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WFFEXt4 © Study of the English word choice of native
Japanese speakers (a preference to choose loanwords).
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Lyndon Small completed two research projects. The first
and major project was devised in 2018 and conducted
between April and December 2019. This non-experi-
mental study aimed to determine the English lexical pref-
erences of first and second year Fukuoka University
students (N =545). Specifically, this univariate design
collated the frequency of English loanword selection in
preference to non-borrowed lexical items. A major focus
of the study design was instrument validity, addressing the
perceived flaws of two previous studies on the preference
for loanword selection published around twenty years prior.
For the creation of the research instrument, the
Genius English-Japanese dictionary (Sth edition) facilitated
the compilation of an initial, sizeable loanword corpus.
This mainstream dictionary assigns word level according
to A rank (***) junior high school, 1150 words, B rank
(**) senior high school, 3150 words and C rank (¥)
university, 5300 words. The other headwords in this
dictionary do not have an assigned word level. There
was careful attention to only include A rank and B rank
lexical items throughout the entire instrument. Subse-
quent meticulous corpus revisions provided the lexical
content for an instrument comprising 50 brief sentences,

each with four valid lexical items in a multiple choice

format. Thirty sentences included the choice of one
English loanword. The thirty loanwords chosen for this
study listed alphabetically were (A rank) butter, camp,
party, race, and (B rank) alcohol, button, concrete, curve,
dam, diamond, lens, medal, Olympic, parade, peak, picnic,
pilot, rhythm, robot, rocket, rope, scandal, sofa, soup,
stress, symbol, tank, virus, vitamin, and waiter.

A degree of ‘error’ was assumed for all lexical
selection owing to the cognitive processes triggered by
sentence stem construction and among the four answer
options, word length, (un)familiarity and placement in
sentences. The loanwords were randomly mixed with
twenty other sentences that featured four non-loanword
choices for distraction to minimise an item-order, or
contextual cueing effect where subjects become aware of
the activity’s focus. This feature of design was to mini-
mise skewed loanword frequency selection which would
affect the reliability of the data. Moreover, for improved
reliability, four variations of the instrument were devised,
rotating the position of the loanword in each version.

The combined frequency of loanword selection
from the initial study (n =283) and the replicated study
(n =262) (N = 545) showed an overall relative frequency
average of 0.42. Chi-square of homogeneity analyses
comparing data from both studies indicated that differences
in lexical selection were significant at p<.05 for 15 of the
sentences with loanwords. Importantly, the chi-square
statistic does not specifically reveal that the frequency of
loanword choice was significantly different to that of non-

loanword alternatives. Following a chi-square test, it



might be appropriate to conduct post-hoc analysis using
Bonferroni’s correction to specifically compare loanword
to non-loanword frequency. However, there are statis-
tical limits working with nominal data. At this categor-
ical level, relative frequency alone nears the boundaries
of presenting the data for what it is.

An implication of this study is that a preference
by native Japanese speakers to use loanwords can impede
effective communication in English because they are not
always an appropriate lexical choice. To help minimise
perceived and pragmatic failure, Japanese need to be aware
of the pitfalls of using loanwords to communicate meaning
clearly in English. A recommended strategy to avoid
loanword misconception is for Japanese speakers to in-
crease their lexical range and flexibility through devel-
oping skills of paraphrase. This means that alternative,
non-loanword vocabulary is used to help explain and
clarify meaning. Such skills exemplify higher levels of
English proficiency.

The second research project, also conducted
during 2019, compiled numerous features of discourse
style in Japanese and explained how these can negatively
impact smooth communication in English. Some dis-
course features that can cause intercultural communication
difficulties for Japanese speakers include silence, minimal
responses, pronunciation and spelling, limited lexical
choice and range, loanwords, over-reliance on technology,
lack of language skills to explain, unfamiliar and uncon-
ventional styles in English, lack of topic development, and
making assumptions through a lack of cultural aware-
ness. Although the problems and examples focused on
the ways that native Japanese speakers communicate in
English, such aspects of intercultural discourse are not
unique to Japanese culture. Therefore, the content of this
research is considered relevant to speakers of other
languages and cultures. Regardless of the context of
interaction, this research would help people from other
cultures to be aware of what they might expect when
communicating with native Japanese speakers using
English as the lingua franca. Funding provided for this
research group contributed to the researcher making one

