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| Introduction:

From our previous work, Mg,Fe _,,Ni,Hs hydrides were synthesized by compositing Mg,FeH,
with Mg,NiH, (2:1, 1:1, and 1:2 mole ratios). Ni substitution degree increased from x=0.26 to 0.47
with Mg,NiH, contents during sample preparation and was constant at x = 0.5 upon cycling,
resulting In reversible capacities in the range of 2.70-3.15 wt. % H, (T=280 °C). Compared with
Mg,FeHg, all Mg,Fe,_,,Ni,H; showed fast kinetics with the reduced onset desorption temperature
(AT= up to 45 °C). Since Mg,FeH.,-Mg,NiH, composite with 1:1 mole ratio prepared in laboratory
scale showed the highest reversible hydrogen contents upon 6 cycles (2.90-3.15 wt. % H,), this
sample is selected for upscaling to the small tank?.
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® Objectives:

1. To upscale the Mg-Fe-Ni hydride from Lab scale (~3 g sample ) to a small hydrogen storage
tank (~60 g sample mass) with a packing volume of ~96 mL.

2. To study the effects of operating and hydrogen release rates on kinetics and
de/rehydrogenation mechanisms of Mg-Fe-Ni-H based tank.
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® Sample preparation and characterization ® Effect of operating temperature and H, release rate

[1] Dehydrogenation profiles during kinetic measurement
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" Effect of operating temperature and H, release rate ® Conclusions

[2] Dehydrogenation kinetics under different temperatures [3] Reversible hydrogen capacities
and H,, flow rates . v’ Atlow operatinﬁ R
T - —_— . . ’ Avg. cap. = 2.37 wt.% temperatures, the H,-
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o Avg. cap. = 2.26 wt.% H, rate significantly.

v The experiment with high
operating temperature,
resulting in the enhanced
decomposition rate

o eaSiM - T, =310°C requires fast H,-FR to reach
G-t & o CASE | i bbbl the best dehydrogenation
——————— i Faid - A FR=0.6 SLM kinetics.
100 150 200 | 100 150 200

Time (min) Time (min)

>~ 225240 wt. % H,

8
o
|

-
(4
|
g
o
|

- o at 50 min=0.60 (0.2 SLM)
- = 0.90 (0.4-0.6 SLM)

5
Desorbed H, (wt. %)

Desorbed H, (wt. % H,)
Desorbed H, (wt. % H,)
)
A Y

=
an
|

ot
on
!

=
o
|

=
o

4 6 8 10
Number of cycles

o

®“ Acknowledgement

This research has received the funding support from (i) Suranaree University of technology (SUT) and (ii) the NSRF) via the Program Management Unit for
Human Resources & Instifutional Development, Research and Innovation (PMU-B) [grant numbers: B13F660067].

O

A

e




SCRAINPOWER

CONGRLCSS 2023

SOURUASIAIUIARDUNIUITUIUIUIKUN
490aIKNSSUIIKVOUIAQ

RATIONALE / PROBLEM STATEMENT /
INTRODUCTION

The northern air pollution problem Dust or micro particles smaller than 2.5
(PM2.5) and 10 (PM10) in the air cause health effects. Increase the number
of illnesses and deaths. Both in the general public and at-risk groups,
including young children and the elderly People with chronic respiratory
illnesses, heart disease, etc., therefore need to use accurate measuring and
sampling tools to collect data continuously. To indicate the amount and
source of this dust, which is important information to carry out control,
prevention, alertness, and improvement. Environmental quality These dust
measuring instruments that are used and sold in Thailand are currently
being produced and imported entirely from foreign countries. Since there is
no production of commercial dust measuring tools in Thailand, causing a lot

of expenses Therefore, the development of a prototype of a low-cost online
aerosol measurement station by using appropriate technology and materials

100% manufactured in assembly, installation, and construction from the
country. The machine iIs designed to be convenient to move and durable.
Suitable for field work

METHODS

1.Design and build a network of air
quality measurement stations and fire

haze alarms. That can be measured as
follows: PM10, PM2.5
2. Install and test the field, measure,

and collect prototype samples with
machines that use the FRM (federal
reference method) state correlation
method in accordance with the United
States

Agency

Environmental Protection

(U.S.
collecting samples in the air for 24

EPA) by continuously

hours. Bring the values that compare
the measurement results. Analyze data
by finding the relationship between the
measurement results from the analyzer
and the reference method meter using
the Pearson correlation method.

A PROTOTYPE DEVELOPMENT OF AN ONLINE
AIRBORNE PARTICULATE MONITORING STATION
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RESULTS & DISCUSSION

Compared with automatic and semi-automatic tools that can report
results immediately, the tape system meter, expert emission, and
microbalance (Tapered Element Oscillating Microbalance) found
that the prototype of the aerosol measurement station online is
low-cost. Can detect and collect dust samples in the air, both
PM10 and PM2.5 dust, quickly, with a processing time of up to 0.1}

seconds.

CONCLUSION

Developing a prototype of a low-cost online aerial aerosol
measurement station That uses the principle of measuring static |
electricity of particles through high-performance dust filters, able
to quickly detect and collect dust samples in the air, both PM10
and PM2.5 dust, takes up to 0.1 seconds to process technology.
And the right material to actually work is about three times
cheaper but can work comparable to the tools currently used.
With data for measuring PM2.5 and PM10, it can also be utilized
in the calculation or forecasting model, forecasting the quantity
and behavioral motion of near dust. Real-time in the future.
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Biopolymers ﬁ ;. Interfacial photo-crosslinking
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Fig. 3 FT-IR spectra of (a) cinnamyl alcohol and (b) CMA Fig. 2 'H-NMR spectra of (a) cinnamyl alcohol and (b) CMA

3.3 Preparation of bio-based polymer microcapsule
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3.2 Preparation of bio-based polymer » Polymer: Perfume ratio
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Cinnamyl methacrylate . Fig. 7 TGA thermograms of perfume {a), PCMA (b) and PCMA/Perfume
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Fig. 6 Optical micrographs {(a and b), suspension photo {¢) and DLS
histogram of polymer solution droplet (a) and microcapsule (b, ¢ and d)
after photo-induced crosslinking with 6h

Successfully modify CMA monomer, synthesize
PCMA polymer and produce PCMA/Perfume Refe rences
microcapsule with photoirradiation
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Introduction

Prevent reaction from oxidation
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2.2 Preparation of bio-based polymer microcapstiles
by microsuspension polymerization

100 200 300 400
Temperature (°C)

Oplimization Fig. 5 Photos (a-e) optical micrographs {a'-e') and TGA thermograms of P(EuMA-co-EGDMA )/saltidin microcapsules

3) Type of co-monomer

EuMA: EGDMA %Conversion Loading {wi%) Encapsulation
{(wi%) (wit%) (£3D) (wi1%)

»» Ratio of EuMA: EGDMA _
Experiment

(+SD)
@ High loading )
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Results and Discussion
%Yield = 51.36

3.1 Preparation of bio-monomer
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Fig. 1 Schematic diagram for the preparation of eugenol methacrylate by esterification
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Fig. 6 Photos (a-c) oplical micrographs (a'-c') SEM {a”’-¢”) and TGA thermograms of P(EuMA-co-EGDMA)/sallidin microcapsules
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50: 50 100.66 (+4.55) 46.18 (+0.89) 52.22 68.44

Calculation
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Conclusions
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3.2 Preparation of bio-based polymer microcapsules
by microsuspension polymerization

Eugenol Eugenol methacrylate Biopolymer capsules
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INTR TI Q f 5 e
ODUCTIO Table 1 Elemental composition and BET surface property of AC/Ag-TIO, photocatalyst The elermnental cornposition and BET surface characteristics for the uncoated AL

AL coated with and the ACH&E—TiDE photocatalyst are also included in Takle 1. Fig. 2 shows the

Thailand possesses a substantial guantity of agricultural waste materials, sparking the notion that these resources could be leveraged to add walue and address Photocatalyst Properties 0.1%6A8-TIO, 0.59%A-TIO, EDS image of the AC/0.59%Ag-TiD, photocatalyst, revealing prominent peaks

environmental pollution issues. An avenue for extending the technological applications in this realm involves the creation of composite materials with enhanced Bandgap Energy (ev] 1.74 170 corresponding to Ti and Ag with 0.74 wi% and 0.50 wi% of Ti and Ag,
Compasitian Tl - 293 3i0a
)] hg - 0.9 052

C 9581 952§ the composition of the AL coated with different amounts of Ag-TiD,, and it also

characteriztiTThis can be achieved by utilizing agricultural waste rmaterials to rmanufacture activated carbon (AC due to its exceptional adsorption capabilities and respectively, indicating a successful coating on the AC surface. Table 1 presents

hich porosity. Additionally, applying the photocatalyst coating to the surdace in the photocatalytic process can further elevate the potential of these composite

materials, resulting in improved absorption and reactivity properties. This, in turn, can facilitate the decornposition of various pollutants and contarinants that afflict 5i G.77 HE
al : .01 .31

BET Analysis surface area (mle 1) 138 89 455.414

identifies the presence of other elements on the AC surface, such as carbon {C),

the environment. The uncontrolled discharge of contarninated effluents from industrial, aericulture and cormrmunity activities poses a erave and imminent threat 1o the silicon {Si), and cxygen (O). The EDS analysis was conducted to determine the

ecological integrity of natural water sources. Among the diverse array of photocatalysts, titanium dicxide (TiO,) has emerged as a standout candidate, primarily owing Rorevolume tartg) 518 5D : chernical composition of the catalyst, thereby confirming the successful

to its rermnarkable ability 1o harness solar energy and initiate the generation of electron-hole pairs, which, in turn, facilitate the deegradation of organic contarminants.. Pore sze (nn) 152 151

integration of Ag and Ti0, elements and validating the presence of the targeted

The research paper provides a comprehensive investisation into improving the efficiency of the photocatalytic process for the treatrnent of dyes, pesticides, and

rhicroorganisms in wastewater. The main ernphasis of the study is the development of a novel Ag-TiO, photocatalyst using the sol-gel method, followed by its sl Thispesheie i e s eiatisatpostiont s st S gl n et o akstd sk pripeis:

The BET lysis findi indicate that th ti f Ag-TiD, onto th rf f AC led 1 ticeable reduction in th rf | d ' AL
application as a coating on AL, creating a composite material termed AC/Ag-TIO,. This nowel catalyst is expected to exhibit exceptional efficacy in the remowval of = SRE RSO R e SRR R g SRR e i s e

, o , , o , , o this aliens with results reported in prior studies . The decrease in size can be ascribed to a variety of factors, such as the obstruction of surface area, the agslomeration of
challenging compound dyes, pesticides, and microoreanisms from wastewater, thus mitisatine their adverse impact on natural water sources. To further optimize the

Ag-TIO, particl lidation during th ti d d the chemical interactions bet Ag-TIO, and AC. The catalyst surf ' hen th 1
photocatalytic systern, the research delves into the incorporation of rmicro-nanobubbles MNBs), which are minute gas bubbles boasting an extensive interfacial area =iy RAbRR SRS SRR RIS SRRIR SIS Rt Bl FoRLE e ARt e e s bl g el R e s S

f Ag in the photocatalyst that lied to AC is | d. On the other hand, th ticeable diff in th | ize of the Ag-TID ted AC
and extended lifetime. These MNEs serve as efficient carriers of reactive species 1o the catalyst surface, leading to the acceleration of the photocatalytic reaction rate, s S R R R e n R sl e e RS AR e e M e e e R e

resulting in faster dyes and pesticides deeradation and heichtened photocatalytic efficiency. Additionally, the presence of MMNEs allows for effective separation of the

photocatalyst from the treated water phase, minimizing the risk of potential micro-pollution residues and the loss of photocatalyst during the wastewater treatrment U-vs DRS analysis

process. The study aspires to establish a sustainable and eco-friendly approach to wastewater treatment by synereistically incorporating innowative catalyst preparation The Uy=vis DRS spectra obtained for AL/Ae-TIO, nanoparticles unveiled absorbing optical characteristics. The spectrum showed a broad absorption band in the
technigues and harmessing micro-nanocbubbles to enhance the photocatalytic process. The anticipated outcormes hold the potential to make significant contributions visible region, which is indicative of the nanoparticles akility to absorb wisible light. This absorption behavior holds immense sienificance for photocatalytic applications, as
toward a cleaner and more environmertally responsible future. Photocatalysis = poised 1o play a pivotal role in effectively addressing the challenges posed by it suegests enhanced lisht-harvesting capabilities.

cornpound dyes, pesticides, and other recalcitrant pollutants in wastewater, ultimately promoting environmental preservation and sustainability. Throush this The obtained band gap energy of the AC/O.196Ae-TIO,, AL/D.S%ATIO, and AL/ %ASTIO, catalyst were 1.7d, 1.6% and 1.67 eV, respectively. The understanding of
groundbreaking research, the scientific cornmunity can pave the way for fransformative adwvances in wastewater treatment technology, making substantial proeress the optical properties, particularly the bandeap energy, of AL/D.1%Ae-TIO, holds egreat promise application for photocatalysis. In environmental rernediation, these

toward a cleaner, healthier, and rmore environmentally conscious world. nanoparticles can be employed for the degradation of organic pollutants and the remowval of contaminants from wastewater. The ability to harmess ultraviclet and wisible

light ensures their versatility in different environmental conditions.

Fm—

01 02 03 The size distribution of MMNBs in the sarmples was evaluated using the Mano Tracking Analysis (NTA) method on a sophisticated nancparticle size and concentration
Dve Pesticide

: : . analyzer, namely the Malvern Panalytical NanoSieht. The Stokes-Einstein equation, which cormputes particle size in terms of hydrodynamics, was then used 1o determine the
degradation efficiency degradation efficiency Antibacterial activity

size of these entities in the liquid phase. The physical analysis results of MNEs showed that the average bubble size was 125.5%0 £ 270 nm, and the most common size was
836.90 £ 2.00 nrm. This irmplies that the aeration of MMNEs with this apparatus produces air bubbles that are similar in size to MNEs. Due to the production of tiny, nanoscale air
bubbles, the dissolved oxysen (DO} levels increased proportionately as the MNBs aerated. As a consequence, the desired DO range of 10.78-10.88 meL ™ was reached in
about 15 minutes. The reason why smaller MNEs are preferred is because of their loneger lifetime in water and intrinsic stability, which raises DO levels. As a result, the
addition of MNEBs increased the oxidation-reduction potential (ORP), increasineg noticeably from 24% mV in the cases when MNBs were not present to 275 mv in the cases

: e where MMNEs were present.
Dye degradation efficiency,

where 2.0 g of the e’ Dye degradation efficiency
AE:-""IAE'Tli—)g p— Table 2 presents a comparison of 1C and RBE dye deeradation efficiency at the Table 2 Dye degradation Efﬁt’:ieru:_-,,-.f under wvarious conditions E“‘—'” 130 min LI*-.,.-.,'ﬂ* '
| 1830-minutes rmark for expericnental conditions 1 and 2, both with an initial dye rradiation time under initial dye concentrations of 10 L.

concentration of 10 pM. The photocatalytic degradation of IC dye under

Dye deeradation
experimental condition 1 showed the following efficiencies: 87.03%, 93.66%, and SRR Description aricieney 10
91.16% when using AC/Ag-TIO +UuA+MNEBs as the catalyst. For RBS dye, the SEDRLLY
corresponding efficiencies were 75.72%, 83.66%, and 86.6%% with AL/.5%Ag-TIO,, AC/D 1 %A0-TIO,+UA+ MNBs

AC/.0%Ae-TIO,, and  AC/LO%AS-TIO, photocatalysts, respectively. While, in A0 50AS-TIO,H VAL MNBS
AL D%AR-TIO, +H A+ MBS

AC/Ag-TiO,
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experimental condition 2, without MNBs, the photocatalytic deeradation efficiencies

for IC dye were 65549, 70.15%, and 68.20% with AC/0.5%As-TiD,, AC/1.0%Ag-TIO,, S b e
AC/D 50Ag-TIO +LIVA

Ao LD%A-TID +LIVA

physicochemical
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and ALS.0%Ag-TIO, as catalysts, respectively. For RBS dye in the same conditions,
the photodesgradation efficiencies were 62.11%, 66.50%, and 632.68% with AC/0.5%Ac-
TiC,, AC/L.0%ATIO,, and AL/L.0%ATIO, catalysts, respectively.

