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Establishment of magnetic resonance imaging-proton density fat
fraction (MRI-PDFF) parameters and image quantification
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Abstract d
Background: Proton density fat fraction (PDFF) measured by
magnetic resonance imaging (MRI) provides a noninvasive quantitative
biomarker of hepatic steatosis. However, standardized PDFF reference
parameters in preclinical fatty liver models remain under-defined. This
study aimed to establish MRI-PDFF values across a mouse model of diet-
induced fatty liver at different stages of high-fat feeding.

Methods: C57BL/6J mice were assigned to five groups (n=15-30 per
group): A (control): regular chow for 8 weeks; B: high-fat diet for 2 weeks;
C: high-fat diet for 4 weeks; D: high-fat diet for 6 weeks; E: high-fat diet
for 8 weeks. At the end of each feeding period, in vivo liver MRI was
performed using a two-point Dixon sequence to generate water and fat
images. Regions of interest within the liver were used to calculate PDFF
(%). Group-wise PDFF distributions were summarized by median,
interquartile range (IQR), and range.

Results: Control mice (group A) exhibited low hepatic fat content
(median 9.5 %, IQR =5.3% (7.5%—12.8 %)). Two weeks of high-fat
feeding (group B) induced a rapid and pronounced increase in PDFF
(median 32.0 %, IQR=12.7% (25.8%—38.5 %)). At four weeks (group C),
PDFF remained elevated (median 25.6 %, IQR =20.4% (12.9%—33.3 %))
but showed marked inter-animal variability, including a high-end outlier
(~77%). With longer exposures (groups D and E), PDFF partially regressed
toward baseline but stayed above control levels: at six weeks, median 18.4
% (IQR=10.2% (14.3%-24.5%)); at eight weeks, median 16.7% |,
IQR=7.4%(11.5%—18.9 %).

Conclusions: MRI-PDFF sensitively detects the onset and progression
of diet-induced hepatic steatosis in mice. PDFF peaks by two weeks of

high-fat feeding and then gradually declines though remains chronically
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elevated. These data define reference PDFF parameters for this fatty liver

model, supporting their use in longitudinal preclinical studies of steatosis

and steatohepatitis.
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Establishment of AI-Assisted Atherosclerosis Angiography Assessment
(3* 3 S35 113A003)
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Abstract
As Taiwan gradually enters a super-aged society, the health impact

caused by cardiovascular diseases is increasing rapidly. Among them,
atherosclerosis is called a “silent killer” because it is difficult to detect early
and often causes deadly complications. However, in current clinical
practice, there is a lack of effective non-invasive tools to evaluate the
disease progression and assist diagnosis. Therefore, this study focuses on
developing an artificial intelligence (Al)-assisted imaging diagnosis
system for atherosclerosis, aiming to meet the urgent need of disease
prediction and personalized management in an aging society. In
radiological techniques, this study applies an emerging radioactive probe,
[68Ga]-APD (Aptamer-based Probe Design), which has high affinity and
target specificity, to label the atherosclerotic plaques. Combined with
SPECT/CT imaging platform, it allows high sensitivity early detection and
accurate quantification of the lesions. The main achievements of this study
include: Establishing a mouse atherosclerosis model that includes three
disease stages (normal, mild, and severe), and successfully using [68Ga]-
APD for high-resolution imaging monitoring; Developing a disease stage
prediction model based on the Inception-v4 deep learning architecture,
which shows stable and high accuracy in various datasets; Using
SPECT/CT imaging to effectively present the structure and functional
features of the lesion areas. In conclusion, this study integrates novel
radioactive probe, non-invasive SPECT/CT imaging, and deep learning
analysis, significantly improving the understanding and detection
capability of atherosclerosis progression. In the future, it may be applied in
early screening, treatment response monitoring, and personalized medical
decision-making, providing a promising diagnostic tool for precision

cardiovascular medicine.
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Abstract

