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Optimum dimensionally stable anode with volatilization and
electrochemical advanced oxidation for volatile organic
compounds treatment
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ABSTRACT

Volatile organic compounds(VOCs) are toxic carcinogenic compounds found in wastewater. VOCs require rapid removal
because they are easily volatilized during wastewater treatment. Electrochemical advanced oxidation processes(EAOPs)
are considered efficient for VOC removal, based on their fast and versatile anodic electrochemical oxidation of pollutants.
Many studies have reported the efficiency of removal of various types of pollutants using different anodes, but few
studies have examined volatilization of VOCs during EAOPs. This study examined the removal efficiency for VOCs
(chloroform, benzene, trichloroethylene and toluene) by oxidization and volatilization under a static stirred, aerated
condition and an EAOP to compare the volatility of each compound. The removal efficiency of the optimum anode
was determined by comparing the smallest volatilization ratio and the largest oxidization ratio for four different
dimensionally stable anodes(DSA): Pt/Ti, IrO,/Ti, IrO,/Ti, and IrO,-Ru-Pd/Ti. EAOP was operated under same current
density (25 mA/cm?) and electrolyte concentration (0.05 M, as NaCl). The high volatility of the VOCs resulted in removal
of more than 90% within 30 min under aerated conditions. For EAOP, the IrO,-Ru/Ti anode exhibited the highest
VOC removal efficiency, at over 98% in 1 h, and the lowest VOC volatilization (less than 5%). Chloroform was the
most recalcitrant VOC due to its high volatility and chemical stability, but it was oxidized 99.2% by IrO,-Ru/Ti, 90.2%
by IrO2-Ru-Pd/Ti, 78% by IrO,/Ti, and 75.4% by Pt/Ti anodes The oxidation and volatilization ratios of the VOCs indicate
that the IrO,-Ru/Ti anode has superior electrochemical properties for VOC treatment due to its rapid oxidation process
and its prevention of bubbling and volatilization of VOCs.

Key words: Volatile organic compounds, Electrochemical advanced oxidation, Platinum group metal, Dimensionally stable
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Table 1. Physicochemical characteristics and carcinogenicity of targeted VOCs

Molecular e . Vapor Boling | Octanol-water
. . Solubility | Specific . rs . e
Chemical weight @0 weight pressure point partition Carcinogenicity
(g/mol) § (mmHg) (°Q) coefficient
Chloroform 119.38 8.00 1.48 159.0 62.0 1.97 2B
Benzene 78.11 1.80 0.88 94.8 80.1 2.13 1
Trichloroethylene 131.39 1.28 1.46 69.0 87.2 2.61 1
Toluene 92.14 0.53 0.86 28.4 111.0 2.73 3

*International agency for research on cancer (IARC) rating

Group 1 : The agent is carcinogenic to humans.

Group 2A : The agent is probably carcinogenic to humans.
Group 2B : The agent is possibly carcinogenic to humans.
The agent is not classifiable as to its carcinogenicity to humans.

Group 3 :
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Fig. 1. Scanning electron microscope (SEM) images of (a) PYTi,
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volume).
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Fig. 4.

Removal efficiency of electrochemical advanced oxidation on different DSAs: (a) chloroform, (b) benzene, (c) trichloroethylene

and (d) toluene (150 mg/L of initial VOCs concentration, 25 mA/cm? and 0.05 M NaCl).
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Fig. 6. Comparison of electrochemical advanced oxidation
performance of different DSAs: (a) chloroform removal
portion and (b) gas generation (150 mg/L of initial
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NaCl).

ot

o
g

rr =

H1

222

o

el

‘_>._~L4

N
ot W >
e &

AN
s

o 4 rir
o off 20 W T

i, 2

Lorlr rlo o

2
=
a3
i)

=

& LEsto] Fig 6a9}t o] Yelith SRRZE9] A
AR5g tiH] 39 8- rO,-RWTi7} 5%2 7H Wk
oW [r0,-Ru-Pd/Ti7} 6%, PYTi7} 7%, tOy/Ti7} 12%%
et ®3h A7|skebd nwAkstE QIgh 7|2y
gro HwaEW, KO/Ti > PUTi > IO,RwWTi >
IrO,-Ru-Pd/Ti =AM 2 A F7 18329 =t 7|
ARk AAGENE T 4TS VA AL E

|

% olek (Fig. 6b). ol BEFEE AR FAY v
o LFBY A AGEE ARFES AFuhc 4
ofstel, @Bl AA B Fo W