presentation that combined information from both research

projects at the 40th ThaiTESOL international language

teaching conference in Bangkok, January 2020.
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WFFEX A | Integrating communication theory into Com-
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In 2018, Catherine Matsuo concentrated her research on
the Bakhtinian philosophical categories of heteroglossia
and chronotope. Together, they constitute a theory of
alerity and heterotemporality. These are relatively un-
examined areas in foreign language education, except for
heteroglossia by itself, which is now an important com-
ponent of translanguaging theory and bilingual education.
The researcher chose heteroglossia and chronotope because
they are crucial components of communication in terms
of understanding what is being said to a teacher by
students and for expanding the range of potentialities for
understanding how a feacher’s utterances might be com-
municated (in what ways understood or misunderstood)
to students. Matsuo believes heteroglossia and chrono-
tope are essential to understanding communication in the
classroom and wishes them to be integrated into Com-
municative Language Teaching, which she thinks needs
to pay much more attention to how communication takes
place and the many factors affecting its success or failure.

In 2018, the researcher made advances in creating
a dialogical analytic framework for analysing unique ut-
terances and also collaborated with Professor Bob Fecho,
professor of English Education at Columbia University,
USA, who is a noted expert on dialogic pedagogy.
Funding provided by this research group contributed to the
researcher making a presentation as an invited speaker in
an invited symposium at the 10th International Conference
on the Dialogic Self, Braga University, in June 2018.
This symposium was chaired by Professor Fecho.

In addition, as debate in the USA is particularly
connected to the notions of citizenship and democracy, the
researcher, who is a frequent judge at the university de-
bates held by Kyushu University, attended an international
conference in Munich in October 2019 “Educating the

Global Citizen: International Perspectives on Foreign



Language Teaching in the Digital Age”. Matsuo wished
to know about the latest goals for language learning
directed at developing globality in language learners, i.e.,
the consciousness that human beings live in a single place,
which is the world, planet Earth. Added to this, there
was discussion at the conference about sustainability and
human rights being added to language learning goals, and
research reports about the influence on language learning
of digital communication. Matsuo also met privately
with one of the Keynote Speakers at the conference,
Professor Michael Byram, the most renowned scholar of
Intercultural Communication in foreign language learn-
ing. Matsuo met with Professor Byram to discuss her
research, in which Professor Byram very kindly takes a
keen interest.

In 2019, the researcher continued creating a dia-
logic pedagogy for foreign language education. Because
of her belief that dialogic theory assumes that all com-
munication with others is already intercultural commu-
nication, the focus of research throughout 2019 was to
familarise herself with the latest publication from the
Council of Europe, the Reference Framework of Compe-
tencies for Democratic Culture. Funding provided by
this research group contributed to the researcher partici-
pating in presentations and workshops in March in 2019
at the Wenzao Ursuline University of Language in Kao-
hsuing, Taiwan. Matsuo was kindly invited to attend by
Professor Byram himself.

In 2020, Matsuo was accepted to present at two
international conferences: the 11" International Conference
on the Dialogic Self in Barcelona (organized by an inter-
university team recognized by the government of the
Catalan Generalitat), and also the XVII International
Bakhtin Conference, to be held at the National Research
Ogarev Mordovia State University under the aegis of the
Head of the Republic of Mordovia. Unfortunately, the
two conferences were canceled due to the coronavirus
pandemic but Matsuo has been accepted to present at the
two conferences again, which have been held over until
2021. At the 11" International Conference on the
Dialogic Self in Barcelona she will again take part in a

symposium chaired by Professor Bob Fecho. She will

also have an abstract appear in the book that will accom-
pany the conference. The title of her article is: Societies
in the Self: Using DST to Understand Identity, Inter-
culturality and the Democratically Organized Self in Two
Different Democracies and Linguacultures. The title of
the presentation that will be made at the XVII International
Bakhtin Conference, for which she has also written an
abstract is: Thought ‘directed towards other thoughts,
ideas, meanings’: Using Bakhtin’s The Problem of the Text
as foundation and parameters to demonstrate a longitudinal
dialogical analytic framework for interpreting meaning
potentials of unique utterances in more than one natural/
national language in pedagogical and classroom discourse