To meet the requirements of increasing demand  for nuclear
medicine, the National Atomic Research Institute (NARI) is building a 70
MeV cyclotron to develop new radioactive isotopes, such as Ac-225, Cu-
67, Sn-117m, Sr-82, or to back up the production of existing important
isotopes, such as TI-201 and 1-123. The production of various isotopes
involves different selections of nuclear reaction channels and different
designs of target materials. How to produce the isotope of interest with an
optimal condition is a critical issue in practice. According to the
construction goals of the 70 MeV cyclotron, this research performed a
series of nuclear reaction simulations with various production routes and
operation conditions, mainly including proton energy, target material and
thickness, to evaluate theoretical production yields for the isotopes of
interest. The results provide a set of theoretically suggested operating
conditions to produce the aforementioned isotopes, which could be used as

a reference for future cyclotron operation and target system design.
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Safety analysis of radiopharmaceuticals using health insurance
database
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Abstract

Prior research has indicated a relationship between exposure to
nuclear medicine and the subsequent development of malignancy. Thus,
this current 1s aimed at assessing the risk of developing malignancy
following exposure to nuclear medicine during childhood. We conducted a
population-based retrospective cohort study using data from the National
Health Insurance Research Database from 2009-2020. We selected patients
under 18 years old who had been exposed to nuclear medicine as our
treatment group and randomly selected 2 million patients who had not been
exposed to nuclear medicine to serve as our control group. For the
treatment group, we defined the date of the first nuclear examination as
index date while randomly assigned an index date for the control group.
We followed patients from the index date till the occurrence of outcomes,
death, or end of the study period. Additionally, we implemented sibling
control analyses where treated patients were compared with controls
selected from their unexposed siblings. We enrolled a total of 43,257
patients received nuclear medicine and 361,638 patients as our control
group after matching. The incidence rates of solid malignancy were 100.5
and 21.5 per 100,000 person-years in the treatment group and control group,
respectively. For the hematological malignancies, the incidence rates were
20.5 and 7.8 per 100,000 person-years in the treatment group and control
group, respectively. The adjusted hazard ratios (HR) were 4.70 (with 95%
confidence intervals (Cls) 4.03-5.4) and 2.61 (95% CIs 1.91-3.56) for solid
malignancies and hematological malignancies, respectively. The results
were consistent across all sensitivity analyses and stratified by age.
Physicians should carefully assess the benefit-risk balance when using

nuclear medicine in pediatrics.
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1231-MIBG and 99mTc-MIBI dual-isotope tracers in myocardial

imaging to differentiating diabetes and neurodegenerative diseases
(:* 3% %3 113A006)
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Abstract

Cadmium zinc telluride (CZT) semiconductor detection head single
photon emission computed tomography (SPECT) can improve energy and
spatial resolution. The research team of our hospital has been using CZT
probes and prostheses to perform simultaneous 99mTc and 1231 dual-
nucleus SPECT imaging since 1997 to evaluate the impact of image
acquisition conditions and overlapped interference between dual-nucleus
species. In the 2017 research project of the Ministry of Science and
Technology, 1231-MIBG and 99mTc-MIBI dual-core tracers were used to
perform simultaneous myocardial angiography in the differential diagnosis
of comorbidities of abnormal innervation and blood perfusion in patients
with Parkinson's syndrome (Project No. : MOST 108-2314-B-040-011-
MY?2). In the three-year prospective study, the research team will conduct
99mTc-MIBI and 1231-MIBG myocardial angiography at the same time
for elderly patients with suspected Parkinson's syndrome to rule out
myocardial blood flow defects caused by aging coronary cardiovascular
disease and affect 1231-MIBG. Myocardial absorption is reduced to
differentiate between coronary vascular disease and simple sympathetic
innervation. This study will use CZT probe SPECT scanning, using a
multi-energy window to simultaneously capture 99mTc and 1231 contrast.
The contrast analysis will calculate the overlapping interference of 99mTc
and 1231 energy to calculate the myocardial uptake ratio of 99mTc-MIBI
and 1231-MIBG at different blood perfusion sites. This study improved the
CZT probe SPECT imaging diagnosis and treatment technology and
reduced the inconvenience of medical treatment for patients with
movement disorders. The examination of 36 patients with parkinsonism
was successfully completed without adverse results. During the study, it

