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Professor Isao Tanaka received his B. Sc. from Kyoto University and his Ph.D. from Osaka University. He
is actively working in the field of first principles calculations and data-centric science with special interests on
application of the state-of-the-art theoretical tools for issues in materials science and engineering. In parallel to
the theoretical works, he shows leading edge activities also in experimental works to characterize the nano/micro-
structures of materials using atomic resolution electron microscopy and advanced synchrotron facilities.

His research field includes but not limited to the following subjects:
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3) Statistical thermodynamics of ceramic materials

4) Materials science of energy conversion devices
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Data driven discovery of new materials

Isao TANAKA!'234 Atsuto SEKO!>3, Hiroyuki HAYASHI'* and Atsushi TOGO?
1. Dept. Mater. Sci. Engrg, Kyoto University, Kyoto, 606-8501, Japan
2. ESISM, Kyoto University, Kyoto 606-8501, Japan
3. MPPI, NIMS, Tsukuba 305-0047, Japan
4. Nano Research Lab., JFCC, Nagoya 456-8587, Japan

Recently, challenges for accelerated discovery of materials with the aid of data centric science have been well
demonstrated. One of the approaches uses materials database that is generated by first principles density functional
theory (DFT) calculations. A large number of DFT calculations can be made with the accuracy comparable to
experiments, which can be used for high throughput screening. Another approach uses machine-learning
technique for making a model to estimate the target property. The whole library can then be screened. Verification
process is generally required to examine the predictive power of the model. The approach is useful when screening
based upon the DFT data is not practical, i.e. when the computational cost for the descriptors is too high to cover
the whole library within the practical time frame. This is the same if one needs to explore too large space to cover
exhaustively. As an example of the use of a machine learning model to screen a library, I will talk about the story
on the discovery of new low lattice thermal conductivity (LTC) crystals [1]. We have established our own LTC
dataset computed by the first principles anharmonic force constant method [2]. Using approximately 100
theoretical LTC data, we made a machine learning model for LTC. Then all compounds registered in the inorganic
crystal structure database (ICSD) library were ranked with respect to the predicted LTC. Finally, the candidates
of the low LTC compounds were validated by first principles LTC calculations. A variety of compounds showing
ultra-low LTC of approximately 0.1 Wm/K at 300 K were thereby discovered.

In the second part of my talk, I will explain matrix- and tensor-based recommender system using information
of compounds registered in ICSD. It was found to be very powerful for discovery of currently unknown chemically
relevant compositions (CRCs) of inorganic compounds from vast candidates [3]. The discovery rate was evaluated
by the presence of highly-rated chemical compositions in the other databases of experimentally known compounds,
i.e., ICDD-PDF and Springer Materials, excluding CRCs registered in ICSD. For ternary and quaternary
compositions, the rate was approximately 60% and 50% for the top 100 compositions, respectively. The high
discovery rate with neither DFT database nor other prior physical/chemical knowledge should be noteworthy.

[1] A. Seko, A. Togo, et al. Phys. Rev. Lett. 115, 205901 (2015).
[2] A. Togo, phono3py: https://atztogo.github.io/phono3py/
[3] A. Seko, H. Hayashi, H. Kashima, and 1. Tanaka, Phys. Rev. Mater. 2, 013805 (2018).
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HIGHLIGHTS GRAPHICAL ABSTRACT

o Kenal fibers (KF) and MWONT are S F- g -
used to reinforce PLA, | S -
o Functionalized KF and MWONT Zzuli & o
significantly improve the physical o |3 :'..' o
properties of LA - 3 s .-' o PCIFIBOK
« KF and MWONT speed up crystalline i f s < | -
growth and enrich the crystallinity of ot | P4 —=RA c
PLA S ¥ Vs :
« The reinforcement is helpful to tumn - :‘ :‘ ..'
PLA crystallinity from 3D to 2D H O i :
structure. WX WM NN O M D NN
Tine (i
PCNG PCYROX PCPOx

ABSTRACT

Asticle history: In this study, chemically functionalized reinforcements, such as Kenaf fiber (KF) and multi-walled carbon
Received 15 October 2016 nanotubes (MWCNTs), are used to enhance the crystallinity, mechanical properties and beat resistance of
Recetved In revised form polylactic acid (PLA) composites, The functionalized KF and MWCNTs evidence excellent compatibility in
i?uﬁe::r::dz:":\w 2017 the PLA matrix through the generation of chemacal bonding, and a transcrystalline structure is generated
Available online 7 May 2017 around the reinforcements, thereby significantly improving the physical properties. The DSC analysis
reveals that functionalized KF can speed up crystalline growth and increase the crystalline content. The

annealing treatment further drives the PLA re-crystalization and enhances crystallinity, according to the

