.1 ,,AS ORIGA NALLY FI ELD" Doped |lead tellurides for thernoelectric
applications 5 The present invention relates to sem conductor materials
conprising lead and telluriumand at |east one or two further dopants, and
-to thernoel ectric generators and Peltier arrange- nents conprising them
Ther noel ectric generators and Peltier‘érrangenents as such have been known
for some 10 tinme. p- and n-doped sem conductors which are heated on one
si de and coolred on the other Side Transporf electrical charges through an
external circuit, and el ectrpA3 ORMFINARKYLBIED® forned by a load in the
circuit. The efficiepgyedlead lMides Por BlermbabctiiR eatidrzal energy a-
chieved in this process is limted thernodynam cally by the Carnot
efficiency. Thus, at a tenperature of 1000 K on the hot side._and 400 K on
the "cold" side, an efficiency of (1000 15 400) : 1000 = 60% woul d be
possi bl e, However, only efficiencies of up ta 10% have been hi eved to
fat 0.5 OnTHRICR0h BV RURIIEIAFIcA SamifPRRTorBRpasls CompEpg fead s <lghmyg

ar r angengneast d@ator irvotfuARG- ddpanis eshd foomeaneelsidle géeriths aidneltiai demgduch a
Pel tier arrangenment rks as a heat punp and 20 is therefore suitable for
cool i ng @ﬁﬂﬁF%?ﬂg“ﬁ%ﬁggP vehicles or buildings. Heating via the Peltier
principle is also nore favorable than conventional heating, because nore
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supp ed.. 00 revi ew o 1 errrpeetrl ’e ects al ter,l S IS lven,
oPPld o it P9 el el “eicondi e drt Geded PF o L aMD s ST bR 4 B T0: ¢y
Nov. 8, si@OGanépkleiiomicallepages thiouph es external becuinahe elecirealgemdr anhdepear e used

B I

for operdti¢ved inabiis gsocand ist khded gieanodwiamicallyeyade draragexifliofnghdihnaellect ri ¢
gener at ofeioedet 6 180 RSB Abh R0tk YoolONidb N ARGENcy T Yo0P! K
!rreéfectl e of atnospheric condi- tions such as atnospheric Isture; there
i s ntp f D - J00%e G0 svauldibes pessible dowereh enlyoeftigienginnphyep ta Koi%fhave bedde f uel

i s combughgAeganidiniuously, and catalytically without a free flame, which
rel eases only small anpbunts of CO NO and unconbusted fuel; it is possible
to use any fuels from hydrogen through natural gas, gasoline, kerosene,

di esel foglthd!pthbOhdHdOA@h-a BRecEBhroht GPhgiIRE0 fsUEH &n SHEREeARent, dRESKR NG |
met hyl ester.. -2 . . .
ported from one side to the other side. Such a Peltier arrangement works as a heat pump and
20 is therefore suitable for cooling apparatus parts, vehicles or buildings. Heating via the
Peltier principle is also more favorable than conventional heating, because more heat is al-

ways transported than corresponds to the energy equivalent supplied.

A good review of thermoelectric effects and materials is given, for example, by Cronin B.

w 25  Vining, ITS Short Course on Thermoelectricity, Nov. 8, 1993 Yokohama, Japan.

At present, thermoelectric generators are used in space probes for generating direct currents,
for cathodic corrosion protection of pipelines, for energy supply to light buoys and radio
buoys, for operating radios and television sets. The advantages of thermoelectric generators
30 lie in their extreme reliability. For instance, they work irrespective of atmospheric condi-
tions such as atmospheric moisture; there is no fault-prone mass transfer, but rather only
charge transfer; the fuel is combusted continuously, and catalytically without a free flame,
which releases only small amounts of CO, NO and uncombusted fuel; it is possible to use
any fuels from hydrogen through natural gas, gasoline, kerosene, diesel fuel up to biologi-

35  cally obtained fuels such as rapeseed oil methyl ester.



.Thernoel ectric energy conversion thus fits extrenely flexibly into future
requi rements such as hydrogen econony or energy generation fromrenewabl e
€nergies. A particularly attractive apglication would be the use for
-conversion to electrical energy in 5 electrically operated vehicles. There
woul d be no need for this purpose to undertake any change in the existing
net wor k Ohergmelestriatchengy.cohlomsiue thus dit§ i:)a'remnty Hexiphyaatoefuturd sequO8enwouthd be
reqU|red f olar energy directly to
el ectri Ca@%@gﬁéﬁ@c%ﬁ@ %n%%&%gerat}&? ﬁ%r ac V§Jb(l)éﬁlen%ﬁ%éConcent rators such as
par abolic troughs can concentrate sol ar energy with efficiencies of around

95 10 9TRO%AICNERTREARE b GEDRLALR fe (NI ToRRSERIRSo REIEI GRlePET 0Y-

$' However ‘:}{gf cles are al so needed ['izati on as a heat
punp. 5 15eleddeaerResated yahiclps aEhare avomit be Pal@e%rf‘é‘“ ﬁha% @W@@s@n‘mdémlyﬂ % h

ref er encghahfe iMehe e@bfing h8M@YK of\ gal Reidad. SHbWves, etficicheespedaesthif 308t eri al s
inthis re rd is V\gg‘ﬂls kno as the Z factor (flg ure of nerit): Z Z 20

with the% 5’86?(‘1 Lk A agp “f“ﬁ%n el ectrical conductivity a and the
t hermal conducti vi ty K. Preference is given to thernoelectric materials

conduct | 4 goriencs Jerden criiey ERBHUTR bkl fatl Woull fbe Ry 4FBbe of
ner i 10 as€omesatraiomsesugh his glarabalic érouglls Jenecqneedtatdt s@eaencsgy ehibrefddetoesast t he
pover, 1 aghl 696 1 Yoty RARALGCLAGE TIRALEGL I fevPeculiGl by, |1 additi on.

t he di nensi on?fg roduc ten orte or cofparative
pur poses. 30 Therm)el ectric materials known to date have maxi num val ues of

Z- T of ARQUle! h@ﬁer%’f‘ﬁ&&l flés Z’i?@&%b& ﬁé&@ zatﬁﬁyﬁr&q]eh%lﬁnpppt | mal

tnperature, the“values o are o ten | ower than . nore precise
anal ysis shows that the efficiency rl is calcul ated from 35 -3- Tht8h -

Ti ax45 Al Thekmoelectricatl y active materials are rated essentially with reference to their efficiency. A
characteristic of thermoelectric materials in this regard is what is known as the Z factor (fig-

ure of merit):

20
with the Seebeck coefficient S, the electrical conductivity ¢ and the thermal conductivity K.
Preference is given to thermoelectric materials which have a very low thermal conductivity,
a very high electrical conductivity and a very large Seebeck coefficient, so that the figure of
- merit assumes a very high value.
25
The product S% is referred to as the power factor and serves to compare thermoelectric ma-

terials.

In addition, the dimensionless product Z « T is often also reported for comparative purposes.

30 Thermoelectric materials known to date have maximum values of Z « T of about 1 at an op-
timal temperature. Beyond this optimal temperature, the values of Z » T are often lower than
1.

A more precise analysis shows that the efficiency 1 is calculated from
35



r/= Thigh M+ T4nv Thigh where 5 M= 1| + Z (Thigh +T(,,,, L 2 (see also
Mat. Sci. and Eng. B29 (1995) 228). 10 The aimis thus to provide a

thernoel ectric material having a very _high value of Z and a high realizable
‘tenperature differential. Fromthe point of view of solid state physics,
many probl ens have to be overconme here: A high a requires a high electron
mobility in the material, i.e. elBgt+Hps (of -holes in p- 15 conducting
material s) nmust not be bound sf/rongiy 0 Theqatom c cores. Materials having
high electrical conductivity a usu&tly sMmilt%neously have a high therna
conductivity (Wede- mann - Franz | aw), whi clxgdoes not allow Z to be

i nfluenced favorably. Materials used at present, such as Bi 2Te3, al ready
constitute conprom ses. For instance, the electrical conduc- tivity is

| ower ed byeml | oying to a | esser extent than the thermal conductivity.
Preference is 20 therefore given to using alloys, for exanple

