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Abstract — The wet oxidation of phenol has been investigated at temperatures from 150 to 250 °C and oxygen partial
pressures from 25.8 to 75.0 bar with initial pH of 1.0 to 12.0 and initial phenol concentration of 10 g/l. Chemical Oxy-
gen Demand COD has bee measured to estimate the oxidation rate. Reaction intermediates have been identified and
their concentration profiles have been determined using liquid chromatography. The destruction rate of phenol have
shown the first-order kinetics with respect to phenol and the changes in COD during wet oxidation have been described
well with the lumped model. The impact of various homogeneous catalysts, such as Cu?*, Fe**, Zn**, Co*', and Ce’*
ions, on the destruction rate of phenol and COD has also been studied. The homogeneous catalyst of CuSO, has been
found to be the most effective for the destruction of phenol and COD during wet oxidations. The destruction rate of for-
mic acid formed during wet oxidations of phenol have increased as increasing temperature and CuSO, concentration.
The final concentrations of acetic acid which has been formed during wet oxidations and difficult to oxidize have
increased with reaction temperature and with decrease in the catalyst load.
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Table 1. Kinetic data in the literature for non-catalytic wet oxidation of phenol

Author el Temperure - Prese £ = - g PO
‘ a b k' [(mol/1)'=%/s] E [kJ/mol]

Shibaeva et al. [9] 1.4~8.9 180~210 0.5~3.5" 0, 1 1 1.96x10° 107
Pruden and Le [10] 1.4~3.0 200~250 5.5~15 air 1 1 8.6x10* 45
Helling et al. [11] 2.5~10.0 185~230 10.4~15.6" 0, 1 0~1 na 20
Baillod et al. [12] 5.0 204~260 225" 0, 1 na na 33
Jaulin and Chornet [13] 1.0 140~180 2.6~5 0, 1 1 3.3x10° 56.6
Chang et al. [14] 1.0 170~230 29-39 0, 1 1 4.5x10% 1132
Kolaczkowski et al. [15] 0.94 145~210 2-4.5 air 1 1 6.6x10° 92

6.9x10%* 148"
Portela et al.[16] 0.34~1.39 150~300 10~20 air 1 0 3.8x10 34

**Total pressure, unless marked with *for oxygen partial pressure.
*Values in a global expression for COD removal.
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Fig. 1. Non-catalytic wet oxidation of phenol at 200 °C and the oxygen
partial pressure of 25.8 bar; (a) concentrations of phenol, formic
and acetic acid, and COD; (b) intermediates(catechol, hydro-
quinone, maleic, fumaric and oxalic acid) formed during the
wet oxidation.
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Fig. 2. Effect of temperature on concentrations of (a) COD, (b) phe-
nol, and (c) acetic acid during the wet oxidation at the oxygen
partial pressure of 25.8 bar ({1 150 °C, A 175°C, O 200 °C,
Vv 225°C, > 250 °C).
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Fig. 3. Effect of temperature on the intermediate concentrations of
(a) maleic, (b) oxalic, and (c) formic acid formed during the
wet oxidation at the oxygen partial pressure of 25.8 bar ((J
150 °C, A 175°C, O 200 °C, V 225 °C, < 250 °C).
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Fig. 4. Arrhenius plot of the lumped kinetic model for the non-cata-
lytic wet oxidation at the oxygen partial pressure of 25.8 bar.
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Fig. 7. Effect of initial pH on the conversions of (a) COD and (b)
phenol and (c) acetic acid concentration during the wet oxida-
tion at 200 °C and the oxygen partial pressure of 25.8 bar (ini-
tial pH; [ 1.0, V 3.0, O 5.0, A 9.0, & 12.0).
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Fig. 9. Effect of various homogeneous catalysts on (a) COD, (b) phenol,
and (c) acetic acid concentration during the wet oxidation at
200 °C and the oxygen partial pressure of 25.8 bar with the
catalyst concentration of 4.00-10> gmole/l (@ non-catalytic,
O CuSO,, A FeSO,, O Co(NO;),, V Zn(NO;),, < Ce (NOy),).

;
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Fig. 102 200 °C, 717 Abaits) 25.8 bar?} A 800 rpm2]
WSS AMESE Al Sl CuSO, w57 COD, ¥
E 9 2 55 Hsle) nX= JEs et SHlEEE 0.032
g/lolA] 0.64 g/1(4.00:107 gmole/ly/HA] S7FA 7T His Hal& e
& Tzl diste] 12} WA E Bl oM (Fig. 10a), HAAHE) &
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Fig. 10. Effect of CuSO, concentration on (a) phenol, (b) COD, and
(c) acetic acid concentration during the wet oxidation at 200 °C
and the oxygen partial pressure of 25.8 bar (@ 0 g/1, O 0.032
g/l, A 0.064 g/1, [ 0.128 g/1, < 0.320 g/l, V 0.640 g/l).
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Table 3. Kinetic parameters for the destructions of phenol (k)" and COD (k;, k, and ks)® during the CWO with CuSO, at 200 °C

Cq g/l kph, 1/min ky, 1/min ky, 1/min ks, 1/min o (ky/ky)
0 0.0228 0.0269 0.0024 0 0.089
0.032 0.0790 0.0651 0.0074 0.0027 0.113
0.064 0.1553 0.0942 0.0077 0.0012 0.082
0.128 0.1945 0.1343 0.0139 0.0043 0.104
0.320 0.2134 0.3320 0.0392 0.0073 0.118
0.640 0.3042 0.4719 0.0429 0.0135 0.091

“Estimated from the first order kinetics with respect to phenol.
bEstimated with the lumped model for COD destruction.
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Fig. 11. Effect of CuSO, concentration on the changes in the inter-

mediates concentration of (a) maleic, (b) oxalacetic, and (c) o

formic acid formed during the wet oxidation at 200 °C and except acetic acid

the oxygen partial pressure of 25.8 bar (@ 0 g/1, O 0.032 g/, [A] :concentration of species A [mol/l]
0.064 g/1, (1 0.128 g/1, > 0.320 g/I, ¥ 0.640 g/l).

: all initial and relatively unstable intermediate organic compounds

b  :reaction order with respect to oxygen in equation (12)
e B :refractory intermediates represented by acetic acid
| | [B] : concentration of species B [mol/I]
1 0.020 C  :oxidation end products
i [C] :concentration of species C [mol/l]
— 410015 T Cg  : catalyst concentration [g/l]
a_\: - g E  :activation energy [J/mol]
= 10010 & k  :reaction rate constant in equations (13) and (14) [min~']
] k®  : reaction rate constant of non-catalytic wet oxidation in equations
10.008 (13) and (14) [min™']
1 k' :pre-exponential factor in equation (12) [(mol/l)' /5]
0.0 0.1 0.2 0.3 0.4 05 0.6 0,70’000 k  :pre-exponential factor in equation (18) [min™]
Cs [gL] [O,] : concentration of oxygen [mol/l]
Fig. 12. Effect of CuSO, concentration on the kinetic parameters of [Ph] : concentration of phenol [mol/I]

the lumped model for the COD reduction in the catalytic wet

: gas constant (8.314 J/mol-K)
oxidation at 200 °C.

R
RH :any organic compound
t
T

s AES] AbslEEs Sllsrt SRl e SRk : time [min]
Pes LERATE : temperature [K]
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