International Conference on PRESEM

PRecision Engineering and Sustainable Manufacturing

PRESM
202

H" 1E'Eun — 21 Fri, 2023
Bankoku Shinryokan,

Okinawa, Japan

&b http:/fwww.presm.org
ISSN 26357887

Organizer

Tahuan Sochaty for
TBUE prechion tngnesring (TSPE, Takwan)



PRESM 2023

PP4-030 A263

PP4-032 AXH

INFETE Y TR
PRl=cksbon Eregirsgsrinng S’ -Sies Drdradebe: il s oy

Contents

Analysis of Pressure and Performance Characteristics of Porous Adr Bearing
Applied to Friction Stir Welding Spindlea

Sirmeno B (Changwaon Mabional Uinbwersity)

Wangse Chung (Crancneon hetionsl Uinsersity)

g Moan [Changwon Mabonal Uineersity )

Senkeran Kong [(Changwon Matioral Unfersiy)

Yaundgun Song (Chamgwon Mationsl University)

Hongese Park (Keimyung University)

Efiect of Cu and Mg on Comosion Resistancs and Thermal Conductivity in ARSI
Alloys

Yaungok Yiaan (Hones irsttue of industrisl Technokooy)
Nameeok Kim (¥ores instiube of Industrial Technobagy)
Kweanhoon Chol (Kones institube of industral Technology)
Saun gyoan Yang (Kores iInstiule of Industrial Technology)
Sejoon Hwang (NEDEC)

Hangoo Kam [MEDEC)

Sty e 0 Wi {NEDEC)

Suiin Kimi (HL Manda Corporation)

Bangihean Kim (Kores Instiute of Industnal Techrokogy)
Senngha Ha (Kones instituie of Industrial Technology)
Hyuriepu Lim (ores Instituie of iIndustnial Technology)
ShaeKwang Kim (Kores rsttute of industrizl Technolooy)

Earty Detection of Metabolic Disorders Uzing N-rGO-Zrn0 Hollow Spheres MO,
Breath Sensor
e (Chonnam Matioral
Do Whean Les (Chonnam Natonal Linkersty)
Devedopment of an Artificial Meural Metwork Prediction Model for Fomming

Process Design of an imermediate Lever in iIndependent Suspension Systems
for Large Commencial ‘Vehicles

o P el (Kiores Instiuie of Industrial Technokogy)

Minzu Kim (Fores institute of Industrial Technoiogy]

Symthesis of Hollow Nanofibers Comprising Graphitic Carbon/Hollow Metal
Oide Manospheres and Evaluation of Ancdes for Lithium-ion Batieries
Jae Seah Lee (Chungbuk Mationel Universiey)

Jung Sang Cho (Chungbuk Mational Linkersity)

a7



"

PRES{M ?I;ircr;z;gr)wngrlrgCi(r)r':;er;sZCaenZnSustainable Manufacturing PRESM 2023
Early Detection of Metabolic Disorders using n-rGO-ZnO
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Abstract

The detection of metabolic disorders, such as diabetes, liver, and lung disease, can be achieved through the analysis of volatile organic compounds (VOCs) present
in a human's breath. Among several VOC biomarker compounds, NO, has been considered as a promising biomarker for the early diagnosis of several metabolic
disorders. Over the years, several metal oxide-based breath sensors have been proposed for the detection of NO,. However, the practical feasibility of those sensors
is limited due to their poor sensitivity and high operating temperature. Additionally, the complexity of the environment, including high humidity and several
interfering gases in the human's breath, affects the sensor's performance. Sensing NO, at the parts per billion (ppb) level remains a significant challenge for the
reported gas sensors. In this study, we introduce a novel NO, breath sensor based on nitrogen-doped reduced graphene oxide-ZnO hollow spheres (n-rGO-ZnO) for
the detection of NO, levels in human breath with high sensitivity and selectivity. The fabricated sensors are characterized in detail through different analytical
techniques for their crystal structure, morphologies, chemical and physical properties, and the findings are consistent with each other. The proposed sensor shows a
two-fold and five-fold increase In sensitivity compared to the sensors based on bare rGO-ZnO and ZnO hollow spheres, respectively. The proposed n-rGO-ZnO
sensor exhibits excellent sensitivity as low as 100 ppb at 125 °C. An assessment of the efficacy of the proposed sensor for the detection of metabolic disorders
through NO, sensing analysis in exhaled breath demonstrated that the n-rGO-ZnO hybrid nanocomposite-based e-nose sensor arrays produced distinct signals for
healthy and simulated breaths. The signals did not overlap, indicating that healthy and unhealthy breaths could be accurately distinguished. Therefore, n-rGO-ZnO-
based sensors represent a viable solution for screening metabolic disorders in patients and monitoring indoor NO, levels with ease. These non-invasive sensors
offer a convenient and early detection method for metabolic disorders, enabling prompt treatment and improved patient outcomes.
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Fig. 1. Schematic shows the preparation of ZnO, rGO-ZnO, and n- Fig. 2. Morphological analysis of the as-prepared ZnO hollow spheres at different solvothermal Fig. 3. TEM images of the as-prepared n-rGO-
rGO-ZnO hybrid nanocomposites. reaction time. ZnO hollow spheres hybrid nanocomposites.

