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Study on Microstructure and Thermoelectric Properties of Iron Silicide Based Semiconductors

with Dispersion of Metallic Phases
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NTRARDECHBLEE, B CTHRLBRIY 2, TOLE, BEE
D AgDPETHRIINBELELT 2L, ZOHEIE 004a% s 725,
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Fig.2.1.1 Fabrication of rapid-cooled ribbon by the single-roll method.

Table 2.1.1 Condition of XRD measurement.

X # | CuKa 2H2) v+ | 015mm

B 40KV EHEE-F FT

B 40mA | 2T v TR 1.50sec
EHX U v b 1° 27 v 7 IE 0.025 °
BE XU v b 1° & H(20) 10 ~ 80 °
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Fig.2.1.2 Determination of thermoelectromotive force for ribbon type sample.
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Fig.2.1.3 Determination of electric resistance force for ribbon type sample.
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Fig.2.1.5

and diffraction intensity ratio of Bz and exo in XRD.
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Fig.2.1.6 Absolution of Seebeck coefficients and erectrical resistivities with changing Ag
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Fig.2.1.7 Power factors and relative power factors with changing Ag content by mixing

Ag powder.
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Fig.2.1.8  Absolution of Seebeck coefficients and electrical resistivities with changing Ag

content by treatment of AgNO:s solution.
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of AgNOs solution.
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Fig.2.1.10 Model of B phase and dispersion phase.

(a) B phase are parallel dispersion phase.

P = pope/ {p(1 —/)+pofe}

& = {oepe(1—/)+aspefi}/ {ps(1 =)+ pefi}
(b) B phase are siries dispersion phase.

p: = po(1—f) +pof

a: = op(1—f8) o
(c) B phase are mixed dispersion phase.

pn = kapepslk {pu( 1 —fik/ke)+ pfik /sy +(1 —klk)ps

O = ka{0spe( 1 —fik/Ro)+ aupyfik/le} o {ps(1 —fiklke) + pofielks} +ax(1 —kdlk)
pr and pe is erectrical resistivity of B phase and dispersion phase.
o and s is Seebeck coefficient of P phase and dispersion phase.

fi is volume fraction of dispersion phase.
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Fig.2.1.11  The value of theoretical calculation of electrical resistivities in ( FeSiz) 0ssCo0oo

by model of Fig.2.1.10.

Open circle is experimental value of 8at%Ag mixing sample.

Closed circle is experimental value of treatment of AgNOs solution sample.
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Fig.2.1.12 The value of theoretical calculation of Seebeck coefficients by model of

Fig.2.1.10.

Each mark is experimental value.
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Fig.2.2.1 Determination of electrical resistivity by four-probe method for disc type

74)
sample.

Table 2.2.1  Correction factor Fi(w/s) in equation (2.2.1).”

w/s | F(w/s) | w/s | Fi(w/s)
00 | 10000 | 1.0 | 09214

04 | 00995 | 1i1m1 | 08907 |
05 | 00074 | 125 | 08490
05555 | 00048 | 14286 | 07938
06250 | 09898 | 16666 | 07225 |
—H%Ménfnégié'"_Eé ''''' ?"6E§E'"
o333 | 09600 | ]




Table 2.2.2  Correction factor 7>(d/s, a/d) in equation (2.2.1).”"

d/s

0 0.1
0.5000
""" os462 | |
| 07418 | 072190 |
| 08775 | osssez |
| 0204 | 001376 |
| 09629 | 095081 |
| 09788 | 097702 |
| 099as | 090416 |
| 10000 | 100001 |

ald
0.2 0.3 0.4
oemns | |
081421 | oesess |
ossesa | osl002 |
094778 | 091087 | 0.72001
097007 | 094573 | 0.83925
099236 | 098690 | 0.95998
11.00001 | 1.00001 | 1.00001

1.00001

Intensity / arbitrary unit

Diffraction angle,

20/degree

Fig.2.2.2 XRD patterns of { (FeSi2) 0s9Cooo1 } 057AZ003.

(a) before annealing

(b ) after annealing




WL

ot

Fig.2.2.3 SEM-EDX photographs of { (FeSi:) 0.99C00.m} 0972 g0.03.

(a) before annealing  (b) after annealing
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Fig.2.2.4 Thermoelectromotive forces with changing temperature difference when cooling

side kept at 300K in { ( FeSiz) ossMoni J1-:Ag(M =Mn, Co).
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Fig.2.2.5 Absolute of Seebeck coefficients with changing Ag content in

{ (FeSi2) ossMoor }1-xAge(M =Mn, Co) at373K, 473K and 573K.
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Fig.2.2.6 Electrical resistivities with changing reciprical temperature in

{ (FeSis) ossMoor } 1—xAgx(M= Mn, Co).
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Fig.2.2.7 Electrical resistivities with changing Ag content in { ( FeSiz) ossMoo }1-xAgs
(M=Mn, Co) at373K, 473K and 573K.
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Fig.2.2.8 Power factors with changing temperature in { ( FeSiz) ossMon }1xAg:(M = Mn,

Co).
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Fig.2.2.9 Power factors with changing Ag content in { ( FeSi: ) ossMoo: }1-xAg: (M = Mn,

Co) at 373K, 473K and 573K.

