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Fig. 1 Apparatus for the photo-Fenton reaction of the internal irradiation type.
[UV source ; 200 W high-pressure mercury lamp]

Table 1 HPLC and IC analysis condition.

Analysis condition

Column Eluent Flow rate  Oventemp Detecter
Inertsil 100 mmol dm -3 S o ]
TNP ODS-3V NaClOy/CH:CN=70/30 1.0 mdm? min 40°C  UV: 354 nm
Aliphatic acids Shodex 0.1 %H;POsa 1.0 mdm® min!  40°C  UV: 210 nm
P Rspak KC-811 oA ' '
-3
NO,~ and NO;~ TonPac 8.0 mol dm 1.2 mdm® min!  35°C  Conductivity

AS14A 4-mm Na,CO;/ 1.0 mmol dm3 NaHCO;
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Fig.2 TNP degradation by the four methods at room
temperature.
@ : Fenton reaction [Fe?* = 1 mmol dm?3,
H,0; = 1.95 mmol dm™],
B : High-test hypochlorite,
V¥ : TiO»-photocatalyst,
A : EL-TiO,-photocatalyst,
[Initial concentration: TNP = 0.436 mmol dm-3]
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Fig. 3 TNP degradation by Fenton and photo-Fenton
reactions.
@O : Fe?r, B[] : Fe’;
@H : Fenton, O[] : photo-Fenton,
[Initial concentration: TNP = 0.436 mmol dm?,
Fe?* = Fe3* = 1 mmol dm?3, H,O, = 0.5 mmol dm]
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Table 2 The effect of H,O, and initial TNP concentrations on the degradation of TNP by Fenton reaction.

(A) Fractional decomposition of TNP by Fe?

H,0; [mmol dm?] 4.365 mmol dm? 2.182 mmol dm? 1.091 mmol dm? 0.436 mmol dm?

0.5 0.214 0.232 0.398 0.721
1 0.230 0.456 0.497 0.915
3 0.483 0.533 0.880 1.000
5 0.620 0.696 0.979 1.000
10 0.772 0.968 0.988 1.000
15 0.993 0.999 0.999 1.000
20 0.999 1.000 0.995 1.000
(B) Fractional decomposition of TNP by Fe**

H,0; [mmol dm?] 4.365 mmol dm? 2.182 mmol dm? 1.091 mmol dm? 0.436 mmol dm?
0.5 0.071 0.123 0.347 0.652
1 0.148 0.275 0.555 0.880
3 0.300 0.633 0.949 0.992
5 0.348 0.865 1.000 1.000

10 0.403 0.966 0.999 1.000
15 0.458 0.994 0.999 1.000
20 0.489 1.000 0.995 1.000

(A) Fe?* as an iron ion, (B) Fe3* as an iron ion, [Reaction time: 60 min, Initial concentration:
TNP = 0.436 ~ 4.36 mmol dm3, Fe?* = Fe**= 1 mmol dm]

Table 3 The effect of H,O, concentration on the production of inorganic nitrogen compounds.

(A) Total nitrogen and amount of formed NO,~ and NO;~ by Fe?*

H,0; [mmol dm?] NO,~ [mmol dm?] NO;~ [mmol dm] Total nitrogen [%]
1.000 0.406 0.153 42.7
3.000 0.000 1.132 86.5
5.000 0.000 1.309 100.0
10.000 0.000 1.279 97.7
15.000 0.000 1.309 100.0
20.000 0.000 1.309 100.0

(B) Total nitrogen and amount of formed NO,~ and NO;~ by Fe’*

H,0; [mmol dm?] NO,~ [mmol dm™] NO;~ [mmol dm™?] Total nitrogen [%]
1 0.243 0.326 43.5
3 0.078 1.169 95.3
5 0.000 1.309 100.0
10 0.000 1.309 100.0
15 0.000 1.309 100.0
20 0.000 1.309 100.0

(A) Fe?* as an iron ion, (B) Fe3* as an iron ion, [Reaction time: 60 min, Initial concentration:
TNP = 0.436 mmol dm?3, Fe?* = Fe’* = 1 mmol dm?]
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Fig. 4 Time history of TOC and TNP degraded by Fenton and photo-Fenton. @ : TNP, l : TOC,
[Initial concentration: TNP = 0.436 mmol dm-, Fe? = Fe** = 1 mmol dm-3, H,O, = 5 mmol dm-3]
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Fig. 5 Concentration profiles of nitrite and nitrate ions formed during the degradation of TNP by Fenton and

photo-Fenton reaction. @ : NO,~, B : NOs-,

[Initial concentration: TNP = 0.436 mmol dm, Fe?* = Fe** = 1 mmol dm=, H,O, = 5 mmol dm™]
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Fig. 6 Time history of intermediate concentrations during the degradation of TNP by Fenton and photo-Fenton reaction.
M : Oxialic acid, (I : Citric acid, O : Glycollic acid, ¥ : L-Tartaric acid, A : Succinic acid, A : Maleic acid,

2)

@® : TOC

[Initial concentration: TNP = 0.436 mmol dm™ , Fe** = Fe** = 1 mmol dm, HO, = 5 mmol dm]
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Fig. 7 Mechanism of degradation reaction of TNP.
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Wet degradation processing of the 2,4,6-trinitrophenol
by Fenton reaction and photo-Fenton reaction

Toshihiko Kitayama™®', Youichi Sano™, and Toshiyuki Nagaishi**

The wet degradation of 2,4,6-trinitrophenol was studied by the Fenton and photo-Fenton reactions known as the
Fenton reagent (a mixture of hydrogen peroxide and ferrousion (Fe?*)). As the new Fenton's reagent, ferric ion
(Fe**) was also used. It was shown for both reactions that the nitro group in 2,4,6-trinitrophenol was mineralized
to nitrate ions. The TOC is mineralized to carbon dioxide and water for almost the photo-Fenton reactions, but not
completely for the Fenton reaction. When ferric ion is used instead of ferrous ion in the photo-Fenton reaction, the

degradation of 2,4,6-trinitrophenol is promoted.

The photo-Fenton reaction using ferrous ion produced a solid residue or colloidal particles, but that using ferric ion
did not produce any. This suggests that the new Fenton reagent can be used for the practical degradation of 2,4,6-tri-

nitrophenol.
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