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Si-NiSi2

Thermoelectric properties of Si-NiSi2 Nanocomposite with coherent grain
boundaries

Ohishi, Yuji
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Si-CoSi2 composite material was synthesized by meltspinning Si, B and Co. B
was added as a donar. The size of CoSi2 was found to be 100-500 nm. Since the lattice parameter of
CoSi2 is close to that of Si, less effect on the electrical property is expected. The thermoelectric

properties of this composite was measured and compared to those of the sample containing the same
amount of CoSi2 with micro size. The measurement revealed that although there was no_significant
change in the electrical conductivity and Seebeck coefficient, reduction in the lattice thermal
conductivity was observed in the sample with nano-sized precipitation of CoSi2. As a result, 16%
improvement in the thermoelectric figure of merit, ZT was achieved. This result suggest that finer
CoSi2 precipitates may lead to the higher ZT.



B X C—19, F—19—1. Z—19,.

1. WFZEBIA Y DY =

Ty 7 RERH L TRAEBR T3
SR — BT B EERSEIL, BRI T B
ERNEN T DR E < L IR B T AT A
DOBFNARTF L2V E W) FiaE A LT
Do ZDT, SyEEINCAFIET D 5 R BEEN
T AN —EBNICEE L CHMDFAT S
TeDOENE L TGEFEREZHED TV D,

EVEAMEOMRE X R T EREfR S (ZD) &
XN D RIEIC L > CIRESN D, ZT 1%,
MELOB—~y 71555 (S) , BRUREE (o),
BYRER (), HHEE (D 2HWT, ZT
=RoTNr TIN5, HlZIZHARAESRS
D TENEMBIOPEREICET ARET T I >
Ju— K=o 7] Tl V7 REVEMEE
LT ZT>3.0 XEEMEE LTHEITF T
% BEMBINRRIPICES ERLENSICE
STWARWEHIZ LLTFO 1 JICEHN SN,
bbb, mWIMEREZ R T EEFEOBEM B &
L C. LK TIE BioTes X° PbTe &N fE4ET 5
. FOMEREN ZT = 1 BRE LW & T
b5,

HAE ZT i L S ¥ 582 70 B0 Ml A D3 7
INTWBR, L7 AEREOMEER R
EbLHAYERFEO—DONT /iR TH 5.
BUIEIC T+ /T, BRITEFICLVER
NWHM, 74/ AZK L CEFOFE A BRIT
FBITFEFICE N, FO7-0, WETIZ 10 nm
BEOY A X0 R ENPFAETIUE, TR HE
WCEoTT7 4/ v OHPERNICEE S
b, TORERBURER N L, ZT 3k
+ 5, F/fERbiE RS ) A ZDRiAF D
el Ko CHEBLE L, ZERMEHCEA T
X HIEFICHHANRTIETH LN, L)
J fE AL BVER B o PERE R EIXRIEICR+
NTHD,

2. OB/
F R FOBEREIC L o TERLE N F
FERA B DA DOMEREE BB TE TV 2

B & LT AR SR~ L

ERBENEALTLEY 22 RETH
N5, KWERETCIZZoAICER L. Bk
B2 ) WS LB O & B9, iR A
WL L BERS 2B bE S Z L T Si it
JHA XD HA R CoSie Btk Lz 9
7e ) #EiE A B RIS HESE T D, CoSie
IXRHETH D Si & DEAEMENRB V-0 B+
REEEHE 0 0.5%@973K) . FARRHEIC L D
¥ U T HELOMEI RN EFFTE D, i
Ko, SizETNr—RL L, BVERMEOM
FIZh RN 72 ) HEE A B ORI IR
THEM AT HZ LR ET S,

3. WDk

(1) Si/CoSiz = R~ F DFEHY

Si (MiFE 11N) , B (M 99.99%) , Co (il
99.9%) & JEMMEE LT, (SiogsBoo1)esCos
DDA > Ty N7 — 7 WRIEIEIC X -
THERIL 7z, BIZ Si~D p B RF— 30 k&

CK—19 (dtm)

