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ABSTRACT

Industrial wastewater often contains a number of recalcitrant organic contaminants. These contaminants are hardly degradable
by biological wastewater treatment processes, which requires a more powerful treatment method based on chemical oxidation.
Advanced oxidation technology (AQOT) has been extensively studied for the treatment of nonbiodegradable organics in water
and wastewater. Among different AOTs developed up to date, ozonation and the Fenton process are the representative
technologies that widely used in the field. Based on the traditional ozonation and the Fenton process, several modified
processes have been also developed to accelerate the production of reactive radicals. This article reviews the chemistry
of ozonation and the Fenton process as well as the cases of application of these two AQTs to industrial wastewater treatment.
In addition, research needs to improve the cost efficiency of ozonation and the Fenton process were discussed.
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Fig. 1. (a) Reactions of ozone decomposition in pure water, (b) time-dependent profiles of ozone decomposition in pure
water at different pH conditions (Figs. 1a and 1b were taken and from Staehelin and Hoigne (1985) and Ershov
and Morozov (2009), respectively, and were reconstructed).
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Fig. 2. (a) Time-dependent profiles of ozone decomposition in Hoeya natural waters sampled in 2011 and 2016, (b) reactions
of ozone decomposition in the presence of organic contaminant C (Figs. 2a and 2b were taken and from Kim et
al. (2020) and Staehelin and Hoigne (1985), respectively, and were reconstructed).
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TARECl o8 B7tE o] $Lom (Table 2), mHjoll A=
ket RO ASE Ash] sle wmask
71 o2 Ami st it} (Table 3).
WE A5 ES Bedt AeAele] mIH 3
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Table 1. Summary of literature related to the ozonation and ozone-based AOPs for treating various industrial wastewaters

Target Wastewater quality
Textile COD = 160 mg/L,
wastewater pH = 10-12
Textile Dye (Acid Black 52 + Direct Blue
wastewater 80) = 500 mg/L,
pH =7
PAH" TOC = 750 mg/L
wastewater pH = N.AS
a [TCMP] = 0.3%,
Pure TCMP Adjusted pH = 7
TCMP [Ethanol] = 0.9%,
contained [Sugar] = 0.3%,
wastewater [TCMP] = 0.3%,
Adjusted pH = 7
COD (Brown dye) = 120 mg/L,
Textile pH = 7.7
wastewater | COD (Grey dye) = 430 mg/L,
pH = 8.2
Landfill COD = 400 mg/L,
leachate pH = 8.3
Paper mill COD = 440 mg/L,
effluent A pH = N.A.
Paper mill COD = 376 mg/L,
effluent B pH = N.A.
COD = 1900-2200 mg/L,
pH = 6.5,
Iizi::s?fltg Lightftransmission = 9.6%,
wastewater TSS' = 1300-1700 mg/L,
Total coliforms = 4.6-7 x 10°
CFU/mL
Textile [Congo red dye] = 300 mg/L,
wastewater pH = 8.7
Winery TOC = 1254 mg/L,
wastewater pH = 4
Textile COD = 147.7 mg/L,
wastewater pH = 7.4-79
Textile Reactive Red 198; COD = 200
wastewater mg/L, pH = 10
. Reactive Black 5; COD = 915
Textile
wastewater mg/L, pH = 12,
Conductivity = 36.9 mS/cm
DDNP* COD = 861.7 mg/L,
wastewater pH = 10

System Treatment condition
Ozonation | 15 mg Oy/L (35 L Oyh)
Ozonation 10 mM Oy/mM dye