in foreign language educational contexts.
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WFFEXT S © Modeling of English language varieties. 25
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Aaron Hahn’s three-year project improved the Global
Model of English and studied the use of non-native
listening and reading texts in university classes. This
project included three major components. The first was
the refinement of the Global Model of English developed
by Haswell (2013) and Haswell and Hahn (2015, 2018).
This model graphs English varieties and user competence
in way that addresses deficiencies in prior models
(especially Kachru’s ubiquitous Three Circles Model).
It centralizes English as a Lingua Franca speakers rather
than “native speakers” as most other models do. For this
research project, the major development in the model was
the codification of interaction types, which map rela-
tionships between communicative behaviors, relative user
proficiency, and willingness to take a strategic (rather than
a normative) approach to communication. This addition
can help teachers focus on the skills that are truly
important for transnational communication.

The second component was intended to be the
development of a library of multimedia resources featuring
English speakers from places other than so-called “Inner
Circle” countries which currently and improperly dominate
most TESOL textbooks. This media would show how

ELF speakers worldwide utilize various linguistic re-



sources such as negotiation and repair strategies to com-
municate successfully. Unfortunately, the global pan-
demic made it impossible to safely record the planned
speakers (international students studying in Japan). Since
developing new resources was not possible, instead a
textbook was found which highlighted speakers of English
from a variety of contexts. This book, World Voices 2,
included 12 audio monologues by English speakers from
countries such as China, Kenya, and Brazil. In addition,
the reading materials covered diverse topics, rather than
focusing on US/UK culture as many English textbooks
do. This book was used in three Reading and Listening
courses at Fukuoka University with two high-level and one
mid-level class. The key pedagogical finding was that
even though the resources reflected a much more diverse
collection of English varieties than traditional textbooks,
students were able to successfully deal with these texts and
improve both their listening/reading skills and their inter-
national English competency.

The third component of this project was the col-
lection and analysis of student surveys. Students were
given three surveys (for first two, N = 104; for third, N =
93) covering topics such as their experiences with English,
familiarity with specific varieties of English, responses
to some of the course audio, their opinions about what is
important and valuable in English language learning, and
their general attitudes towards the international status of
English. Following are some of the most salient points
from the analyses.

First, students showed a mixed set of attitudes
regarding the issue of native/non-native Englishes. A
majority favored native speaker teachers and native
speaker learning models. Other than Japanese English
being rated as easier than other varieties, no specific non-
native varieties (that students had listened to from the
textbook) were rated as especially difficult or easy. Most
importantly, by midway through the 15-week course, about
55% of the respondents reported feeling more comfortable
with the idea of talking to “non-native” speakers (though
this may be biased by students’ desire to demonstrate to
their teacher that the class was effective).

Regarding students’ real-world English use, only

25% of students reported having non-Japanese friends, and
less than half of those students reported that they spoke
mostly in English with those friends. Thus, teachers need
to provide more international source material for student
listening. When asked about whether they wanted to use
English in the future, 70% said they hoped to use English
in their personal lives in the future, but only 49% hoped
to use it in a future job. This likely explains the un-
derlying reason for students’ expressed preferences to a
free-response question regarding what they would want
to do in a hypothetical future course in global English
communication. When the responses were sorted the-
matically, it was found that 27% of students wanted to talk
or communicate with others, 40% wanted to share culture,
only 10% focused on a specific language-learning skill
(like listening), and none mentioned anything related to
business, politics, international relations, or other similar
topics.

Overall, the results of this three-year project
suggest several things for the design of future global
English courses.  First, students can successfully negotiate
a variety of Englishes—there is no need to be slavish to
the outdated idea that students should use only/mostly
“native speaker” models. Second, students will likely
be more receptive to global communication courses that
are focused on interpersonal communication rather than
having them couched in terms of future employment or
politics. Funding provided for this research group con-
tributed to the researcher making one presentation in 2019
at the 6th Conference on Global Higher Education at
Lakeland University, Tokyo.