- 4!
7 B BN B

BET Eased on the comprehensive experiment results, it is evident that the photocatalyst prepared for the UvA-driven photocatalytic process demonstrated the capacity to

Pesticid Surface degrade both IC and RBS dyes, achieving degradation rates of approximately 65.54% to 70.15% for IC and 62.11% to 66.90% for RBS. Notably, the photocatalyst AC/0.5%As-
eSlicide

) { ficiency
TUVA light debradatmn EﬁlLlEﬂL} : exhibit strone coordination with Ag, influencine the optimal band sap size for the photocatalytic process. The resultineg photocatalyst boasts an increased number of active
: &

TiDZ exhibited the hishest degradation efficiency. This enhanced performance can be attributed 1o its physical properies, specifically the functional eroups on AC that

average illtEIlSit}' of 12.50 W.m=2 : B Aiibaotarial ﬂﬂ-ti‘iu-*it}* sites, a lareer surface area, and heightened absorption capabilities. Moreower, the addition of MNEs to the photocatalytic reaction led to a noticeable improvernent in

efficiency. Both dyes underwent evident oxidation. Further studies were carried out to investisate the kinetics and advancernent of the reaction

(Fig. dl. Specifically, the reaction rates observed during the photocatalyst cracking of 1C and

_ 1 Dve Degradation With MNBs S 10 Dye Degradation Without M Hs

using the same ; e ) [ 1 o acwrwagnio,
: = using well diffusion test ACILEA AT, S = acwsagTio,
equipment and light source as

= ACHE% Ap-Ti0), s ACLO% ASTIO,
; . A ACHO% Ag-TIO, -0 .
the photocatalytic process for :
dye degradation experiment

REBS with and without MMNEs were cormpared. The findings showed that there were
differences in the reaction rates for both cormmpounds when MNEs were present wersus
agaiﬂst G].'ﬂl‘ﬂ-ll&gﬂﬁ%’& and absent. It was clear from analyzing the first-order reaction constants that MMEBs were
Gran]_pggi’[ive bacteria 2 k : _ essential in promoting the photocatalytic reactions for AC/0.1%Ag-TiO,, AL/0.5%Ae-TiO,, and

AL/.0%Ae-TIO,. In particular, the rates of reaction were roughly 1.58, 2.79, and 1.75 times

The PthDL‘-EitEil}’tiE | _ * higher for IC and1.70, 1.9, and 1.10 times higher for RES, respectively. MNEs, in summary,
Process | Y A —

; : 0 30 40
Time (min) Time (maln) the degradation of IC and RES. With AC/0.1%Ag-TID,, AC/0.E%Ae-TIO,, and AC/1.0%As-TIO,,

showed a noteworthy capacity to increase the effectiveness of photocatalytic processes in

Apar diffusion techniques
e . : : the ereatest photocatalytic rate constants for IC desradation in the absence of MNEs were
V EDHEEIltIﬂtlDII Df 2 }LIVI WETE uSEd tD Study . RES Dye Degradution With MNBs ¥ RBS Dve Degradation Without MNBs E;: 2 ’ >'< irt >< 2 L :
STEPI‘I}'IDEDEL‘-HS aurens and . - T . -  ACHIR AGTIO: 076 A 10% 0591 A10% and 0.7% A 10° min™, respectively. In a similar ven; thj
Al : 2 ; ] e ACE: . ) ® ACHLSY Ap-TiO), : ; i :
Eschetichia eoli using ACAE ' :?:;tti?:—: x _a.r:n.n%.a:.-n-ip! corresponding rate constants for RES desradation in the absence of MNEs were 0.61 A 107,
0L 05 el e s e . . ) 0.50 X 102, and 0.86 X 102 min. When MNBs were added, the rmaxirnurm photocatalytic
o i . A [ e

rate constants for [C degradation increased to 1.20 X T, 750 X 107, and 1.28 X 107 rrin
for RES degradation, the rates increased to 1.04 X 10 1.7%9 X 102 and 0.95 X102 mint
with  AC/L1%Ae-TID,, AL/D.5%Ae-TIO,, and AL/1.0%Ag-TIO,, among others. The results

concentrations

: @) eyt bl
' ﬁﬂiﬁphﬂiﬁeﬂfﬁkysf ' z Tk " a0 30 40 30 @ A T I S o e Showed that by creating a heterojunction structural system between AL and Ag-TiD, adding

Time (min) Time (min})

O o D D D D D gy

the generation of
micre-nano bubbles

LI P L L LY P PR REEEEE RN NN NNRNRSNE.SSZS 3 3|

Ae-TID, to AL facilitated photocatalytic deeradation. Therefore, compared to certain

previously described photocatalysts, it can be concluded that the production of AC/Ag-TIO,

leads in increased photocatalytic activity.

T R
L T Y T TTT )

Antibacterial activity

The agar well diffusion approach was used to investizate AC doped Ag 0.1, 0.5, and NS PP

196 antibacterial properties. The study utilized Grarm {+ve) (5. aureus) and Gram {-ve) S

L el
T Lt Conbiol

B Sl
Gzl

; v conirol

{E. coli}l bacteria. Fig. 5 shows inhibited zones for E. coli and 5. aureus against i

@ SULTS AND DJEEUSSID& standard drugs and developed AC/Ag MPs at 50 and 100pg/mL the two doses.
synthesized MFs had a stronger antibacterial impact than traditional antibiotics

4k |

Fone of inhibifion (mm)

Lone of inhibition {mm)

Fig.12). The zone of inhibition of AC/As NPs in E. coli was 10-16 rmm, while

Structural analysis

conventional drues were 16-20 mm. Zone inhibition enhanced with higher

The crystalline  structure  and  face purity of the synthesized
AC/0.1%Ag/TIO, AC/05%AS/TIO, and AC/1%Ag/TID, nanocomposites, were
verified using the powder X-ray diffraction (XRD) method. As shown in Fig. 23,

concentrations of silver nanoparticle-doped activated carbon. AC/As MPs {1.0%) at i i
AC/%Ag-TiO,

100 pg/mL showed greater antibacterial properties against E. coli {15 mm) and 5. o
| yage il

' by colral

1% Ag/AC/TIO, : . i
AC/.5%Ag-TiO, _ aureus (12 rnm) than 0.1%. As NPs bind to bacteria for three reasons. [nitially

the data indicates that all the samples display peaks at 28 values of 24.8° and

Intensity (a.u.)

0.5% AgACITIO, microbes positively charged membrane proteins and neeatively charged Ags MNPs

43.6°, which correspond to reflections in the 002) plane and {100 plane,

Transmittance %

ACHL1%Ag-TiO), stabilized carboxylate) may interact wia electrostatic attraction. Second, physical

Fone of inhibition {mm)

respectively. These findings confirm the presence of the quartz phase, BIIE AE ALELI alterations in the bacterial cell wall rmay lead to cellular material release and cell

characterized by a two-dimensional disordered stacking of micrographites. death. Third, Ag MFs permeate bacterial membranes. As NFs may impede bacterial

Furthermore, when the Ag concentration increased, the XED peaks of the , . 1 . ‘ 70 4000 3500 3000 2500 2000 1500 1000 500
W 1
AL/AR/TIO, sarmples were slightly displaced to the lower angle side. The shift REDERRGEREDE) AvenRuser o)

rmakes sense because the doped Ag ions may likely be incorporated into the _

AC/TIOZ lattice is not directly related to the doping concentration. However, the TiD, peaks did not appear due to the very low concentration of TiO, compared with
AL. The presence of the AL/Ag/TIO, Photocatalyst was confirmed through EDX analysis. Photocatalytic mechanisms

The FTIR technique was employed to detect and identify the vibrational modes associated with the functional groups in the prepared material and the results The effective treatment of pollutants can be ereatly enhanced by the use of a hybrid photocatalyst, in which Ag-TiD, is coated ower AL. Adsorption of contaminants

CrA replication and respiration, damaging the cells (Sagar et al., 2023).

are presented in Fig. 2. The peak observed at 3,423 crm™' may be attributed to the stretching of ~OH eroups found in polyrmeric cormpounds or the presence of M-H can be carried out with great efficiency according to the intrinsic characteristics of AC precursors, which include critical surface area and porosity. By producing ROS and
groups. The peaks at 2,528 and 2,355 crn~t are indicative of C-H stretching vibrations, while the peak at 1,428 et signifies the presence of C=C groups in carbon. The facilitating efficient charee separation, ,-ﬂlg—TiD2 irmproves the photocatalyst's photocatalytic activity, which is supported by Ag nanoparticles. When these characteristics are
band at 1,626 crn™ corresponds to the carbonyl stretching vibration of amide, likely resulting from the combined effects of double-bond stretching vibration and -MH cornbined, the adsorption and deeradation processes of various pollutants are synchronized, producing a synergistic effect. Photoexcited carriers are guickly transferred to
deformation in lead-loaded activated carbon. Additionally, the minor peaks at 1,115 and 1,032 crn b suggest the presence of 5=0 groups. |t is noteworthy that both the particle surface throush physical property mmanipulation such as band saps, charee carrer separation, and plasmonic phenomena. A significant improvernent in the total
C=0 and 5=0 functional groups are known to exhibit strong coordination with trace metals. Furthermore, as the concentration of Ag increased in AC/Ag/TIO,, the band photocatalytic activity is achieved by this effective transfer mechanism, which sienificantly lowers carrier recombination rates.

shifted to lower wavenumbers, providing evidence for the presence of Ag within the AC/TIO, nanoparticles.

Surface morphological and elemental analysis L | CONCLUSION >

The surface properties and elermental cornposition of both the uncoated

AC and the AC/AcTIO, photocatalyst are shown in Fieures 3(a) and {b). The SEM The photocatalyst AC/0.5%Ag-TIO, clearly shows advantageous gualities for the rermmoval of warious pollutants when the experimental results are surnmmarized. The
5 :
mages clearly depict the nanostructured surface of the activated carbon coated coating of Ag-TiD, onto AL enhances the photocatalytic process by increasing the surface area, promoting efficient charge separation, generating ROS, creating a synergistic

effect between adsorption and deeradation, and introducing antibacterial propedies. Within the photocatalytic process, the introduction of MNEBs is found to operate as a
O

cf RDS, such as 10, H,0,, «0H, and «0.,. More DO during the photocatalytic degradation process is thoueht to be the cause of the enhanced presence of these free radicals,

with the AeTiD, photocatalyst, where well-distributed nanoparticles are apparent

catalyst for oxidation reactions, promoting the production of ROS including «0,-, H and. Interestinely, increased DO concentrations enhance the production and guantity

ey

(Fig. 2ibjl. These results provide strong evidence of the successful application of

Ag-TIO, nanoparticles onto the activated carbon surface. To provide additional
Moreowver, the used AC/0.5%Ag-TIO, photocatalyst shows strong antibacterial activity against E. coli and 5. aursus bacteria even in the absence of additional MNBs. This

details regarding the nanostructure of the AL/0.S%AsTIO, photocatalyst were
dernonstrates the photocatalyst's intrinsic capacity to provide substantial value, senerated from asricultural waste materials, expanding its applicability in a wide ranege of

ducted th h high-resolution 1 issi lect ' HR-TEM
- Foughthghnasciution mnsmissionselections ImHicmasTo ] errvironmental pollutant treatment scenarios. Crverall, the study results dermmonstrate the diverse range of applications and efficiency of agricultural waste-derived catalysts in

analysis, and the findings are presented in Fig. 3. These resulis indicate that the tackling emvironmental issues.

nanoparticles exhibit an almost spherical shape, with particle sizes distributed

within the range of 6 to 10 nanometers. In Fie. 3a and 3b clearly show the

presence of dark goots on the suface of the AC in the presence of Ag-TiO, . _. ACKNOWLEDGMENTS

particles. In Fig. 3d shows the electron diffraction patterns revealing the brightness
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CONGRLCSS 2023 Micro-Nano Bubbles in Action: AC/TiO, Hybrid Photocatalysts for Efficient Organic Pollutant Degradation and Antibacterial Activity
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The discharge of improperly treated dye wastewater into watercourses causes ecological imbalance by affecting sunlisht

-
r

penetration, reducing dissolved oxygen, causing eutrophication, and harming aguatic life. As a result, several treatrnent technigues have been proposed to treat dye
wastewater. However, the existing treatment technigues are sormewhat inefficient and/or costly. The photocatalytic degradation of dyes utilisine sermiconductor

rmaterials is %Df’- the efficient processes for rapid and low-cost treatrment.

In dye wastewater treatrnent, hybrid photocatalysts, such as activated carbon coated with TiO,, have been increasingly adopted to enhance the
photocatalytic process. The ausmentation of the photocatalytic process with micro-nano bubbles (MNE] aeration potentially enhances the photocatalytic deegradation

of dyes in wastewater. The fine bubbles provide a large interfacial area for efficient contact between dye molecules and the photocatalyst.

specifically, this research comparatively investisates the photocatalytic degradation efficiency of synthetic dyes in wastewater usine a hybrid

photocatalyst (HF) with and without MNE aeration under UNVA irradiation ti.e., HP+HUVAHMNE and HP+UWAJL The hybrid photocatalyst was AC coated with TiO,.

::atatytir:

Photocatalyst ) { deegradation

Freparation // _ efficiency

Antibacterial
activity

surface morphology
*RD analysis and

elernental analysis
Lh-vis DRS

analysis
FTIR analysis

XRD analysis

The crystal structure and phase cormposition of the as-prepared AC and HF
photocatalyst. the results were shown in Fig. 1. Two broad peaks can be seen in the XRD
pattern of the AC photocatalyst at 24.87 and 43.6°, which correspond to reflections in the
0D0z) plane and {100) plane, respectively. These confirm the presence of the quartz

phase at two-dirmensional thoushts of disordered stacking of micrographites. Furtherrnore,

Intensity (a.u)

The XED peaks of the HF photocatalyst were slichtly shifted to a lower anegle side and

reduced the intensity by adding TiD, nanoparticles. The shift is reasonable because the
TiO, was incorporated into the AC lattice, but the TiD, peak has not appeared because

the TiO, concentration is very low compared to AC. : : ’ ; :

20 30 40 50 60
2 Theta (degree)

Fig. 1. XRD spectra of the as-prepared
photocatalyst.

FTIR analysis

FTIR spectra examined the effect of activated carbon on the surface functional eroups, and
the results are shown in Fig. 2. The band at 3,423 cm™' could be due to the -OH stretching of
polymeric compounds or the presence of N-H groups. The peaks at 2,%28 and 2,355 crm™ ' indicate
the C-H stretching vibrations, and the peak at 1,428 cm™" indicates C=C croups in carbon. The

band at 1,626 crn™" corresponds to the carbonyl stretching vibration of amide, which is thousht to

Transmittance %

be caused by the combined action of double-bond stretching wvibration and -NH deformation
band for lead-loaded activated carbon. Additionally, the minor peaks at 1,115 and 1,032 cm™

suggest the 5=0. The C=0 and 5=0 functional sroups have been reported to show very high

coordination with trace rmetals. Also, in this case of AC-coated TiO, nanoparticles, the band

1 L] | Ll L |
4000 33500 3000 2500 2000 1500 1000 3500 | shited to a higher wavenurnber, indicating the presence of AL in TiO, nanoparticles.
Wavenumber (cm )

Fig. 2. FTIR spectra of AC and HF Photocatalysts

Surface morphology and elemental analysis

The surface morphology and particle size of the AC and the HF photocatalyst are characterized throush the SEM and HB-TEM analysis. Fig. 3{a) and kbl illustrate
the surface rorpholosy and elemental cormposition of the uncoated AL and the HF photocatalyst, respectively. The AL suface with large agslormerates and
inhormogeneous were observed. In Fig. 3b) clearly shows that the TiO, nanoparticles were efficiently coated on the AC surface. Fig. 3. shows the EDS image of the HP
photocatalyst dernonstrating the strone peaks of Ti, with 0.7 wit% of Ti coated on the AC surface {Table 1) The other elerments present on the AC surface were carbon
10, silicon {50, and oxygen (01, The HP photocatalyst morphology was further revealed by High-resolution transrmission electron microscopy (HRTEMY, the results are

shown in Fie. da-d. The images clearly show they had a quasi-spherical shape-like morphology with an average size of 3-15 nm.

Fig. 3. SEM images and EDS elermental composition of: {a) uncoated AC, g A TENLIRERES D P oo ek

) HP photocatalyst.

Micharee Akechatree, Orawan Rojviroon, Surnonman Naimlang, Tharmmasak Rojviroon, Ranjith Ranjendran, Yuwadee Leelert, Sutthida Wongwichian, Sanya Sirivithayapakorn, SDG LINK company limited

The BET surface area, pore wvolume, and pore 227 size of the HP photocatalyst slishtly decreased. Due to the blockage of surface area, agglomeration of TiO,
particles, sintering during the coating process, and chemical reaction between TiO, and AC. Despite the smaller specific surface area, pore size, and volume of the HP

photocatalyst, they are insignificantly different from the uncoated AC (Table 1),

Table 1 Elermental cormposition and BET surface property of uncoated AL and HF photocatalyst.

Experiment Composition (%) Surface property
condition
surface Hore Pore size
ares volurne

1
|
1

kg™

)
HF

0.7d 76,33 271 1.60%% 107 0.170 .253% 10!

Regarding the data concerning the particle size, size distribution, and MNB concentration in experirmental condition 1 (HP+UVAHMMNED, MMNE was produced using the
RIUTT-#ME cenerator, operating at a flow rate of 20 to 80 L.rnin™ and a pressure range of 220 to 230 kPa. The particle sizes of MNE varied between 8.9 and 258.2 nm,

with the rnost prevalent bubble size measuring 103.5+4.8 nrn, accormpanied by dissolved oxyeen (D0) concentrations ranging frorm 10.78 to 10.88 mel™

LWV-Vis DRS analysis

The optical absorption properties of the as-prepared AL

and the HF photocatalyst were analyzed by the WSvisible
Diffuse Reflectance Spectroreter {UV- DRS). In Fig.5a, both AC
and the HPF photocatalyst have shown a broad wisible
absorption  edge, which  indicates the catalyst's good

absorption property. their results are shown in FigeSbh. The

{{'.u‘.ln.'}2 (a.u.)

chtained band eap energy of the AL and the HF catalyst are
163 and 172 eV, respectively. While adding the TiO,

Absorbance(a.u.)

nanoparticle on AC, the bandeap energy was shifted to 3

hicher anele side.

300 400 S00 600 700 800
Wavelength (nm)

Photocatalytic degradation efficiency
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Fig. 6. The IC, ME, and RES dye deeradation efficiency of experirmental
conditions 1 HP+UWA+MNE) achieved the hishest dye deeradation efficiency of
£5.0%0%0, 60.06%, and 55.1%% for IC, ME, and RES, respectively. The dye 25 50

Cve degradation  efficiency (%)
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degradation efficiency was lower under the experimental condition 2 HP+UWA] leaiaaasll o

due to the absence of WMNE {50.22%, 44.1%%, and 37.38% for IC, MB, and RBE). The {2)
HF photocatalyst provided larger suface area for the photocatalytic reaction.