LTz ic, Z0A Iy e, Friim ok
BREWMILT 5 Z &2V, RIEAmE (8
7 — L OEELGEE: 31 m/s) TAKM LT-, K
KAWL > TELNZY R RD Si/CoSis
2R Y y MiBOAEIK A X 1 (@R T,
ZFD%, ML RRB A RE TS X~
BefsvE (SPS) Ick» TR L. M1 IR
TN T RE A ERL U T2, WRIREETE
v oinz Y R kT S1/CoSie-MS.,
FTMET T A~ BEfElE TR LT
v MiX Si/CoSia-MS-SPS L EEE 9 5, ik
e LT, BCHEDT — 7 @R =1 v
= b (Si/CoSiz-Arc) N UFE UM SPS
BERE 24T > 72388 (Si/CoSiz-SPS) Z#HE L
7o £72. &R ZMZTITB DA% 1% K—
7 U T ¥ E 705 0Bk SigeBi-Are-SPS # W T,
M W) O A 12 X 5 E0E R D 2288 % S
L7,

K1 (a)Si/CoSizar Ry FUKRLE (b)
BefE L7=~2L v b MS-SPS,

(2) Pt S O fEAT & BUE R O FEAMR

Ve L 723 BHz oW T X #REHT (XRD)
BN X0 FHIREEZFEL L 7=, F£7- SEM-EDS
KON TEM Bl2312 & 0 5387040 K OVoiA% &
BRHME L7, BMEEERE L ——T T v v
BIZE - THIE L, B & STHRO LLEADfE D>
ODEVRERELFEH L, *v U TIRE-BH)
ZHREST D720, FiE T van der Pauw &1
L DR —NIRREEIT - T, B 4 51
EIZ L > TERBEE, EFEREICEL-T
By R A RE L, BNERRE A FEm L
7o

4. WFFERRE

£ BD XRD N — %X 2 12T,
2TOREHIIBWT, Si OV E— 27 L
CoSi2 DFIVE— 7 TR T X 7=, Si-Co IR HE
X2 &% & SigsCos DFEL Tik Si & CoSie 3
T D2 ENTREIND D, Y7k R
NnESNTEZEWVWR D, UK RB
Si/CoSiz-MS ® CoSis @ v'— 7 [Zfth 7K D
e LR TROR T — NIl >2TED,
RIRZT L - T CoSisHrHM DY A XH3/)N
S ol AR LTWS,



® Si (PDF 00-005-0565) & COSi, (PDF 00-038-1449)

SiICoSi,-Arc
- b % ° 2
a I . SiCoSi,-MS
z A la 3 o o
g _;_[ T — T -'-J — T -‘? - Y-,-
£ .  SiCoSi-Arc-SPS
i RS .
U S S
L o  SiCoSi-MS-SPS
L.
. A P
20 3‘0 4’0 5‘0 GIU 723 80

Diffraction angle, 2¢ (degree)

2 FZOEO XRD " —,

3 12, B 5= Si/CoSis-Arc &
Si/CoSia-MS # #t > SEM g % =7,
Si/CoSiz-Arc (23T, WFUVGERL & Bl 2V ViE
AR TX %, M 412773 SEM-EDS 43 #7
FEEMNS  FNZEN S RHE CoSia MY T
HDHZENDND, T — 7 e ORISR
ROENDZIA 7B A—FLAT—LDT R
TREYE L IRIAAS RN TIE 100nm L
TONHIBIER LT=, Z DX 5 7247l
HROWHLIZ, BWARHIAEY — RE2ET 5K
hKamEBICLs2b0EEZbNS,
SEM-EDS Tix 7/ ¥t O/ % o8+ 5
ZLIIREETH 523, #%1E E TEM-EDS ©
SIMTHRE R A W CHAT %,

Si/CoSi,-Arc

A >

4 3B Si/CoSiz-Are DIEE~— b L F .

