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Difference in Preferential Orientations of
Crystal Planes and Crystal Sizes along the
Radial Direction of Poly-p-
Phenylenebenzobisoxazole (PBO) Fibers
Tooru Kitagawa

Corporate R&D Administration Department, Toyobo
Co., Ltd. 2-8, Dojima Hama 2-chome, Kita-ku, Osaka
530-8230, Japan
This article describes the orientation of the crystal b-axis of
poly-p-phenylenebenzobisoxazole (PBO) fibers, preferentially in
a direction perpendicular to the fiber axis. Although the
preferential orientation of the a-axis (i.e. the (200) crystal plane)
in the various PBO fibers has already been reported, but to the
best of our knowledge, there is a limited number of reports about
the preferential orientation of the crystal b-axis of PBO. In order
to estimate the degree of preferential orientation of different
crystal planes, X-ray diffraction intensities of (010) and (El 0) for
PBO were measured along the radial direction of the fiber and
analyzed with an extended two-phase model and a micro-focus
X-ray diffraction technique. The degree of preferential
orientations of the crystal b-axis (i.e. the (010) crystal plane) was
successfully estimated. Also, the positional dependence of
apparent crystal size along the equator has been elucidated. J.
Fiber Sci. Technol., 74(1), 1-9 (2018) doi 10.2115/fiberst.2018-
0001 ©2018 The Society of Fiber Science and Technology,

Japan

Synchrotron SAXS Studies on Lattice
Structure of Spherical Micelles in
Binary Mixtures of Block Copolymers
and Homopolymers
Hideaki Takagi™', Ryo Hashimoto™', Noriyuki Igarashi™',
Shunji Kishimoto™', and Katsuhiro Yamamoto™*

*1' Photon Factory, Institute of Materials Structure Science,
High Energy Accelerator Research Organization, I-1
Oho, Tsukuba, Ibaraki 305-0801, Japan

*2 Graduate School of Engineering, Department of Life
Science & Applied Chemistry, Nagoya Institute of
Technology, Gokiso-cho, Showa-ku, Nagoya 466-8555,

Japan
The lattice structures of spherical micelles in binary
mixtures of polybutadiene-poly(€-caprolactone) diblock

copolymers and polybutadiene homopolymers were investigated
using synchrotron small angle X-ray scattering technique. In the
blend sample with a weight fraction of added homopolymer
(¢nomo) of 40 wt%, hexagonally packed cylinders were formed,
while spherical morphologies were arrayed into the Frank-
Kasper 0 phase at ¢nomo = 50 wt%. Closely packed spheres in
hexagonal closely packed (HCP) and face-centered cubic (FCC)
lattices were observed for the sample with @nome = 56 and
67 wt%, respectively. It was found that the lattices of spherical

micelles assembled into the following phases with increasing
@homo: Frank-Kasper o, HCP, and FCC phases. J. Fiber Sci.
Technol., 74(1), 10-16 (2018) doi 10.2115/fiberst.2018-0002 ©
2018 The Society of Fiber Science and Technology, Japan

Strain Hardening of Highly Stretchable
Elastomeric Composites Reinforced
with Well-Defined Nanofiber
Network of Bacterial Cellulose
Yoshihiko Shimizu™'?, Keita Sakakibara™',
and Yoshinobu Tsujii™'
*! Institute for Chemical Research, Kyoto University,
Gokasho, Uji, Kyoto 611-0011, Japan
*2 Matsumoto Yushi-Seiyaku Co., Ltd., 2-1-3, Shibukawa-
cho, Yao, Osaka 581-0075, Japan

Highly stretchable poly(ethyl acrylate) (PEA) composites
reinforced with a well-defined nanofiber network of bacterial
cellulose (BC) were prepared via stepwise solvent exchange
followed by in situ photo-initiated free radical polymerization.
Despite the small volume fraction of BC (approximately
0.4 vol%), the BC/PEA composite showed significant increases
in Young’s modulus (26 times larger than that of the neat PEA),
tensile strength (3.5 times larger), and fracture energy (3.8 times
larger), with its fracture strain (1520 %) almost the same as that
of the neat PEA (1660 %). This composite was characterized by
effective strain hardening. The changes in strain-hardening
modulus and tensile strength were explained well by the rule of
mixtures. Confocal laser scanning microscopic observations
revealed the structure of the nanofibers embedded in the
elastomeric matrix. The enhanced mechanical properties were
discussed based on the rigidity and flexibility of the BC
nanofibers and their entangled network and were ascribed to the
well-defined BC nanofiber network produced by the bacterium.
J. Fiber Sci. Technol., 74(1), 17-23 (2018) doi 10.2115/
fiberst.2018-0003 ©2018 The Society of Fiber Science and
Technology, Japan

Mechanical Properties and Preparing
Processes of the TEMPO-Oxidized Cellulose
Nanofibers Hydrogels
Yohsuke Goi™', Tsuguyuki Saito™*, and Akira Isogai”*
*! Deveropment Group Rheocrysta Business Division
DKS Co. Ltd., 5 Ogawara-cho, Kisshoin, Minami-ku,
Kyoto 601-8391, Japan
*2 Graduate School of Agricultural and Life Sciences, The
University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo
113-8657, Japan
Aqueous TEMPO-oxidized cellulose nanofiber (TOCN)
dispersions can be converted to hydrogels by adding an acid or