(Bi 2T3) 90( Sh2T3) 5( Sh2Se3) s or Bi 12Sh23Te65, as described in US 5,448, 109.
For thernoelectric materials having high efficiency, still further boundary
conditions pref- erably have to be fulfilled. lin particular, they have to be
sufficiently thermally stableiﬁh_r- 25 der tjhbe able to work under
operating conditions for years “tﬁ3@f @Mdﬁﬂ@i ant | oss of effi ciency. This
requires a phase which is thermally stable at high tenperatures per se, a
stabl e phase conposition, and also negligible diffusion of alloy

constitu b i f 0l Al act materials. 30 In the nore recent
patent | ﬁa%r%lg?{}?‘g g%%@%ﬁ nggl%@??%%@.r noel ectric materials can be found,

f.or exanple in US 6,225,550 and EP-A- | 102 334. US 6, 225,550 rel ates

essendi althy alif? i8S tb PréviGO ARSI Aot triMinabtial MAVEE Aldy dﬂ%edamé bh Zaandf 411 t her
el enent ref erapl 334, di scl oses p-

' y atransition, erial. -4- EP-A- ¢l ¢
or n- dopBEhdeiz d%?@?tuﬁqlég?fegflg?&}ﬂ“& ed%ﬁ’h%ﬂfé’@vé?gﬁoiﬁgs“{ate physics, many

problems have to be overcome here:

A high o requires a high electron mobility in the material, i.e. electrons (or holes 1n p-

15  conducting materials) must not be bound strongly to the atomic cores. Materials having high
electrical conductivity ¢ usually simultaneously have a high thermal conductivity (Wiede-
mann - Franz law), which does not allow Z to be influenced favorably. Materials used at
present, such as Bi»Tes, already constitute compromises. For instance, the electrical conduc-
tivity is lowered by alloying to a lesser extent than the thermal conductivity. Preference is

20 therefore given to using alloys, for example (BizT3)eo(SbaT3)s(SbaSes)s or Bi2SbasTegs, as
described 1n US 5,448,109.

¥

For thermoelectric materials having high efficiency, still further boundary conditions pref-
erably have to be fulfilled. In particular, they have to be sufficiently thermally stable in or-
25  der to be able to work under operating conditions for years without significant loss of effi-
ciency. This requires a phase which is thermally stable at high temperatures per se, a stable
phase composition, and also negligible diffusion of alloy constituents into the adjoining con-

tact materials.

30 In the more recent patent literature, descriptions of thermoelectric materials can be found,
for example in US 6,225,550 and EP-A-1 102 334,

US 6,225,550 relates essentially to materials composed of Mg,Sb, which are doped with a

further element, preferably a transition material.



.one ternary material fromthe substance classes of the silicides, borides,
germani des, tellu- rides, sulfides, selenides, antinonides, plunbides and
sem conducting oxides. 5 The article "Jhernoel ectric properties of n-type
-(Pbl,,CGe,)Te fabricated by hot pressing nethod", Proceedings ICT, XVi.

I nternational Conference on Thernoel ectrics, August 26- 29, 1997, Dresden,
pages 228 to 231 describes a process for preparing ternary conpounds of the
formul a £d2Ri 1 ; Te: X = . . BYSt: i w th
0 3% b1 110 P 3 Bt orin LT Ok Qnducie kit Ry ShE cOpAg: SRS o
Pb, Ge, one tamaryBpaterplofrem thesibisgneq plasseh Pt Hhersalicidise hogdsst sefmgpidehdelitht er i or
W th carRg, sufittRs adieaich YanBMRA KRS, iphinbidSeald sBahidRdudidaloxi@st o 1000C for 2
hours in a rotary furnace. Subsequently, the systemis cooled to room
tenpé@ature. The (Pbi _, Gex) Te bl ocks are then generated in a nelt zone fur-

nace gt m&oﬁﬁ‘gl@t “T\%gﬁ@&ﬁédﬂ;ié ptpehfes ]ofni’]fri)?ib F(Pbg,(t)(ﬁtxﬁreofalgﬁicﬂé@li_ ﬁyub)_s qmmf infel y .
ground to 0 r sj ze..of 0 ' to m 1s js followe y
O Peductefiod? BERHEGRen T ARy 1RisFitugnal SirE el SR Rlerntieh rave i
powder s 28 ¢9%h Dpesdas gage0l R takd] dedosibes gprentds Yorhyatpaingfteraay@bthpoondsSIC under
reduced Lo W ef erence t.hus. oh- I j Lt has
boen t ol FRAREC Rl GENFEWBRRTEE dofs BIF oLiR, el sich b alR LR b3 B, o
t he thherThsetateriali is abeaived by doadirgethei appraphisteGeTennt mﬁtf_ﬁn_tG@( TiepandhBi §nt0 a
sem CO”QFJ%I'[Q rélé%a&/ﬁfchq{a’s 1%fh %étkz(ﬁ ohNfie GAtEH ith QbR bMSE%GBﬁ%'C% Mt t he

e t int The %

rise in . Te content X e seniconductor material. est Seebeck
coef f i cisepingodndaicating fa 1AKLGfor 2dpups y/acotay dumpee. Subsedpethl thegypism ) vi ty

'ff,ol {Tﬁl&)ﬂledﬂ?%dnhf‘én@{ratﬁﬁnﬁﬂ@@g)}{jx@%’x)’f? btl%ﬁl@ Ak RRER %Eﬁlg:t%teWifl!I'mel![Qone%la_r Ei i ng

m I'S prior re, |1 IS . an o ec Ol. e present | nventi on to provi ade
sem condl#6¢ 6t ?O@%t%aroa’vte rale rhmfw-rTf&‘aﬁog‘/kwﬁw S%ﬁ?f&fy. &qogyg Whitch have
a high qidvdet anaig andzeexhirdhtoaio 20 LabTgs Y QRRMeY 1 OtddubtidPireatment 519

nvent i oIP0EG Tar SEhpaindoldRT HEVPhEE SBrpoBHS PG aTRETEOGA B YHE-gener a
formul a dubntlBBoPilfréns| 6582b. 756%0 Jufitier0ddc dAsrEglirez Wath teferoher & thenhdagh case
lrgdepenqgirrll'[e(ll ¥na§e§iai1s, l1tsna% %%enn 0?31?18 I};ha?fthccgfﬁa@e&(aéoe?tlicqgrﬁnz}na tﬁjelz gl%&%igﬂtregigtglme Pb and
of the thermoelectric materials rise with the GeTe content X in the semiconductor material,
20  while the thermal conductivity falls with the rise in the GeTe content x in the semiconductor
material. The best Seebeck coefticient obtained is about —150 WV/K, and the electrical resis-

tivity is 1 m&/cm. The thermal conductivity is a minimum of 2 W/(m - K).

Starting from this prior art, it is an object of the present invention to provide semiconductor

25 materials (thermoelectrically active materials) which have a high efficiency and exhibit a

0

suitable property profile for varying fields of application.

The object is achieved in accordance with the invention by a semiconductor material com-
prising a compound of the general formula (1)
30
Pbigerscr. ramA 1A . AV Ter, (1)

where:
in each case independently

35 nis the number of chemical elements different from Pb and Te

lppm<xt .. xn £0.05
0.05<z<005



1 ppm<_xl ...xn<0.05 -0.05 <z <0.05 -5 and n>2 A .... Aare different

from one anot her and are selected fromthe group of the elenments Li, 5 Na,
K, Rb, Cs, Be, My, Ca, Sr, Ba, AI Ga Ln, Si, G, Sn, As, Sb, Bi .S,
-Se, Br, I, Sc, Y, La, Ti, Zr, leo Ta Cr I\/b W M, Re, Fe, Ru, Gs,

Co, Rh, Ir, N, Pd, Pt, Cu, Ag, An, Zn, Cd, Hg, Ce, Pr, Nd Sm Eu, &, Tb,
Dy, Ho, By Tm Yb, Lu, are preferably differ- ent from one anot her and are
sel ect ed romthe group of the elenents 10 Al, In, Si, Ge, Sn, Sbh, Bi, Se,
Ti, zZr, M2 Nb, Ta, Cu, Ag, Au, and are in particul ar different from one
anot her and sel ected fromthe group of the elenments 1In, Ge, Ti, Zr, Hf, Nb,

Ta, Cu, Ag 175\"9{;3 dlffg:l%nt ﬁ‘omI (ﬁlesdﬁbt‘ﬂ&t &1 jré @Hbc-[bd Tl‘gﬁ'l th@‘%roulﬁf of thelelefnts Iﬂb Ta.