was found that cardiovascular disease has fewer comorbidities with pure
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Parkinson disease but it has more diagnostic value in some cases with a

history of vascular disease. Among the diseases that can affect blood
vessels and nerves at the same time, diabetes mellitus is the first, and
previous studies have limited relevant information. Moreover, among
neurodegenerative diseases, diabetes mellitus is also one of the important
comorbidities. Therefore, more clinical data can be provided to clarify the
changes in cardiac blood flow and nerves in patients with diabetes to

facilitate precise treatment.
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Studies on Control for Frequency Regulation Reserve in Zonal Power

Grid with Distributed Generation
(4 %3 113A014)
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Abstract

The use of renewable energy as sources of electric energy has become
more common in the recent years. The addition of solar and wind energy
has been increasingly added to the power grid alongside other traditional
sources. These have led to the decentralization of energy production,
eventually forming microgrids. Microgrids, unlike traditional grids, consist
of multiple generators to provide energy to a local area. This offers multiple
advantages, such as being able to isolate itself from a large power grid
during a power failure. There are also disadvantages however, which
include maintenance of voltage and frequency stability. The presence of
multiple distributed generators (DGs) makes the control of a microgrid
more complex, due to the presence of different standalone controllers that
each affects the entire system. This project proposes the use of edge and
fog computing constructed in a hierarchical manner to coordinate multiple
DGs and microgrids to maintain frequency stability within the system. The
system to be investigated is a modified IEEE 33-bus system separated into
three interconnected microgrids, each with DGs, energy storage systems
(ESS), and loads. A blockchain program will be at the highest level of
the system, where transaction between microgrids will be done. The second
layer, fog layer, is the one responsible for maintaining frequency stability
for each microgrid. A predictive controller deployed in this layer will be
responsible for keeping the frequency of each microgrid stable. The lowest
layer of the system consists of the physical grid itself, which contains the
DGs and loads. Edge devices will be used on each DG in the entire
networked microgrid as a replacement to the standalone controller which

allows it to communicate with the secondary fog layer.
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Development of Fault Signal Identification and Classification

Techniques for Relays
3 e 0 113A020
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Abstract
This project aims to develop automated anomaly detection technology

for power systems to assess abnormal voltage and current signals in relay
systems caused by natural disasters. Traditional manual diagnosis methods,
faced with events such as typhoons, lightning strikes, strong winds, or
animal interference, are inefficient and lack accuracy, unable to meet the
growing monitoring needs of modern power systems. To address this, the
project incorporates machine learning to analyze the dynamic
characteristics of voltage and current signals in relay systems during
disaster events, enabling automated anomaly detection in power systems.
The project analyzes three-phase voltage and current signals in relay
systems and uses feature extraction to identify abnormal segments.
Subsequently, the K-nearest neighbor (KNN) algorithm classifies types of
anomalies, and an anomaly detection model is established. The overall
research process includes data preprocessing, model development,
performance evaluation, and system testing. This project develops
automated anomaly detection for critical energy equipment, capable of
identifying anomaly types in power systems efficiently and accurately. The
proposed technique enhances anomaly detection in power systems,
facilitating timely fault information acquisition and improving system

stability.
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Abstract

Once power transmission and transformation equipment fails, it leads
to significant economic losses, so prevention is better than cure. One
effective method for detecting high-voltage insulation degradation is to
observe the phenomenon of partial discharge in the equipment, which is an
early indicator of issues. Early detection allows for preventative measures,
and trend observation is superior to periodic inspections, as long-term
monitoring effectively reduces the chances of misdiagnosis. This project
proposes the use of high-frequency CTs to capture the original discharge
waveforms of partial discharges for signal processing and analysis. To
enhance the diagnostic system's efficiency and accuracy, it is necessary to
create phase-resolved partial discharge maps that provide information on
the discharge phase, magnitude, and frequency, thereby illustrating the
distribution characteristics of partial discharges. The project plans to use
original discharge waveform data combined with time-domain, frequency-
domain, or hybrid feature extraction techniques to rapidly classify and
identify discharge types in power transmission and transformation
equipment. Through this method, the system can record the original
discharge waveforms during actual operation, understanding the various
conditions of these waveforms observed in multiple partial discharge
measurements, which serves as validation for the effectiveness of the

feature extraction technology.
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Abstract