—_— 46 —_—



8 T T 1
© Mn(373K) : ! !
O Mn(473K) | | |

& 6 | ® Co@B73K) |----- 1:- ------- . ------- ]f ————————
~ B Co(473K) ! ' |
g & Co(573K) ! : |
& \ ! : ! |
£ " = ;! d |
2 2.1%m) | , | :
[5) | 1 i i
B | .‘ | |

S 2 i T S [
M l ] A :
0 ! ! , !

0 1 2 3 4 5

Ag content, 100y /at%

Fig.2.2.10 Rerative Power factors with changing Ag content in { ( FeSi») ossMoo }1-2Ag:
(M=Mn, Co) at373K, 473K and 573K.
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Fig.2.3.1 Sample fabrication process.



Fig.2.3.3  Bright field TEM images of (FeosrCo00Si2) as7Agoos in sample A and D.
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Fig.2.3.4 Absolute of Seebeck coefficients with changing Ag content in
(FeosrCoo0sSiz) 1-zAg: at 300K.

: Fe:Co:Si = 0.97:0.03:2 + Ag — Ingot — 1073K X20h -~ Bulk

¢ Fe:Co:Si = 0.97:0.03:2 + Ag — Ingot — S.C.— 1073K X 1h -+~ Ribbon

¢ Fe:Co:Si = 0.97:0.03:2 + Ag — Ingot — S. C. Ribbon — Disc — 1373K X4h + 1073K X20h -+ Disk

: Fe:Co:Si = 0.97:0.03:2 — Ingot — + Ag — Disc — 1373KX4h + 1073K X20h --- Disc

¢ Fe:Co:Si = 0.97:0.03:2 — Ingot — S. C. Ribbon — + Ag — Disc — 1373K X4h + 1073K X20h --- Disc
: Fe:Co:Si = 0.97:0.03:2 — Ingot — S. C. Ribbon — + Ag — Disc — 1073K X 15h --- Disc

: Fe:Co:Si = 0.97:0.03:2 — Ingot — + Ag — Disc — 1073K.X 15h -+ Disc
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Fig.2.3.5 Electrical cunductivities with changing Ag content in ( FeosrCounSiz)1-xAg: at
300K.
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Fig.2.3.6  Power factors with changing Ag content in ( FeosrCooeSiz2) 1-xAg: at 300K.

A 1 FeCo:8i = 0.97:0.03:2 + Ag —> Ingot = 1073K X20h -+ Bulk

B ! Fe:Co:Si=0.97:0.03:2 + Ag = Ingot = S.C.—> 1073K X 1h :*- Ribbon

C : Fe:Co:8i=0.97:0.03:2 + Ag = Ingot = S. C. Ribbon ~> Disc = 1373K X4h + 1073K X20h -+ Disk

D ! Fe:Co:Si=0.97:0.03:2 = Ingot =+ Ag —> Disc = 1373K X4h + 1073K X20h -+ Disc

E : Fe:Co:Si = 0.97:0.03:2 = Ingot = S. C. Ribbon —>+ Ag —> Disc -> 1373K X4h + 1073K X20h -+ Disc
F ! Fe:Co:Si = 0.97:0.03:2 = Ingot = S. C. Ribbon >+ Ag —> Disc = 1073K X 15h ** Disc

G : Fe:Co:8i=0.97:0.03:2 = Ingot =+ Ag —> Disc > 1073K X 15h --- Disc
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Fig.2.3.7  Absolute of Seebeck coefficients of the sample A-G with ( Feos:CoonSiz) 1 .Ag:
as afunction of electrical conductivity.

The plots are classified by Ag content.
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Fig.2.3.8  Absolute of Seebeck coefficients of the sample A-G with ( FeosrCoonsSiz) 1-xAg:
as afunction of electrical conductivity.

The plots are classified by fabrication process.

A 1 FerCo:8i=0.97:0.03:2 + Ag = Ingot - 1073K X20h -+ Bulk

B : Fe:Co:Si=0.97.0.03:2 + Ag = Ingot = S.C.—> 1073K X 1h *-- Ribbon

C ! Fe:Co:8i = 0.97:0.03:2 + Ag = Ingot = S. C. Ribbon = Disc = 1373K X4h + 1073K X20h -+ Disk

D : Fe:Co:Si=0.97:0.03:2 = Ingot =+ Ag —> Disc = 1373K X4h + 1073K X20h +-- Disc

E : Fe:Co:Si = 0.97:0.03:2 — Ingot = S. C. Ribbon —>+ Ag — Disc = 1373K X4h + 1073K X20h -+ Disc
F 1 Fe:Co:8i=0.97:0.03:2 = Ingot = S. C. Ribbon —>+ Ag = Disc = 1073K X 15h - Disc