a7 5 W3ET Cochrane, Yumiko.
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WFFEXE © An analysis of opinion expressions in written
discourse: Implications for English teaching and learning.
Yumiko Cochrane reports the findings of an action re-
search project, which was implemented during the second
semester in 2019 with four ESP classes of non-English
majors (N = 160). The study primarily aimed to examine

students’ overall experiences with task-incorporated Eng-



lish learning. It took a hybrid approach combining both
textbook-focused and task-based instruction (TBI), with
the last third of the course being allocated for TBI. Of
the wide range of views and benefits reported by the
subjects, this report focuses on students’ perceived skill
development, in terms of English competence in particular.
Task design

This study essentially adopted a common three-
stage framework consisting of pre-task, during task and
post-task.  Using authentic materials available online,
such as retail flyers and apartment rental listings, students
worked in groups to complete sequencing tasks under the
title of ‘Furnishing an Apartment on a Budget’. For this
project, subjects adopted the persona of a student in
Vancouver, Canada and would rent a four-bedroom house
with friends (project partners). As a blanket mission,
each group was to furnish two common areas in the
apartment by purchasing furniture or household items from
local stores (online flyers) on a predetermined budget
while paying attention to property information prior to
deciding on what to purchase. Over a two-week period,
students were to complete the following four sequencing
tasks: Email writing (Task 1), Budget planning (Task 2),
Making a shopping list (Task 3) and A phone message
to the property manager (Task 4). As part of a post-task
activity, each group performed oral reporting, which was
reviewed by their peers.
Data collection

Data (N = 158) was collected via an online sur-
vey, which consisted of both multiple-choice and open-
ended questions asking about students’ experiences with
the current project. Participation was voluntary and
anonymous, and ethical considerations were appropriately
addressed. The text data was analysed qualitatively using
thematic analysis. As this report is primarily concerned
with reporting students’ perceived skills development, it
mainly uses data obtained from the following questions:
A) Which task do you think you performed well? Why

do you think so?

B) Do you think you have learned anything new from this

project? Why do you think so?

Findings and Significance

Student responses to Question A (well-performed
tasks) were almost evenly distributed; with Task 1 at
27.8% being the highest, followed by Oral Reporting
(17.7%), Task 2 and Task 4 being a tie at 14.6% and
lastly Task 3 at (13.3%). While the specifics of what
each student reported as an accomplishment differed, many
responses were accompanied with certain phrases, such
as ‘due to team efforts’ or ‘paying extra attention’. In
terms of Question B, the majority (79.1%) responded
that they gained something new from the project; 51.9%
(n=82) said ‘Agree’ and 27.2% (n =43) said ‘Strongly
agree’, while the remaining 20.9% (n = 33) said ‘Dis-
agree’ or ‘Strongly disagree’. Most of these ‘Disagree’
or ‘Strongly disagree’ responses did not articulate their
reasons, but if they did, comments like “I already knew
everything we did in this project” appeared common.
Meanwhile, students who reported gains referred to a
variety of skills and knowledge, ranging from interpersonal
skills to being financially responsible to organisational
skills to language competence. Specific to English com-
petence, productive abilities, such as writing and com-
munication skills, were most frequently mentioned. The
qualitative analysis revealed that these students valued
collaborative learning by crediting ‘team efforts’ for their
accomplishments. It was also notable that some reported
having spent extra time practicing outside the classroom
as a reason for their skill gains.
Implications

It is often claimed that TBL benefits almost every
learner for it allows students to use their skills at their
current level and develop language through its use. In
other words, there is something to learn for every student
in the classroom regardless of the linguistic competence
or interests of the learner. This has proven true for a
number of participants in this study that knowing what
to do, especially ‘how’ to produce in the L2 through
working with their peers had led to feeling a sense of
confidence, hence self-efficacy. Language is learnt when
learners can make sense of the foreign language that they
are learning by constructing their own theories and hy-

potheses about how it works. TBL may offer the oppor-



tunity in which students can see English beyond just being

tested on the ‘grammar of the day’.

F7 e« T —1n0 Gibson, Aaron.

Measuring students’ vocabulary knowledge for interna-
tional communication. I 2= —va /il
(bRAYe 2 XOF eSS ]

This research collected vocabulary knowledge data over
the course of three years. Respondents were first and
second year Japanese language students at a large private
university in Japan (Fukuoka University). Data was
collected from 35 classes within eight faculties and over
800 respondents. Vocabulary self report tests were cre-
ated and administered to students in class.