Crystal structure and phase purity analysis
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Fig. 4. Powder X-ray diffraction Fig. 5. Raman spectra analysis of Fig. 6. Thermal gravimetry analysis of the as- Fig. 7. Photoluminescence spectra analysis Fig. 8. XPS spectra analysis of the as-
analysis of as-prepared materials. as-prepared materials. prepared materials. of the as-prepared materials. prepared ZnO hybrid nanocomposites.

Gas sensing characteristics
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Fig. 9. Temperature Fig. 10. Dynamic sensing characteristics of the Fig. 11. Stability and reproducibility of the Fig. 12. Real and simulated breath sensing response of the sensor based
dependance sensing fabricated sensor based on rGO-ZnO and n-rGO-ZnO fabricated sensor based on rGO-ZnO and n-rGO- on n-rGO-ZnO hybrid nanocomposite. Principal component analysis of the
characteristics. hybrid nanocomposite at 125 °C. ZnO hybrid nanocomposite at 100 °C. data set obtained from the sensor arrays assessing healthy subjects and
simulated breath.
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The detection of metabolic disorders, such as diabetes, liver, and lung disease, can be achieved through the
analysis of volatile organic compounds (VOCs) present in a human's breath. Among several VOC biomarker
compounds, NO, has been considered as a promising biomarker for the early diagnosis of several metabolic
disorders. Over the years, several metal oxide-based breath sensors have been proposed for the detection of NO:.
However, the practical feasibility of those sensors is limited due to their poor sensitivity and high operating
temperature. Additionally, the complexity of the environment, including high humidity and several interfering
gases in the human's breath, affects the sensor's performance. Sensing NO; at the parts per billion (ppb) level
remains a significant challenge for the reported gas sensors. In this study, we introduce a novel NO; breath
sensor based on nitrogen-doped reduced graphene oxide-ZnO hollow spheres (N-rGO-ZnO) for the detection of
NO:; levels in human breath with high sensitivity and selectivity. The fabricated sensors are characterized in detail
through different analytical techniques for their crystal structure, morphologies, chemical and physical properties,
and the findings are consistent with each other. The proposed sensor shows a two-fold and five-fold increase in
sensitivity compared to the sensors based on bare rGO-ZnO and ZnO hollow spheres, respectively. The proposed
N-rGO-ZnO sensor exhibits excellent sensitivity as low as 100 ppb at 125 °C. An assessment of the efficacy of the
proposed sensor for the detection of metabolic disorders through NO, sensing analysis in exhaled breath
demonstrated that the N-rGO-ZnO hybrid nanocomposite-based e-nose sensor arrays produced distinct signals for
healthy and simulated breaths. The signals did not overlap, indicating that healthy and unhealthy breaths could be
accurately distinguished. Therefore, N-rGO-ZnO-based sensors represent a viable solution for screening
metabolic disorders in patients and monitoring indoor NO; levels with ease. These non-invasive sensors offer a
convenient and early detection method for metabolic disorders, enabling prompt treatment and improved patient
outcomes.
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Fig. 1. Transmission electron micrographs and selected area electron diffraction analysis of the as-prepared N-rGO-ZnO hybrid

nanocomposite.