10 mM Os/mM dye,

OO | 0,0, = 2:1

10 mM Os/mM dye,
Uv/0; 254 nm (0.83 W/L)
145 mg Oy/L (50 L Oy/h),

Os/H: 0 [H,0.)p = 30 gL

Ozonation | 140 mg O4/L (50 L Oy/h)
140 mg Oy/L (50 L Oy/h),

Oy/H: 0, [H.Ou)o = 2.3 gL

Ozonation | 140 mg Oy/L (50 L Os/h)
140 mg Os/L (50 L Os/h),

O3/H202 [HzOz]g = 2.3 g/L

Ozonation 0; dose < 600 mg/L
O; dose <800 mg/L
Ozonation O; dose < 900 mg/L

0O; dose < 350 mg/L

Degradation efficiency Reference
DC® 90-100% in 2 h, Gihr et al.,
COD 36% removal in 2 h 1994
DC 90.4% and TOC 35.7%
DC 98.3% and TOC 4195 | ‘rdams and
Kanzelmeyer,
1995

DC 90.4% and TOC 25.6%

TOC 25% in 1 h
TCMP 20% in 4 h

TCMP 100% in 2 h Gulyas et al.,

: 1995
TCMP 11.8% in 4 h,

DOC 22.4% in 4 h
TCMP 24.5% in 4 h,
DOC 28.8% in 4 h
DC N.A.,
COD 26.3% at 600 mg Os/L | Perkowski et

DC 100% at 170 mg Os/L, al., 1996
COD 43.4% at 600 mg Oy/L
COD 60% at 800 mg Os/L

Baig and

COD 60% at 900 mg Os/L Liechtl. 2001

COD 60% at 350 mg Oy/L

CT® for 99% inactivation =

Gas pressure = 75.8 kPa, 4.13 mg O; min/L, Wu and
Ozonation |Gas flow rate = 0.63 L/min, COD 10.7% + no change in Doan. 2005
03% in gas = 0.2-0.8 wt%/ light transmission and TSS ’
at 185 mg O4/L
. DC 98% in 4 min,
Ozonation 2.7 g Os/h TOC 50% in 5 min Khadhraoui
0J/H,0 2.7 g Oy/h, DC 92% in 4 min, et al., 2009
YL [H:0:]p = 7.5 mM TOC N.A.
TOC 4.4% in 5 h,
Ozonation 0.68 g Os/min Operating cost: 16.7 Euro
m™® g" of TOC mineralized
. TOC 8.4% in 5 h,
UV/O; 205.28n§n0(31/;m\r/1v,) Operating cost: 12.4 Euro
m® g" of TOC mineralized | Lucas et al.,
% i 2010
0.68 g Oy/min, (0] e;ra(t)igl 430/;.1112 22hi53uro
COD:H,0, (wiw) = 4 _perating cost: 2.92 Bt
m > g of TOC mineralized
UV/O4/H,0; -
. TOC 87% in 5 h,
0.68 g Oy/min, Operating cost: 1.31 Euro
CODH0, (w/w) = 2 m*® g of TOC mineralized
. Qi et al.,
Ozonation 0; dose = 35 mg/L DC 50% at 10 mg/L 2011
0; = 0.25 g Og/h, Karami et al.,
03/H,0, (H,O.]o = 0.03 mM DC 100%, COD 55% 2016
Ozonation 0; = 5 mg Os/L DC 95% and COD 30% Bilinska et
(Q = 20 L/h) in 60 min al., 2019
0; = 18.9 mg Os/min, . . Gu et al.,
03/H,0, (O, = 18 mM COD 82.3% in 8 min 2019

* Decolorization; ° Polycyclic aromatic hydrocarbons; ¢ Not available; ¢ 7,1, I-trichloro-2-methyl-2-propanol; ¢ Contact time; ' Total suspended solid;

¢ Dinitrodiazophenol.
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Table 2. Selected literatures about the treatment of industrial wastewaters by the Fenton process

