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Research on the International Trend of
Atomic Energy Technology and Develop-
ment Strategy in Taiwan

Execution Unit : Department of Planning

Abstract

This plan aims to investigate the trend of the international science and
technology of atomic energy and deliver a strategy for research and development.
We conduct assessments for nearly fifty atomic technology groups for peaceful
uses of atomic energy, and derive technology strategic priorities for eight fields
through the expert panel method. Research results can be referenced to propose
a detailed strategic plan to promote the peaceful uses of atomic energy. We also
make popular science textbook to improve public understanding of atomic energy
technology.

We also survey the international trend of nuclear regulatory framework,
nuclear contribution to electricity generation, and public attitudes to nuclear power
and policy of America, European Union, Canada and Australia. Besides, we also
refer experiences of performing nuclear safeguard tasks among European Atomic
Energy Community (Euratom) established by the European Union, Japan and South
Korea, and propose a feasible analysis and implementation strategies based on the

status of Taiwan.
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Research on Peaceful Uses of Atomic
Energy and the Strategic Vision to New
Southbound Policy

SAEEN R EEEE

Execution Unit : Department of Planning

Abstract

Atomic energy technology has widely enhanced livelihood through
promoting nine of the seventeen Sustainable Development Goals (SDGs) .The
nine SDGs include: zero hunger, good health and well-being, clean water and
sanitation, affordable and clean energy, industry, innovation and infrastructure,
climate action, life below water, life on land, partnerships for the goals. This project
collects peaceful uses of atomic energy including medical, agricultural, industrial
and other fields in India, Indonesia, Malaysia, Singapore, Thailand and Vietnam.

As for the New Southward Policy to promote atomic energy technology
cooperation, based on Taiwan’s well-developed medical system and technology
ranking among the best, medicine such as cancer radiotherapy, nuclear medicine
application and medical imaging technology is the prior and feasible direction for
cooperation with six countries mentioned above. Furthermore, we can make use of
existing cooperation platforms and centers established by various ministries, open
national radiation standard laboratory and y-irradiation facility to conduct technical
exchanges in atomic energy technology, cultivate professional talents and connect
regional markets.
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Improve the quality control of radiation
workers’ dose assessment agencies in
Taiwan

Execution Unit . Department of Radiation Protection

Abstract

The personal dosimetry laboratories in Taiwan follow their own calibration
management of personal dosimeters. In this study, we executed the on-site visit
and blind test for personnel dosimeters quality performance for evaluation on
quality control management improvement.

We survey 8 personal dosimetry laboratories in Taiwan, including a
questionnaire for business information and inspect with random sample selection.
The samples were sent to standard laboratory for irradiation and sent back to their

own facilities for radiation dose conversion.

The personal dosimeters laboratories held the qualifications of TAF
certification. The results of statistical analyses showed that there were no significant
difference (p>0.05) between dose deviation and influence by usage year or
reading history.

For abnormal events, each facility followed the notification process with
records keeping. We also recommended that the blind test can provide the routine

performance test for checking the management quality of dosimetry laboratories.
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Environmental radioactivity survey of
marine and coastal area and population
dose assessment of Taiwan

Execution Unit : Radiation Monitoring Center

stEEAL  SBEHMERIRO

Abstract

After Fukushima accident, more and more people care about the radiation
around our living area and impact of marine ecosystem. For the health of Taiwanese
people, this project promotes Taiwan sea area radiation monitoring and population
dose assessment. Seawater, marine organisms and cumulative samples (shore
sand and seabed sediments) were used as the main analytical samples, and Cs-
137 was selected as the key nuclide for investigation. The project started from
2019, it establishs and refreshes a radiation background database to improve the
environmental radiation background of Taiwan, and then grasp the trend of the
impact of radioactive wastewater discharge from the Fukushima nuclear accident
and the other nuclear power plants on Taiwan sea area to ensure radiation safety.
Population dose assessment confirmed medical dose due to computer tomography
and mammography examination, cigarette smoking and ingestion of Cs-137. Other
radiation sources like external and internal radiation dose from terrestrial gamma,
cosmic ray and foodstuffs are continue reassessed.
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Study of radiation background in sea
water surrounding Taiwan

Execution Unit : Radiation Monitoring Center

Abstract

This project assisted in collecting seawater and sediment samples
surrounding Taiwan by the group led by the National Sun Yat-sen University during
2020. The Atomic Energy Council Radiation Monitoring Center collected marine
biota and measured the activity of natural and anthropogenic radionuclides of
all samples. Our group identified the marine biota. Physical models and oceanic
chemical parameters were used to assess the influence of coastal currents
surrounding Taiwan on the distribution of the activity of radionuclides.

The range of Cs-137 activity in seawater surrounding Taiwan was within
the criteria of survey value (2000 Bg m®) . The activity of short half-time Cs-134
was lower than the detection limit(0.5 Bq m®) . The primary Cs-137 peak was in
seawater at 200 to 300 m depth. The temperature and salinity characteristics of
primary Cs-137 peak were consistent with the ones of Subtropical Mode Water. But
the relationship between them needs further investigation. The secondary Cs-137
peak in the surface waters during 2018 and 2019 was unclear in surface waters
taken this year. In addition, the Cs-134 activities of marine biota samples, including
fishes and shrimps, were lower than 0.61 and 0.09 Bqg kg™ respectively. Cs-137
activities in sediments and sands were lower than 0.82 Bqg kg"'. The strategy of
long-term monitoring strategy is to identify the primary peak along the vertical water
column and follow the depth of the primary peak to find its horizontal distribution
later. If an abnormal peak were observed, the strategy is to trace its source and
follow its dispersal distribution.
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Investigation on Medical Radiation
Exposure of the Taiwan Population

