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HaHOCTPYKTypbI Ha OCHOBeCHJIHlI;II,II;aMarHIDI - 3wweKTHBHble
MaTepHaJIbI ,II;JUITepM03JIeKTpWIeCKOrO rrpe06pa30BaHIDI 3HeprHH
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A technological procedure for fabrication of nanostructured thermoelectrics based on magnesium silicides solid
solutions is presented; it allows receiving materials with improved thermoelectric figure of merit. The technology
is simple and accessible to the industrial application.
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B nOCJle,IJ,HHe rO,IJ,bl Bce 60JlbWee BHI1MaHI1e y,IJ,eJl5l-

eTC5I TepM03JleKTpHlIecKoMy OXJI(l)K)J,eHI1IO, KaK 3KO-

JlOrHlIeCKI1 lIHCTOMy MeTop;y nOJlyYeHI15I HI13KI1X TeM-

nepaTyp [1, 2], H TepM03JleKTpHlIecKoMy reHepHpOBa-

HHIO 3JleKTp03HeprHH, n03BOJl5l1OllJ,eMY I1CnOJlb30BaTb

H 113KonOTeH UHaJl bHoe 6pOCOBoe TenJlO [1]. Bo06llJ,e,

XOJlO,IJ,HJlbHbIH K03cPcPHUI1eHT H Kfl,lJ, TepM03JleKTpI1-

lIeCKI1X yCTpOHCTB onpe,IJ,eJl5lIOTC5I 6e3pa3MepHoH ,IJ,06-

pOTHOCTblO

r,IJ,e(J - K03cPcPHUHeHT 3JleKTpOnpOBO,IJ,HOCTI1;

a - K03cPcPHUHeHTTepM03,IJ,C;

k - K03<PcPI1UHeHT TenJlOnpOBO,IJ,HOCTI1;

T - a6COJlIOTHa51 TeMnepaTypa.

He TaK ,IJ,aBHO BbI5lBI1JlaCb B03MO)I(HOCTb yBeJII1-

lIeHH5I TepM03JleKTpHlIecKoH ,IJ,06pOTHOCTI1 npe06-

pa30BaTeJIeH 3HepfHI1 nyTeM HCnOJlb30BaHH5I Ha-

HOCTpyKTyp [3], liTO TaIOKe Bbl3BaJlO B03paCTalOllJ,HH

HHTepec K TepM03JIeKTpWlecTBy. ,lJ,eHcTBHTeJIbHO,

K03cPcPH UHeHT TenJIOnpOBO,IJ,HOCTH nOJIynpoBO,IJ,HH-

KOB CO,IJ,ep)KHT 3JleKTpoHHylO H <POHOHHYIO COCTaB-

Jl5l1OllJ,He: k = ke + k
ph

' npHlIeM k
ph

MO)KeT YMeHb-

WaTbC5I 3a ClIeT paCCe5lHH5I <pOHOHOB Ha rpaHHuax

CTpyKTypHblX 3JleMeHTOB MaTepHaJla. CJIe,IJ,OBaTeJIb-

HO, B HaHocTpyKTypax (a B HI1X CO,IJ,ep)[(J1TC5I MHoro

HaH03epeH) kph 6Y,IJ,eT CyllJ,eCTBeHHO YMeHbwaTbC5I

no cpaBHeHHIO C kph 06bl'-IHOrO KPHCTaJlJII1l1eCKOrO

MaTepHaJla, TOf,IJ,a ,IJ,06pOTHOCTb (1) ,IJ,OJI)KHa B03pac-

TaTb. Ha 3TOM 3<PcPeKTe OCHOBblBaeTC5I TeXHOJlOrI151

06beMHoro HaHocTpyKTypHpoBaHH5I MaTepHaJlOB,

C nOMOllJ,blO KOToporo B nOCJle,IJ,mfe rO,IJ,bI ,IJ,OCTI1r-

HyTbl 3HallHTeJlbHbie ycneXI1 B nOBbIllIeHH5I ,IJ,06po-

THOCTH [3].
Ha cero,IJ,H5IWHHH ,IJ,eHb HaH60Jlee WHpOKO I1C-

nOJlb3YIOTC5I B npOMblWJleHHOCTH TepM03JIeKTpH-

lIeCKHe MaTepHaJlbl Ha OCHOBe TBep,IJ,bIX paCTBopOB

BixSb2_Je3; HX ,IJ,06pOTHOCTb ,IJ,OCTHraeT 3HalleHHH

ZT= 1,0 (6e3 HaHocTpYKTypHpoBaHI15I) [1,2]. B COOT-

BeTcTBylOllJ,I1X 06beMHbIX HaHocTpyKTypax Ha OCHOBe

BixSb2_xTe3 3KcnepHMeHTaJlbHO Ha,IJ,e)I(HO ,IJ,OCTHrHYTbl

3HalleHI151ZT= 1,25 [3], 3a5lBJIeHO TaIOKe ZT> 1,5 [4].
flpHYeM HMeIOTC5I Ha)J,e)I(Hble <pH3HlIeCKI1e cPaKTopbl,