20 n is prefera 4, nore prefera artlcul ar 2. It is
t hen &n Mt Iﬂe%‘%tcsqﬁﬁt%[@ Cﬁ’aﬁfyBé’oﬁp@ﬁnh‘ T, r$lstq§% S?aéé $tha-°t‘ Se, Br. [ 8% a

tT er nar{P%@nmozﬂg Ivowbeﬁ_?_nm Mo, oW, M@f@r &) R, @t)i CHRK Eib,NlTPa tﬁEeCu(RtQ,, tZr)

e or g p rese n sages arting
from PbTRW £‘h %(5 1P"s§,r$s§g’ EB 8‘5&}’ %’{Q EF élhr\;‘é%‘i’ g[c}bdmo@fef‘}ﬁg’?%fj f%f | east

t wo dopagtit $rodt one MOEhed indidre selagatd from tHo panp o f diccclaneed to PbTe or - one or
at | east two dopants assune sone of the Pb or Te positions, where the ratio
of Pb:Te - starting from1l: 1 - changes in each case. 30 For the inventive
mat et@ al s of Al,He, SieGecSn, SBeBbh8cKlicde i Bbeht, €°u, Agt Ae, range from general ly
150 to 400 pV/K are achi eved for p-conductors, and generally from-150 to
-400 p VK wth a marked tenperature dlfference of 270C, the hot side being
300C, f oandrare onphuideudarsliffarant fromowmes afatharand sele¢te® (retn the erovpef thergiementur e ar e
generally at least 20 pWK2 cm 35 According to the invention, the naterials
ngy al so conE_dl se further conmpounds or dopants, provided that t he

af or errentl onbd (BebhdékH6H8s TpcfBrts and power factors are retained. For

or
n=1
A'is selected from Ti, Zr, Ag, Hf, Cu, Gr, Nb, Ta.

20 nis preferably 2, 3 or 4, more preferably 2 or 3, in particular 2. It is then an at least quater-
nary compound. In the case that n = [, it is a ternary compound, for example, or preferably
of the (Pb, Ti) Te, (Pb, Zr) Te or (Pb, Ag) Te type.

The present invention thus envisages that, starting from PbTe, in a formal sense
25 - Pb or Te are replaced by one or at least two dopants or

- one or at least two dopants are added o PbTe or

0

- one or at least two dopants assume some of the Pb or Te positions,

where the ratio of Pb:Te — starting from 1:1 — changes in each case.

30 TFor the inventive materials of the series, Seebeck coefficients in the range from generally
150 to 400 pV/K are achieved for p-conductors, and generally from -150 to -400 pV/K with
a marked temperature difference of 270°C, the hot side being 300°C, for n-conductors. The

power factors achieved at room temperature are generally at least 20 wWW/K?cm.

35  According to the invention, the materials may also comprise further compounds or dopants,
provided that the aforementioned Seebeck coefficients and power factors are retained. For
example, it is possible that from 0 to 10% by weight of the compound is substituted for o-

ther metals or metal compounds which likewise function as p- or n-dopants.



.exanmple, it is possible that fromO to 10% by wei ght of the conmpound is
substituted for o- ther netals or netal conpounds which |ikew se function as
p- or n-dopants. -6- The inventive matgrials are generally prepared by
‘reactive grinding or preferably by co- nelting and reaction of m xtures of
the particular elenment constituents or alloys thereof. A reaction tinme of
the reactive grinding or preferably co-nelting of at | east one hour has gen-
5 eraIIy been found tq be advant ageous. The co-nelting and reaction is

ef f ect edUlsr EVentas| patsuials e gerardly prepyed |béar§ﬁctwerﬁmdmw prefesplly dyagl-y at

| east 6 hauhs andl Pea@ﬁdiﬂ bE Hidliredtof k@q&hlcl@armﬂa@t cofkgitwaRkd ¢rrtglv§ﬁ awess. aan be

ef- fected wth t hout m startl n,the starting
i xt ur 6 AR Ofe SeRCt s PRRGiBpaY BEes ok G 58T e BP JEa R or
tiltisg draltyeea,found orhdadvinagenslr e the honogeneity of the mixture. If no
m xing i s undertaken, longer nelting tinmes are generally required in order
to obtain a honogeneous material. If mxing is undertaken, honobgeneity in

t he m xtTheeca-mebimgaindedacion i sffacted prdfemblystvage. peviotlhd utt lerdtlil thoonahomei xi ng
of the s g, m I f hour s,
in partlég#*ﬂ) ?gkéégfﬁﬁn%dn oursEﬁ%8k%ﬁgﬁ%g&#g?pﬁagmkégé%?eégg g%ngrally
at a t enfgetedtwitheorawithhit aiximg df dbes stading reisHse. |W¢1@tnth6cﬂtartln& MiKiuge i§rBixphs

al reﬁjjy ﬁﬁilalsl@% Aduds e r qﬁ’ﬁgﬂ 'qt?dse i$ aalloE&ﬁ ) t'ﬂﬂn% r'fﬁrnlﬁpé LiRNorddfoenshie gneral ,
the neltingt erature | | east 80 C, preferably at |east 950C.

Typi cal | Romaggaeifeeitthe,gixtBis perature is within a temperature range of from
800 to 1100C, preferably from950 to 1050C. 25 After the nol t en mxture
has cool ed, the materi al calcined at a te ture, of . generall | east
30C, prﬁﬂeﬂ%w isinfieriaken. JoRasr Mg (RS e ERRSTALY foamye B ReGR gt o

resul ti nighrs®@heous ongderedl Off midirgl ik ahderdakph dalnhogendibeincit eairatd Brottdngesat ur e
i's f{gm 450 to 750C, preferably from 550 to 700C. 30 The heat treatnent is
carrled YU Eﬁ?eF’ & period of preferably at |east 1 hour, nore preferably at
| east 2 hours, in particular at |east 4 hours. Typlcally, t he cal ci nation

time is W]t%mltl adtdﬂlo%a &%Hﬁi m’eesta iu?é)thfnregmhg nrleq)tir?g HI?lgrié gerlepalfgrn@orﬁ@&di ment
lt Ion, P %e heg{

of the present 1 nven
50 hours, in particular from 30 to 50 hours.

20  The co-melting is effected generally at a temperature at which at least one constituent of the
mixture has already melted and the material is already in the molten state. In general, the
melting temperature is at least 800°C, preferably at least 950°C. Typically, the melting tem-
perature is within a tempcrature range of from 800 to 1100°C, preferably from 950 to

1050°C.
25
:, After the molten mixture has cooled, the material is calcined at a temperature of generally at
least 100°C, preferably at least 200°C, lower than the melting point of the resulting semi-
conductor material. Typically, the calcination temperature is from 450 to 750°C, preferably
from 550 to 700°C.
30

The heat treatment is carried out over a period of preferably at least 1 hour, more preferably
at least 2 hours, in particular at least 4 hours. Typically, the calcination time is from 1 to 8
hours, preferably from 6 to 8 hours. In one embodiment of the present invention, the heat
treatment is carried out at a temperature which is from 100 to 500°C lower than the melting
35 point of the resulting semiconductor material. A preferred temperature range is from 150 to

350°C lower than the melting point of the resulting semiconductor material.



treatnment is carried out at a tenperature which is from 100 to 500C | ower
than the nelting 35 point of the resulting sem conductor material. A
preferred tenperature range is from15p to 350C | ower than the nelting
-point of the resulting sem conductor material. -7 The inventive
thernoelectric materials are prepared generally in a heatable quartz tube.
M - xi ngllefinvéntive dmpooelattsic inmmolalsede peapated gengralieth dheardila guatztobatMbl e
and/ or tj: : i eF Sl f eis
ool od. i 2EIE SolpBRER invGReF LR 8 L3E ORURICYEHy, MBI HEREED, |
sem conddecompletipeof dhe perseian, ithe fuisace Jf wpelpd bPWsrauenyy cite @artatyesssi ces.

These slhggstrahahd NfRaceWnd it Q@nRE&RBSOP tnat @AY bRsédt IMNiRLRWL oF HidkS ii®ae from
whi ch. thernoel ectri ? nodul es can be Ob{q% ne&&a | nstead of_a quartz Icﬁbe, t
is al%Bo PEsYicH dhess slises are B8 CHEE BIFCSOh el R P Rt Fimy G Hhichipe

sem cond#eingcldicanddlles daahe@kakRRde of tantalum This is preferred, since
the thermal 10 conductivity of this material is higher than that of quartz.

