1l ,,AS ORIG 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
10 thernoel ectric generators and Peltier arrange- nents conprising them
Ther noel ectric generators and Peltier'drrangenents as such have been known
for some 10 tinme. p- and n-doped sem conductors which are heated on one

side and cool'ed on the other side transpori erectrical charges through an
external circuit, and el ectrie¥ ORIGINALBEFIBEDS  or ned by a load in the

circuit. The effici empeﬂfleﬂm'éll&ﬁﬂémr%erhﬁﬁlectﬁcE%)[ﬂi‘dghbﬁ? téger gy a-
y y the r not

chieved in this process islimted thernndynanic
ef ficienc alk : 2 C C
the "col d" side, an eff|C|ency of (1000 15 400) : 1000 = 60@6mou|d be
possi pl e, However. ficiencies o 10% have begl hieved to
fate. Son Thherserdivalng e fo SEageERuon brecils etnpe €67 g EfjdhLAR

ar r angemanteasthagt ori tvd fiather dpmmtsednd tonhcomeelscite geoetitoes atdh @eltier deangsuch a
Pel tier ran NL rks as a heat punp and 20 is therefore suitable for
cool i ng %%pgﬁgﬁﬁgw“lmﬁ vehi cl es or buildings. Heating via the Peltier
principle is also nore favorable t han conventional heating, because nore
heat is dhermjestria gorepaiotseahdt Peltiercarangsponts sastsmch hraverbeerg}me\qmifvalsmne

I d f,ect ; t |
7 orPubanvine. Bpat JBodiellicdidBORRALAE bl Gheft I ol o tF B O
Nov. 8, mgsravmmﬂﬂmncal&baﬁeﬂ Mowh@@mernﬂwgﬁmeané@ﬁwr@agm saobspeire used
in Spacefcﬁﬁﬁp%g er,ad %€ BRF @fchRITRE étﬁ%fen@}%f @dmémonf afhesafowdtﬁcﬁ %é.g?Iaon

protection o i pel'1 nes, for energy sup I'1 ght. buoys. and r adi buoys,
for oper &hichg! MalliSoRrO8F it @n&@ﬁ§h@m0§é@fgﬂlcq*%b&&%ﬁﬁ@§b§fft9fen@heT%e Rettric
gener at O'Ee‘in&(i)athife&)flloo@ |Ked>rf thekbf RdCard@d00A0 bh | |tHieY‘ ‘cofd@rsidensi aﬂm&,ﬂcj« bem 0BEr K

|rre ect er.i con jons sug eri re; there
& naF ab¥CRln: RREEVENY e e by RoPaTmean D st i dptp dgr bve Befd el
IS conbuawmdwﬂQGHMBuously, and catalytically wiwthout a free flanme, 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 f Gkl thawtheo hbnd)| whgn a @Geat aurrgntols tapphestitof sweh sinsurah gement ahe eetiaw- |
met hyl eﬁBﬁéd frofone 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.
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 1s 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
energies. A particularly attractive appJication 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 dhemazlatrat ¢rengy cddsomsicarthusefits ieziremcly dexid e i@ futedeanqu@entsoukc be
required, i L on...T: J splar energy directly to
el ectri cél% R%CHQ?%;E c\%ﬁ% gBgF@%@%g&ggaﬁgﬁgggpeée@%%@eel%f{%é ncentrators such as
par abolic troughs can concentrate solar energy with efficiencies of around

95 t0 97% bRubNEN P RELBGI AfplIANAN @608 e tlﬁi@ilsféhfogﬁ&ﬁre?éi(ﬁ'ﬁtoeél@&ﬁédl%ﬂérlgl?ﬂﬁr ay.
However, higher efficienciés are al s? needed tilization aﬁ? a_heat punp.

fo

15 Thar nser@ically eperaigdareniaies- hageryald bgmo sestlelar Jus ahimos fS upilariaks @p%r ence
to their cefdgecinehe exisfing aRAVARtET gt dtaicdk. Hoeket@elefiidnctesn@bael eag 30% t hi s
regard is v%zca%eis kr}ioew as t he é factor (fig- ure of nerit): Z Z 20 with
the Seeb@OR'CHFAMECF SED PRBPYACT i cal conductivity 6 and the ther mal
conductivity K. Preference is given to thernoelectric materials which have
a very | r YRS a1, | . I vity and a
very 1 ar g SOE{sHion SERMF bucti Yiroa, ket Win e i Ao SEVRHE W, 200 2
hi gh 10al Gencenratpse syshogbuparalidis tranghe e centenwatasolah engraweritlf elficincign@i ser ves
to conpahguhlesWeIRGs Eﬁe‘f'mgaéctﬁ@?é&lrﬁors! WhiRfFehdraes clhificali B Onl ess
product Z T is often also reported for conparative purposes.” 30
Thernoel ectric materials known to date have nmaxi mum values of Z T of about
| at an eRweliiBightesTHekALi fe aBeYesRdlfbl QilRAtbR 4 kaWpehpt ure, the val ues
of Z T are often lower than 1. A nore precise analysis shows that the
efficiency rl is calculated from 35 -3 Thigh - T,(JWA - 1