G : Fe:Co:Si=0.97:0.03:2 = Ingot >+ Ag —> Disc = 1073K X 15h >+ Disc
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Fig.2.4.5 Bright field TEM images of Feos7Coo0:Si> discs.
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Fig.2.4.6  Bright field TEM image of (Feos7C00e:Siz) 07Agocs disc from ribbon.
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Fig.3.1 Bright field TEM image of (FeosCoo0:Sizs) 097:Cuioos ribbon.
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Fig3.2 Absolute of Seeebeck coefficients with changing Cu content in

(Feos7C0003Six) 1-,Cuy ribbons and disc at 300K.
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Fig.3.3 Electrical conductivities with changing Cu content in ( FeosrCouesSix)1-Cuy

ribbons and disc at 300K.
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Fig.3.4 Power factors with changing Cu content in ( Feos7C00esSix ) 1-yCuy ribbons and disc

at 300K.
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Fig.3.5 Dimensionless figure of merits with changing Cu content in ( Feos7C00Six) 1-yCuy

ribbons at 300K.
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Fig.3.6 Thermal conductivities with changing Cu content in ( Feos7Co0Six ) 1-yCuy ribbons

at 300K.
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Fig.4.1 Correction value fin equation (4.3) "

Fig.4.2 Bright field TEM image of (FeusC000:Si:) 0%Sbooes ribbon annealed for 2h at
1073K after spin-casting.

Point A : 33.5at%Fe, 1.5at%Co, 65.0at%Si, 0.0at%Sb
Point B : 21.9at%Fe, 1.2at%Co, 34.6at%Si, 42.3at%Sb



Fig.4.3 Bright field TEM image of (Feos/MnowSiz) 0ssSboos ribbon annealed for 2h at

1073K after spin-casting.

Point A : 31.9at%Fe, 0.9at%Mn, 67.2at%Si, 0.0at%Sb
Point B &% @ #H L : 50.3at%Fe, 0.8at%Mn, 24.4at%Si, 24.52t%Sb

Fig.4.4 Bright field TEM image of (Feo»C000:Siz) 0:Sbes ribbon annealed for 2h at

1073K after spin-casting.

Point A : 33.1at%Fe, 0.9at%Co, 65.9at%Si, 0.1at%Sb
Point B : 45.5at%Fe, 2.4at%Co, 52.1at%Si, 0.0at%Sb

Point C : 26.2at%Fe, 1.3at%Co, 41.4at%Si, 31.1at%Sb



Fig4.5 Bright field TEM image of (FeosC000::Siz) 0sShes ribbon annealed fot 2h at

1073K after spin-casting.

Fig.4.6  Bright field TEM image of (Feus1CoonsSiz) 0sSbos ribbon after spin-casting.

Point A
Point B
Point C

. 39.8at%Fe, 1.5at%Co, 57.7a1%Si, 1.0at%Sh
: 45.8at%Fe, 0.8at%Co, 49.9at%Si, 3.5at%Sb
: 4.5at%Fe, 0.0at%Co, 3.7at%Si, 91.8at%Sb



200nm

Fig.4.7 Bright field TEM image of (Feos7C000Si:) 0sSbhos ribbon annealed for 2h at 873K

after spin-casting.

Fig.4.8 High resolution image near the point A in Fig.4.7, and SAD pattern from B-FeSi:
phase.
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Fig.4.9 XRD patterns of (Feos?Co00:Siz)1--Sbs ribbons annealed for 2h at 873K after

spin-casting.
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Fig.4.10 Absolute of Seebeck coefficients with changing Sb content in
( Feos7C000:Siz ) 1--Sb- ribbons annealed for 2h at 873K after spin-casting.

Each lin is value of theorical calsulation.
a= {wps + ap(1-1) M{pf + p:(1-1)}

or and oz is Seebeck coefficient of B phase and Sb-rich phase.

pr and p: is electrical resistivity of B phase and Sb-rich phase.

fis volume fraction of Sb-rich phase.
Upper solid line : o = 024ImV/K, g = 2.06 X 104Qm, a: = 0.15mV/K, p. = 10°Qm
Bottom solid line : o = 0.241mV/K, p: = 2.06 X 10 Qm, 0a = 0.13mV/K, p: = 10 Om
Upper dotted-line : o = 0.241mV/K, pr = 2.06 X 10 Qm, a: = 0.15mV/K, p: = 5X 10°Qm
Bottom dotted-Jine : o = 0.241mV/K, p = 2.06 X 10°0m, 0z = 0.13mV/K, p: = 5X 10" 0m
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Fig.4.11 Absolute of Seebeck coefficients with changing Sb content in
( Feos:MnowSiz ) 1--Sb- ribbons annealed for 2h at 1073K after spin-casting.

Upper line @ i = 0.494mV/K, pr = 3.61 X 10 Qm, 0a = 0.440mV/K, pz = 5% 10°0m
Middle line : @ =0.494mV/K, pr = 3.61X IO.SQm, o = 0.342mV/K, p. = 5X 10°0m
Bottom line & o = 0.494mV/K, pr = 3.61X10°Qm, o = 0.421mV/K, p. = 5X 10 Qm
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