DSC results. Moreover, the Avrami equation shows that the functionalized KF and MWCNTSs are belpful in
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1. Introduction

Traditional petroleum-based plastics are used widely due to
their high strength, durability, stability and well-developed pro-
cesses. However, the inherent hydrophobicity, high molecular
weight and additives, such as antioxidants and stabilizers, of
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8 FAER $ 30,000 | $ 29,721 $279 $ 30,000
9 SBERIIA $ 1,650,000 | $ 1,614,000 $36,000 $ 1,500,000
10 FHBUA $ 130,000 [ § 129,524 $476 $ 170,000
11 WEt S LB $ 100,000 | $ 111,524 $11,524] $ 100,000
12 BEEUA $ 300,000 | $ 96,129 S A
13 AR $ 200,000 ] $ 283,756 $83,756/ $ 200,000
14 R R $ -1s 161,902 $161,902] $ -
2 FRETE $ 9,300,000 | $ 9,650,090 $350,090] $ 8,000,000
1 AEEH $ 2,195000|$ 2,213,431 $18,431[ $ 1,635,000
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10 [E3% y
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14 |FER-EEEIEZES $ 50,000 |-$ 34218 $84,218 $ 100,000
15 [FRig $ 50,000 [ $ 20,000 $30,000 $ 80,000
16 |/\BR%R $ 100,000 | $ 84,849 $15,151 $ 100,000
17 |$E8h%% $ 450,000 | $ 126,031 $323,969 $ 500,000
18 |ZatHk $ 150,000 | $ 150,000 $ 150,000
19 |FER-ERAEES $ 50,000 | § 24,423 $25,577 $ 50,000
20 |FHEFH $ 100,000 | $ 91,930 $8,070 $ 100,000
3 ENBER A $ 1,500,000 | $ 1,323,359 $176,641 $ 1,300,000
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2 [EFIGENE $ 100,000 $100,000 $ 100,000
4 ¥R T $ 60,000 | $ 85,269 $25,269] $ 60,000
1 |BEE S $ 10,000 | $ 1,445 $8,555 $ 10,000
2 |HEHAE $ 50,000 | $ 45,000 $5,000 $ 50,000
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5 i $ 320,000 [ § 320,105 $105[$ 320,000
1 |BRARE $ 120,000 [ $ 83,375 $36,625 $ 120,000
2 |EShkaE $ 200,000 [$ 236,730 $36,730] $ 200,000
6 HAth# $ 40,000 | $ 27,298 $12,702 $ 40,000
1 [hnpEsg $ 40,000 [ § 27,298 $12,702 $ 40,000
i RRES $ 300,000 |$ 300,000 $0 $0[ $ 300,000
3 AHAERS $ -18 411,429 $411,429] $ -
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1 57/09 149
2 58/12 18 230 3
3 59/12 20 283 2
4 60/12 21 360 2
5 61/12 24 560 6
6 62/12 25 612 9
7 63/12 30 674 22
8 64/12 33 705 8
9 65/12 31 752 18
10 66/12 34 785 25
11 67/12 36 911 29
12 68/12 44 1003 27
13 69/12 44 1056 28
14 71/03 48 1145 44
15 72/04 54 1221 57
16 73/04 56 1293 88
17 74/04 56 1314 80
18 75/06 62 1371 70
19 76/05 51 1435 138
20 77/04 51 1024 185
21 78/04 53 1112 268
22 79/04 50 1229 326
23 80/04 54 838 337
24 81/04 56 923 346
25 82/04 53 996 496
26 83/04 57 1077 375
27 84/04 58 1140 380
28 85/10 61 1222 382
29 86/11 73 1555 360
30 87/11 71 1637 409
31 88/11 67 1731 468
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32 89/11 67 1671 450
33 90/11 72 1268 577
34 91/11 63 1458 709
35 92/11 25 1222 866
36 93/11 22 1088 740
37 94/11 23 1265 974
38 95/11 24 1124 998
39 96/11 25 1108 1013
40 97/11 25 1430 1240
41 98/11 28 1463 1239
42 99/11 31 1679 1184
43 100/9 28 1657 1359
44 101/11 28 1294 1025
45 102/10 21 1511 902
46 103/06 21 1466 1012
47 104/11 14 1417 840
48 105/11 16 1464 908
49 106/11 19 1437 1236
50 107/11 24 1296 814
51 108/11 25 1302 898
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