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ABSTRACT

Silicon (Si) is an abundant element in terrestrial systems and makes key contributions to
agriculture, environments, and industries; however, current knowledge of Si speciation and
surface complexes in soil systems is limited. Herein, we examined Si speciation in tropical soil
clays using X-ray absorption near edge structure (XANES) spectroscopy and identified
surface complexes of Si adsorbed to iron oxyhydroxides, major sorbents, using extended X-
ray absorption fine structure (EXAFS) spectroscopy. The XANES data revealed dominances
of pre-white-line feature, white-line position and intensity, and post-edge numbers and
positions of Sireference spectra, which were applicable to differentiating Si reference standard
spectra and identifying the tropical soil clays. The EXAFS data showed that the bidentate
mononuclear (°E) edge-sharing complex was the main molecular configuration of the Si
tetrahedra on the Fe oxyhydroxide surfaces, irrespective of pH, Si surface loadings, and Fe
crystallinity. However, the EXAFS fittings showed a high amplitude reduction factor, indicating
possible uncertainties of the fittings, which required further studies.
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ABSTRACT

The suitable energy level of the synergistic composite materials is the key factor for
photocatalytic properties of the oxygen reduction reaction (ORR) and the oxygen evolution
reaction (OER) [1-3]. Here, the g-C3N4/BiOBr heterojunction was successfully synthesized by
hydrothermal process and used as a bifunctional cathode for photo-enhanced rechargeable
zinc-air batteries. Under LED condition, the ORR and OER performance of g-CsN4/BiOBr at
0.4 V vs RHE and 1.9 V vs RHE were ca. 52.43% and ca. 61.90%, respectively, in
comparison with the absence of LED. The g-CsN4/BiOBr heterojunction possesses an
approximately 4e™ reactions pathway, suggesting the better activity of ORR and OER and the
favorable reaction for zinc-air batteries. In addition, under LED condition can decrease the
potential gap (0.06 V), leading to an increase in round-trip efficiency (RTE) of 2.71%.
Furthermore, in-situ X-ray absorption spectroscopy (in situ-XAS) technique was used to
understand the charge/discharge processes of photo-enhance rechargeable zinc-air battery.
In conclusion, the g-C3N4/BiOBr heterojunction demonstrates the positive role of visible-light-
driven photo-enhanced rechargeable zinc-air batteries.

REFERENCES

1. C. Tomon, S. Sarawutanukul, S. Duangdangchote, A. Krittayavathananon, and M. Sawangphruk, Photoactive
Zn-air batteries using spinel-type cobalt oxide as a bifunctional photocatalyst at the air cathode, Chem, Comm.,
55, 5855, 2019.

2. X.Liu, Y. Yuan, J. Liu, B. Liu, X. Chen, j. Ding, X. Han, Y. Deng, C. Zhong, and W. Hu, Utilizing solar energy
to improve the oxygen evolution reaction kinetics in zinc-air battery, Nat. Commun., 10, 4746, 2019.

3. R.Ren, G. Liu, J. Y. Kim, R. E. A. Ardhi, M. X. Tran, W. Yang, and J. K. Lee, Photoactive g-C3N4/CuZIF-67
bifunctional electrocatalyst with staggered p-n heterojunction for rechargeable Zn-air batteries, Appl. Catal. B,
306, 121096, 2022.



The 11 Annual User Meeting 2023
Synchrotron Light Research Institute (Public Organization)

Biomaterials Bacterial Cellulose Composited with
MgAI-LDH Nanosheet for Utilizing as the
Triboelectric Nanogenerator

N. Suktep?, S. Pongampai?, P. Pakawanit®, T. Maluangnont?*,
N. Vittayakorn® and T. Charoonsuk®*

'Department of Materials Science, Faculty of Science, Srinakharinwirot University,
Sukhumvit 23, Watthana, Bangkok 70770, Thailand
’Department of Physics, Faculty of Science, King Mongkut's University of Technology
Thonburi, Bangkok 10740, Thailand
®Synchrotron Light Research Institute (Public Organization), 111 University Avenue, Muang
District, Nakhon Ratchasima 30000, Thailand
“College of Materials Innovation and Technology, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok 10520, Thailand
*Advanced Materials Research Unit, School of Science, King Mongkut’s Institute of
Technology Ladkrabang, Bangkok 70520, Thailand
*Email: thitiratc@g.swu.ac.th

ABSTRACT

Implantable medical electronics, i.e. cardiac pacemakers (1), are remedial tools for the
improvement of the life of patients suffering from cardiovascular diseases. However, a hew
type of technology is needed to replace the repeated surgery for battery recharging. This work
focuses on fabricating the triboelectric nanogenerators (TENG) to be the efficient power supply
for those medical devices and sensors. The bacterial cellulose (BC) was selected as the main
material. Various content of magnesium aluminum layer double hydroxide nanosheets (MgAl-
LDH NSs) is add to improve the electrical output efficiency. The BC/MgAI-LDH composite
phase was confirmed. Importantly, according to the crucial role of percolation threshold. The
well distributed MgAI-LDH NSs inside the BC matrix is investigated by the Synchrotron X-ray
tomographic microscopy (SR-XTM) technique. The SR-XTM provides 3D images insight
internal dispersibility, relating to filler content. The present BC/MgAI-LDH NSs TENG within
1.5 wt% provides the maximum output voltage (Voc) and current (Isc) of 91 V and 9.7 A,
which is 3 times higher than pristine BC. The successful fabrication of BC-based TENG can
confirm the possibility of using biomaterials as the main materials for TENG and will be
beneficial for developing self-powered pacemakers or other medical devices.
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ABSTRACT

Based on the green and circular economy, an external magnetic field is applied with an
attempt to enhance the catalytic activity and selectivity to produce value-added chemicals and
feedstock from CO- hydrogenation reaction. In this work, a confined-space ZSM-5 zeolite with
molecular sieve property, in conjunction with an external magnetic field was employed to
manipulate the iron oxide phase transformation over the FeO,/ZSM-5 catalysts, and
consequently intensify the CO» conversion and selective aromatic hydrocarbon production.
The in-situ X-ray absorption near-edge structure (XANES) technique is applied to verify the
iron oxide phase transformation. The iron oxide phases were observed under various
reduction times in combination with different magnetic flux intensities. Subsequently, the
resulting catalysts were employed for CO. hydrogenation under magnetic field. The
FexO,/ZSM-5 catalyst with a reduction time of 3.0 h and magnetic flux intensity of 20.7 mT,
containing a predominant phase of Fe304, exhibited the highest CO; conversion, which was
1.4-1.7 times greater than that observed in the absence of magnetic field. Moreover, the
selectivity of monocyclic aromatics was increased by 9.0 times compared to those without
magnetic field. The improvements of catalytic activity and selectivity towards aromatic
hydrocarbons could be attributed to the synergistic promotion between the confined-space
ZSM-5 zeolite and external magnetic field. Not only the rearrangement of iron oxide species
along with the alignment of magnetic field direction are induced, but the diffusion of reactant
gases is also controlled. These phenomena facilitate the formation of FezO, and FeO phases.
Thus, olefins are formed through reverse water-gas shift reaction and consecutive chain
growth reaction via Fischer-Tropsch synthesis, which further undergo aromatization reaction
to produce aromatics within the confined-space ZSM-5 zeolite. This reaction system,
therefore, has potential application in a variety of catalytic reactions by enhancing specific gas
adsorption and gas-solid interactions in green and sustainable ways.
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ABSTRACT

In this work, the concepts of green and efficient utilization have been applied in order for
moving towards carbon neutrality. Accordingly, the confined-space molecular-sieve properties
of ZSM-5 zeolite were applied in cooperation with an external magnetic field with the aim to
improve the catalytic LPG conversion and the selectivity of BTX (benzene, toluene, and
xylenes) over Fe-Ga/ZSM-5 zeolites (0.5 wt.% Ga and 0.1 wt.% Fe). Effect of ZSM-5 particle
sizes (0.6 ym, 1.1 ym, and 22.1 uym) on BTX yields and toluene to monoaromatic
hydrocarbons were examined under magnetic field at a flux intensity of 28.7 mT in North-to-
South direction and compared to those without magnetic field. The highest LPG conversion
over the Fe-Ga/ZSM-5 catalyst was observed when using ZSM-5 particles with a size of 1.1
Mm under an external magnetic field. This conversion rate was found to be 1.2 times greater
than that achieved without a magnetic field. The BTX yield was also increased by factors of
1.5 compared to those without magnetic field. The outstanding performance can be attributed
to the synergistic effects between the external magnetic field and limited mass transfer within
the confined-space zeolite. This combination facilitates and enhances the mass transfer ability
and reaction performance of the reactant molecules, leading to the development of green and
sustainable innovations for future chemical and separation processes.
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ABSTRACT