Aaron Gibson created a vocabulary test of 120
items of varying difficulty based on word frequency.
This was given out to multiple classes to measure students’
vocabulary knowledge and to start collecting data for
comparison across departments.

Aaron Gibson reviewed articles and books on
vocabulary research in applied linguistics and the making
of word lists to assist in the test creation. Also reviewed
were articles on statistics to be able to analyze incoming
data, including books on the R statistical software
program. Aaron Gibson attended the JALT 2018 and
2019 international conferences to observe presentations
on vocabulary including at the yearly Vocabulary SIG
Forum.

Aaron Gibson presented at the JALT 2019 con-
ference a poster presentation: The Effects of Loanwords
and Letter Length on Word Difficulty. This was pre-
liminary to the current research and presented the features
of words and the effects they have on difficulty as reported
by students using a different data set. This presentation
showed how difficulty decreases with frequency, increases
with letter length but can also decrease with the presence
of cognates that are recognized by the learners from their
L1.

Preliminary analysis of the data showed differ-
ences in the total vocabulary knowledge of the students
from different faculties. Implications are that students

from different groups come to the university with differing

vocabulary levels and their own specific gaps and defi-
ciencies. Teachers should know students’ vocabulary
level at the start of the semester and take it into account
in instruction if the aim is to learn the most frequent 3000

words in English.
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The handling processes of combustible powders
such as flour, plastic, and pharmaceuticals in industrials are
able to cause the dust explosion when those materials in
powder form are dispersed in the suitable condition and
it is also difficult to prevent the danger that is generated
from the dust explosion. The hazardous explosion of dust
impacts valuable properties, environment, and especially
human lives. The 87 cases of dust explosion in Japan
from 1987 to 2003 were reported, 85% of the dust
explosion is caused by metal, wood, and plastic. More-
over, 78 of the 281 major combustible dust incidents
occurred in the United States from 1980 to 2002 killed 119
workers and destroyed many of the industrial facilities,
most of the dust explosion incidences were generated in
the food product industries.

According to the loss from the dust explosion
incidence in the past, many research on the measuring key
properties for several explosible dust material (Cellulose,
Iron sulfide and Aluminum Powder) such as Minimum
Ignition Energy (MIE) and Minimum Explosible Con-
centration (MEC) at the specific process conditions are
able to recognize explosive sensitivity of different mate-
rials have been studied to evaluate and address the hazards
of the combustible dust for decades. MIE and MEC are
also useful for comprehending explosibility and ignitability
to support risk assessment and safety identification of those
materials to prevent harmful effects. Furthermore, many
ideas to investigate the relation between dust explosion

characteristics and moisture contents or adsorption ability

of cellulosic materials are also currently presented.

Cellulose is the primary occurrence exist in plant-
based materials and it is the most important source for
several applications in many industries such as medicines,
cosmetics, textile, and foods. Products in those industries
are produced by purification and mechanical size reduction
of crystalline cellulose obtained from fibrous plant mate-
rials. Natural celluloses are able to be chemically mod-
ified to produce commercially important semisynthetic
material which have a potential advantage over a natural
cellulose due to their consistency and reproducibility in
quality and functional properties such as cellulose acetates
(CA), methyl cellulose (MC), ethyl cellulose (EC), hy-
droxyethyl cellulose (HEC), hydroxypropyl cellulose
(HPC), and sodium carboxymethyl cellulose (CMC) for
supplying to many industries. Structure of cellulose and
its derivatives based on Fig.1 present in Table.1, cellulose
ether and cellulose ester are most frequently used in in-
dustry for general based product as powder form. How-
ever, the difference of derivatives on the several cellulosic
materials makes them unique not only in physical ability
but also dust explosion characteristic.