Execution Unit : Radiation Monitoring Center

Abstract

In this project, we propose to investigate the medical radiation exposure
of the Taiwan population via accessing National Health Insurance Research
Database to get medical-exposure population, recording parameters of diagnostic
examinations in sampling hospitals, measuring radiation beam characteristics
and outputs, developing dosimetric models for eight types of medical exposure,
evaluating the effective doses for each examining protocol, and deriving the
collective dose. The survey will include eight types of medical exposure, such
as computed tomography, nuclear medicine, cardiac interventional fluoroscopy,
angiographic interventional fluoroscopy, conventional fluoroscopy, conventional
radiography, mammography, and dental x ray, and at least 51 examinational
protocols. Finally, we will propose a database of the Taiwan population dose from
medical exposure, and establish a website to provide people to look up the dose

level of examinational protocols of interest.
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Research on Radiation Protection
Technical Specifications and Dose
Evaluation

Execution Unit * Department of Radiation Protection,
Institute of Nuclear Energy Research

Abstract

In order to respond to the radiation management structure and technical
specifications of international organizations, this plan adopted a roll-on approach
to cooperate with the updated regulations on the improvement of technical ability
in control practice and radiation protection measurement technology, in two
main directions. This year we conducted researches on the radiation protection
mechanisms, regulatory control impacts, and radiation evaluation techniques for
technical specifications, dose for the lens of the eye,etc. At the same time, the latest
technical criteria were applied to the performance tests in laboratory certification
system in order to strengthen the technical capabilities of personnel dosimetry
assessment and radiation detector calibration laboratories. The plan also improved
the technology related to biological dose evaluation. The purposes are to enhance
the techniques for radiation protection management to ensure the public’s health

and safety.
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Research on the radiation survey and
safety management for NORM
(naturally occurring radioactive material)
contained products

Execution Unit : Department of Radiation Protection

Abstract

The applications of products containing naturally occurring radioactive
materials (NORMSs) are becoming increasingly widespread and deeply involved
in people’s livelihood. This plan was analyzed the types and content of NORMs
added in different commodities, establish techniques for radon measurement
and calibration, personnel dose assessment of products containing NORMs, and
develop a treatment plan for products containing NORMs with abnormal radiation
to protect the radiation safety of people using related products.
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Studies on radiation protection
aspects in decontamination and
decommissioning of radioisotope
production facilities

Execution Unit : Department of Radiation Protection

SHEE(  ESEE

Abstract

At present, there are 13 cyclotron-based radionuclide production facilities
in Taiwan, whose particle energies are between 9.6-30 MeV, and more than half
of them have been in operation for more than 15 years. Secondary neutrons are
generated through nuclear reactions during the cyclotron operation and those
secondary neutrons potentially induce material activation in the cyclotron body and
shield structure to varying degrees. As many of these facilities are approaching the
end of their lifetime, studies on radiation protection aspects in decontamination and
decommissioning of radioisotope production facilities are deemed to be important
and necessary for both the facility owners and regulatory agencies. This year, we
have finished the following working items: literature collection and review including
data from various countries with experience and operation histories of domestic
facilities. Two major tasks related to technology development, i.e., Monte Carlo
technigues and sensitivity studies for material activation, were also successfully
conducted. The results and experience obtained in this study will be beneficial to
all parties involved in decommissioning of radioisotope production facilities.
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2020 project on assessment of radiation
dose and risk of recycling and smelting

workers related to radiation anomalies in
steel

SHEE(  ESEE

Execution Unit : Department of Radiation Protection

Abstract

There are 34 reported cases of iron and steel radiation anomalies in Taiwan
in 2020. The reasons for the radiation anomalies are that most of the waste steel
materials such as steel pipes or components contain natural radioactive material
deposits, and a small number of scrap metal material containing waste radioactive
sources which are artificial radioactive materials. The content of this project in
2020 included research and analysis of commercial computer codes on radiation
protection assessment, which codes are suitable for assessing the radiation impact
of persons involved in handling or disposing of steel radiation anomalies. Through
the collection and analysis of the international control/management measures
and detection/processing procedures of steel radiation anomaly, as well as the
comprehending current detect and dealing situation of steel radiation anomaly
by means of visits and inspections of the steel industry, the relevant simulation
scenarios were planned and built to evaluate and confirm the relevant workers’
radiation doses and health risks.
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Research of Deployment
Effectiveness of Medical Exposure
Quality Assurance measures and
Items for Diagnostic Medical Imaging
Equipments for 2020-2021

Execution Unit : Department of Radiation Protection

st : EATEE

Abstract

Diagnostic medical exposure quality assurance practices have been
included in lonizing Radiation Protection Act for many years. It's an issue worthy
of attention that how to evaluate the implementation effectiveness of medical
exposure quality assurance practices constantly for the state-of-the-art diagnostic
medical equipment. This project of the year 2020 has conducted on-site visits
and inspections of diagnostic medical devices including 50 mammographic X-ray
machines, 50 computed tomography (CT) scanners, as well as on-site radiation
surveys on 100 interventional X-ray equipment, for ensuring the exposure quality
of the equipment. Besides, the project has also examined the effectiveness of the

current quality assurance practices by reviewing each test items, test frequency
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and performance criteria, which were regulated for the mammographic machine
and the CT scanners, with the techniques suggested, and has provided counselling
services for healthcare facilities of how to do the exposure quality practices on
interventional X-ray equipment. The outcomes may be the reference for concrete
proposal for improving medical exposure quality assurance practices in the future.
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2020 project on evaluation of
radiation safety and dose constraint
of planned exposure situation