Target Wastewater quality | Treatment condition Degradation efficiency Reference
a : — 2+ =
MAA? contained [COD], = 13400 mg/L, [Fe*'], = 1.65 g/L, COD 87.8% in 1.5 h
wastewater pH = 3.0 [H,0;]p = 5 g/L
2-EHA® i D] = 2 L, [Fe’*]o = 2.5 gL,
contained [COD], 005 mg/L, | [Fe*']y 5 g COD 86.3% in 1.5 h
wastewater pH = 3.5 [H.0;]o = 5 g/L o
UFRA® contained | [COD], = 1494 mg/L, [Fe*']o = 1.32 g/L Barbusinski, 2005
containe 0 = mg/L, e lo = 1. ) .
COD 88.69 1.5 h
wastewater pH = 3.5 [H.0:]p = 4 g/L % in
Agricultural pesticides | [COD], = 234 mg/L, = [Fe*'], = 1.65 g/L, .
COD 71.79 1.5 h
contained wastewater pH = 3.2 [H:0:]o = 5 g/L; % in
Pistachi i COD], = 15000-18000 [Fe*'], = 1.32 g/L,
istachio processing |[CODlo [Fe"Jo L COD 79.9% in 0.5 h | Bayar et al, 2018
wastewater mg/L, pH = 3 [H:0;]o = 19.2 g/LL
Phi ical D] = 362 L Fe’*]y = 0.3 M,
armaceutica [COD]o = 362000 mg/L., ~ [Fe™o = 0.3 COD 56.4% in 1.5 h Martinez et al., 2003
wastewater pH = 4 [H202]o = 3 M

Industrial container and

drum cleaning industry [COD], = 14200 mglL,  [Fe*ly = 3 glL, COD 97% in 70 min | Gunes et al., 2018
wastewater pH =3 [H:0zlo = 35 g/L
Cock plant wastewater [CODo = 800-900 [FeSOo = 1 gL, COD 61.96% in 2 h Peng et al., 2017
mg/L, pH = 3 [HzOz]o = 6 g/L
Table 3. Full scale applications of the Fenton process in Korea
Wastewater Capacity Process g
Paper industry wastewater’ 15000 m®%hr Fenton §
1,4-Dioxane contained wastewater’ 100 m*/day Fenton g
Industrial effluent® 19000 m*/day C/F* + A,/O° + Fenton
Etching and coating process effluent* - Fenton + A/O° + Fenton
Chemical plant wastewater® 120 m*/day Fenton
Fine chemical plant wastewater® 150 m*/day Fenton + MLE! + Fenton
Tannery wastewater® 960 m®*/day C/F + Fenton + C/F
Animal wastewater® 600-700 m’/day Flotation + Activatec.l slu.dge + Fenton + Sand
filtration
Evaporated/condensed wastewateg from 65-80 m’/day C/F + Fenton + C/F + Filtration
wastewater treatment plant
Artificial leather manufacturing wastewater® 350 m*/day Coagulation + Activated sludge + Fenton + DAF®
Leather processing wastewater® 200 m*/day C/F + Fenton + C/F
Laundry wastewater® "19.8 m*/day C/F + Fenton + C/F
Textile wastewater® 500-1500 m*/min C/F + Fenton + C/F

! source: www.techwin.co.kr; * source: http:/lucent.clickcorp.kr; * source: www.kolonglobal.com; * source: www.samsungsdi.
co.kr; ° source: www.hscleantech.com; ® source: www.konetic.or.kr; ® C/F: coagulation & flocculation or coagulation &
flotation process; ® A,/O: Anaerobic-anoxic-aerobic process; ¢ A/O: anaerobic-oxic process; ¢ MLE: modified ludzack ettinger
process; ° DAF: dissolved air flotation process; =~ wastewater quantity flowing into wastewater treatment facility.

shtel satsleltd BAE AQTeRn AAEG eom AAHE B ApAE AT (1S
(4] 16). BT 371 oje AHoR TEE 4 17). A4 BpAE 271EE A aaks
o] shakshdol ofs) 1307 SHEo] ThA 274 o] S4B SIS 18), 37 B 27h A= 9
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P}