06eCneYI1BalOllJ,He B03pacTaHHe TepM03JIeKTpHlIecKoH

,IJ,06pOTHOCTI1 B 06beMHbIX HaHOCTpYKTypax [3]:
- ,IJ,OnOJIHHTeJlbHOe paCCe5lHHe <pOHOHOB Ha rpa-

HHuax HaH03epeH [5];
- TyHHeJlHpOBaHl1e 3JIeKTpOHOB lIepe3 Me)K3e-

peHHble rpaHHUbl [6];
- 3HepreTHlIeCKa51 <pHJIbTpaUH5I HOCHTeJleH [7].
TaKI1M 06pa30M, HaHocTpyKTypl1poBaHHe - 3TO

3<p<peKTHBHbIH MeTO,IJ, nOBbIWeHI151 TepM03JleKTpH-

LJeCKOH ,IJ,06pOTHOCTH nOJIynpOBO,IJ,HHKOB.

C ,IJ,pyrOH CTOpOHbl, ,IJ,OBOJlbHO nepcneKTHBHblM

MaTe p Hano M)J,JIJITep M03JIeKTp HlI eCTBa npe,IJ,CTaBJI5lIOT-

C5ITBep,IJ,ble paCTBopbI Ha OCHOBe Mg2Si- Mg2Sn [8-10].
,lJ,ocToHHcTBa 3THX MaTepHaJlOB 3aKJllOyalOTC5I

KaKBBbICOKOH,IJ,06pOTHOCTI1ZT= 1,2 (BKpHCTaJlJlHlIeC-

KOM COCT05lHI1I1) [8-10], TaK H B 3KOJIOrHlIeCKOH LJHC-

TOTe, ,IJ,OCTynHOCTH, npWleM HCXO,IJ,Hble KOMnOHeHTbI

COe,IJ,HHeHI151- O,IJ,HH113HaH60Jlee pacnpOCTpaHeHHblX

B npl1pO,IJ,e. MO)I(HO O)[(J1,IJ,aTb, liTO HaHocTpyKTypHpo-

BaHHe TBep,IJ,bIX paCTBopOB Ha OCHOBe Mg2Si-Mg2Sn,

KaK H nOJIynpOBO,IJ,HHKOB THna BixSb2_Je3, TaK)Ke npH-

Be,IJ,eTK yseJIHLJeHHIO ,IJ,06pOTHOCTI1.

B HaCT05lllJ,eH pa60Te pa3pa60TaHa TeXHOJl0-

fH5I nOJIYlJeHI151 06beMHbIX HaHOCTpYKTYP Ha OCHOBe

Mg2Si- Mg2Sn. TeXHOJIOrHtiecKa51 uenOllKa BKJllOlIaeT

cJle,IJ,YIOllJ,I1e 3Tan bl:

t. CI1HTe3 TpOHHoro pacTBopa ocymeCTBJl5leTC5I

np5lMbIM CnJlaBJleHHeM B351TbIX B cTexHoMeTpHlIec-

KOM COOTHOllIeHHH HCXO,IJ,HbIX KOMnOHeHTOB - KpeM-

HH5I, MafHH5I H OJlOBa LJHCTOTOH 99,999%. UlHXTY

nOMellJ,alOT B rpa<pHToBbIH THreJlb C npI111IJlH<poBaH-

HOH KPbIIliKOH ,IJ,Jl5IYMeHbllIeHH5II1cnapeHH5I MarHI151.

THreJlb 3aTeM pa3MellJ,alOT B KBapueBoH aMnyJle. AM-

nyJly H THreJIb npe,IJ,BapHTeJlbHO BaKYYMHpyIOT H 3a-

TeM 3anOJlH5IIOT aprOHOM C H36blTOllHbiM ,IJ,aBJleHHeM

3-5 aTM., nocJle lIero aMnyJly 3anaHBaIOT. CnJlaBJle-

HHe np0I13BO,IJ,I1TC5I B HH,IJ,yKUHOHHOH nellH, KOTOpa51

06eCneLJI1BaeT aKTHBHoe nepeMeWI1BaHl1e MaTepH-

ana 11 npen5lTcTByeT JII1KBaUHH no y,IJ,eJlbHoMy Becy.