Execution Unit . Department of Radiation Protection

STEE(U : BHIPEE

Abstract

This project collected the information regarding justification and dose
constraint specifications and practical approaches of international planned
exposure situations, and also developed and put forward recommendations
on justification review and the promotion of dose constraints for the application
of domestic radiation practices. In 2020, on-site inspections and risk analysis
subjected to non-medical equipment capable of producing ionizing radiation
were conducted and continued, sampling inspections of 412 radiation sources
completed. Performed the radiation dose and risk assessment, statistically analyzed
the investigation data, and put forward specific recommendations for radiation
protection and risk control after compilation. This project gradually establishes
radiation protection safety specifications for different types and uses of radiation
source applications, so that the relative industries can follow them to improve the

regulatory effectiveness of radiation safety.
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(1) H.W. Liu, C.H. Hsu, F.Y. Hsu, C.W. Kuo, C.C. Yu. Radiation dose and risk
assessment of staff and assisted personnel caused by veterinary X-ray ex-
amination, Taiwanese Journal of Applied Radiation and Isotopes 16(1) :

1851-1856, 2020.
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Study on the Revision of lonizing Ra-
diation Protection Act

Execution unit: Department of Radiation Protection

STEE(U | BHIPIEE

Abstract

The current lonizing Radiation Protection Act in Taiwan is based on the
ICRP-60 recommendation. Due to the technology advancements, social changes
and environmental requirements, the ICRP revised its ICRP-60 and published ICRP-
103 to provided more complete framework, reasonable approach and effective
implementation for the radiation protection of individuals in different exposure
situations. The objectives of this project are to study the new concepts and
methods recommended in ICRP-103 and IAEA GSR Part 3 and to suggest revisions
on the lonizing Radiation Protection Act. This project will help to ensure the quality,
smooth the implementation, and avoid any difficulty in the future revisions of
lonizing Radiation Protection Act.
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Research on Asia-Pacific Nuclear
Medicine Regulations and Drug
Administration System

Execution Unit © Institute of Nuclear Energy Research

STEEAL | *%BEASERR

Abstract

1. By collecting foreign (Japan, Indonesia) regulations and data, and analyzing the
differences between domestic regulations, and producing research reports on
nuclear medicines in Asia-Pacific countries (Japan, Indonesia) for the partici-
pation of nuclear research institutes, it is also available Reference for domestic

manufacturers.

2. Holding the “Asia-Pacific Nuclear Medicine Regulations Training Course” and
visits to the National Pharmaceutical Regulatory Agency Consortium Medical
Products Inspection Center (hereinafter referred to as CDE) to cultivate domestic
and international regulatory talents through the “Asia-Pacific Nuclear Medicine
Regulations Training Course” and visits The domestic pharmaceutical regula-
tory agencies should strengthen the ties with the domestic regulatory agencies
and have a thorough understanding of domestic regulations, which can then
suggest that domestic nuclear drug manufacturers need to strengthen their di-
rections and implementation policies.

3. Signing a letter of intent for cooperation with foreign nuclear medicine units
(hereinafter referred to as MOU), and finally signing an MOU with the Cho-Ray
Hospital of Vietham, which can expand the differences in the use and regula-
tions of nuclear medicines in Vietnam and jointly promote nuclear medicines Re-

search and development and clinical application.
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Talents exchange and certification
of quality assurance in nuclear
medicine imaging

Execution Unit : Institute of Nuclear Energy Research

Abstract

The focus of this plan is to improve the domestic nuclear medicine imaging
technology, establish an image quality assurance certification system and
international talent exchange programs. Furthermore, improve the quality of nuclear
medical imaging in order to help promote the market development of nuclear
medicines by the Institute of Nuclear Energy Research (INER) . We will follow these
points to complete in this project.(1) To establish an image quality assurance
procedure for nuclear medicine medical instruments, to pass medical laboratory
certification of nuclear medicine imaging technology, and ensures the accuracy
of patients’ nuclear medicine images. (2) To assist the verification of the new
imaging analysis software developed by the INER. This is a retrospective image
analysis study of cerebral neurological diseases, and will write a research report.

(3) Host one international conference on nuclear medicine / medical materials.
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Data collection on the application
of atomic energy technology in
medicine, agriculture and industry

Execution Unit © Institute of Nuclear Energy Research

Abstract

Atomic energy has a wide range of livelihood applications, covering medical,
agricultural, and industrial fields. This project designs questionnaire surveys and
relevant research institutions and other Internet collections to collect the information
about the application of atomic energy technology in medicine, agriculture, industry
in Taiwan, Malaysia, etc.
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Study on Three-Phase Power Flow
Analysis Incorporating Renewable
Energy

SHBE( © RAERTZERR

Execution Unit : Institute of Nuclear Energy Research

Abstract

With a large amount of green / renewable energies integrated into the
electric distribution system it may cause various voltage problems, and then further
affects the system stability and safety. This is due to the intermittent characteristics
of natural energies which cause the output power variation on the renewable
energy facilities and unbalanced installations of renewable power generations. The
most commonly seen voltage problems include under/over voltage, voltage sag/
swell, voltage imbalance, and voltage fluctuation, etc., and the severity is followed
with the installation capacities of these renewable energies. Thus, to seek the
solutions for these voltage problems may take more concerned in recent years.
This project aims to investigate the power flow analysis technology based on INER
microgrid system that be formed as virtual distribution system. The main tasks of
this work include (i) to establish the modelling technology of the distribution system
and critical energy facilities in system for simulation and power flow analysis; (i) to
build real-time simulation environment of distribution system for scenario simulation
test and method validation; (i) to develop voltage control strategy that be applied
to transformer on-load tap changer (OLTC) , smart converter, and energy storage

system for improvement and mitigation of voltage problems.
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(1)IEEE ICASI 2020 & % 2% 3k Improvement of Voltage Fluctuation by Fuzzy-
Based Inverter Voltage/Var Control for the Distribution System with PV
Integration.