In accordance with the current domestic and international
developments in power and energy policies, the application of renewable
energy in the grid is gradually expanding. Therefore, the instability of
renewable energy generation needs to be considered as a factor in the
construction and improvement of the grid. Unbalanced three-phase feeder
lines are one of the situations that can result from the instability of
renewable energy generation. To address this issue, this project aims to
explore phase-switching technologies for distribution feeder lines. It will
integrate feeder line modeling, algorithms, power flow analysis, phase
switching, and operational information into a simulation platform, with the
goal of mitigating grid fluctuations caused by the instability of renewable

energy generation and enhancing grid operational resilience.
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Research on Three-Phase Unbalanced Loads and Voltage Control in
Microgrid
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Abstract

Nowadays, owing to the growing penetration rate of the renewable
energy sources connected with the power system, the power quality issue
has become a significant challenge resulted from the inherent intermittency
and uncertainty. In other words, the increasing renewable energy sources
may lead to the unbalanced grid current and voltage variations and flicker.
Moreover, owing to the widespread utilization of the sensitive apparatus,
the power quality deterioration seriously occurred. To ensure the power
quality of the microgrid, it is necessary to effectively integrate relevant
load compensation control strategies and voltage stabilization mechanisms.
If successful integration is achieved, it will significantly enhance the
operational stability and power quality of microgrid. The main objectives
of this project are to: (1) analyze relevant literature on three-phase
unbalanced loads and voltage control; (2) develop the three-phase
unbalanced current compensation and voltage control strategies; (3)
establish relevant models for the proposed strategies on three-phase
unbalanced current compensation and voltage control; (4) verify the
feasibility of the proposed strategies via the PSIM simulation software. In
addition, this project would establish relevant models based on the
microgrid system provided by National Atomic Research Institute and
verify the effectiveness of the developed unbalanced current compensation
and voltage control strategies for the power quality improvement through

the simulation results.

2-10



B3 MRTE TR AR

PIFET FE R X THITFF e,

RERTFAMUL KA A2 Er Y

fe e o H R 2B R Y

'

3-i






" BRRTREREPIRG | JUNE.2025

BIFET FHEE R TR P

Development of Parameter Setting Technology for Distance Relays
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Abstract

Inverter Based Resources (IBR) is one of the technologies that were
recently introduced into the electric power system. The term IBR refers to
technologies that generate or store electricity for grid power distribution
with the inverter-based devices. The impact of IBR integration on the
power system grid has been discussed for years as it brings numerous
advantages and challenges. The past works of literature have covered some
solutions for the protection misoperation issues caused by IBRs; however,
these solutions often involve complex mathematical computations and high
computational demands, making them unsuitable for distributed systems
due to processing time constraints. The increased computational
complexity also raises the risk of coordination loss, rendering some
traditional methods difficult to implement. To overcome these challenges,
a multi-agent-based protection system is proposed and implemented. This
system comprises various agents—bus agents, circuit breaker agents,
transformer agents, and area agents—that collaborate and coordinate to
achieve effective relay operations. Validation of the system's performance
will be conducted using co-simulation and Hardware-in-the-Loop (HIL)
techniques across various scenarios. The proposed method is expected to
offer improved accuracy and faster response times compared to

conventional relays.
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Applications of the Common Information Model in

Distribution System Assets
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Abstract

