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Photo—Fenton Oxidation Treatment of Pilot Scale for the Decomposition of
1,4—dioxane Generated in a Polyester Manufacturing Process

Myung-Ho So - Ji-Sun Han - Thi-Hiep Han - Jang-Won Seo - Chang-Gyun Kim'

Department of Environmental Engineering, Inha University

ABSTRACT : In this research, a polyester manufacturing company (i.e. K Co.) in Gumi, South Korea was investigated regarding the
release of high concentrations of 1,4-dioxane(about 600 mg/L) and whether treatment prior to release should occur to meet with the
level of the regulation standard (e.g., 5 mg/L in 2011). The pilot-scale (reactor volume, 10 m3) treatment system using Photo-Fenton Oxi-
dation was able to remove approximately 90% of 1,4-dioxane under the conditions that concentrations of 2,800 ppm H»O, and 1,400
ppm FeSO; were maintained along with 10 UV-C lamps (240 pW/cm’) illuminated during aeration. However, the effluent concentration
of 1,4-dioxane was still high at about 60 mg/L. Thus, further investigation is needed to see whether the bench scale (reactor volume, 8.9
L) of activated sludge could facilitate the decomposition of 1,4-dioxane. As a result, 1,4-dioxane in the effluent has been decreased as
low as about 2~3 mg/L. Consequently, Photo-Fenton Oxidation coupled with activated sludge process can make it possible to efficiently
decompose 1,4-dioxane to keep up with that of the regulation standard.

Key Words : Photo-Fenton Oxidation, 1,4-dioxane, Polyester Wastewater, Activated Sludge Process

Lo B Ao Zd2HzE TS viE Y5l of 600 mgLe 1EEE EA3HE 14-dioxaneS 5 mg/L ©]3}7H%]
(2011 ?ﬁﬂl Al AAS 5 A= ﬂ%ﬁﬂ%@«l AF A& Jle 7H“‘5}LX} TR a]oﬂ*slle AZ3AF F KAL) H)
SAE AEe AFeke] ATE etk 3719 T sl BAEANEES KAo] A F pilotol] A &AsHATh whjE A7) e
S B3 3715 FFsHHEA 10709 Uv-C F/'t.“i(240 p.W/cm o] A} &hol] BAFES44(2,800 ppm)2t HA(1,400 ppm)S FLHEAS
o 14-dioxane®] A|A &&o] 2417t T 90%7HA] UYElve AHE =2 AT 2y 49 14-dioxane FEE oF
60 mg/Lo.2 A3 wdth 15ty & X2 E bench-scale?] BAEHAFTH(V=8.9 L) o] &3l FAEAS} 2|4 e
14-dioxane A7 7}154S Hrleldth 2 2aEA FAEYATAHL FE5FHE 14-dioxaned] F5& & 2~3 mg/w}x] o fan

Rom olF 3|, FAEANFHY FAEHATAH AAAHE 55 1,4-dioxane B E 6‘1%7&(5 mg/L, 2011)e] 2= 4
91‘ BRAR HHI3HLS IS8Tk

FHO : FAEATEL 14-dioxane, ZF2H 2 FHHE, HSHATH
LA 2 £ Aes ¥ Akt

1,4-dioxane> 7|E9] AETH HZe Eal7F AHE
1,4-dioxane2 1,1,1-trichloroethane®} 72 G4A &9 Uy 2220 sl B @ 3 g8
obgA|e} AxY Boke] fuiEA F2 AREE0H, ethy- (SOCs)oll A ke mAEel 23 57] AJejolr el A&
lene glycol &2 ethylene oxides $dhe o2 &3HH e =7 wo Aoz HuET up’0 Fgg T
TN FaEEA 14-dioxaneo] LAE 1 Tt A 2 F7] @7)o) 23 | 4-dioxane?] A|AE &&o] Lo,
v]= EPA (Environmental Protection Agency)oll 23 1,4- 287 A = 289 93 1.4-dioxane®] AA7} 7}
dioxane2 50| U= FEAZ class 2B carcinogen A 5o o Aoz AA 9o} HLo ZuwoA
2 EFH glon)) HAE o437 ZAAYNAM 3o EA7F g2 k! o9 Be o] 42 1,4-dioxaned] 3

TEo] HEE Y T WEvA ud=dE et &7 g Whgo] teto® mEE:m Qom, 11 FoA

AOPs (Advanced Oxidaion Processes)’} &2 1,4-dioxane

+ Corresponding author AA EE&E Holx k. Aold A MIEFNaCIOo)H =i

E-mail: cgk@inha.ac.kr _
Tel: 032-860-7561 Fax: 032-865-1425 EA%K(Fenton's reagent)S ©]§-3F 1,4-dioxane &3], Oy
oisttd StelX| 318 12, 20094 18