I nstead of tubes, it is also possible to use containers of a suitable shape.
It is allasteqbsfsd tplagtzttobe, Usie aBbd Ipessibtatenseabises rhate othmp Inetgiadpinetteowad t he

vessel i.al QVj 4t hat 'ﬂﬁﬁt - e.Sem,co 1,0r
mat er i alnt.%% Cﬁn%@éoren%ggflhg%tex%&wehgg %P{esen‘t T]’iu%\?e {e?%{ﬁerats gg]étgeo{hggﬁ%at eri al
may e groodwdivwigof thds mnatgrial is highnothhe thahalquartzsui t abl e t enperature, so that
the inventive sem conductor material is ob- tained in customary particle

sizes of less than 10 m Thegjgéound inventive material is then extruded hot
or col d loptegt ef wheshitys elserpeside® useconpingis|ad arsyitaie shapgsit WhalthPassible tohe de

20 si r edysSRARE maldtRIS TR ARAmPRNS AN Ofs thd Ge B HARGS, FOVRIES HRL thelyhrd e Way
skoul d preferably  be greater than 50% nore preferably greater than 80%

: g
than t heloHBTdfag suierdurtasmatgtitl. crude material in the unconpressed state.
Conpraunds whi ch inprove the consolidation of the inventive material may be

I 0

2d0ed | 1 R Rl PP B, A, e LRI PSR 8200
mat eri alin aAdthiet wapst whitable @mpemticedottbattthe inveuevd seneconaiietor alasersh cuote
Crrer go s on e et B SRR TRC AT B B B SR
bel ow t hextsided boti argrol e npprefrabl e cafiptekeedi ow entoMdao masldinga wdichi ave alppdopr i at e
ggg}eéo | NGl FgRdirh A3 Oy bEAYGRAGREE S RsseAi Bis WIF SHAMRLRISLO the

be greater than 50%, more preferably greater than 80%, than the molded density of the

crude material in the uncompressed state. Compounds which improve the consolidation of

the inventive material may be added in amounts of preferably from 0.1 to 5% by volume,

more preferably from 0.2 to 2% by volume, based in each case on the powdered inventive

25 material. Additives which are added to the inventive materials should preferably be inert

(n

toward the semiconductor material and preferably emerge from the inventive material dur-

ing the heating to temperatures below the sintering temperature of the inventive materials, if

appropriate under inert conditions and/or reduced pressure. After the compression, the com-

pressed parts are preferably introduced into a sintering furnace in which they are heated to a
30 temperature of preferably at most 20°C below the melting point.

The compressed parts are sintered at a temperature of generally at least 100°C, preferably at

least 200°C, lower than the melting point of the resulting semiconductor material. Typicaily,

the sintering temperature is from 350 to 750°C, preferably from 600 to 700°C. It is also pos-
35 sible to perform spark-plasma sintering (SPS) or microwave sintering.

The sintering is carried out over a period of preferably 0.5 hour, more preferably at least 1

hour, in particular at icast 2 hours. Typically, the calcination time is from 0.5 to 5 hours,



pressed parts are preferably introduced into a sintering furnace in which
they are heated to a 30 tenperature of preferably at nost 20C bel ow t he
mel ting point. The conpressed parts arg _sintered at a tenperature of
‘generally at |east 100C, preferably at |east 200C, |ower than the nelting
poi nt of the resulting sem conductor material. Typically, the sintering

t enper at preferalgy firomml 363 @iy 30 Ope gmbbeinznl pf theqrreﬁooirtvgntmme fintefing & so
0SSP ob Oy LA BLINAL RN Bl BT 081 LBHIC RoulePliRl (€ nil B the
sintering e sinter Is carried out over rio rably 0O

hour , rmreéulpméﬁ@rm&@n@ucmr maseril. A prefeyiad tempeighire r&sa% #rirem 15@&%3502(3%\'1%

Typi cal | anﬁﬁ@m@%'ng'pﬁﬂﬁ 'o@ﬂxeh’eﬂﬁuﬂ seHnéHHdQe:tér hﬁte@ah%fﬁrenc@rs g?&e%ftﬁrcﬁxbﬂry from
1 to 3 hours. In.one enbodj nent o &esent i nventi on, ntering is

carri®d Bt eé“t‘@ﬁtﬂe‘ﬂ’!&’@ﬁ'ﬂ@f%ﬁné’r‘iapémf’ BiHEROBMBPEBBEO ¢ ?Mé‘}l"? g¥'he

nmel ting point of the resulting sem conductor naterial. A preferred

t enper at is from150 to. 3 oi nt of t he
resul ti naLB r‘rﬁ%g‘?{%ﬁ‘ﬁ?‘ PAER éx}elpé?feragfyevgtp\é\fﬁctgtlf gﬁ ﬁlOﬁ% e [thggl%%eoiﬁﬁﬁaout t he
si nt er i ngulkrddesityhydr ogen or a protective gas atnosphere, for exanple of
argon. Thus, the conpressed parts are preferably sintered to from95 to
100% of their theoretical bulk density. 10 Overall, a preferred enbodi nent
of the pFaseaktapreferad arebodiment o thettiresent inuentaeipsesssy whigh ghus-arisessis aghdch i s
char act ofi.2 il Ll QAW 16 RIBRARSISLEPSepd 1) co-mel ting mi xtures of the
particul ar el enental const uents, or-‘al'l oys P ereof, of the at |east
quaternary or ternary conpound; 15 (2) grinding the material obtained in

process st ep(1()1) ¢o- ﬁéhn@ﬁﬁl&ﬁjr&gofttﬁ@]i)d]ﬁélﬁﬁﬂ dmaiidongaudnis, RF WAFIhGESDof 2) to
mel di ngs and e1ahE?erln t he nol di ngs obtglned in process step (3). The

present |nvent|o Hapa F@@Vﬂé?“?ﬁ@xﬂgﬁmﬁ t he above-descri bed
sem ¢dnduct 0(2)rragmrdlﬂg)thmr@dter&mdbtafneﬂ ﬁlEp@em.@Qpcdupt or material obtainable by

t he above-desgri bed C noel ect r rator. or Peltier
arrangenont . CinerovaBE e Bl oRalhes i effB SEb 0 GeSR0RaR 8 ecc v c
gener at or s of4)Pesihieang grermuldege obtaincdiri mlocaseoniepi(3e t he above-descri bed

sem conductor material and/or the sem conductor ma- 25 terial obtainable by

t he above-described process. o The present invention further provides a
process flbe ppseniueyengion fiethen gravidesite grerdrthe abayealescribed semiconductor mate-

20  rial and of the semiconductor material obtainable by the above-described process as a ther-

moelectric generator or Peltier arrangement.

The present invention further provides thermoelectric generators or Peltier arrangements
which comprise the above-described semiconductor material and/or the semiconductor ma-

25  terial obtainable by the above-described process.

Ty

The present invention further provides a process for producing thermoelectric generators or
Peltier arrangements, in which thermoelectrically active legs connected in series are used
with thin layers of the above-described thermoelectric materials.

30
In a first embodiment of this process, the thermoelectric generators or Peltier arrangements
are produced as follows:

The inventive semiconductors of a first conductor type (p- or n-doped) are applied to a sub-
35 strate by means of conventional semiconductor manufacturing techniques, in particular

CVD, sputtering techniques or molecular beam epitaxy.



Peltier arrangenents, in which thernoelectrically active |egs connected in
series are used wth thin layers of the above-described thernoelectric
nmaterials. 30 In a first enbodinent of gthis process, the thernoelectric
-generators or Peltier arrangenents are produced as follows: The inventive
sem conductors of a first conductor type (p- or n-doped) are applied to a
sub- 35 ¥he aiventbi snméumdmdtoxsam/bkmimqaiplisém g irthec slmstrmnljukeazdsmby mgans
techni qu e am
epi t axy. 8’15%19, S@ﬁ&?{ﬂg\}gﬁt /& O?e{l%l%%n ar e%ﬁ% @’SQ%E g%é‘&ﬂﬂ urt her
subst r at &MmIPPAEgHos élatgrlahﬁarﬁsthﬁ@ﬁset mersmﬁ that ph@eﬁé@rﬁwéwrdmtﬁﬂweferm ¥r beam
epi taxy, s@l hheyghogddg conductor type of this sem conductor material is in
this case |nverse to that of the sem conductor material first u- sed (n- or
p- dop%d) S The two substrates are now arranged one on top of the other in a
sandw chifh& evéreubigiites 8@ nd“haltraﬁgb@roﬁ@@h e@p bf ﬁ]@|dtlyeraﬁfal sdfdwiedBkomahmereach case
a different charqgi; t%@e ar.e al ter- 10 The indiv %ddti%

Cher ool 06t meERMHG i Bl BES A daaet thed et BRBt fprarpeiey Mab HRs, 100
gm nor engielef erably | ess than 50 gm in particular less than 20 gm and a

t hi ckness of preferably from5 to 100 gm nore preferably from10 to 50 gm
in particular from1l5 to 30 gm The surface area taken up by one

t her el €be rindimidhgl amrmvéedtégaliysacpivef bgathaye Iaedlmmdﬁexnof prefe@blypless dhanbl y