5 12 Si/CoSi»-MS-SPS .
Si/CoSis-Arc-SPS K OVeATHFZE[1] TIERL L
7= 485 72 SigeB1-Arc-SPS @ SEM # % 777,
BERE LU7- Si/CoSiz = ARY y MTBWT, #r
Hm oY A4 X324 1-10pm (Arc-SPS)
KO 100-500nm (MS-SPS)E TR E L T
2o FT2. 6 1T Si/CoSia-MS-SPS @ TEM
BERERE T, o9 4 X132 5(a,
bIZ/R L7z SEM #gfE R E B —& LT
%, X6z, Hriti¥otEiko TEM-EDS fit
BArd, ZOMEXIY., HFHFIZ Co & Si
EEAHLTWD Z ENh D, XRD 08 OfE
REBETHE, THWIT CoSie THDHZ &
NHERTX 5,

SiggB;-Arc-SPS[1]

10 pm
Si/CoSi,-Arc-SPS

w
A % E{\‘

~ Si/CoSi,-MS-SPS
‘ . ‘ . @ . g g
Vo

i'pm“

o EE—

X5 SPSIZ & THERE L= 7 3o
SEM 4,

(h‘,o

OJJK L%

0

50'00 10000
Energy (eV)
6  Si/CoSi-MS-SPS ®(a. b)HARE
TEM 14 & (¢) EDS 222 /1, EDS 4#rix
() H D AR RO H CPH F AL 7= 58I T T -
776



2 LIZEIR TORRE O R — /L h BHE D
ERE2RT, 2ToREHL, X722 TD B
NAR—VEHELEZERELTEZBEEDX v
U750 X 1020 cm3 ERIBEXR Y YT
B (4.6-4.9 X 1020 cm3) A LTV,
SigeBi-Arc-SPS & Si/CoSiz-Arc-SPS 2MZFIE
FREOX v U 7 BEE L EXBERE R
LTHY, 7 atA XD CoSic DI HIC X
HRBIIITIEAERWV ERSND,
Si/CoSiz-MS-SPS Tl ¥ A im{ L T
WAHTOIZX Yy U TEBEBENRE T TFLT
WBH N, BRAGEROMNIT 10%LLNICH 2
LNTWD, JefrifgEd SiBs ##rH & H7=
Si/SiBs = >R Y » b Si/SiBs-MS-SPS[1] &
D BWESHIRHENS LT,

F1 A= NEHEBEICLDEREORRT
DX % U TRE nu, v U T7TEBEE pg O
EBRIGER o

nm Jors o
Sample name  (1020/ (cm2V (1058
cm3) 1-.g1) -m)

SigeBi-Arc-SPS[1]  4.72 36.5 2.76
Si/CoSiz-Arc-SPS  4.87 35.2 2.75
Si/CoSiz-MS-SPS  4.83 33.1 2.56
*Si/SiBs-MS-SPS[1]  4.63 32.2 2.39

* BT DR SyER & YA X1E S1/CoSie-MS
-SPS LAREETH D,

X712, TNENOREIOEFEZIER oD
BRI 2 777, Si/CoSiz-MS-SPS D EXA,
fGERT, WELEZRERESHICEBWT
Si/CoSiz-Arc-SPS L RIEETH-72, 2T bH
OREHZBW T v U 7 EEXRBEETH
HIZENS, BT A XN F v U 7 BE)
EAEBERIEL TN A2 EKLT
Wb, £, MR EEL 2
SigoB1-Arc-SPS X Y b & T EHWE RS E R
s LTz, ZHUX, T TH D CoSie 134
BEIRMETHLZ LICERT A EEZLD
ns,

30
2.5
E 204
S SV
S 1.5+ RN
b _ T~ -:T:'V_"v
104~ - - Si_B -Arc-SPS[1] =~ -

0.5 —o— Si/CoSi,-Arc-SPS
| —v— SilCoSi,-MS-SPS
' 4(|)0 ' 660 I 860 I 10|00I
Temperature (K)
7T HARBOBERISEER o OIREERFEME,

