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® Japanese ® Keynote Lecture
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Materials development driven by data science x automation

OJunichiro Shiomi® (1. University of Tokyo)
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Optimization of Materials and Processes Using Digital Technology: Focused on
Copolymerization Reactions in Flow Synthesis

OMikiya Fujii*23 (1. DSC, NAIST, 2. NAIST, 3. CMP, NAIST)
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Materials Development Pioneered by Data Science x Automation (Graduate School of
Engineering, The University of Tokyo) OJunichiro Shiomi

Materials Informatics (M]) is a scientific discipline that combines materials science and data
science to accelerate materials development and has been growing rapidly in recent years with
the expansion of materials data and the development of techniques for modeling and optimizing
composition/structure and property/function through machine learning. Its fundamental
significance lies in the exploration of materials at speeds, horizons, and dimensions that surpass
those of humans, through black box learning of large-scale data. This requires large-scale data,
but data generation for materials is generally expensive, so data generation has often been done
computationally. On the other hand, large-scale data generation including process parameters
in experiments is still indispensable because the materials calculation does not guarantee the
accuracy when the complexity of composition and structure increases, because many materials
are in a metastable state and their structure and physical properties are highly dependent on the
fabrication process. Therefore, in recent years, there have been widespread attempts to
automate the experimental fabrication, forming, and evaluation of materials. In this talk, the
status of automated experiments for material development, which is rapidly developing
worldwide, will be reviewed, and the differences in ideas in automating the process will be
discussed. As case studies, two automated experiment systems being developed in the author's
laboratory will be introduced and discussed. The first is a system for the development of
thermal radiative coatings, which uses an orthogonal robot to automatically mix base material
and filler, deposit the mixture, and measure its optical spectra. The second is a system for the
development of polymer composites, which uses a robotic arm for more versatile specifications.
Using these examples, we will discuss the accuracy of the machine learning model when
considering process parameters and its data size dependence, as well as the optimization
efficiency when closed-loop autonomy including machine learning is adopted, in addition to
the above ideas in building automated systems.

Keywords : Materials informatics; Automation, Experiment in the loop, Large-scale data
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Self-driving Lab and Polymer Informatics in Polymer Material Development

(‘Research Center for Macromolecules and Biomaterials, National Institute for Materials

Science)
(OMasanobu Naito'

Al and IoT Revolutionizing Material Discovery

The integration of Al and [oT-enabled systems is transforming material discovery through Self-
Driving Labs (SDL), a group of autonomous experimental systems. Over the past five years,
SDLs have rapidly spread across various material fields, driven by the rise of materials
informatics (MI). These labs address the need for comprehensive evaluation of physical
properties and material performance, which are constantly evolving. Our SDL employs an agile
development approach, combining diverse Al tools and services without rigid technical
specifications. Leveraging NIMS’s “DICE” platform, which provides electronic lab notebooks,
data analysis Al IoT tools, and data servers, we accelerate system development and enhance
flexibility. Traditional material evaluation required significant time, effort, and craftsmanship,
hindering high-throughput development. To overcome this, we developed MI-driven
automated systems, enabling the evaluation of over 10,000 samples annually. This has led to
advancements in adhesive materials, superhydrophobic surfaces, and gradient materials
combining multiple properties. In this presentation, I will share recent developments and case
studies demonstrating the effectiveness of SDLs and MI tools in creating innovative materials.
Keywords : Self-Driving Lab;, Machine Learning; Polymer synthesis, Mechanical Property

NTHEIEE (AD) WL EE5L D ToT b L7z HEYEERIEE S B EMICHMEHRR 21T 5, TA
72 SF DL D RN T EZE TR TS, ZoaTHiliLRb00, Al &Es) L7z BE)
HfEZ A (Self-Driving Lab, SDL) & X Zfzhé HEEENE COHD, ~T VT NAA T F~T 4
7 A (MI) ORBIZMEET DL 912, 22 5FIFETHRA 2ME P BFICEEIZIAE Y 5o b
%o MBI OB T, &@@@6¢\%ﬁ Mﬂ%ﬁif%%ﬁ%ﬁ?é%gﬁkéo

F 72, JoATEHI R 3L D PERE - BEtEIT S 2 LB LT D, D728, SDLIZIE, FEEISAI

I TE DA MEBRO LD, HHA DO SDL TlE, T OFEMRIRO-O, Bkt
eZTOEDTIC, ix e Al Y — 0T — X —E A EZMABEDOE TN T V% A 725
BEEEZESTWDE, DALY — T —HF_X—2 L LT, NIMS 22 1ED DB Z
v b7 4—24 [DICE] PNEET2BTFIR/— . T—ZM AL loT{LY—b, T—&
— NI EDRFEE 2 — NV ERHTESZ L, VAT ABEOMRBELICKE 2 AT v h &
2o TWD, Tz, TEROMERHEIL, o T NAAERSHIEIC S < ORER] - 5577 - BEAH 2 &
NRO B, MBI D ANA ZAV—T > MEEREC L T& 72, ZOMBEIZH L, A7y
7 N TIE, MIBEEMVIF ISR L7225 E A2 B 5 2 & C, Al oM e T E To—HED T
e HEME - mEild 52 LTk Lz, ZAICEVER 1| B EDY 7 VA FHli© &
5 X270 T TITBEMEROBRE KM B, F - EEEM ORI Z I AN EER R &
DB = TS REMERI MBI OBIR TN A B L TV D, ARETIE, A~— T REZIZLD L
L7 ML Y — V&2 BME L7236, FilELOBIFRIZ OW T, WS O OFFZ 2T e b5, i
DT A OHLY FLAAZ DWW TR T 5,

© The Chemical Society of Japan - [EJF401-1am-02 -



[E]F401-Tam-03 BALES H1055FE2 (2025)

F O8IV & HHH - T Ot R
~TO—BHICE BHEARBERDIC~

(&R Jehm KE ' - BRI K DSC? » & Rt K CMP?) O w127
Optimization of Materials and Processes Using Digital Technology: Focused on
Copolymerization Reactions in Flow Synthesis (' Graduate School of Science and Technology,
NAIST, *DSC, NAIST, *CMP, NAIST) OMikiya Fujii'*?

Digital technologies such as simulations and machine learning have gained attention in
materials development, particularly in "Materials Informatics" and "Cheminformatics." These
fields have advanced significantly, with IT companies like GAFAM also engaging in materials
research. Additionally, "Process Informatics," which applies machine learning to process
control, has enabled the automation of optimization and efficiency improvements traditionally
reliant on tacit knowledge.

This talk introduces examples of surrogate models for quantum chemical calculations and
generative models for materials with desired properties. Recent research focuses on precise
copolymer synthesis via flow synthesis, combining machine learning with quantum chemical
calculations to enable product prediction and process optimization. Multi-objective Bayesian
optimization has also been used to analyze trade-offs in copolymer properties, elucidating the
origins of the Pareto front. These results will be presented during the lecture.

Keywords : Materials Informatics, Process Informatics, Quantum chemistry, Flow
polymerization, Generative Models
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