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　　We　have　studied　thermoelectric　properties　of　Mn－Si　ceramics　by　paying　attention　to　effects　of

grain　size　on　thermoelectric　properties．　The　solid－state　reaction　and　spark　plasma　sintering　were

used　to　prepare　the’sample，　whese　thermoelectric　properties　such　as　Seebeck　coefficient　and

electrical　cenductivity　were　measured．　The　starting　Mn　and　Si　materials　were　sintered　with　the

powder　obtained　by　milling　for　O，　12　and　24　hours．　Fineness　of　the　materials，　i．e．　smaller　grain

material　which　yields　the　higher　density　material　has　been　found　to　improve　thermoelectric

properties．　The　effeCt　of　dopant　on　thermoelectric　properties　was　investigated　preliminary．　Some

depants　such　as　Sb　and　Fe　are　found　to　be　effective　to　improve　the　thermoelectric　effects．
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1．rNTRODUCTIO：N
The　i無重erests　of　the　environmental　prob韮ems

such　as　global　warming　due　to　the　CO2　emissions

have　　rapidly　　risen　　王ately．　Thermoelectric

搬aterials　can　direct璽y　convert　the　thermal　e聡ergy

圭nto　the　e1ectric　energy　though　the　seebeck　effect

without　the　exhaust　of　waste　materials．　Thus，

thermodectric　technology　has　been　expected　to
yie韮d　a　new　technlque　to　achleve　energy　savings

and　the　e餓｝ctive　use　of　waste　heat，

The　eva玉ua重lon　of　the重hermoelectric　mater圭als

can　be　described　by　the　power　factor　P　and　the

貸gure　of　merit　Z，　wh韮ch　are　expressed　as

　　　　　　　　　　　P躍S2σ　　and　　Z繍PIK

respective嚢y．　Here　S韮s　the　Seebeck　coefficlent，σ

is重he　e！ectrical　conductivity　and　K：is　the　thermal

co鍛ductMty．　The　high　Z　mea．ns　bigh　eff茎　c三ency　of

the　thermoe蓋ec重r圭。　conversion，　a難d　thus　in　order

to　obtain重he　good　ther！noelectr蓋。　materials，璽arge

S，highσand　1ow　1（are　required．　However，　lt　is

difficU！t　　tO　　COntrOl　　theSe　　parame宅erS
indepe簸dent玉y　because　of　their　dependence　on　the

carrier　density【1］．

　　Thermoe至ectric　devices　of　B圭働Te　Si働Ge　and　so
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ラ

on　have　been　already　developed　for　practical　use．

But，　these　mater圭als　have　weak　p◎ints　such　as　an

expenslve　price　and　a　Hmited　amount　of　potential

resources．　So，　we　pay　attentio難　to　silicides

thermoe璽ectrlc　materials　that　have　an　advantage

of　a　low　cost，熱onpoison　and　a　light　burden　for

earth．　Many　of　the　3d・transltion　metal　siliddes

are　compounds，　which　have　been　developed　as　the

materials　having　a　superior　heat－resistance．　Si職ce

MnSi2　has　semi－conducti捻9　Properties　and　a　la罫ge

thermoelectric　power，　it　can　be　used　as
thermoelectric　materlals［2－5】．　ActuaUy，　Mn・Si

prepared　by　mechanlcal　aUoying（MA）and　spark
Plas血a　sinter三ng（SPS）recently　yielded　the　f董gure
of　merit　Z躍7．65×10駒4　K聯董at　873K［5］．　The　ranges

of　compesition　of　the　Mn－Si　were　synthesized　・

from　the　liquid　phase　lines　between　MnSii．7i　and

MnSii．7s　and　possibly　extend　to　the　composition

MltSii，77　at　temperature　below　the　peritectic　line，

Atornic　positions　were　measured　for　the　four
phases：　MnnSiig，　MnisSi26，　Mn27Si47　and　Mn4Si7，

which　have　similar　tetragonal　cells　［5］，　The

purpose　was　development　of　Mn－Si　ceramics　with

higher　efficiency，　which　can　be　used　for
high－temperature　thermoelectric　power　generator．

　　In　this　paper，　Mn－Si　ceramics　were　prepared　by

solid－state　reaction　method　and　SPS，　which　yields

the　rapid　heating　and　the　short　sintering　time　［6］．

The　effect　of　grain　size　on　thermoelectric

properties　was　paid　attention；　samples　were
sintered　from　powder　obtaiRed　by　milling　for
different　times．　This　effect　has　not　been　studied

little　so　far，
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Fig．1　The　process　of　sample　preparation．

2．EXPERIMENT
2j　Sample　preparation
　　The　process　of　samp茎e　preparation　is　shown　in

Fig．L　A　lump　ofMn（3N）a籍d　Si（5：N）was
grinded　fbr＜250μm　and　was　welgh毛ed　fbr　the
desirable　molar　ratio　Si／Mn＝L75　L80　a職d　1．85。
　　　　　　　　　　　　　　　　　　　　　　　　　　　ウ

