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A Role of Taut Tie Chains in the
Heterogeneous Stress Distribution and
Mechanical Deformation Behavior of
Synthetic and Natural Fibers
Kohji Tashiro
Department of Future Industry-oriented Basic Science
and Materials, Toyota Technological Institute, Tempaku,
Nagoya 468-8511, Japan
The study of the mechanical deformation behavior is
indispensable for endowing more excellent mechanical property
to the fibers. In particular the information on the behavior of the
crystalline region is basically important. One typical experiment
is to trace the structural change in the crystalline (and
amorphous) region of the fiber subjected to a tensile force by
measuring the change of the X-ray scattering pattern, for
example. In principle, the mechanical property of the crystalline
phase should be constant as an ultimate property of the semi-
crystalline polymer materials. However, the actually detected
mechanical deformation behavior of the crystalline region is not
constant always but it changes sensitively depending on the
sample preparation condition or the higher-order structure. This
apparently curious behavior comes from the heterogeneous stress
distribution in the fiber, which is speculated to be caused by the
existence of the highly-tensioned tie chains in the amorphous
region passing through the stacked lamellae. In the present
article the important roles of the taut tie chains are reviewed
concretely from the various aspects including the quantitative
evaluation of the Young’s modulus along the chain axis
(crystallite modulus), the clarification of the stress-induced
phase transition, the improvement of the stress cracking property,
the interpretation of fracture phenomenon and so on. J. Fiber
Sci. Technol., 77(3), 88-117 (2021) doi 10.2115/fiberst.2021-
0010 ©2021 The Society of Fiber Science and Technology,
Japan

Semi-Quantitative Evaluation of Heat
Conduction of Paper Yarn and Cotton Yarn
along Transverse Direction Using Thermo-

sensitive Cholesteric Liquid Crystal Ink

Hiroki Murase, Shoko Kezuka, Keiko Ishihara,

and Sumiko Goto

Department of textile and clothing, Faculty of home
economics, Kyoritsu ~womens university 2-1-1

Hitotsubashi, Chiyodaku, Tokyo 101-8437, Japan
Fabrics woven with paper yarns show the higher cool touch
feeling rather than conventional cotton yarn fabrics. We
evaluated semi-quantitatively the transverse heat conduction of a
single paper yarn to elucidate its high cool touch feeling and
discussed the origin of the high heat conduction on the context
of the inner structure of the yarn comparing with the cotton yarn.
Thermo-sensitive inks show chromatic changes depending on
temperature and we applied the ink on the single yarn as a
thermo-indicator. The time depending temperature of the single
paper yarn after contact on a heated metal plate showed a faster
increase than that of the cotton yarns indicating the higher

transverse heat conduction of the paper yarn. The observations
of the microstructure of the yarns were investigated by Scanning
electron microscope (SEM). It was inferred that the less
anisotropy of the fiber orientation and the tight packing of the
fibers in the paper yarn should be the structural origin of the
higher transverse heat conduction of the paper yarn giving rise to
the higher cool touch feeling. J. Fiber Sci. Technol., 77(3), 118-
127 (2021) doi 10.2115/fiberst.2021-0011 ©2021 The Society
of Fiber Science and Technology, Japan

Formation of Hierarchical Structure in
Microspheres Fabricated with Microfluidic
Method based on Homopolymer Blend
Ryoka Shoji™', Saki Yoshida™', Shinji Kanehashi*'?,
Kazuo Okamoto™, Guanghui Ma™"*",
and Kenji Ogino™"”

*! Graduate School of Bio-Applications and Systems
Engineering, Tokyo University of Agriculture and
Technology, 2-24-16 Nakacho, Koganei-shi, Tokyo 184-
8588, Japan

*2 Institute  of Global Innovation Research, Tokyo
University of Agriculture and Technology, 2-24-16
Nakacho, Koganei-shi, Tokyo 184-8588, Japan

*3 Ushio Chemix Co., Ltd., Kakegawa-shi, Shizuoka 437-
1302, Japan

*4 State Key Laboratory of Biochemical Engineering,
Institute of Process Engineering, Chinese Academy of
Sciences, Beijing 100080, People’s Republic of China

Hierarchically unique morphologies were observed inside
microspheres with a diameter of 70-80 pum fabricated with the
combination of a microfluidic emulsification and a solvent-
evaporation method, which were based on binary polymer
blends consisting of poly(styrene) (PS) / poly(methyl
methacrylate) (PMMA) and poly[4-(N,N -diphenylamino)
styrene] (PDAS) / PMMA. The phase separated structure in
composites was dependent on type of hydrophobic polymer, the
molecular weight of polymers, and the evaporation rate. The
particles prepared from high-molecular weight components
exhibited macroscopically phase separated structure (incomplete
core-shell). In addition, PS / PMMA composite showed the
hierarchical microscopic phase separated structure, spherical

PMMA domains dispersed

macroscopic core-shell structure. Low molecular PS / PMMA

in the PS-rich core in the
composite  formed macroscopically homogeneous, but
microscopically bi-continuous phase separated structure. Low
molecular PDAS / PMMA composite also afforded the
hierarchical structure, where the macroscopical core-shell
structure (pseudo core-shell) existed, and the shell contained
dispersed micron-sized PDAS domain in PMMA phase, and the
core exhibited the bi-continuous structure comprised both
components. This hierarchical structure is considered to be
formed due to the kinetical limitation, and this was more
simplified and thermodynamically more stable structure (sea-
island) by lowering the evaporation rate. It is noteworthy that the
uniform sized microspheres with hierarchical structure were
fabricated only from homopolymer blends without the assist of
block or graft copolymer. J. Fiber Sci. Technol., 77(3), 128-135
(2021) doi 10.2115/fiberst.2021-0012 ©2021 The Society of

Fiber Science and Technology, Japan
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