-
b
K
o

78F 712 I o Anlels AR g2
of Uehte 422 Almdnt. ofd weh 34
sitEe] AAaeY AEEs LF AdE o, &
Aol AHgE A= Soll S fr7IsketEe] A7
sfsba] ariks} Az2lof 71 A9t =52 O-Ru/Ti
A=o2 F7hE A

N
2

FA

]
m]I.

I

oh

3.3 3UMQIIEIEHE(VOCs) 70| M2 H7(8)

J

i)

EF718HE S Fol w2t 247] oE gt
e UEY] wiZel Yttt A= &
RIS =Y el wet AARES
A yebdty Fig. 7ad} o] FHAd=o=
IrO,-Rw/Ti A=2 o]-g3ste] $R7IedE=
shetd Akt S o AARES 54
Axp7l o Srgxgo| 7 Fe Aog Ue
Wtk F7FE, Fig. 59 Aol 7|3kt AlARS
o] Yo Ao HPoe ZEREZO A|AALL]
A, EdEm2oddl, S5 Hs| dAsA E
o)Al = A& AT 5 St o= FREXFO| o
9 CCl 2%, CH 2oz Qs #2221 ¢Hy
ol FHojuA A AAEZ] o¥r] wiwolth
(Criddle and McCarty, 1991). E3}, IrO,-Rw/Ti A=+

tehe
Aol-o
A

it

7

—

)
5)
a}
]
%
%l
==
=

fru

38

ole=atel| A33d A 1= 20194 28



ox
o
9
r|_0
n\l

EH L. ;(H_ELZ‘I ’L

1.0
—¥— Chloroform
09 -
Benzene
0.8 4 -¢-TCE
0.7 4 -4k-Toluene
0.6 ~
S
<. 0.5 -
P
o
0.4 4
'\
0.3 4 N,
\‘\\‘
0.2 1 > ::.:~::§
01 R I‘::?:.:i-.____
0.0 : : : — s
0 5 10 15 20 25 30
Time (hr)
(a)
100 - 5.0 240 2.0 1.0
90
X 80 |
& 70
@
=
c 60 4
[}
o
5 50 1 98.0 98.0
—Q' 40 4
2
© 30 -
£
o 20 o
o
10 4
0 -
Chloroform Benzene Trichloroethylene Toluene

B Oxidated Ratio " Volatiled Ratio
(b)
Fig. 7. Comparison of electrochemical advanced oxidation
performance on different VOCs using IrO,-Ru/Ti: (a)
removal efficiency and (b) oxidation/volatilization ratio

(150 mg/L of initial VOCs concentration, 25 mA/cm’
and 0.05 M Nadl).

ol gsto] H7|skeka AL} A2 Al FuHY 1)
= H]E‘* SEEE HuE o AARE0]
2Rrsol fuigel A% Be
A% A 5 9t Fig ). ol FreEsol o
& S goIsirzel ua] Z71%ko] ok fuwol
W B ofeh fhEsle Fwvt 7] Ui £
5t 713 9 2AAE £ A(mass transfer) 2]
QRS o Bl W= Aoz prkHh olg} 2 A
E,‘% ﬂi’ﬂ]ﬂ:% UH ];}ootf‘;_} go:l‘jzlo] iﬂEl @L%_
LA AT
3Ke)

ch
2

©,
pas
o
u
rel
i
rit
i

4. 2 &

/\2_4 _Atﬂ—/ﬂ ?ﬁ
= A o]h&% eE S
A e sk 27] Aeol A 308 el 90%
ol AT WHE T Fe] Aoyt
WAS7ISKE BESE AYIseh wEAlsh