10 &EE- @44 FEY - AG - FaE

}01'
rﬁi

H,0,S 0|83} 1,4-dioxaned] £ 2 AE3|4 34" Uv/
H000 93+ 2k & Tio, B&vlE ©]-83 14-dioxane
94 %5]]15) _‘c;)_ 1;]_0‘t—5]_ H]—H—lEo] }\]cﬂoiog] 1;0 ;qa

BES Boh EgE AOPset 3710 oJgh F7]e] WetA
2 A] 2HglH o] Z71ske] | 4-dioxaned] 3l £&7F =7}
s Aoz gL 28 AOPse] Ee E&o%

E5}aL aldehydes$} organic acids2] —r??H’\]'E-J A 7t
A el e gl gidk uv F4 Al Zadl 9
3k &8 74, bromideE T3t 1,4-dioxaneZ 2 FH
HTE Oy ol&st Asird A9 IerksAel =

bromate®] ¥4 % OH - 2] scavengerZ 2H-8-3l= carbonate
S} bicarbonateol] 2J3F e d&EHe] 23}t At 5 1w
gopgt st TS 7HAAL Stk

A G573 FAZ wEFHE WFFol 1,4-dioxane
et e AMRAlE F2 Fuded X 3sH
FAAZA Z=HZ FHFHNA 1,4-dioxane®] F-4F
EZ A= FAZE Ha Aok SRR 714d
ANMFH FAZIA7EA rFstH A Sl FAIEY of
st2 Q& 29 AHHEG Ao oHES AL e HF
olt}. o]¢} fEo] 2011d 1€ 1¥9HE 1,4-dioxaned] Hj
=3 87]1%S 5 mgl °J3lE WHHOoE AT oFPo=w
ol3le] 1.4-dioxaned] thk 3FAFHAS] Halo] 1z
1 Ak ey @A B SRR Eeol2H
2 FHFHANA wlE= = 1,4-dioxanes XE|317] Y% 1
Asle Weto]l glo] oS of AR A Utk o]l
g 2 AFdAe 99 EAAS AAT ites F
gol~HzZ FTEHTHANA FAHE HF TY L=y
1,4-dioxaneS #33}7] 30 pilot scalee] FINEASAX]
£ ol&stdon, 1 A4 AESH A A& 754
= B718l7] 918l bench scale®] AEHATAHS ol&

stel A ST,

1
ZozH 2 FHHATY wiE Aol 450~650 mg/L
ZA S 1,4-dioxaneS 90% ©1F AAE
E%&i}%@ﬂ A L7 ALtz FrA
Zoll2EH = AZ AL T KAK HgAE] A8e A
o B AFE AAEATE KA AE FEA 91A]
shehal frAll = ﬂ*}i HdE, Zed=HAL E‘r°]°1:’
=R 9 Ho|2FES FE et vk AL 3
terephthalic acid®} ethylene glycolS FHEZE Al8-3=
glo2HE FdEAo] BARE 155 | 4-dioxane©]
ST ok B AT g He) A9 e s F
B3 Ao 1 54S Table 13 2t
AT A o] 8H FHe] pHE 3.52 A 54
At FzHZE FHETHAA HEEHE A
S&7F 60T E aL2olxRt & AFolM= wiE

ol
-

oo 18 ¥ 1o

ﬂJ}ﬂOﬁ

Y 1o flo

ol 8
o K r}a:

2
T
[}

A

J. of KSEE / Vol. 31, No. 1, January, 2009

Table 1. Characteristics of influent wastewater

pH Temp. TSS TOC  1,4-dioxane
Parameters .
- (€) (mgll) (mg/L)  (mg/l)
Value 3.5 30 3-5 3,000 600
g Q5zo AHARt ol gatant olm AR o5
9 25+ 30CHY
2.2. 437

H]—._7]_4 A A& 7]—/\]%39,] =z
g & e 3773322~ (FRP, Fiber Glass Rein-
forced Plastic)S AH&3IQo™, ¥-g7]9] &2 10 m’o]
At BAELISEA ] 3 Fig. 19 YERHATH

Zo] 845 mm, 37 15 mm, A& 68 W 2L UV H=x 12
mW/em*e] AFFES 7FAE 10709 UV-C 9 Z(First Light
Technologies, Inc)E &7 22 mm % Zo] 1,000 mm 4
P Ho] T F whgT] Wi FHoz HAst
Aot G A, st FEL g Haroll ofst 4ks)
£ Wxsl7] $ste] ZE|==2ZH(PP, Polypropylene) I}
o]Z 9} teflon AZ2 ANEEZ sle] Woslch wsk
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Compressor 2. Pump
4. Effluent port

6. UV lamps

Influent port
Stick-shape air diffusers
Tank lid

Fig. 1. Schematic diagram of the Photo-Fenton Oxidation
Process installed as a pilot-scale plant at K Co.
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ZPo 22 T3 FAHA RS =
Z738 ¥k T3 $ 1 LY AES AFH3T NaOHE
ARREle] pHE 73~7.52 ZAH3 & 52 AN A 3}
stEYAE 8 2 AAS AT

