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Abstract

The purpose of this study was to evaluate the partial oxidation of the biological
treatment plant effluents using Fenton’s reagent as a pretreatment step prior to a tertiary
biclogical oxidation of these effluents. Fenton's reagent was evaluated as a pretreatment
process for inhibitory or refractory organics. Based on the Fenton oxidation system, the
petrochemical wastewater treatment plant effluent was shown to have significant
improvement in toxicity after oxidation with hydrogen peroxide. For example, at range of
42~184 mg/L. COD of petrochemical plant effluents, the COD removal efficiencies were
from 382% to 60.1% after reaction with hydrogen peroxide 200 mg/L and Fe” 100 mg/L
and reaction time was 30 minutes. The total TOC reduction were about 158~22.4% with
same test condition and difference between the overall removal rate and BOD/COD ratio
after Fenton’s oxidation estabilished in the biodegradation and otherwise meets the
discharge standard or reuse for cooling tower make-up water.
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Fe¥' + H,0, = Fe* + OH- + OH" (1)
Fe* + Hy0p — Fe¥ + HOp +

H (rate-controlling) (2)
HOy = Oy + H (3)
Fe¥ + O = Fe¥ + Oy (1)

RH + OH- — R-+ H:0O
R : #71F AP ®)

Fe¥' 3 Hy07} uhgsted Fel'o] Fe''2 4+3lg
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Z(hydroperoxyl 2 #@) 2/(3)ell M9} o] whg
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OH radical Scavengmg OH- + Fe¥
— OH + Feé’

OH + Hx0; = H:0 + HO» -

OH' + HCO3 — H0 + CO '3
OH: + CO3° — OH + COs
+ HO»

OH- + HO; -

COy~ — HO;» + HCO;

— OH + HO (1)

o2 2Hg3le Fe''9ol
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gh3-o 3 310115 AE W0z e
2(6)~(11)= Zoldch(Bishop et al, 1968).
283 OH e 4ol HE HaOol 23l
A AREZIE AR H000 Y8lM aRHe
AL AN £ 5 Utk geA, H:0:2 OH
gz A #u LZﬂ(m1t1ator)°]"47€] H A A
(scavenger)® EHE& Aot} w3 OH gz
WS EES gz A FH-Hd A8)dA
OH #dze FF9 Feqto]2(HCO; ) W&
stod AAH T, QA BAHCOT ol wg
3le OH gluzde] ArHTh Zgato]&(HCO:)
3 @AHCOs )0l e OH dg AAA}
EZAEA F& A5 OH guzdo) fr1eddyy
o @ol ¥hgd 4 Uk wEtd dFeer) v
STTolA HeOx9 REH717F &3 ARAT Ho
Atk AAFFoAA FEato)2 2 ¢ $33
A7 ARFY shvoln OH oz kg3
T3 AAAZ FL&%c OH Hoize 447
AA Bod pHE S7HEFE H0:9 BT
b 7b&stE o o8 22 OH gddoe] AAEA
pHE =T &AM ARdeeA v=A]
OH s#YZs=s FA% & 4. 21 o&
pHE <ol we} OH Huze Axukgo)
F7Hd & A7) Wit FAHHoz dyst
H, AdgoA giddd FENdY SEREIE
pHell °o|&3ln] ¥4} (equilibrium constant :
pka))9 #he] 1030139 M pHE © Eo|¥ F&
Aol gAtgoez HNEHA EohZepp, 1992).
OH Zoizta gitde] wsse Fe4rgste

g,

H 2tvz %
g2 0

oo H—_;

l'ir )

3
KR

g o

N

<@ A o rE

& A

o

f71& 9] Fenton 4t8 A g 53

=Y
B EFAFHY EY go] S8t OH gy
4 AAHAME o]Ho] AN ©atgdyel w3
o2 Q3 OH Yz AZHdAM FA Qv
(Kang, 1989). ¥r2-2(11)& OH &tdzst HO.7}
vh3-3led OH71$ hydroperoxyl iong A8 A&} A
OH gizo] AR EHE WEE HoE