AAYOZAEA 19), BEWSS A

= oo
Lol W=

atet,

[e]
o
S A EHH-S(Fenton-like  reaction)©] &

Fe** + H,0, — Fe*" + "OH + OH (16)

Fe*" + H,0, — Fe** + HO, + H' 17

HO, + Fe* + H" — H,0, + Fe*' (18)

HO, + F&’" — 0, + H + Fe* (19)

Iy FARLERES-S AERSof Hls] A =
7] Bk =53 M 's ' <kig=001 M "'s ' atpH
2, Ingles, 1972), A o|&o] AAZA Fujz Ao g
= 243] edtitial 271 of ok AAl= vkE 27
of FUgt 27} A o]2o] Alstgaze] o W=
Aol o] ksl o] AL = F43] =
Ak L HEHY AAZF i AETHS] &3t
7] gzl HE ARls Aol W &Y 271 29
A &2Q1 F=¢o] dasich

o, A ol&2 #FolA 671 EEAket w2
o 2eletEe] Je= EAEH, pH7E okl wh
2t wj el adste A Y e SRR o] 2
A 2elRtEe A YoM & dskE | 8 ol

-

5|
=

H = 11' Ie]
< FEHE EASIHTE pHF S0 7hE = 27

% 37h W ER 2}7F Fe(OH)yy W Fe(OH)s 2 24
Hoj@7} A: Whg-4] 20, 21, 37} H: Whg4) 22-24) A
AHQ F4A WEGS] FofstA] FalA Het u}
2 MENHS-S o] 43t AlskEgel 29 AV pH
2702 AFE.

°©
X

RS

-

Fe’* + H,O 2 Fe(OH)" + H' (20)
Fe(OH)" + H,0 2 Fe(OH)ys + H' @1
Fe’* + H,O 2 Fe(OH)*" + H' (22)
Fe(OH)*" + H,0 2 Fe(OH),” + H' (23)
Fe(OH),” + H,0 2 Fe(OH)z, + H (24)

_'g_.

o Ao pHEY THAo] Sukelch 271 Weda} HAr
sl £21E)7] Jol Ae] oAb H40] pHiz do]5
2 2SI PE ABS o]F X240] pHi F4
o AR Ael5d pHrl FAHOE 45T o
o b 2 dolole 82 We 2eA ge 3
An, Helgni FePge] o Helg 4 9
o} (Fig. 3). 99 @ §240) pH 24 93] 2m)
£ A7) oFEI AN A SeAY el nge W
A8 340 78 eAHugoR LFAL

Fe(OH),|(Fe(II)-iron sludge)

Fig. 3. Production of iron sludge after the Fenton process (Source: Prof. Y.H. Huang, National Cheng Kung University, Taiwan).

454

AotrEstR|A| A 34 H Al6Z 20204 128



il c e 4
gl Aed HE AEY] dHEL A7 =Y & Fe! — Fe'" + 2¢° (25)
AHRIERES L S pH S ejoll A o] WAel olgh w L
$39 R A sejne Yyor ek 4 gow, O Te e (26)
o5 TyS Fualy| S5 okt 2o chepet W 0, + 2" 426 — HO, o
Eo] dAFEo] gtk () FAFENS £2 8 7hH4s)
7] R o AR ZE o) BE Zepp ot 27F W P TRsiene] Wy|steta A4 2o,
al., 1992; Brillas et al., 2009), (i) /g HollA 29 A7) AES S8l =0l g LdE=E4Y A
g0 A & pAEIIYZ A fESE W BES, 3|0 £av]H BA F Hexow
= =9 &g (Wang et al, 2013; Messele et al, 83 A713e WgE2 Aol = 4= Qlth o]
2019), (iii) 2249 FAS FEAZ 5= A= FFA  F FTo] 3k A ABHIESA] 28)9 BEAE B
FA o] &8 (Su et al, 2011; Anotai et al., 2012) 5. gt pAksleb o] AJA(RESA] 29)2 2= I
2 49 41.3 4244 = A5 HE AR o =S o] HA e9=d AARES =Y &
=9 SRS Heksh] Qg oke A FHE SO AT
A Z¥z+ 7] #lE(Electrochemical Fenton) 343} &%
A} B (Fluidized bed Fenton) 24 AFw 1 112} gt R—>R+e (28)
H,O — 'OH + H + ¢ 29)
41, M7 HE 33