This project applies a common information model (CIM) to collect the
real-time information of distribution facilities and to the multi-microgrids
of distribution systems. The IEEE Std 2030 is a reference for the energy
management system of a microgrid to define the testing procedure of
performance quantification and certification. Based on IEEE Std 2030, the
planning and design procedure of AC microgrid will be proposed in this
project. Also, the CIM will be used to exchange the real-time information
between the transformer terminal units (TTUs) and feeder terminal units
(FTUs) in microgrids. The convolution neural network (CNN) will be used
to compare load patterns and detect the abnormal status of TTUs and FTUs
when facilities failure or are installed on the wrong locations. After
detecting abnormal status, the information is transmitted to the master
station based on CIM to support the operation, maintenance, and

management of microgrids.
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Abstract

This project focuses on the protection coordination challenges in
distribution systems with integrated distributed generation (DG). A neural
network-based decision-making system for dynamic protective relay
parameter setting is proposed. The training data for the network is
generated using an improved immune algorithm, which solves for optimal
relay setting combinations under varying levels of DG penetration and
system load conditions. Simulation results validate that the proposed
decision-making system can rapidly provide recommended relay settings
based on real-time data, including DG output, load demand, and fault
current levels. This capability provides valuable decision support for power
system operators in maintaining protection coordination and ensuring

operational reliability.
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The research on control strategies of distributed generation in micro-

grid for providing frequency regulation reserve service

(54 %3 1 113A015)
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Abstract

In recent years, with the large-scale integration of renewable energy
into the power grid, its intermittent nature has posed challenges to the
stability of power supply and demand balance—for example, solar power
generation is greatly affected by sunlight intensity. To maintain the stability
and security of the power system, emerging technologies such as
microgrids and energy storage systems are increasingly relied upon to
provide ancillary services. Currently, through Taipower’s electricity
trading platform, various stakeholders can participate as service providers
in these ancillary services.

This project focuses on the microgrid system and related equipment
at the National Atomic Research Institute (NARI). Based on Taipower’s
regulations for ancillary services, the project aims to develop a simulation
system for MW-scale microgrid ancillary services and conduct studies on
frequency regulation support. The main research tasks for this year
include:(1) System assessment and analysis of MW-scale microgrid
performing static frequency regulation using a demand profile-based
approach;(i1) Development of multi-power source coordination strategies
for static frequency regulation in MW-scale microgrids using a demand
profile-based approach;(iii) Simulation of emergency regulation output for
MW-scale microgrids performing static frequency regulation using a
demand profile-based approach, along with proposing appropriate

simulation methods and benefit evaluations.

3-8



" BRRTREREPIRG | JUNE.2025

TR ETHEETH

Potential Impacts of Seismic Hazards on Power Grid Resilience
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Abstract

This study aimed at enhancing power grid resilience. The project
integrates data on seismic activity, soil liquefaction, and slope instability
to establish natural disaster risk potential data. This serves as a critical basis
for subsequent model development and grid resilience reinforcement. The
project collaborates with the Geological Survey and Mining Management
Agency and Taiwan Earthquake Model (TEM) to compile Taiwan's active
fault attributes, constructing a fault database necessary for seismic impact
analysis. Using geographic information systems, simulations are
conducted on a 500x500m grid to quantitatively assess post-earthquake
disaster scenarios. The study selects 26 individual faults and combinations
of two faults for earthquake scenario simulations, analyzing potential
disaster impacts and infrastructure failure effects. Key analyses include
seismic activity, soil liquefaction, slope instability potential, and the
damage status of power facilities under seismic influence. These analytical
findings will provide natural disaster resilience maps for the grid, serving
as crucial references for subsequent model development and reinforcement

efforts.
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Radiation Effects for Radiation Reliability on Low Earth Orbit

