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For the destruction of toxic chlorinated organic compounds, this study proposes improved supercritical water
oxidation method (multistep oxidation) using sodium nitrate as an oxidizer. This method solves the problems
involved in the existing supercritical water oxidation method. Multistep oxidation means that NaNO; is oxidized
to N, via NaNO, and NO. Toxic and hard to destroy organic substances like para-dichlorobenzen(4-DCBz),
polychlorinate biphenyl(PCB) ware oxidized to non toxic substances in a condition, in which rapid pressure and
temperature rise is restrained as much as possible. 4-dichlorobenzene(4-DCBz) and Polychlorinate biphenyl(PCB)
in condition(450C, pw=0.25g/cm3, 30min) Was discomposed perfectly.
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Fig. 1. Structure of chlorinated organic compound :
(a)1,4~dichlorobenzene, (b)PCB.
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Fig. 2. Schematic diagram of batch reactor system: (1)
reaction mixture; (2) reactor; (3) thermocouple;
(4) rod-like heater.

Fig. 3. Schematic diagram of Flow reactor systems:
(1) tubular reactor; (2) thermocouple; (3) pre-
ssure transducer; (4) electric heater; (5) pre-
heater; (6) back-pressure regular; (7) outlet
valve; (8) mixing tee; (9) syringe pump; (10)
oxidant aqueous solution; (11) PCB/n-hexane
solution; (12) effluent.
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Fig. 4. Experimental procedure of PCB decomposition
by Supercritical Water Multistep Oxidation.
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Fig. 5. Results of 'H-NMR measurement after SCWO reactiond80C, 30min): (a) sodium nitrate not
contained(Peak of 7~8ppm appear aromatic compound of PCB), (b) sodium nitrate contained(Peak CHCl3

is extractant).

Table 1. Decomposition rate of P-dichlorobenzene(100mg) according to sodium nitrate amount, reaction tem-

perature, and reaction time

Reaction  time(min) Reaction Water NaNQO3 1,4-DCB Decomposition rate
temperature(C) (mt) (mg) (mg) (1,4-DCB GC/MS)(%)
30 350 3 301 100 86.8
30 400 3 301 100 8.0
30 450 3 301 100 100
30 500 3 301 100 100
5 450 3 301 100 944
15 450 3 301 100 100
30 450 3 301 100 100
5 450 3 601 100 100
15 450 3 601 100 100
30 450 3 601 100 100
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Table 2. Decomposition rate of P-dichlorobenzene(100mg) according to sodium nitrite amount, reaction temperature,

and reaction time

Reaction Reaction Water NaNQO: 1,4-DCB Decomposition
time(min) temperature(C) (ml) (mg) (mg) rate(4-DCBz, GC/MS)(%)
30 350 3 407 100 &.1
30 400 3 407 100 N5
30 450 3 407 100 100
30 500 3 407 100 100
5 450 3 407 100 9R.7
15 450 3 407 100 100
30 450 3 407 100 100
5 450 3 813 100 100
15 450 3 813 100 100
30 450 3 813 100 100
Table 3. The relationship between the solution density and decomposition rate
Reaction Reaction Water Pressure NaNOs 4-pc ~ Decomposition
time(min) temperature(C) (ml) (MPa) (mg) (mg) rate(4-DCB
GC/MS)(%)

30 450 1.3 218 601 100 92.2

30 450 2.0 349 601 100 99

30 450 25 38.6 601 100 100

30 450 3.0 43.0 601 100 100

30 450 35 455 601 100 100
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Table 4. Decomposition rate of organic material PCB in supercritical reaction when sodium nitrate was used as

an oxidizer
Reaction Reaction Water Hexane  Decomposition rate of
tme(min) temperatwre(C)  (m)  NeNOume) - PCBmg) T ) PCB(%)
30 450 3 601 747 54.8 - 100

Table 5. Decomposition rate of organic material PCB in supercritical reaction when sodium nitrite was used as an

oxidizer
Reaction Reaction Water Hexane  Decomposition rate of
time(min) temperatwe(C)  (m)  NANOdm@)  PCBmg) T ) FCBOY
30 450 3 813 7.47 548 100
wA T P-tJE2 2 WAool PCB 53 #o] ¥4 PCB9 wh&g-3-9] 88 F54ist F2EIXE(CDCh)
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Fig. 6. Results of ®C-NMR measurement after SCWO reaction(480°C, 30min): (a) sodium nitrate not contained
(Peak of 120~140ppm appear aromatic compound of PCB), (b) sodium nitrate contained(Peak CHCls is
extractant).
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