Aed Aol A muAe] B2 AL TAT
Plslolof dhek, A50] FRUL FLAR 1N

AA 545 v o r0,-Rw/Ti A=9] %9 A7
g0l 95% older TP A vEen,
£ 5% o3tz 7}XP A ek 1712
2 = ZR2IZIEL JIxHog oA FolodA 47
AAEA o= B4 % 7Hol = &3kl IrO,-Rw/Ti
A=oz ADsis e fHold S-hsisist=4
AAGES Higor FRRALF| thE

/\}?& LHER Hlﬂﬂt ZQS_ i—?‘ifii T QUSlH o]}

H“%Z %é gEol w4t Wﬂ 2ol (2%
7HA7) w2 vrehts A t
ARk E SaEle] Zﬂﬂi}ih 1
Aral ZE] A] TO-RwWTi AL 0] 835hH 22281 7 7]
spshA E4E& vigeR A2 £=5 WA st

I

>

» o _l]~
T

= J|EAAe] o3 AL TAE HAS ALY 5
ool A Hesk Fsy Ao Brhwet

Ab AL

2 A= A E s gisA (AR E
2017001960001)” W “Z2He 34 7]|<& 7EAI (2
A Z : 2016002190008)2] x| Qo2 S w51 Th

References

Ahn, W.S., Rho, S.B. and Lee, Y.R. (2007). A study on oxygen
transfer efficiency for submerged and surface aerators
depending on operating conditions, J. Nakdonggang
Environ. Res. Inst., 12, 105-114.

Bae, H.K. (2012). The detection of VOCs in effluents from
several wastewater treatment plants and industry drains
in Nakdong river basin, J. Korean Soc. Environ. Eng.,
34, 254-259.

Journal of Korean Society of Water and Wastewater Vol. 33, No. 1, February 2019

pp. 031-041



w59 RS 7|ELY0| ME SLSLR AV SR EMeksS SA0| 223t 22y RUIeIRE 2218 214 289u= g

Bruguera-Casamada, C., Sirés, 1., Brillas, E. and Araujo, R.M.
(2017). Effect of electrogenerated hydroxyl radicals,
active chlorine and organic matter on the electrochemical
inactivation of Pseudomonas aeruginosa using BDD and
dimensionally stable anodes, Sep. Purif. Technol., 178,
224-231.

Cheng, WH., Hsu, SK. and Chou, M.S. (2008). Volatile organic
compound emissions from wastewater treatment plants
in Taiwan: legal regulations and costs of control, J. Environ.
Manage., 88, 1485-1494.

Cho, W.C., Poo, K.M., Mohamed, H.O., Kim, TN., Kim, Y.S.,
Hwang, M.H., Jung, D.W. and Chae, K.J. (2018).
Non-selective rapid electro-oxidation of persistent,
refractory VOCs in industrial wastewater using a highly
catalytic and dimensionally stable Ir-Pd/Ti composite
electrode, Chemosphere, 206, 483-490.

Choi, Y.L., Lee, S.W. and Kim, D.K. (2018). Determination
of volatile organic compounds and sulfer-based odorous
substances from sewage treatment plants, J. Odor Indoor
Environ., 17, 161-167.

Criddle, C.S. and McCarty, PL. (1991). Electrolytic model system
for reductive dehalogenation in aqueous environments,
Environ. Sci. Technol., 25, 973-978.

Hong, S.H. and Cho, K.W. (2018). A study on reactive chlorine
species generation enhanced by heterojunction structures
on surface of IrO,-based anodes for water treatment, J.
Korean Soc. Water and wastewater, 32, 349-355.

Jang, M.H. (2005). Emission characteristics of VOCs from
small-scale industrial wastewater treatment plants, Master’s
Thesis, University of Seoul, 57-59.

Kim, D.S., Yang, G.S. and Park, B.O. (2008). VOCs emission
characteristics and mass contribution analysis at Wanju
industrial area, J. Korean Soc. Atmos. Environ., 24,
562-573.

Kim, I.H. and Choi, H.S. (2002). Engineering analysis of biofilter,
Korean J. Biotechnol. Bioeng., 17, 115-120.

Kim, K.O. and Won, Y.S. (2008). Toluene removal in a
biotrickling filtration for waste gas treatement, J. Korea
Soc. Waste Manage., 25, 424-432.