In the previous study, it was concluded that the
derivatives of cellulosic materials: cellulose, CA different
degree of acetylation, MC, EC, HEC, HPC and CMC have
a significant effect on moisture adsorption ability and this
ability relate to MEC, HEC was the greatest moisture
adsorption ability corresponding to non-explosive and EC
was the least moisture adsorption ability corresponding
to high risk of explosion hazard. Unfortunately, the

moisture adsorption ability verification of material in the



Table 1. Structure of Cellulose and Its Derivatives Based on Fig.1

Cellulo.sm Cellulose derivatives R groups
material
Cellulose Cellulose -H
Methyl cellulose -H,
(MC) -CHs
Cellulose Ethyl cellulose -H,
ether (EC) -CH>CH3
Hydroxyethyl cellulose -H,
(HEC) -CH.CH.OH
Cellulose Cellulose acetate -H,
ester (CA) -C(O)CH;s
CH:OR
o
~ ~0 OR
OR ICH.OR

Fig. 1. The structure of cellulose as the starting material for
cellulosic material derivative. Each anhydroglucose unit
(AGU) residue possesses three potentially reactive hydroxyl
groups. These are indicated and numbered in the second
residue according to the associated carbon on which they
reside. For most reaction schemes, the 2 and 6 positions are
more reactive than the 3 position.

laboratory needs huge investment on time, equipment,
materials and especially on difficult environment con-
trolling. So, a computational method, Molecular Dynam-
ics (MD) simulation, is frequently used in the material
sciences to provide the analyzation of physical movements
and interaction of materials. It became popular option
that is adapted for studying the moisture adsorption ability.

Recently, various research in the field of material
sciences presented the MD study of water adsorption on
crystalline and amorphous cellulose at the interface and the
influence of adsorbed water on amorphous cellulose
structure by calculating the moisture adsorption content.
The MD simulation obtained agreeable data as the ex-
periment that help us to understand better the moisture
adsorption in crystalline and amorphous interface. Be-
sides the moisture adsorption content calculation, the
computation of interaction energy between water and
material can also describe the strong and weak interaction

that represent the amount of moisture adsorption on the

cellulosic material. This MD simulation provide the
calculation of total energy of the specified system and
report contributions to the energy from different forcefield
terms such as bond and van der Waals terms.

As the conclusion on relationship between
moisture adsorption and MEC that is reported in the
previous research and several studies of MD simulation,
we attempt to evaluate the MEC of cellulosic materials
by verifying the moisture adsorption ability with inter-
action energy between cellulosic materials and water
which are performed in the MD.

The layout of this paper is as follows. In section
2 present the simulation methodology and idea to perform
the simulation in MD. In section 3 result and discussion

are given. Section 4 contain conclusions of this study.

Experimental section

The experiment performs the MD simulation to
study the interaction between water and cellulosic material
in amorphous cell and crystal structure of cellulose I8 and
cellulose II in different amount of water in the vacuum
slab.

Cellulosic material structure

Cellulose derivatives structures performed in the
MD simulation as the amorphous and crystalline state are
referred to the typical structure for cellulosic material
illustrated in [9] which are commercial structure in molar
substitution (MS) and degree of substitution (DS) for
pharmaceutical and other industries as based products.
Cellulose, CA a different number of acetylation, HEC,
CMC, MC, and EC molecule are structured with 4 AGU
with different derivatives, the position of derivative and
amount of derivative. According to most reaction
schemes, the 2 and 6 positions are more reactive than the
3 position so 3 different cellulose acetate structures with
varying a number of acetylation from 1 to 3 are built as
cellulose acetate nl (CA nl) with acetylation on C6,
cellulose acetate n2 (CA n2) with acetylation on C2 and
C6, and cellulose acetate n3 (CA n3) with acetylation on
C2, C3, and Ce.

In this study the crystal structure of cellulose 13



and cellulose II are constructed as the lattice parameters
as a=8.17A, b=7.91A, c=10.38 A and 7=96.5° for
cellulose I3 and a=8.01 A, b=9.04 A, c=10.38 A and
7 =117.1° for cellulose II. The cell parameter of crystal
cellulose for both types obtained by X-ray diffraction data
studied.

Simulation Methodology

All simulations are carried out using the Materials
Studio 2020 (Dassault Systemés) software package. All
models consisted of the amorphous cell of cellulosic
material, crystal cell of cellulose, and water cell varying
loading number.