Catalytic conversion of glucose to 5-hydroxymethylfurfural (5-HMF) and levulinic acid is a
value-added biomass process. The catalytic reaction is processed via isomerization and
dehydration of glucose. Thus, co-catalysts of iron oxide and zeolites with varying Lewis and
Brognsted acids were used in this work. 6% w/w of Fe on Fe/MOR and Fe/ZSM-5 catalysts
were prepared by the impregnation method. The catalyst structures were characterized by X-
ray absorption spectroscopy (XAS) including XRD, FT-IR, TGA, and SEM. The conversion of
glucose in both mono- and bi-phasic systems was conducted in a batch reactor setup with
different conditions, and products were monitored by HPLC. The findings of this research
provide compelling evidence regarding the substantial influence of solvent systems on the
conversion of glucose to HMF. Specifically, in the bi-phasic ethanol-water solvent system, the
Fe/HMOR catalyst demonstrated a maximum HMF yield of 47.39%. Conversely, Fe/HZSM-5
achieved the highest glucose conversion of 100% and exhibited a considerably maximum
HMF yield at the temperature of 200°C. These results indicate the roles of the solvent system,
reaction temperature, and catalyst support in glucose conversion to HMF. The bi-phasic
system demonstrated superior performance in terms of yield. Moreover, the specific reaction
parameters played a crucial role in determining the efficiency and selectivity of the catalyst,
emphasizing the need for careful optimization in industrial-scale applications. The findings can
guide future research and development efforts toward the efficient synthesis of HMF as a
promising renewable platform chemical.

REFERENCES
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ABSTRACT

Amethyst is a variety of quartz (SiO2) showing purple color. The color of amethyst is related
to iron (Fe). The purple color of amethyst could turn yellow and colorless after heating at
various temperatures. It was previously suggested that the color of amethyst can change due
to the change in the Fe oxidation state. However, the cause of the color of amethyst before
and after heating related to the Fe oxidation state was still inconclusive. This study aims to
identify the Fe oxidation state of amethyst before and after heating and create an energy band
model to explain the cause of color in amethyst samples under In-situ heating conditions at
different temperatures. The spectroscopic techniques used in this study are Energy Dispersive
X-Ray Fluorescence Spectrometer, UV-Vis-NIR Spectrophotometer and X-ray Absorption
Spectroscopy focused on Fe K-edge XANES spectra. As the result, the color of the amethyst
has turned yellow and colorless after in-situ heating at 500 °C and 700 °C, respectively. There
was a change in the UV-Vis-NIR absorption spectra show different peak positions relating to
the different energy band gaps. However, Fe K-edge XANES spectra on amethyst samples
both before and after heating show Fe3* oxidation state. Moreover, the samples show different
energy band gaps derived from the Tauc Plot method before and after In-situ heating
conditions. Therefore, the cause of color on amethyst can be explained by Energy Band
Theory with the Fe3*donor states.
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ABSTRACT

The evaluation of various aqueous-based electrolytes is central to the most in the context
of energy storage. The study focuses on comparing traditional "salt-in-water" electrolytes with
emerging "water-in-salt" systems, utilizing different lithium salts. The electrolytes investigated
include lithium halides, nitrates, sulfates, and lithium bis(trifluoromethanesulfonyl)imide
(LITFSI) in the "water-in-salt" system. The research examines the physical, chemical, and
electrochemical properties of each electrolyte, considering their advantages and
disadvantages. It also investigates the electrochemical performance and compatibility of the
electrolytes with carbon-based materials. To gain a deeper understanding of the interactions
between the electrolyte and the electrode's surface, the study employs X-ray Photoelectron
Spectroscopy (XPS) technique. XPS analysis provides valuable information about the
chemical composition and behavior of the electrolyte at the electrode-electrolyte interface.
Overall, this research is to provide with insights into the properties of different electrolytes,
enabling them to make informed decisions when selecting suitable electrolytes for energy
storage applications.
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ABSTRACT

Flexible electronic devices have now tremendous attention, especially in the field of
biomedical, baby-care and healthcare applications. One of challenging is to fabricate external
power sources for driving those electronic components with excellent output efficiency,
flexibility, stretchability and must be able to operate in contact with the human body without
irritation and danger [1]. This work fabricated the chitosan (CS) natural biopolymer for piezo-
triboelectric nanogenerator (P-TENG) and enhance performance with incorporating the
organic piezoelectric gamma glycine (y-GC). The effect of different loaded y-GC on the output
performance was explored. The 3D visualization of CS/y-GC composite films was analysed
by Synchrotron Radiation X-ray Tomographic Microscopy (SR-XTM) technique to investigate
the distribution of the dispersive particles that important to find the percolation threshold. It
was found that the y-GC was nicely dispersed and not only incorporated on the surface, but
was also present in the interior CS matrix. As considering the morphology and dispersibility, a
well-connected phase of y-GC could be seen at the optimum condition 50wt%, percolation
threshold that showed the highest electrical output signal. This is due to the morphologically
interconnected network structure within the CS polymer enhances charge generation and
transformation. The maximum open-circuit (Voc) and short-circuit current (Isc) of ~78.81 V and
~64 YA are enhanced. Its maximum output power of ~705.96 pW was achieved, which is ~2.8
times higher than that of pristine CS. Additionally, the TENG demonstrated capability of
serving as a power supply for small-electronic devices. 2021;12(1):2399.
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ABSTRACT

Nowadays, the electronic textiles (E-textiles), which are made from the combination of
fabrics and electronic devices, have gained much attention [1] with highly efficient power
source is required. This work aims at the development of triboelectric nanogenerator (TENG)
to a self-powered for driving electronic components in textile. The TENG is fabricated by using
cotton fabric as the main friction material and modified various of functional groups with an
inorganic dye. The cotton fabric/CNT composite is used as electrode for excellent flexibility.
The 3D visualization of CNT distribution was investigated by using the Synchrotron X-ray
Tomographic technique (SR-XTM) to confirm the percolation threshold that is associate to the
electricity [2]. As a result, the cotton/reactive blue dyes obviously show the maximum electrical
outputs owing to the high electron donor ability from the functional group and metal atom. This
condition provides the value at ~ 32.73 V and ~ 36.6 nA for output voltage (Voc) and output
current (Isc) with maximum output power (Pmax) Of ~ 243 uW. That is higher than pure cotton
for 2.2 times. It was concluded that the functional groups of each color of dyes show a crucial
role for controlling and enhancing the output efficiency. Furthermore, this work also applies
the cotton/reactive dyes TENG to be self-power sensor. The authors expect that this research
will be useful for the development of energy harvesting devices for utilizing in E-textiles
industry in future.
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1. Gongalves C, Ferreira da Silva A, Gomes J, Simoes R., Inventions, 3, 14 (2018).
2. S Bonardd S, Morales N, Gence L, Saldias C, Angel FA, Kortaberria G, et al., ACS Applied Materials &
Interfaces, 12, 13275-13286 (2020).

