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Elucidation of crystal morpholigic change mechanism of hexagonal boron nitride
in high-temperature molten salt based on data-driven classification of
contribution factors

Yamada, Tetsuya
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In this study, we classified contribution factors to low aspect ratios in

the flux-based crystal growth of hexagonal boron nitride (h-BN) using data-driven analysis. As a
result, we found that the cation-anion bonding distance that accords to flux-derived physical
properties, plays an important role. In addition, we investigated the contribution of the adsorption
energy between h-BN and flux-derived ions and found that the adsorption energy anisotropy, which
depends on the adsorption orientation of the flux-derived ions, contributes to the change in the
crystal aspect ratio. The contribution of flux-derived anions to h-BN can be explained as a growth
mechanism involving the side capping effect on the surface h-BN during crystal growth, which
suppresses crystal growth in the ab-plane direction, resulting in low-aspect ratio growth.



¢y

@ (

2-3
30

®

h-BN

150
h-BN ¢

30

/ab

A T39I Z2OFR - HLhER

B.J5WIADWAE

C./AEDBRR

I5952 }, ;‘3’%’%#\7%)’7 },, St
p@ Crm sud® ’f"fj?il"v
AA © — £

oFEEEET o &
N NN 28 = ¥ % B akt
A jo== cEF*

ERDER CSS8E }—l

D.AEORE

FUEIICED  pehi 2R
RS ? A
¥ Mﬂlf@
BESME

. ERE . EREEBRLLE- . EOBE . REEBILE- .
. BRISEREE . s . REETRILE— . BEARAITRILE- - BRRAlE
. BECIREURE . TKEE . BRBTEE . SBEISRI—IES
. . BRIEHE . ABATRLE-
.- R o RETRLT— . BED- 3R
h-BN
h-BN
h-BN
@
10 h-BN
C
80 (GPR)

@
2




h-BN

70 2
30 2 h-BN
) h-BN
70
BNZELH HAZH(341EH) EFALMTEE(30FEM)
. : ' EFES(CL/CI/AL )
r = ffiZR(C1/C2/A1 )
- Fch1ZR(C1/C2/A1 )
: R 1A EE(R) (C1/C2/AL )
“““““““““ - BRISME(C1/C2/A1 )
67 o el JEFf(C1/C2/A1 )
—~ BHARTFOZEEOAE
=R EEE e BiEFORNOES / A
R T B T HAMSFOKE / AS
| [ BT BoRAEE(C1-AL /C2-AL )
, o | Ko s s EATORR / °C
BREHEDE
XP ARG = cCERRIAR / abBhHR (C1,C2:hFA>,AL:TZAY)
2
(PFP) 11 h-BN
h-BN  ab B,N B
N 3
3 h-BN
BO3*-
— IRERME
| 0 FERA DA
ORENDRE . 551 pmpy P - S _EE(2)
BREITYVS
Sadeduy Bl SANedY % & &asias N
CCETE ) }va ?sqj &3 - NI L2 R IrTeY
LS X g e 5 R RN X g~ e
;:‘::tvv . B&:jﬁﬂd’:ﬂ(yB) BRIV ’Q
REIYS | . B
B e aas s - BlE- S
Rar a0 5l Al 8 B S Bac a2 ol AL o B S . %%
s - . SHH A ES
e 11208 NOGZTUTEN) || o ux
2 EEEEN ) .'S‘, ‘ I EEE LY O FRifK3R
3 h-BN BOs*
h-BN
€Y @

®

h-BN




@

h-BN c

« 9

(COD_test) 0.686

h-BN

h-BN
(B0z*)  h-BN
h-BN
ab c 3
h-BN

ab

estimated y

0.5

0.0

CERATR FARI KL

(CEHAITE/abBHAIAR)

® train data ® train data
@ testdata 3 @ testdata
L
. 2 o
W6t o
L] L] >
o0 : g L) L]
. o ° H 1 s
e o8 e 0 = 2 °
LJ w
oo oo ¢ o0 ° %,
o °8 °
o . COD_test=0.45 1 o COD_test=0.686
S RMSE _test=0.664 - RMSE_test=0.667
b/ MAE_test=0.561 MAE_test=0.577
-2
-1 0 1 2 -2 -1 0 1 2 3
actual y actual y

h-BN

ZEHEBRE(TSVIRPIEEDH)