,lJ,JHInpeL\OTBpallleHIUI JlI1KBaUI-1I1 no cocTaBy He06-
XOL\I1MO6bICTpO OXJIa)l()J,aTbpaCnJlaB.

2. flocJle CnJlaBJleHI15I npOBOL\WTC5I L\JII1TeJlb-
HblH rOMOreHI1311PYJOllll1H OT)((l1r npl1 TeMnepaTypax
Ha 50-200°C HJ1)I(e JlI1HI1 COJlWL\yca. YCTaHOBJleHO,
'1TOL\JI5IMaTepl1aJIa Mg2Sio 6SnO4 npl1 700°C OT)j(wraTb
06pa3Ubi )j(eJIaTeJlbHO He MeHee 30 CYTOK,a npw 800 T
Te)j(e pe3YJlbTaTbI L\OCTl1raIOTC5InocJle 20 CYTOKOT)I(l1-
ra.

3. floJlY'1eHHbIH KPI1CTaJIJlWIeCKWH TepM03J1eK-
Tpl1'1eCKWH MaTepl1aJI npeL\Bapl1TeJlbHO W3MeJlb'1aIOT
L\O pa3MepOB MeHee 5 MM B 1130JlWpOBaHHOMnepqaTOq-
HOM 60Kce B aTMoc¢epe aprOHa '1WCTOTOH99,98 %.

4. ,lJ,aJIee np0I13BOL\I1TC5I nOMOJI B nJiaHeTapHoH
wapoBoH MeJlbHl1ue TI1na Retsch PM 100 B aTMoc¢epe
aprOHa. YCKopeHl1e cOYL\apeHH5I lllapOBL\OCTl1raeT 33g.
CTaKaHbl H3 OKCHL\aUI1PKOHI151BpaJ.IJ;aIOTC5IB npOTOq-
HOH BOL\e.IlJapbl BbInOJlHeHbI 113CTaJIl1 lliX-15. Bpe-
M5I pa60Tbi MeJlbHI1UbI COCTaBJl5IeT30 MHH. Pa3Mepbl
3epHa COCTaBI1J1H10-30 HM. flpl1qeM pe)[(WM pa60TbI
MenbHI1Ubl 6bIJI HaCTpoeH TaKHM 06pa30M, '1T06bI no-
KaJIbHble TeMnepaTypHble CKa'1KW 6bIJIH HJ1)I(e TeM-
nepaTypbl nnaBneHI151 HI13KOnJlaBKOrO KOMnOHeHTa
L\JI5InpeL\OTBpallleHH5I nepenpaBneHW5I BeJ.IJ;eCTBa,T. K.
npH 3TOM B03HI1KHeT nepeHaCblllleHwe rpaHWU HaHO-
CTpyKTyp npI1MeC5IMI1.

5. fIonY'-!eHHbIH HaHonopOWOK nOL\BepranC5I
OL\HOOCHOMYrOp5lqeMY npeCCOBaHWIO nOL\ L\aBJleHW-
eM 100 Mfla npl1 TeMnepaType 300-400 0c. B pe-
3ynbTaTe 6blnH nony'1eHbI 06beMHble HaHocTpyK-
TypHble 06pa3UbI Ha OCHOBe TBepL\bIX paCTBopOB
Mg2Si-Mg2Sn.

TaKwM 06pa30M, B pa60Te npWBeL\eHa TeXHOJlO-
rWleCKa51 cxeMa nOJlY'-!eHW5I HaHOCTpYKTypwpoBaH-
HblX TepM03J1eKTpWKOB Ha OCHOBeTBepL\bIX paCTBopOB
Cl1nI1UHL\OB MarHW5I, KOTOpa5I npeL\CTaBJI5IeT C060H
HeL\OpOrOH cnoc06 H3rOTOBneHI15I MaTepWaJIOB C no-
BblweH HOH TepM03neKTpWQeCKOH L\06pOTHOCTbIO.
flpH'1eM TeXHOnOrH5I 5IBJI5leTC5InpocToH WL\OCTynHOH
L\JI5InpOMbIWJleHHOrO npHMeHeHW5I. KOHTpOJIb Tex-
HOJlOrH'1eCKHX napaMeTpOB Ha Bcex 3Tanax TeXHOJIO-
rHQeCKOrO npouecca 06eCne'1WBaeT BocnpOW3BOL\W-
MOCTbpe3ynbTaTOB.
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