Fenton ¥H&o 23t #HHe 7lsAe d59
ZA4d gt getd 4 3lth Fenton AH3tY e @
2 53] gge] 34T & e BE 3'5}
AFAHog A7, oj" H9d
TAEHAR BODe UaHA ¢y %
ZHA % dteH ol dESA 1T7] o] Ha09
o3 REAbsiE o] *(l)‘—v—a}]E?} < EFE uiy
71 WEelth. 18] Fe” o]&o] Z}E% 9%
4 A€ phosphate, ﬂuondeﬂ 7 JEo] gle
B Fe’ o] &3] HBol} AARe] ¥ 3
el BHEE AAIFA HER o]F
#atal e HAeE Astaz e 4

48 AFgoz AL Hayl Yot

718,

€ CODhe

Mg

0F
i3

3 4

_

ok

3.1

PR

am
0z

Tor
2 A HE3} qpsgsHd 23 fE40

474& Table 19 bt wke} o] pH7L 816,
CODcro] 42~184 mg/L, SS7} 18~46 mg/L L&
I N P7b 24+ 12~17 mg/L% 6~9 mg/Lo)

Table 1. Characteristics of petrochemical plant effluent

Items Average Range
pH 8.16
COD¢; (mg/L) 112 184 ~42
CODmn  (mg/L) 54 86 ~20
SS {mg/L) 24 46~18
Mn (mg/L) 2.8 4~2
N (mg/L) 15 17~12
P (mg/L) 7 9~6
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AEA S HRAITE 0BT AR &y
Fenton 4r&tgks %o dolgle HO0.%E A3
I CODE BAsETh z8l3 FeS0s HAH F

Treated water
analysis

Wastewater
analysis

I Fenton oxidation |—

Reaction pH

' Fe? /H,0, Ratio

Reaction time

Coagulation
precipitation

Fig. 1. Experimental process of Fenton oxidation.

w5

dF AL A3 o948 w3xAE FAA Bl
4¥8 4+ AE Jar Test?]E AH8-3t} FeSOs9
ZAHL Z7) ggste 150 rmpme UHEER
e A 7te) melA CODE #4383 E3F TOC
o] BAe A (ZHIE) 1~1000 mg/Le] ¥
o} 4} NDIR (nondispersive infrared analyzer)Z %
W o g BMo 285w AZHE 3580 ~48F
Atk COD9 A+ Klr0r& AHEstE WH,
BODE 923 oAl MY ARSIt

Fenton AHghub-ge]l pH &S &7 93l
Fe o g AAsA & AejolA pH 1.8~9.29
ool H0, 23iAdES PaAck 2 23
Fig. 2o vehd nks} o] pH 1.9% pH 8.1 A4
B HO7F Uy wy BsiHAR, pH 3.10A
07} 7H3 A3 Bajsdom 1 vgo] pH
37 olfdth ol RE Fu AWty H07F W ¥
Hed HE %9 99 AAH3) wgaA }
T o el Rukgo] Axsef OH #Ho# vt
Sagol FA E59, pH 4 o9 HHAdA=
H,0 28 #AolM AaBEAEC] Ho| THEoH
A Fe(OH):¢} Fe(OH)38 HH-& AAAIZ pll 3
ol3te) W ME HolglE Fe''o] H0:9 ®als
Z2x42 wmo oljet OH #dZ scavenging©ll
93] Abstel o]4€ OH oz ¥& EUY.

