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Treatment of Industrial Wastewater including 1,4-Dioxane by Fenton
Process and Electrochemical Iron Redox Reaction Process
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Abstract

Treatment efficiency research was performed using Fenton process and the electrochemical process in
the presence of ferrous ion and hydrogen peroxide for the industrial wastewater including 1,4-Dioxane
produced during polymerization of polyester. The Fenton process and the electrochemical Iron Redox
Reaction (IRR) process were applied for this research to use hydroxyl radical as the powerful oxidant which
is continuously produced during the redox reaction with iron ion and hydrogen peroxide. The results of
COD, and the concentration of 1,4-Dioxane were compared with time interval during the both processes.
The rapid removal efficiency was obtained for Fenton process whereas the slow removal efficiency was
occurred for the electrochemical IRR process. The removal efficiency of COD,, for 310 minutes was 84% in
the electrochemical IRR process with 1,000mg/L of iron ion concentration, whereas it was 91% with 2,000
mg/L of iron ion concentration. The lap time to remove all of 1,4-Dioxane, 330mg/L in the wastewater took
150 minutes with 1,000mg/L of iron ion concentration, however it took 120 minutes with 2,000mg/L of
iron ion concentration in the electrochemical IRR process.
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Fol 48] 2R gL TR L9ed B okt
deiAA B2 AMEE 2924 FRE HE s
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1999)
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BB} BEgY, 2002 7|Eo 2 SEEH Az
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1.1. 1,4-Dioxane?| 2|55ty M3

14 Dioxane & 7o} WA} e Balel oz
A Zolh tiREe) 471849 7184503 CHO,
o] sleba e 723 glom, $A2F 88 12g/mole, B
7 101°C, 11.8°C, 20°CollA F=7} 1.0356
gro 2 B3 B=go] vlssle B EYE AL
e AA 2@ FH2 23 3t (The Merk
Index, 1989). T3t Hof oFy &tz kA9 Hh-g-3le
HistES AP 53 EeldzHZ FEF3
F dzH2 TEFHAA g F WEHE EG
(Ethylene Glycol) 7} DEG(Diethylene Glycol) 2 &
¥ 1, DEG7} 1 4-Dioxane . 2 ¥ 5o} vjZg},
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1.2. 1,4-Dioxane® Xz

1,4-Dioxane-2 HEAQ METFHQ PYHoZ =
e 7F ole] & EdoletE Ad (Stefan and Bolton,
1988)7F 1+ Wt Burback¥} Perry(1993)+
Mycobacterium vaccae’ s T 45t 2, Parales &
(1994) & nocardioform®] Actinomycete 72 v EE
o] &-5te] EoFol A 100mg/Le] 1,4-Dioxaneg 45%
Tholl &3] A ARt
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Fig. 1. Schematic diagram of reactor for the treatment of industrial
wastewater including 1,4-Dioxane by IRR (Iron Redox
Reaction) process using iron and hydrogen peroxide.
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Table 1. Experimental conditions of Fenton process and IRR process.

7] W&ol Fenton 33 & A 43}7] ¢ 2 o] 9
Blge Hgon Eolsmu} IRR 3RoI4% 4
o]9 FEE 1A stal(Fe’* = 1,000, 2,000mg/L)
Fsta7l wiel Fenton g ET 44 A2 Fg
FYsiaT. RR FHIME U9 2 ol 28 Fe'*
M Fel' 2 Abst B4 whg S W) w g
Table 10 Ueld u}9} 7o) HA Eglslsict.

2.3.1. Fenton 3% (Fenton process)

Fenton ¥+§- A& o] A&E Fenton Alek& FeSO,
- TH,0(98%) 9+ H,0,(35% vol)& A3l of
2 A89 CODS 2% Fdre 24z A43
Fenton AjeF #A&S a9t Fe* o H,0,9
A FUv &L Imol 2 BF23 uwf 29 7
FE ke = (143 9, 2003, M8 oz
2004)& st AR B AN }%f?}
Zol g FEWgo] HAEQl 1 4-Dioxaneo] X
e #@49 CODq & 7,930mg/Lo| o o]d] o
g FeSO, - 7TH,O 9] 2Fe 168,585 mg/L o] 3l 2.
H,0, % 52.5ml/Lo| Q).