To model the cellulosic materials in the
amorphous cell, the cellulosic material molecule was first
built in the 3D atomistic space. A cellulosic molecule
consists of 4 AGU with different derivatives was
optimized via the Forcite module with the COMPASSII
force field. Next the amorphous cell orthorhombic unit
with fixed lengths a=42.3 A and b=42.3 A was created
using the Amorphous cell module with density 1.6 g/cm?
and 52 loadings then optimize the cell. Water construc-
tion with a density of 1.0 g¢/cm® and 160, 320, 640, 1280,
2000, and 2560 water loading were also built with the
Amorphous cell module with the same lengths a and b
as the amorphous cellulosic material cell and optimized.
The crystalline cellulose structure was originally
constructed with specific lattice parameters as mentioned
previously then two cellulose molecules were placed and
arranged as structures that were shown in Fig.4(a) and
(d) for cellulose II and cellulose 13, respectively. Next,
6 X 6 X 2 supercell was constructed from crystalline
cellulose units to obtain a surface with dimensions 48.06
X 5424 X 20.76 A3 and v =117.1° for cellulose II and
49.02 X 47.24 X 20.76 A3 and 7 = 96.5° for cellulose 13
then optimized. Then the system of cellulosic materials
and water was built with the Build Layers tool by setting
layer 1 as optimized cellulosic material and layer 2 as
water.

The MD simulation was performed for 200 ps
under the NVT ensemble with a step of 1.0 fs using the
NHL thermostat. The COMPASSII force field which

was implemented by using the Forcite module provided
the result of MD interaction of cellulosic materials and
water simulations. The Electrostatic interaction and van
der Waals interactions were calculated by using the group-
based method and atom-based method, respectively, and

the cutoff distance was 12.5 A.

Result and discussion

The interaction energy (AE) is the important
method used to determine the compatibility of two
material, the interfacial region between water and
cellulosic material, and can be calculated by the following

equation:

AE = E(cellulosic + water) — E(cellulosic) - E(water) (1)

Where Ecelluosic + water) 1S the potential energy of the
optimized cellulosic material and water system, Eceltulosic)
is the potential energy of the optimized cellulosic material
layer and Ewaer 1s the potential energy of optimized water
layer. The potential energy (Euwwai) of each part is calcu-
lated by the COMPASSII force field, which was con-
ducted by using the Forcite module. It consists of Evaence,
Ecross terms, and Enonbond as Eq. (2) where are valence inter-
action, valence cross-terms, and non-bond interaction,

respectively.

Erotal = Evatence 4 Ecross terms 4+ Enon-bond (2)

The interaction energy is computed by Eq.
(1) for all cellulosic materials and water systems are all
negative which indicates the attractive force between
cellulosic material and water molecule; thus, the more
negative value the more interaction between two layers.
The calculated interaction energy in the system of
amorphous cell and crystal cell in the amount of water
molecule at 2000 loading are listed in Table 2. In all
systems, there are only van der Waal, Long-range
correction, and Electrostatic interaction energy between
cellulosic material and water. It can be concluded that
electrostatic interactions are dominant in the interaction

between cellulosic material and water.



In amorphous cell and water system, interaction
energy between all cellulosic materials and water are
increasing as the logarithm trends while amount of water
molecule are increasing in Fig.2. It can be considered that
the different derivatives on the several cellulosic materials
can be ranked in the following order of ascending inter-
action energy: EC<CA n3<CA n2<MC<Cellulose<CA
nl<HEC and CMC. The system of CMC and water has
the largest interaction because of CMC'’s ionic character.
In the cellulose ester group result in Table 2, the increase
of acetyl content cause decrease of Enon-bond, Which indicate
that the attractive force between cellulose acetate and water
decrease correspond to acetyl content increase. In Fig.2
interaction energy between cellulose acetate different
number of acetylation and water increase as the same
logarithm trends while amount of water molecule increas-
ing in following rank order: CA n3<CA n2<CA nl.

The MD of cellulose crystal structure and water
system show in Fig.3 as the result of interaction energy
between different cellulose structure and different amount

of water molecule. The different of cellulose structure

-1000 |

-2000

-3000 |

-4000 |

Interaction energy (kcal/mol)

160 320 640 1280 2000 2560
Number of water molecules

Fig. 2. Interaction energy between amorphous cellulosic materials
and bulk water different loading.

can affect the interaction between cellulose and water as
the following rank of interaction energy: Cellulose 15 <
Cellulose amorphous < Cellulose II.  In Fig.4, cellulose
I3 and cellulose II structure have been changed due to
water molecule adsorption on the cellulose crystal surface
cause the reordering of the hydrogen bonding pattern
between cellulose chains. Interaction energy between
cellulose crystal structure I8 and water are close to
interaction energy between cellulose amorphous and water,
and also have identical trend throughout the range of
amount of water molecule.

