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Higher Ordered Structure of Cellulose
Predicted by Computational Chemistry:
Cellulose Nanotube in Cyclohexane
and Ethyl Acetate
Takuya Uto™" and Toshifumi Yui™'

*! Department of Applied Chemistry, Faculty of
Engineering, University of Miyazaki, Nishi 1-1 Gakuen-
kibanadai, Miyazaki 889-2192, Japan

Nanotubes are remarkable nanoscale architectures for a
wide range of potential applications. Recently, we have predicted

a nanoscale, tubular structure of cellulose molecules (CeINT),

through density functional theory (DFT) calculation. In the

present paper, we report a molecular dynamics (MD) study of
the theoretical CeINT models to evaluate their dynamic behavior
in solution (cyclohexane or ethyl acetate). Based on the one-
quarter chain staggering relationship predicted by DFT
calculations, we constructed six CeINT models by combining the
two chain polarities (parallel (P) and antiparallel (4P)) and three
symmetry operations (helical right (Hg), helical left (Hv), and
rotation (R)) to generate a circular arrangement of molecular
chains. The tubular structure of the CeINT models quickly
collapsed in ethyl acetate with cleavage of intermolecular
hydrogen bonds, indicating that ethyl acetate was not appropriate

for the solvent of CeIlNTs. The four models (P-Hg, P-Hi, P-R,

and AP-R) retained the tubular form in cyclohexane and the P-R

and AP-R models exhibited relatively continuous tubular forms

with the largest binding energies. The structural features of the

CeINT models in cyclohexane were characterized in terms of

intermolecular hydrogen bond and the hydroxymethyl group

conformation. Solvent structuring clearly occurred, suggesting

that the CeINT models may stably disperse in cyclohexane. J.

Fiber Sci. Technol., 74(8), 171-176 (2018) doi 10.2115/

fiberst.2018-0024 ©2018 The Society of Fiber Science and

Technology, Japan

Chemical Carbonization of Paper Made from
Wood Pulp without Thermal Decomposition
Using a Catalyst and Structural Properties of
the Carbonized Paper
Mutsumasa Kyotani™', Ken-ichi Fujino™,
Daisuke Imai™*, and Shisei Goto™
*1 Conjugated Polymer Super-Hierarchical Control Lab,
Katsura Int'tech Center, Kyoto University, Katsura,
Nishikyo-ku Kyoto 615-8510, Japan
*2 Chemical Products Research Laboratory, Nippon
Paper Industries Co., Ltd, Iida-machi, Iwakuni,
Yamaguchi 740-0003, Japan
*3 Research Laboratory, Nippon Paper Industries Co., Ltd,
Oji, Kita-ku, Tokyo 114-0002, Japan
Paper is composed of plant fibers obtained from both wood
and non-wood pulp, and the chemical component is mainly
cellulose. It is well-known that cellulosic materials are very hard
to carbonize at high temperatures because they decompose
thermally before forming carbon materials. We have tried
chemical carbonization of wood-pulp paper without thermal
decomposition using a catalyst to prepare two-dimensional
carbon materials. Three kinds of paper (called LBKP-papers here
after) made from bleached kraft hardwood pulp having 0.7~
0.76 mm in length weighted mean fiber length and about 260 um

in thickness was used for the chemical carbonization in this work.
In the three kinds of LBKP-papers, one includes a wet paper
strengthening agent and another one has a little different
distribution of the fiber length. One of organic sulfonic acids,
methane sulfonic acid (MSA) was used as a catalyst for the
carbonization. The LBKP-papers were treated in 1 mol MSA
aqueous solution for 5 min and were dried at room temperature.
The MSA-treated LBKP-papers were carbonized at 800C under
an Ar gas atmosphere. Structural and physical properties of
carbonized LBKP-papers were investigated. All of the LBKP-
papers carbonized at 800C were amorphous and then were
crystallized with heat-treatment at higher temperatures, being
independent of the wet paper strengthening and the different
fiber length distribution. A graphitic structure was developed in
carbonized LBKP papers heat-treated at temperatures higher
than 2000°C . Mechanical and electrical conductive properties of
the carbonized LBKP papers were improved with the heat-
treatment. J. Fiber Sci. Technol., 74(8), 177-185 (2018) doi
10.2115/fiberst.2018-0025 ©2018 The Society of Fiber Science
and Technology, Japan

Nanofiber and Nanofiber Powder of
Syndiotactic Polystyrene Fabricated by
Laser-Heated Drawing of
Sea-Island-Type Conjugated-Spun Fiber
Risa Yasoshima™", Takeharu Tajima™,
Hideaki Yamaguchi™’, Toshifumi Ikaga™',

Yutaka Ohkoshi*"?, and Kyoung Hou Kim™'

*! Faculty of Textile Science and Technology, Shinshu
University, 3-15-1 Tokida, Ueda, Nagano 386-8567,
Japan

*2 Division of Frontier Fibers, Institute for Fiber
Engineering, Shinshu University, 3-15-1 Tokida, Ueda,
Nagano 386-8567, Japan

*3 Idemitsu Kosan Co., Ltd., 28th Floor, JP Tower, 7-2,
Marunouchi 2-Chome, Chiyoda-ku, Tokyo 100-7028,
Japan

*4 Industrial Research Institute of Ishikawa, 2-1 Kuratsuki
Kanazawa, Ishikawa 920-8203, Japan

By laser beam irradiation of laser-heated drawing, running
fiber can be heated rapidly and uniformly. By applying laser-
heated drawing to sea-island-type conjugated-spun fibers of
syndiotactic polystyrene (sPS) and poly(ethylene terephthalate)

(PET), sPS nanofiber and nanofiber powder were fabricated after

extraction of the PET component. The PET/sPS conjugated-spun

fibers could be laser-drawn stably at the glass transition
temperature of each component polymer. By drawing at the glass
transition temperature of sPS, the sPS island fibers could be
drawn continuously and the sPS component in the drawn fibers
indicated a higher crystal orientation than the PET component.

The sPS nanofiber bundles had a strength of approximately

300 MPa and sPS nanofibers with an average diameter of 0.43 u

m were obtained after extraction of the PET component. By

drawing at the glass transition temperature of PET, the fiber

could be drawn to a higher draw ratio if the PET fraction was
high, but the sPS island fibers were broken into small pieces. As

a result, sPS nanofiber powders with a length almost 24 times of

their diameter were obtained by extracting the PET component

after drawing. The 0.5 um diameter and 12 pm length were the
minimum sizes of the obtained nanofiber powder. J. Fiber Sci.

Technol., 74(8), 186-195 (2018) doi 10.2115/fiberst.2018-0026

©2018 The Society of Fiber Science and Technology, Japan
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