Sedlak# Anderson(1991)2 pH 3 °]|5te] ¥
oA pHE Z7HN71d AA9 Ral&Ee S7HE
3 Z=&319 3, Bishop et al.(1968)& 66°ColA
Fe'o] oJs) MAE B3 w9 As 2fEEs
pH 4914 Hagon 334 en, pH 3~4¥ 9
oA Ba|&Est pHol v ol Waicha 23k
1=

= pH7} 2718442 OH #Huze] AA=HE
A9 Ex F7HAEHQ wH-3)8HAIRE Fe(OH)s (S)
7} Fe(OH)x(S)8) AAol s oo Fo] 243}



A Hol NYESS Do|AA dct. g2 pHrt
0202 743ty OH gojze] BAg s ¥g9
A4 Egtel #old OH ghdy Aol o1gA o
of Fuje] 7|5 HojAE Ao #TdD. of
el Aol 2)3te] Fenton 4t3terg-¢] #H3 pH

o]z HeZ Jehdohd pH 3~5°0 3%

10 A—
pH
r e 1.9 A%
a 3.1
+~ o 3.7
N 5l o 44
o 4~ 5.0
% a 8.1 5/‘/A
N
2
o
8 2
&
1
0 10 20 30 40 50 60 70 80
Time, min
Fig. 2. Hydrogen Peroxide decomposition at various
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Fig. 6. Reduction of COD, BOD and yariation of
BOD/COD ratio at various H:Oy/Fe* dosage.
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F4% 200 mg/LY Fe” 2 200 mg/LE 3t
Fenton AtslA2|slx] ¥ 749 BODs/COD.H 7}
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Fig. 7. Reduction of COD, BOD and variation of

BOD/COD ratio at various H.O»Fe®" dosage
45 dEMs=Hel "ot
UurH o g Atgigteo] YL AHHog B
d FE Qo AA wssle BAL 25 A
S YARRENE Jehle ubdd) o] R0 wrg A
29 =4 #9 FEE Jehle AL oy

o} TOC(Total Organic Carbon)®t COD{(Chemical
Oxygen Demand)$} 22 HEZHQ W4&E2o Ak
9 HFAF(TOOH WA= E AFHo 2 el
do Atk g 880 ERE HSAAN &
7leAe] YFas dele e o] B 4
LtH(Bowers et al., 1989).

OX(Oxidation state) = 4 (TOC -

CODYTOC (12)

ASHA AYARE Halsd Table 29 21,
21(12)& ©]&39 Fenton 4rstxz] A& Ao
71E % AFshd el (Oxidation State)& COD/TOCY
EHE A4St Fig. 8o Yelglch Run 19
A% AsdeEe -1639M 1072 R & ws
(NOX=27& HAFYXT, Run 39 ALE -19)
A 0252 7H &e H3HAO0X=125)E Yeh) ol
Z £ CODFEE W A3¥EE & 4 UY
o9, Fenton Al%o] & HAPoh4 H&459e
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Table 2. Chemical oxygen demand and reduction of total organic carbon

Wastewager  IMitial COD Final COD COD(%)  Initial TOC Finial TOC ~ TOC(%)
mg/L mg/L reduction mg/L mg/L reduction
Run 1 184 78 60.1 49 33 22.4
Run 2 106 58 474 30 24 20
Run 3 84 50 40 25.1 20 20
Run 4 42 26 382 130 109 15.8
Hy0; : 200mg/L, Fe*" : 100mg/L, Reaction Time : 30 min
20 r-‘ B before oxidation mg/LO]}b}o“ }\1E 7—19] Eﬁﬂ7]’ ﬂ?i-‘?_“q, —%7]
0 O after oxidation COD 42~184 mg/L HH oM, HO: 200 mg/L,
B Silf e 100 mg/l FYA COD AAEE) AE
E ol - # #8941, CODS TOCY MAERL Zz 382~
5 /C{ ! 60.1%, 15.8~22.4%9 HHE e |
E 05 |- 4 Fenton 23t alol A HoO» 200 mg/L2 Fe
S 100 mg/Le 2702 A8 A7 A &
R T Q4 270N BOD/CODHIZ} 2718 F 021914

Mean oxidation state

Fig. 8 The TOC/COD ratio vs. the mean oxidation
state of carbon.
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