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Abstract

tion to the material development process.

In this paper, we introduce efforts to apply large language models (LLMs) to the field of material development.
NEC is advancing the development of a material development platform. By applying core technologies corre-
sponding to two material development steps, namely investigation activities (Read paper/patent) and experi-
mental planning (Design Experiment Plan), the platform organizes documents such as papers and reports as well
as data such as experimental results and then presents in an interactive way to users. In addition, with tech-
niques that reflect physical and chemical principles into machine learning models, Al can learn even with limited
data and accurately predict material properties. Through this platform, we aim to achieve the seamless integra-
tion of materials informatics (MI) with a vast body of industry literature and knowledge, thereby bringing innova-
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1. Introduction

Amidst the demand for enhanced performance and
diversification of needs in industrial materials as well
as environmental considerations, efficient material de-
velopment is required. Currently, material developers
primarily engage in two tasks: (1) investigations involv-
ing literature, patents, internal technical reports, and
customer needs, and (2) prototyping involving repeated
experiments based on experimental planning. However,
it is challenging to extract the desired information from
vast amounts of data and to find the desired material
designs within a vast search space. This inevitably leads
to wasting time.

For example, in typical material design cases, vast
amounts of historical internal documents remain un-
used, hindering effective investigation. In addition, in
prototyping, the lack of large-scale open databases
and the high hurdles associated with simulations and
high-throughput experiments (experiment automation)
pose challenges to obtaining sufficient data. NEC is
working to develop a materials development platform
that addresses these issues by applying generative Al

technology such as large language models (LLMs) to the
field of materials development. In this article, we report
on the application of our material development platform
to the development of polymeric materials, which are
used in various aspects of our daily lives, among others,
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Fig. 1 Material development platform.
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and there is a need to rapidly develop materials that ful-
fill various functions.

First, as shown in Fig. 1, by using this platform, it
becomes possible to utilize previously unused internal
data as well as external documents such as papers,
patents, and open databases. An LLM uses proprietary
technology to efficiently learn about materials from the
documents, and this knowledge is then used to support
investigations or applied to predict material properties
and experimental planning using NEC’s proprietary mod-
eling techniques.

In addition, through the chat-based approach of LLMs,
the barrier to utilizing Al is significantly lowered. More
specifically, by introducing an easy-to-use method like
chats, we eliminate the need for programming skills and
proficiency in tools that have been barriers in previous
Al applications. The aims are to enable more material
developers, including those who may have reservations
about digital technologies, to focus their time on their
main goal of material development and to further im-
prove the sophistication of methods with Al integrated
into the material development platform.

In this paper, we first provide an overview of this ma-
terial development platform, followed by an explanation
of the core Al technologies integrated into it. Finally, as
an actual application case, we introduce a case involving
bioplastics.

2. What is the Material Development Platform?

Fig. 2 outlines the steps involved in a material devel-
opment platform.

In our material development platform, the aim is to
improve efficiency by reducing the labor and time re-
quired to develop materials in the materials industry. To
achieve this, advanced technologies such as generative
Al are used to streamline the tasks at each stage of the
workflow shown in Fig. 1 as follows.

First, at the stage of investigation, papers and reports
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as well as data such as experimental results are orga-
nized and presented in an interactive way to users so
that it is easier to search for and narrow down molecular
structure candidates for materials to be developed from
a vast amount of information sources.

Next, at the stage of experimental planning, the plat-
form provides a mechanism that allows for learning
even with minimal data and for accurate prediction of
material properties. As mentioned later, to achieve this
mechanism, we adopted a method that reflects physical
and chemical principles into machine learning models.
By utilizing machine learning models developed in this
way, it becomes possible to identify molecular structures
that have a high potential of realizing the required ma-
terial properties. This helps streamline the traditionally
labor-intensive stage of experimental evaluation by nar-
rowing down the molecular structures for experimental
validation.

In section 3, we will introduce the core technologies
that are essential for realizing such a material develop-
ment platform.

3. Core Technologies in the Material Development Platform

3.1 Searching for and narrowing down background
information on material candidates

The initial task in the material development platform
involves gathering a wide range of background infor-
mation related to candidate materials and narrowing it
down while establishing the policies for development
work and assessing the feasibility of material candi-
dates. This corresponds to the investigation activities in
Fig. 2.

In the material development platform, this task is
achieved through the following steps:

1) Automatically importing material information from

information sources

2) Searching for and narrowing down related infor-

mation using a dialogue interface.