I th rp(g(p tha Irgm{ga
ererf)?)di m(z:1 H [?'he I]eﬁar gtl%srglﬁi:a%%d rs?%l?aré trer a 'Irngﬁgde%@ﬁ %Sr%f
pr oducedprefemalﬂyufmrraS\/tayIOOIpm m@mtmﬁbmbueboml 10 thGrpmhastamﬁvdar ’émmntﬂ w
I I d .9
:m gﬁ?l 35 Qem 0 la't %{ea%rlfegrulp E3\/0ne h%n@?fe rl%%l"fly %]c‘?{v g ltsg;réfg%glrysles% an doped)

on a subétmti, preferhie y llepg drant(hs ukmzets@art&uﬂm l@adhuncﬁa%mnpr eferably from5 to 20
100 pgn nore preferably froms to 50 nm in particular from5 to 20 nm The
inventive sem conductor materials may al so be conbined by nethods to give
t her noe- In escondegegimanto the thernpglecitiergeagratonyemaliies arrapgeseentiearh pepslugrst ng

knOVV"I\i‘) 835“4?1‘%8230‘”5 gﬁr;a? sﬁll&lﬂlé ﬁéboqltfi‘)ntrh&hédqt ekl olRBaF bB&A eplidly, axampl e,
in
used to generate alternatmg laycrs of inventive semiconductor materials of different charge
type (p- and n-doped) on a substrate. The layer thickness is in each case preferably from 5 to

20 100 nm, more preferably from S to 50 nm, in particular from 5 to 20 am.

The inventive semiconductor materials may also be combined by methods to give thermoe-

lectric generators or Peltier arrangements, these methods being known per se to those skilled

in the art and being described, for example, in WO 98/44562, US 5,448,109,
25 EP-A-1102 334 or US 5,439,528.

(?

The inventive thermoelectric generators or Peltier arrangements widen in a general sense the
present range of thermoelectric generators and Peltier arrangements. Variation of the chemi-
cal composition of the thermoelectric generators or Peltier arrangements make it possible to
30 provide different systems which satisfy different requirements in a multitude of possible
applications. The inventive thermoelectric generators or Peltier arrangements thus widen the

application spectrum of these systems.

The present invention also relates to the use of an inventive thermoelectric generator or of

35 an inventive Peltier arrangement

® as a heat pump



.25 EP-A-1 102 334 or US 5,439,528. The inventive thernoelectric generators
or Peltier arrangenents widen in a general sense the present range of
t'hernoel ectric generators and Pel tier_ q@rrangenents. Variation of the chem -
-cal conposition of the thernoel ectric generators or Peltier arrangenents
make it possible to 30 provide different systens which satisfy different

requirements § ngg dilakd ddieiS] O seRpisStubllifire, 3BRILIS 8hd Biifdingshe 1 nventive
t hernoel ectric generators or Peltier arrangenents thus w den the

appl i cation shedt fefiigesatorspad daagdryb}gersThe present invention also relates to

the use of ane i preRhbmebicaR &t ddofingenNarcainglin proceses B separdtiovientt ve
Peltier arrangenment as a heat punp -10- for climate control of seating
furniture, vehi 8 es and buil di ngs inrefrigerators and (laundry) dryers
for <8 nmultaneous heati psadpdorcool i ng of streanms in processes for separation

such as 5 - absorpti_on(i ﬁ_drying - crystallization - evaporation -
distillation 10 as a gerﬁe(fgator for utilization of heat sources such as -

sol ar energy - geot her napstibadation heat of conbustion of fossil fuels - waste
heat sources in vehigIQ§,@ﬂgﬁa;ationary units 15 - heat sinks in the
evaporation of liquid sqﬁ.tances - biological heat sources for cooling

el ectroni ¢ conponents. difidlagpesent invention further relates to a heat punp,

to ajgefrigerat %agé&rﬁo“@ﬂﬂﬁ%ﬁfﬂm@ﬂi@i’t s@lircesZlch & @ generator for utilizing
heat sources, conprising at |east one inventive thernoelectric generator or

an inventive Pel ti er —arYOHi§BSFEKt , by neans of which a material to be dried
I'S - geothermal heat

— heat of combustion of fossi! fuels

- waste heat sources in vehicles and stationary units
15 — heat sinks in the evaporation of liquid substances

— biological heat sources

» for cooling electronic components.

The present invention further relates to a heat pump, to a refrigerator, to a (laundry) dryer or
20 to a generator for utilizing heat sources, comprising at least one inventive thermoelectric
generator or an inventive Peltier arrangement, by means of which a material to be dried is
heated directly or indirectly in the (laundry) dryer and by means of which the water or sol-

vent vapor which arises in the course of drying is cooled directly or indirectly.

25 In a preferred embodiment, the dryer is a laundry dryer and the material to be dried is laun-

o dry.
The present invention is illustrated in detail with reference to the examples described below.
30 Working examples

The Seebeck coefficient is determined by placing the material to be examined between a hot
and a cold contact, each of which is heated electrically, the hot contact having a temperature
of from 200 to 300°C. The cold side is kept at room temperature, so as to result in a AT of
35 typically from 150 to 280°C. The measured voltage at the particular temperature difference

between hot and cold contact affords the Seebeck coefficient reported in each case.



.heated directly or indirectly in the (laundry) dryer and by nmeans of which
the water or sol- vent vapor which arises in the course of drying is cooled
directly or indirectly. 25 In a prefenged enmbodi ment, the dryer is a laundry
-dryer and the nmaterial to be dried is faun- dry. The present invention is
illustrated in detail with reference to the exanpl es described below. 30
Wor ki ng m&aéimtﬁéal I&ﬁiu@ﬁ@@fﬁkm%ﬁfeﬁ'df'ré‘d}h téﬁp&@thﬁi’ﬁ@ Resurpoin! A&sH@niche

mat eri al be exam ned hetween a cold contact, each of which is
heat ed J@d%"?‘ieé%lslkyowflﬁ‘éthﬁ’é% Sl%‘é?ﬂ‘&é'ﬂe ‘Pféw ng a temperature of from 200 to
300C. The cold side is kept at roomtenperature, so as to result in a AT of
35 typically from 15Q to 280C. The neasured voltage at the particular

t enper at @nAeEnay paerals pet ween hot and col d contact affords the Seebeck
coeffg cient reported in each case. -11- The electrical conductivity is
measured at roo tenp rature by a four-point neasurenent. The process is
known to those PPP g’ln the art. Quaternary materials 5 Exanple 1 El enent
powder in ampunts according to the conposition Pbo. 992Geo. 005Ti 0. 003Tei . 003

(purities: Pb >g ?99§%§i -in99: 95hs Coacclficy 991 PO TicafuncRRpRO% was

wei ghted into a quar 'nt er nal - di amet er cm sanpl e
was 20 g. The aRpubSicamsTiewatuan edpaiiiesseBbed 993%%eqﬂ"ént?+999?9%, alpul e was

heatgd to 980C aiy g@@ﬁ«%ﬁ%q Y98 M@@%ﬁteangmk@e&mﬁmme %n@eﬁﬁparaa{ewre for 6

h. The contents ule were m x conti nuousl by tilting notions of
the furnace. Af tlém thhe alrr@alat posampleavas Q. Jheiagmuly Wﬁﬁaﬁ%fuwsg and sedlefl-ed to

600C at 100 K Wsuisegudnig, ﬂﬁ@%ﬁibh@'wé@ﬁféat@@% 9g0°eait sd0 & ht I Sfurepandkefture for
24 h. Subsequent |

t he furnac cool ed room.tenperatyre at 0 K h-t.
A..conpact , S|IV@H¥§HFEW6@%ﬁ%F élagieﬁﬁ?%P%é%qwﬁﬂ?ﬂﬂe BCP@HHW@ Yfrom
the 20 anpul e w_ytlhmgtm@mnspfcﬂelfemdceMdteaMawohauﬁ@mhevmnghsﬁdnztoe wadt  an
appr 2 mMmmthi e..0 e regul u t trical
condbrct i vi ty at ?g%%f é@nge#a{pﬁﬁ(e rf‘&d%ﬁeeﬂmfeﬁlgﬁ %& re@'ggfafﬁﬁ geﬁ‘%pe%re
nmeasur ed t her eoture for 24 h. Subsequently, the furnace was cooled to room temperature at
60 Kh'.

A compact, silver-shiny regulus was obtained, which could be removed from the
20 ampule without any problem. A diamond wire saw was used to cut an approx.
2 mm-thick slice out of the regulus, and first the electrical conductivity at room

temperature and then the Seebeck coefficient were measured thereon.