(2) IEEE 1S3C 2020 & 3% &f 2k Using Multi-Mode PV-STATCOM System for Steel
Plant Power System Voltage Fluctuation Mitigation

(3) Energies #F85 % Assessment of PV Hosting Capacity in a Small Distribution
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Study on Switching Scheme of Distribu-
tion Networks Considering Green Ener-
gy and Demand Response

Execution Unit : Institute of Nuclear Energy Research

Abstract

This project aims to establish a systematic feeder automatic switching
scheme for reducing the impact of distributed renewable energy high penetration
and demand users participation in the demand response program in the regional
distribution networks. Therefore, a research on switching scheme on green energy
and demand response in distribution networks is planned. Firstly, the relevant
researches related to the integration of high penetration of distribution green
energy and demand response to improve the operation efficiency of the regional
distribution networks has been extensively collected as the following research
reference for this project; secondly, it is proposed to build a simulation analysis
platform based on Python, including a database system, forecasting program
module, power flow analysis module, and optimization program module ; finally, the
load and weather data of the regional distribution networks was imported into the
database through the developed platform, and the OpenDSS is used to build the
grid model. Then the deep learning and optimization algorithms are also be applied
to analyze the relationship between feeder load and green energy through the built
platform, the optimal phase arrangement of the three-phase loads, and the optimal
switching scheme for feeder reorganization.
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Study of Electric Power Distribution for
Three-phase Unbalanced Power System

Execution Unit : Institute of Nuclear Energy Research

StEEL | ZBEMRZEAR

Abstract

The main objective of this project is to study the generation and distribution
capabilities of various distributed generators. Due to the high penetration rate of
the renewable energy, the decline of sensing components of various electronic
equipment, and three-phase unbalanced loads, the control performance of the
microgrid is very poor and cause the energy loss. To overcome this problem, the
regulation technology and transfer strategy between the distributed generators and
the feeder of the microgrid are researched in this project to maintain the stability
of the microgrid system by compensating the three-phase unbalanced loads.
Moreover, the microgrid system of the institute of Nuclear Energy Research (INER),
including diesel generators, storage system and three-phase unbalanced loads, is
adopted to established the simulation models. Based on this system, the regulation
and transfer strategy of the distributed generators in different operating modes will
be discussed to maintain the stability of the microgrid system.
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Impurity Analysis and Improvement for
Recycling Vanadium Electrolyte

Execution Unit * Institute of Nuclear Energy Research

StEEAL | BEMZEFR

Abstract

Recycling vanadium electrolyte with impurities and chemical additives
from the raw materials to the refining process may result in reduced electric
performance and damage the equipment and premature component damage. This
research was studied to remove impurities by commercial active carbon, resin
and precipitation method. The results show precipitation method was the highest
efficiency, and the removal efficiencies of iron and ammonium ions were more than
70%. Regenerative electrolyte of coulomb efficiency, voltage efficiency and energy
efficiency were 92.8%, 87.3% and 80.9%, respectively under the conditions of
commercial all vanadium redox cell testing (@100 mAcm™, average output power
density >120 mWcm?®) .
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High-Temperature Durable Mechanical
Properties of Braze Sealing Joint for
SOFC

StEEL | ZBEMRZEAR

Execution Unit : Institute of Nuclear Energy Research

Abstract

The aim of this study is to investigate the high-temperature creep properties
and fracture pattern in an SOFC stack using braze sealing technique. Experimental
results indicate that the creep rupture time of both unaged and aged joints is
increased with a decrease in the applied constant shear and tensile loading at
750°C . The tensile and shear creep strengths of unaged joints at 1,000h are of 5.33
MPa and 3.27 MPa, respectively, which are about 40% and 33% of the average
tensile and shear strengths, respectively. The tensile and shear creep strengths of
aged joints at 1,000h are of 5.67 MPa and 3.63 MPa, respectively, which are about
40% and 37% of the high temperature average tensile and shear strengths. A
thermal aging treatment at 750°C for 1,000h slightly enhances the joint strength of
tensile and shear specimens. For unaged tensile and shear joints, fracture occurs
at the interface between Cr203 and braze at short rupture time while fracture
occurs at the interface between Ag2CrO4 and braze at medium-term and long-term
rupture time. For both aged tensile and shear joints, fracture occurs at the interface
between Ag2CrO4 and braze or between Cr203 and Ag2CrO4 for any rupture time.
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Yarrowia lipolytica Research on
Biomass Power Generation Networking-
Engineering Yarrowia lipolytica for the
Synthesis of Medium-Chain Fatty Acids

