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The method for total organic carbon analysis employing TiO, photocatalyst
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Abstract

Biochemical oxygen demand (BOD) and chemical oxygen demand (COD) methods are conventional analytical methods to analyze
water quality. Both of these methods are technically indirect measurement methods, require complicated preconditions, and are time-
consuming. On the other hand, the total organic carbon (TOC) method is a direct and fast measurement method which is more intuitive
and accurate than the BOD and COD methods. However, general TOC analysis methods involve complicated processes and high power
consumption owing to the process of phase transition from liquid to gas by a high-temperature heater. Furthermore, periodic con-
sumables are also required for the removal of inorganic carbon (IC). Titanium dioxide (TiO,) is one of the most suitable photocatalysts

for simple processes. Its usage involves low power consumption because it only reacts with the organic carbon (OC) without the require-
ment of any other reagents and extra processes. We investigated a TiO, photocatalyst-based TOC analysis for simple and affordable
products. TiO,-coated fiber substrate maintained under carbon included water was exposed to ultraviolet (UV) radiation of wavelength
365 nm. This method is suitable for the real-time monitoring of water pollution because of its fast reaction time. Its linear property is

also sufficient to match the real value.
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Fig. 1. Conventional TOC methods.
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Fig. 2. TiO, photocatalyst reaction.
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Fig. 3. Manufacture of coating solution for spray coating.

J. Sens. Sci. Technol. Vol. 30, No. 5, 2021



Buem Keun Park, Sung Mi Kim, Young-Jin Lee, Jong-Hoo Paik, and Jeong Hee Shin

02
so\““o“

Air brygpy <

Fig. 4. TiO, coating solution used fiber substrate coating.
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Fig. 6. Optical microscope image of substrate (a) before coating, (b)
after coating.
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Fig. 7. Real time decomposition of methyl red during photocatalytic
reaction with time.
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Fig. 8. Comparison of photocatalyst efficiency by TiO, concentration
over time.
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Fig. 9. Comparison of photocatalyst efficiency according to binder
concentration.
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Fig. 10. Result of CO, generation during photocatalytic reaction by
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J. Sens. Sci. Technol. Vol. 30, No. 5, 2021

324

7HA

713 TiO,S ZH ] =)

RS AFslsit. MR 2=

]L]—U:] xﬂ;ﬂ—a‘]— l"—‘IQ]—
o BMEE= Co,
7kgtel wht o shee 7]47)
& E%itk co, Aol deHow 4
At A st Akt o= sl A<t
Ae 7|20 AREEE 2 AME BXRo] AlA =5
AHESIE B e N el Pt
o} AR ALR-2] A A} FE Al7E S o

A o] A&kl §-&2¢Q) Hio] E Aol =

i S e 2o go =% bl oop

o?:

o

ol OH'I

Fone
o I et

-

>,
t
il
b

o

fl
[0
o

TOCEE=

o
&

2 oy
o nég
o o of
ﬁﬂJiW
X 2 rir
TRES

T
ﬁ
=
ft

Z39T}.
ZtAtel 2

= AT 20209 B VIS R ek o
Al 71471 2A] (No. RE202001418)2] RS wrol 28] =] QT

REFERENCES

[1] J. A. Aziz and T. H. Y. Tebbutt, “Significance of COD,
BOD and TOC correlations in kinetic models of biological
oxidation”, Wat. Res., Vol. 14, No. 4, pp. 319-324, 1980.

[2] A. H. Lee and H. Nikraz, “BOD:COD Ratio as an Indicator
for Pollutants Leaching from Landfill”, Journal of Clean



(3]

(4]

[5]

[6]

[7]
(8]

[9]

The method for total organic carbon analysis employing TiO, photocatalyst

Energy Technologies, Vol. 2, No. 3, pp. 263-266, 2014.
J. K. Kim, J. C. Jung, and T. J. Kim, “A Study on Mea-
surement of Biochemical Oxygen Demand of Livestock
Wastewater”, Journal of Applied Micromagnetic Energy,
Vol. 3, No. 1, pp. 7-11, 2005.

S. Jouanneau, L. Recoules, M. J. Durand, A. Boukabache,
V. Picot, Y. Primault, A. Lakel, M. Sengelin, B. Barillon,
and G. Thouand, “Methods for assessing biochemical oxy-
gen demand (BOD): A review”, Wat. Res., Vol. 49, pp. 62-
82, 2014.

D. Mamais, D. Jenkins, and P. Prrr, “A rapid physical-
chemical method for the determination of readily biode-
gradable soluble COD in municipal wastewater”, Wat. Res.,
Vol. 27, No. 1, pp. 195-197, 1993.

G. Visco, L. Campanella, and V. Nobili, “Organic carbons
and TOC in waters: an overview of the international norm
for its measurements”, Microchemical Journal, Vol. 79, No.
1-2, pp. 185-191, 2005.

T. J. Kehoe, “Determining TOC in waters”, Environmental
Science & Technology, Vol. 11, No. 2, pp. 137-139, 1977.
S. Ortelli, A. L. Costa, and M. Dondi, “TiO, Nanosols
Applied Directly on Textiles Using Different Purification
Treatments”, Materials, Vol. 8, No. 11, pp. 7988-7996,
2015.

M. M. Rashid, B. Simoncic, and B. Tomsic, “Recent
advances in TiO,-functionalized textile surfaces”, Surfaces
and Interfaces, Vol. 22, pp. 1-71, 2021.

325

[10]

[11]

[12]

[13]

[14]

[15]

R. Daghrir, P. Drogui, and D. Robert, “Modified TiO, For
Environmental Photocatalytic Applications: A Review”,
Industrial & Engineering Chemistry Research, Vol. 52, No.
10, pp. 3581-3599, 2013.

J. Schneider, M. Matsuoka, M. Takeuchi, J. Zhang, Y. Hori-
uchi, M. Anpo, and D. W. Bahnemann, “Understanding
TiO2 Photocatalysis: Mechanisms and Materials”, Chem-
ical reviews, Vol. 114, No. 19, pp. 9919-9986, 2014.
K. Nakata and A. Fujishima, “TiO, photocatalysis: Design
and applications”, Journal of photochemistry and photo-
biology C: Photochemistry Reviews, Vol. 13, No. 3, pp.
169-189, 2012.

J. Y. Kim, J. S. Lee, J. H. Hwang, T. Y. Lim, M. J. Lee, S.
K. Hyun, and J. H. Kim, “Fabrication of Hydrophobic Anti-
Reflection Coating Film by Using Sol-gel Method”, Korean
Journal of Materials Research, Vol. 24, No. 12, pp. 689-
693, 2014.

S. D. Kim, D. G. Jung, S. Y. Kwon, Y. C. Choi, J. Y. Lee,
S. M. Koo, and S. H. Kong, “Total Organic Carbon Anal-
ysis Chip Based on Photocatalytic Reaction”, J. Sens. Sci.
Technol., Vol. 29, No. 2, pp. 128-132, 2020.

Y. B. Cho, Y. K. Oh, D. C. Shin, and C. H. Park, “Dis-
tribution of Total Organic Carbon and Correlations between
Organic Matters of Sewage Treatment Plants”, Journal of
the Korean Society for Environmental Analysis, Vol. 17, No.
4, pp. 207-214, 2014.

J. Sens. Sci. Technol. Vol. 30, No. 5, 2021



	이산화티타늄 광촉매를 이용한 총유기탄소 분석방법