Howewver, in the absence of MME, the photocatabdic reaction proceeded at a
slower rate.

The experimental condition 3 (HP+MNB) was ineffective for treatrment of
dye wastewater due to the lack of UWA irradiation. The experirmental conditions 4
ACHUIVAFMNE), 5 (AC+HMNE], 6 (AC+HUIVA) and 7 {AC) exhibited only adsorption and

absorption on the uncoated-AC Meanwhile, the experirmental condition 8 (MNE)

showed that the sole uwse of MME aeration achieved poor dye deegradation

H_H HEEEEEEEEEEEEESE Nk

HEEEEEEEEERNSNN®NHNRBL}F

w o o o w] 15 T3

performance,

Cve degradation efficiency (%)

The comparison, the structure of RES was hishly complex, followed by MB

and IC. As a3 result, ME and IC were readily deegradable by the photocatalytic
Concentration Uk}
pocess due to their simpler structures that are more susceptible to reactive

cxygen species (ROS) attack., Mearwhile, RES has a more complex structure that (5
dermnands ereater energy for deeradation. Besides, due to the presence of a
sulfonate group (50,7, RBS is negatively charged, thus hindering the adsorption of
dye onto the photocatalyst surface.

The MMNB aeration levels of experimental condition 1 HP+UVAHMMNE) s
positively correlated with the DO levels and oxidation-reduction potertial {ORP) of
the photocatalytic process. In other words, hisher DO levels result in higher ORM,
which in turn promotes the generation of electron-hole pairs. Higher ORF also

prormotes the forrmation of ROS, which enhances the photocatalytic degradation

Cyve deegradation efficiency (%)
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cf dye rmolecules and oreanic pollutants. As a result, OFF can be used to assess

the dyve degradation efficiency of the photocatalytic process.

Concentration (ki
ic)

Fig. &. Dyve degradation efficiency of the experimental conditions being studied at
terrnination {at 180 minutes) under variable initial dye concentrations: (a) 1C, {b) MB, {c) RBE.

* Antibacterial activity Jf

a
I

The present study rmanufactured AC and HFMPs found a larger bacteria inhibition zone than the standard antibiotic. The hichest antibacterial activity was observed at i

100 pe.nl™ against Grarmn-positive S. aureus and Grarn-negative E. coli. The HP showed a hisher zone of inhibition {ZOl for E. coli {19.50 + 0.5 mm) and 5. aureus {14.5 + 0.2

| ) clearance after 24 hours of incubation. MNegative control 110% DM30) showed no ZOI {Fie.7 & Fig.8). TiO, nanoparticles interact with sulfur-containing proteins in the
| bacterial surface and phosphorus-containing molecules like DMNA. Titaniurm has a stronger binding affinity for sulphur and phosphorus-containing cell biomolecules. Sulphur-
containing proteins in cell membranes, within cells, and phosphorus-containing components like DNA will be the preferred locations for HP nanoparticle binding. \When TiO,
nanoparticles penetrate a bacterial cell, they produce a low molecular weieht zone that protects DMNA from titanium ions. The nangparticles target the respiratory chain,

causing cell division and death. In bacterial cells, nanornaterials release ions that boost bactericidal action.

.

B 50pg/ml B3 100pg/mL B SOugml R 00pgmL
mm Chloramphenicol

Bl Chloramphenicol

ZLone of inhibition (mm)
Lone of inhibition (mm)

Soanrens . coli K. aureus

Fig. 7. Antibacterial potential of synthesized AC and HP on Fig. 8. Zone of inhibition for synthesized Al Activated carbon and

(Grarn- positive 5. aureus and Gram-negative E. coli bacteria. B). Activated carbon

This research cornparatively investigated the photocatalytic degradation efficiency of synthetic dyes in dye wastewater using hybrid photocatalyst (HF) with and
without MNE aeration under VA irradiation d.e., HP+UVAHMNE and HP+UWAL The experirmental synthetic dyes were IC, MB, and RBS, and the initial dye concentrations
were varied between 10, 25, 50, 75 and 100 pi. The hybrid photocatalyst was TiO -coated AL The experimental results showed that HP+UWA+MNE enhanced the
degradation efficiency of the dyes, achieving the highest deegradation efficiency of £2.09%, 60.06%, and 55.1%% for |C, ME, and REE, respectively, given 130 minutes of LA
iradiation and 10 pi initial dye concentration. 5Specifically, the HF photocatalyst ausmented with MNE aeration enhanced the adsorption mechanism and the
photocatalytic activity, Essentially, HFP+UWA+MNE enhanced the photocatalytic deeradation activity of synthetic dyes, rendering the technolosy operationally and

emvironmentally suitable for dye wastewater treatrment. The produced AC and HF also demonstrated an improved 201 towards both bacterial strains.

The auth;ﬁ—w_r::uld like to express their sincere gratitude to the Faculty of Engineering at Rajarmangala University of Technology Tharnyabur (RMUTTY for their valuable support. Additionally, the authors

are thankful for the financial assistance provided by the NSEF wia the Prograrn Managernent Unit for Hurman Resources & Institutional Developrment Research and Innowvation [Grant No. B13F&60063].
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Prasan Chaisaenrith’, kriengsak Pojthanaditee?, Sakchai Pojthanaditee®, Sorapong Pavasupree’
'‘Department of Materials and Metallurgical Engineering, Faculty of Engineering, Rajamangala University of Technology Thanyaburi,
Pathumthani, 12110, Thailand
“Toppaint Perfect Company Limited, Bong Bon sub district, Nong Sua district, Pathumthani, 10170, Thailand
*Email: sorapong.p@en.rmutt.ac.th
. INTRODUCTION lll. RESULT AND DISCUSSION -0
Saving energy and Environment Characterization
Global warming Climate change X R D SEM r+
lemperature change in the last 50 years | THE EL NINO PHENOMENON S ' ' Tg-‘ n "S”PT‘r A1
k) / O
|| 2011-2021 average vs 1956-1976 baseline ("C)
,_-,,;;, o 1.0° -0.5° -0.2° +0 2°+0.5°+1.0°+2.0° +4 0" = =
bk s i rphaclkbin ) gskalic oM. Magas? [ =binsA ARG oD CHT AL A a3 LazkHel 1T Kbeld Fut 8 us g p-Cal S e 2Theta (deg}
Fig.5 XRD pattern of the natural bamboo prepare by Figs.6 SEM image of the natural bamboo after grinding
Create or develop materials technology el e e e (@, b and (c) nano cellulose prepare by hydrolysis

%r orocess and after erinding oy TERM.
Natural bamboo Paint reflectance Technology
Application properties
e | 230300047}
:T- - Table 1 Fhysical properties of thermal reflection paints.
w-_
Viscosity
Density {g/cm?) Non volatile (%} Hiding power (%)
Type (K.U)
ASTM D1963 ASTM D2832 ASTM D344
| ASTM D562
Titanium dioxide 1.174 8.0 46.5
g | Nano P-25 1.144 a3.0
T_;r— IP : wa#LavANIYa 2303000171 Nano Cellulose 1.140 33 0
- = 7 Fig. 1 natural bamboo (a) and (b) natural bamboo after synthesis et e 1214 94 0
and eriding with ball mill 2 hrs.
Table 2 The CIELab value of thermal reflection paints (ASTM D 2244).
Il. METHODOLOGY
Titanium dioxide
Hydrolysis process Nano P-25
| Nano Cellulose
VR Hydrolysis | Washing Hydrolysis I :
. ~ & Rrying St Commercial in market
— — & ' ——— | cellulose
Bamboo =]gglelale pH =7
5% H.SO,
30% H_.O, ¢ 71.9°C )
~ 4 }ZZG-TE' =
Fig.2 Schematic representation of the preparation of nanomaterials with the hydrolysis 0 i
technigue from natural bamboo for 60 © C at 2 hrs. 515 % o /
: E | +iThermal reflection paint; Titanium dioxide
D e fo —L —
Thermal reflecnon pa|nt 722 E / -=1 Thermal reflection paint; Nang P-25
Premix Gfiﬂdil’lg ThEI“I‘I’IﬂI I'E'I:IECHGI'I > « Thermal reflection paint; Nang celluloge
- | = = | [ puin’r | - G == Thermal Feflection paint; Commercial[in market
_ _ 550 rpm <30°C - 10
for 15 mins. for 45 mins. .o, 1 2 < a4 5 = 7 B g 10 11
cee. TIME, MINUTES
o0 _-"f:.'_.'_ Figs. 7 Temperature back side surface of thermal reflection paints.
Field Test in next time
Fig.3 Schematic representation of the thermal reflection paints by erinding process. .
Thermal performance
|1':'"-"-..'
D
"r Thermocouple Type K
Fig.d Schematic representation of the apparatus developed for exposure to IR radiation {ASTM E 903) .
| .F_L.Tr
. V. CONCLUSION
~9 ACKNOWLEDMENTS :
N g ne natural bamboo can synthesize nanoparticles throush the hydrolysis process.
g Y . I. | ) '!... ; . 5 . : ' . . . . . . .
Wil VIR rereivan o Mee it Moy SOppiant Srai Bine USHE W s Phegiie B Thermal reflection paint using nanocellulose contains a small particle size, which also
'LEJ ® Management Unit for Human Resources & Institutional Development, . .
™ acts as a barrier and can reduce the surface temperature of the tin plate.

Research and Innovation [grant number B13F660068]
| _ _ _ _ B Passively decreasing the building's heatine load consumption was achieved by a
* Rajamangala University of Technology Thanyaburi, Thailand

* Toppaint Perfect Company Limited, Thailand possible roof and wall improvement using nanocellulose in thermal reflection paint.
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Ampacity (A)
Cylindncal duct bank Square tunnel
Trefoll Flat Trefoll

6 829 748 725
12 669 652 637
18 570 532 520
24 009 494 483
30 - . 426
36 - - 405

Number
of conductors

Trefoil - Square tunnel m Flat - Square tunnel
B Trefoil - Cylindrical duct bank

80 100 120 140
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Trefoll Flat Trefoll
6 912 T M2 1,108
12 697 811 810
18 5390 668 600
24 523 579 o977
30 - - 478
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Cost (Baht)

Cylindrical duct
bank

175,000
100,000
350,000
18,764,000 18,764,000
35,260,000 40,640,000
11,720,000 -
9,590,000 -
3,960,000
16,400,400
791,000
81,180,000
13,530,000

Description
Square tunnel

Design 175,000
100,000

350,000

Topographic survey

Traffic management

Manhole work

Pipe jacking work
Inner duct (RTRC)

Grouting work

Cable racks -

Cable cleats -
791,000
76,750,000
19,187,500

Pavement

Summary cost

Cost per circuit
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Performance Analysis and Econometric Assessment of A Community Waste Power Plant Biogas System

B R AI N POW I-E R Oluwaseun Olanrewaju Akinte and Boonyang Plangklang

CONGRLCSS 2023 Department of Electrical Engineering, Faculty of Engineerir:lg, Rajamangala University of Technology Thanyaburi (RMUTT),
S e ey et o S Pathum Thani, 12110 Thailand.

SoUfUASIIA:FUIAAOUNIUSTUIUIUIKUA .
Rationale

ﬁQOﬁWHﬁSSUIIH‘JOUWﬂO 1. To perform a techno-economic analysis and assessment of the first community waste power plant (biocgas) system in Thailand.
2. The potential Capability of the bicgas plant to operate as a sustainable, safe and clean alternative energy system within the human community (Onnut).
3. To determine the most efficient and effective enerdy cost operation between the grid-biomass network and grid-biomass-storage network configurations.
4. To utilize food scraps (highest solid wastes composition) within the community in generating electricity to support the grid system.

Problem statement
1. Energy demand variation.
2. Biomass energy fraction and penetration on grid system.
3. Techno-economical reliability of the integrated grid-biogas-storage network system.
@ 4, Flexibility issue and storage control against capacity shortage.
b. Wastes to Energy Conversion and utilization.

Introduction
The impact of hybrid energy sources (biomass energy, nuclear power plant, thermal power plant, solar power, wind power plant, and hydroelectricity) from energy producticn {generation), energy regulation (transmission stations and distribution
stations), energy contrel measure {control center system) and energy conversion process {energy storage system: batteries, capacitors, ultracapacitors, and flywheel) makes power system network flexible enough to accommodate excessive energy
demand (power consumers: smart cities and smart houses) and provide support towards the utility grid system in overcoming congestions, capacity shortage from energy sources and unmet load, respectively. Hence, the need for ancillary services from
renewable energy systems integration with the grid network to reduce toxic emission into the society, maintain safe and clean energy production and providing a standby generator (backup stable secondary energy source: biomass generator,
hydropower, and hybrid storage system) against power fluctuation from the main {primary) energy sources is essential to maintain a continucus energy flow network.
This present research adopted a community waste power plant biogas system in Thailand that will maintain a sustainable, safe, and alternative clean energy system for the human environment when it is integrated with the utility grid system and
hybrid storage system, respectively. A standby operation (secondary energy scurce) from the biomass generator will maintain a backup power plan with the storage system (Lithium-ion, Li-NEC and Zinc bromide batteries) against the unreliable grid
network when unexpected cutage, dgrid schedule and congestion occur from the grid network.

Methodology

1.The potential resources (biomass) for the case study area (Onnut) will be cbtained from data record of Onnut community.

2. Mathematical modelling of the energy system components {Grid system, biomass generator, batteries and power converter).

3.Experimental model (grid-forming and grid following) of the bicgas-grid system network of Onnut community and simulation model application of HOMER PRO Microgrid analysis for the hybrid network.

|
ahr IMW, 600 V, Li-ion 1 3 '
Bones and shell
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s e e Residual Materials Fuels (RDF 2) 7 fiEA =R .{i] ..[.1

6.21% " t " ' "‘ | fﬁ%%wi
D'Effé!'a%‘l.nad 1hr, 1.108 MW, 720 V, Li-NEC DSS
" @ ~ER)
Pre-treatment Biological Step 1GETORIG LIGESTION. pagle j—}:aa'“'.awaL {@j
System BIODAMP® Sysien ' 10.85 kW peak

2250 kW, (750-1250) V, Bi-directional Converter

MSW | ]
800 tons/day -Z)-

100 KW, Thermal Load Controller

35

Wastewaler
Treatment System

165.59 kWhyd
23 31 kW peak

Treated Waler ][] ] [=] =]

Fig1: Onnut Community: Research Sub-Division, Solid waste, Hazardous  Fig 2: Current Waste to Energy Conversion Technology from Onnut Community  Fig 3: Proposed Waste to Energy Conversion Technology Design for Onnut

waste and Night soil Management Division, Department of Environment, Community
BMA (Bangkok Metropolitan Area).

Result and Discussion

The econometric assessment and performance analysis of the first community waste power plant biogas system integration with the utility grid and hybrid storage system (Li-ion, Li-NEC, and ZnBr batteries) in Thailand was carried out through a novel
investigation of a dynamic multi-task control system (cycle charding and lecad following control systems) that interfaced over the biomass gasifier-utility grid energy system, off-grid biomass gasifier-storage energy system and bicmass gasifier-utility grid-
storage energy system operational modes effectively to serve the load fully. The utility grid-biomass dasifier denerator-storage energy system configuration adopted cycle charging and load following control systems with a thermal load controller (to limit the
amount of current the load can draw from the energy sources) while the off-grid biomass gasifier generator-storage energy system configuration adepted cycle charging and thermal load controller strategy to determine the best reliable, efficient, and cost
minimization system.

The off-grid energy system recorded ZnBr battery as producing the highest cutput energy (5,335,103 kWh/yr) over Li-ion battery (3,125,919 kWh/yr), thereby, consuming more energy (5,927,893 kWh/yr) than Li-ion energy (3,468,114 kWh/yr) system. The
dgrid connected mode of the integrated bicgas-storage network indicated that Li-icn battery consumed (288,925 kWh/yr) and gave out {263,173 kWh/yr) more energy than the ZnBr input (72,231 kWh/yr) and cutput {65,767 kWh/yr) energies. The Li-NEC
battery maintained its maximum state of charge (100 %) with no inflow and outflow of energy.

Performing the econometric analysis of the entire system, the integrated grid-bicgas-storage system estimated the Li-NEC network configuration as the most economically efficient system with the highest internal rate of return, IRR: 899 %, return on
investment, ROI: 856 %, payback pericd: 0.11 year over the Li-ion network configuration with IRR: 620 %, ROl: 588 %, payback pericd:0.16 year and ZnBr network system with IRR: 518 %, ROl: 489 % with payback period: 0.19 year. The off-grid network shows
that the ZnBr network configuration as the only economically feasible network system with IRR: 20 %, ROl: 23 % and payback period of 3.7 years while Li-ion and Li-NEC network systems are not economically feasible.
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The utilization of industrial waste from the production of the toothpaste
tube to produce artificial rattan for fabricating indoor furniture
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Development of a smart grid stabilization system using a diesel engine from

waste fuel

Paitoon Laodee?, Pisit Maneechot?, Unchittha Prasatsap?® Sakda Somkun?, and Preecha Sriprapakhan®”

aSchool of Renewable Energy and Smart Grid Technology, Naresuan University, Tha Pho Subdistrict, Mueang Phitsanulok District, Phitsanulok Province 65000

bFaculty of Science Mahasarakham University, Kham Riang Subdistrict, Kantharawichai District Maha Sarakham Province 44150

The plastic waste amount 13.97 percent of the total waste generated of 9,600 tons per day. Thailand has plastic waste amounting to 13.97 percent of the total
amount of waste generated or 9,600 tons/day. The amount of waste mcreased by 100 tons/day or 1 percent compared to the amount of plastic waste m 2019.
The rate of plastic waste generation increased from 96 grams/person/day increased from before to 137 grams/person/day. This 1s an alarming number.
If there 1s no smart waste management strategy, 1t will have an impact in the near future. Disposing of plastic waste through the pyrolysis process mto oil.
Plastic waste can be turned mto advanced bio-o1l to be used as fuel for internal combustion engmes for generating electricity to enhance the stability of
smart grids usmg IoT systems. to help manage and control work. which 1s waste management and electricity production using alternative fuels Including to
strengthen the electrical stability of the smart grid system in the future for energy security to support economic and technological growth.