2.2.2. Bench—scale?] &4 &8 % 4]

Zgo|H 2 TN TAE= 1,4-dioxane T o
5 A st7] A% pilot-scale?] FHEAFSIFR] Q] X4
of that AAIAE 7Fs3& H7sh7] $lste] o8- bench-
scale®] &AL = ofmdE AH AFHA WS
712 0] 350 mm, 7}E, AE 170 mmo| A}t A &5
2L 9ot Ax)9 viebolA 815 mm Zold AE 8
mm® 43 FETE AAEFHoH ¥Esxo FREFS
8.9 LZ 3tt}h W= ulgte)] 27|38 X5l 712
AAslgon A8 AAXFALH 56 L)S AREE
SS AA 2 HAR &R W

gAaEeA xE %%‘% |
AGE ol&stgon »
S FF37] f8ke] NHLCl (6 mg-N/L) ¥ KH,PO, (1.2
mg-P/L)E AHE-Et] BOD:N:PS] HIE&S 100:5:12 2|4
Atk & dAFdA @AEHAGXE 98] Sl A
Aol 9218k s dAl T SH9EHATA
1,4-dioxaneS A stal A& HALY A&
o] ARgStAT) #Hg e ¥ 8.9
2 Ag& FYste] vz AdReA AHdst st

, Aglre Ak 9%
== o}@\:} Aol A &
Table 29} 2t}

2.3. “rﬁHJHé

1,4-dioxaneS E-A1317] )3 Mxjg] WHozE= Aol =
ZH0S ARSI A2 10 mLol] WREEF8H, 2-bromo-
1-chloropropane (AccuStandard) 20 mg/L< 20 uL, a3k}

EH(Reagents DUKSAN) 2 g FZ81|Z MTBE (I.T.
Baker) 10 mLE& Z%)o}O% 287 A S o] 831
FEe A e T I feF B WgoeE ub
ol oA FE25 3 & T3P E F(Reagents DUKSAN)
¥} oJX|(Phase Separation, Whatman)E AR&-8}e] =& H

Table 2. Operation condition of activated sludge reactor

Parameters Unit Values
pH - 73-75
Temp.”” (¢ 35
DO mg/L 2-3
HRT hrs 12-24
SRT days 15
MLSS mg/L 3,000
Recycle rate - 0.7-Q

* Q= Flow rate of influent

1,4-dioxane®] F3dlE $13F HUZ 2] FAEALS A 11

E5ES AAG & AAFZ7)(TurboVap 11, Zymark Co.)
£ o]&3te] 1 mL7HA F5E 3tk Yot 2ol vl
Algol st GC-MS (Agilent Technologies 6890N)E ©]
43} 1,4-dioxane S 733 th olu] AMS-H HH-2 Ultra-2
(25 mx 0.2 mm LD.x0.33 pm, film thickness)$} o™,

W 7}AEE HeS | mL/minl E 3}Eth 479 —,‘Z—Et
200C, Transfer line®] &%+ 280CHTh 289 2 %
AL 35CoA 77, 20C/min®-Z 90T, 30C/min®-Z 200T
A & ZZE gtk 24 285 & A9 ¢ke] o
242 AAS) 954 260CoIA 227 §AE Sk
SIM Z=2 HZF& 392 solvent delay time2 3.5+

|94k

3.1. HAksrEa o] FYFo mE g
ZgoxHE2 FEFAHAA T E= 1,4-dioxane T
H9] pHE 3.5 AEH oW, HEe] pH =4 glo], F
AR o] ksl a FYF] WE &S vl
Asted uvel FakslgAghe o]831e] 1,4-dioxane 3l
£S5 Blwalgdth Esplugas’’S AOPsE ©]-&3F phenol<]
3 AFAA UV/H0,8 Aol 1hg g3 ]Z]'EH pH
T3k ZolH, &4 H0, FUF, A e ol 9
I &80l A4 P ok 3 Safarzadeh®™ T
UV/Visible-H,0, & ©]-83t 1,4-dioxanes Z&3H T4
7] L= EAeke AdETE YT B9 5
A pHE XAsHA 1 SnkE A2 Aol
el itk Bask3ith UV/H,0,2 ”H 73 4k
E421 OH-& 7|2 o3 OH -2 7] &
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Fig. 2. The removal efficiencies of 1,4-dioxane according to
the various concentration of H,O»(ppm) at pH(3.5) &
Temp.(30T).
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Fig. 3. The removal efficiencies of 1,4-dioxane according to
the varying ratio of HyOx(ppm) and FeSOs(ppm) at
pH(3.5) & Temp.(307C).
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Fig. 4. The removal efficiencies of 1,4-dioxane according to
different temperature of wastewater at pH(3.5).
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Fig. 5. The removal efficiencies of 1,4-dioxane according to
different aeration modes at pH(3.5) & Temp.(30T).

Fig. 6. The removal efficiency of 1,4-dioxane by using the
Activated Sludge Process(bench-scale) after being treated
by Photo-Fenton Oxidation Process.
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