X 812, B—~w 7 {RE S OIRERA %
T, B—_yw JFEHITHOWTIL,
Si/CoSia-MS-SPS & Si/CoSiz-Arc-SPS (11
EREICEE R Lz, Ziud, 2 OB o X
Y UTEENRBETHDLZ &, T oY
AXNFY U7 OEHELBRICEE L RIFL
TWRWZ N ZYRFERTH D, £,
Mri# D720y SigeBi-Are-SPS L0 H & T
VWMEE 72572, Zhvh, T TH D CoSie
NERBHIWETHDHZ LICEKNT D L&
Z bbb,

200

- - - Si_B.-Arc-SPS[1]

9971

180 | —0— Si/CoSi,-Arc-SPS .7 _

—o— Si/CoSi-MS-SPS ;;ﬁ%”
g
160 27D

140 4 -
I
,vc?vﬁa?‘

120

S (uv-K"
\
\

100

T v T ¥ T ¥ T T
400 600 800 1000
Temperature (K)

8 KBt DE —~ v 7R S DIRERKF
i

91T, KTEMRER ke OIREKRGMZ
KT, BFEYRERT Wiedemann-Franz @
ER(kamx LTo)VZ £ 0 35 L7, Lorenz 3
L X 245x108W - Q - K2 H W 7= |
Si/CoSia-MS-SPS @ #% 1 B\ {5 E 3R % |
Si/CoSiz-Arc-SPS & LE_RTRE SEBL T
WBZ ENGNDH, ZhuE, Frng %
AR LT LI BEETHDIEEZD
N5, Si/CoSis-Arc-SPS D& T HmiE K%
SigeBi1-Arc-SPS LV H 0@ WMEE 2o 72
B, INHITHEYTH D CoSie DEETH D
EEZLND,

_ D\ - - - SiyB,-Arc-SPSI[1]

—o— Si/CoSi,-Arc-SPS
—v— Si/CoSi,-MS-SPS

~
~
-

e N

20 - \'\\G*‘m\
_ e T
151 . —

T T T T T
400 600 800 1000
Temperature (K)

9 HFEORE T BVRE R Kpae DI EEUATIE,



10 12, ZT OREKRFENEE RT,
Si/CoSiz-Arc-SPS @ ZT 1I#r ¥ @ 72
SigeB1-Arc-SPS FIZIERI UEE 7o TV 5
ZEMTMD, ZE. w7 a A XD CoSi2
O ZT ~M b B% 5 2 a2 L2 E
WL TWbd, —F, Si/CoSia-MS-SPS %
1073K T ZT = 0.21 7o TRy, WHZ
SigeBi1-Arc-SPS & E~_TH 16%M . EL T
5, ZAUE, b s 7z CoSie M E
SEFEICITRE R 2 5 2 912, B FEMRER
DOHEEBI T LI DR TH D,

0.25
|- - - si,B,-Arc-SPS[1]
020 { —o— Si/CoSi,-Arc-SPS
|—— si/CoSi,-MS-SPS
[\0.1 5 1
N 1
0.10
0.05
0.00 .

400 600 800 1000
Temperature (K)
10 30RO BER SCIEREFEE ZT OIRE K
T‘%‘I‘ﬁzo

(Si0.99Bo0.01)95Cos DA% DFEHT KT L Tik
REamiE L a7 7 A~ Mk 2 MAaa b
H5Z Lk, SiEMEFIC 100-500 nm D
P A XD CoSie B3 LTz & 57T/ #id%
HOMMPICHER T Loz Lz, ~7
m A XD CoSie 3 0H LTz X 9 Ze &Izt
L., BRERCET—_y 7REHD LD 7E
KEVRFEICIRIZ E A EEEL 5 X TIT, 8T
BRERDOL ST D Z LITKTI LT,
DI A ROREEZ I 5T
b2z iz, 6 sEEMEREDOM L
DR SNARERE RS T,

5. EARREWIE
(BFFEf 2% . DFIEA L S DS % 1
ENN)

UGdEssamsa) GGt 110)

(DdJun Xie, Yuji Ohishi, Satoshi Ichikawa,
Hiroaki Muta, Ken Kurosaki, Shinsuke
Yamanaka, “Thermoelectric Properties of
S1/CoSi2  Sub-Micrometer  Composites
Prepared by Melt-Spinning Technique”,
Journal of Applied Physics, 121, 205107
(2017), #FHA.