Methods

This research method an experimental, main parameter 1s
approximate diesel fuel consumption rate (gal/h) of the IC-engine.
The characteristic of electricity showing, current (A), voltage (V),
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Figure. 1. Modified a Diesel Figure. 2. Generator connected with IC-

IC-engine

Figure. 3. Fuel
freed stock

engine setting up

Fig. 1. showed the diesel IC-engine type 1s motor
diesel horizontal 4-stroke, direct 1njection. 1
cylinder, displacement volume 1s 0.638 Iit.
Specific fuel consumption 1s 181 gr/ hp*h.

Fi1g.2. showed the generator connecting with I1C-
engine, the generator 1s a Permanent Magnet

Synchronous Generator (PMSG), the maximum
power 1s 2 kW power: 220V/5.2A/50Hz and
maximmum speed 1000 rpm

Fig. 3. showed modified a plastic water bottle as a
fuel freed stock, 1t was marked at a certain point.

Results & Discussion
This result was showing preliminary testing of the internal
combustion engine, IC-engine combine with the generator testing

RIGOL

Fig.5. shows preliminary testng of
generator testing The waveform {from
the mverter 1s a sine wave with current
and voltage m the same phase and a

frequency of 50 Hz. Rms 7.43A

Figure. 8. Relationship Torque and Power

of generation

Figure. 6. Relationship Torque and Power

of generation

Conclusion

Fig.6. shows The wavelorm from the
mverter 1s a sme wave with current and

voltage m the same phase and a
frequency of 50 Hz. Rms 1.07A

Comparmg difference current between
7.43A and 1.07 A, the effect of current
show the waveform from the mverter 1s
a sme wave (see F1g.5. and Fig.6.)

Table. 1. Classification of the plastic types for conversion into fuel o1l

Plastic types Characteristic Packaging example Type of oil

High-density Quite opaque, Baby bottles, cosmetic

Polyethylene, HDPE Strong, High- bottles, plastic bags, trash Diesel
density cans, chemical containers

Low-density Translucent, Low- Frozen food bags, cling
Polyethylene, LDPL density film, storage bags and
copper clad cables

Polypropylene, PP Light weight, heat Bottle caps, food

resistant containers, hot bags and Diesel
straws

Polystyrene, PS Fragile, easily broken  Cups, plates and

drinking glasses (zasoline

The crude pyrolysis o1l created from plastic 1s produced by the
pyrolysis process which mvolves heating the plastic 1n the non-
appearance of oxygen, to break down the long-chain
hydrocarbons to shorter-chain hydrocarbons. The shorter chain
hydrocarbons are used to produce liquid fuels.

Waste plastics

S:I s Catalyst
1 Condensor

Plastics knapper :

:

_ﬂ_ ‘ ‘ I | Diesel oil

Pyrolysis reactor Mixed ol

Fractionating tower

Figure 4. Pyrolysis process with plastic waste

The choice of temperature, heating rate and catalyst depends on
the feedstock and the desired products. For example, wood and
other biomass are typically pyrolyzed at temperatures ranging
from 400°C to 600°C to produce bi1o-01l, while plastic waste can
be pyrolyzed at temperatures ranging from 400°C to 700°C to
produce liquid fuel.
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Figure. 7. Relationship Torque and Power of generation

From Figure 7. the prelminary test was show the maximum speed,
mmimum speed, and average speed of transmission was 1055 rpm, 972
rpm, and 996.74 rpm respectively. The maximum power 2.02 kW, Min.
power 1.73 KW, and average of power 1s 1.81 kW of the generator. An
approximate diesel fuel consumption rate, the generator capacity between
20 — 60 kW 1n case of full loads 1.6 — 4.8 gal’/h. The speed can make a
difference m fuel consumption because the speed 1s gomg up and down
and 1s not constant.

The mains of ejective study the plastic west conversion to energy for supplying the IC-engine to produce an electricity for supplying the
gride connection, the grid connection 1s a small generation system of the smart grid system. The preliminary testing was shown abilities
of the crude pyrolysis o1l created from plastic, 1t can be used as fuel for internal combustion engines.
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Production of biogas from bagasse with the innovation

of extracting bacteria from the soil as decomposers

Lo
Anchaleeporn Seesatat P , Surachai Rattanasuk @ , Kanin Bunnakit 2 , Preecha Sriprapakhan °¢ , Ritchard Artkla 2, Pisit Maneechot
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Introduction Results and Discussion

Thailand's significant reliance on the agricultural sector confers it with a Table 1 On the ninth day, there was a decrease in the sugar concentration

competitive edee. The aericultural establishment encompasses a multitude of of the digested rice straw.

components that are intricately linked to the process of production. Cash crops, — : .
. . . . L Isolate Reducing sugar concentration
such as sugarcane, constitute a sienificant proportion of the biomass within the -2

agricultural sector. The creation of biogas from bagasse is also a topic of -L1 1.926

sienificant interest. From a chemical perspective, bagasse exhibits a notable SL2 1.788

abundance of fiber and a considerably elevated cellulose content. Nevertheless, Sk 1 864

it is imperative to customize it before utilizing it. This study aimed to explore
SL4 1.794

several approaches for the pre-freatment of baegasse prior to its utilization in

piogas production. Specifically, the investication involved the cultivation of

Cellulase produced bacteria were taken from the soil in this study. The

pacteria in soil and the isolation of strains capable of producine the cellulase bacteria with the greatest ability to break down straw has been identified as SL1.

enzyme. The ultimate goal was to facilitate the conversion of bagasse into

guicose, which coula then be utiized In biogas production processes. The Following each degradation interval, alterations in pH and total volatile fatty

examination of biocgas production systems for both corporate entities and local acid (TVFA) content have been observed.

populations has also been undertaken.

Control

; N Biodegraded
Met h Od I 1 Control
: I Biodegraded samples
Development of bagasse degradation bacteria '
. .4 B | é | TDI 1I2 | 1!-'-1 E | 1IB | 20 22

Time (d)

?

The objective of this study was to isolate cellulase-producing bacteria

from soil samples. The experiment commences with the acquisition of a soil

TVFAs (mg/L)
g

;

sample weighing 1 eram. The subsequent step involves the isolation of

cellulase-producing bacteria through the assessment of clearing zone formation

10

on a solid LB medium supplemented with 1% carboxymethyl cellulose (CMC), Time (d)

which is subsequently poured with an iodine solution. Subseguently, the

Figure 1 Changes in pH over time Figure 2 Chaneges in TVFA

concentration of Reducine Suear derived from bagasse was analyzed for its concentration over time

notential utilization as a precursor in the eeneration of bioeas.

Production of biogas from bagasse Biomethane production

Bioeas production is conducted utilizing exclusively liquid reactants,

(9%]
o
1

namely the solid fraction derived from the pretreatment of bagasse with soil- —+— Control

—O— 5 d degradation

—4— 10 d degradation
—— 15 d degradation
—#— 20 d degradation

oY)
o
|

extracted bacteria to eenerate elucose. This process takes place within a sizeable

)
on
|

1.2 cubic meter digester, facilitating biogas fermentation. The initial procedure

o
o
|

involves the addition of 50 liters of glucose reactant and 15 liters of biocatalyst,

—
(&)
|

followed by thorough mixing to remove oxyeen by means of nitroeen gas. The

process of anaerobic digestion was conducted at a controlled temperature of

39+0.5 °C for a period of 20 days. The control group consisted of untreatec

Daily biogas production (mL/gTS)

bacasse samples. Biogas samples were collected at 24-hour intervals and

subsequently subjected to analysis.

Graphical Method

Isolation of cellulase-producing bacteria

Digestion time (d)

Figure 3 The daily generation of bioceas from both untreated and

biologically decomposed rice straw.

Conclusion

In this work, bacteria capable of eenerating cellulase were isolated from

soil samples. Previous studies have demonstrated that the bacterial inoculant

SL1 exhibits notable cellulolytic and lienolytic activity, making it the most
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can be enhanced by many approaches. The degradation process reaches its
peak efficiency within a 15-day timeframe, resulting in significant biogas and
methane yields of 316.10 mL/eTS and 171.72 mL/eTS, respectively. Additionally,
this optimized period of deeradation contributes to a reduction in the overall

time required for biogas production.
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Rationale

The timely creation of prototype products within a reasonable cost by employing fast prototyping technology 1s a crucial aspect for the future of the manufacturing mdustry. Currently, technological mnovations m 3D
printing have been elevated from conventional printing technology to three-dimensional (3D) printing, allowing the development of cost-etfective, high-quality technology. Key components of 3D printing technology
mclude plastic filaments. According to the study, the prices for new types of plastic tilaments range from 580 to 1800 baht per kilogram. The new plastic filaments have a high production cost. However, by utilizing
tilaments produced through the recycling process, the cost of production can be reduced, benetiting both the economy and the environment. Theretore, if the properties of plastics that can reduce electricity consumption
during the manufacturing process are studied, it 1s possible to reduce production costs and energy consumption. This research focuses on using recycled and supplemented light-reactive plastic filaments 1n 3D printing
technology to compare the mechanical and physical properties of the filaments. Additionally, the research examines the light emuission duration mn the dark of the recycled plastic filaments produced through the recycling
process, contributing to the development of plastics m the circular economy, reducing environmental destruction, and promoting sustamnable industrial product quality.

Research Methodology Results

this research involves exploring relevant theories related to the materials used for research, as well as the Melt Flow Index Test Results:
equipment and tools employed in the research process. It encompasses the rapid prototyping of objects using i The average melt flow mdex (MFI) test results for the polylactic

the Fused Deposition Modeling (FDM) method, designing test objects, conducting mechanical property acid (PLA) and recycle polypropylene, supplemented with the light-
tests, and analyzing experimental results . reactive additive composite were 40.408 grams/10 muutes, and for

_ polypropylene-recycled PLA composite with light-reactive additives at
Production of Plastic Filaments concentrations of 0.3%, 0.5%, and 1%, the average MFI results were

Mixing 30% polylactic acid (PLA) and 70% recycled polypropylene, supplemented with the light- E 49.896, 45.660, and 41.472 grams/10 minutes, respectively. The MFI
reactive additive 'Ultimate Glow' in green color, was conducted using a twin-screw extruder at a ' values were observed to decrease with 31{1} merease m the concentration
temperature of 220 degrees Celsmus. The addition of the light-reactive additive was carried out m three Al hEhticiehve ddiives, with the B3 Tontenimtiol ShoRmg e

- 0 0 0 g highest MFI, indicating better flowability. This suggests mmproved
proportions: 0.3%, 0.5%, and 1%, as show m Fig ] = . .
Draw: el B Frandadz e pea i | d | q stretchability, especially compared to the 1% concentration, where the
| awlmg P astv.: amgnllts ol polylactic aci | en ? wit recyc. ed polypropylene an supp emer?te MFI was closer to that of regular PLA. As show in Fig 5
with the light-reactive additive was performed using a filament drawing apparatus. The aim was to achieve
a filament diameter of 1.75+0.05, as show 1n Fig 2°

Fig. 5 The characteristics of the tensile test specimens

Mechanical Property lest Results:

From Fig 6, the relationship between stramn and stress
of the test specimen 1s shown. It can be observed that
the stress-stram relationship of the specimen with the
proportion of added polypropylene-recycled PLA
compostte with light-reactive additives 1s highest.
However, Proportions of 0.3, 0.5, and 1, the
relationship between strain and stress decreases.

The results of the elasticity test demonstrate the
capability of the proportion with the addition of
From the process of drawing plastic filaments of polylactic acid polypropylene-recycled PLA composite with light-

blended with recycled polypropylene and supplemented with the reactive additives at 0.3%. It shows a greater ability for
light-reactive additive, it was observed that at proportions of elongation compared to other proportions of strain

Fig. 1 twin-screw extruder Fig. 2 Plastic filament extruder equipment.

-002 o000 0oz o004 006 008 0410 012 014 014

i

Percent Elonegation at Break

| T
e

: . : . - L specimen, as depicted in Fig 7
dispersion of the light-reactive additive, resulting in irregular Test results for the modulus of elasticity (Young's
fluorescent agent. The proportions of adding fluorescent

e .50 and 167 S tlament did nobmaiataiva consitont amator photosensitive additives. This corresponds to the Fig. 6 Testing the stress-strain relationship.

0.3%9 Ti]e e va];ie d between 1.74 to 1.76 due to uneveri characteristics of the stress-stramn graph of the test
fil t size. C ly, at 1t f 0.3%, the til t
ElI‘lIlE':]Il S G.IIEFE:I'SE: }7’ HE SRR PR e 0 . 3:1‘1‘.1611 modulus) of polylactic acid lmes with fluorescent
exhibited a consistent d1&llmetle1‘, closely resembling the original additives averaged 873.304 megapascals, and recycled
PLA prototype. As show m Fig 3 polypropylene lines mixed with polylactic acid added
Fig. 3 The characteristics of plastic tilaments used for 3D printing agent of 0.3, 0.5, and 1% averaged 463.546 It was
8 . observed that polylactic acid lines with added
Equipment and Tools Used 1 the Process Saceesoebugen me 8080 Mt &

Percent Elongation at Break (%)

The following equipment and tools were utilized in the research process: a 3D printer (Delta Kossel Resiilis of thi tensile Sfienpth tosts PRl HeHE deid
Rostock MicroMake), pre-built software (Flash Print), a Durometer for hardness testing (Shore D), added to the fluorescent agent is The prototype strands
a Fluorescence Spectrophotometer for measuring chemical fluorescence, and a tensile strength testing machine. were found to have an average tensile strength of

- : 34.6588 megapascals. And the results of the tensile —-
DeSlgn Of TeSt ObJeCts strength test of recycled polypropylene plastic s mixed

with polylactic acid added a fluorescent agent. The Fig. 7 Characteristics of the test specimen's
proportions of adding fluorescent agent of 0.3, 0.5 and 1 elongation percentage.

Test objects were created according to ASTM 638 Type V standards, including test pieces for surface
mspectmrll measurng 15 mm 1 width, 15 mm in length, and 3 fn in thml{ness..The STL tile fm.‘mat? a standard percent were.on average 27,371 megapascals. From the
for 3D printing, was then converted from the data file for creating the test objects, as shown in Fig 4 (A) for oraph it was found that polylactic acid added
mechanical property testing and Fig 4 (B) for surface mspection and layer alignment. fluorescent agent. The tensile strength is higher. This is

because the addition of recycled polypropylene has

been used and the adhesion of the polymer has
decreased, as shown i Fig 9, which 18 m line with the . ' |
results of the modulus of elasticity test.

Hardness test results of polylactic acid with a '
fluorescent additive: 78.667 Shore D, and recycled |
polypropylene mixed with polylactic acid with a

fluorescent additive. The proportion of addmg
fluorescent agent was 0.3, 0.5, and 1 percent. The
average hardness values were 67.390 Shore D. It was
found that adding fluorescent agent mncreased the
hardness properties. This corresponds to the modulus of Fig 8 Test specimen characteristics of the modulus
elasticity and tensile strength, as shown in Fig 10. of elasticity

Rapid Prototyping Using Fused Deposition Modeling (FDM) KR IRENEH LI ‘

This pertamns to the attributes of a tensile test a5
The process involved importing the 3D model file into the Flash Print program for rapid prototyping. The specimen that reveal the physical features of the

Flash Print program was used to slice the 3D model and set parameters for prototyping, such as the nozzle workpiece mfluencmg its mechanical properties, as "
temperature (set at 230 °C), print bed temperature (set at 80 °C), and 100% mfill for the plastic matenal. outlined m Table 1. -

" ; a Table. 1. Characteristics of Physical Absence. 25+
Mechanical and Physical Property Testing U Work picce

Young's Modulus

PLA 0.3% 0.5% 1%

Ratio

——

Fig. 4. The characteristics of the tensile test specimen are used to create 3D printed objects.

3"]-

Mechanical property tests included Tensile Properties and Durometer hardness testing (Shore D) according

PLA

to ASTM D2240. Physical property tests included Melt Flow Index (MFI) testing according to ASTM D1238 Cirtoing
and Fluorescence Spectrophotometer testing, stimulating light at four wavelengths (300, 350, 450, and 500 nm) i

for surface fluorescence when subjected to 3D printing.” PT A-PP-

Ratio

haracteristics of the tensile test specimen

Conclusion 0.3 %

Production of recycled polypropylene plastic lines mixed with polylactic acid, supplemented with three different PLA+PP+ = Hardness

proportions of fluorescent agent 0.5%

All three proportions of added fluorescent material exhibited similar mechanical properties, yet the 0.3%
proportion demonstrated higher stretchability compared to the other two proportions. It also displayed physical PLA+PP+ |
similarities to polylactic acid strands with added fluorescent agent, as observed through tearmg and the 1%
arrangement of plastic layers on the sides. Comparative analysis of mechanical properties between polylactic |
acid plastic filament with fluorescent additives and recycled polypropylene plastic filament mixed with From the process of molding the polylactic acid plastic |
polylactic acid and fluorescent additives revealed that the former exhibited higher mechanical properties. This line, the fluorescent agent is added. The specimen's

difference 1s attributed to the use of recycled polypropylene plastic strands mixed with polylactic acid and surface is consistently uniform and smooth, with a
supplemented with a fluorescent agent, resulting in a decrease in mechanical properties. The polylactic acid cloudy white color attributed. Compared to the
plastic line with a fluorescent additive has an appropriate wavelength i the ultraviolet range, similar to the characteristics of the workpiece made from recycled =

recycled polypropylene plastic line mixed with polylactic acid and a tluorescent additive, at a proportion of 0.3 polypropylene plastic mixed with polylactic acid and Fig 10 Characteristics of hardness test specimen

percent. Considering these factors, an additive Proportions of 0.3 percent 1s deemed optimal for producing ﬂumes_cem additives. In contrast, witen,  examming
ElamenbefieuseinaD printers workpieces produced proportions of 0.3%, 0.5%, and

1%, certamn distinctions emerge. Despite mamtaining the
characteristics of well-molded workpieces, the surfaces
of these specimens are not as smooth.