Weighted　powder　was磁ixed　fbr　l　hour。　The
polycrystalline　p◎wder　of　Mn－Si　was　prepared　by
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Fig．4　（a）Seebeck　coefficient，　（b）Electrical

cenductivity　and　（c）Power　factor　as　a　function　of

temperature．　The　data　for　molar．　ration
Si／Mn　：1．75　and　1．85．

Fig．5　（a）Seebeck　ceefficient　at　750K，
（b）Electrical　conductivity　at　300K　and　（c）Power

factor　at　750K　as　a　function　ef　density　for　Mn－Si

ceramics．　The　data　for　molar　ration　Si／Mn　＝1．75

（circle），　1．80　（square）　and　1．85　（triangle）．
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8e4 Thermoelectric　Properties　efMn－Si　Ceramics

　　The　phase　in　the　sintering　materials　was
characterized　by　X－ray　diffraction　（XRD）　pattern，

vvhich　is　shovvn　in　Fig．3．　The　XRD　pattem　of　the

powder　before　solid－state　reaction　had　only　Mn

and　Si　peak．　The　powder　before　SPS　without
milling　had　MnSii．73　and　MnSi　peak．　But，　the

powder　before　SPS　in　milling　for　12　and　24　hr

had　peaks　of　MftSii．73，　MnSi　and　Si．　This　refiects

non靹reacted　Si　appear　after　mi田ng．　The　sa】mples

after　SPS　sintering　without　milling　had　MnSii．73，

MnSi　and　Si　and　then　cemplete　reaction　did　not

occur．　MnSii．73　and　MnSi　phase　were　confirmed

in　the　samples　after’SPS　sintering　in　milling　for

12　and　24　hr　（no　Si　peak　could　be　detected）．　The

peak　of　MRSii．73　was　confirMed　clearer　by　the　use

of　the　lenger　milling　time　powder．

　　Now　let　us　discuss　thermoelectric　properties，

Tefnperature　dependeltce　of　thermoelectric
properties　such　as　Seebeck　coeffic一ient　S　（pVIK），

61e6trical　conductivity　6　（st’im’i）　and　power

factor　S26　（Wm’iK’2）　are　showR　iR　Fig．4．　The

effects　of　grain　size　for　the　three　compesitions　on

thermoelectric　preperties　are　shovvn　in　Fig．5．　The

smaller　grain　powder　improved　Seebeck
coefficient．　This　result　reflects　that　nen－reaction

material　such　as　MnSi　and　Si　beceme　fewer　fer

smaller　grain　powder　by　｝onger　milling　time．　The

best　value　ef　Seebeck　coefficient　was　ebtained　to

be　246．OpV／K　at　750K，　and　the　value　is　nearly

the　same　level　as　that　by　Umemoto　et　al　who

obtained　the　large　value　ef　Seebeck　coefficient
256μV／K　at　850K　recent玉y　［5】．　Sma董玉er　gズai職

materials，　i．　e．，　high　density　materials　alse

improVed　e1ectrical　conductivity．　This　is
considered　to　originate　from　the　larger　diffusion

of　a　carrier　between　grains．　Hewever　the
maximum　value　of　electrical　conductivity　was
30e／o　lower　than　Umemote’s　data　so　far　［5］．　The

smaller　grain　powder　irnpreved　power　factor．　The

temperature　dependence　ef　the　power　factor　is
similar　to　that　of　the　Seebeck　coefficienL
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3．2　Effect　of　dopant

　　The　sintering　rnaterials　were　prepared　with
dopant　such　as　ln，　Sb，　Pt，　Cr　and　Fe　in　order　to

investigate　the　effect　of　dopant　on　thermoelectric

propert三es　prel三m圭nary．

　　The　temperature　dep．endenc．e　o－f　the　ratio　of　the

power　fa6tor　P：S2ci　（Wm－iK－2）　between　the

non－doped　and　the　doped　samples　are　shown　in

Fig．6．　Actually，　the　doping　effect　did　not　impreve

the　Seebeck　coefficient，　Some　of　the　doped
sintering　materials　yields　even　2－12e／o　lewer　than

noA－doped，　On　the　other　hand，　it　is　clearly

observed　that　there　is　the　effect　of　the　dopants

such　as　ln，　Sb，　Cr　and　Fe　on　the　improvement　for

the　electrical　conductivity．　Then，　the　deped

samples　such　as　Sb，　Cr　and　Fe　yield　power　factor

higher　than　non－doped　sample．　The．impreved
result　of　power　factor　ls　due　to　the　higher

electricaヨconduc重iv麹y，

400　600　800
　　　　Temperature　（K）

Fig．6　Rates　of　the　Power　factors　between
Non－doped　and　doped　Mn－Si　as　a　function　o．f　the

sample　temperature　are　ploted　a　for　non－doped

（Awith　dashed　line），Pt－doped　（O），　ln－deped

（O），　Sb－doped　（M），　Cr－doped　（A）　and　Fe－doped

（e），’

4．　CONCLUSION
　　The　effect　of　grain　size　on　thermeelectric
properties　of　M終日Si　ceramics　was　investig就ed・

Fineness　of　the　materials，　i．e．　smaller　grain　size

ef　materials　impreves　thermoelectric　properties

such　as　Seebeck　coefficient　and　electrical
conduct’奄魔奄狽凵D

The　above　results　indicate　much　more　srnaller

grain　size　samples　will　impreve　the
thermoelectric　properties．　However　if　we　prepare

much　smaller　grain　size　samples，　the　samples
become　easy　to　burn．　Thus　the　sample　preparation

process　needs　to　be　proceed　under　the　inert　gas

atmosphere　or　the　vacuum．
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