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Fe2VAl

Nanostructure creation of Fe2VAl based alloy by introduction of nitride
interface for thermoelectric application

Watanabe, Kosuke
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We have developed a methodology for incorporating an AIN interface as an
anti-diffusion layer near the crystal grains of Fe2V1-xAll+x. This involved the transformation of
Fe2V1-xAll+x+y powder into Fe2V1+xAl1l-x/AIN composite particles through a specified nitriding
process, followed by sintering of these particles. In order to enhance the reduction of thermal
conductivity, the Fe2V1-xAll+x+y powder was subjected to pulverization using MG and cryo-milling
techniques, resulting in a particle size reduction to 3.9 p m. Subsequently, successful reduction of

grain size to 1.5 y m was achieved in the sintered compact of Fe2V1+xAll-x+y. Furthermore, the
introduction of the AIN phase enabled a simultaneous reduction of thermal conductivity by more than
30% and suppression of grain growth during sintering. However, it should be noted that future
efforts should focus on controlling compositional deviations during the milling and nitriding
processes, as well as improving electrical properties.



ZT BRETRICEITS . ZT
1 ZT mRTIERREY
2 T:RE
ZT= as T o: HER
K 5 : Seebeck{Z
K: BURE R
K
ZT (H. Adam et al., Nano Energy, 2,
190(2013).) Na PbTe SrTe ZT 2
(K. Biswas et al., Nature, 489, 414(2012).) ZT
p n
Fe2VAI Fe2VAI 200
800 K vV Al
Seebeck S 100 pV/K p Al n \%
(H. Miyazaki et al., Materials Research Express, 1,
015901(2014).) HPT 100 nm
n ZT 03 (S. Masuda et al., JAP, 124, 035106(2018).)
HPT
HPT 1000 K

(D.1. Medlin et al., Curr. Opin. Colloid Ineterface Sci., 14, 226(2009).)

TiN(S. Kim et al., J. Electron.
Mater., 38, 2668(2009)) SrTiOs

50 nm SrTiOs TiN
1273 K-24h SrTiOs
30% ( ,
31 ) Fe2VAI Fe V
FeeN VN TiN (H.O.

Pierson, Handbook of Refractory Carbides and Nitrides, Noyes Publications, pp.161-
201(2009).)

1
FeaVAI /
SPS
E1. FeVAVE{LYF /A RSPy bR Z 0+ R DOEREEER
{ES L 7=Fe2VAI kb L Fe2VAIZE (L FeaVAl/ 70
A3y b Fe2VAIF F AP MF/RTF BEEETIHNER
A\ o S \ - ’ N
?,{f_”: : ;:‘;'f‘t‘; h B0 2 R ’."/
L A o+ /70 1)
= 000™ ggp == BB
FeaVAI
38 um 623 K-3h SPS 1373 K-20 min
2 Fe2VAI

XRD Fe2VAI Fe-V-N AIN



FeaVAI
Fe2VAI

35%
Fe>VAI FeaVAI 1373 K
FexVAI
Fe>VAI
Fe>VAI
Fe>VAI
38 um FeaVAI 473~1273K
X (XRD)
FeaVixAli+x
Fe2VixAlwx (x = -0.08 0.08)
593 K 623K (SPS )
XRD SEM EPMA
ZEM-3
FeaVixAli+x
38 um Fe2Vo.92Al1 20
(MG) MG
MG
CM
DLS
1. FexVAI
Fe>VAI .
Fe>VAI 473
573 623 673 1273K ZLNEEE (K) ZENEBRHEOERY
1 5738 2l
573 K XRD ‘
FeoVA = g
593 K 623 AN, VN, Fe
AIN - 623 K AIN VN 673~1273 AIN, VN, FeaN- - -
e
Fe2N 1273 K FexVAI @ ‘_'i: ‘:‘:\‘:;-;"H 1;\
CG p '-?' il
N iy S ARk B
628 K ERIS G w0l 1
Gl = ‘E:;_ '?i_._'.m
AIN 593 K Hpbafin O
2Lt e
Fe, V, Al ,sz,;eiﬁg b s ]
Fe2VAI & v :,f" :’n“': S0pm | 1 e
e PR om0
Fe2N Vv 875 K VN Al 2. FeaVixAlix 593K
1473 K AIN SEM (a)x =0.08. (b)x = -
0.08.
FeaVixAli+x
Fe2VixAlw+x (x=0.08 -0.08) 593 K SPS
2 SEM
X
EPMA N, Al, V, Fe
3 x=0.08 4 x=-0.08 EPMA
3 4 N Al V Fe



3. Fe2VoooAlios 593K
EPMA
()AL, (c)V, (d)Fe.
AIN
FeoVixAli+x  AIN
5 1
Al
FeoVixAli+x
Al 12%
1373 K
FeoVixAlr124x
38 um
Fe2Vo.02Al1.20
MG MG
T =1,3,10h
¢ =1,3,5mm 280 rpm
MG 5 MG
Fe2Vo.92Al1.20
1h 3 1 3h
10h
5
10h SEM
1 mm 3h
MG
Fe2Vo.92Al1.20
AIN MG
3
6
MG
MG
6.5 um
3 3.9 um
7(b) (©

4. FeaViosAloo2z 593K
EPMA

(b)AL (c)V, (d)Fe.