The correlation between amount of moisture
adsorption at 75% relative humidity of cellulosic materials
that were reported in the previous study and interaction
energy between amorphous cellulosic materials and water
at 2,000 loading of water molecule performed in MD
simulation show in Fig.5 as liner trending line with r-
square at 0.4, as same as the correlation of cellulose ether
group. While the cellulose ester group has a correlation
with r-square at 0.99, which indicate that decreasing

number of acetylation cause strong interaction and
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Fig. 3. Interaction energy between crystalline cellulose materials
and bulk water different loading.

Table 2. Calculated interaction energy between cellulosic material and bulk water

2000 molecules.

C:lgll::is;f AEtotal AEvaw AELong-range correction AEFElectrostatic
HEC -2345.14 -74.717 -107.452 -2162.966
CMC -2919.82 159.268 —83.886 —2995.201
MC —1489.87 -169.162 -87.971 —1232.733
CA nl —-1891.97 -98.19 -91.751 -1702.028

Cellulose II —2693.64 -13.1 -87.278 —2593.26

Cellulose -1960.14 -81.235 -75.313 -1803.585

Cellulose 1B -1623.14 —134.888 -90.767 -1397.48
CA n2 —-1424.86 —214.462 -100.189 -1110.207
CA n3 -1125.29 -317.736 -108.813 —698.739

EC -1012.98 -236.211 -97.318 —679.446
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a 8.17A

Fig. 4. The relocation of cellulose molecule in the crystal structure after the MD simulation due to the reordering of the hydrogen
bonding pattern. Lattice parameter and location of cellulose molecule in crystal cell (a) cellulose IT and (d) cellulose 13,
Crystalline cellulose structures before MD simulation (b) cellulose II and (e) cellulose 13, Crystalline cellulose structures

before MD simulation (c) cellulose II (f) cellulose 1.

correspond to moisture adsorption ability enhancement
in cellulose ester group.

MEC of absolute dry and air-dry cellulosic
material powders have been measured and classified into
three group: Non-explosive (HEC and CMC), Moderate
risk (MC and HPC) and High risk (EC).
of drying material, absolute dry and air-dry, change MEC

The condition

value of some material but does not change the risk
classification for all material. In Fig.6 and Fig.7 inter-
action energy between cellulosic materials and 2000

molecule of water have relation to MEC value of those
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Fig. 5. The correlation between interaction energy of cellulosic
material in 2000 water loading system and amount moisture
absorption of cellulosic materials at 75.3% RH.
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Fig. 6. MEC of air-dry cellulosic materials powder relative to
interaction energy of cellulosic material in 2000 water
loading system.
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Fig. 7. MEC of absolute dry cellulosic materials powder relative
to interaction energy of cellulosic material in 2000 water
loading system.



cellulosic materials which were measured with air-dry and
absolute dry condition. In this correlation, Non-explosive
dust has strongest attractive interaction while High risk

of explosive dust has weakest attractive interaction.

Conclusions

The eight amorphous cellulosic materials and two
crystal cellulose: HEC, CMC, MC, cellulose, cellulose
acetate different number of acetylation, EC, cellulose 13
and cellulose II, have been constructed and analyzed by
using MD simulation. The difference of cellulosic
material derivative, number of acetylation on cellulose
ester material and structure of cellulose affect the
interaction energy between them and water which indicate
the influence of its derivatives and structure to water
adsorption ability. Moreover, CMC and water has the
strongest interaction while EC and water has the weakest
interaction which corresponding to CMC is Non-explosive

dust and EC is High risk of explosive dust.
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(Proceeding)

Kowhakul W. et al.: PSI0O6 A Study of Minimum Ex-
plosible Concentration (MEC) of Cellulosic Mate-
rials by Molecular Dynamics Simulation, The 30th
Thai Institute of Chemical Engineering and Applied
Chemistry Conference, May 6-7, 2021, Nakhon

Ratchasima, Thailand.
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