Execution Unit : Institute of Nuclear Energy Research

Abstract

Lipids are products of natural origin and are very attractive renewable
alternatives to petrochemical raw materials. Although naturally occurring long-chain
fatty acids can replace certain petroleum-based chemicals, medium-chain fatty
acids possess the physical and chemical properties that are closer to currently
used petroleum-based products. In this research project, we will use gene cloning
technology to design an engineered Yarrowia lipolytica which is an oleaginous
yeast that naturally produces lipids at high titers. Therefore, it is a good candidate
for producing medium chain fatty acid. We will express ChFatB2 and CpFatB1
genes that encoding thioesterases for the catalytic conversion of medium-chain
acyl-ACP molecules in Y. lipolytica. In addition, we will delete the three genes
gut2, faal, and mfe1 from its chromosome to prevent byproduct formation. Results
indicated that the created strain have only poor ability to accumulatively produce
medium-chain fatty acids when using glucose as the substrate. However, when
using octanoic acid as the substrate, the engineered strain is able to accumulate
C10 medium-chain fatty acid. Future work will be continued on optimizing the
pathway for medium-chain fatty acids production, especially when using glucose
as the substrate.
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Research of high performance anti
reflection coatings fabrication by

high power impulse magnetron
sputtering

Execution Unit * Institute of Nuclear Energy Research

Abstract

The demand of anti-reflection (AR) coatings is increased rapidly as the fast
development of optoelectronics industries in nowadays. The high power impulse
magnetron sputtering (HIPIMS) technique, is characterized for its ability to deposit
thin films with dense microstructure, uniform film thickness and excellent adhesion
properties, which has attracted lots of attentions from academia and industries. In
this work, we did the simulation and designed the thickness values of TiO2/Si0O2
multilayer thin films and then grew these thin films using HIPIMS technology. We
found that the thickness differences for TiOx/SiOx and TiOx/SiOx/TiOx/SiOx thin
films were less than 5% implying their good uniformity. The hardness of 5.8 GPa
and the maximum adhesion critical load of 21.7 N were obtained for TiOx/SiOx film.
For the TiOx/SiOx/TiOx/SiOx films, the hardness was 6.6 GPa and the maximum
adhesion critical load was 6.9 N. The reflectance of 5.98 % was achieved in the
range of 400-700 nm for the TiOx/SiOx thin film fabricated using 15 sccm oxygen
flow rate. Meanwhile, the average absorbance of 1.72 %, reflectance of 1.40 %
and transmittance of 96.84 % were obtained in the range of 400-700 nm for TiOx/
SIOx/TiOx/SiOx film, which already met the requirement and can be used as anti-

reflection coating.
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At EN ARG BRIE R AL B EMIE TiOX/SiOx EAIE TiOxX/SiOx/
TiIOx/SiIOx EfLY#EE » EAPifE TiOx/SiOx ELPJE TiOx/SIOx/TiOX/SiOx SEERY -2
MEDHTEARE D BIENE 1 (b) £ (c) © MJE TiIOX/SIOx K2 400-700 nm K EEHIFHI &
HE598% > FHIZFIBEEK 91.46% > FHIRUE 2.56% ; MIHE TiOx/SiOx/TiOX/SiOx
SRS 400-700 nmiK R PR BT R 1.40 % > FIIZREFK 06.84 % @ FHIRULEK
1.72 % ©

2. TiOx/SiOx £ TiOx/SiOx/TiOx/SiOx & J&E & B B B =5

BS T M1 B TIOX/SIOX BB E A MU B 2 Fim > FHEEA 100 nm > EE
ERA26 % B3R ZIETIOX/SIONTIOX/SIOX SBENEEH R > FHEEA
235.7nm  EEERZ 0.6 % o BTRAAENMEEENEESIMERSER o W
J8 TiOX/SiOx E2 7 [ TiOx/SiOx/TiOx/SiOx 16 #) 58 B A9 14 i 1 BT D A 45 SR 90 2R 1 FiY
5 > piERIEE B EHDFIRE 5.8GPa & 127 GPa ; B ENWEE BB EH DB
2 6.6GPafl 71 GPa - MiEBHRBERAR AR 2 BHREF IR D BIWNE 4 (a) 52
(b) > EMEMEIIREK 1> AJUBERIME TiOX/SIOx MM E BB M EEE o

3. B - BHmX T BMASRIEGHIZRERARAERCICER Z MM B 574 )
1S 2020 B EERMRMEFEREBRAXREARE (109 F 10 A 23-24
B> afm)

oAl EEmESE R TSR

TiOx/SiOx 8=x 1. 127 £+ 11
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|. Wei -Ting Chen, Bih-Show Lou, Jyh-Wei Lee Jyh-Wei Lee, “Effect of
target poisoning ratios on the fabrication of titanium oxide coatings using
superimposed high power impulse and medium frequency magnetron
sputtering”,2021 ICMCTF conference, (April 26-30, 2021, Virtual
Conference)

(3) AT sm

|. “Effect of oxygen flow ratios on the optical and mechanical properties of
silicon oxide thin films grown by superimposed HiPIMS” > #&#5% Surface
& Coatings Technology °

Il. “Optical properties evaluation of titanium oxide films fabricated using
plasma emission monitoring technique by superimposed high power
impulse magnetron sputtering” > ¥&f5Z Materials Letters ©

lIl. “Effect of target poisoning ratios on the fabrication of titanium oxide
coatings using superimposed high power impulse and medium frequency
magnetron sputtering” > $¥&F8Z Surface & Coatings Technology ©
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Study on the adsorption characteristics
of desiccant wheels for volatile organic
gases from the drying process of plastic
and crop