9 WhgA] 25279 FE Bgo] et WY AE B

A7) MELS wS7] Yoo 27F B El mpitak
] 871 el 27k 4 ke #-& anodic Fenton, fered-Fenton, “12] 1 electro-Fenton

ASE A 7|3l A O AR L2350 2 HEURS
ApE Azistersen A sawe s MENS Lo o oy (Fig 4) (Brillas et al, 2000), o
& st otk 27 A o] B AFL 4T - . 2
. . LU . S, o = 1
Anodic Fenton& 2 AL ooz ALg3lo] Z oS
/\]__ . . . A Qoo TS A 0O) - =2 v= o 1 [¢] Qs <
AFSHAnodic oxidation)A]#H SHo = FHE 4= Tk o . ) . . 3
— . i Nt ow 271 Ae BB (LA 25) (Fig o
(u}.o_/\] 25) ¥ EdLS o] S A 37]. o o1
o 1 - IO T o o2t 2 w1 ‘_,/\]__ PSS u o 21 oFL o
X X‘] R Ke) ﬂol.:. == olo 4a) O] [q']: ‘L]-LQT“L‘C g‘l‘oﬂ/q [¢) H%E]' =2 o 1
(Cathode)ol| A A 7]3lstA e 2 ghelsto] 271 A o] & o oolmao el ) ALer L e
o - 1= o 2 S Ao o - —(?—EIEE“J @71§]—§‘1-1 —IHI_]_—§]' E= E‘{L‘C’HE
S thA] FESiTh (HE24) 26). IAES A0 L =l sabslabrzie] Al UIS-o mokshAlal. 77|
S04 AtaE 7SR o7 ShdA A AT 4 o T S oo mem
o1t (k4] 27) setx oz FAE Ao g $Y-AM ANE B
A <5 . )
e Koz Jgg 4 giot
Anode Cathode Anode Cathode Anode Cathode
| - External External e e
\e injection injection \v Oxyg(_en
of H,0, of H,0, supplying
(a) e'T Electrolyte (b) e_T Electrolyte (C) e_T Electrofyte
l‘ .:': 0 Oxygen
Ferrician r [reduction
Fe®(anode) Fe2* H,0; He0; Beagh Fe* reduction| T 22 to H,0,
Anodic Y Y Ferncton
dissolution Fe3*, ‘OH F;&Q reduction 5
of iron -OH + Fed*
OP: Organic Pollutant OP: OrganicPollutant OPola OP: Organic Pollutant
OP,q: Oxidized OP OP.,,-.d: Oxidized OP] OPqyg: Oxidized OP|

Fig. 4. Schematic illustrations of (a) Anodic Fenton, (b) Fered-Fenton, and (c) Electro-Fenton.
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Fered-Fenton-& HF-S 8- | &=x]5}= 371 & o]&
= o=ollA 27F A= A2 20041 A HERES-
2 8- =351= W olt} (Fig. 4b). Anodic FentonX} mf-zk
THA &2 ejFo| A9 Ipitstararo] Fgo] Hasith
AeHQ HE —-_zh_}.__ t}2 7 fered-Fentond &=+
A AEHom 371 S 27 AR A7)t

Heope] Holeomy e AARS BHT & 9
th 3, ol tigt Addo] HwA A{=oHm
S|

3 o

A4 =& T8 A 9S4 2837 295 B3 o
=4& AAS 7 & Aok
o] &

Electro-Fenton-& 2o 4 37} & 4 Akas
Sozuy k7t 2bEI SRS AT (
541 26, 27) (Fig. 4c). ¥pibsbapao] Gabaiel A4
ASAE 8 el 383 ol it A
Aol Ao} S=ake] HEo] d&sfjof Tt of&
o, 4t HEg7] =—%7] °P74Ur 7F24Hd=(Gas
diffusion electrode)2 &-g&3to] AAE R3] HAFo =2
F91A)7)% o] AHHE|TL Stk FAsbAT ] =

4o ol o (T [T

3fl, #|<+9] electro-Fenton

e 2l
ATE F2 HASHIATS B9 o1eom*v olet.

