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A Study on the Characteristics of Fenton Oxidation of Bisphenol A
and Nitrobenzene
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Abstract

Organic contaminants can be released into water environments due to chemical accidents and exist as dissolved and non-aqueous
phase liquids (NAPL). Fenton oxidation was tested for bisphenol A and nitrobenzene as model organic contaminants in dissolved and
NAPL states. Fenton oxidation was successfully applied for both of the dissolved and NAPL states of the two pollutants and the results
indicated that a quick treatment was needed to reduce the risk from a chemical accidents instead of carrying out oxidation after the
contaminants dissolve in water. A set of Fenton reactions were tested under seawater conditions because chemical accidents often occurs
in the ocean. Chloride ions act as radical scavengers and inhibit Fenton oxidation. The reaction rate is inversely proportional to salt
contents and the reduced reaction rate can be compensated by increasing the quantity of the oxidizing agents. The current study showes
that Fenton oxidation could be applied as a quick treatments for organic contaminant in dissolved and NAPL state organic contaminants
released as a result of leaks or chemical accidents.
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Table 1. Physicochemical characteristic of target materials
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Target material

Physicochemical characteristic

® chemical formula : C;5sH;60,

OH OH

Bisphenol A

® vapor pressure : 3.75 x 108

® density : 1.20 g/cm’

® CAS No. : 80-05-7
® molar mass : 228.29 g/mol

® Log Kow:3.32

® solubility : 120 mg/L in water

NO,

b ﬂ@'&] : C6H5N02
® CAS No. : 98-95-3

® vapor pressure: 0.25

® density : 1.20 g/cm’

® molar mass : 123.11 g/mol

® Log Koy :

Nitrobenzene

1.85

® solubility : 2,090 mg/L in water
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Fig. 1. Degradation of dissolved bisphenol A by Fenton oxidation (a): variable concentration of Fe*', (b): variable

concentration of H,O».
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Fig. 2. Degradation of dissolved nitrobenzene by Fenton

concentration of H,O,.
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Fig. 3. Degradation of NAPL bisphenol A by Fenton oxidation (a): dissolved bisphenol A, (b): NAPL bisphenol A.
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Fig. 4. Degradation of NAPL nitrobenzene by Fenton oxidation (a): dissolved state, (b): NAPL state.
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o= PRSI =3 85 mMo| EZHIA HE A

o 27} A 8.5 mM, IS4 850 mMo| A Q. o
B3] W2 AJ7E o] 100%0] 717k Bafe-S LR
et kA, Eolks B AV 52 LefehS wf ol
o] Zglst 5= 271 AL 2k 4ul(8.5 mM), IAkSlA
= 2F 200850 mM)7} 7P EEQ) e e ik 4
It} NAPLATE] 2] U ERlglo] $3] Sl Adeet
I 7SS wf, 710l SalE el YEZHA =
aflof] 205 ISR FY, 27F H] o] ¢4 0.2
a7k 22wl om, NAPL ZJefollx]o] Rkgo] 27} 4
o] AA| 2agol|E Etslar e Fefel Zlow vt
Hef E3h 271 o wrrt 98T o, dIEeAt
340 mM < 7> NAPLAJE2] U= 2l Hafd-2 oF
51.1%0]1, 680 mMT}+ 850 mM 2 THISRAT} 27}
S 70| Balle-o 717} 74.1%, 97.8% 2 AEE|glC.
], webA], ISlea) SR Rt ST
a13ict o] W] Haflg-2 Uhg 608 & FEE 7|0 R
ARESIGITE 3L TSl Aget o, 271 0] 8.5
mM% 749 NAPLAEjo] UE=wldl Zafe-e of
27.7%0|, 17 mMZ} 34 mM& 273t 4-9-0] B3
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—>€— Bisphenol A only (0.1 mM)
08 | —S— [H,0,]=1 mM, [Fe?']=0.1 mM
' —© [H,0,]=1 mM, [Fe?']=0.1 mM, [NaCl}=0.3 g/L
? —A— [H,0,]=1 mM, [Fe*']=0.1 mM, [NaCl}=3 g/L
% 0.6 1 —A— [H,0,]=1 mM, [Fe*']=0.1 mM, [NaCl}=30 g/L
=
&
o o4
0.2
0.0 & T T T T T {)
0 10 20 30 40 50 60
Time (min)

Fig. 5. Degradation of dissolved bisphenol A by Fenton

oxidation in the presence of CI'.

—>¢— Nitrobenzene only (4 mM)
—S— [H,0,]=40 mM, [Fe*']=4 mM
—©~ [H,0,]=40 mM, [Fe*"]=4 mM, [NaCl}=0.3 g/L
—A— [H,0,]=40 mM, [Fe?']=4 mM, [NaCl]=3 g/L

—A— [H,0,]=40 mM, [Fe*']=4 mM, [NaCl]=30 g/L
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0.6 -

[NBINB,]

0.4 -

0.2 4

0.0 T T T T T <

0 10 20 30 40 50 60

Time (min)

Fig. 7. Degradation of dissolved nitrobenzene by Fenton

oxidation in the presence of CI'.

S TS 5= QU3d] webs], NAPL/AJE| o] YE=ZH
Al ol TSl 9l 27} Mo Freet v Al 7}

= 207 HojA|m, H|AHlE AL 7 ix| & AEte
O] ABHAIE =UghH NAPL ZJe o] U E2uildlkS: wh
S ARE Hol| 8fisl= Alo] 7Rssial & = itk

T o =4 B gl dEle] Eefoll 4% vt
ZA(B) AT A 2~4 mM, YEZH1A : 20~40 mM)
B} ek 20u)(HI AT A : 40 mM, UYEZHIA : 850
mM)7} 2 E|ofo OF 30~60+2 Uiol| wal7t 7155k
o} &, td &40 NAPLJH|= A5l tid &4
o] EZAfsl= Adoll TAIGle] Bt WSS Edto] W
S ARRE el w87t 71ssh, i =49 iL<>H+E—
HE BRolAe] =8 FaReIAtelA AlLldt 4= k& A
O & o)k

O

Pseudo-first order rate constants by concentration of CI-
0.1

0.075

o
o
R
a

Constant rate (min')
o
[=]
v

0 0.3 3 30
Conc. of NaCl (g/L)

Fig. 6. Pseudo-first order rate constants of Fenton oxidation
of bisphenol A in the presence of CI".

Pseudo-first order rate constants by concentration of Cl-
0.1

0.075

0.025

Constant rate (min-?)

0 0.3 3 30
Conc. of NaCl (g/L)

Fig. 8. Pseudo-first order rate constants of Fenton oxidation
of nitrobenzene in the presence of CI'.
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orS- mH T Ballgo] oF 52% A}E]9lom, NaClo] 3
g/LY wi= 0k 44%, 0.3 g/LY wi=22% Al=| Sk
S vlAks A9 U EZYIA R Hkgo] A
O] TaE 307AIE HIHI= dto] 4F=s1int. Bl
= AQ] AL 1A RESETE A= o] EAeHA] o
= 0.095 min™ (R?=0.9522), GHo| ZA3} = =
Trbyke 2oz 71710.047 min” (R?=0.8017), 0.024
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Ack UEZRAIL] FAF 1A RS A= Hito] &
ABA] ¢k ), 0.083 min (R?=0.8090), gEo0] =4
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(R*=0.4456) 2 AF= | Qi 0|9} Zhe TARE 4 o] &
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