Hardness (shaore O)

Rat |
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Light luster test

The results of testing the luster of polylactic acid plastic
lines with fluorescent additives found that there 1s a light
wavelength for excitation at 309 nanometers. It 1s close
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Introduction

Ethanol (EtOH) is one of the most important raw materials for
variety of industrial processes including petroleum, medicine, food
and beverage. However, the quantity of EtOH in products is very
restricted due to safety and regulations. To monitor the ethanol
content during industrial production and in products, the preliminary
screening of ethanol amount is necessary. Fluorescent sensing
technigue is one of interesting alternative methods, which provides a
fast respond, high accuracy, cost effectiveness and can be applied as
a quantitative detection.

Molecular design, preparation
and characterization.

Three pentahelicene derivatives
with different substituent groups
were desighed, synthesized and
characterized. Three dyes (Dye 1,
Dye 2 and Dye 3) exhibited a strong
fluorescent emission with the
maximum peak at 470, 525 and
565 nm, respectively (Figure 2).
The desighed dyes not only

i
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Normalized fluorescent intensity
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This study is a subproject under “Food Security” project. Thus,
the main objective is to develop a fluorescent detection system for .
_ _ _ presented a high gquantum
EtOH in food samples. The pentahelicene, fluorescent organic dyes, . .
_ Dye 2 efficiency but also permitted a
were. selected as EtOH sensing moIeFuIes bec.a.use these d.yes large Stokes shift around 100 - 250
permitted the excellent optical properties benefiting to analytical s g nm. Because of their high efficiency
process of sensing application. In the preliminary test (3 months Hi
progress), some selected fluorescent dyes presented a good
sensitivity for EtOH detection which had capability to use as

fluorescent sensing molecules for EtOH determination.

of optical properties, these dyes
were selected as sensing molecules
for EtOH detection.

Normalized absorbance
Normalized fluorescent intensity

B R T R Preliminary screening of EtOH
M et h 0 d S Wavelength (nm) ) y g f
sensing molecules.

he devel d £ heli laci| Three dyes (Dye 1, Dye 2 and Dye 3)
The evelopment procedure of pentahelicene molecules as Dye 3 as EtOH sensing molecule were

fluorescent sensing molecule for EtOH detection in this work can be quickly screened with EtOH at the

described in the following diagrams. concentration of 0, 1, 5, and 10 % v/v
| by naked eye detection under UV
light (Figure 3). The emissive color of
Dye 1 was a slight change, while
those of both Dye 2 and Dye 3 were
significant changes (sky blue to
. orange for Dye 2 and green to red for |
B o S T T s Dye 3). The results ensured that Dye
R, andR,: electron donating groups. SRR 2 and Dye 3 had the ability to
R;and R, : electron accepting groups. demonstrate for EtOH  sensing
applications. The EtOH sensing tests
of both dyes will be performed, and
the results will be described in the
next progress report.

=h
P

Molecular design, preparation, | sioesan

and characterization.

v" Organic molecular design by
combining pentahelicene
derivative, a long p-conjugation
core; e-acceptor and e-donor.
Synthesis and chemical structure
characterization including NMR
and IR spectroscopy.

UV-Visible spectroscopy and
fluorescence studies.
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Normalized absorbance

=
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1 M

Normalized fluorescent intensity
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Figure 1. Chemical structure of

| Figure 2. UV-Visible absorption and
pentahelicene dye.

fluorescent emission spectra of
pentahelicene dyes.

EtOH sensing process.

v Preliminary screening of selected dyes for EtOH sensing.

 Optimization of sensing system; sample preparation, solvent system and
time responsibility.
Sensitivity studies; limit of detection (LOD}, linearity and working range.
Selectivity and competitive studies; effect of interfering compounds and
sensing ability in the presence of interfering species.

Application in real samples. Figure 3. Emissive color of pentahelicene dyes under UV light (365 nm) in the
oresence of EtOH at different concentration (% v/v)

0% 1% 5% 10% 0% 1% 5% 10% 0% 1% 5% 10%

* Real samples selection, i.e., soy sauce.

« Development of sample preparation method; extraction, solvent systems
and reaction time.
EtOH measurement in real samples.

Validation parameter; accuracy and precision. CondUSion and Future plan
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Development of Smart Coatings: Wear and Corrosion-Based Photo Luminescent
Sensing for Elevated Temperature Applications

Postdoctoral Researcher: Dr. Narayanasamy Pandiyarajan
Project leader: Asst. Prof. Dr. Peerawatt Nunthavarawong
Co-researcher: Torsak Boonthai, Somprasong Ruannut
Affiliation: The Sirindhorn International Thai-German Graduate School of Engineering (TGGS),
King Mongkut University of Technology North Bangkok (KMUTNB), Thailand.

Mechanic Engineering Service Co. Ltd., Bangkok, Thailand.

This research mitiative aims to develop a cost-effective and versatile coating with unique properties for various
applications. The substrate material chosen for this project 1s SS400, and the target material for the coating 1s 60E
13%Chrome steel wire with a diameter of 2.3mm, utilizing Thermal Spray Coating Technology. The primary
objectives encompass enhancing the wear and corrosion resistance of the coating through a strategic approach
involving the incorporation of sealants. These sealants consist of a combination of silicone resin, aluminum oxide,
and garnet stone 1n varying proportions. Furthermore, this research involves an in-depth assessment of the coating's
resistance to wear and corrosion, coupled with the analysis of UV intensity signals. The ultimate goal 1s to establish
a comprchensive database of intelligent coatings that can be applied across different industrial sectors. Additionally,
the study intends to develop a predictive model for the wear and corrosion of smart coatings, utilizing machine
learning techniques.
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Optical micrograph of coating TGA results of sealants

Optical microscopy examination of the coating revealed an average thickness of 296 um. The porosity was measured
at 4.6% using 1mage processing, and the average microhardness of the coating was found to be 362 HV, .. The TGA
results demonstrated that the silicone resin with added Al,O; outperformed when compared with Industry A-grade
sealants.
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Statement of Problem :

The steel industry helds great importance in the country's manufacturing sector. Steel possesses crucial properties like corrosion, wear, and high-temperature resistance,
making it a common material across various industries. Carbon steel, in particular, finds widespread use. Heat treatment is a preferred method for enhancing material
properties. Surface treatment, a part of the heat treatment process, improves surface properties and extends the lifespan of materials. Hardening processes, like DLC coating or
PVD processes using materials such as AICrN, CrN, TiAIN, and TiN, enhance the surface properties of melds. These processes elevate toel performance in manufacturing by
improving wear and corrosion resistance. While heat treatment offers numerous advantages, it also presents challenges, such as distortion due to the high temperature (usually
over 700 °C), altering the material's microstructure. Issues like cracking from rapid cooling, time consumption, and limitations in material types, sizes, and shapes are
noteworthy. Various alternative processes, such as thermal spray, cold spray, and shot peening, exist for improving material properties. Unlike heat treatment, these processes
do not alter the microstructure. However, it's essential to note that the thermal spray process alse involves high temperatures. The cold spray process becomes a favorable
choice to avoid high temperatures.

The cold spray process has two types: high-pressure cold spray and low-pressure cold spray. The cold spray was a coating deposition technology that uses metal powders as
feedstock material. The cold spray was a spray technique capable of producing thick metal and, in some cases, metal-ceramic coatings on metal or ceramic substrates at
relatively low temperatures, preserving the initial phase composition of feedstock material. The cold spray process uses high energy or high velocity at low temperatures to
make metal particle deformation. If the impact velocity exceeds a thresheld value, particles endure plastic deformation and adhere to the surface of the substrate.

This research studying low-pressure cold spray and composite coating. Modify the local machine to produce a composite coating. Focusing on the nozzle can create particle
velocity more than the critical velocity of the particle foer composite coating with low pressure.

Jet temperature, "C

Methods :

1. Study the low-pressure cold spray concept using simulation methods (Finite Element Method) and experiment with composite coating (Al/TiN} by selecting velocities
from the simulation results (pressure not exceeding 1 MPa)

2. Modify the local machine to create a coating layer by constructing a spray gun with a heaterand choosing a nozzle similar to the commercial design..

Results & Discussion:

Development of Coating using Low-Pressure Spray

KVIUINS b

U : .
WL
== H__#_,m’f

MANAGEMENT

INVENTION TO INNOVATION SERVICE CO.. LTD.

Coating —»
Supersonic Nozzle |
ﬁ.g Sl

Fig 1. Schematic diagram of cold spray process
[http:/{www.mecpl.com/cold-spray.php]

Gas Heater

*aFs fame emperaturo can reach up o 24000 °C

Cold Spray

) 1
400 =00 BOO

Particle impact velocity. m/s

Fig 2. Classification of thermal spray processes in accordance with particle velocity
and flame temperature [A.5. M. Ang et al, 2013]

The cold spray part

« Simulation results:

- Particle velocity (Vp) affects PEEQ; increasing Vp
results in an increased PEEQ length (refer to Fig 3.)

- Particle temperature increases the flattening ratic and
reduces the critical velocity of the particle (refer to Fig 4.)

- Choose a particle velocity of more than 400 m/s
(exceeding the critical velocity) to calculate the pressure
used in the experiment.

* Experimental results:

- Temperature during the process affects thickness and
hardness; an increase in temperature leads to an increase in
hardness (refer to Fig 5.}, and thickness [(refer to Fig. 6)
Increase.

- TiN particle embeddingin Al (refer to fig 7.)
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(a) V= 350 m/s (b) V,= 450 m/s (€) V= 550 m/s

Fig 3. Simulation contour of PEECQ at 30ns of 25 um Al particles upon an
SKD11 hardening substrate at a different particle velocity {(Temp 350 °C}

Flattening ratio vs Particle velocity

Flattening ratio

—2E = = =30 e BT — - = AE0

440 S0 440 R
Particle velociy {mss)

Fig 4. Relationship between the particle velocity and the flattening ratio at different temperatures.

Hardmess

Average Hardness (HW), )

Coating thickness {pm)

Thickness

B

The modified machine part

The particle velocity in cold spray is influenced by the nozzle expansion ratio

(i.e., the ratio of the exit area to the throat), except for particle size and density.
The particle velocity increases as the nozzle exit diameter increases until the nozzle
exit diameter surpasses 2.5 times the nozzle throat diameter, at which point the
particle velocity decreases (Li, 2005).

In this work, the threoat diameter is designed to be 2 mm, and the exit

diameter is 4 mm. This design has been successfully used in the literature [\Wen-Ya
Li, 2007} (T. Raja Jayasingh, 2014} (refer to Fig. 9).

Some Al/TiN was found on the substrate, confirmed by the EDS results [refer
to Figs. 10 - 11}, but the layer was thin, with an average thickness of 3.049 pm.

*Limitations: pressure 0.6 MPa, temperature input 650 °C, cutput 300-350 °C.*
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Fig 9. The developed spray machine prototype

Spray gun with heater system

Drvergent C'onvergent

Substrate

Fig 78 Schematic of cold spray nozzle.

Speay Area

—
s

10. Workpiece surface after spraying with Al/TiN

T=350"C, norzle speed=12 m's

T=450"C. nogzle speed=12 m's

T=350"C, noerde speed=1.2 mi's

T=30"C, neezle speed=13 nw's

Fig 5. average hardness

Fig 6. average thickness

. : . _ , Fig 11. EDS measuring positions {(Al/ TiN}
Fig 7. Back-scattered electron micrographs of Al/TiN composite coating at 350 °C

Conclusion:

1. Use Finite Element Method (FEM) to study characteristic particles on the substrate and predict microstructure properties based on the flatteningratio.
2. The prototype spray machine can produce a thin or non-uniform ceating, but this marks a good starting point for developingthe machine, particularly focusing on the nozzle part.

**In the future, it will be possible to modify this machine to create a thick and even coating. This can be achieved by changing the powder feeder system and renewing the nozzle design to suit this machine. **
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Excitation source

» Statement of Problem

Inspection is a fundamental process for assessing the condition of compenents within industrial systems, playing a significant rele in ensuring their reliability
and preventing operational failures. Nondestructive testing [NDT) techniques have been widely adopted for industrial inspection, with Ultrasenic Testing (UT} and
Eddy-Current Testing (ECT) being the preferred methods due to their precision and accuracy. Both UT and ECT rely on the transmissicn of inspection waves through
the cbject being examined, facilitating the detection of surface and subsurface defects. However, these methods require surface preparation and experienced
inspectors, leading to time-consuming inspections and limited coverage. Reducing the inspection time is an industrial interest that is requisite to optimize the
industrial operation.

Recent advancements in inspection methods have intreduced thermal-based techniques, such as Infrared (IR} camera integration, to capture temperature
variations in a broader range. A novel approach known as "Vibrothermography" (VT) emerged, combining IR cameras with ultrasonic welders as excitation sources.
VT subjects the object to vibrations induced by the ultrasonic welder, and defects like cracks convert mechanical energy into heat, detected as a temperature rise
by the coupled IR camera. VT premises quicker and more comprehensive defect detection, as demonstrated by Frave et al.'s experimental study. However, the
exact mechanisms behind the heating in VT remain unclear, necessitating a deeper understanding of the method for its optimal development. IR Camera

This study aims to advance the practical application of Vibrothermography (VT) in industrial inspections and identify its limitations. The study endeavors to . Computer
combine experimental and computational approaches to explain the behavicr of inspected parts during VT inspections. This effort seeks to develop thermal-based Specimen
prediction for defect detection, offering a more efficient and effective alternative te conventional inspection methods.

Vibrothermography inspection method

Method

For the preliminary study, the studies primarily investigated the behavior of temperature induced during structural defermation based on defermation-induced heating. The shaft material such as SCM440 steel was selected

for the investigation. Two approaches were observed parallelly, the experimental-based study was conducted to investigate the relationship between the temperature and deformation strain. For the computational-based study,
vibrothermography was virtually applied on the SCM440 shafts with and without a crack to investigate the strain behavior under ultrasonic excitation.

Experiment: Temperature-Strain Relationship Simulation: Strain Behavior of Cracked and Uncracked Shafts under Excitation

*  Material: SCM440 Steel. = ABAQUS FEA: Implicit-dynamic analysis.
« Testing Conditions: * Cracked and Uncracked shafts subjected to vibrate with a low-power ultrascnic transducer.
o Uniaxial tensile testing with a controlled speed of 0.5 mm/min. * Aiming strain distribution under excitation.
o ASTM E8 standard specimens with marked inspection points. * Controlled Parameters of Semi-Elliptical Crack Geometry:
o Aiming temperature and deformation strain during the test. g @=&a/R=0.05.0.1,0.25.0.50.75, L
Equipment Used: o B=aesl.025 0.5 .0.75 1,
1. Epsilon extensometer for gauge strain measurement., Testing Conditicons:
2. K-type thermocouples coupled with NI-9213 module for temperature measurement o Axial excitation with cantilever support.
3. GOM ARAMIS DIC for localized strain measurement at marked inspection points. o Transverse excitation with fixed ends support.

— 130 mm

-—45mm— 25mm =~
7 TN
| » » « ]

III. w1

e

\\

S Crack

Crack controlled
Excitation conditions parameters

Tensile specimen

Results & Discussion

Experiment: Simulation:

During uniaxial tensile testing, the specimen's temperature (T} continucusly increased with deformation, » Computational results revealed strain distribution change over time.

described as: * Uncracked shaft:
o Exhibited low strain corresponding to excitation, with a maximum of 3.89x10° and 4.72x10~ for

T = Ty¥ AT axial and transverse excitation.
Cracked Shaft:

where, T, is initial temperature and AT is temperature change. 15 o Displayed significantly higher strain, concentrated around the crack tip.
: *+— Elastic limit Consider the first peak, the strain close to the crack tip was nermalized with the maximum strain of the
| uncracked shaft.
Influence of Crack Geometry:

o Higher a = Higher strain.

o Higher B = Higher strain.

For the temperature-strain relationship, the
temperature and strain values at the inspecticn pecints
were collected and the means were determined. The
mean temperature change was then plotted against the
mean true strain, taking into consideration the state prior :
to necking, due to the consistency of the specimen ——Mean temperature change 200
deformation (&.4uni ). The polynomial curve fitting : = + =Polynomial fit

exhibits a strong fit with R? = 0.9985 and can be

expressed as follows, 0.02 0.04 0.06
E

e, uni

AT = —8B.51562; uuy + 26437855, — 00758  {2) Temperature-strain relationship

160

oo
=

120

80

Normalized Equivalent Strain
b
=

Prediction of temperature based on the temperature-strain relationship
» Temperature prediction under similar conditions of uniaxial tensile testing.
* Considering temperature induced in gauge secticn prior to necking.
* Equipment Used:
1. Epsilen extensometer for gauge strain measurement. Axial excitation Transverse excitation
2. FLIR a655sc IR camera for temperature measurement.
Strain alterations were obtained from both experiment and Finite Element Method (FEM)
Strains were sequentially substituted into Eq. (2} and Eq. (1) for predicted temperatures.
Temperature gradient and the computational strain distribution reveal a comparable celer contour.
Estimation Accuracy:
o Good estimation with a maximum absclute error of approximately 0.4 °C

Normalized Equivalent Strain

=

Experimental investigation of the shaft response.
= The shaft response under the excitation was investigated experimentally, for instance, transverse
excitation of the uncracked shaft.
Equipment Used:
1. Designed jig and fixture.
2. Low-power ultrasonic transducer.
IR Camera 3. GOM ARAMIS DIC.
——-Predicted {(Experiment) Consider the magnitude of displacement due to the extremely low strain distribution.
—— Predicted (Simulation) Normalized defermation magnitudes from experiment and simulaticon at steady-state revealed a good

L
Lo

hJ
O

Equivalent
strain
+5.33e-03

Ca

+4.8%9e-03
+id.44e-03
+4.00e-03

+3.55e-03
+3.11e-03
+2.66e-03
+2.22e-03

agreement of the computational moedel beyond the angular displacement of E with a percentage error

; of less than 5%.
;‘E‘Haﬂ”” e Temperature prediction was additicnally applied, revealing extremely low temperature differences
which were 1.03x10°/ °C for axial excitation and 1.25x107 °C for transverse excitation.