Execution Unit * Institute of Nuclear Energy Research

Abstract

This project focuses on analysis of the adsorption characteristics of the
desiccant wheels which were made by aluminum dross for the wider application.
Adsorption tests of the desiccant wheels which have different PPIs (pores per
inch) are conducted to pass through three volatile organic gases to obtain the
operation parameters of adsorption kinetics and breakthrough curves. Based on
the results of adsorption tests, mathematical models of the desiccant wheels with
different PPIs will be developed. The adscription capacity of desiccant wheels for
toluene , ethanol, and acetone were 1.54, 1.19, and 0.81 ug/g, respectively. This
study is a pioneering study for VOCs adsorption by using the desiccant wheels. In
a further study, adsorption capacity can be improved by modifying the surface of
the desiccant wheels.
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RSB —REBEERY > AMEBKSZELLEE NN REELR
ERE > MFEESSBRET AT EBMRKELMISRIRIEI (Das et al., 2007) ©
ZAERRZEPAN I 2019 FRAERE I AT RIRIEE S MRS AR ERFRM ) > &
B UL EERM S REE R AR R o bRRE oI A& HINBAREMRKE
BIOR AR > AL E R E REZIRBINR (Patel and Kar, 2012) o K&+E 5 A% R
LIS - TR EEZEB KA (Volatile Organic Compounds » VOCs)
O DR B 45 1 o

Kt ERZEMRRHRRBEMERRBETRMNEE  [RRBEURELM
ftBEENaAtRlAtREAREREREBRE > N2 R% D10=22.4 um
D50 = 40 pm D90 = 63.5 pm »FLL 1,000-1,300 °C L&A NEE(L L FLIEERES o
LA LESAR TR EN R S BB IEAMEERE 2 888 » AL SHZEMEN
FUBRY £E o IRFBEMERRRENFLEA/NTE 10-60 PPI(pores per inch) Z & o
LM E RV PIIE IR EI¥ VOCs BIIRMIAES] (Zhang et al., 2012) » AHEAIAZTIR
5 AI FE R I B9 75 TUIE 1N BE I VOCs BYAE /7 (Cordi and Falconer, 1996) ©

THiRRF LR B S BB STt ERRRR 209



109 FEE | st EME

(Z)EEAAR
1. MR st

AR LUZAEIR ST AT S 2 BRI E A PR R IR R BB AR TR M5 R o IRMTAH
REBLMEEStE AN RERMNERZ FTEBMHE RS > REELESZE (ethanol)
A B (acetone) M & B 3K (toluene) » 73 % & = E (101-150 ppm) ~ 8 E (51-
100 ppm) EERE (1-50 ppm) » BEREC2EE 2 PVFREHE GRS
(Tedlar® > DuPont™ » USA) ° FREEZFT R RIS AR —IF > Z—IINAERE
ZRARETRMNHER - SHREEHG 0 ENRELHRERAE  KERMER
ETE05 £ 025 I/mincha » UEBINAERESFETRAEAEERE - §—HRZ
MEBATE > B0 REBALLYE > FREATITRELBERERET 5% UA » 157
FBETIRMER « B ABRERIBRBEITEREZS  RINEREABSE

BREDPMERE Z(C2FERER > LUEEIREABLS ©

2. IRMEN ) R EZFHIRIRIES

Yoon-Nelson Model (Yoon and Nelson, 1984) 2 &z £ BRI EI HEL > 1
BrEm AN EERIETIES B ST EURIE (SEA, 1997) » Bl T 288 R BV IR BT PRE% 5T
(Kim and Kang, 2004; Tsai et al., 1999) » TEEIFIR(EE B EMEFEMA ° Yoon-Nelson
Model #&{RE R iB B IR M R HBIIRMIEIEF > Z0REED FRIRMITEN D RSN Fil
i@ > IR DM REF LR BZ X (P) EIRMD X (Q) RIFESE °

(1) dQ 1 C
——= x QP t=1+ln—
dt k l
(1) X —FEn%E > 115 (2)
t BRI (min) ci : VOCs AR (ppmv)
T EBEEEZEERE (min) c : VOCs £ MY ERIR 18 2 TR (opmv)

K RIEREFE (1/min)
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IR EEAEIRE A CO B> TRIRKME
W RHER O HEEE (o YO IRMBIEATIRE S CO B FERHE
(kg solvent/kg solvent gas)
Qg  ERAEREERE (M3/min) Z  IRMEPMEERERE (m)
S [ IRMIE Z BEHE (m2) Za: RMIEZ B2EHEEE (M)
CO: ERB MR AERE (kg/m3) pb : IRMiEREEZIETEE (kg/m3)

C AR ETAEIRE (kg/m3)

tE5h > SHETRBHRREDHBBRMNEE > B (3) NEtE - HEMZRERE
COo - ZEEEREQQ T » HEFRErHERMIE 2 EEMHTEE Za UK KM EFT
HEFTEEZ > WrERFBURNMEZ FEIRINE YO0  &&H EMBEAHEA (4)
PRHIRMER DM EBEW » LUERRERERKRE ZIRIE o

H3BERAE - 3BEEUK IBILRENRM ARG R (B 1) > BEBHES
ZEH B4R Yoon-Nelson Model IRFIB) /185! (B 2) o IRMIB) NIRELFRIS 2 SIBLH
MERAFAT BB ZR2 EF 0.9 L > FIIEAEZRZE (Mean absolute error,
MAE) 7£ 0.01-0.04 > 325 50% & ZF K [ (150_theor) th B2 B & 50% B 27 K5 R (150_
exp) Tl o HIRMIBNIRT > 28F > FRRBEN CEREBMN TR EREEE (k)
#0.110 1/min > HHIAARAEE % 0.294 1/min » HILERRIES 0.159 1/min © BRE
2 P9 MIRMER ZEREES 0.81 ug/g REFARAES 1.19 ug/g > REARAR
BEA 154 ug/g ° FHIEEBHEEE (Za) R2EA 245 cm > IRREIA 8.3 cm »
FRERRA 14.7 cm o
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R=BAKRERNABERKE R FHEARMENR CERER
0.81 ug/g > RAREREEA 1.19 ug/g » MEXRREEA 1.54 ug/g - WA RER EA)
B REAEERSE A ZRMIM - BRBEHIFRRETNE » BERRRZZT
M > SEINORFYAES] o

