LATFORM bk
for DESIGING HIGH FUNCTIONAL MATZRIALS
S EEMHERET TSy b 74— A

Mew Energy and Industrial Technology
Development Organization (NEDO)
Key Technology Devalopment Department




Introduction

10%m

10-°

10°

10

10°m

13

1. Research and Development

Background and Its Purpose

Polymeric materials are regarded as a potential structural
material for architectures, transport vehicles, etc. as well as a
photoelectron base material in the electric and electronics
information industries, due to their lightness, moldability and
transparency. At the same time, polymeric materials need to
have environmentally friendly properties such as being
recyclable, thus reducing waste.

However, designing the most appropriate material is
extremely difficult, as the diversity of molecule structure and
constituents of polymeric materials means that there is an
enormous number of possible materials which possess the
required functions. Current research and development
methods depend much on trial-and-error, and such methods
will not be able to cope with material designing which is
becoming more advanced and complicated.

In order to move beyond the current situation and produce
polymeric materials with excellent functions, more efficient
research and development methods need to be established by
advancing and speeding up the design of materials, using
simulation technology realized through new calculation
methods.

This research and development project aims to develop
technologies for utilizing new simulation technology which
enables prediction of structures and properties of polymeric
materials, which has thus far been difficult, by computer
experiments in order to make the creation and the
development of new materials more efficient.

It is hoped that this research and development will
contribute to the creation of new industries in various fields
such as environment protection,aerospace, new energy and
energy conservation.

2. Research and Development Content

The project has two research themes:.
(1) Development of a simulation program for change of state in
the mesoscopic range

A simulation program for change of state within polymeric
materials in the mesoscopic range of 10-to 105seconds and 10-° to
10-3m, will be developed.

(2) Development of an integrated environment that enables a
“seamless zooming” simulation between micro, meso and
macroscopic ranges (Platform for designing materials)

By systematically combining micro and macroscopic range
simulation programs and the above mesoscopic range simulation
program, an integrated environment which will enable free
movement between micro, meso and macroscopic regions on
computers, and prediction and reproduction of structure and
properties of polymeric materials, will be developed.

3. Period of the Research and Development

The research and development of the project is four years from

FY1998 to FY2001



Implementation of Research and Development

The implementation of this research and
development has been entrusted to the Japan
Chemical Innovation Institute by the New Energy
and Industrial Technology Development
Organization (NEDO) under MITI’s Program for
the Scientific Technology Development for Industries
that Creates New Industries. The Japan Chemical
Innovation Institute is carrying out the research and
development with cooperation from private
enterprises and academia, under the leadership of
the project leader, Dr. Masao Doi of Nagoya

University.
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Outline of Platform for Designing High Functional Materials

Demand for New Materials

Usual approach ﬂ H ﬂ
Superior application characteristics

A reduced burden on the environment
and higher recyclabitity etc.

Repeated trial-and-error
experimentation

Platform use

Seamless Zooming

Melting point

Elastic modules Finite element method

Vi i imulation of di ion m
iscosity Simulation of dispersion syste

Transparency

Dynamic mean field Chemical structure

Thermal conductivity, simulation

etc. Molecular weight,
Coarse-grained MD etc.
: CH
Molecular dynamics "
Input 3 \
Sophisticated,high-speed and labor saving development
of new high functional materials
Examples

LP Gas Container Car Windows Housing Windows



Relationships Between Meso-simulation Method

Method

Functions

Input

Output

Coarse-grained MD

Simulate the motion of
polymer chains under the

condition of entanglement

effect

10 1073 sec
109 10"m

Elementary properties of
polymer chain
Length of chain
Branch structure
Mixing ratio

General properties of

polymer chain
Entanglement
Viscoelasticity
Rheological properties

Dynamic Mean Field

Simulate dynamics of
spatial structure of
polymer mixture

108 1sec
10-8 10-°m

General properties of
polymer chains

Boundary conditions

Self-organization
structure & properties
of interface

Interfacial energy

Velocity of polymer

at interface,
association and
segregation process

Simulation of
Dispersio System

Simulate heterogeneous
structure of polymer and

solid-particle mixture

103 105sec
106 10-3m

Properties of interface
Mixing ratio
Mixing condition

Materials properties
Elastic modulus
Thermal conductivity

Internal structure




Research and Development of Coarse-grained Molecular Dynamics Simulations

Various models of polymer chains, coarse-grained in
time and space scales, are being developed and analyzed
molecular dynamics (MD) simulations of polymeric
materials. Methods of determining parameters in coarse-
grained models from microscopic models will also be
developed. Also under way is the design and development
of general-purpose and easily-extensible MD simulators
which can handle wide varieties of coarse-grained models.
Through such development, it will be possible to research,
for example, molecular diffusion, glass transition,
crystallization, and rheological properties.
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Research and Development of Dynamic Mean Field Simulation Method

Concept of Mean Field Approximation

Simulations using the mean field theory aim to predict the
structures and properties of polymers at the mesoscopic
scale. The method is based on the concentration field
approximation for model polymer systems. The
mesoscopic scale extends between the atomic scale and
the macroscopic scale, and it plays an important role in
the analysis of material properties, especially in
predictingactual polymer characteristics.
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Research and development of simulations of dispersion system
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Dynamics of multi-component droplet systems

Step Shear

Velocity
field around
asingle
droplet under
a shear flow

3.
Swelling and shrinking dynamics of gels
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The bamboodike shrinking pattern of gel due to phase
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“Simulator of Dispersion System” deals with large scale
spatio-temporal behaviors of polymeric systems ( 0.1y m
to 100y m, sec). In order to solve such  large scale
problems of polymeric systems, we use coarse-grained
models in which the system can be treated asa continum
system.

We aim to construct simulators to solve following
problems using the finite element or the finite difference
method in theLagrangian-Eulerian orEulerian pictures.
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Platform Development

Outline of the Platform

A platform on which cooperatively engines for mesoscopic
simulations, zooming engines for connecting simulation
engines, and analysis engines for analyzing the results of
simulations can be operated in an integrated manner are
being developed. The platform prepares the input data of
the engines, operates the engines and displays the resulting
data and records the data on disk files. We are aiming at
providing researchers a platform that will help  simulate
materials at various scales and understand the relations
between structures and physical properties. This will
guide the researchers to design new and better high
functional materials.
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Verification Research

Target of the system

Properties of Polyethylene

The repeatability of the results of simulations on
structures and the characteristics of polymeric materials
will be verified. The moldability ( elongational viscosity

and shear viscosity ), thermal properties (melting point),
mechanical properties (elastic modules) and optical
properties (transparency) of polyethlene accurately, which
are considered to be the targets of the system as a whole,
will be predicted. We will also designate some “standard

problems”, of interest to many chemical companies, and
verify the effectiveness of our simulation programs and

platform.

Standard Problems

Polymer Coating etc.
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Application Areas of Project Results

This project aims at overcoming previous difficulties
and development technology for the practical
application of advanced simulation technology to
predict structures and the characteristics of
polymeric materials by computer simulation. In this
way ,this project will contribute to the creation of new
industries in fields related to new manufacturing
technologies, environment preservation, aerospace,
new energy and energy saving and so on.
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