Temperature {°C)
Pl Pd Pl

+1.78e-03
+1.33e-03
+8.90e-04

thdde s 100 200 300 400 500 600 700
Time (s)

(.
LN

[
n

IR camera FEM Temperature prediction

[
N

—— Experimental result

[
L

- Camputational result
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b

Acknowledgements

This research has received funding suppert from the NSRF via the Program Management Unit for Human

-y
[y

Resources & Institutional Develocpment, Research and Innovation [grant number B13F660125].

Normalized
magnitude of deformation

w4 w2 34

Angular displacement of shaft

Conclusion

Under uniaxial tensile testing, the temperature increases correspending to the strain of the tensile specimens. - -
The deformation temperature can be estimated effectively when the corresponding strain alteration is known. Cumparlsnn of normalized
The developed temperature prediction technique has the potential to be effective when utilized with a high- Contour of deformation magnitude deformation magnitude
sensitivity IR camera and sufficient power of excitation socurce.

The results suggest that the temperature prediction technique can effectively estimate defective areas due to
the strain distribution arcund a crack.

Temperature prediction on the cracked shaft.
*» The relationship was utilized to estimate the temperature of the cracked shaft with B =1, a =1 under

excitations which found as the highest strain generation.
The maximum temperature differences were 1.67x10> °C and 1.46x10 °C for axial and transverse
excitation which much lower the thermal sensitivity of the IR camera (0.03 °C).
Emphasizing the insufficient of the current excitation source for practical use.
The maximum temperature differences were significantly higher compared to the uncracked shaf,
indicating the possibility of crack detection under sufficient excitation.
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Problem statement INVENTION TO INNOVATION

Laser Solder Ball Jetting Process is Fluxless Laser Soldering method which is possible to perform laser fluxless reflow soldering of solder discs on pre-tinned Cu pads. The new method of laser-based solder jetting
technology, Solder Ball Bumper Jet {(SBZ-Jet), have been developed by Pac Tech-Packaging Technologies GmbH of Germany and Pac Tech USA. This method providing throughput of soldering at the rate of 10 balls/s which
can fulfills most of requirements for today’s packaging of optoelectronics. Laser Solder Ball Jetting Process have numbers of benefit, such as high throughput and high accuracy even in miniature device. However, high
throughput of process can cause the failure of capillary material (cemented carbide is the most common material used) in short time and have to be changed with new capillary which can create downtime in manufacturing.
Downtime from capillary changing time should be added into the process schedule which can reduce the output of the production and more cost of capillary tip would be added into capital cost.

To improve the material used for capillary, it was studied that improvement WC-Co with cryogenic treatment result in smaller wear volume expected compared to untreated WC-Co.

This study aims to improve mechanical properties of capillary using cryogenic treatment which could lead to lifetime improvement and reduce the manufacturing cost. Several possible failure modes associated to lifetime of
capillary tip which is the critical area controlling process accuracy of Laser Solder Ball Jetting machine were investigated, such as, thermal expansion, erosion wear associated with fluid jet and particle impact. However,
thermal expansion of WC-Co was very low at soldering temperature and generated limited stress compared to hard particle impingement. Therefore, the study focused on mechanical properties associated with fatigue life.

Method

Commercial grade of WC-Co, i.e., KA10 according to Sanalloy Industry Co., Ltd. was used in this study to represent capillary material. Mechanical properties characterization were employed to investigate the properties
of WC-Co before treatment, i.e., hardness testing, sliding wear testing and nanoindentation testing.

After WC-Co testing, the material was cryogenic treated under different cryogenic conditions, i.e., holding time at cryogenic temperature, and cryogenic temperature. Cryogenic temperature was divided into 2 different
conditions, i.e., shallow cryogenic treatment (SCT) and deep cryogenic treatment (DCT) (-140 and -200 degrees Celsius, respectively). Holding time divided into 2 conditions, i.e., 12 and 36 hours. Samples after treatment
were then be tested by the same method before treatment for comparison and study the effect of cryogenic treatment. Condition of each samples shown in Table 1.

Table 1. Cryogenic treatment condition for each sample

Cryogenic Holding time Cooling rate
Temperature (°C) (hours) (°C/min)
NCT | - | - | -
SC | -140 | 12
SC -140 36
DC] | -200 12
DCT3 -200 36

Sample

Result and Discussion

The result shown that holding time of 36 hours exhibit higher hardness and lower wear volume compared to holding time of 12 hours. Lower cryogenic temperature led to higher hardness and lower wear volume as
shown in Figure 1 and 2 for hardness and wear volume, respectively.

Hardness (HV1)
Wear rate (mm3/m)

NCT SCT12 SCT36 DCT12 DCT36 NCT SCT12 SCT36 DCT12 DCT36
Samples/Treatment Samples/Treatment

Figure 1. Hardness from different case of cryogenic treatment Figure 2. Wear volume from sliding wear testing of different case of cryogenic treatment

Moreover, result of nanoindentation can be used to calculate Young’s Modulus. The result shown that WC-Co after cryogenic treatment exhibit higher Young’s Modulus and lower deviation as shown in Figure 3. Young’s
Modulus of DCT is highest followed by SCT and NCT respectively. In case of deviation of Young’s Modulus result, NCT showed highest deviation followed by SCT and DCT showed |lowest deviation. The deviation of Young's
Modulus indicate that mechanical properties showed better distribution after cryogenic treatment. The same trend also applied to nanohardness. The nanchardness from nanoindentation testing result also showed that
cryogenic treatment improve hardness and reduce their deviation in nanoscale as shown in Figure 4.

Nanohardn

Young's Modulus (GPa)

NCT SCT12 SCT36 DCT12 DCT36 NCT SCT12 SCT36 DCT12 DCT36
Samples/Treatment Samples/Treatment

Figure 3. Young's Modulus from each case (Calculated from Figure 4. Nanohardness from each case
Reduced Modulus from nanoindentation testing)

Conclusion

Longer holding time and lower cryogenic temperature led to higher hardness and lower wear volume which could lead to higher fatigue strength and longer lifetime.

The result from nanoindentation testing shown that DCT showed highest Young’s Modulus followed by SCT and NCT respectively. Cryogenic treatment also improves the distribution of microstructure as shown in lower
distribution range after cryogenic treatment (SCT, DCT).

Therefore, Cryogenic treatment of cemented carbide material improve mechanical properties and more homogeneous.

However, more study should be done to investigate the effect of cryogenic treatment to capillary material properties in more detail, such as, cooling rate effect on mechanical properties or the effect of cryogenic treatment
on microstructure and residue stress
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Objectives

* To analyze the fluid flow behavior and guide the adjustment of molding process conditions for TPS and TPS blend.
 To analyze the relationship between thermoplastic flow behavior data and the design of formulas involving different compositions of TPS and TPS blend.

* To analyze the relationship between thermoplastic flow behavior data and the properties of various products made from TPS and TPS blend.

—-- : + Problems . .
g Lahacale and pilotendle . Industrials scale Lab scale and pilot scale

Rheological lysi . " _
Scope Of work eological analysis Oﬁifftlng conditions Rheological analysis Problems

a Barrel i _ - — | ,. & = _
am pressure _ Screw - - = o= _ ey ™
. / Nozzle L i - : 3B =
3 T 4 I-:'-' ; | - - b, -.'|.'-: ; .

l«— Clamp pressure

-

Cassava

" I .
h.' '. . §
- -
- " - :
b -f ’ N
- I . ‘.
- L iV
4 ;
-

Plunger

! ] & i 1 . h ’ ‘
l /" Cooling Heater Back pressure plate v ~ ; | ' o ’ A y,
Hydraulic cylinder & P P Mold Clamp cylinder B N A F a8 T (‘(

Injection molding

Final properties

._"I'-l.?*'!- ‘l. - 4

M “P TAPIOPLAST®series e trim i '-
Driven nip rolls

Tube collapsing frame : Plasticizer
Wind up : e

. Lab scale and pilot scale

Developing the TPS formula
through rheological analysis ITHT

Air

Frost line

7
e N7

wd ow Single-use packaging

Single screw Extruder

Starch Glycerol Gelatinized starch . .
* Blow film extrusion
Mechanism of starch and glycerol

& . Rotational rheometer testing; - Finding condition
Results and discussion S .

Tempera- Pre-heating time

ture ("C) i 5 min 10 min 20 min 30 min

Examine the characteristics of the polymer melt

under varying pre-heating times at different
testing temperatures for TAPIOPLAST CS25.

Sample preparation (10 Samples)

170

LDPE, LLDPE, HDPE, PLA, PBAT, CG41-D, Cs25, CM30,
TPS FC, TAPIOPLAST®

Materials characterization
Physical properties
* Density and bulk density
* Hardness Bingham

* Tribological test - Herschel-Bulkley
Thermal properties ; 1.00LE+03 ~=<:_  Shear thinning behavior Shear thickening

Newtonian

Rotational Rheometer

)

+ Differential scanning calorimeter (DSC)
Mechanical properties

* Tensile test (Static and dynamic modes)

* Drop weight testing

Permeabilities

* Oxygen permeation analysis (OTR)

» Water vapor permeation analysis (WVTR)

1.00E+02 Shear thinning

Shear stress

1. 00E+01 -heat 1 min '- >
-heat 5 min | Shear rate

-heat 10 min
1.00E+00 . The pre-heating times for TAPIOPLAST CS25

-heat 20 mi -
o - polymer at 190°C before conducting a shear
1. 00E-01 sweep test using a rotational rheometer.

Injection molding machine; _ 1 1000
- Understanding machine Shsas pats (176

— | ' Problems
. - 8 Machine: Injection molding - 1. During continuous processing, the system demonstrates
o e TN _

Shear viscosity (Pa

-heat 30 min

Country: Taiwan instability, resulting in short shots and an increased
Model:  EN-30 occurrence of sink marks.
Machine system: Hydraulic pump " . Operators consistently adjust parameters to maintain stability.
. The identified cause of the problem 1s a material leak at

the nozzle, leading to material loss with each shot.

This necessitates frequent adjustments by the operator for

every shot.

Part fix on mold Part after
after mold open de-molding

Material leakage Part short shot

Clamping unit Yalus jection unit ralug Capture images of the injection process

Clamp force 30 Ton (Max) Screw dlameter 22 mm starting from the bottom left and concluding
Clamping system Hydraulic direct clamp  Qerew I/D 20 at the upper left.

Tie bar distance 260 x 260 mm skl 80 mm (Max) Cﬁﬂﬁluﬁiﬂns

Injection pressure N/A 1. Obtain the physical, thermal, mechanical, and permeability properties of the sample.
Injection speed N/A 2. Assess the conditions of the rotational rheometer.
KpsEane s /A 3. Identify 1ssues with the injection molding machine.

Plate distance 400 x 400 mm
Mold open stoke N/A

Minimum mold thickness 200 mm

Ejector stoke N/A
Locating ring {diameter) 60 mm Current O“tputs

1. The data presents a flow behavior of TPS and TPS blends were tested using the rheometer 1 copy/sample.

2. The data presents a detailed analysis of the relationship between the flow behavior of TPS and TPS blends
ACknOW le dgement and the properties of the final product 1 copy/sample.

This research has received funding suppezi from the NSRF via the Program Management Unit for Human Resources & Institutional Development, Research and Innovation [grant number B13F660125].
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Introduction

Thermoelectric material

Acetylene carbon black (ACB) The performance of conversion can be

determined by dimensionless figure of merit (z7) as

shown in EQ(1).

e ?i3?‘$.;‘:_ Composite

»Small particle size

Seebeck coefficient

\\ S 20_ _~Electrical conductivity

_ " zI'=——1T (1)
»Chemical Stability - K N\

» Conductive properties >Reduce carrier concentration Absolute temperature

» High surface area

Thermal conductivity

]

Petroleum industry

Experiment

> Increase Seebeck coefficient

»Suppress thermal conductivity

|

2 C AgNO; Powder Ag,Se composite Powder

Acetylene carbon black (ACB) - s
n!“ IIIII.
— ‘ _ h'il B - I
e’ B, // )
- ALE 0N
] o —— = . ";;["' b
O o cSHilp. L nt rol

i i

g &
Heater jacket _Hydrat

| ] |
= _:'J "“{ “_.- =
bt B EL R B i e e
Il|. i i Ty 3 : ™ .4". = - 'q..

\
Na,SeSO;

1. ACBs have been dispersed in deionized (DI) water and
Ethylene Glycol (EG) in ultrasonic bath.
2. AgNO,; Powder was added and dissolved in the mixed

5. Ag,Se powder was warm-pressed

+ at523 K

« 30 minutes

+ 600 MPa at

solution.

3. The Na,SeSO; solution was poured into the mixed solution to be reducing agent.
» environmental atmosphere

4. The final powder was gathered and rinsed several times by Dl water and ethanol.

Result and discussion

» The filling out of ACB composites in the pores

=l=0% =@=10% =fh=?5% =g=d0%

— &
£3.0q -@-50% ~d=75% =p=10% . - . .
0 T Y : = ., support phonon transportation. Increase in
o !
2, . £ = lattice thermal conductivity and total thermal |
2 o —
9 5 =
215 S 2 e conductivity in 1.0 and 2.5 wt.% samples.
= .
© g =ll=0% =@=10% =f=25% =y=40% o
@ 1.0 wlpem 5.0% =il =7 5% == 10% — .. . -
£ g I ® g5 » Electronic thermal conductivity become more
g o) d———q—— ¢ -
b5 ————— - =H=0% =0=10% =A=25% =y=4.0%
LI >—¢—¢ E == 5.0% == T7.5% =pP=10% . . ¥ o
: = 00 effective than lattice thermal conductivity after
300 320 340 360 380 300 320 340 360 380 200 290 240 260 280

Temperature (K) Temperature (K)

Temperature (K) ACBs are added more than 4.0 wt.% and

» Electrical conductivity decrease when the ACB content exceeds decrease to 0.9 W/mK after 5.0 wt.% sample.

1.0 wt.%, from 1.8 to 0.5 x 10° S/m.

> Seebeck coefficient increase from -100 pV/K to -150 pV/K for 5.0 » At room temperature, the z7 of pristine and 5.0

wt.% sample wt.% sample can not distinguish.

> Negative values of the Seebeck coefficient the decrease with » At higher temperature, the z7 of 5.0 wt.% sample

millm 0% =@m10% w2 5% =9=q.0%
e kit exhibits higher and reaches the highest of 0.75 at
300 320 340 360 380

Temperature (K)

temperature confirm the n-type semiconductor-like behavior.

383 K.
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Introduction Results & Discussion

Optimize Admixture for Casting

Acetylene Carbon Black (ACB) particles are a carbon product obtained

through the thermal decomposition process of acetylene gas. They have high At the outset, the challenge lies in the hydrophobic

mechanical properties and friction resistance. ACB also exhibits favorable nature of casting ACB/cement samples, causing

electrical properties, leading to numerous studies that explore its combination uneven distribution within the specimen.

with other materials to develop electrically conductive materials. This suggests

that ACB has the potential for further advancements, contributing value to Optimal conditions involve the utilization of 0.2%

various products. Therefore, this project anticipates the advancement of these weight of HEC and 0.05-0.4% weight of SP,

; : : : resulting in a smooth flow and easy casting in a
materials, paving the way for innovative breakthroughs. 9 y 9

Properties of ACB - | mold.
— effect of hydrophobic

e improving strength

(]
=]

e high electrical conductivity

e high thermal conductivity
-‘ e small particles

weighing system heating street y A e high surface area

cement acetylene carbon black
(ACB)

Aplications ; - . ‘ : ] .
P S — e Testing and Characterization HEC 0.2% HEC 0.2% HEC 0.2%
— P ‘ EG - EG 1% SP 1.25%
. SP 1.25%
- e 088 YAk e g
- - 0%  02% 04% 08%  08%

l"""!_:’"‘ -

L9

-
n

* high liquid absorption

Compressive Strength (Mpa)
o =
Ref. non ACB

HEC+EG+SP

o

Electrical Mechanical Electrical Properties

electromagnetic properites properties
shielding

charging road

The measurement using a multimeter and

a more detailed measurement conducted

Experimental with ETO mode (Versa Lab).

The electrical resistivity decreases as
Superplasticizer (SP)

0.05-0.4%wt. 0.2, 0.4, 0.6, 0.8%wt.