(FpER] Gt 8

O B, K S, M)l B, Aikebaier
Yusufu, 2H {50, BE & (L R,
[Si-> U ¥ A RRIZBIT DEFEHEREIC L D

e R AR D & BV R E~ DR | |
%5 13[E B AZNE AR (TSJ2016),
FOCERRL R Wi v /3%, (2016).
Q/NE R, K AR, B BR RETE
B, B &, bid R, THRAEBERSIC &
% Si-NiSi2 F/ a2 R Yy O L EGE
PEREDFHAM ), 25 18 [B] H ARBE 7= il
= (TSJ2016), HURBEEERLKRY: Bfix v
/X2, (2016).
@FnHE V%, XA AR, £H BN,
By &, i g, TRIKRWIEIZE D
HMSs/Si $:db A4/ k(b & BERE
DOFM, % 13 [\l HARBE PSR FINGEHS

(TSJ2016), HUTHR KT BAiF v /3R,
(2016).
@Afiga Mohamad, Yuji Ohishi, Yoshinobu
Miyazaki, Hiroaki Muta, Ken Kurosaki,
and Shinsuke Yamanaka, “Enhancement of
Thermoelectric Properties of CrSiz by
Congener Elemental Substitution”, The
35th International Conference and The 1st
Asian Conference on Thermoelectrics
(ICT/ACT2016), Wuhan, PR. China, May
29-June 2, (2016).
® Jun Xie, Yuji Ohishi, Yoshinobu
Miyazaki, Aikebaier Yusufu, Hiroaki Muta,
Ken Kurosaki and Shinsuke Yamanaka,
“Effect of  Dislocation  Lines on
Thermoelectric Properties 1in Si-based
Nanocomposites Prepared by Liquid-phase
Compaction”, The 35th International
Conference and The 1st Asian Conference
on Thermoelectrics ICT/ACT2016), Wuhan,
PR. China, May 29-June 2, (2016).
® Jun XIE, Yuji OHISHI, Aikebaier
YUSUFU, Hiroaki MUTA, Ken
KUROSAKI, and Shinsuke YAMANAKA,
“Introducing  Dislocation  Lines  for
Controlled Conductivity in Si-based
Nanocomposites by Liquid-phase
Sintering”, TMS2017 146th  Annual
Meeting and Exhibition, San Diego,
California, February 26-March 2, (2017).
(@ Yuji Ohishi, Tomoki Ebata, Jun Xie,
Hiroaki Muta, Ken Kurosaki and Shinsuke
Yamanaka, “Nanostructure of
Si/transition metal silicide composite
prepared by a melt spinning method”,
TMS2017 146th Annual Meeting and
Exhibition, San Diego, California,
February 26-March 2, (2017).
® Saori Wadagaki, Yuji Ohishi, Hiroaki
Muta, Ken Kurosaki and Shinsuke
Yamanaka, “Thermoelectric properties of
nanostructured HMSs/Si  eutectic alloy
prepared by a melt spinning method”,
TMS2017 146th Annual Meeting and
Exhibition, San Diego, California,
February 26-March 2, (2017).

(XE] GF o)



(PE &R EEAE)
oYL (Rt 0 fF)

LAY
I
HEFIZ -
T -
HH
HEEFH B -
ERN 5] -

oSk (Rt 0 fF)

LAY
I
HEFIZ -
T -
HH
BASHEH H -
EWNs DR -

(Z Dfth)
R A s

6. WFIE
(D7 FRE
KA A (OHISHI, Yuji)
KRR « KERE LR 7ER - BhZ
g # %5 + 20571558

[1] J. Xie, Y. Ohishi, Y. Miyazaki, A. Yusufu,
H. Muta, K. Kurosaki, and S. Yamanaka, /.
Appl. Phys. 118, 65103 (2015).