The electrical conductivity was o = 1641.4 S em™, the Seebeck coefficient § =

- 25 -165.4 uv K! (measured using Teoq = 50°C, Ty = 280°C), corresponding to a
et power factor of $’c=44.9 uW K’ cm™.
Example 2
30 Element powder in amounts according to the composition
PbgoorGegoosTipooaTer o3  (purities: Pb  299.999%, Te =99.999%, Ge
= 99.999%, Zr 299.95%) was weighted into a quartz ampule, internal diameter
| cm. The amount of sample was 20 g. The ampule was evacuated and sealed.
Subsequently, the ampule was heated to 980°C at 500 K h™' in a furnace and kept
35 at this temperature for 6 h. The contents of the ampule were mixed continuously

by tilting motions of the furnace. After the reaction time, the upright furnace was

cooled to 600°C at 100 K h”', and the material was heat-treated at this tempera-



~The electrical conductivity was 6 = 1641.4 S cm 1, the Seebeck coefficient S
= 25 -165.4 V K-' (neasured using TG d = 50C, Th,1 = 280C), correspondi ng
to a %VNpower factor of S2cr= 44.9 p,WK-2 cmt. Exanple 2 30 El enent
-powder in anobunts according to the conposition Pbo.992CGeo. 005Ti 0. 003Tei . 003
(purities: Pb > 99.999% Te ? 99.999% Ge 2 99.999% Zr >_ 99.95% was

wei ghted into ayfuad ! 24 RMRkbsBquenily €3 urttc8 WAL Eooltd GNrodi SeRipPUfifre G Sanpl e
was 20 g. The anpul g was evacuated and seal ed. Subsequently, the anpul e was

heated to 980C K400 K h-1 in a furnace and kept 35 at this temperature for
6 h. The contents of the anpule were m xed continuously by tilting notions

of the furnace. After the reaction tine, the upright rnace cooled to
600C at 100 K hd compag). Syt R U S platiech %53&8“&‘[ etW’é"’%@ﬁB‘é‘r‘ € 12-
turesfor 24 h. Sufadegudotil yny problefaurAn dmenond Svieo sdve tvak ased anTitempppatur e at

60 K W A conpagt,  si.l.ver-shiny.regul us . Qbt ain ) ich I renoved
fromthe 5 ama%P%n_allf]ﬁglﬁe %;‘/’yg‘r‘f d uéﬁ%’ a\ﬁﬁgﬁrgﬁ%en%le%%‘g@g\%uc\}\g@y&gé‘%ﬁ?o cut
an approx. 2 nwniphiatice siid then thetSeobeck vectfiegnl wsie raerdufed tldrearhe el ectri cal
conductivity at room tenperature and then the Seebeck coefficient were
measured thereon. The el ectrical conductivity wag a'= 2485.9 S cnl, the

Seebeck coef fi clTnelegrieal cppductizity way ®="248a¥a% einedthgsiesbeckogttici®d§, =Tht =

285Gy, corr esF)O—ﬁ@ﬁ.ﬁQx\? R mAONES u£iﬁgt190rld 05082 A= 43g5W Koréespofdlng fxanple 3
15 El ement powder in anounis according to the conposition

Pbo. 99Bi 0. oosAl BPWsEsadar d1oeddrd # Vel cBh- > 99.999% Te ? 99.999% Al ?
99.999% Bi ? 99.998% was weighted into a quartz anpule, internal dianeter
1 cm The anoupt of sanple was 20 g. The anpul e was evacuated and seal ed.
Subse- quent |y, C¥#BP!Sdpul e was heated to 1000C at 100 K h-' in a furnace and
kept at 20 this tenperature for 15 h. The contents of the anpule were m xed

cont,i_nuously bﬁlgtl | £ ngo‘rgr%:trl ons of the f ur,nacli%1i After the reacti oplgltll e,

t he 1L?pri ght fur P&has t cHBd SHOUPE ¢ GBFOIHNE o ?Ooorﬁhfenﬁgplgf)ﬂ .
Pbo99Big gosAlo.gosTer o1 (purities: Pb 2 99.999%, Te = 99.999%, Al = 99.999%,

Bi >299.998%) was weighted into a quartz ampule, internal diameter 1 cm. The
amount of sampie was 20 g. The ampule was evacuated and sealed. Subse-
quently, the ampule was heated to 1000°C at 100 K h'' in a furnace and kept at
20 this temperature for 15 h. The contents of the ampule were mixed continuously
by tilting motions of the furnace. After the reaction time, the upright furnace was

switched off to cool it to room temperature.

A compact, matt silver-shiny regulus was obtained, which could be removed
25 from the ampule without any problem. A diamond wire saw was used to cut an
bt approx. 2 mm-thick slice out of the regulus, and first the electrical conductivity

at room temperature and then the Seebeck coefficient were measured thereon.

The electrical conductivity was ¢ = 992.0 S cm™, the Seebeck coefficient § =
30 -1546 uV K! (measured using T.qq = 40°C, Tho = 280°C), corresponding to a
power factor of $*0'=23.7 uW K?cm’'.

Example 4

35
Element powder in  amounts according to the composition
PboogoGepmiAgoooi Teroor  (purities: Pb 299.999%, Te 299.999%, Ge



.A conpact, matt silver-shiny regulus was obtained, which could be renoved
25 fromthe anpul e without any problem A dianond wire saw was used to cut
an - approx. 2 nimthick slice out ofjsthe regulus, and first the electrical
~conductivity at roomtenperature and tﬁen t he Seebeck coefficient wer e
measured thereon. The electrical conductivity was a = 992.0 S cni', the

Seebeck coeffi cheflggy= §?999 é&fb‘%@ »VasKvm%?t@@ il ﬁﬁgaﬁ@ Brwulzofngemal Wme-THt =

280C), corresponding to ower f'actor 2Cr = cml. Exanple 4
35 El ement powdéF LicA Jﬁeaﬁpgntazféenakrvg%%a H&c apiplsarasicyacuated and sealed.

Pbo. 9s9CGeo. o] Aggu&@g di‘l'tlyot% a&@ﬁk'&d&%dta&’% 980°8% 389 % h TR 2fur®Re AROWeptCe 13-
99.999% Ag ? 99 g %[\BIG&th%d into a artz anpul e, internal diame
ter 1 cm The affd ﬁtte'BPc@%lFFp o GoRfentyRbt rﬁS‘ERLee e s GQREmONHY

;seal ed. Sgbi equefling, méthims anpi¢! fernaes A]tf%aﬂﬁﬂ‘eﬁdlloagﬂﬁ dtie @ﬁﬁght(ﬁhnacemsa
urnace an ept ture for The, cont ent, s nmpul e
wer e ni xed conlto F?ﬂ!l‘bctg}l @%Cﬁqpﬁm Gl dhg @ﬁ?”ﬁ‘f wih Bearliepisd at alA? {eér}pef%e
reaction tine, tuse foplitghSubsehoacky, \nlafsturnml wds tcool6d0C mbml @nprature, atand t he
materi al was heﬁégt]{-eat ed at this tenpera- ture for 24 h. Subsequently, the

furnace was coole O roomtenperature at 60 K h-t. 10 A conpact,
silver-shi ny regulus was obtained, which could be renoved fromthe anpule

hﬁpt any prohl em faet gﬂ@?‘%ﬂﬁl FBuSRNY WRInME ShidtPeduitd b@en?o%a%m the

ck slice out e Tegul us, and first the electrical conductivity at
room tenper at uRBPHAithawh dlﬂ)heroe&ebe% isgasa; VP SAY WaSruseHndd S daRmieY-eon. 15

The el ectrical oogAygikk ideYoas tﬁbre Y- a%dfﬁremléelebﬁi%aﬁétﬁiaa@tkv@ocﬁfrémﬁl ent S
= -326.5 V K-1 (neasured g Tht = 290C), corresponding to a

si ng

power factor of teﬁﬁ’&‘at'éfﬁ apd IIS*‘WIP@ Sfeé?ﬁklcoe é’r%me%f(‘}mél BEFEM- powder in

amounts according to the conposition Pbo_987CGeo0. 01Sno. 003Tel .Om (purities:
0, 0,

Pb > 99.999% %ge le%tgricglgcgo{(l)du%w?y—wgsg 0'99 4607.3 S cm’!, the Seebeck coefficient § =

-326.5 uv K! {measured using T o = 50°C, Tio = 290°C), corresponding to a

power factor of $°c'= 43.4 uW K2 cm''.