lmol

Fenton 48 & A5 ¥ 49} Fenton A|%ke] &4
A S Asto] Jar-testerE o] &35ta] 120rpm o2
ket T w2 7] FeSO4 CTH,0E A 9
&3 pHE 552 2Fsa 128 3o H)0,(35%)
& d¥ F9lsln pHE 352 &@o}gir,} &
i H +84-& 2% F43t pHE

752 2% ¥ A JEE a8F g AMANA
Fenton WFg-of] =215 = Ajete] k& Table 19 Vel
Wl et

IRR process
Processes Fenton process
Fe?* = 2,000mg/L Fe?* = 1,000mg/L
Wastewater COD, (mg/L) 7,930 7,930
1,4-Dioxane (mg/L) 330 330
Total input FeSO, - 7H,0 (mg/L) 168,585 10,460 5,230
H,O, (mUL) 52.5 525 52.5
Reaction time (hr) 0.5 5.04
Reactor volume (L) 7 7
pH 35 1.3~1.5
Voltage (V) - 1
Current (A) - 13.5

378



Ho[F=ZYA| =2
0" A 45 pp. 375-383. 2007

232, ispeago Hel A7|8eA Adg - &
4 WS- (IRR 2%)

IRR FH ol 143 Al8e Y 452 £3589
om wreAzd pH, Fe'tol FU#FS A3 2E
Ad zHo] & 1va =

2atA A&atHth. deke
dakglen pH 282 7HJarts

o AFE LA 524 57] Ssiod XJ?J% Ul
AstA 7raA ez Adetitt. 43

2 T /HE AFT olfre B TN AR
#Fe COD, 71Eez Z3He Hitstrie] ¢
I AFE AR WRolth, EF F sk Felt o
A ,,].A].;]./\/\/\_,] A= 01@0]-7]] 5]_3,_ ;g o]
29 F=E t27 A W A EE&< Hlwdly]
Aol

233. %9 Ao 2% Wy
Fenton 233 IRR 249 #Arsies 39
D3} 2o & A59 COD,, LS 7%
@@o}ﬁv}. el 27t 7.930mg/Lo|Be
(1)3} 2ol BEesict.

¢

13
o

>k orlo

CODCr(mg/L): 7,930mg/L x 7L/batch + 1,000 (1)
=55.5gCOD¢/batch
55.51gCOD, x 2.125 x 1.2 = 141.55gH,0,/batch
141.55g x 1035(25) x 1/1.1(4] %)
=0.37L/batch = 52.5mlL/L.

Fe'* o) 518 2% & Fenton T3] 7%
CODg & 7102 249 Hitgterre g3t 2
)

mole H]2 AH&3l9 1 IRR 239 4% 4 )& 4

o] &9 FEE 2,000mg/LoZ P& W FeSO, -
7TH,O/batch®] F4#FE AU WA 4
3 2ok felx BFE FAsteas 27 %ol
141.55gH,0,°1 22 batch & 4.16moleZ A4EH %Y
o} webA | batch & A Q5+ FeSO, - 7H,O/batch
o] o2 ofef e 2t

4.16mole FeSO, - 7H,0/batch x 278g/mole -+ 0.98
=1180.1g/batch

IRR 49| FeSO, - 7HLO FUZe )
e ARt

2,000mgFe’/L x 287gFeSO,/56gFe?* + 098 (2)
= 10,460 mg/L
el geAzre 4

(S)olA A AR

ARsAtt
uk-2-A] 7F: 141.55g/batch x 2.08gFe/A - H + 13.5A
= 5.04hr (3)
3. 2o o 3

3.1 Fenton 23

Fenton £3% & A 43l Zalord Z8usE
Aelgt o), COD, & 71Zo 2 & o]l Hital4a
42 g7 ¥ F8+E Non-step Oxidation g 3} &
Fenton Al2f F9F& 3748 vhrols F518he Step
Oxidation "3 & 48-3te] 42} § Az Table 29
vrebd uheb 2Tt

Table 2. Removal efficiency of COD,, and 1,4-Dioxane for Fenton process.

