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Seebeck Effect of Fe-Al-Si Alloy and Low Temperature Thermoelectric Properties
Masahivo Suoupa, Masaki Kavo, Takayuki Tsun, Ryosuke O. Suzuxiand Katsutoshi Ono

Synopsis : The thermoelectric conversion offers unique possibility of a gigantic electric power generation utilizing low-temperature
heat sources below 600K. Such sources are solar heat, terrestrial heat and exhaust waste heat from the central-station
steam-electric plant. They are thermodynamically low grade but infinite and gratis. The immense production of
electricity by this principle is made possible exclusively by means of the thermoelectric junction between the iron-based
alloys as the conversion materials because these components of the generator can be manufactured on an efficient mass
production basis.

Among several possible thermoelectric junctions basically consisted of iron, the Fel39%Al12%Si (p) -Fel29%Al (n)
alloy couple has been found to exhibit a relatively high value of thermoelectric power, 71 V/K. The merit of this
thermoelectric power junction with respect to the thermoelectric conversion has also been described by measuring other
thermoelectric properties of these elements.

Key words : thermoelectric conversion ; thermoelectric power junction ; Fe-Al-Si solid solution ; low temperature heat sources.

1. ¥

BE600KLL T O ERF FHOMEKIESNE, 2L, (1)K
JRFHRELCLBTBEAX—CUHPBROKRERT 2 v e
—, (2)EA» DEHOEFEBOREKIEE, (3)@iRa kit
TEL ER, ZAAMF—FHERNICLDDIFILF—D
BEIRATHY, I oKEEEY D TECEIELE
& Y BAERATARE 60, EAME I IEE AN AR
L, 3L UENERHCIIKROERS I L 2KEDORER
REZANVF—BROERETREL T 5, £2AT, kil
DR EIF 23 L TIXERERT O 8 WV 52 2 5GE B O [E 3% 4
WNE—ERGRTH b BEREVMEREL HETH 5 L
Fiohib,

ZO DI, EACFETRE L B AWML s
FRANWI > 27 2 DRPFHE L L 5, & THIHIIEL
EIRFABEERET L L THSIMEL Z2EAR L T 5Fe-88%
Fel2% ABEEMp-nfEaR T 2 L 12,

AT RE S HESBEHFEORELXELXYHNCpTY
BEMRTDH 2 ##Fe-Al-SiAE >0 TE¥ -~y 75K
(BAVERE) 212 U & T 2 BAVERME 2 HIE L, Fel3%AI112%
Si(p)-Fel2% Al (n) BEMp-nEART2HEL 12, AW
FAIB U B =Ny ZEEONER, RFROBND LS

113

- TAKE00K 2 TOKIBERE L FTOREYTET 5l
FHETITINE b DT H- 127, EEBWEE L 3 T HERE
DRETIT-12DTH3, Lo THISHS LY Ee
MES L CKEUTORETOMTERAKOREL LT
Rantuve s,

Feizxt L TAIRUSiZHMT 2 AL, B—ZAIRUSI
WFetzxt L TIRCEFEFREH®H b, 2O AIKRPSIO 3pETF
PEBEBTH 2FeFA D7 2 v IWMEEDOEFIREXE
292 LA NS I ETH A, F 0, IREXETER
T ABMELIRIIF C THEIRMNZ Lo S £ LKE A
BARZDLDOKRAZHENT 20T, BEF2&LKIEC
FOTREEHOH THERIERT s F4BEERY ¥
BETBILETHA, B FeR A UDAIRUSIIERE
BUCHST 2 LR ENERPRBEOR TARETH 2 2 ¢
Ths,

2. RERITE

AR OBEHIASILOIID LT VT T — 75y
To120b, WELZRAE #8200 0@RikFEEWR 2T
2 TA Ty bE LI, L¥MBISICP-AP R U g {LiE
FEBRCOLIORELL, Bonl 2y b2y L

THCY 6 H30HZM P 9F9HI0E 2 (Received on June 30, 1997 ; Accepted on Sep. 10, 1997)

¥ FECKRFARFERAE (Graduate Student, Kyoto University)

* 2 RERRERFEET A v ¥ —F2@F%eFE (Graduate school of Energy Science, Kyoto University, Yoshida honmachi Sakyo-ku Kyoto 606-01)

70




Heater

—

Clip Cooling panel

Fig. 1. Apparatus for thermal conductivity mea-
surement.
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Fig. 2. Absolute Seebeck coefficient of the Fe-Al-Si
solid solutions.
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Fig. 3. Lattice constant of the Fe-Al and Fe-Al-Si
solid solutions.
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Fig. 5. XPS spectrum of the Fe-Al solid solutions.
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Fig. 7. Isothermal section of the Fe-rich region of
the Fe-Al-Si ternary system?.




Table 1. Thermoelectric properties of iron and iron-
based solid solutions at 298K.

Seebeck Resistivity, Thermal
coefficient, ) conductivity,
a (uV/K) p (pQrm) x (W/(m-K))
Fe(p) 12 0.10 72+3
Fe<129%Al(n) —23 1.01 21+3
Fe+25%Al(p) 34 1.36 14+3
Fe+139%Al1-129%Si (p) 46 1.40 11+3
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Fig. 8. Thermoelectric p-n power junction.

100
[ Thermoelectric p-n power junction
2 [ Fel3%Al12%Si(p)-Fel2%Al(n)
?,; " Heat sink temperature
D:: 300K
St
(5]
2
(&) -
&
B
&
210}
Q -
= K
b= i
§_ X
Q
5
E
= |
S
>
1 1 1 1 |
50 100 150 200 250 300

Temperature difference,A8 / K

Fig. 9. Volumetric specific output power of the p-n
power junction.
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Fig. 10. Surface specific output of the p-n power
junction.
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