Example 5
20
Element powder in amounts according to the composition
Pboog7Geo01Sng o3 Ter om (purities: Pb =99.999%, Te > 99.999%, Ge = 99.999%,
Sn 2 99.9985%) was weighted into a quartz ampule, internal diameter | cm. The
amount of sample was 20 g. The ampule was evacuated and sealed. Subse-
‘ 25 quently, the ampule was heated to 980°C at 500 K h' in a furnace and kept at
N this temperature for 6 h. The contents of the ampule were mixed continuously by
tilting motions of the furnace. After the reaction time, the upright furnace was
cooled to 600°C at 100 K h‘l, and the material was heat-treated at this tempera-
ture for 24 h. Subsequently, the furnace was cooled to room temperature at
30 60K h'.

A compact, silver-shiny regulus was obtained, which could be removed from the
ampule without any problem. A diamond wire saw was used to cut an approx.
2 mm-thick slice out of the regulus, and first the electrical conductivity at room

35 temperature and then the Seebeck coefficient were measured thereon.



.Sn > 99.9985% was weighted into a quartz anpule, internal dianeter 1 cm
The .anmount of sanple was 20 g. The anpul e was evacuat ed and seal ed. Subse
25 quently, the anpule was heated to 98AC at 500 K h-1 in a furnace and kept
at " ~- this tenperature for 6 h. The contents of the anpule were m xed
continuously by tilting notions of the furnace. After the reaction tine,

L het U|tor i gPt df u [ TRE & laiscal @&Qiu@?vitﬂwfﬁ@%;?%iﬁs)cﬂﬁ"hﬁﬁ, Se%lﬁél:kt ftﬁ:ﬂﬁ?éx&rj' al was
eat-treated a | ra- re.fo o se ntly, e furnace was
cooled to roonlfggﬁinﬁgfzmﬁsur (01 mﬁf”&)g’?@ﬁﬁgﬁﬁ,&gﬁp98ﬁp§WPﬁ °fegul us
was obt ai ned, whpbwhr faowk df er+ 2nOwed Kiromi .t he anpul e without any problem A

di anond wire saw was used to cut an approx. 2 mmthick slice out of the
regulus, and first the electrical conductivity at room 35 tenperature and
t hen § heTGomrpakateddifi ci ent were neasured thereon. -14- The electrica
conductivity was a = 249.4 S cmthe Seebeck coefficient S = -290.4 RV K-1
(measured using TCm = 40C, ThL = 285C), corresponding to a power factor of
S2 a= 21.0 WK ZExempk 15 Ternary materials Exanple 1 El ement powder in
anounts according to the conposition Pbo.997Zro. 003Tei.o003 10 (purities: Pb
> 99.999% Te >_ 99.999% Zr ? 99.95% was weighted jnto a uartz anpul e,
i nternal di amet &fement ROWHRE iy EGHELS Glcc@ding) © g scoppogitionibogurffopull & oias
evacygt ed and se¢plBRbs: BBbS99Ye9,| e :beoaopuls yesohwatwsd KweightdCngd a 500 K
h_' in a furnace_ and k%ﬁt.at tpis te eraH#%Q for 6. h. gre Cﬁgteﬂ}s of the
ampul e vere m xdHAEHPPHEIREMA! Bipmefar oy Thsemayat ofsample va§ rihdel efer t he
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mmthrck slice ou >, Irst the conductivity at
room tenper at uridl wag heaidreatedat Soe peperatwe ffor 24 bnfubsequentpdbe fwdaceikdseon.

cooled to room temperature at 60 K h'.

A compact, silver-shiny regulus was obtained, which could be removed from the
20 ampule without any problem. A diamond wire saw was used to cut an approx.
2 mm-thick slice out of the regulus, and first the electrical conductivity at room

temperature and then the Seebeck coefficient were measured thereon.

The electrical conductivity was o = 3895.7 S cm’', the Seebeck coefficient § =

25 -139.4 uV K! (measured using Tiqy = S0°C, The = 280°C), corresponding to a
- power factor of §*c=75.7 uW KZcem™'.
Example 2
30

Element powder in amounts according to the composition PbggerZrg03Ter 003
(purities: Pb 299.999%, Te 2 99.999%, Zr 299.95%) was weighted into a
quartz ampule, internal diameter | cm. The amount of sample was 20 g. The am-
pule was evacuated and sealed. Subsequently, the ampule was heated to 980°C at
35 S00 K h™" in a furnace and kept at this temperature for 6 h. The contents of the
ampule were mixed continuously by tilting motions of the furnace. After the re-

action time, the upright furnace was cooled to 600°C at 100 K h™', and the mate-



.The el ectrical conductivity was o= 3895.7 S cm 1, the Seebeck coefficient S
= 25 -139.4 V K-1 (neasured using T,,,1d = 50C, Thor = 280C), correspondi ng
to a power factor of Sea= 75.7 WK Z Gm ~. Exanple 2 30 El enment powder in
-anpount s according to the conposition I5b05972r 0.003Tei .003 (purities: Pb >
99.999% Te ? 99.999% Zr ? 99.95% was weighted into a quartz anpul e,
internal dianeter ap! S
evacuat ed and s§a1 %aézﬂ%ﬁ-g%gteggﬁ%t,emtpﬁ& mgﬁr %ﬁ\?va%@ﬁ ueﬂ_til}e tﬂgérglgg%kgﬁa\egS 500
Khi1ina fur nﬁ@@G%HﬂOE@Gﬁmﬁ?ramgﬁpéﬁbefature for 6 h. The contents of the
anpul e were nixed continuously by tilting rmtlons of the furnace. After the

re- action tinme, the u rlght furnace was cool d to 60 at 100 h-1, and
the mate - 15- 1 {RfONRISLALAT-sPIEAFBH S YAy phigned 3&%&9&’? b from e

Subsegjuently, t fa 1¢er[\&@§ préteh ed ctlamdsmpmfe aawamt e tatuBih Kp;ho;& A

conpact, silver- s ul us obt uld be re d fromthe
5 anpul e wi t hout %lﬁﬁ(égfeeﬁ'\]taza férmgg\% IC& gopdpgtivi tEﬁ aR®ppr ox.
2 mmthick sli ceenmptratofe mbehdnegusmeclamifﬁmemmwmmeaﬂlmmer(eaﬂl. conductivity

at room tenperature and then the Seebeck coefficient were neasured thereon.

The el ectrical conductivity was a= 3587.4 S cnl, the Seebeck coefficient S =
10 -137.7 V | CSThaekstricaticensiupgvitfi Was=0508387hE cm "280Cpeebedk resthiconti hg to a
powejg factor of _Sar O S_ 3K ik ,amount s
accoi%ll ng to the con?ogftlﬁ%dggédq‘gg@ Tj] Ej@@pbg"& ?ﬁgﬂ&ﬁ%@\ﬂﬁgg t839 999%
Te > 99.999% Rgws! ! agl@fg’é@g%ﬁ&\ﬁy gﬁlﬂed into a quartz anpul e, internal
diameter 1 cm The anpunt of sanple was 20 g. The am 20 pul e was evacuat ed
and seal ed. Subsequently, the anpule was heated to 980C at 500 Kfi' in a
furnace and kept at this tenperature for 6 h. The contents of the anpule
were m xed continuously by tilting notions of the furnace. After the re-
act|9é1 tinme, %é‘g&” t furnace was cooled to 600C at 100 K h-1, and the
mat e-“rial was ated at this tenperature for 24 h. Subsequently, the
furnace was

Element powder in amounts according to the composition PbgogeAgn ooiTer o3
(purities: Pb 2 99.999%, Te >99.999%, Ag = 99.9999%) was weighted into a
quartz ampule, internal diameter | cm. The amount of sample was 20 g. The am-
20 pule was evacuated and sealed. Subsequently, the ampule was heated to 980°C at
500 K h"' in a furnace and kept at this temperature for 6 h. The contents of the
ampule were mixed continuously by tilting motions of the furnace. After the re-
action time, the upright furnace was cooled to 600°C at 100 K h'', and the mate-
rial was heat-treated at this temperature for 24 h. Subsequently, the furnace was

25 cooled to room temperature at 60 K'h''.

A compact, silver-shiny regulus was obtained, which could be removed from the
ampule without any problem. A diamond wire saw was used to cut an approx.
2 mm-thick slice out of the regulus, and first the electrical conductivity at room

30 temperature and then the Seebeck coefficient were measured thereon.

The electrical conductivity was ¢ = 451.2S cm’', the Seebeck coefficient § =
-314.5 uV K' (measured using T = 50°C, T = 280°C), corresponding to a
power factor of $’o=44.6 uyW K cm™.