€1 coordination number
C1 electronegativity

€2 coordination number

C2 electronegativity

& A1 coordination number

Al electronegativity

chitIfR FANT M

€1 valence
€2 atomic number
€2 quantity

€2 ionic radius

€2 valence
Al atomic number
A1 quantity

Al valence
lattice constant a
lattice constant b
lattice constant ¢
aifa

bet
lattice volume

[RFREIOFEEEE

[[c2-a1 atomic gistance

U

C2-AL atomic distance

A1-C1 electronegativity

Meiting point(°C)

000 005 010 015 020 000 005 010 015 020

20

ab c

B (ab )
ab

VIWES
o EX
® B3R
O FKimKFE

-4.09 eV

6 h-BN BOs*

-12.87 eV

IREIRIF—(eV)

i 3 00
r
a -0.5
-6
01802 P -1.0
B407
-8 po4 -15
2 20~
=10 03
-25
-12 HobP4 NO3 30
BO3
-35
-14
147 gaeas
v v . " v v . : -4.0
-40 -35 -30 -25 -20 -15 -10 -05
z




©)
0.817
0.686)
7
anion_x/z
BN
cation_yN
h-BN
h-BN
ab h-BN
(h-BN)
h-BN
20
h-BN
h-BN
h-BN

ab

ab,c

h-BN

h-BN

cation_yN
cation_yN/z
cation_yB
cation_yB/z
cation_x
cation_x/z

anion_yN/z

cation_z

S00°0
T0°0
G100
200
G200

h-BN

8033_

h-BN ab

-REIRNF—
FZAY Sy hFA>Y
‘EREEE
FZAY  »y hFAY

TPZAYRED
FANRY NHEAD
BRI

}

h-BN

% %;“&‘ =

FIVEYY il

PZAVDKImE

| =104 bt ﬂ
Toypys fEmAIRICRI

8
h-BN

h-BN

h-BN




7 7 0 0

T. Yamada, H. Kaneko, F. Hayashi, T. Doi, M. Koyama, K. Teshima 23
Development of a Flux-Method Process Informatics System and Its Application in Growth Control 2023
for Layered Perovskite Ba5Nb4015 Crystals
Cryst.Growth Des. 8678-8693
DOl
10.1021/acs.cgd.3c00828
T. Yamada, S. Ayuzawa, N. Katsuta, F. Hayashi, M. Koyama, K. Teshima 23
Data-Driven Reactivity Predictions between a Solute and Solvent for Inorganic Crystal Growth in 2023
Solution
Cryst.Growth Des. 7863-7872
DOl
10.1021/acs.cgd.3c00659
58
2023
685-689
DOl
s 49
2023
1-9
DOl

10.19009/j jacg.49-2-03




49

2022
DOl
10.19009/j jacg.49-2-03
16
LiNi0.5C00.2Mn0.302 2022
journal of flux growth -
DOl
Tetsuya Yamada, Takanori Watanabe, Kazuaki Hatsusaka, Jianjun Yuan, Michihisa Koyama, Katsuya 24
Teshima
Importance of raw material features for the prediction of flux growth of Al203 crystals using 2022
machine learningt
CrystEngComm, 3179~3188
DOl

10.1039/d2ce00010e

20 4 0

Ba5Ta4015 XRD

2023




36

2023
( ) 102 in
2023

Mongkol Tipplook
XRD

52

2023

Mongkol Tipplook

h-BN
52

2023




17

2023

Tetsuya Yamada, Katsuya Teshima

Data-Driven Flux-Method Crystal Growth of Inorganic Materials Using Bayesian Predictive Simulation

International conference on crystal growth and epitaxy, iccge20

2023

Tetsuya Yamada, Katsuya Teshima

Development of Flux-method Process Informatics to Control Crystal Growth of Layered Perovskite Oxides

ICSE2023International Conference on Surface Engineering (ICSE2023) & Regional INTERFINISH 2023 for 60th Anniversary of
Korean Society of Surface Science and Engineering

2023

35

2022




h-BN

2022

2022

2022

2022

16

2022

16

2022




Ba5Ta4015

XRD

2
2023
Ba5Ta4015 XRD
CSJ chemistry fest
2022
c
34
2021
50

2021




3 2021

2021

h-BN

15

2021

15

2021