-10-



The 11 Annual User Meeting 2023
Synchrotron Light Research Institute (Public Organization)

Crystallographic and Spectroscopic Investigations
on Oxidative Coordination in the Heteroleptic
Mononuclear Complex of Cerium and Benzoxazine
Dimer

W. Wattanathana?, N. Suetrong?!, P. Kongsamai?, K. Chansaenpak?,
N. Chuanopparat*, Y. Hanlumyuang?!, P.Kanjanaboos® and
S. Wannapaiboon®

!Department of Materials Engineering, Faculty of Engineering, Kasetsart University, Ladyao,
Chatuchak, Bangkok 10900, Thailand
2School of Chemistry, Institute of Science, Suranaree University of Technology, 111
University Avenue, Suranaree, Muang, Nakhon Ratchasima 30000, Thailand
3National Nanotechnology Center, National Science and Technology Development Agency,
Thailand Science Park, Khlong Luang 12120, Thailand
“Department of Chemistry, Faculty of Science, Kasetsart University, Ladyao, Chatuchak,
Bangkok 10900, Thailand
*School of Materials Science and Innovation, Faculty of Science, Mahidol University, Nakhon
Pathom 73170, Thailand
®Synchrotron Light Research Institute, 111 University Avenue, Suranaree, Muang, Nakhon
Ratchasima 30000, Thailand
Email :Natapol.sue@ku.th

ABSTRACT

Among lanthanide-based compounds, cerium compounds exhibit a significant role in a
variety of research fields due to their distinct tetravalency, high economic feasibility, and high
stability of Ce(IV) complexes. Herein, a systematic investigation of crystallographic
information, chemical properties, and mechanistic formation of the novel Ce(lV) complex
synthesized from cerium(lIl) nitrate hexahydrate and 2,2'-
(methylazanediyl)bis(methylene)bis(4-methylphenol) (MMD) ligand has been explored.
According to the analysis of the crystallographic information, the obtained complex crystal
consists of the Ce(lV) center coordinated with two nitrate ligands and two bidentate
coordinated (N-protonated and O,0O-deprotonated) MMD ligands. The fingerprint plots and the
Hirshfeld surface analyses suggest that the C—H:--O and C—H---11 interactions significantly
contribute to the crystal packing. The C—H---O and C—H---1r contacts link the molecules into
infinite molecular chains propagating along the [100] and [010] directions. Synchrotron powder
X-ray diffraction (XRD) and X-ray absorption spectroscopy (XAS) techniques have been
employed to gain an understanding of the oxidative complexation of Ce(IV)-MMD complex in
detail. This finding would provide the possibility to systematically control the synthetic
parameters and wisely design the precursor components in order to achieve the desired
properties of novel materials for specific applications.
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ABSTRACT

Hexadecanol or fatty alcohol is one of the most important intermediates to produce many
varieties of chemical products, which can be derived from the hydrogenation of methyl
palmitate. In this research, the comparative copper phyllosilicate with 20 and 30wt.% Cu
loading was synthesized by ammonia hydrothermal method using two different silica colloidal
precursors (AS-ammonium stabilized and HS-sodium stabilized) to obtain 20%CuPS-AS,
20%CuPS-HS and 30%CuPS-HS. At 20wt.% Cu loading, 20CuPS-HS showed a slightly
higher Cu dispersion (77%, N2O-TPR) and Cu* species (15%, in situ TR-XANES) than
20CUuPS-AS (Dcy 69%, 11% Cu. species), presumably due to the presence of Na* as a fluxing
agent. Furthermore, the decrease in total acidity of 20CuPS-HS (19 umol/g) derived from NHs-
TPD was observed, as compared to those of 20CuPS-AS (25 pmol/g). Upon increasing the
Cu content from 20 to 30 wt.%, 30CuPS-HS has a lower Cu dispersion due to the higher Cu?*sq
species leading to a higher agglomeration. All CuPS catalysts showed a much higher activity
for hydrogenation of methyl palmitate (MP) in a continuous fixed-bed reactor at 250 °C under
atmospheric Hz, as compared to impregnated 20Cu/SiO,. Even though 20CuPS-HS showed
a slightly lower hydrogenation activity (67%) than 20CuPS-AS (70%) despite the higher Cu
dispersion. The significant increase in hexadecanol selectivity was obtained (~3 folds). In fact,
the alcohol selectivity of 20CuPS-HS is always higher than those of 20CuPS-AS at all contact
times. This could be attributed to the higher Cu* fraction and lower acidity. Though, the
increase in Cu content using sodium stabilized silica colloidal precursor leaded to a decrease
in hydrogenation activity due to the lower Cu dispersion. However, the alcohol selectivity of
30CuPS-HS remains high as 20CuPS-HS.
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ABSTRACT

Climate change-related environmental issues including the greenhouse effect and ocean
acidification have received a lot of attention. The chemical translation of carbon dioxide (CO5)
into value-added goods might effectively lessen the effects of CO2 and advance the global
carbon cycle. In this study, a series of 5% w/w of Ni supported on silica and zeolites including
ZSM-5, A, and ANA catalysts were synthesized. The catalyst structures were characterized
by X-ray diffraction analysis (XRD), X-ray absorption spectroscopy (XAS), and Transmission
electron microscopes (TEM). The basicity of the catalysts was determined by temperature-
programmed desorption (TPD) of carbon dioxide. Catalytic testing of CO2 -methanation was
carried out under in situ/operando XAS. The catalytic conversion of CO2 increased with
increasing temperature up to 400°C. The catalyst supports play an important role in the
reaction ability of nickel. Zeolite-type support showed 100% selectivity to methane products.
The catalytic conversion percents are ordered as Ni/A > Ni/ZSM-5 > Ni/ANA > Ni/SiOa,
respectively.
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ABSTRACT

NiC0204 (NCO) and ZnCo20.4 (ZCO) are the nickel- and zinc-substituted derivatives of the
cobaltite oxide spinel (CoCo,04, CCO), which have been considered as emerging materials
in various applications. In this work, NCO, ZCO, and two Sm-doped analogs (Sm-NCO and
Sm-ZCO) were synthesized, using oxidative thermal decomposition of their corresponding
hydrothermal derived precursors. Phase identification by PXRD confirmed the purity of the
spinel phase on all synthesized Sm-doped analogs. The result agrees with XAS result that
shown the lack sign of Sm»Os; species. Accordingly, it suggested a unique coordination
environment of trivalent samarium in the Sm-doped samples. Further investigation revealed
porous texture on particle surface and additional specific surface area are caused by the
dopant to the analogs. The dopant also hindered an accumulation of nickel and zinc in the
precursor, resulting in the deficiency of such elements in the prepared oxides. Consequently,
it causes a significant change in magnetics and electrical properties susceptibility by the
dilution of nickel- and zinc-substitution effects. The multifunctionality of samarium as
presented here provides an example use of lanthanide element to tailor material
physical/chemical properties without destroying host crystalline structure.
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ABSTRACT

Due to its excellent reversibility and stability, a dimethyl sulfoxide (DMSO) electrolyte is
seen to be a promising nonaqueous electrolyte. Compared to aqueous Zn-MnO; systems,
ZIBs having DMSO electrolytes, and manganese dioxide (MnQO,) cathodes display inferior
rates and capacity performances. However, it is found that the addition of water can improve
the performance of DMSO-based ZIBs, even a small amount of water. In this work, the effect
of water on the performance of DMSO-based ZIBs is thoroughly investigated. Herein, the
layer-type MnO: (& type, birnessite) is used as the main cathode material. Ex-situ/operando
X-ray diffraction (XRD) analysis and in-situ X-ray absorption spectroscopy (XAS) results
suggest that the existence of water in DMSO electrolytes can lead to changes occurring in
the Zn?* intercalated phase. A Zn-birnessite when replaced by a super-hydrated Zn-buserite
provides a much improved solid-phase diffusion of Zn?* and surface kinetics. The optimized
battery yields the highest capacity of 224 mAh/g and can cycle over 2,500 cycles. This
discovery extends the understanding of wet nonaqueous electrolyte chemistry and paves the
way towards the practical application of ZIBs.
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ABSTRACT

This research aimed to investigate the europium oxide (Eu.O3) doped silicoborate glasses
for scintillation material application by inspection of physical, optical, luminescence, and x-ray
imaging. The glass samples were prepared by changing europium concentrations following
component XEu,03 - 40NazO - 7.5Gd,0s3 - 5Si0O; - (47.5-x)B20s (x = 0, 1, 2, 3 mol%). The
density, molar volume, and other physical parameters have been evaluated as physical
properties. The absorption spectra were represented in the length of UV-Vis and NIR region.
The photoluminescence and X-ray-induced luminescence spectra showed similar highest
intensity at 3 mol% of Eu.O3. The Eu®* in the glass matrix produced orange-red luminescence
corresponding to the radiative transitions at °Do — ‘F,. The Chromaticity coordinates of the
glasses are placed in a relatively narrow area in the reddish-orange part of the diagram. The
emission spectra of 3Eu:7.5Gd glass demonstrated the beneficial effects of Eu,O3 addition in
glass material, and it can be developed to use as a scintillator material, confirmed by the two-
dimension (2D) X-ray image and the three-dimension (3D) reconstruction.

