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Dr.	Bolyachkin’s	algorithm	inserts	the	intergranular	
phase	(blue)	at	the	grain	boundaries.	This	method	
naturally	introduces	“triple	junctions”	between	
grains	(gray),	which		local	physical	properties	may	
affect	material	performance.

(a) A series of SEM images was 
sequentially acquired while polishing 
the magnet surface using FIB with 20 nm 
step. (b) The SEM images were processed 
with noise reduction and drift correction, 
followed by the segmentation of 
individual grains.

New Start-up Support System Established
to Assist Doctoral Students

NEWS  from NIMS Joint Graduate School Program

	 The	NIMS	Joint	Graduate	School	
Program	provides	students	with	the	
opportunity	to	pursue	degrees	in	
cutting-edge	research	environments.	
Since	2004,	NIMS	researchers	have	
served	as	faculty	members,	mentoring	
graduate	students	through	to	degree	
completion.	Currently,	NIMS	has	joint	
agreements	with	seven	universities:	
University	of	Tsukuba,	Hokkaido	

University,	Yokohama	National	
University,	Osaka	University,	Kyushu	
University,	Waseda	University,	and	
starting	in	April	2025,	students	from	
Institute	of	Science	Tokyo	will	also	be	
accepted.
	 A	key	feature	of	this	program	is	the	
NIMS	Graduate	Research	Assistantship,	
which	employs	students	as	NIMS	Junior	
Researchers,	allowing	them	to	focus	

on	their	research	without	financial	
concerns.	However,	entrance	fees	and	
other	university-related	costs	remain	
a	significant	barrier	for	many	students	
when	deciding	their	academic	path.
To	address	this	issue,	NIMS	has	
launched	a	new	support	system	that	
provides	newly	hired	NIMS	Junior	
Researchers	with	a	one-time	Start-
up	Support	Grant	of	300,000	JPY	in	
addition	to	their	salary.	Starting	in	
April	2025,	this	initiative	will	expand	
opportunities	for	students	who	might	
otherwise	forgo	a	doctoral	degree	due	
to	financial	constraints.	NIMS	remains	
committed	to	advancing	materials	
science	by	fostering	the	next	generation	
of	researchers.
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b  2D segmentation
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c  3D finite element model
(c) The stacked cross-sectional images 
were then used to create a 3D model 
that was regularized and discretized 
into finite elements.

Triple junction

Magnetic “Twin” in Virtual Space:
The Birth of a “Digital Twin”06

	 Neodymium	magnets	are	crucial	in	industry	and	applications	
such	as	motors	of	electric/hybrid	vehicles,	although	their	
coercivity	remains	only	about	20%	of	its	theoretical	limit.	To	
enhance	performance,	understanding	the	correlation	between	
magnetic	properties	and	microstructure	is	essential.	However,	
numerical	simulations,	which	are	expected	to	support	material	
development,	have	yet	to	achieve	practical-level	accuracy,	posing	
a	barrier	to	progress.
	 To	tackle	this,	Dr.	Anton	Bolyachkin	and	his	team	developed	a	
new	approach	to	improve	the	accuracy	of	simulations.	They	used	
a	Scanning	Electron	Microscopy	in	combination	with	Focused	Ion	
Beam	(FIB-SEM)	to	obtain	tomographic	set	of	2D	images	of	the	
neodymium	magnet	(see	Figure	a,	b)	and	built	a	large-scale	finite	
element	model	based	on	it.	The	finite	element	method	(FEM)	is	
a	computational	technique	that	divides	an	object	into	numerous	
small	tetrahedral	elements	(finite	elements)	and	solves	certain	
mathematical	equations	for	each	of	the	elements.

	 One	of	the	challenges	was	to	reconstruct	ultra-small	
microstructural	features		that	are	below	the	SEM	resolution.	The	
coercivity	of	a	magnet	is	strongly	influenced	by	the	“intergranular	
phase,”	an	amorphous	magnetic	layer	just	of	2–4	nanometers	
thickness.	To	overcome	this,	Dr.	Bolyachkin	developed	an	
algorithm	that	constructs	a	3D	microstructure	based	on	the	set	
of	segmented	2D	images,	then	identifies	grain	boundaries	in	this	
microstructure,	and	inserts	the	intergranular	phase	(see	Figure	
c).	He	also	applied	geometry	regularization	to	ensure	high-
quality	tetrahedral	elements,	required	for	reliable	simulations.	
This	breakthrough	enabled	the	creation	of	a	“digital	twin*”	
of	the	neodymium	magnet,	allowing	accurate	simulations	
of	demagnetization	and	pinning	effects.	This	method	is	also	
applicable	to	other	polycrystalline	materials	and	is	expected	to	
become	a	powerful	tool	for	materials	development.
＊Digital	Twin:	A	technology	that	replicates	a	physical	object	in	a	virtual	space	as	a	
digital	model	based	on	real-world	data	with	all	essential	features.
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