(&N,

(@N,

300 K

AIN

12%
FeoVixAli12+x

Al

FeaVixAli+x
FeaVixAli+x

FeaVixAli+x 5%

MG

A 5mm
H 3mm
® 1mm
® FiF

< —————#

EHHE [pm]

Y24 ¢ 8
=T EM[h]
5.( )MG

1 mm
Fe2Vo.92Al1 20

5 .
ﬁil_ .....
ulllé .....
ﬁ .....
e
FIF1Z (um]
6. MG
Fe2Vo.02Al1.20
MG
SEM

(2)19.4 (b)12.3, (c)10.3 W/(m K)

Fe2Vo.92Al1.20

10h
SEM

— (E1tE1h+MG3h) x 3

(2B{LALIE1Ih+ MG3 h) x 2
(ZEL0HE1h+MG3h) x 1
MG3h X 3

MG3h X 2

MG3h X 1

FIE

MG



RN ‘
TR n%% o
:’@:%:‘“&-L“ 3 S

S G iaE
Pt 0o -e :

A

B
4

4]

‘ 7. Fe2Vo.o2Al120

1h)x 3, (c) (MG3h + 1lh)x 3
SEM .
AIN  Fe2VogAli20 1373 K
FeoVixAlr124x CM
CM MG
Fe2Vo.g2Al120 MG
15 . ;
@=320 rpm
—
310_ — E
i !
¥ \
5 Y i
1
1
\
O l ‘\l
10" 10° 10" 102 10°
HIF1E(um)
8. Fe2Vo.g2Al120 CM
CM 320 rpm
Imm 1 10h
8 Fe2VogAli20
CM1lh 3.9 um CM
CM 1h
MG 2 1
1 MG L (T i3 i
CM 10. Fe2Vo.92Al1.20 SEM-EBSD
(a)CM , (b)CM
20
cM *
z |°e
= [l )
10 SEM-EBSD 2 ®m °%ssess82y
(a) 3.0um (b) 15pm = ¥ eaw g™ -N
2 Y S g BT
10 1 .__g | I ] - ]
11 C M :ﬂ l?zvo.u‘;llﬂ.m%r
g o a=0 (38 pm )
300 K 50% AIN = 8 g s
® 012 (CM+E{L)
0 1 1 1 1 1 1
300 400 500 600 700 800
AIN Temperature, T [K]
30% 11.  Fe2Vog2Aliz2o



3 3 3 3

Shota. Hayakawa, Toshiharu Chono, Kosuke Watanabe, Shoya Kawano, Kazuma Nakamura, Koji Miyazaki 13

Ab initio calculation for electronic structure and optical property of tungsten carbide in a 2023

TiCN-based cermet for solar thermal applications

Scientific Reports 9407
DOl

10.1038/s41598-023-36337-4.

2_Hidetoshi Miyazaki, Tomoyuki Tamura, Masashi Mikami, Kosuke Watanabe, Naoki lde, Osman Murat 11

Ozkendir, Yoichi Nishino

Machine learning based prediction of lattice thermal conductivity for half-Heusler compounds 2021

using atomic information

Scientific Reports 13410
DOl

10.1038/s41598-020-76554-9

Hidetoshi Miyazaki, Osman Murat Ozkendir, Selen Gunaydin, Kosuke Watanabe, Kazuo Soda, Yoichi 10

Nishino

Probing Local Distortion around Structural Defects in half-Heusler thermoelectric NiZrSn Alloy 2020

Scientific Reports 19820

DOl
10.1038/s41598-020-76554-9

15 0 1

Kosuke Watanabe

Microstructure Control of Thermoelectric Composites by Nitriding Process

JSPS

2022




Co2MnSi1-xAlX

19 TSJ2022

2022

TiCN

59

2022

Toshiharu Chono, Syota Hayakawa, Asuka Miura, Kosuke Watanabe, Tomohide Yabuki, Shoya Kawano, Kazuma Nakamura, Koji Miyazaki

Prediction on thermal radiative properties of TiC/TiN superlattices using first-principles calculation

The 13th Asian Thermophysical Properties Conference (ATPC2022)

2022

Masaya Fujimura, Asuka Miura, Daiki Masumoto, Ren Umeno, Shrikant Saini, Kosuke Watanabe, Tomohide Yabuki, Koji Miyazaki

Development of steady-state measurement process with high precision of thermal conductivity of metal wires by using self-
Joule heating method

International Conference on Organic and Hybrid Thermoelectrics(1C0T2022)

2022




TiC/TiN

2022
2022
2022
2022
42
2021
2021

2021




Shota HAYAKAWA, Toshiharu CHONO, Shoya KAWANO, Kazuma NAKAMURA, Asuka MIURA, Kosuke WATANABE,Tomohide YABUKI, Koji
MIYAZAKI

Absorptance of Ti(C,N) cermet: Experiment and calculation

2nd Asian Conference on Thermal Sciences (ACTS)

2021
Saini Shrikant
18
2021
, s s , , Osman Murat Ozkendir,
18
2021
Osman Murat Ozkendir Selen Gunaydin
X NiZrSn

2021 168

2021




Fe2VAl

17 TSJ2020
2020
Fe2VAl
2020 167
2020
0
1
2023-24748 2023
0

https://hyoka.ofc.kyushu-u.ac.jp/search/details/K005629/index.html




(Nishino Yoichi)

(Miyazaki Hidetoshi)

(Miyazaki Koji)

(Miura Asuka)

(Kazuma Nakamura)

(lde Naoki)