-16-



The 11 Annual User Meeting 2023
Synchrotron Light Research Institute (Public Organization)

Eu** Doped Na,O- Gd.0; -BaO - B,0;-P.0;5 Glasses
for X-ray Scintillator Applications

F. Khrongchaiyaphum® 2, S. Kansirin'2, N. Wantana'?', P. Pakawanit?,
N. Vittayakorn®, N. Chanthima'?, H.J. Kim3, J. Kaewkhao'?

1 Physics Program, Faculty of Science and Technology, Nakhon Pathom Rajabhat
University, Nakhon Pathom, 73000, Thailand
2 Center of Excellence in Glass Technology and Materials Science (CEGM), Nakhon
Pathom Rajabhat University, Nakhon Pathom, 73000, Thailand
3 Department of Physics, Kyungpook National University, Daegu, 702-701, Republic of
Korea
4Synchrotron Light Research Institute, 111 University Avenue, Muang District, Nakhon
Ratchasima, 30000, Thailand
5Advanced Materials Research Unit, School of Science, King Mongkut’s Institute of
Technology Ladkrabang, Bangkok 10520, Thailand
*Email: wnuanthip@webmail.npru.ac.th

ABSTRACT

The Na20-Gd203-Ba0O-B203-P20s5 glasses were doped with varying concentrations
of Eu203 (referred to as Eu:NGBaPB) and prepared using the melt-quenching
technique. These glasses were analyzed comprehensively in the physical, optical,
chemical groups and photo-/radio- luminescence properties. Furthermore, the X-ray
imaging was operated to indicate the practical radiation detection of glass. The
addition of Euz20s3, the density and refractive index of Eu:NGBaPB glasses increased,
while the molar volume decreased. The glass exhibited photon absorption in the UV-
NIR regions. Excitation from various sources such as X-ray, ultraviolet, and visible light
resulted in a reddish-orange emission at approximately 613 nm, originating from the
5Do—7F2 radiation states of Eu3+. Energy transfer occurred from Gd3+ to Eu3+ within
the glass. These findings highlight the intriguing potential of the glass for applications
as an X-ray scintillator.
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ABSTRACT

Nowadays, embedding electronic components into fabrics has become increasing popular
in the fabrication of electronic textiles (e-textiles), which has been continuously developed until
now [1]. This research focuses on the electrical power generation device that can be used as
a power source for electronic components in E-Textiles, Namely Triboelectric Nanogenerator
(TENG). However, the TENG still has limitation of losing charge during short time contact-
separation which results in low electrical output current. In this work, the TENG device is
developed by combination with another energy harvesting technology, namely thermoelectric
nanogenerator (TEG) to fabricate a small hybrid energy harvesting device on textiles by using
the cotton fabrics composited with polyaniline/carbon nanotube composite (PANI/CNT) and
teflon as the main friction materials. The distribution of PANI/CNT composite power in cotton
fabric samples was studied by Synchrotron Radiation X-ray Tomographic Microscopy (SR-
XTM) technique to confirm PANI/CNT in the internal structure of cotton fabrics by 3D
visualization. The important results shows that PANI/CNT composite powder was not only
dispersed on the surface but also in the internal of cotton fabrics, indicating the percolation
threshold for optimum point. At optimum condition, the cotton/PANT/CNT TEG-TENG can
provide the maximum output voltage (Voc), output current (Isc), and output power of 40.45 V,
85.34 mA, and 263 pW respectively. Finally, this work success to fabricate TEG-TENG as a
power supply for small electronic devices relating to use in daily life and we hope this research
will be a potential way to develop in future E-textile industry.
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ABSTRACT

This research focuses on developing flexible sensors that can be used in daily life and
using environmentally friendly materials. Therefore, composites were prepared between
bacterial cellulose (BC) and titanium dioxide nanotubes (TNTs). The ratios were changed by
0.5%, 3%, and 10% by volume to study the ratios that affect the properties of the composites.
Then the morphology was analyzed by scanning electron microscope (SEM) and the 3D
morphology of the BC and TNTs was examined by X-ray tomographic microscopy (XTM) to
study the distribution of TNTs used as dispersion phases without the sample being destroyed,
the structure and functional groups were investigated by Fourier transform infrared
spectroscopy (FTIR) in the range of 400-4000 cm™. In addition, the crystal structure was
analyzed by X-ray diffraction (XRD) technique. The bacterial cellulose was nanofiber with
TNTs dispersed on the surface. However, the units cell of BC and HTNTs did not change.
Because bacterial cells were flexible, transparent, and biodegradable. We apply these
materials to wearable devices, gloves, or other things. This research designed and installed a
flexible sensor[1] with a glove to detect resistance. It uses 3 Kirigami[2] patterns to increase
stretchability. When measured for resistance, Kirigami pattern 1 had a resistance of 47.35
ohms, which was the highest value compared to pattern 2 and pattern 3. Then take the
composite film at various volumes was cut into the first Kirigami pattern and measured for
electrical properties, dielectric properties, and the performance of flexible sensors according
to sensor variables. The sensors made of composite film at a ratio of 10% by volume showed
a Sensitivity of 183.48, %Accuracy of 97.63%, and %Stability of 44.04%, which were the
highest values compared to other samples.
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ABSTRACT

We show how fluorophosphate glasses that have been doped with cerium fluoride (CeFs:)
can be used as dense scintillators for X-ray imaging. CeFs-doped 20Li,O-10AIFs-2.5CaF-
(57.5-x)P,0s5-10Gd.0O3 with concentration variations (x = 0; 0.05; 0.1; 0.3; 0.5; 1.0; 1.5; 2.0)
was prepared and the photoluminescence, X-ray Absorption Near-Edge Structure (XANES),
radioluminescence (RL) and decay time were measured. Analysis was done on the scintillation
properties, such as pulse height spectra and X-ray imaging. The investigation of X-ray
Absorption Near-Edge Structure (XANES) of Ce Ly-edge was shown at ~5.718 keV and
confirmed the presence of Ce*" and Ce** at ~5.723 keV and ~5.730 keV. The comparison of
the Ce*" and Ce** ratios by fitting the energy range in the XANES spectrum may confirm the
luminescence characteristic of the glass. A full energy peak was observed in the pulse height
spectra of a 2**Am a-ray irradiation in the PLGdAfCafCeo s glass, and the calculated light yields
of PLGdAfCafCeos was 54 Ph/MeV under a-ray. The created glass was successfully imaged
with X-rays using a synchrotron light source. From the results, it can be concluded that the
PLGdAfCafCeqs glass showed promising properties as a scintillator application.
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ABSTRACT

The developed strategies toward stable and dendrite-free Zn anode, including artificial
solid-electrolyte interface construction, electrolyte modification and novel separator design,
are still unable to satisfy the large-scale commercialization of agueous zinc-ion batteries, due
to the complex preparation process and expensive manufacturing prices [1]. Herein, we
fabricated a fly ash-cellulose nanofiber (FACNF) composite separator with the advantages of
cost-efficiency and simplified preparation by a facile solution-casting method for dendrite-free
Zn anode. The fabricated FACNF separator can efficiently lower the Zn nucleation
overpotential, homogeneous the Zn nucleation sites, postpone surface corrosion and promote
the uniform Zn deposition, finally realize the high-performance Zn anode. Consequently,
compared with pure CNF separator, FACNF separator vastly extends the cycling lifespan of
Zn||Zn symmetric cell to 1600h at 2 mA-cm?/1 mAh-cm2 and 600h at 5 mA-cm?2/2.5 mAh-cm’
2, Moreover, using (NH4)2V10025:8H,0O (NVO) as cathode material, the full cell with FACNF
separator shows superior discharge capacity of 79 mAh-g* after 4000 cycles at 5 A-g?,
whereas the one with CNF with CNF separator shows low discharge capacity and the abrupt
battery failure around 2800 cycles owing to the severe side reactions and dendrite growth.
Benefiting from the merits of FACNF in reversibility of Zn plating/stripping, the Zn||[NVO pouch
cell exhibits a high discharge capacity of 80.5 mAh-g* with a high capacity retention of 87.4%
after 200 cycles at 0.5 A-g™. This work provides a low-cost and multi-functional cellulose-
based separator for the large-scale commercialization of high-performance AZIBs.
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Figure 1. The SEM images of Zn anodes in Zn|[Zn symmetric cell with (a) CNF and (b) FACCNF
separator. (c) The long-term cycling performance of Zn||Zn cells with CNF and FACNF separators. (d)
The pouch cells of Zn||NVO full cell using CNF and FACNF separator. Three pouch cells in series can

light up a lamp.
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ABSTRACT

The development and understanding of synergy in clearly defined dual-atom active sites
has the potential to support multistep tandem electrocatalytic reactions?. It is critical to develop
a thorough investigation of these reactions intermediate structure and properties through
advanced characterization to enhance their electrocatalytic performance?®. In situ X-ray
absorption spectroscopy (XAS) is a potent tool for determining the active sites and structural
changes in catalytic materials while they are being used in reactions*. Herein, we propose a
dual-heteroatom spinel catalyst with adjacent Mn-O and Fe-O active sites for efficient
bifunctional 3D electrocatalyst. Operando XAS under practical device operation conditions
reveals detailed insights into this dual-atom synergy mechanism for OER and ORR. Atomic
information such as valence state, coordination number, and symmetry can be obtained from
X-ray absorption near edge structure (XANES) in the energy range that extends 50-100 eV
above the absorption edge®. The 3D spinel electrocatalyst (Mno sFe2504) has effective catalytic
activity for the oxygen reduction reaction ORR (Ei2 = 0.85 V) and the oxygen evolution
reaction OER (N1 = 210 mV@10 mA cm?).
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ABSTRACT

