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Abstract— Supercritical water oxidation characteristics of aqueous phenol solution(500 ppm) was experimentally evaluated
using a stainless steel 316 tubular-type reactor(0.21 cm ID X 34 cm L). The orders of reactions and rate constants with respect
to the concentration of phenol, oxygen and water were determined under various oxidation conditions(i.c., temperatures: 300-
440 °C, pressures: 180-290 bar, percent of excess amount of oxygen: 0, 300, 600, 800 %, mean residence time: 0.7-11 sec).
The conversion of phenol was linearly proportional to the residence time. For example, more than 90 % of phenol was ox-
idized at the residence time of 5sec. Within the experimental conditions, the orders of oxidation with respect to phenol
and oxygen concentrations were 1 and 0.437+0.027, respectively. Reaction order of water was proportional to density at
constant temperature and pressure, and it was 0.653+0.027. The activation energy for the oxidation reaction at 240 bar
and 300-440 °C was 18.31 kcal/mol.
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Fig. 1. Schematic reactor diagram of supercritical water oxidation.
1. Liquid pump 5. Tubular reactor

2. Preheater 6. Thermal exchanger
3. Temperature controller 7. Backpressure regulator
4. Furnace 8. Sampling part
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Table 1. Experimental conditions of supercritical water oxidation

Temperature(°C) 300, 320, 340, 360, 380, 400, 440
Pressure(bar) 180, 200, 220, 240, 260, 290
Phenol concentration(ppm) 500

Excess oxygen percentage(%) 0, 300, 600, 800

Pump flow rate(ml/min) 1-14
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Table 2. HPLC conditions for analysis of phenol concentration

HPLC effluent(V/V) Water : Methanol=50: 50
UV detector wave length(nm) 254
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Flow rate(ml/min) 1.0
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Fig. 2. Integral analysis of the order of oxidation reaction with re-
spect to phenol concentration(440 °C, 290 bar, 500 ppm phenol).
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Fig. 3. Integral analysis of the order of phenol reaction at excess O,
at 500 ppm phenol.
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a 1
b 0.437+0.027
c 0.653+0.056
k.M~ *s) 11896.5
E,(Kcal/mol) 18.31
Arol] iRt A= Table 3ol QoFgt ule} e}, #E YA E 4
3t kg o] 4= Aol T ALE BAS AL oF 1831 keal
mole|¢]c}.
ALE71&
: reaction order for phenol
: reaction order for oxygen

: reaction order for water

: initial concentration of phenol [mol/L]
: activation energy [kcal/mol]

: global reaction rate constant

: Arrehenius pre-exponential factor

: rate constant defined as k[O,} [H,0];
: moles per liter

: system pressure [atm]

: critical pressure [atm]

: rate of reaction for phenol

: system temperature ['C]

: normal boiling temperature [°C]

: critical temperature [ °C]

: melting temperature [°C]

: conversion of phenol

XHEAaHESESI I vZRF MO0 T

Jzjoja 2t
T  :reactor residence time [sec]
AngEs

L #71%, =904, A, 719, 53], 324 3432415} 7)
%, 14(3), 263(1996).

CA7IE xR, A, 3719, 353, 304k stk )
%, 14(4), 379(1996).

. Show, R.'W,, Brill, T.B,, Clifford, A. A., Eckert, C. A. and Franck,
E.U.: C & EN, December, 23, 25(1991).

. Pray, H. A, Schweickert, C.E. and Minnich, B.H.: Ind. & Eng.
Chem., 44(5), 1146(1952).

- Townsend, S.H., Abraham, M. A., Huppert, G.L., Klein, M. T.
and Paspek, S.C.: Ind. & Eng. Chem. Res., 27(1), 143(1988).

. Caruana, C. M.: Chem. Eng. Progr., April, 10(1995).

. Thornton, T.D. and Savage, P.E.: J. Supercrit. Fluids, 3(4), 240
(1990).

. Thomton, T.D. and Savage, P.E.: AICKE J,, 38(3), 321(1992).

. Thornton, T.D. and Savage, P.E.: Ind. & Eng. Chem. Res., 31

(11), 2451(1992).

Li, R., Thornton, T.D. and Savage, P.E.: Environ. Sci. Technol.,

26(12), 2388(1992).

10.



11.

12.

13.

14.

297 2ol % s A4S 45 54 97

Meyer, J.C., Marrone, P. A. and Tester, J. W.: AICKE J., 41(9),
2108(1995).
Yang, H.H. and Eckert, C. A.: Ind. & Eng. Chem. Res., 27(11),
2009(1988).
Jin, L., Ding, Z. and Abraham, M. A.: Chem. Eng. Sci., 47(9-11),
2659(1992).
Killilea, W.R., Swallow, K.C. and Hong, G.T.: J. Supercrit.

Fluids, 5(1), 72(1992).
15. Lee, D.S. and Gloyna, E.F.: Environ. Sci. Technol., 26, 1587(1992).
16. Lee, D.S. and Gloyna, E.F.: J. Supercrit. Fluids, 3(4), 249(1990).
17. o154, WA, 3¢ 3H3hE 8, 35(2), 231(1997).
18. Harr, L., Gallagher, J.S. and Kell, G.S.: “NBS/NRC Steam Tables’,
McGraw-Hill Book Co., USA(1984).

HWAHAK KONGHAK Vol. 36, No. 1, February, 1998



