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The structure and physical properties of the sample | ™\
identified as isotactic polypropylene (iPP) in wuw
microplastic (MP) collected from the surface layer of the —Ocean MP

sea near Japan were characterized. It was revealed that
the oxidation proceeded from the surface layer, making Fsttonspdi
the sample brittle. In order to reproduce the MP (UV +Mechanical)
formation in the environmental decomposition process in 2000 1800 1600 1400 1200 1000 800
the laboratory, the PP film was irradiated with Wevemmmbsefon o
ultraviolet(UV)-rays in the wavelength range of 300-400 f:gggﬁg /i%eggrj ,\O,,';Ogcee,fgrgzg‘ﬁ/?;gC,;ggggig s
nm using a weather meter. In the microscopic image of —— # Exidedon Shilbtion

the /PP sample after the weathering test, many cracks vVl Crack of generation

were observed on the surface due to photooxidative
degradation as the UV irradiation time increased. In

addition, as the photooxidation proceeded, carbonyl

Absorbance

—Laboratory, Abrasion powder
(UV +Mechanical)

/;EZ;)DBQL Fragmentation
9@@

groups were formed and the sample became embrittled. N

A mechanical stimulus was applied to this sample, and A Photo oidaton | Becheinyater?
MP-sized  fragment formation was  confirmed. T oo

Furthermore, infrared  absorption  spectroscopic R T St

RH

\_ Mechanism of microplastic formation process )

experiment revealed that there is a good agreement in
oxidation state of ocean MP with MP reproduced in the

laboratory.
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[Outline of Research] Evaluate physical properties and structure of conventional polymer,
biopolymers and multilock biopolymers during marine environmental degradation and reveal the
factors influencing degradability and stimuli responsive degradation.

Microplastic Formation Mechanism Revealed by Advanced Characterization
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Microplastic Formation in Laboratory
— Prediction of MP formation
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Environmental Degradation of Polymer Fibers (Fishing Line)
Change of mechanical
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Environmental Degradation Process of Polyolefin with Oxo-degradable Additives
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Underwater Environments and Development of Their Control Methods

Our objective is to understand structure and physical Degradation of Polymer Materials
properties of polymer materials at surface and interfacial Fiber mat

regions associated with their degradation in underwater A1 '
environments. In addition, we will lead to the

development of multi rock-type biopolymers based on the
establishing of the degradation control methods. Various
surface materials such as melt-spun fibers, electro-spun
fiber mats, and thin films are used as samples. The

surface morphologies are examined by scanning force
microscopy. Furthermore, thermal molecular motion and
mechanical properties are investigated based on dynamic
mechanical analyses and tensile tests, respectively. Local
conformation at the water interface is analyzed by sum
frequency generation spectroscopy. Polymer samples
blended with different polymers such as hyperbranched
polymers and enzymes are prepared and various factors

are examined. By clarifying the relationships between

each factor and degradation behaviors, we aim to create
polymer materials that can arbitrarily control their
degradation characteristics in underwater environmentsV
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underwater environments and development of their control methods

Outline : The objective of this study was to understand the aggregation states and thermal molecular motion of polymers
in underwater environments and their effects on the degradation properties. As model samples, polyester-based surface
materials such as nanofibers, thin films, and so on were used, and the various structural factors and physical properties
affecting the hydrolysis and enzymatic degradation characteristics were revealed.

Electrospun polyglycolic acid nanofiber mats (PGA-NF) Degradation tests for PGA-NFs
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The degradation of the PGA-NF proceeded well when the test
temperature was higher than 7,,, however, it was suppressed as the
test temperature was equal to or lower than 7,,. In addition, it was
found that the degradation proceeded from the amorphous region.
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Analysis of degradation behaviors of bio-related polymers in
underwater environments and development of their control methods

Lipase-based degradation of the PCL films
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Crys_ta"me sarnples As increasing the reaction time, the surface of the PCL thin film became rougher and its
Atomic force microscopy thickness was decreased. It was also found that the degradation tends to proceed from the
(AFIVl) observation vicinity of the grain boundaries of the crystals.
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Summary of Kyushu University Group

E2a:Structure and Properties of Multi-lock Biopolymer during the

Environmental Degradation

Achievements

* Reveal the formation mechanism of microplastics.

« Establish modelling experiment of microplastic formation in the laboratory

« Reveal effect of oxo-biodegradable additive on polyolefin degradation

« Reveal effect of crystalline structure on degradation of polymer fibers (fishing
lines).

Final target(2029)

« Clarify environmental degradation mechanism of multi-lock biopolymers

« Establish evaluation methods of structure and properties of degradation
products.

E2b:Analysis of Degradation Behaviors of Bio-related Polymers in

Underwater Environments and Development of Their Control Methods

Achievements

« Reveal effect of thermal molecular motion of polyester nanofiber mats on
their degradation behaviors in underwater environments.

« Succeed in situ surface observation of enzyme-based polyester degradation

Final target(2029)

« Clarify and control of the degradation of multi-lock biopolymers
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