Satellite in Space
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Abstract

The new era of the space exploration, it is critical the effects of system
failure caused by electronic components in high radiation environments. In
order to avoid problems, evaluating the deterioration and radiation
resistance degree of component radiation degradation and resistance is an
important issue. Radiation exposure can be used to simulate the space
environment and evaluate the effects of space radiation, causing temporary
or permanent damage to materials, causing logical errors, functional
failures and other consequences during operation. This project contains
two work objectives, (1) To study the structure, vibration, and related
influence of optical and electrochromic properties of single-layer Ta;Os
and WOs; as well as double-layer Ta,Os/WO3 and WO3/Ta,0s thin films
prepared by sol-gel method; (2) Preparation and analysis of radiation -
irradiated gold nanoparticle (Au NPs) solution solutions. The noteworthy
about the results of this study (1) Ta>Os can serve as a protective layer for
WO; films, and the electronic structure of electrochromic thin films
induced by proton irradiation changes, resulting in a decline in the
electrochemical performance response. Double-layer thin films have better
potential and performance in electrochromic applications; (2) Through the
radiation irradiation of the gold nanoparticle sample, the electrochemical
properties were measured by cyclic voltammetry (CV), showing no
significant redox current peaks and reaching the standard size of

commercially available nanoparticles.
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Abstract

This study aims to enhance neutron flux in a dual-function neutron
target station. In addition to thermal analysis evaluating the impact of
increased proton beam current on target heat transfer, the effects of target
coating on neutron yield were also investigated. Results indicate that, due
to the processing challenges associated with beryllium metal, employing
high-flow, sub-cooling working fluids combined with electromagnetic
field-assisted beam spreading can effectively reduce peak heat flux,
thereby improving heat dissipation and increasing neutron flux.
Furthermore, Monte Carlo N-Particle (MCNP) simulations with
conservative coating thicknesses suggest that gold or aluminum coatings
on the target surface do not significantly reduce neutron production,
implying that coating strategies can be employed in future designs to

enhance target durability without compromising neutron yield.
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Research and Applications of a Quantum Topological Sensor
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Abstract

In this proposal, we will develop quantum topological sensors with a
novel two-dimensional layered quantum material, tungsten telluride
(WTe»), which is believed to have coexisting ferroelectric properties and
spin-orbit coupling effect. This material can change its electronic structure
under electric field modulation, which may provide more flexibility and
tunability to design new electronic components. The absence of a single
crystal substrate and its compatibility with existing semiconductor CMOS
processing are expected to overcome the limited applications of quantum
materials in the past and enable a wide spectrum of applications. The
development of novel materials, new component architectures, and the
exploration of new physical mechanisms are considered critical
foundations for the next generation of electronic components and sensors.
The spin-valve structure developed in this work has reached a magneto-
resistance ratio of 79.3%. Through comprehensive characterization and in-
depth study, we will explore the possibility of realizing the interplay among
crystal structure, spin-electronic and ferroelectricity in a single system. At
the same time, this research will provide a possible pathway for next-
generation energy-efficient electronics and artificial intelligence

computing.
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Measurement and analysis of material and electrical properties of

guantum dot memory devices
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Abstract

With the rapid advancement of artificial intelligence (Al) technology,
the demand for memory has become increasingly prominent. Traditional
memory technologies, including DRAM and SRAM, although capable of
meeting computational requirements, still have limitations. The common
calculations in Al applications impose higher requirements on memory
speed, density, and efficiency. Hence, the development of new memory
technologies has become crucial. Emerging floating gate memories,
especially those aligned with silicon semiconductor processes, can increase
the charge storage capacity of memory and enhance reliability when
utilizing quantum dots as floating gate materials. This project will focus on
novel quantum dot memories to enhance memory write-erase
characteristics. This project will utilize electrical measurement equipment
to investigate the degradation mechanisms of quantum dot memories.
Initially, through capacitance measurement systems, the analysis of
memory characteristics will be conducted. By adjusting the capacitance
scanning bias, the performance of components under different write and
erase conditions will be observed. Additionally, the project plans to
complement with material analysis instruments such as Energy-dispersive
X-ray spectroscopy, (EDS), and Atomic Force Microscopy, (AFM) to
further analyze the nanostructure and distribution. Finally, the integration
of the above results will establish a physical mechanism model for memory
component performance and reliability degradation, facilitating the
development of memory components with stable write-erase

characteristics.
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Research on the simulation and analysis of airflow characteristics in

the energy-saving dehumidifying rotary wheel system
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Abstract