The effective conversion of carbon dioxide (CO-) into valuable chemicals and fuels has
emerged as a crucial approach for mitigating greenhouse gas emissions and utilizing
renewable energy sources. A comprehensive study was conducted on the synthesis,
characterization, and catalytic performance analysis of CuFe,04/SBA-15 catalysts for CO;
hydrogenation. The integration of metal ferrite nanoparticles (MFe204) with mesoporous SBA-
15 silica offers numerous advantages, including a high surface area, tunable pore size, and
strong metal-support interaction. These catalysts possess unique structural and compositional
properties that facilitate efficient CO, conversion to valuable chemicals. The catalyst structures
were determined mainly by XRD and XAS techniques. Reducibility and the catalytic activity
on CO. conversion were investigated using an in-situ/operando XAS. The CO; conversion
directly proceeded without the reduction pretreatment process of CuFe,O4/SBA-15. The
catalytic conversion and selectivity to CO product increased with increasing temperature. The
catalytic activities of CO, conversion were strongly affected by the basicity of the catalyst
support. These findings pave the way for developing efficient catalyst systems for CO-
utilization and producing valuable chemicals from CO; feedstock. Further investigation is
warranted to optimize the catalyst's performance and explore its potential for large-scale
applications.
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ABSTRACT

Oxygen reduction reaction (ORR) and oxygen evolution reaction (OER) are the core of
clean energy technology. Oxygen electrocatalysts based on low contents of earth-abundant
metals and carbonaceous materials are of prime importance due to their high performance in
electrochemical applications [1]. Metal catalysts including nanoparticles to nanoclusters and
single atoms have shown excellent results in energy-related reactions, considering the fact
that the narrow size distribution of metal particles on carbon reveals a larger surface area of
the electrocatalyst. By well-controlling synthesis policies and advanced characterization
instruments, the performance of the catalyst associated with the structure at the molecular
level is uncovered. Besides the ex-situ characterizations, synchrotron-based analyses can
interpret the structure of materials further. X-ray absorption spectroscopy (XAS) comprising
X-ray absorption near edge structure (XANES) and extended X-ray absorption fine structure
(EXAFS) analysis is analytical techniques that illuminate the local electronic structure of an
atom and the oxidation state [2]. In our work, the metal-carbon (FeCo-NC) electrocatalysts
were synthesized via sample pyrolysis in N> gas. The XAS was used as an advanced
technique during the characterization to explain the catalyst structure. The oxidation states of
cobalt species is Co® in both Co-NC and FeCo-NC. The electrocatalysts exhibited a good
performance toward ORR and OER. The optimized electrocatalyst is a good alternative for
the cathode application in a zinc-air battery.
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ABSTRACT

Nitrite salts have been widely used as food preservatives to prevent bacterial growth.
However, the excessive presence of nitrites in the human body can lead to gastric and
esophageal cancers. Electrochemical sensing is considered a simple, reliable, and effective
method for detecting nitrites. In this research, TiO, and Ag-doped TiO were utilized as sensing
materials for nitrite detection. The synthesis of TiO, and Ag-doped TiO, was carried out
through the solution combustion method. To analyze the phase composition of the synthesized
TiO2 and Ag-doped TiO,, X-ray diffraction and X-ray absorption near edge structure (XANES)
techniques were employed. The diffraction patterns and Ti K-edge XANES spectra indicated
that the synthesized powders consisted mainly of anatase, with minor amounts of brookite and
rutile. The derivative XANES spectra of Ag-doped TiO, suggested that the oxidation state of
silver in the Ag-doped TiO, powders matched that of ANOs. This implies the creation of
defects such as oxygen vacancies, which can reduce charge carrier recombination and
enhance electron mobility, thereby promoting catalysis. The electrochemical activity of the
sensing materials was evaluated using cyclic voltammetry in the presence of sodium nitrite
solutions with concentrations ranging from 0.01 mM to 10mM. A significant oxidation reaction
was observed at an applied voltage close to 1.4V. Experimental results demonstrated that TiO-
with a 5 mol% Ag doping exhibited the most notable electrochemical response in the sodium
nitrite solution.
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ABSTRACT

A small power supply for wearable/portable electronics has been gain much attention. Even
though a wide variety of synthetic materials can be used, concerning about the electronic
wastes and toxic restrict the application in field of biomedical devices [1]. In this work, flexible
triboelectric nanogenerators (F-TENGs) were fabricated by using of chitosan (CS)
biopolymers as contact layer and composite with the bacterial cellulose (BC) to increase the
contact area. The electrical output is further enhanced by adding the organic piezoelectric
triglycine sulfate (TGS). By considering the crucial point of percolation threshold, the
morphology and particle distribution study is necessary. It was investigate by scanning
electron microscopy (SEM), atomic force microscope (AFM) and synchrotron radiation x-ray
thermography (SR-XTM). The 3D distribution from SR-XTM can help for pointing out the best
condition. The 5wt% of TGS in the CS/BC composite can reach maximum output voltage (Voc)
of 38.4 V, output current (Isc) 0.211 pyA, which is higher than that of CS/BC composite due to
increasing the number of electric charges by contact between device and the piezoelectric
effect. The authors are confident that this study will provide a new approach to improve the
electrical output of flexible hybrid piezoelectric/triboelectric nanogenerator that can be used in
contact with human body to drive the portable and wearable electronics in medical device
industry in future.
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ABSTRACT

Martian Regolith Simulants are a terrestrial material used to simulate the chemical and
mechanical properties of Martian regolith for research, experiments, and prototype testing
activities related to Martian regolith. Raw materials of the simulants are basaltic rocks and
other volcanic rocks [1]. Forty-two rock samples were collected from Lopburi, Phetchabun,
Chantaburi, Sa Kaeo, and Trat provinces. Chemical compositions and mineralogy of volcanic
rocks have previously been studied and classified. Compared to Martian soil and Mars
Regolith Simulants databases, the rock samples have lower FeO. Adding amounts of
magnetite and hematite is necessary to develop Mars Regolith Simulant. Thus, this study aims
to study the oxidation state of Fe in volcanic rocks using X-ray Absorption Near Edge Structure
(XANES) with an on-the-fly scanning technique. The eighteen samples representing eighteen
study sites were mechanically crushed using Los Angeles Abrasion Machine. The XANES
were collected from Fe K-edge. The Fe foil, ferrous oxide, and ferric oxide were used as
standards for energy calibration at 7112 eV, 7119.07 eV, and 7123.41 eV, respectively. The
oxidation state was determined by comparing binding energy (Eo) to standards [2]. Using the
Athena software, the binding energy was calculated from the first derivative method of the
normalized XANES absorption spectra. The XAS results indicate that Fe in the samples are
mixed between ferrous (Fe?*) and ferric (Fe*") ions. Rock samples also have been analyzed
using X-ray Diffraction (XRD) and X-ray Fluorescence (XRF) using synchrotron radiation,
which provides intense and tunable X-ray beams. The results suggest that Sa Kaeo basalt is
likely a potential raw material for developing Thailand Mars Regolith Simulant. However,
further studies on the physical and geotechnical properties of the samples are recommended.
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ABSTRACT

