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In this review, I will explain that the irradiation effect,
which is the basis of the radiation processing, is divided
into the conditions on the radiation source and the condi-
tions on the target material sides, and the induced chemical
reactions are different. In the development of materials by
modification of polymers using radiation processing, the
phenomena induced by radiation vary depending on irra-
diation conditions such as irradiation temperature, irradia-
tion atmosphere, and the types of radiation, as well as the
stereo-regularity, morphology of polymers to be irradiated.
In addition, there are a wide variety of polymeric materi-
als that are industrially used, and in fact, they contain trace
amounts of various additives such as antioxidants, fillers,
and stabilizers. Appropriate conditions must be set for ap-
plication to actual industrial processes, but no catalysts or
reaction initiators are required, and chemical reactions can
be directly induced by radiation. The radiation processing
has strong potential for industrial development as “blue
process” that clears environmental issues such as restric-
tions and regulations on the use of chemical substances
worldwide.

Keywords: radiation processing, modification, irradiation
condition, blue process
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Modification of polymeric materials and development of new
materials using radiation processing
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Figure 1.

Line/Space = 50 nm/100 nm.
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Isotactic Syndiotactic

SEM image of PMMA after patterning by 30 keV EB lithography; pattern design:
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Figure 2. PFOA/PFAS induced mechanism from PTFE irradiated under atmospheric fields.
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Table 1. Amount of emitted PFOA and melt viscosity. y-Rays irradiated at room temperature with a
dose of 400 kGy under vacuum. Heat treatment was conducted at 24 °C and 150 °C under vacuum over
24 hours.
Treated Amount of PFOA Melt viscosity
temperature (°C) (ppb) (Pas)
24 25.6 2.9 x 10*
150 Not detected 1.8 x 10*

* The detection limit under these experimental condition is less than 5 ppb.
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Figure 3. The polarization curves at 60 °C for sulfonated FA2 (S-FA2). FA2: polymer-alloy consist

of PTFE and PFA; gas flow: H, (wet) 50 mL/min, O, (dry) 50 mL/min; gas pressure: 0.2 MPa; bubbler

temperature: 60 °C.
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Table 2. Cell performance of the hybrid membrane at 60 °C operations.

Amount of Power density
Membrane ionomer OCV (mW/cm?)
(Wt%) (mV) at 500 mA/cm? peak power

FN50 50 948 308 523

FN20 80 972 343 806

FN10 90 956 349 1003

sulfonated PS-g-FEP - 952 325 674

Nafion®-cast 100 822 336 899

Nafion® 112 - 970 320 467
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00 T pt¢% &ﬁ'(%,%ﬁ@%ﬂ%%#ﬁ%ﬁ&tﬁﬂ:
IEC (meq/g) WHETE 54D, Figure 5 1%, JE£& 500 um ® PTFE ¥ —
Mz LT, BEZEiT 50keV O EB % 4152, gL
Figure 4. Relationship between IEC and tip SUHANTFT N NETAFLYRERICII 7 L7
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Figure 5. Compatibility of surface modified PTFE and non-modified PTFE. Target solvent: cyclo-
hexane. (a) Grafted PSt-g-PTFE surface, (b) non grafted PTFE surface (c) immersed state of PTFE in

cyclohexane for compatibility test.

Figure 6. Laser microscopic images of p-TRCCM (a) and phase-contrast microscopic image of C2C12

cells cultured on p-TRCCM (b) and TRCCM (c)*?.
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Figure 7. SEM image of moth-eyes patterned
C6 olefin-g-COP mold. GY:0.03 wt%.
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Radiation-induced locally multiply damaged site in DNA
(clustered DNA damage) is thought to be closely related
A method has
been established to evaluate the complexity of clustered
DNA damage in genomic DNA extracted from TK6
cells irradiated with a low-dose ionizing radiation. This

to the biological effects of radiation.

was achieved by isolating and concentrating the DNA
molecules with lesions from the whole irradiated DNA
molecules also containing intact ones, and subsequently
visualizing lesions by atomic force microscopy (AFM).
The purpose of this study is to estimate the level of
damage clustering in vivo. We found that ionizing ra-
diation produced clustered DNA damage in TK6 cells,
whereas hydroperoxide treatment did not, highlighting
the importance of clustered DNA damage as a signature
of ionizing radiation. We further observed that Fe-ion
beams (high-LET radiation) produced various types of
clustered DNA damage with higher complexity consisting
of more than 2 lesions, which were quite few in the
case of X-rays. Surprisingly, analyses of repair of DNA
damage revealed that non-DSB clustered DNA damage
were repaired efficiently in TK6 cells after irradiation of
either X-rays and Fe-ion beams. The repair efficiency
of complex DSBs, which were frequently produced after

Fe-ion beams, were low.

Keywords: DNA Repair, clustered DNA damage,

complex DSBs, atomic force microscopy (AFM)

Structural analysis and repair kinetics of radiation-induced
DNA damage
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Figure 2. AFM images of genomic DNA dam-
age in irradiated TK6 cells.
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Figure 3. The spectra (left) and yields (right)
of DNA damages in treated TK6 cels.
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Figure 4. Repair rate of Fe ion beam-induced
DNA damages.
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We have developed a “supreme black™ sheet whose ab-
sorptance is more than 99.98 % in the visible wavelengths.
Our technology is an extension of a technique in which a
master mold having microscopic conical cavities is formed
by ion beam irradiation and chemical etching, and the
surface texture is transferred as light trapping structures
onto a black substrate. Cashew oil black resin exhibits
ultra-low intra-matrix diffuse reflection, while the surface
specular reflection (glare) is also suppressed along with
the light trapping structure, resulting in a deep black that
makes the laser pointer light invisible. The hemispherical
reflectance in the visible wavelengths is 0.02 % or less,
achieving the record-low reflectance as a durable material
that can be touched.

Keywords: blackbodies, perfect absorbers, microstruc-

tures, surface modification, ion beam fabrication
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Supreme-black sheet that absorbs more than 99.98 % of light
Kuniaki AMEmIvA* and Yuhei Sumvizu (National Institute of Ad-
vanced Industrial Science and Technology (AIST)), Hiroshi
Kosnikawa and Tetsuya Yamaki (National Institutes for Quan-
tum Science and Technology (QST)),
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Figure 1.

Mechanism of near-perfect optical

absorption with microtextured surface. Created
by modifying the image in Ref. 12): Copyright
National Institute of Advanced Industrial Sci-
ence and Technology (AIST).
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Figure 2. Calculated hemispherical reflectance
of the micro-cavity array model: a) cavity as-
pect ratio dependence at fixed r = 5 (um). b)
depth (um) dependence at fixed 4/r = 5. Copy-
right National Institute of Advanced Industrial
Science and Technology (AIST).
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Figure 3. Fabrication process of a supreme-black sheet from microtextured cashew oil black resin.
Created by modifying the image in Ref. 8) (licensed under CC BY 4.0).
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Figure 4. Supreme-black sheet developed in this study. Created by modifying the image in Ref. 12):

Copyright National Institute of Advanced Industrial Science and Technology (AIST).
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Figure 5. Spectral reflectance of the developed

supreme-black sheet. Created by modifying the
image in Ref. 8) (licensed under CC BY 4.0).
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