35
Example 4



.25 cooled to roomtenperature at 60 K h A conpact, silver-shiny regulus was
obt ai.ned, which could be renoved fromthe anpule wthout any problem A

di anond wire saw was used to cut an agrér_ox. 2 Mmthick slice out of the
‘regulus, and first the electrical conductivity at room 30 tenperature and
then the Seebeck coefficient were neasured thereon. The el ectri cal

conducti vity wagjq dcm ‘b@@vd@r § &rﬂbﬁnts ta&%rcﬁﬁgt%@%e 9&%{)&1@6@%09%(5000{?&%5 VI1GS

(measured usi ng Ti corresponding. to power, factor of
Sea= 44.6 W K- 2 (Rusities: %%>@98%%em> 199, &rb it clpd wwwtwwwglga@éor di ng
t9 8 t9 gtgeo/cogjpos :c t i@ aRﬁ@&Q?ﬁp@leOQﬁg}ﬂhl &ﬁﬁetefﬂltm t'l('jh%sam&lm f s&ﬂpltga%on ?

0} 0 ectroy|c uri e 0 a quartz a e,
i nternal dianet Lc POPHE Wie® &Hiﬂﬂ‘?&‘)"@fqegliﬁﬁ;@”ﬁﬂ?"ﬂﬁ’ mPﬂE: AolAd g’%\/\sﬁ
evacuat ed and s680°€tat SBOBGBduemfdryacetahekqmutms wmpefm&t:é@f g ln Tﬂle%ﬁﬁnat 500 K
h 1 in a furnac nd ket at. t te nt ent of the
anpul e were mxgg o%ntlﬁ u8 s ?lxﬁa CPMWWH% llgﬁ% oquof“hgpﬁ S?fﬁglc 'ifetr t he
reaction tine, theaeagionghe, fthe wacght ﬁasaaeom:ise@oted 6EOC @ut 1@DKHK h.mq tland t he
material was he t he
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furnace was co to roomtenperature

si l ver-shiny reyas ceologto ropmdemparatughdtél kebul d be renoved fromthe anpule
W t hgut any problem A dianond wire saw was used to cut an approx. 2
mmthick slice out of the regulus, and first the electrical conductivity at
room tenper at ureCORICt FBYErS wyseatecwacuringdiweh cué beramayed dromhiceon. 15

The el ectrical apaldGhithdut ¥ny\pfoblert A WhmdndSwardsdw Wﬂeus&e@eﬁkarpﬁpmx cient S
; bé\igr 7f ;Xt gr gmg%sgsF%Ggl?ozgg TTOdldJPﬂ Td%riwhe éfegfqﬁgp cgndugt?\[ﬂryezﬁe'ggrgll ng to
temperature and then the Seebeck coefficient were measured thereon.
15
The electrical conductivity was & = 1936.5 S cm™', the Seebeck coefficient § =
-136.7 uvV K! (measured using T.qq = 50°C, T = 280°C), corresponding to a
power factor of $*o= 36.2 uw K?em™.



1. A p- or n-conductive sem conductor material conprising a conpound of the

general 5 fornmula (I) Pbl-(xi+xz+ .+x,,)AA2 . . ...A" Tel,, O1 where:
10 in each case independently n is thgynunber of chemcal elenents different
-fromPb and Te Ippn<_xl...xn< 0.05 -0.052z <- 0.05 15 and n>2 A .... A"

are different fromone another and are selected fromthe group of the ele-
ments Li, Na, K, Rb, Cs, Be, My, Ca, Sr, Ba, Al, (&, In, Tl, Si, G, Sn, As,
Sh, Bi, (ﬁh,zo Se, Br, I, Sc, Y, La, Ti, Zr, H, V, No, Ta, C, Mo, W M,
Re, Fe, IM¥x, Co, R, Ir, N, Pd, Pt, Cu, Ag, Au, Zn, Cd, Hg, Ce, Pr, Nd,
Sm Eu, &, Th, Dy, Ho, Er, Tm Yb, Lu or n=1 25 A" is selected fromTi,
Zr, Ag, H, Cu, G, Np. Ta. 2. The sen.conductor. material ac i Lo claim
1, wher girn’ AP O nﬁog(?lg:t‘a?fs?lglrcgﬂ@(’f i P L g‘%napoé"rn g Oggflecejg%&i lf rom

t he ¢ oup offotnnda d)enents 30 Al, In, Si, G, Sn, Sh, Bi, Se, Ti, Zr, H, Nb,
Ta, Cu, Ag, An. 3. The sem conductor material according to claiml or 2,
wherein A° ... A" are different fromope another and are selected fromthe
group of the elenents 35 IRbi(Gey. A A o - T, Cu, Ag. 4. A process
for preparing a sem conductor nmaterial according to any of clainms 1 to 3,
wherein the conpound is prepared by reactive grinding or co-nelting m xtures
of the 40 p@iidcul ar el enent constituents or alloys thereof. -18- 5. The

procgss accqp dhdhdatOin@bginR My characterized by the fol | owing process steps:

1) co-nelting m xtures _ of th articuylar ele tal .constituents or alloys
§ h)er eof of N 1% the number of chemlczﬁ elements chl ferent 111-0;%% and ”[% y

Ippm<xl ... 2n<0.05
-0.05<2<0.05

15 and
n=2

A' ... A" are different from one another and are selected from the group of the ele-
ments Li, Na, K, Rb, Cs, Be, Mg, Ca, Sr, Ba, Al, Ga, In, Tl, Si, Ge, Sn, As, Sb, Bi, S,

20 Se,Br, I, Sc, Y, La, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Re, Fe, Ru, Os, Co, Rh, Ir,
Ni, Pd, Pt, Cu, Ag, Au, Zn, Cd, Hg, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb,
Lu
or n=1
25 Al is selected from Ti, Zr, Ag, Hf, Cu, Gr, Nb, Ta.
e 2. The semiconductor material according to claim 1, wherein A' ... A" are different from

one another and are selected from the group of the elements

30 Al, In, Si, Ge, Sn, Sb, Bi, Se, Ti, Zr, Hf, Nb, Ta, Cu, Ag, Au.

3. The semiconductor material according to claim 1 or 2, wherein A' ... A" are different

from one another and are selected from the group of the elements
35

In, Ge, Ti, Zr, Hf, Nb, Ta, Cu, Ag.

4. A process for preparing a semiconductor material according to any of claims 1 to 3,
wherein the compound is prepared by reactive grinding or co-melting mixtures of the

40 particular element constituents or ailoys thereof.



~the conpound; 5 (2) grinding the material obtained in process step (1); (3)
pressing the material obtained in process step (2) to noldings and (4)
sintering the noldings obtained in pregess step (3). 6. A seniconductor
-materi al obtainable by the process according to either of clainms 4 10 and
5. 7. The use of the sem conductor material according to any of clains | to
3 or 6 as a thernoelectric generator or Peltier arrangenent. 15 8. A

t her noelsect Fi r - Qr, e 4 S A.Sem conduct or
e rral arepRRRaRtaingo Chlrh 4 MnaPloiPRPRF e ARG GO AART 2
t her noel ect £l)c g@ﬁ@ﬂmgomlxmrebﬂf e particilar clgmeatad eprstitucatscradionythessoE Phi m 8
as a heat punp, feQbnfpblp®t € control of seating furniture, vehicles and
buildings, in re- 20 frigerators and (laundry) dryers, for the sinmultaneous
heat Png and (Pookiipdjng thedpaterialoblaiped ip prsewstePdl)ssepar ati on, as a generat or
for utiliziggy herbsis®ileGRferdd ob@ined #PhlodsksStepl(Erionadlidmes afgponent s.  10. A
heat punp, r ergeLator, élaundg&? HEXer,iﬁgner tor for utilizing heat
sources, cofy 25N5Fng thegmaldings Qblaingddn PIOSeStSEPEet ri ¢ generator or a Peltier
arrangenent according to claim38

6. A semiconductor material obtainable by the process according to either of claims 4

10 and 5.

7. The use of the semiconductor material according to any of claims 1 to 3 or 6 as a

thermoelectric generator or Peltier arrangement.

15 8. A thermoelectric generator or Peltier arrangement comprising a semiconductor mate-

rial according to any of claims | to 3 or 6.

9. The use of a thermoelectric generator or of a Peltier arrangement according to claim 8

as a heat pump, for climate control of seating furniture, vehicles and buildings, in re-

20 frigerators and (laundry) dryers, for the simultaneous heating and cooling of streams
in processes for separation, as a generator for utilizing heat sources or for cooling e-

lectronic components.

10. A heat pump, refrigerator, (laundry) dryer, generator for utilizing heat sources, com-
25 prising at least one thermoelectric generator or a Peltier arrangement according to

claim 8.



