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Fabrication of Pt/Carbon Nanotube Composite Based Electrochemical Hydrogen
Sulfide Gas Sensor using 3D Printing
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Abstract

Among various types of harmful gases, hydrogen sulfide is a strong toxic gas that is mainly generated during spillage

and wastewater treatment at industrial sites. Hydrogen sulfide can irritate the conjunctiva even at low concentrations of less

than 10 ppm, cause coughing, paralysis of smell and respiratory failure at a concentration of 100 ppm, and coma and per-
manent brain loss at concentrations above 1000 ppm. Therefore, rapid detection of hydrogen sulfide among harmful gases
is extremely important for our safety, health, and comfortable living environment. Most hydrogen sulfide gas sensors that

have been reported are electrical resistive metal oxide-based semiconductor gas sensors that are easy to manufacture and

mass-produce and have the advantage of high sensitivity; however, they have low gas selectivity. In contrast, the elec-

trochemical sensor measures the concentration of hydrogen sulfide using an electrochemical reaction between hydrogen sul-

fide, an electrode, and an electrolyte. Electrochemical sensors have various advantages, including sensitivity, selectivity, fast

response time, and the ability to measure room temperature. However, most electrochemical hydrogen sulfide gas sensors
depend on imports. Although domestic technologies and products exist, more research is required on their long-term stability
and reliability. Therefore, this study includes the processes from electrode material synthesis to sensor fabrication and char-
acteristic evaluation, and introduces the sensor structure design and material selection to improve the sensitivity and selec-

tivity of the sensor. A sensor case was fabricated using a 3D printer, and an Ag reference electrode, and a Pt counter
electrode were deposited and applied to a Polytetrafluoroethylene (PTFE) filter using PVD. The working electrode was also
deposited on a PTFE filter using vacuum filtration, and an electrochemical hydrogen sulfide gas sensor capable of measuring

concentrations as low as 0.6 ppm was developed.
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Fabrication of Pt/Carbon Nanotube Composite Based Electrochemical Hydrogen Sulfide Gas Sensor using 3D Printing
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Fig. 1. Sensor case manufactured using 3D printer; (a) bottom case,
(b) top cover

J. Sens. Sci. Technol. Vol. 32, No. 5, 2023



Yuntae Ha, JinBeom Kwon, Suji Choi, and Daewoong Jung

(@)

(b)

RE CE

© @ |
W—ﬂ‘—._ w—“—._
y ANENER ‘RERRR

Fig. 2. Schematic according to the order in which the sensor was
manufactured. (a) Settling tantalum wire, (b) Bonding elec-
trodes and separator, (c) Connecting working electrode with
wire, (d) After closing top case, connecting the dust filter
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Fig. 3. Cyclic voltammetry curve characteristics according to scan
rate.
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Fig. 4. Current change characteristics according to hydrogen sulfide
concentration; (a) 10 ppm, and (b) 0.2 to 10 ppm



Fabrication of Pt/Carbon Nanotube Composite Based Electrochemical Hydrogen Sulfide Gas Sensor using 3D Printing

o ' ' ' [——c0 500ppm
—— H,S 10ppm
— CH, 500ppm
0r NH, 100ppm
. NO, 50ppm
< sl M ]
| et
S "'l
g “10} ‘mjfl IH‘I IJ ]
O
Iy
-15t lMJ“M L Y J\“ |
f“'* r"M
20— : - - - : :
0 1 2 3 4 5 6
Time (min)

Fig. 5. Characteristic graph of current change for different gas types.
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