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ABSTRACT

The objective of this study was to investigate the destruction efficiency and to determine the fundamental parameters
of oxidation kinetics under the supercritical water(SCW) condition. Target material was cephradine, toxic and antibiotic
material, in the pharmaceutical wastewater. For this purpose, the effect of reaction temperature and oxidant were inves-
tigated on the destruction efficiency of cephradine. And the oxidation kinetics of cephradine was derived by using a
empirical power-law model. The experiment was carried out in a cylindrical batch reactor made of Hastelloy C-276
which was endurable high temperature and pressure. The destruction efficiency of cephradine increased with increment
of the temperature and reaction time. Also the type of oxidants was effected and oxidants(Air and H,0,) were enhanced
the destruction efficiency. The global oxidation kinetics for cephradine has led to two rate expressions according to type

of oxidant.
- In the presence of air oxidant :
- In the presence of H,O, oxidant :

Rate = k - e RT[Ceph ]'[0,]51#05(k=3.27x10°/sec. Ea = 63.25 kl/mole)
Rate = k - e ®F[Ceph.]'°[H,0,]***"(k=2.76x10%/sec. Ea = 47.65 ki/mole)
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Fig. 1. Experimental apparatus used for the kinetics measure-
ment.
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Table 1. Experimental conditions for cephradine oxidation

Concentration, M 6x 107
Temperature, °C 380, 400, 450
Reaction time, min 3, 5, 10, 20, 30

0,: 0, 100, 300% excess
H,0,: 0, 100, 150% excess

Oxidants
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Fig. 2.
-Initial concentration of cephradine was 6 x 107 M.
-Reaction pressure was about 250 atm.
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Destruction efficiency, %
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Fig. 3. The reaction order of cephradine in the supercritical

condition.

-Initial concentration of cephradine was 6 x 107 M.

~Air (100% of stoichiometric oxygen amount) was used
as oxidant.

-H,0, (100% of stoichiometric oxygen amount) was
used as oxidant.

-Reaction was proceeding under 380°C and 250 atm.

= 71 £ Y2 AOE AlEdnh.

3. Cephradine2| 9rSXif+ @H

Cephradine®] ®H-$2FE F37] S8t Whg2%
2 ogkeetE S AT F HAIZH9 wE
cephradine®) =X} f(X)Z 27951 Fig. 30 T4
3t F719E ASHAIE ARSI 73 F-(Fig. 3(a)
o} H,0,2 AsAZ AMS-3IAE 739 (Fig. 3yl o
slof 4zt B)71EAE AR 3, F A 2F
A7} B B ARTFAE fXSHEA 1A 4
Ao AAT. 3k T AAEHAIHE F5) At
ole] AoHA AEE 9uidle R* w= 77 098
2 0979 B& oz FAEYGT. wetd Z29AF
Z7A94 F7] € H0,F ASAZ ALEsIHE A%
cephradine®] Eajuhe-2 13} ¥h8-4S w2 Ao

ZAHE AT

Korean Journal of Environmental Health, Vol. 30(2)



Z24A15Eoll A Cephradine?] AFSPHES-& 137

LS ST AleE 2T oEsiH HHA o AL
= Arthenius BF8 2] (k = ke NS o] g3l & 4=

-1

- 2 -t
X
<

-3

Slope - Activation energy
Ea = 15.1 keal/mole
-4 + i ;
1.2 1.3 14 1.5 1.6
1000/T (1/deg K)
(a) Oxygen oxidant
-1
Slope - Activation energy
Ea = 11.4 kcal/mole
- 2 -
U

X
i

- 3 . Iy

)
-4 i ! i
1.2 1.3 14 1.5 1.6
1000/T (1/deg K)

(b) Hydrogen peroxide oxidant

Fig. 4. Arthenius plot according to the oxidants.

Table 2. Arthenius' parameters of global reaction rate of
cephradine destruction

Oxidants
Parameters Hydrogen
Oxygen peroxide
Pre-expotential factor (kp), sec™” 3.27x10°  2.76 x 10*
Lo 63.25 47.65
Activation energy (E,), KJ/mole (15.1)* (11.4)*

-Initial concentration of cephradine was 6 x 1072 M.

-Air (100% of stoichiometric oxygen amount) was used as
oxidant.

-H,0, (100% of stoichiometric oxygen amount) was used as
oxidant.

-Reaction was proceeding under 250 atm.

-*1 Activation enmergy, kcal/mole.
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Fig. 5. Determination of the oxidant reaction order at 380°C and
250 atm.
-Initial concentration of cephradine was 6x1072 M.
-Air (50, 100, 300% of stoichiometric oxygen amount)
was used as oxidant.
-H,;0, (50, 100, 150% of stoichiometric oxygen amount)
was used as oxidant.
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