2 <lsto] Tt}
AFOA, Thabe}
4 eoirel B
t}. Electro-Fenton

Zi

i

R

k

U

lo
i OH =

47] AE FAL WE Aokso] 49X AAS
3 stebA| ALgS 2AS QonE, ABH NE B
Aol ula) mHHAQl 0B e} Absstt
7 HE BAL BEF AA A5 A2l AESS
Table 49} o] LheRgle

A7) AE FAL AR 14, A5 @ s

?3 wgol) A gEglom, B3] G

| 5>(¢|, Bilge water, palm oil effluent,

lube oil processing wastewater, cutting fluids)of] %]-8-%

Table 4. Selected literatures about the treatment of industrial wastewaters by electrochemical Fenton processes

Target Wastewater quality Treatment condition
Anodic Fenton, de = iron,
Textile [COD]y = 1310 mglL, odic Fenton, anode = iron
wastewater H = cathode = graphite, [H,O,]o = 500
Pt = mg/L, 200 mA
[COD], = 7150 mg/L, | Anodic Fenton, anode = iron,
Waste sl
aste sludge pH = 3 [H,Oo = 57.2 mM, 2 A
Acrylonitrile Anodic Fenton, anode = iron,
COD], = 1236 X .
production [ ]OH _ mg/L SnO,, cathode = graphite, [H,0:]o
wastewater p = 2,000 mg/L, 4 V

Anodic Fenton, anode = iron,

[COD], = 2250 mg/L,

Bil. t
ilge water pH =

cathode = iron, [H,O.]o = 500
mg/L, 1.0 A

Fered-Fenton, anode = RuQO,,

[COD], = 6710 mg/L,

Palm oil effluent pH =

cathode = stainless steel, [Fe*],
= 3 mM, H,0, added, 0.05 A/cm?®

Fered-Fenton, anode = metal

Lube oil
processing
wastewater

[COD], = 25200 mg/L, | oxide anode, cathode = graphite,
pH = 5.3 [Fe**], = 3.6 mM, [H;O:]o = 25.6
mM, 50 mA/cm®

Electro-Fenton, anode = Pt,

Textile industrial | [COD], = 349 mg/L,

cathode =
wastewater pH =

carbon felt, [Fe**], =
0.2 mM, air purged, 0.3 A

Electro-Fenton, anode = Pt,

[COD], = 400 mg/L,

Cutting fluids pH =

cathode = graphite, [Fe**], = 50
mM, O, purged, 0.15 A

Degradation efficiency | Reference

Ghanbari and
COD 82.1% in 40 mi
% in i Moradi, 2015

Godini et al.,

o)
COD 72.3% in 2 h 2013

Yan-Yang et

D 859
COD 85% al., 2009

Ulucan and

o
COD 71% in 1 h Kurt, 2015

Babu et al.,,

COD 46% in 2 h
2010

Boopathy and

o
COD 70.0% in 2.5 h | = "0 01e

Maamar et al.,

COD 91.25% in 6 h
2015

Chachou et al.,

COD 93% in 3 h
2015
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AtelEo] == gl ok

A7) AE F49 A2 i 4t H9] COD-&
o] ¥ = 34925200 mg/LolH, A7] HE FH Y
ol wef 4-85= 27| CODF=9 ¥9l= 22
= 2ol th=A yehytth: 1) Anodic Fenton®] 7-%-
1236-7,150 mg/L, 2) Fered-Fenton®] 732~ 6710-25,200
mg/L, 3) Electro-Fenton2] 732~ 349-400 mg/L.
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1 et A fAEY] i AeR oAz

