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Abstract : Owing to the potential release of various types of noxious substances from marine industrial facilities, there is a need for a systematic
response system. The implementation of a sensor capable of continuous automatic measurement with a low limit of detection (LOD) at the ppb level is
significant. In this study, performance factors were optimized to propose and develop a high-performance sensor that utilizes changes in surface resistance
of a film blended with activated carbon (carbon black) and indium tin oxide nanoparticles. Regarding the optimization of the sensor structure, the contact
area and electrode spacing were carefully adjusted. Sensitivity and LOD performance were enhanced with an increase in the contact area, reaching an
optimal value at 60 mm? Additionally, electrode spacing was manipulated while keeping the contact area constant, revealing that sensor response
increased as electrode spacing decreased. To prolong the presence of noxious substances on the sensor surface, a chemisorbent was applied. A
polyester-based material, capable of selectively absorbing harmful chemicals, was chosen as the chemical adsorbent. The experimental results demonstrated
a linear increase in sensor response as the concentration of noxious substances rose. This confirmed the viability of using the sensor. By employing these
three methods, a sensor capable of detecting low concentrations ranging from 10 - 40 ppb was developed, surpassing the LOD (89.9 ppb) of the previous

liquid noxious substances sensor.
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Fig. 1. Theoretical background of metal-oxides nanoparticle

film sensors.
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Fig. 2. (a) Sensor response with increasing contact area, (b)
Sensor response according to unit area, (¢) LOD (Limit

Of Detection) change according to contact area.
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Fig. 3. (a) Sensor response change according to electrode
spacing of ITO:Carbon black film, (b) Theoretical
and experimental data of electrode spacing and

sensor response
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Fig. 4. (a) Surface of polyester fiber observed with an optical
microscope, (b) Surface of ITO film and ITO:Carbon
black film, (c¢) Schematic diagram of a cross-section of
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Table 1. Optimization of sensor structure and comparison of sensors applied with chemical adsorbent

Sensors contact area LOD Linearity [R?]

Sample (a) ITO film [19.6mm’] 89.9 ppb 0.938

Sample (b) ITO:Carbon black film [19.6mm’] 64.68 ppb 0.924

Sample (c) polyester/ITO:Carbon black film [50mm?’] 36.9 ppb 0.977

Sample (d) ITO:Carbon black film [60mm’] 10.4 ppb 0.998
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