The bright reddish-orange emitting Eu®*-doped gadolinium borate glasses of 25Gd,03-(75-
X) B203-xEu,03 (GdBEU) (x = 0.1, 0.3, 0.5, 1.0, 3.0, 5.0, 7.0, and 9.0 mol%) were fabricated
by melt-quenching technique at 1400 °C for 3 hours. All GABEu glasses were investigated the
photoluminescence, scintillation, and lasing potential properties. The energy transfers
processes from Gd*—Eu®*" in these glasses were discovered. Photons in the ultraviolet,
visible, and near-infrared region wavelengths were absorbed by glasses. The
photoluminescence excitations were performed at 275 nm and 394 nm, respectively. When
the energy transferred from Gd** to Eu®*, luminescence features revealed an intense red
emission with a wavelength of 614 nm (°Do — ‘F2). The glass is optimum Eu®' ion
concentration was 7.0 mol%, corresponding to the maximum emission intensity. Judd-Ofelt
parameters were calculated from the emission spectra and the radiative properties of several
excited states were examined, including the transition probability (Ar), branching ratio (Br),
stimulated emission cross-section (ce), and decay time (tr). Once the Eu®*" concentration
increased from 0.1 to 9.0 mol%, the decay time of the °Do level dropped from 1.824 ms to
1.585 ms. The colors of glasses were confirmed by the Commission internationale de
I'éclairage (CIE) chromaticity diagram. The glass samples had a peak area of
radioluminescence (RL) spectrum 18% of BGO scintilltation crystal.
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ABSTRACT

With an aim of enhancing the power conversion efficiency (PCE), a nanocomposite
comprising of PtNi; nanoparticles (NPs) and multiwalled carbon nanotubes (MWCNTSs)
synthesized using one-pot pyrolysis of nickel-based bis(trifluoromethyl sulfonyl) imide ([Tf2N])
ionic liquid (IL), platinum precursor, and MWCNTs was explored as a promising candidate for
the CE in DSSCs. The photovoltaic measurement confirmed that this composite electrode
showed better electrocatalytic activity toward the tri-iodide reduction reaction compared with
typical Pt and PYMWCNT electrodes. We found that the alloy formation by Ni modification
affects the electrocatalytic activity. Consequently, the greater efficiency of DSSC was achieved
for PtNis/MWNCT CE compared to Pt and PYMWCNT CEs, which was attributed to the rapid
change transfer, high electrical conduction, and excellent electrocatalysis. The DSSC using
PtNis/MWCNT CE yielded PCE of 9.13%, which was higher than those using the Pt (7.84%)
and Pt/MWCNT (8.69%) CEs. The experimental results concluded the potential of
PtNis/MWCNTSs to be used as the CE in DSSCs due to the high PCE, low cost in combination
with simple preparation, and scalability.
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ABSTRACT

The electronic devices embedding in fabrics has become increasingly attention for textile
technologies to be connected with the internet and other wireless system. One of essential
requirement is to search or fabricate an external power source within high flexibility and
lightweight. This research interest in a small power generation device that can be harvest the
energy in ambient condition for powering the small electronics, namely thermoelectric-
triboelectric hybrid nanogenerator (TEG-TENG). The authors fabricated rayon fabrics as main
contact layer with developing and enhancing the electrical output efficiency by compositing
with poly(3-hexylthiophene) (P3HT) [1]. Moreover, the contact efficiency with high electrical

conductivity was modified within the cotton/CNT composite. Synchrotron Radiation X-ray
Tomographic Microscopy (SR-XTM) technique is important methodology to determine the
percolation threshold relative to the suitable amount used for fabrication. Finally, the output
performance is determined by oscilloscope and digital multimeter and found to be 15 V for
open circuit voltage (Voc) and 15.9 pA for short circuit current (Isc). The authors hope this
research will be useful for the development of hybrid nanogenerator devices that can be used
by combination with electronic textile industry.

REFERENCES

1. S Bonardd, S Morales N, Gence L, Sald dias C, Angel FA, Kortaberria G,et al., appl. Mater. Interfaces,
12,13275-13286 (2020).

-32-



The 11 Annual User Meeting 2023
Synchrotron Light Research Institute (Public Organization)

Relationship of crystallization behavior by In-situ
synchrotron wide-angle X-ray scattering and
resistant starch formation of debranched cassava
starches

A. Dongdang !, W. Kiatponglarp 2, S. Soontaranon?, and S. Tongta '

!School of Food Technology, Institute of Agricultural Technology, Suranaree University of
Technology, Nakhon Ratchasima, Thailand.
2Synchrotron Light Research Institute (Nakhon Ratchasima, Thailand.)
E-mail: atcharadongdang@gmail.com

ABSTRACT

The native and waxy cassava starch suspensions (15 % w/w) were debranched at 55 °C
for 4 and 5 h. The crystallization behavior monitored using in-situ synchrotron wide-angle x-
ray scattering (WAXS) during incubation at low (15 & 25 °C), intermediate (45 °C), and high
(65 & 85°C) temperature. Avrami equation was used to quantify the crystallization kinetics of
debranched starch. The relationship of crystallinity, crystal size and resistant starch content of
incubated debranched starches were considered.

A WAXS pattern of B-type was developed during debranching of native cassava starch for
4 h while the crystallization of waxy cassava starch did not occur. During incubation, low
temperature and extra-long chains favored the B-type crystalline structure while A-type
crystalline was promoted by high temperature and short chains. At low incubation temperature
(15 and 25°C), the two-stage crystallization was developed which was a rapid rate during
cooling and slow rate during incubation period. For the intermediate temperature (45 °C), the
single-stage crystallization was observed. The crystallization rate at lower temperature was
faster than at the higher temperature for both debranched normal and waxy starches. An
increase in crystallinity was associated with a larger lateral crystal size. The low-temperature
incubation had smaller lateral crystal size than that intermediate-temperature incubation. An
increase in crystallinity or crystal size was associated with a higher resistant starch content for
the same type of debranched starch.
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Remineralizing effect of nanohydroxyapatite-
containing varnish on artificial enamel lesion
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ABSTRACT

Dental varnish is oral remineralizing agent which presents strong potential for dental caries
prevention [1]. Meanwhile, nanohydroxyapatite is a bioactive material that induces a
remineralizing effect on tooth surfaces and is widely used in the dental field nhowadays [2].
However, there are no relevant studies involving nanohydroxyapatite containing into dental
varnish form. Furthermore, mineral investigation needs Synchrotron radiation to evidently
illustrate the mineral transformation on tiny tooth specimens. This advance technology
performs 3D volumetric analysis as well as micromorphological examination on applied tooth
surfaces [3]. Thus, this study aims to compare the remineralization potential through the
percentage gain of calcium and phosphorus as well as calcium/phosphorus ratio which change
after the intervention between fluoride varnish and nanohydroxyapatite-containing varnish.
Thirty 3x2 mm enamel specimens were obtained from human molars. All specimens were
immersed in a demineralizing solution for 14 days to mimic artificial enamel lesions and then
divided into three groups (N=10): free active agent varnish (control), nanohydroxyapatite-
containing varnish (Faculty of Science, CMU, Chiang Mai, Thailand) and fluoride varnish
(DuraphatTM, Woelm Pharma Co., Eshwege, Germany). All specimens were simulated in the
pH cycle for 7 days. A scanning electron microscope with energy dispersive X-ray (SEM/EDX)
and Synchrotron radiation X-ray tomographic microscopy (SRXTM, BL1.2W) technigue were
used for the evaluation of the remineralizing effect and micromorphological analysis.
The results were statistically analyzed by one-way ANOVA and paired t-test (P<0.05). It
showed a statistically significant difference in the percentage gain of both calcium and
phosphorus after applying nanohydroxyapatite-containing varnish and fluoride varnish
(P<0.05). Meanwhile, the mean of the percentage gain of both calcium and phosphorus along
with calcium/phosphorus ratio that increased in nanohydroxyapatite-containing varnish was
not different from fluoride varnish.In conclusion, the increasing percentage gain of both
calcium and phosphorus as well as calcium/phosphorus ratio in nanohydroxyapatite-
containing varnish was not different from fluoride varnish.
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ABSTRACT

