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Role of Entanglement Species in the Formation
of Shish-like Fibril Crystals Elucidated by
Cyclic Polyethylene
Keiko Kobayashi, Yuya Saito, Shinichi Yamazaki,
and Kunio Kimura

Graduate School of Environmental and Life Science,
Okayama University 3-1-1 Tsushima-Naka, Kita-ku,
Okayama 700-8530, Japan
The influence of chain entanglements in shear-induced

crystallization remains unclear. It is of particular interest the
difference in entanglement species between cyclic and linear
polymers. To clarify the role of entanglement species in the
formation of shish-like fibril crystals, the shear-induced
crystallization behaviors of cyclic polyethylene (C-PE), linear
polyethylene (L-PE), and C-PE and L-PE blends were
investigated using a hot stage equipped with a polarizing optical
microscope. The shear-induced crystallization behavior of the
C-PE(115k) and L-PE(65k) homopolymers, where the values in
parentheses represent the molecular weights (,,), indicated that
the formation rate of the shish-like fibril crystals of the former
was one order of magnitude smaller than that of the latter. This
implies that it is more difficult for C-PE to form shish-like fibril
crystals than L-PE due to the topological effect of C-PE; that is,
C-PE chains are more difficult to elongate by shear than L-PE
chains due to the lack of chain ends. The shear-induced
crystallization behavior of the blended C-PE and L-PE samples
provided further insight into the effect of entanglement species on
the formation of shish-like fibril crystals. The addition of small
amounts of L-PE to C-PE remarkably enhanced the formation
rate and density of the shish-like fibril crystals. The influence of
the novel entanglement formed by the penetration of the L-PE
molecule into the C-PE ring on the formation of the oriented melt
was speculated to be significant. J. Fiber Sci. Technol., 79(8),
177-184 (2023) doi 10.2115/fiberst.2023-0011 ©2023 The
Society of Fiber Science and Technology, Japan

Influence of Preparation Conditions on
Porosity of Aromatic Polyamide
Hollow Spheres
Hirofumi Nakayama, Naoto Kibayashi,
Hironori Atarashi, Shinichi Yamazaki,
and Kunio Kimura

Graduate School of Environmental Science and
Technology, Okayama University, 3-1-1 Tsushima-naka,
Kita-ku Okayama, 700-8530, Japan
Hollow spheres of poly (1,4-phenylene-5-
hydroxyisophthalamide) (PPHIA) which was an intractable
aromatic polyamide were prepared by the reaction-induced phase
separation during polymerization, and they are hopeful
candidates as high-performance hollow spheres. In this study,
porosity control of PPHIA hollow spheres was examined by

optimizing polymerization conditions, focusing on

polymerization temperature and time. Porosity became lower
with smaller sphere size, and this tendency was more conspicuous
at lower polymerization temperature. Skin layer gradually
became thicker with polymerization owing to the accumulation of
oligomers on both the outer surface and the inner surface of
hollow spheres, resulting in the decrease in the porosity. The
porosity of PPHIA hollow sphere could be controlled in the range
from 4% to 16% by tuning polymerization temperature and time.
J. Fiber Sci. Technol., 79(8), 185-191 (2023) doi 10.2115/
fiberst.2023-0017©2023 The Society of Fiber Science and
Technology, Japan

Acceleration of Crazing on Polyacrylonitrile
Through Solid or Liquid Coating
Keishi Naito*'”, Daisuke Nagahama™',
Izuru Shimabukuro™, Toshihira Irisawa™,
Yui Horiguchi™, Shmya Takahashi*>*,
Kisaragi Yashiro™", and Akiyoshi Takeno™’
*' Department of Mechanical Engineering, Gifu
University, 1-1 Yanagido, Gifu, Gifu 501-1193, Japan
*2 Department of Chemistry and Biomolecular Science, Gifu
University, 1-1 Yanagido, Gifu, Gifu 501-1193, Japan
* Gu Composite Center (GCC), Gifu University, 1-1
Yanagido, Gifu, Gifu 501-1193, Japan
** Division of Polymer Functional Materials, Izumi center,
Osaka Research Institute of Industrial Science and
Technology (ORIST), 7-1 Ayumino-2, Izumi, Osaka 594-
1157, Japan
Since crazes have a porous structure in the order of tens of
nanometers, if they could be generated periodically in
polyacrylonitrile (PAN), which is a raw material for carbon fiber,
we can create new porous carbon materials (e.g., carbon films
with periodic porous layers). However, according to Wu, PAN is
a polymer that predominant yield behavior than craze behavior.
Therefore, in this study, to generate crazes in polymers with
predominant yield behavior, such as PAN, we used a method that
focuses on the entanglement of molecular chains on the film
surface, which is the starting point of craze generation (solid
coating), as well as a method that focuses on the interfacial free
energy (liquid coating). The results clarified that crazes can be
generated in even polymers with predominant yield behavior,
such as PAN, by sufficiently lowering at least one of the
following: the entanglement density of the film surface, which is
the starting point of craze generation, or the interfacial free energy
of the film surface. Additionally, it is concluded that Wu’s indexes
(see the manuscript for details) should be applied to the surface
rather than the bulk because the surface properties are crucial for
craze generation. Moreover, it was confirmed that a craze can
continue to grow in the direction of the film thickness once it has
been generated, even if the inside of the film with predominant
yield behavior according to Wu’s indexes and the interfacial free
energy of the craze tip is about several tens of mJ/m’. J. Fiber Sci.
Technol., 79(8), 192-199 (2023) doi 10.2115/fiberst.2023-0019
©2023 The Society of Fiber Science and Technology, Japan
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