A7) AE FANA =9 A 4 o] &
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& =t a2 =9 A7|3erA At digh R
WAUE 7HAAL Qlo] S AkE= A7UAE
A = Sl olfo] Uty ®3F ¥WiE-2 electro-
Fentonol 4| =22 A& & o] &2 A7|ZsE &gt
Aho] NgAel FRATE FET 4 olvh B4
3He AF(RuO,, 0, 3) Haol(Ch)S A 7|3kst
Hom A FLCHE THAY 5 slow, 4

o Il ol H
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| I
-

Reflux water

afo] ZoFALAHHOC) T} 2& A
1Al AlgkElo] COD Fao] RrhHoR slofd

42 SEA HE Y

FE4 WE FHL /12 WE MBS FF
4 A0l A8T Fe2A (Fig 9, S5 W3Rl
E4E olgste] AwAe] WY ¥IE BT &
STk o714 S54RI HFF AUY W3]
9 wAYA A4H gAY BROR Qlstel o
AAY gHolfA fAlel vs) we Awe] o) A
&x02 Wz U EHYA B 3L Yuidt
o fE4 BE BN G55 FAsHE 1AY
A HE wReFol WAT WAksholth WAkshE
of gl 4O 29 Z7olt A&eAe] o]
AE(Seed) BAE BHg7l] Hol Euh F2 AgH
L NS BARE ol ABHEASIO)7E QurEolu, 7
ol wket ABOLRO) ALy, A2, A)7|E o

YAy BAFo] AHgE % ek (Garcia-Segura et
al., 2016). ¥FS71) Helstast st w4ok @ 271
3w Baskeat 2AEE BE w3l 93 24
o] AAH. o] ME WgOR o F A4H 37}

Treatment
Water

Iron hydroxide

Seed

Fig. 5. Schematic illustration of fluidized Fenton process (Source: MercuryTec, http://www.mercutec.com).
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Table 5. Selected literatures about fluidized Fenton process for industrial wastewater treatment

Target Wastewater quality Treatment condition

[Fe®*], = 298 mg/L,

Textile [COD]y, = 314-404 mg/L, (0] = 2493 mglL, seed = SiO,,

wastewater pH = 3 . . .
retention time = 20 min
Flax [TOC], = 350 mg/L, [Fe**]o = 300 mg/L,
wastewater pH = 3.0 [H:0:]p = 600 mg/L, seed = SiO,
Fe*'l, = 1 L

Silicone [CODIy = 439.3 mglL, o L 611}102 - g/ig ;:egé O

wastewater pH = 220 ’ d

sand, retention time = 60 min

Table 6. Full scale applications of fluidized Fenton process in Taiwan'

Degradation
efficiency

COD 86.7%

TOC 89%

COD 95%

Wastewater Capacity (m*/day) Influent COD (mg/L)

Dyeing and finishing wastewater 120 200
TFT-LCD wastewater 400 500
Electronics wastewater 3000 120
Leather industrial wastewater 1200 300
Shoes materials manufacturing wastewater 4800 250

Paper industrial wastewater 5700-86000 180-800

ABS resin wastewater 1050-5000 120-140

! source: www.itriwater.org.tw.

A 4AFS}E(Ferric hydroxide)o| A= FHo| A A& 1L
Z A 3K Crystallization) HF-3-0] XY=t} (Boonrattanakij
et al, 2011). GEAIS 0] Exoz olg A=i
MR o] BRI A&Hes fH: st
Aloll &f gt #HERES-of 2sf /\]E EHAA 37HE 4

A 945 Askee oﬂax}% 71 AE FAe
A BAEE A SEAe] vs) Bl B A @
ool fom], aurxel ME A 3 oF 10-80%
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