Acetylene in ethylene-rich feed can be removed via acetylene/ethylene cross-metathesis
over WOs-supported catalysts at 450 °C, yielding 1,3-butadiene with cyclohexene as a minor
product. The catalyst must be treated with ethylene at 600 °C to generate a genuinely active
site of tungsten (V) alkylidene species (W=CHy,). The H; treatment decreases surface W=0
concentration, and hence the activity. Raman spectroscopy shows that active dioxo-WOs3
((0O=)W(0O-Si)2) was generated in 2%WO3/SiO,, while the WOs; cluster and bulk WO3 exist in
3-5%WO03/Si02 and 7%WOs/SiO,, respectively. The 5%WOs/NaX and 5%WOs/NaY provide
lower activity due to coke formation over the acid sites. With high surface area and confined
surface silanol of 5%WO3/MCM-41 and 5%WO3/SBA-15, in situ TR-EXAFS evidences the
formation of mono-oxo WO3 species with 4-oxygen coordination (O=W(O-Si)3). This species
provides an isolated W=CH; site with relatively higher activity and is less prone to coke
formation than the WOs cluster in 5%WO3/SiO..
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ABSTRACT

Promising Promising strategy to fabricate visible-light-responsive photocatalysts is a
challenging research topic in photocatalysis. In this talk, various heterojunctions including
Zn0O/BinMoQOg, CdS/BiOBr, ZnO/ZnS, , and ZnO/CdS will be presented. Basically, the
hydrothermal/solvothermal method was used for creation of the individual photocatalyst with
the advantages of inexpensive, easy to control, and high yield of the product. After that the
binary and ternary heterojunction photocatalysts were fabricated. The synthesized
photocatalysts were characterized by using numerous techniques such as XRD, FT-IR, SEM,
TEM, XPS, XAS and PL. The results confirmed that prepared heterojunctions showed
enhance photocatalytic performance in comparison to those of the pristine photocatalysts. The
photoactivity toward degradation of azo dyes (reactive red 141, Congo red) and antibiotics
(ofloxacin, norfloxacin, oxytetracycline) under natural sunlight was reported. The generation
heterostructure photocatalysts enhances the photocatalytic performance by suppressing the
recombination of electron-hole pairs at the interface. The photodegradation of the pollutants
followed pseudo-first order kinetics. The photocatalyst showed structural stability after seven
cycles. The crucial species involved in the degradation of the pollutants was also investigated.
Charge transfer at the prepared heterojunction is proposed. These works in our group provide
a facile strategy for the interfacial engineering of sunlight-active heterojunctions with enhanced
photocatalytic performance for environmental remediation.
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ABSTRACT

Perovskite solar cell (PSCs) has been invented in 2008 with power conversion
efficiency (PCE) at 3.8%.[1] By incorporating 2,20 ,7,70 - tetrakis[N,N-di(4-
methoxyphenyl)amino]-9,90 -spirobifluorene (spiro-OMeTAD) as hole transporting material
(HTM), the performance of spiro-based PSCs surpassed 9.7% under one sun in 2012.[2]
Spiro-OMeTAD is commonly doped with 4-tert-Butylpyridine (tBP) and Lithium
bis(trifluoromethylsulfonyl)-imide (Li-TFSI) to gain superior conductivity and solar cell
performance by reducing ionization energy at the cost of lower stability. Furthermore, spiro-
OMeTAD is sensitive to moisture and oxygen, leading to degradation of the whole perovskite
devices.[3] As a consequence, a dopant-free hole transport material is crucial for future stable
and efficient PSCs. Poly(3-hexylthiophene) (P3HT) has been introduced as an interesting
dopant-free HTM due to its TT—11 stacking molecular structure and hydrophobic surface. The
-1 stacking structure between each thiophene rings can be observed by a shift in sulfur’s
binding energy to a higher value in X-ray photoelectron spectroscopy (XPS). Nevertheless,
high surface energy difference between perovskite and P3HT layer leads to poor contact and
reduced charge transportation. This obstacle can be overcome through a simple surface
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modification on perovskite surface via a molecular bridge strategy to achieve a champion PCE
over 30% under 1000 lux indoor light. In this study, organometallic interface modification was
developed to boost solar cell performance and stability under 1-sun and 1000 lux indoor light
irradiation. To gain deeper insights, ultraviolet photoelectron spectroscopy (UPS) has been
utilized to identify work functions of the P3HT thin films with and without the interface
modification, while photoemission electron microscopy (PEEM) reveals work function
distributions on the surfaces.
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ABSTRACT

The phosphate-aluminum-potassium-gadolinium glasses doped with Er,Os; were synthesized
by the melt quenching technique. The density (p) has been measured using the Archimedes
principle, and the molar volume (Vi) has also been estimated. The structural characterization
of erbium-doped phosphate glass using FTIR spectra The optical absorption and fluorescence
spectra were used to analyze the spectroscopic properties. The McCumber theory has been
adopted in predicting the emission cross-section (c.) of 41z —%l15 transition from the
absorption cross-section (o,) *lis,—*l132 transition of Er®* ions. The values of PAKGdEr1.5
stimulated absorption cross-section and emission cross-section are 1.128x102%° ¢cm? and
1.437x102° cm?, respectively. The X-ray absorption near the edge structure of ErLIlI-edge

was investigated, and the absorption peak shown at ~8.362 keV confirmed the presence of
Er3*[1].
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ABSTRACT

The different alkali oxide (lithium/sodium/potassium) boro-phosphate glasses activated
with Er3*ion were synthesised by the melt quenching technique. The surrounding
environment for the Er3*ion in these glasses was investigated by X-ray absorption
spectroscopy (XAS). The Er Llll-edge white line XANES spectra of the glasses demonstrate
the pronounced absorption peak at 8363 eV and show a +3 oxidation state, also confirming
the presence of Er®* in glasses. EXAFS analysis showed that the inter-atomic distance and
Debye-Waller factor between Er-O for first shell value of lithium is larger than both of sodium
and potassium glasses. This leads to in the lithium glass sample containing ability to more
absorb and emit light. Judd-Ofelt (JO) parameters indicates that the potential for using as a
lasing medium, which lithium glass exhibited the highest values of these parameters. In the
present investigation, the results of EXAFS, absorption spectra, emission spectra, and JO
analysis parameters are highly congruent.
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ABSTRACT

Synchrotron radiation science, as a powerful tool, has been strongly engaged in the
research and development of advanced industrial materials. In this SLRI Users Meeting,
three different material subjects investigated with 3rd and 4th synchrotron radiation sources
will be presented.

Using 3rd-generation synchrotron radiation source, static X-ray scattering measurements
were performed on the magnetic nanoparticles being developed for biomedical applications;
the scattering data were quantitatively analyzed and resulting morphology details were
correlated to magnetic property performance. Real-time X-ray scatterings were further
conducted on mechanical stress induced morphology deformation/destruction and void
creation/growth. In addition, 4th-generation synchrotron source (X-ray free electron laser:
XFEL) was utilized to understand melting dynamics of metal nanoparticles.
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ABSTRACT

A novel microwave heating technique is used in the present work to synthesize the glasses.
In this work, the stoichiometry ratio of (43-x) B203+45Zn0O+5La,03+
5A1,03+0.5Sn0,+1.5AgNO3+ xDy,03 was exposed to microwave energy, with 800-watt power,
holding time was 26 min to synthesize by novel melting in the microwave and quenched
suddenly. The study focused on borosilicate glasses such as physical, optical, structure, and
luminescent characteristics. The prepared glasses were subjected to evaluate density, molar
volume, and refractive index. The optical absorption spectra of glasses were measured in the
range of 200 - 2000 nm. The surface plasmon resonance of AQNPs peaks resonates with the
radiative transitions of Dy,O3 ions at 426 nm. The emission spectra in the visible region
showed three peaks in the range of 450 - 700 nm, and the excitation spectra of developed
glass samples in the range of 200 - 500 nm, the most intense peak was observed at 351 nm.
The creation of consistent circular shape nanoparticles and interplanar distance was
confirmed by SAED and HRTEM respectively. XANES measurement reveals the oxidation
status of Dy** ions and Ag+ ions. The coordination chemistry of Dy.Os in the present glass
was analyzed and discussed their Dy-O bond length based on the first shell fitting using
EXAFS.
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ABSTRACT

