic acid, c: Benzaldehyde, d: Benzoic acid, e: P-tolualdehyde, f: P-toluic acid)


	
[image: image8.wmf]Contact time (sec)

0

10

20

30

40

50

60

70

Concentration (ppm)

0

50

100

150

200

250

COD (ppm)

0

200

400

600

800

1000

1200

1400

1600

benzoic acid

p-toluic acid

terephthalic acid

4-carboxybenzaldehyde

Contact time vs COD 

T = 420

o

C, P = 240bar, 

Percent of excess O

2

 = 20%

Initial COD of Wastewater = 1600ppm 


	
[image: image9.wmf]Contact time (sec)

0

10

20

30

40

Concentration (ppm)

0

50

100

150

200

250

COD (ppm)

0

200

400

600

800

1000

1200

1400

1600

benzoic acid

p-toluic acid

terephthalic acid

4-carboxybenzaldehyde

Contact time vs COD 

T = 470

o

C, P = 240bar, 

Percent of execess O

2

 = 30%

Initial COD of Wastewater = 1600ppm 



	Figure 2. T = 420℃, P = 240bar, 

Excess O2 = 20%, [COD]0 =1600ppm
	Figure 3. T = 470℃, P = 240bar, 

Excess O2 = 30%, [COD]0 =1600ppm
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