2

polyvalent metal salt solution. Here we report the mechanical
properties of the TOCN hydrogels in terms of gelling additives.
The mechanical properties of the hydrogels were significantly



affected by the added amount and chemical structure of the
additives. The breaking strength of the hydrogels became higher
with a decrease in pH value of the gels, suggesting that surface-
carboxylated TOCNs were more strongly aggregated at pH <4.
At the same pH 2.8, the gel strength became higher when the
valence of added metal ions was higher; the hydrogels of
physically aggregated TOCNs were further reinforced by cross-
linking of TOCNs with polyvalent metal ions. Moreover, the
TOCN  and
carboxymethylcellulose (CMC) were prepared by adding

composite  hydrogels  of water - soluble
aluminum acetate to aqueous TOCN/CMC mixtures. The
strength of the composite hydrogels had unique properties,
different from the conventional composite theory. These results
suggest that in the TOCN/CMC composite hydrogels, specific
interactions or entangled structures are present between TOCNs
and CMC molecules. J. Fiber Sci. Technol., 74(1), 24-29 (2018)
doi 10.2115/fiberst.2018-0004 ©2018 The Society of Fiber

Science and Technology, Japan

Effect of Molecular Weight on Physical and
Crystallization Properties of UHMW-poly
[(R)-3-hydroxybutyrate-co-(R)-3-
hydroxyhexanoate]

Taizo Kabe™'***, Takashi Sugiura™', Takaaki Hikima™,
Masaki Takata™, and Tadahisa Iwata™'"**

*1 Science of Polymeric Materials, Graduate School of

Agricultural and Life Sciences, The University of Tokyo,
1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan

*2 Materials Structure Group 1, The Research and
Utilization Division, Japan Synchrotron Radiation
Research Institute (JASRI), 1-1-1 Kouto, Sayo-cho,
Sayo-gun, Hyogo 679-5148, Japan

*3 Japan Science and Technology Agency, CREST, 4-1-8,
Honcho Kawaguchi, Saitama 332-0012, Japan

** Materials Visualization Photon Science Group, RIKEN

SPring-8 Center, 1-1-1 Kouto, Sayo-cho, Sayo-gun,
Hyogo 679-5148, Japan
*> Research Infrastructure Group, RIKEN Harima
Institute/SPring-8 Center, 1-1-1 Kouto, Sayo-cho, Sayo-
gun, Hyogo 679-5148, Japan
Ultra-high-molecular-weight  poly[(R)-3-hydroxybutyrate-
c0-3.2 mol%-(R)-3-hydroxyhexanoate] (UHMW-PHBH), with a
weight-average molecular weight (M,) of approximately
400 % 10*, is extracted from genetically engineered microbial
cells via an optimized solvent extraction method. PHBH
polymers with various molecular weights (various MW-PHBHs)
are prepared from the UHMW-PHBH using H.SO. treatment.
The thermal properties and spherulite growth morphology of the
UHMW-PHBH and various MW-PHBHS are analyzed in order
to investigate the properties of UHMW-PHBH and the effect of
the molecular weight on the above properties. The value of Tm
and Tg were same regardless of M, above 62 x 10°. The
crystallization half time (tiz), as an index of overall
of UHMW-PHBH did not change,
compared with that of normal molecular weight PHBH. The

crystallization speed,
observation of crystallization morphology revealed that
molecular chains with high-molecular-weight lead to decrease
the growth rate of spherulite and increase the crystal nuclei
forming frequency. Drawn films of UHMW-PHBH are prepared
and their
mechanical properties and highly ordered structure are analyzed

by one-step or two-step cold-draw methods,

by tensile tests and X-ray measurements, respectively. One-step
cold-drawn UHMW-PHBH films exhibit enhanced properties
relative to those of normal-molecular-weight PHBH. Wide-angle
X-ray diffraction and small-angle X-ray scattering reveal that the
one-step cold-drawn UHMW-PHBH possesses the rare S-form
crystal structure. Additionally, the S-form crystal are increased
drastically after two-step drawing process with increasing tensile
stress. The crystal structure of those films were also investigated
by synchrotron X-ray. J. Fiber Sci. Technol., 74(1), 30-39
(2018) doi 10.2115/fiberst.2018-0005 ©2018 The Society of
Fiber Science and Technology, Japan
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Call For Papers

THE FIBER SOCIETY
sy . 7 I
é( i 2

<3 THE SOCIETY OF FIBER SCIENCE
7 AND TECHNOLOGY, JAPAN

Advancing Scientific Xnowledge
Pertaining to Fibers and Fibrous Materials

The Fiber Society’s Spring 2018 Conference

Co-organized by The Society of Fiber Science and Technology, Japan

Fibers and Textiles for Value Creation
in Connected Industries

June 12 - 14, 2018

Tower Hall Funabori
Tokyo, Japan

Plenary Speakers

Prof. Yoshiro Tajitsu, Kansai University
Prof. Sanjay Rastogi, Maastricht University

The Fiber Society seeks papers on fundamental research related to the science and engineering of fibers and fibrous
materials for its 2018 Spring Conference, scheduled for June 12 - 14, at Tower Hall Funabori, Tokyo, Japan.

Online submissions will be accepted on the Fiber Society website at www.thefibersociety.org. Guidelines for all
contributions will be provided online.

Topics

Fundamentals of Polymer Materials, Synthesis,
Polymerization, Characterization and its physics
Fundamentals of Fiber and Textile Science, Testing

and Characterization

Fiber Manufacturing & Characterization

Dyeing and Finishing

Contacts

The Fiber Society, abstract submission

Pam Gabriel

Design and Merchandising

Smart Polymers, Fibers and Textiles

Sustainable Polymer Materials

Advanced Cellulose Fibers and Textiles

Carbon Fibers and Advanced Composite Materials

Local organizing committee
Megumi Yamamoto

pam.fibersociety(@gmail.com fs2018@fiber.or.jp
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