The aim of this present work is to investigate the physical, optical, structural,
photoluminescence, and X-ray luminescence properties of GdisMoB:Og: 0.5CeFs; doped
10Zn0:35Ba0:55B,0; glass with a weight ratio of 1:9 by the heating with microwave sintering
method at the time for sintering varied from 5 min to 10 min. The structural studies using XRD
and XANES analysis. An X-ray diffraction analysis (XRD) was used to investigate the samples'
structure by a Shimadzu XRD-6100 diffractometer. XANES spectra of Ce-LIlIl edge for
samples shows peaks at ~ 5728 eV confirming the presence of Ce®* and Ce*". Absorption
spectra were recorded by using UV-VIS—NIR spectrophotometer (Shimadzu, 3600). The
photoluminescence of samples shows the overlapping peaks between excitation and emission
peaks in the range of 300 nm — 450 nm by monitoring at room temperature with a
spectrofluorophotometer (Cary-Eclipse). These emissions correspond to the 5d — 4f
transitions of Ce3+ ion. The x-ray-induced optical luminescence spectra showed a strong
emission peak at 411 nm. The sample with the highest intensity is as efficient as 35.47%
compared with bismuth germanium oxide (BGO) crystal. The results obtained in the present
work demonstrate that the present samples could be a potential candidate for use in scintillator
applications.
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ABSTRACT

Copper phyllosilicate (CuPS) is a promising catalyst precursor since they could provide
highly dispersed copper (Cu®) with partially reduced copper (Cu*) species after reduction due
to a strong interaction with silica support [1,2]. In addition, the Brgnsted acid sites (BAS) form
surface silanol could be formed at the interface of the Cu®. This could lead to a lower fatty
alcohol selectivity from hydrogenation of FAMESs [3]. Therefore, doping with alkali metal would
be a promising method to reduce the BAS on CuPS [4]. In this study, the K* were impregnated
over calcined (K-CuPS) and reduced (K-rCuPS) CuPS for comparison. The transformation of
Cu species during reduction were investigated by in situ TR-XANES experiments at BL2.2:
TRXAS. The samples were firstly in situ calcined in 20%02/N. from RT to 400 °C for 2 h. After
cooldown, the sample were reduced under 10%H./N2from RT to 250 °C and hold for 2 h. The
Cu K-edge spectra were collected during reduction every 10 °C. In order to evaluate the Cu
species during the experiments, the linear combination fitting (LCF) were performed using
Athena Software. The Cu foil (8979.1 eV), Cu.0 (8980.5 eV) CuO (Cu?* (Sq), 8990.2 eV) and
CuSO4 (Cu?* (On), 8992.3 eV) were used standards for the fitting. The result shown that the
all samples contained the mixing Cu?* (On) and Cu?* (Sq) species before reduction. However,
the K-rCuPS provide highest Cu?* (Sq) (~70%). This could indicate the re-oxidized of Cu
metallic during the impregnation of K*. In addition, the added K* could act as fluxing agent
facilitate the reduction of Cu?* to Cu®. Furthermore, after reduction at 250 °C for 2 h the K*
doped CuPS catalyst could maintain the Cu* species in the order of CuPS (10.1%) > K-CuPS
(11.5%) > K-rCuPS (14.1%), respectively.
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ABSTRACT

Environmental pollution caused by radionuclides like Cs-137 and Cs-134 has increased
global attention towards public health. Electrochemical adsorption has emerged as a feasible,
rapid, and scalable method to treat contaminated water sources. However, graphene and its
derivatives have limitations in ion adsorption via physisorption, forming a double layer that
restricts the electrode's adsorption capacity. To address this, we propose the use of
molybdenum disulfide (M0S.) with its extensive intercalation galleries of MoS; nanosheets for
cesium removal via electrochemical route. Liquid phase exfoliation with water and N-methyl-
2-pyrrolidone (NMP) was then used to produce MoS; nanosheets in a scalable quantity (high-
yield production). The formation of a mixed solvent possessing relatively equivalent surface
energy for exfoliation enabled us to achieve remarkable exfoliation yield up to ca. 1.26 mg mL-
1 which is one of the highest yields reported to date (without surfactant being added), and to
the best of our knowledge. The 35% v/v of water in NMP displayed a maximum yield, while
maintaining the structure of the as exfoliated one. X-ray Absorption Spectroscopy (XAS)
analysis verified that when the water content exceeded 66.7% vl/v, the formation of MoO3
occurred. Moreover, the insight into the cesium ions removal mechanistic through the
electrochemical route was demonstrated. By analyzing the MoS. material using X-ray
Photoelectron Spectroscopy (XPS) after 100 cycles in the presence of CsCl, it was observed
that the elimination of Cs+ ions occurs primarily through electrochemical intercalation rather
than adsorption. This work aids the understanding of cesium intercalation coupled with a
mass-scale production method, which should lead to more efficient and cost-effective removal
of radionuclides from contaminated water sources, opening new research avenues in
materials and environmental science.
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ABSTRACT

The tribovoltaic nanogenerator (TVNG) was recently developed to solve the operating issue
of the triboelectric nanogenerator (TENG). The TVNG exhibits the prominent properties of
direct current (DC) output generation and a high rate of charge transfer when compared with
a traditional TENG [1]. The tribovoltaic effect is achieved by rubbing a metal/semiconductor
on another semiconductor. The frictional energy released by the forming atomic bonds excites
nonequilibrium carriers, which are directionally separated to form a current under the built-in
electric field. Because of the recent development, urgent investigations of physical
mechanisms and structural design are required. Additionally, seeking and expanding
characterizations of novel tribovoltaic materials are essential for TVNG development. In this
work, we presented the characterizations of new tribovoltaic materials, i.e., p-Cu.O and n-g-
CsN4, using synchrotron radiation techniques including X-ray Photoelectron spectroscopy
(XPS) and X-ray Tomographic Microscopy (XTM). Progress was efficiently used to gain insight
into the materials in terms of phase structure and morphology. Moreover, the output
performances of the proposed TVNGs based on the p-Cu,O/n-g-CsNa heterojunction in
various device structures were introduced.
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ABSTRACT

Long exposure of UV-C (280 nm) can cause skin cancers due to its high photon energy
(4.4 eV). Because of the human-induced climate change, “low-ozone events” and high UV
index rating are frequently observed in Thailand, leading to the propensities of the cancers in
the future. However, UV-C sensors are significantly more expensive compared with infrared
or visible sensors, indicating the need for the low cost of UV-C sensors. Considering that the
photon energy of UV-C is closed to the bandgap energy of Beta-Gallium Oxide (B-Ga20Os3, ~
4.5 10 4.9 eV), it might be possible to use the B-Ga>O3 as an active material for UV-C sensors.
Based on our recent study published in Applied Physics Letters 2021 [1], it was demonstrated
that the dynamic changes of electrical conductance in the SrTiOs3 single crystals significantly
correlated to the relative change of ultraviolet-induced oxygen vacancies measured by
ultraviolet photoelectron spectroscopy (UPS) at beamline 3.2a synchrotron light research
institute (Thailand). Therefore, it is believed that similar phenomenon could also be observed
in the B-Ga>Os single crystal irradiated by the UV-C. In this study, the dynamic changes of
electrical conductance stimulated by the UV-C irradiation in the p-Ga20s single crystal are
measured and compared with the relative change of ultraviolet-induced oxygen vacancies.
The UV-C sensors show high responsibility and detectivity of 1 A/W and 1 x 1012 Jones,
respectively, indicating an interplay of the UV-C induced oxygen vacancies and its electrical
conductance. The high responsibility and detectivity obtained from the 3-Ga2Os single crystal
pave a new route for the low cost fabrication of UV-C sensors.
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ABSTRACT

Nowadays, the triboelectric nanogenerator (TENG) [1] that can convert mechanical energy
into electrical energy based on triboelectricfication and electrostatic induction generated has
attracted considerable interest as a powerful power source for the electronic textiles (E-
textiles) has received great interest in development. This research focused in the development
of textile-TENG (T-TENG) using woven fabric as the main contact material and design the
multi-layer structure to improve its efficiency. The type of intermediate layer which consists of
ball fibers, synthetic fibers, microgel fibers, and kapok fibers related to electrical output signal
is studied. The internal functional group of fiber was confirmed by infrared spectroscopy (IR)
techniques. According to the important role of microstructure inside fabric, the Synchrotron
Radiation X-ray Tomographic Microscopy (SR-XTM) technique was selected to examine
differences in the internal structure of each fiber type. It was found that even through having
similar chemical structure, the ball fibers 3D morphology characteristics are significant
difference. It results in showing high performance. The T-TENG device with ball fibers provide
the highest electrical output of ~3.34 V for output voltage (Voc) and ~49.82 pA for output
current (Isc). This work can therefore confirm the possibility way of developing multilayer
structure fabric based TENG in industrial E-textiles for future.
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