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Radiation irradiation effects are used to alter material microstructures, compositions, properties,
and functions; thereby, material performance can be degraded or enhanced. Understanding the evolution
of materials under the radiation-induced process is important in the viewpoint of irradiation effect study.
Post-irradiation examination is typically conducted to examine the impact of irradiation on materials,
using a wide range of property testing platforms, from microscopes to spectroscopies. However, the
post-irradiation examination is not ideal for understanding the dynamic evolution of materials exposed to
radiation as it only offers two examination conditions: before and after irradiation. It is difficult to
pinpoint the timing of the property change in irradiated specimens, which tends to progress rapidly.
Furthermore, the conventional method requires considerable specimen preparation, the extraction of
specimens from the irradiation site, and testing in offside devices. Such a process can be time-consuming,
material-wastage, expensive, and may involve a fading/time delay effect. Therefore, a practical system
that can measure the instantaneous effects would be advantageous. Elucidating the relationships between
irradiation dose and property change in materials can be used to enhance our fundamental understanding
of radiation effects to materials at intense dose and thus it leads to better design engineered materials.

In general, a heavy irradiation area will not be accessible during an experiment period. Therefore,
a new alighment system using remote-controlled measurement has to be developed. Nevertheless, most
electronic/optical devices are known to degrade over time with the effects of radiation, especially when
such an operation takes place under a high dose condition. It is worthwhile to build a system that could
withstand harsh radiation and could be used to observe irradiation effects under in-situ, dynamic
conditions.




The heavy gamma-ray irradiation facilities of Osaka Prefecture University (OPU) is currently
exploited for the study of irradiation effects in real time. The objective of this study is to capture full
information about the interaction between the high-dose gamma rays and materials in situ. This thesis
involved with the development of a system that has abilities for:

e dose monitoring at multiple positions simultaneously in intense field,
e spectrophotometric and colorimetric measurement, and
e direct visual observation of the irradiation effect during gamma-ray irradiation.

Chapter 1 introduced the irradiation effect and its importance in the revolutionary of science and
technology towards the understanding and synthesis of new materials. Some typical characterization tools
for optical property of material in wavelengths of visible light were presented. The disadvantages of the
conventional approach were addressed and the necessity for real-time measurement was determined. The
objectives and outline of the thesis were established.

Chapter 2 presented the development of a new gamma-ray sensor using a cadmium sulfide (CdS)
photoresistor in combination with a small-sized cesium iodide doped thallium scintillator. The main
characteristics of the sensor were experimentally clarified, and its performance was validated via Monte
Carlo simulation. Gamma-ray exposure experiment was performed using a 591 TBq %Co source. The
exposure rate was simultaneously measured with a small-sized ion chamber and was compared to the
resistance of the sensor for calibration. The sensor exhibited radiation-resistant ability in an intense
gamma-ray field in the order of several thousand gray, demonstrating a linear response with wide dose
range. The sensor was able to respond well to dose rate change of a few Gy/h. A high spatial resolution
was achieved owing to the compact size of the sensor afforded by the small area of the CdS photoresistor,
as well as the flexible adjustment of the scintillator’s crystal size. The CdS photoresistor has a high
current gain; and the sensor’s built-in structure and the detection setup were simple. Multiple sensors can
be installed for multi-channel data acquisition simultaneously. The fabricated sensor has a number of
advantages: compactness, robustness, inexpensiveness, high sensitivity, and high spatial resolution.

Chapter 3 described the construction of the real-time measurement system for emission and
absorption of visible light at the irradiation facility of OPU with the intense °Co source. The
radiation-induced degradation in performance of measurement devices was examined at primary step. The
attenuation of light transmission through an acrylic optical fiber was addressed. The high noise level
significantly influenced the photographic performance of a commercial digital camera. Next, radiation
shielding configuration design was evaluated using Monte Carlo simulation. Absorbed dose of such
instruments decreased considerably with the increase of the shielding thickness and/or the depth position
of the devices inside the shielding tunnel. Experimentally, the optical fiber transmission technique was
used to extract information about the irradiation effect from the intense radiation field successfully. A part
of a long quartz glass optical fiber cable was inside the irradiation room, and the end of it was connected
to an ultraviolet-visible spectrophotometer located outside the room for optical absorption measurement. A
compact white light-emitting diode was used as a light source that offers two advantages, including the
simplification of the measurement system and robustness against exposure. It produced a visible light
beam that passed through an irradiated specimen and was measured by the optical fiber probe. The
observation system constructed in this study, including a video camera, a zoom lens, a raspberry pi device,
and the mirror, was successfully protected and afforded the direct visual observation of phenomena and
simultaneous comparison between several specimens. The feasibility of the system for operating in the



high dose gamma-ray field was validated experimentally with the source’s radioactivity in the order of
few hundreds terabecquerel in our experiment range. The stability of the system was achieved with the
dose rate of few thousands gray per hour at irradiated specimen; and the consistency of the system in
couple of hours of operation was confirmed. The combination of direct visual observation and optical
absorption measurement is expected to provide powerful clues for elucidating various phenomena caused
by irradiation effects.

Chapter 4 showed the results of the gamma-ray irradiation effects analysis (photographic,
spectrophotometric, and colorimetric) with the developed system. Test specimens were subjected for
gamma irradiation and their changes in optical absorption and color state were analyzed on the basis of the
real-time measurement. The system allows the mechanisms during the dynamic radiation-material
interaction to be deciphered at a dose fidelity, with minimal need for specimens. The successfully
radiolytic synthesis of silver nanoparticles using silver metallic powder as an alternative to silver salts was
newly reported. In order to study the formation of silver nanoparticles in detail, blue color dye was added
to the radiolytic medium and its color change was examined as a function of irradiation dose to observe
the interaction among radiation-introduced radicals in water, generated silver nanoparticles, and dye
molecules. The formation/evolution of silver nanoparticles and the deformation of blue dye, which were
interactive in a joint radiolytic medium, were characterized. These results relate to the application of
gamma-ray irradiation to material modification and the development of a new dosimeter using color dye.
The real-time measurement system has various advantages that are competitive with the conventional
method: cost-effectiveness (minimal specimens), minimal time consumption, and the provision of timely
and precise information. As a further step, PIXE (Particle-induced X-ray emission) analysis by low energy
proton beam was proposed to examine the absolute concentration of synthesized silver nanoparticles. The
silver nanoparticles yielded from gamma radiolysis process using powder precursor is high purity, and has
a concentration in the order of few ten ug/mL in our experiment range.

Chapter 5 summarized the results of previous chapters and conveyed the conclusion of the thesis. The
ability to perform characterization in situ offers a critical strategy to fully track the radiation-induced
process. The technique is able to capture the transient phenomena which tend to happen suddenly and
progress quickly. This will uncover information that has not been accessible by traditional characterization
techniques and is used to identify the modes and kinetics of the evolution of materials/reactants in extreme
radiation environments. They also provide a protocol to precisely control and optimize synthesis
parameters. Integrating these techniques within irradiation facilities can enhance our understanding of the
dynamics of radiation-material interactions to advance material design, and furthermore, the potential use
of our facilities in research can be exploited thoroughly. The developed system could provide
complementary capabilities to a wide range of facilities where irradiation effects during radiation
exposure are studied.
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