AERZER I 5 BRR R A ARETHRRMEE > MR AL INEEREER
RBIENBENER > REHRIEEEREE - TRIHBERTEH > FHEEER
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ﬂ IREN AR 2 8

1295 1806.35 0.189 0.995 0.5 0.2 0.01 25.0
-—-----—
6.5 1806.55 0.097 0.986 24.3 26.9 0.02 24.7
-—-----—
77.6 1882.05 : 0.02 25.0
-—-----—
129.5 1820.51 0.141 0.984 14.7 15.9 0.02 21.0
-—-----—
6.5 1730.56 0.078 0.963 4 .6 0.04 24.8
-—-—-—-—
9.5 1744.6 0.235 0.993 32.4 32.8 0.01 7.6
-—-----—
122.5 1919.55 0.243 0.991 21.6 21.9 0.02 11.0
41 1849.83 0.379 0.988 0.8 . 0.02 71
-—-----—
9.5 1744.05 0.19 0.997 9. .8 0.01 8.5
-—-----—
126.5 1824.94 . 0.975 . . 0.02 14.8
-—-—-—-—
42.5 1829.76 0.086 0.957 22 24.5 0.03 16.6
-—-----—
0.3 1650.05 . 0.954 2.4 0.05 18.8
-—-—-—-—
126.5 1832.04 0.202 0.964 3. 14.6 0.04 221
-—-----—
2.5 1803.86 0.147 0.979 9.6 4 0.03 11.9
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Development of anaerobic digestion
technology of continuous production of
biogas

SHEE( : BAHRAEE

Execution Unit : Institute of Nuclear Energy Research

Abstract

This study explores the optimization of biogas production in continuous
anaerobic digestion after acid depolymerization of fiber waste, and high-nitrogen
biogas slurry is used a material to adjust the carbon/nitrogen ratio. The chemical
oxygen demand (COD) of the kitchen waste biogas slurry are 44800 mg/L,
the total solid content(TS) was 43% and the volatile solids (VS) is 25%. The C/
N ratio of the high-nitrogen biogas slurry was at 7.5. High nitrogen-containing
kitchen waste biogas slurry and depolymerized fiber raw materials batch flask
experiments show that the optimal conditions are the substrate/inoculum ratio (S/
| ratio) of 1 and C/N ratio 20, pH=7, which produces 476 mlL-biogas/g TS. The co-
fermentation of depolymerized fiber raw materials and pig farm biogas slurry were
the S/I=1, C/N=20, pH=6, which produced 795 mL-biogas/g TS. The COD removal
rate is the best under the condition of pH=6. In this study, the biogas potential
of depolymerized fiber materials mixed with wastewater of pig farms in different
parameters (hydraulic retention time and organic load rate) of continuous stirred
tank reactor (CSTR) anaerobic digestion is further analyzed. The best experimental
parameters are the hydraulic retention time of 25 days and the carbon-nitrogen

ratio of 20 are the best conditions for biogas production, which produces
333 mL-biogas/g COD and 880 mlL-biogas/g TS. The results also verify that
the addition of organic acids can effectively increase the biogas production.

THiRRF LR B S BB STt ERRRR 215




109 FEE | st EME

(—)fEE

AR R HERERYERRTERENEEAREH CEEBR R GRESL
FMASRAZBREFAEMUAERALLTEBREEYE - BIRARNECEE
R84 44800 mo/L~ BER S ERBEMER DA 43% ~ 25% > AL R 750
HAEMERERET  BEERARNFAREBESERGAS/I=1C/N=20
pH=7 > FERELEAES 476 2FHER > METEREERIBSAREBEAS/
I=1~C/N=20 * pH=6 "’ SR EEREA 795 = > T BEFN pH=6 &4 T COD
EREWNREE o AATHE— S FRTBERN B ICEE N ZE R AR
BREEVENIFABHREKITIFERE - AL > EAREBREES - 2K

BEENRERERAERET  KIHEER 25 X - lALL 20 AEBRREGRY &
7% COD ¥ EERE ) BIE 333 27 880 2FHAR ° BERVIF ERE T A INHE #E
SEBRUIRAERBR ©

(Z)EEBR

BEHCEABREMEHEBAEREARAENER @ RETFRAREES
EBFAZARERE - RATTHEUAS BB REMETERAENR » WARINEER (238
®2) REHtRFERAZ 82 R ARAMREME—TELR > ERNAFTREER
[xF&2S (CSTR) EITEEBRME » LEHEMAERR A RH R~ REERIRM o

(2)EEMR
1. IR EEER
(1) EBER
A ET > (ME— R RRMETERAEACRS L) BELARISES
BRI - AFREERREBALEALL 20  KHRLH 25 X « pH 7.3
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FHBRG T EEAMBEESEN I > FREEBRFHREHCIERE
FRIBEIA T REAIRIF R A - BINIERERER (NEYEE - BEEFY
%) BARENBRETTERRRRE " SEHRIEIN - BEIBMEHERE
MEBBNICREEL « KRB ARNE A SHRRE  HEREERERAR
RELEZEIERAVE S - BIRELRAROABINRIEERISHIN