This study conducted numerical simulations and experimental
analyses on desiccant wheels in a dual airflow system to investigate the
effects of different porosities (10 PPI and 60 PPI), structural types
(interconnected pores and straight channels), and airflow velocities on flow
characteristics, pressure drop, and heat exchange efficiency. The results
indicate that the 10 PPI structure exhibits excellent kinetic retention, with
minimal airflow velocity loss and high thermal stability under high-speed
conditions (10 m/s). In contrast, the 60 PPI structure demonstrates
significant airflow deceleration and superior heat exchange efficiency,
making it suitable for high-efficiency heat exchange applications. Pressure
drop analysis revealed extremely low average values (<0.01 bar) for both
structural types across different porosities, ensuring stable system
operation. In the enclosure design, the number, width, and thickness of
supports significantly influence the stress distribution. Increased support
thickness effectively reduces stress, while additional supports aid in stress
distribution but may lead to stress concentration effects. This study
provides a theoretical basis for optimizing desiccant wheel design,
recommending the selection of appropriate porosities and structural types
based on application requirements and the rational design of enclosure
structures to balance performance and material utilization efficiency. These
findings offer valuable insights for industrial applications of desiccant

wheels in dehumidification and heat exchange processes.
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Abstract |
With the increasing impact of extreme climate change, Taiwan has
been experiencing more frequent and severe floods and droughts. At the
same time, the rapid growth of manufacturing and high-tech industries has
led to rising water demand. To address water scarcity, the government has
promoted wastewater recycling and reuse in recent years, and has
positioned reclaimed water as a new alternative water source. In addition,
seawater desalination—using the largest water source on Earth—has
become an important way to supplement industrial water supplies.
Focusing on the challenges of seawater desalination, our team has been
developing and studying technologies to recover and reuse calcium and
magnesium ions from the brine discharged during the desalination process.
These efforts aim to improve system efficiency and reduce the
environmental impact of brine. To achieve this, we use a technology called
fluidized-bed homogeneous crystallization (FBHC) to develop a hardness
treatment module specifically designed for seawater and brine wastewater.
In the early phase of the project, we tested chemical precipitation
methods to remove magnesium and calcium ions in sequence. Magnesium
ions were first removed using sodium hydroxide, forming magnesium
hydroxide, followed by calcium removal through carbonate precipitation
to form calcium carbonate. In the mid-phase, we applied the FBHC
technique to identify the best operating conditions and successfully
produced high-purity and well-crystallized particles, contributing to
circular economy goals by turning waste into reusable materials. In the
final phase, we obtained actual wastewater samples from your institution
and built a pilot-scale system to carry out large-scale tests. We also
evaluated treatment performance and construction costs, aiming to apply

the technology in real industrial settings. In the first-stage experiment for
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magnesium hydroxide recovery, we used both solar sal brine and salt-

concentrated brine from Taisugar. Using 100 liters of solar salt brine, we
achieved a 99% total magnesium removal rate and 93.8% crystallization
removal efficiency. However, the test with salt-concentrated brine failed
because the very high magnesium content caused excessive precipitation,
clogging the system. Therefore, magnesium recovery from this type of
brine was not feasible using the fluidized-bed approach. In the second stage,
we focused on recovering calcium carbonate using 100 liters of solar salt
brine. Both the total calcium removal and crystallization efficiencies
reached 89%, showing good performance. Since salt-concentrated brine
could not be used in the magnesium recovery stage, it was also excluded
from this part of the study. The solid products from both stages were
analyzed using XRD, FT-IR, SEM, and SEM-EDS, confirming that the
recovered materials were magnesium hydroxide and calcium carbonate.
These results demonstrate that the FBHC technique is effective for
recovering valuable minerals from solar salt brine and offers potential for

sustainable water treatment and resource recovery.
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