Kim, M.H. and Kang, M.A. (2006). Monitoring of micro noxious
chemicals caused by fiber and chemistry industrial
wastewater on the Nakdong river water system, Korean
Soc. Eng. Geol., 16, 145-152.

Lee, J.H. and Park, K.S. (2006). TPH, CO, and VOCs variation
characteristics of disel contaminated aquifer by in-situ air
sparging, J. Korean Soc. Groundwater Environ., 11, 18-27.

Lee, 1Y., Lee, C.H. and Lee, K.K. (2002). Evaluation of air

stripping for a petroleum contaminated groundwater, J.
Geol. Soc. Korea, 38, 125-130.

Lee, 1Y, Lee, JK, Uhm, S.H. and Lee, H.J. (2011).
Electrochemical technologies :
Chem. Eng., 22, 235-242.

Lee, K.H. (2003). A study on adsorption behaviors of activated
carbon powder and loess for VOC in aqueous solution,
J. Korean Soc. Environ. Anal., 6, 179-188.

Lee. K.J.,, Pyo, H.S., Yoo, J.K. and Lee, D.W. (2005). A study
on removal of 1,4-dioxane in drinking water by multi
filtration system, Anal. Sci. Technol., 18, 154-162.

Lee, MK., Kim, M.C, and Kam S.K. (2015). Characteristics
of surface modified activated carbons prepared using P,Os
and their adsorptivity of bisphenol A, J. Environ. Sci.
Int., 24, 1463-1471.

Martins, R., Britto-Costa, P.H. and Ruotolo, L.A.M. (2012).
Removal of toxic metals from aqueous effluents by

water treatement, Appl.

electrodeposition in a spouted bed electrochemical reactor,
Environ. Technol., 33, 1123-1131.

Moreira, F.C., Boaventura, R.A.R., Brillas, E. and Vilar, V.J.P.
(2017). Electrochemical advanced oxidation processes: A
review on their application to synthetic and real
wastewaters, Appl. Catal. B-Environ., 202, 217-261.

Mudliar, S., Giri, B., Padoley, K., Satpute, D., Dixit, R., Bhatt,
P, Pandey, R., Juwarkar, A. and Vaidya, A. (2010).
Bioreactors for treatment of VOCs and odours—a review,
J. Environ. Manage., 91, 1039-1054.

Park, M.J., Lee, T.S., Kang, M.A and Han, C.B. (2016). The
effect of pre-treatment methods for the life time of the
insoluble electrodes, J. Korean Soc. Environ. Eng., 38,
291-298.

Pollack, 1.B., Ryerson, T.B., Trainer, M., Neuman, J.A., Roberts,
JM. and Parrish, D.D. (2013). Trends in ozone, its
precursors, and related secondary oxidation products in
Los Angeles, California: A synthesis of measurements from
1960 to 2010, J. Geophys. Res. - Atmos., 118, 5893-5911.

Pulgarin, C., Adler, N., Peringer, P. and Comninellis, C. (1994).
Electrochemical detoxification of a 1, 4-benzoquinone
solution in wastewater treatment, Water Res., 28, 887-893.

Tata, P., Witherspoon, J. and Lue-hing, C. (2016). VOC emissions
from wastewater treatment plants : characterization,
control and compliance, Lewis publishers, United States,
45-46.

Won, Y.S. and Deshusses, M.A. (2003). Technology of VOC
removal in air by biotrickling filter, J. Korean Soc. Atmos.
Environ., 19, 101-112.

Yang, D.Y., Park, T.J. and Kim, D.H. (2018). Demonstration

40

ole=atel| A33d A 1= 20194 28



Z2H- 2010|212 et}

&

\&4

project for the installation of advanced water purification Effect of IrO; loading on RuO,-IrO,-TiO, anodes: A study
facility on the 2nd purification plant in Gwangju, J. Korean of microstructure and working life for the chlorine evolution
Soc. Civil Eng., 66, 57-63.

reaction, Ceram. Int., 33, 1087-1091.
Yi, Z., Kangning, C., Wei, W., Wang, J. and Lee, S. (2007).

41
Journal of Korean Society of Water and Wastewater Vol. 33, No. 1, February 2019

pp. 031-041