( 9+% +--ACB
—

Resistivity (MQ)

— —
H‘

more ACB is added. This happens

Can't measured electrical resistivity

because ACB has a very low resistance

0.1 0.2 0.3 - (1.6X102 kQQ*mm), allowing for highly
ACB contents (wt.%)

et
o

— efficient electrical conductivity in the

W
M

Hydroxyethyl Cellulose . . . .
cement paste.
(HEC) B - | p

0.2%wt. =5 Casting ACB/cement
paste composites

]
(o]

[ For the curing time of cement, the

_ \ \ electrical resistance goes up due to the ¢
. . T
_ \+\+ reaction between cement and water
e L ; * — forming an aluminosilicate phase. Which
poured into molds | |
| i l i | i LI I |
0.0 0.2 0.4 0.6 0.8

/ Mechanical Properties == Universal Testing Machine

)
B

)
o

Electrical

Transport Option 4em Electrical Properties
mode, Versa Lab

Resistivity (kQ) -mm)
>

has higher resistance.

il
N

ACB contents (wt.%)

Mechanical Properties

\0 Characterization == SEM, EDx, XRD, XPS, and Flow

30 ' ' 1 ' The curing periods of 7 and 14 days,
| adding more 0.4%wt. of ACB resulted in

N
n

a decline In compressive strength. This

N
o

Conclusion

was due to a low amount of the binder.

* ACB shows favorable electrical properties, driving research into its combination with However, for the 28 days curing period

-
o

other materials for electrically conductive materials, suggesting potential the addition of ACB had no impact on

o

advancements. compressive strength due to a complete

Compressive Strength (Mpa)
o

cement reaction. ACB embeds itself

0.2 0.4 0.6

» ACB's addition lowers electrical resistivity due to its very low resistance, acting as a ACB contents (wt.%) | within the microstructure’'s pores

briclge for efficient electron flow in the cement paste.

Compressive strength declined with 0.4%wt. ACB at 7 and 14 days, attributed to ACknOWIedgementS

reduced cement per unit. No impact on strength was observed after 28 days,

indicating ACB's integration within the microstructure and its ability to maintain This research has received funding support from the NSRF via the Program Management Unit for

; i Human Resources & Institutional Development, Research and Innovation [grant number B13F660126]
strength.
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Introduction -

- - -

Global warming has become an increasingly critical global issue, largely due to the presence of
greenhouse gases, with carbon dioxide (CO2) emerging as one of the main causes. These emissions are
primarily generated by the burning of fossil fuels and a variety of industrial activities, including
manufacturing, mining and construction, drawing attention to the urgent need for comprehensive
solutions. Carbon capture and storage (CCS) technology is a promising way to reduce greenhouse gas
emissions and mitigate the effects of climate change. However, conventional CCS techniques such as
absorption, membrane separation and cryogenic processes face significant challenges, including cost
effectiveness, energy efficiency and overall performance. In response to these issues, this study
presents an air filtration system based on a triboelectric nanogenerator (TENG-based air filtration
system) (Fig. 1) specifically designed for particulate matter and CO, capture.

.
@

—— = = s —

Triboelectric Natural
" Rubber Foam
(TENG-based air filtration system)

+

Adsorbent materials

{Activated Carbon & Others)

Triboeletric layer

Figure 1. TENG-based air filter for CO, capture.

The TENG-based air filtration system consists of two parts, one of which is made of porous natural
rubber with adsorbent materials for filtration and the other of a triboelectric material. The
phenomenon of triboelectrification on a TENG part creates an electric field that attracts and easily
traps CO, molecules on the filter, as shown in Fig. 2. In addition, the porous structure of the natural
rubber (NR) foam layer, which carries carbon adsorbents such as activated carbon and mesoporous
silica, effectively improves CO, capture efficiency. The TENG-based air filtration system offers
significant potential as a cost-effective and highly efficient air filter for CO, capture.

TENG-based air filtration system

High
carbon dioxide

Methods = —t

- - - -

The production of the natural rubber foam filter (NR-foam filter]) begins with the mixture of
natural latex with adsorbent materials, such as activated carbon (AC). This mixture is processed for 1
minute with a foam generator to ensure compatibility. The NR foam solution is then poured as a thin
layer onto a glass surface. The foam solution was then heated overnight at 60 °C, resulting in a robust
and effective air filter for a TENG-based air filtration system (see Fig. 3).

Activated Carbon '

Foaming \ Casting

g > @ e

MNatural Rubber (NR) NR solution MR-Foam solution NR-Foam Filter

Figure 3. Preparation procedure of NR-Foam filter for TENG-based air filtration system.

Fig. 4 shows a schematic representation of the experimental setup for the evaluation of CO,

adsorption. To remove any physically or chemically adsorbed CO, in the sorbent materials, the filter
was treated overnight at 60 °C and the chamber was purged with N2 gas to remove any remaining
residue. The CO, and N, gasses were then premixed in the gas mixer chamber before being sent to the
gas inlet analyzer positioned upstream of the filter. CO, adsorption was studied using CQO, analyzers
based on the measurement of the difference between the total CO, detected at the inlet and the CO,
detected at the outlet.

Air in

Regulator

CO, Analyzer
{hefare adsorption]
CO, Analyzer Filter
(after adsorption)

Figure 4. Schematic illustration of the CO, adsorption setup used in this study.
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Results & Discussion

To develop air filters from natural rubber foam, it was found that the use of natural rubber latex
subjected to the foaming process to produce a film resulted in a surface with more pores and
roughness than using normal natural rubber latex to produce a film. This is because the foaming
process creates a network of tiny air pockets in the rubber, which increase the surface area and make
the material more porous. The rough surface of the foam rubber is also beneficial for air filtration, as it
provides a larger surface area for particles to adhere to. When activated carbon, an absorbent
material, was mixed into the foam rubber, the activated carbon was able to distribute itself evenly in
the material and on the surface. The even distribution of the activated carbon in the NR foam is
important for effective air filtration as it ensures that the particles are evenly distributed throughout
the material.

Activated Carbon (AC)

NR Foam  NR Foam with AC

Matural Rubber (NR)

Figure 5. Photographs of NR film, NR foam and NR foam with activated carbon as an adsorption material.

The triboelectric effect is a process in which two materials that come into contact or rub against
each other become electrically charged. This is because the materials have a different affinity for
electrons. The material that tends to lose electrons becomes negatively charged, while the material
that tends to gain electrons becomes positively charged. NR foam filters were tested for their ability to
generate electricity through the triboelectric effect by testing them in combination with Teflon or
polytetrafluoroethylene (PTFE), which has a higher affinity for electrons than rubber. When the two
materials were brought into contact, they exchanged charges, resulting in a voltage difference across
their surfaces. The voltage difference induced a current in a conductive aluminum (Al) electrode which
was connected to both materials via a load, as shown in Fig. 6. The voltage generated by the NR-foam
filter mixed with AC was approximately 90 V, which was twice the voltage generated by an ordinary
hatural rubber film. The electricity generated by the NR foam filter can be used to generate an electric
field to improve the efficiency of CO, capture. These results suggest that NR-foam filters have the
potential to be used as a new type of CO, capture material. The filters are relatively inexpensive to
produce and have a high efficiency in generating electricity. The electricity generated can be used to
create an electric field to improve the efficiency of CO, capture.
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Figure 6. The operation of TENG with electrical output voltage and current.

To evaluate the effectiveness of CO, capture by an NR-foam filter layer, a customized test setup
was used, which is shown in Fig. 4. The gas was introduced into the system and its passage through the
air filter sheet was monitored to quantify the efficiency of CO, removal. Using a NR-foam filter, the
result showed a maximum CO, removal rate of 75%, as shown in Figure 7. However, this high removal
efficiency was accompanied by sub-optimal air permeability, suggesting that the filter may not be
suitable for applications requiring high airflow. Furthermore, no electrical energy produced from TENG
was used to enhance CQO, attraction in the experiment, suggesting that further optimization could be
achieved by using this technique.

7

NR-foam filters exhibit potential for dual applications in air purification and CO2 capture. Foaming
increased the porosity and surface roughness, which improves the efficiency of air filtration. The
addition of activated carbon ensured uniform distribution and significantly increased filtration
performance. NR-foam filters generated remarkable electrical output {approximately 90 V), making
them cost-effective energy sources for CO2 capture. Further optimization using the electrical energy of
the triboelectric nanogenerator could maximize the filtration performance. Overall, NR-foam filters
prove to be promising, affordable and energy-efficient solutions for sustainable air purification and
CO2 capture processes.
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Introduction

Plant growth 1s crucial factor 1n establishing the yield of crops. 1. Generation of CO2 nanobubbles (CO2 NBS)
Enhancing the plant growth certainly produces a good yield of by decompression generator

crops 1n both quality and quantity. Gas fn _yWater out

¥
To promote the plant growth, plant nutrients and :n : 0.4 MPa THF— =T
photosynthesis reaction are essential parameters. Plant nutrients . gencrsor J | I R, - ‘E

- ; ; g Gas flow meter — {
received from the soil such as nitrogen and potassium, can reduce 0.2 L/min (L

. ke-d
the effects of plant stress. Additionally, photosynthesis in the E’ﬁﬁl %12: Wetee in water reservoir
leaves of the plant 1s the main source for thewrr growth. Water

(H,0), carbon dioxide (CO,) and sunlight are precursors of the 2. Preparation of non-ionic surfactant
photosynthesis reaction. (Span60 and Tween20) via balling method

The photosynthesis rate can be mcreased by elevating the CO, ‘“’ P - -
concentration. Accordingly, nanobubble (NBs) techniques play a J(€ o\ &
role 1n increasing CO, concentration 1in water, know as CO, NBs. A w ! ) | G0 _Tiﬁen
The CO, NBs can be used as foliar fertilization to promote plant = I'
growth. Therefore, the stabilization of CO, NBs 1s essential. 3. Combination of CO, NBS and non-ionic surfactant
To enhance stability, we generated CO, NBs and added -' @f ) @fo ﬁ,%“ <O

the surfactant, Span 60 (SP60), and a combination of & Magnetic bar

Span 60/Tween 20 (TW20) to the CO, NBs. Additionally, the E VE stir at 400 rpm
expected etfect of adding the surfactant 18 the slow release of CO, ' - - ", for 10 min

gas to the stoma of plant, superbly promoting plant growth.

Results & Discussion

CO, - NBs CO, - NBs 1 Stabili Storge ti Fig 6.
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Conclusion

d CO, -NBs with average bubbles size 869.45 nm can survive for 1 month in RO water and size average slightly increased to 1000 nm
when store for 3 week.

Addition of Span 60 and Span 60/Tween 20 can reduce the average particle size and Zeta potential of CO, —NBs, but this was not
affected to the pH value.

pH value and Zeta potential of 3 samples were increased with increasing the store time.

Tween 20 addition affect the stability of bubbles in CO, -NBs Sp60 sample. It encourage size retention of bubbles.
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Introduction

Over the past decade, energy storage systems have garnered extensive attention due

to the increasing demand for electric vehicles, wearable electronics, and portable devices
in daily life. Supercapacitors, which offer high power densities, safe operation, and long-
term stability, among various energy storage devices, play a crucial role in bridging the
gap between batteries and dielectric capacitors.

Based on charge storage mechanisms, supercapacitors can be divided mto two
categories: electrical double-layer capacitors (EDLC) and pseudocapacitors (PDC).
EDLC, the first type, relies on electrostatic charge separation at the electrode/electrolyte
interface without involving a chemucal reaction. Consequently, EDLC provides rapid
charge-discharge rates and long-term stability. In contrast, the second type, PDC, relies
on a combination of the EDLC mechanism and an electrochemical reversible redox
reaction. As a result, PDC offers higher specific capacitance but lower cycling stability
than EDLC.

Activated carbon (AC) emerges as a promusing candidate for EDLC electrodes due to
its abundant availability, cost-effectiveness, and environmentally friendly nature. AC
derived from biowaste such as rice husk, orange peel, reed straw, bamboo, and sugarcane
bagasse can be easily prepared using an activation process. There are two types of the
activation: physical and chemical activation. AC prepared by chemucal activation
provides higher specific surface areas than physical activation.

This study synthesized activated carbon (AC) from sawdust biomass using a
seawater activator, specifically chemical activation. This approach 1s novel, as there have
been no prior reports on AC derived from the sawdust activated through the seawater for

supercapacitive applications. Moreover, this method enhances the value of the sawdust
and reduces manufacturing costs.

Methods

Carbomzed
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Results & Discussion
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Fig. 1 XRD spectra of (a) ACs treated with a 0.6 M NaCl solution at different
temperatures and (b) ACs treated with various activators at 900 °C.
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At different temperatures

» Activated carbons (ACs) treated with the 0.6 M NaCl solution at 800 °C (AC-0.6 M
NaCl-800) and 900 °C (AC-0.6 M NaCl-900) exhibit pure amorphous carbons,

whereas other ACs contain impurities.
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At various activators

» All ACs activated by various activators at 900 °C (non AC-900, AC-0.6 M NaC(l-
900, and AC-seawater-900) possess pure amorphous carbons.
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Fig. 2 N, adsorption/desorption isotherms of (a) ACs treated with the 0.6 M NaC(l
solutions at different temperatures and (b) ACs treated with various activators at 900 °C.

At dlt erent temperatures
» AC-0.6 M NaCl-900 powder provides the highest quantity absorbed, meaning its
largest specific surface area.

At various activators

» AC-seawater-900 and AC-0.6 M NaCl-900 powders show higher quantity absorbed
than non-AC-900, indicating that two AC powders produce higher specific surface
area than non-AC-900.
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Fig. 3 CV curves of ACs treated with various activators at 900 °C (a) and specific
capacitance of all AC electrodes calculated from CV curves.

CV
» All AC electrodes exhibit rectangular curves, indicating a nearly ideal behavior

characteristic of EDLC, as seen 1n Fig. 3a.

At low scan rates (Fig. 3b)

» AC-seawater-900 electrode gives the highest specific capacitance due to its
largest specific surface area.

At high scan rates (Fig. 3b)
» AC-0.6 M NaCl-900 electrode shows the highest specific capacitance which
might be due to its highest electrical conductivity.
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I #-AC-0.6 MNacLooo (76.54%) | (CID

30+ Rl » AC-seawater-900 electrode achieves
the highest specific capacitance at low
current densities because of its largest

60

40 specific surface area.

> AC-06 M NaCl-900 electrode
possesses the highest rate capability,
which 15 likely attributed to 1ts highest
electrical conductivity.
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Fig. 4 Specific capacitance of all AC electrodes calculated from GCD curves.

Conclusion

» Activated carbon (AC) derived from sawdust was successfully prepared using either
a NaCl or seawater activator.

» At different temperatures, AC-0.6 M NaCl-900 powder provides the largest specific
surface area.

» At various activators, AC-seawater-900, and AC-0.6 M NaCl-900 powders present
higher specific surface area than non-AC-900 powder.

» Specific capacitance of AC-seawater-900 and AC-0.6 M NaCl-900 electrodes is
higher than that of non-AC-900 electrode.

» AC-seawater-900 electrode exhibits the highest specific capacitance at low scan rates

and current densities, while AC-0.6 M NaCl-900 electrode demonstrates the highest
specific capacitance at high scan rates and current densities.
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Introduction MITR PHOL

Colossal dielectric permmttivity materials have been extensively researched over the years due to their increasing demand in markets and applications 1n nmucroelectronics [1].
Most of the examined materials show a large dielectric permuttivity (&'). However, the enhanced dielectric response 1s often accompanied by an increased loss tangent (tan o) with poor
temperature stability 1n certain properties of dielectric materials [2]. Hence, achieving equilibrium between &' and tan o 1s a primary focus of scientific research and practical applications.
Materials that exhibit colossal dielectric constants without the use of lead, and their thermal stability, are attractive for applications 1n the microelectronics industry, such as memory devices
and capacitors. Barium titanate (BaTi0O3) [3], lithium-titanmmum-nickel oxide (LixTiyNi11-x-yO or LTNO) [4], and ceramics are several groups known as giant or colossal dielectric permuttivity
materials. These materials can be created using an internal barrier layer capacitance (IBLC) structure [5] in a one-step fabrication process. The mteresting material 1s CaCusT14O12 (CCTO) ,
derived from waste shells, offering the additional advantage of repurposing waste into capacitors. This study focuses on synthesizing calcium carbonate (CaCQs) from waste shells through
carbon dioxide adsorption. The obtained material 1s then employed 1n the preparation of CCTO, which can exhibit high dielectric values while maintaiming low dielectric loss.

This study to synthesize calcium carbonate from waste shells, subsequently utilizing it in the preparation of CCTO through a solid-state reaction. The X-ray diffraction (XRD) technique
1s employed to investigate the phase structures of CaCQOs, with a focus on optimizing the dielectric properties of CCTO {for applications 1n capacitors and hunudity-sensing devices. The study
reveals that sintering CCTO at 1060°C results 1n an optimal dielectric constant (¢') of approximately 114,550 and a loss tangent (tan o) of about 0.096 at 1 kHz. However, the tan o of dielectric
materials needs improvement for practical applications to enhance the dielectric response. The mechanisms for enhancing the dielectric performance of CCTO are discussed 1n detail.

Methods

Scheme 1 shows the preparation of CCTO through a solid-state reaction
involves the following steps. Imitially, powders of calcium carbonate (CaCQOs)
derived from waste shells, copper oxide (CuO), and titanium dioxide (T10:2) are
welghed 1n appropriate stoichiometric ratios. These powders are then thoroughly
mixed to achieve a homogeneous blend via a solid-state reaction. The muxture 1s
subsequently subjected to high-temperature sintering using a furnace. During this
process, the powders undergo a series of chemical transformations, resulting 1n the
formation of the desired compound, CCTO. The reaction parameters, such as
temperature and duration, are critical in deternuning the phase purity and crystalline
structure of the final product. Following the reaction, the obtained CCTO 15 cooled,
ground 1nto a fine powder, and may undergo additional processing steps to enhance
its properties.