BUMNAY A RURR R R AR A E T ETER ~ A0ENIR ~ I TEREEK ~ KRR
BEEES  BEHCRESSAKE B RAEE « SREALIKH A > 185

BETRRE o

2. BIILEL

At BT RTRS Al RN & H » BEVD R GRETRAN TR
TAFHIRHER 2 RHEATIER B & ©

(M) REE

KABEAAFTREBREHCRN > K3 RARAMMERNRERES
FREEREL > BALTEAREENE  BEBLEERER - KRR AILURHE
LREZ2R RRENRARFEEZYRERFYCEEE - LR Al =
RREEMEERZBREE » REQEBGRBER - EXAR -~ BIREEOKE
ERIIBEHEZ2E -
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Evaluation of recycling methods of
biogas residue and slurry

Execution Unit : Institute of Nuclear Energy Research

STEEMU : ZBERA SRR

Abstract

Using de-aggregation lignocellulose to increase the carbon source has been
proven to improve the total production of biogas in the AD process. However, the
characteristics of the biogas slurry and residue still need to be analyzed in order
to evaluate the decontamination method. In this project, we analyzed the biogas
slurry and residue produced by co-digestion of de-aggregation lignocellulose and
livestock wastewater, including fertilizer composition, heavy metals, and harmful
bacteria, then refer to this as the basis for evaluating the feasibility of resource
utilization. Based on the results of the analysis, we calculated the recommended
amount of biogas slurry to farmland. The accumulation of zinc in the soil should
be monitored regularly. E.coli was not detected in the sample, but Salmonella was
detected, so it is recommended not to use it for lettuce planting.
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BIERABREBCZBREENE > ARG EERZYRIEINHOR > ERB A1
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J375 o et EHHBIAINEWE K Z RETTVETRE » WA ABSEERRY R E
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BAER  BEEHEAHERENRREE; ERERRILAREE  BEE
HPSEIRE » RIS T BEREE BTRE o
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AHEREMERENRE RSN RS2 AR ENEN AT
BB A [ EA ARG R BT MBHRT o [ HLH#T G TBRS
EASARERD B RRANRAR > (FARRSERE; THIED ) UHEE
RBEETRS  BELBRABENODN - LRUARZ BRBEH BB H0E
BERE -

EHERFR BB B DS HR

BEBEAR BEOIBIR BEOAB

AT % 0.17%0.02 0.13%£0.01 1.57+0.06

0.11£0.006  0.11%0.002 0.11%0.003

Bi%E % 2.95%0.05 1.09%0.01 64.72+0.38

0.20%£0.01 0.16£0.06 5.77£0.08 21.85£0.17

0.10%£0.002 0.10£0.00 0.35£0.008  0.05%0.001

1.25%0.03 0.76£0.01 67.75+0.02 43.060.75
a ! pH~ ECA&MIKEE (1:10 > wiv)

THiRRF LR B S BB STt ERRRR 219




109 FEE | st EME

AN

(=) EZEMR
1. ERBRAM

RS ERERRE L ZHRAEAM=RIVEEREES N  TFRERSD
BETR > IS D BER Z B LUEIBCEREE » RASER D BIKIEEE 10 REFfE » ISR 35 B2
ERIEE 0 BOEMSRARIEBRIIN o IRREBN 2016 FERMFBEEBREE
BN ER 5S> AWBZE/AHBERERETREER > BRIRE - RHK
#RKERISH - IRRERBBASEBEIRESARAEERICH A » EZEHHBUGT
ez T BE109F9H30H > 2AEHE 1419 XEWS I TEWERERIER
R EREEEFIE 664 BAM o EUILBIREITTZ T » RIRAZEFTEAANE MR
B BRI HERMPREH Z /BR88 » ErKEILREET R -

2. PR RRE SO BRI AR BB D

ZHFRRABE D DI AERIIE 1 HERN—RERS > S—HtRNZa2RE
FTMRABNFIIE - MM REENSRERE » BRILHIFTE LR R REE K
FTREBNIRE - EE2BETRIE D > ML IR S ARAZED B 0.1720.02% &
0.20%0.01% > BN EWBREEK - ZAFMNEHETHERS T2 S EHNED -
F—HTESBRBBHES 0.19% > BNEZHRBIEZ (0.04%) ° x5 LHABS
DITAER » B TEAEBR LS RS » F-HRABLEHRS - FAILERE
A LRI R E REARVRSRETIA °

HEEBAIWMED  MBERWESABARBEZHFEEDAA 113.8156.3 K
98.25113.44 mg/L > HEREEERMRIELT (< 0.1 mg/L) o BELBBEZ IS ~ IRES
B EBIBAEMHIREE > FEAEREAN TIBT > BENINEMYEBERE 6N
HAECRIR®E » RUpIENBEEA o

EEEREED > MMRWEEEAGREGAEEE LERERECRE (B
1A) > RTAZE@AEAHABIEE (<100 CFU/mL) ; EOPIRRRSAIEER £ »
IR RV PIRER N KA GRS (B 1B) » ML RIRED B4 3.9X103 K
2.3X104 CFU/mL °
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BARAENEERREBES « RIRAERMR U MAELEIE - AATEND
2RE » EIED EARE—REWHEATHER » B2EERX > At ERKERH
ERANAERMRE » RRFENSHIRER BRET TSRO -EETERND
FRERARIR/ NG 0.1 mo/lL » FASEMTIBHNREALE » BHREREDRIK
= AR IEEAEREFRBRIENESESE - BEREIMZED » mRDM
BRI KERE - BIEaR L LEZFIRRRE » SUILEZLUABIEE
¥ FEERARERRRZMEL -
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