Step Oxidation
ltems Non-step Oxidation
1st 2nd 3rd
COD¢{mg/L) Wastewater 7,930 7,930 6,058 2,965
Final Concentration(Removal Efficiency) 2,695(66%) 6,058(23.6%) 2,965(62.6%) 1,974(75.1%)
1,4-Dioxane Wastewater 330 330 65.3 11.9
(mglL) Final Concentration(Removal Efficiency) 0(100%) 65.3(80.2%) 11.9(96.4%) 0(100%)

*The numbers in front of parentheses are the residual concentrations of COD,, and 1,4-Dioxane, respectively and those in the parentheses

are the removal efficiencies.
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A3k PHS AEAAS W, 13 Ao A8
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9] %32 Non-step Oxidationo] Q¥ FEQFE}
H44E F e AoR Jeth 53] 9AH At
Wl A o]l EQI&FE 148 738mg/LEA 19,847
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3.2. IRR 3¥oll & ol2(Fe*)ol SLE 1,000
ppmZ M HHE

IRR 340 & o]&(Fe’")9 ¥ S 1,000mg/Lz

FY9H%= o 14-Dioxane?] %7] = 330mg/L+

Fig. 20| vebd vhel 2ol wh-gAIZE 1508 whof] ¢bd
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3.3. IRR BHol|l & o|@(Fe?)9 EZE 2,000
ppmZ HETH Mgt

COD¢, AAE #18te] Fenton 34-& 243 47}
#a9 27) COD, % 7,930mg/Lo] tiste] whg
AIZE 10 ool §Hgo] FRHUY. HF A a g
& 66%0°19128 @& CODq & 2,695mg/Lo| At}
COD¢, AIAE 98] IRR 342 A43 A3} 27
H o] BYFE 2,000mg/L o} HitdlhrE A g
g A3} ghg-2 3108 B AEHo2 A A7} 2
o HE A 82 91%Y £ a&S Y
ek, @& COD., 9 sEE 714mg/Lo| ATt
COD¢, AIAA tigt vhgat= 03 W39 Ang
Holz gt} CODg, A A et 2 3= Fig. 3o U
B it

3.4. Fenton 3&D [RR SHoIMe XMHzZ|EE
H|

341, AlFEY S )

Fenton g9 F4&7 IRR 349 FUFE 1
Lé}giﬁ} °ﬂ—?°ﬂ/ﬂ Ztzkel el £+91 3t Fenton
Zo 4 Hy0,= COD, & 71202 £
Al %‘—%}:5}9&3“1, H ol g FY#el -9 Fenton
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Fig. 2. Profiles of COD and 1,4-Dioxane (2A) and removal efficiencies (2B) at the 1,000mg/L of ferrous concentration for IRR process.
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Fig. 3. Profiles of CODy, and 1,4-Dioxane (3A) and removal efficiencies (3B} at the 2,000mg/L of ferrous concentration for IRR process.
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Fig. 4. Concentration profile (4A) and removal efficiency (4B) of CODc, for Fenton process and IRR process at the different input
concentration of ferrous ion.

Z8lo] FYstg ot M o] & F¢leke Fel*=2,000 BT, 9% COD, 7.930mg/L7} ¥HgAIZE 10
mg/L9} 1,000mg/L2 13 3te] FeSO, - 7H,02 & ¥ ol 2,695mg/LE Vel o AAEL 66%2
Arste] sk, 2 249 Aok FPEe Table © ©l/F whgol AP ¥ker o] & Fig. 4Bol| 1}

33 2o} it 28y IRR 33 A= Fig. 4Ac) A et
W vlel o] whSA1ZE 3108744 A &A o8 ZhAast
3.4.2. COD.,# 1,4-Dioxane X8| && v]3 ok 2 ol K= IRR 3 e Hatseisr)

1,4-Dioxane S 3fste Zgo2d FFdse ASHoZ FE 4 o|o] A&AH oz Atzle
COD, MAE 9% Fenton 233 IRR 34 < Ag S doy)7] wfEojrh, & o] & 1,000
g A& Fig. 49 JeHUTH Fenton A d mg/l FY& A9} 2, 000mg/LE FU3 237 &
ol2g Hgo e gy S w AHE Fig. 4Adl U} A0lE HolA gn gtk I ol fuFd e

Table 3. Input concentration of reagents for Fenton process and IRR process.

IRR =X
=3 Fenton &8
(Fe** 2,000mg/L) (Fe?* 1,000mg/L)
FeS0, - TH,0 (mg/L) 168,585.7 10,460 5,230
H,0, (mL/L) 52.5
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