Watched b Watched b cal 10 10° 10
atched by atched by cinate
deionized water deionized water Frequency (HZ)

"= » @

Waste shells/ S o dla d S e Figure 2. The frequency dependence of (a) ¢’ and (b) tano at room temperature for CCTO
) Dakea in ied and grinde : : P 2 .
Waste materials ceramics sintered at different temperatures 1s ivestigated.

Calcium carbonate (CaCOs) The frequency dependence at room temperature of & and tano for CCTO with various

; temperature sintered 1s illustrated in Figure 2. In the present study, a distinct frequency

+ Dried and grinded — dependence 15 observed for &' and tano 1n CCTO ceramics sintered at different temperatures.

e ;| Notably, the & values at 1 kHz for ceramics sintered at 1060°C are sigmificantly higher

(114,550) than those sintered at 1030°C (37,350). This enhancement 1s attributed to the

denser microstructure of the CCTO sintered at 1060°C, corresponding to the relative density

of each ceramic sample. Furthermore, the observed lower tano value for the CCTO sample

Sl Al sintered at 1060°C (0.096), in comparison to that sintered at 1030°C (0.178), aligns with the

Dried at80°C higher grain boundary resistance (Rgb) of the 1060°C sintered CCTO. This outcome

suggests that the microstructure of the 1060°C sintered sample contributes to reduced

energy dissipation, resulting 1n a lower loss tangent. It's noteworthy that the dielectric

constant could be further enhanced by strategically adjusting preparation parameters.

Parameters such as sintering temperature, sintering time, and doping offer avenues for

optimization. The fine-tuning of these factors in the fabrication process has the potential to

positively 1mpact the dielectric constant, providing opportunities for tailoring the material
properties to meet specific application requirements.

Characterization techniques
and dielectric measurements «

Scheme 1. The synthesis process of CCTO from waste materials.

Result and Discussion

The prepared CaCQOs can then be characterized using X-ray diffraction (XRD),
as shown in Figure 1. As observed, there 1s a difference between natural waste
shells and those calcined at 800°C for 3 hours. XRD results revealed the presence Conclusion
of CaCOs Aragomte (JCPDS no. 01-076-0606), CaCOs Calcium Carbonate (JCPDS
n0.01-085-1108), and Ca(OH). Calcium Hydroxide (JCPDS no. 01-076-0570).

To synthesize calcium carbonate (CaCQOs) from waste shells and subsequently utilize 1t
S in the preparation of CaCusTisO1z (CCTO) through a solid-state reaction, the X-ray
® CaCO, :Calcium carbonate diffraction (XRD) technique 1s employed to mvestigate the phase structures of CaCQOs. The
# Aoy« Ralsium yduaniae focus 1s on optimizing the dielectric properties of CCTO for applications in high-energy
storage capacitors and hunmudity change sensing devices. The study reveals that sintering
CCTO at 1060°C results 1n an optimal dielectric constant (¢') of approximately 114,550 and

a loss tangent (tan o) of about 0.096 at 1 kHz.
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» Optimization of laser irradiation process

We aim to develop a sustainable electrochemical sensor for the
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on a laser-induced graphene electrode derived from palm o1l biomass.

Methods

» Fabrication of biomass-LIG electrode
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Oil Palm Biomass (OPB)
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Oil palm biomass

Charcoal/ Graphite/Graphene oxide Laser induce graphene

O oe—

Laser graphitization and conversion

Conclusions

A laser-induced graphene disposable electrode made from biomass was
successfully developed using a simple and facile fabrication method invelving laser
irradiation. This electrode exhibits good electrochemical properties and has been

successfully applied to the determination of capsaicin.
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» Capsaicin detection
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Approximately 20 to 40% of diabetic patients develop CKD.

Introduction

Diabetic kidney disease (CKD)

or (ESRD) worldwide.

Diabetic nephropathy (DN)

CKD is the most common cause of End-Stage Renal Disease

Indicators

1) Albuminuria: >300 milligrams/ 24 hours or 200 micrograms /minutes

2) Albumin-to-creatinine ratio (ACR): > 300 milligrams albumin /grams creatinine

A device for screening and diagnosing CKD is required urgently.

Diabetic nephropathy Normal Kidney

Synthesis of AC-PKS from palm kernel

" Activated carbon (AC)
Raw Palm Fruit from PKS .
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Palm kernel shell (PKS)
Ball mill technology (BM)

» Increase defect density
» Decrease crystallinity

Pyrolysis at 700 °C 2 hr. . |crease oxygen functional groups

crenmemee | 2bel-free immobilization process

P{: s linker Yﬂntbndr ) BsA "ﬂmtﬂ

I
----------------------------------------------- <4

Potential /V

Activated carbon was successfully synthesized from
palm kernel shell using the pyrolysis method. The use of
ball mill technology results in a reduction in the gain size
of AC-PKS material to nanoscale, as well as an increase
In oxygen functional groups on the surface of AC-PKS.
During the BM process, the dispersion in organic solvent
went through an increase. The presence of oxygen
functional groups on the PKS surface facilitates the
absorption of methylene blue, which can act as a redox
brobe for further label-free albumin biosensor.
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s s Portable electrochemical sensor for the detection
of curcumin in turmeric samples
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| Background and Rational

Terapeutic benefits Conventional methods Electrochemical method

‘, Cardiovascular diseases

Spectrophotometer

Limitations

Large equipment Portable CUR sensor

' 4

Gas Chromatography

o Colitis AR

@ High operating costs Portability

% Complicated procedure Simplicity

—

Psoriasis === .. Long analysis time

—

Fast response

% Unsuitable for on-site High sensitivity

P :
i@ Cancers = detection

High Performance Suitable for on-field
Liquid Chromatography (HPLC) analysis

| Results |

To develop a new portable electrochemical sensor for the » Characterizations of morphology

detection of curcumin (CUR) based on a nitrogen and sulfur-

doped laser-induced graphene clectrode (N-S@LIG)

| Methods |

»> Fabrication of N-S@LIGE electrode

Coating o—— LTT mask

. l — Kapton tape

100 pl. precursor

1 mM methylene blue < .
(MB) g o—— Thermal laminating film PET

CO, laser 200 : . , , , , . : : : . :
0.50 -0.20 0.10 0.40 0.70 0.60 030 0.00 030 060 0.90

Clean up with DI E vs Pseudo Ag/AgCl (V) : E vs Pseudo Ag/AgCI (V)

. // — LIG 1" scam with 100 pM CUR
i : '“-‘-~.~__..~,.,~ / — == LIG 2" scan with 100 pM CUR
.:‘-‘--:,: . : 7

— N-SELIG 1* scan with 100 uM CUR

N-S@LIGE Applying Ag/AgCl ink - . x._f,g;m; S iy

Dried at 70 °C for 13 min

1y

(I}

0.60 030 000 030 060 090
E vs Pseudo Ag/AgCl (V)

[ - _1
| y-0ss000x+ 038001 g @ Linearrange : (.10-30 pmol LL

R*=0.9998

1 @:] Limit of detection: 0.036 pmol L1

W 0,10 pmol L

@j Limit of quantitation: (.12 umol L

Excellent
Reproducibility (RSD < 6.5%)

10 20 30 40 0.00 0.10 0.20 0.30

@ CUR tration (uM) E vs Pseudo Ag/AgCl (V) | Repeatability (RSD <7.9)
Conclusions — :

B Electrode 1
B Elecirode 2 12 -

A portable CUR sensor was successtfully developed based on N-S@LIGE. The 8 Electrode 3 e as . RSD=3s%

71 ™ Electrode 4 10 -

“ Electrode 5

proposed method provided a wide linear range, low detection limit, excellent 1 = Ecrsaes

reproducibility and good repeatability. Moreover, this sensor could possibly be

applied for the determination of CUR in cultivated rhizomes and commercial i JI || II

turmeric products. ¢ 5.00 10.00 2.50
CUR concentration (uM) CUR concentration (uM)
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Electrochemical sensors for detection
of mercury in cosmetics
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Introduction
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Methods
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Preparation of Electrochemical measurement

the Bi(NO3)3/MoS> Nanocomposite

BI(NO3)3/MoS,y

suspension
.__]h)

eleétrﬂdé ready Portable sensor

for measurement

-

dry overnight
drop casting ' ‘i‘at 70 °C for 5 min.
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Schematic illustration of bismuth particle absorbed on the surface of niol bdenum disulfide (Mo0S»
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Hydrothermal process Bi particles absorbed

Bi(NO3)3 + MoS,y (12 h at 140 °C) on the MoS, Hg2+ bind to S on the MoS»y

Results

Optimizations Linearity

Optimization of

electrode fabrications Optimization of operational conditions
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Conclusions - Acknowledgements

Mercury is a toxic metal that can cause severe toxic effects, including kidney damage,
anxiety, depression, and peripheral neuropathy. In this study, "Bi(NO;):/MoS;" was used as

a working electrode for the development of an electrochemical sensor for the detection of .
; ; o s ; o Management Unit for Human Resources &
mercury (II) ions. The study also involved optimizing the analyte and operating conditions,
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Precious metals

“INTRODUCTION

Laboratory-based method

X-ray diffraction {(XRD), Inductively coupled

Objectives

To develop an easily handled system for

the detection of gold {(as Au{l)) in the

Market value

~30 billion THB*

plasma {ICP)

Complicated process plating solution and the wastewater

: containing precious metals.
Costly instrument

Long analysis time
Electroplating industry

"Data from Thaifand Efectroplating Network

METHODS

Optimizing parameters

* To study experimental

detection of Au(l)

conditions that affected the

Applying to field test
* Testing of a protocol for the detection of Au{l) in the plating

solution and the wastewater containing precious metals

0jl

Selecting equipment

08

Method validation

* Analytical performance is examined to study sensitivity,

* The potentiostat is portable and easy-to-use,

compatible with a miniaturized system selectivity, and repeatability.

Composition of a sensor

Electrochemical detection of Au(l) ions

100 uL of Au(l) Flectrochemical response of Aufl)

solution

Counter electrode

Reference electrode (Garbon)

(Ag/AgCI)

R

™

Working electrode -

=1 ppm Au(l)

Current/pA

=5 ppm Au(l)

oarhon) To laptop/smartphone - ~=10 ppm Au(l)
- =25 ppm Au(l)
- = 50 ppm Aufl)

Electrode inlet P ! ! ;

0.00 0.40 0.60 0.80
Potential/V

Screen-printed carbon electrode Sensit Smart (PalmSens)

RESULTS & DISCUSSION CONCLUSION

Optimization of electrochemical parameters The development of an electrochemical method for the detection of gold (Au(l)) was

proposed.

10.00
9.00 r

8.00 | : ad ' compatible with a portable potentiostat, enabling the potentiality for the on-field

?+m B

g - w0 r : analysis.
5.00 | oo b

a.00 | j 00 _ The linear concentration was obtained in the range of 1 — 50 ppm, which is possibly
3.00 ¢ [

2.00 | 00 | adequate to determine Au{l) in the real plating solution and the wastewater
1.00 F s

oy - ' ' ' ' ' ‘ containing precious metals.
o 1 2 3 4 5 6 7 8 95 10 11 12 13 10 15 20 25

Step potential (mV) Frequency (Hz)

Analytical performance

y=0.7265x + 2.6802

The measurement was performed on an unmodified screen-printed carbon electrode

Current [pd)
Currant [pA)

20 75
Amplitude (mVv)
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1.00 - 50.00
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10 precision for Au(l) detection.
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(R*=10.9937)

=1 ppm Auf{l)

RSD (%) 2 RS0 values were found in the range from
2.90% 1o 5.65%.

The

w5 ppm Au(l)
w10 ppm Au(l)
=25 ppm Au(l)

Current/pA

9.13

proposed method  provided  high

e 50 ppm Au(l)

0.20 0.40 0.60 0.80

Potential/Vv

Square wave voftammograms with different concentration {1 — 50

ppm) of standard Au (1) in agua regia
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INTRODUCTION

The metal plating industry 1n Thailand 1s a great representative of the country's potential supporting industries due to 1ts large size (worth
approximately 30,000 million baht and growing approximately 10 percent each year, data from the Ministry of Commerce) and can
connect with the production of various products in the global value chain. However, the overall entrepreneurs have difficulty expanding
and growth into higher value product/market, which leads most of the industry mto cost intensive market. This project 1s focused on
developing the practical IDE measurement system, “mnovation driven enterprise readiness level”, which 1s tailored made for
electroplating industry.

Whatis innovation-driven enterprise (IDE)?

According to Professor Bill Aulet of MIT, mnovation driven entrepreneurship (IDE) 1s defined as the pursuit of opportunities focused on
products or repeatable services beyond the local market. While there 1sn’t any set “Rule” to become IDEs but the success IDEs usually
have the following characteristics.

_ Earning
* They focus on global markets or high value markets.

* The company 1s based on some sort of innovation (tech, business process, model). /
SME

* They learn from mistakes/defects and can take opportunities from the knowledge acquired
from solving these problems.

 The company starts by investing time, effort & resources, but 1n time will have exponential
growth.

* They tend to have high adaptability to market situations, changing of technology

and customer. They can sustain their business. v

Although the characteristics of IDEs are similar to startup company, but 1t 1s actually the opposite. The startup company 1s an example of
the new company/business which choose to be IDESs since start.

PAIN SOLUTION

—

While the mmportance of becoming IDEs 1s evident but the TRLS) System proven in operational environment

e TRLE System complete and qualified

understanding of “what” and “how” to become IDEs 1s

_ _ _ TRL7 Integrated pilot system demonstrated Techn()logy Readiness Level
questionable, the Technical Readiness Level (TRL), a type of TS O T

Project

measurement system used to assess the maturity level of a E Laboratory testing o integrated system

TRL4 Laboratory testing of prototype component or process

particular technology, 1s also designed for projects, and clearly

Critical function, proof of concept established

focused on technology. This project 1s a result of SMEs not TechnoloRy concept anafor appication formalated

Basic principles are observed and reported

knowing which stage they are in the progression to IDEs and how

to further develop. ‘

Readiness Assessment Framework toward Sustainable Growth of |DE Startups
Connecting Technologhes, Production, Commerncial, amd Business | THLs -> MELs -= CRLs -> BR

Aftalin sustabrsble grosth and s

Readiness assessment

that & can compete with obher
LR clTE - P

Oipesrate bo et the wiabii by ol
desgrsed business model

W T Startup company

The Readiness Assessment for IDE Startups from the study of S, e | e | = R traiEss et I MaHe i s,
. : . Iocsrminebosccsmmarcs | oo mosonsot N. Readiness A t for IDE Startups:
Prof. Dr. Nathasit Gerdsri, Readiness Assessment for IDE Startups: ] T | S e B e e

A Pathway toward Sustamable
Growth. Sustainability 2021, 13, 13687.
https://do1.org/10.3390/su132413687

A Pathway toward Sustainable Growth, focuses on other aspects

such as Manufacturing readiness level, to made the model easier

for entrepreneurs to track and i1dentify the next developing plan.
This 1ncreases the model function for broader use 1n the startup

ficld. This project propose further adjustment of the model for

electroplating industry 1n Thailand SME.

IDE Readiness Assessment

ACKNOWLEDGEMENTS for SMEs

This research has received funding support from the NSRF via the

Program Management Unit for Human Resources & Institutional

Development, Research and Innovation [grant number
B13F660137].

@lg;—

S s s ss s

asnsana
L YSsssas

AR RN NS




	Binder1_Page1
	Binder1_Page2
	Binder1_Page3
	Binder1_Page4
	Binder1_Page5
	Binder1_Page6
	Binder1_Page7
	Binder1_Page8
	Binder1_Page9
	Binder1_Page10
	Binder1_Page11
	Binder1_Page12
	Binder1_Page13
	Binder1_Page14
	Binder1_Page15
	Binder1_Page16
	Binder1_Page17
	Binder1_Page18
	Binder1_Page19
	Binder1_Page20
	Binder1_Page21
	Binder1_Page22
	Binder1_Page23
	Binder1_Page24
	Binder1_Page25
	Binder1_Page26
	Binder1_Page27
	Binder1_Page28
	Binder1_Page29
	Binder1_Page30
	Binder1_Page31
	Binder1_Page32
	Binder1_Page33
	Binder1_Page34
	Binder1_Page35
	Binder1_Page36
	Binder1_Page37
	Binder1_Page38
	Binder1_Page39
	Binder1_Page40
	Binder1_Page41
	Binder1_Page42
	Binder1_Page43
	Binder1_Page44
	Binder1_Page45
	Binder1_Page46
	Binder1_Page47
	Binder1_Page48
	Binder1_Page49
	Binder1_Page50
	Binder1_Page51
	Binder1_Page52
	Binder1_Page53
	Binder1_Page54
	Binder1_Page55
	Binder1_Page56
	Binder1_Page57
	Binder1_Page58
	Binder1_Page59
	Binder1_Page60
	Binder1_Page61
	Binder1_Page62
	Binder1_Page63
	Binder1_Page64
	Binder1_Page65
	Binder1_Page66
	Binder1_Page67
	Binder1_Page68
	Binder1_Page69
	Binder1_Page70
	Binder1_Page71
	Binder1_Page72
	Binder1_Page73
	Binder1_Page74
	Binder1_Page75
	Binder1_Page76
	Binder1_Page77
	Binder1_Page78
	Binder1_Page79
	Binder1_Page80
	Binder1_Page81
	Binder1_Page82
	Binder1_Page83
	Binder1_Page84
	Binder1_Page85
	Binder1_Page86
	Binder1_Page87
	Binder1_Page88
	Binder1_Page89
	Binder1_Page90
	Binder1_Page91
	Binder1_Page92
	Binder1_Page93
	Binder1_Page94
	Binder1_Page95
	Binder1_Page96
	Binder1_Page97
	Binder1_Page98
	Binder1_Page99
	Binder1_Page100
	Binder1_Page101