In step 1, information regarding material characteristics
and manufacturing methods is extracted from accessible
information sources such as papers, internal reports, and
experimental data. This information is then stored in a
database in the format of a so-called knowledge graph.
A knowledge graph is a data structure that consists of
tuples (= data items) composed of a subject, a predicate,
and an object”?. To make it easy to use in the materials
industry, the material development platform defines each
element (subject, predicate, and object) using a standard
ontology of materials science. By defining the relation-
ships between elements in the knowledge graph schema,
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Fig. 3 Details of Step 1.

the platform ensures the clarity and reproducibility re-
quired for material development tasks.

Furthermore, by performing deep learning on the
above-mentioned ontology and knowledge graph sche-
ma to train the LLMs, we have developed a method to
directly extract knowledge graphs from literature with-
out requiring complex language processing pipelines.
This allows for the accurate and fast extraction of infor-
mation from vast amounts of literature with simple pro-
cedures.

By utilizing this extracted knowledge graph, it is not
only possible to perform detailed searches for back-
ground information but also to greatly reduce the effort
required to prepare training data for generative AI.
This reduces the effort required to train predictive Al to
predict material properties or to train generative Al to
generate molecular structures that achieve the desired
material properties (Fig. 3).

In step 2, a mechanism for interactively narrowing
down candidate molecular structures is realized by train-
ing the inference engine on LLMs with a combination of
the knowledge graph acquired from step 1 and the liter-
ature. The interactive interface enables users to easily
enter multiple design conditions crucial for material de-
sign to narrow down the candidate group of molecular
structures through a simple operation of selection and
elimination. For example, users can use natural lan-
guage or other means to set the conditions related to
the mechanical, thermal, and electrical properties as
well as the manufacturing methods of the polymer they
want to develop. The interface then arranges each can-
didate molecular structure on the screen based on its

=

= Explanations of properties and
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Fig. 4 Details of Step 2.

compatibility with the conditions, enabling users to vi-
sually select molecular structures that seem suitable for
their objectives. As users make selections, explanations
of the candidate’s properties and manufacturing meth-
ods are displayed, so users can confirm the appropriate-
ness of their selection (Fig. 4).

3.2 Polymer-based machine learning models and molecular
generation technology

Materials informatics (MI) has rapidly developed in
recent years as a field that utilizes information science
such as Al to support material development. However,
organic polymers have been said to be one of the most
difficult materials to apply machine learning to com-
pared to inorganic materials, where crystal structures
have a deep relationship with physical properties, and
organic small molecules, whose chemical structures are
easily representable. This is because there are techno-
logical challenges such as representing long entangled
polymer chains, understanding the interactions between
fillers or additives in mixtures, and the cross-linking in
rubber materials that cannot be addressed simply by
applying advanced machine learning architects.

Therefore, NEC is developing technology to solve these
challenges with the physics-informed machine learning
(PIML) approach, which incorporates the physical laws
of polymers into machine learning models. Specifically,
we are developing techniques that use values obtained
from the principles of physics and chemistry as the
feature values input to machine learning and technolo-
gies that incorporate theoretical formulas that express
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polymer-specific characteristics into machine learning
architects. Efforts are also being made to generate the
molecules themselves and are advancing our technolog-
ical development while pursuing the strengths of both
rule-based models based on specialized knowledge of
polymers and model-based approaches that apply gen-
erative AL

In this way, by using PIML and molecular generation
technology, we are developing innovative technologies
that can break through the current situation where ma-
chine learning models do not function due to the lack of
data in vast search spaces.

4. Case of Application to Bioplastic Development

Plastic is indispensable in our daily lives at present,
but there are challenges such as reducing CO, emissions
and addressing the issue of marine plastic waste. NEC
has been proactively addressing these challenges and
has been developing bioplastics since the early 2000s
with a record of commercialization (Photo)®. With in-
creasing awareness of environmental issues, further ac-
celeration of development is expected in the future.

Thus, we are proceeding with demonstrations by ap-
plying the material development platform. When we
attempted to explore new materials for bioplastics in a
demonstration experiment, it was not possible to predict
the material properties when conventional materials in-
formatics (MI) was applied. In contrast, by applying the
core technologies mentioned in section 3.2, a level of
property prediction accuracy that is sufficient for prac-
tical use was achieved. Also, as mentioned in section
3.1, using LLMs and papers on bioplastics, we obtained
examples of identifying candidate molecular structures
based on raw material names, strength, biodegradabili-
ty, and other factors, and also obtained detailed descrip-
tions of their manufacturing methods. By effectively
utilizing these core technologies in this way, we aim to

Photo New bioplastic products made by NEC.
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efficiently develop new bioplastics and contribute to the
creation of a sustainable society.

5. Conclusion

In this paper, we introduced a material development
platform as an approach to applying LLMs in the field
of material development. In the future, for the materi-
als industry, which will needs to respond even faster to
customers’ demands in the future, NEC aims to bring
innovation to material development using AI consisting
of these two core technologies.
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