15 Thermoelectrically 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):

2
7 S°-o
K
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



Thigh M+ Tlom Thigh where 5r M= 1 1+ 21Thigh +Ti"wJZ (see also Mat.
Sci. and Eng. B29 (1995) 228). 10 The aimis thus to provide a

t hernoel 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 o requires a high electron
mobility in the material, i.e. el defr®dpns (o -hioles in p- 15 conducting
materi al s) nmust not be bound st*hofigyy to the Aton c cores. Materials having
high electrical conductivity 6 usudfty siMmi-t%neously have a high therma
conductivity (Wede- mann - Franz | aw), whi chligoes 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

| oner ed byheat | 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)5 or Bi 12Sh23Te65, as described in US 5,448, 109.
For tMernoel ectric materials having high efficiency, still further boundary
conditions pref- erably have to be_fulfilled. Hn particular, they have to be
sufficiently thermally stableid);)r+2;Tder7thbe able to work under

operating conditions for years W thout §ﬁ©ﬁ|PT ant loss of effi ciency. This

requires a phase which is thermally stable at high tenperatures per se, a
stabl e phase conposition, and al so negligible diffusion of alloy

const i t ugkdeSaldoiar. SBic addERE. B0 1995)228ct materials. 30 In the nore recent
patent literature, descriptions of thernoelectric materials can be found,

for exanple in US 6,225,550 and EP-A-1 102 334. US 6, 225,550 rel ates
essent0i alThe dim ivaher ogrevide npheesbetettridmabrialhividy averyditgk daltetdf Zand ur t her
el ement, kgéhege?lfi?a%iey e%g)%{a?ur}é L c%ﬁtigﬁtl:?(glh%e %6iét' ofﬁﬁé\ﬁb}ﬁ&%)(? %tgiéllh g lm%?lss P-
or n-doped®sem conductor materials which conprise at [eas né’ternary

mat eri al proldems havegalbstoaerceme hersses of the silicides, borides, gernanides,
tell u- _

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

15  conducting materials) must not be bound strongly to the atomic cores. Materials having high
electrical conductivity o usnally 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 BiyTes;, 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)g0(Sb2T3)s5(ShaSes)s or Bij2SbasTegs, as
described in 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.



rides, sulfides, selenides, antinonides, plunbides and sem conducting
oxides. 5 The article "Thernoel ectric properties of n-type (Pbi_xGex)Te
fabricated by hot pressing nethod", Proceedings ICT, XVI. International
Conf erence on Thernoel ectrics, August 26- 29, 1997, Dresden, pages 228 to
231 describes a process for preparing ternary conmpounds of the formula
(Pbi _,;Ge,)Te where x = fromO to 0.15, the system being doped with 0.3% Bi.

10 The ex i1l i I ! r i: f , Te
and B 1o v 02 B4ARES. BY o BN SnichiuARRARE AL SR e s

car bon, SbbeErATE mAtSriab ey, thej sygstance chassetPidhel sihisides. iprides. poppaidesy euhour s

in a rot gdys, Swaec Selerdbls BRUBOHIHYS, ﬁm%itﬁy%h@ﬁedliéondiﬁﬁhgl‘gxih@s.r00m
tenperature. The (Pbi _xGex)Te bl ocks are then generated in a nelt zone fur-

nace at 1000C at a growth rate of I mimn. The bl ocks are subsequently
ground t @ha aithclp 6ThamazR¢iritgprapatize obh-thpo (P QGE QT2 FBbrivatelihbps hos plesdihpwed by

a reduction trneatnent at r 24 hours.in a H2/lAr atppsphere. e
oder s theklon B BERlnR 1A RYT Il bl ded of ThptpUARAR Aot 282 | ncter
reduced PBYed¥idrBresdait hagesf2@8 enZH descrities atphorssofer prepanegtener e compainds ot has
been fou t ffE.Cl n | i of
The 't her IudCRaRaiEE, EREAEALAERCL kohaT ko £15 bRy Suf Belrb ool S3:0.98%.

seni ¢8ndibe srateril dy phtained pynlopdiag tthee apprepivate agwnauet Pbi 9. Taland Bijinte a he

rise in hhatRibe IREH BB béen! EbatddCord BB MORMHGHET carBBi, SubsquentiechiRsitingeebeck
coefficient. obtained |sn®t§§y¢ _1519 VIK, and the el (Zagtrl cal resis: tivity is
1 mQ cm SeAHBE @A MRUINEENINT T fared hpuws i RS wRpgaHently the gysigmithg™ f r om
thi s pri esoléd to robin tempannnd) Bet(Pof G elake ate they gedaratad troa et \donke fur-
sem conduct or o erial the electrically active materials i ch have
2 I g eMet S G Bk R (15 JaRpaR: THE kT 5o, PGt Al
fiel ds opoapgl havaty osize Diidroabp@cé 258 uac Aihesvsdollowat by mdadoion ttdatrbdre at
i nventio ' u ' IS 0 gener al
orml & (0GB PARGRERLE Wl Ar BnRise. TR oRideR P DrBRPH il Hho Mie22CH
case i ndgpemiyent lay @6 A5Q to 7HE Chundse redvked hraviweal Wathentenerse do flieethentobf r om Pb
and Te 'ti?l&rﬁﬁnét‘erials,xip faOb&R found that the Seebeck coefficient and the electrical resistance
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 coefficient obtained is about —150 uV/K, and the electrical resis-

tivity is 1 m&2/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

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
Pbl-(x1+x2+...+xn)AlxlA2x2---AaneHz (I)

where:
in each case independently

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

I ppm < xl ... xn£0.05
0.05<z<0.05



-0.05 <- z50.05-5-and n>2 A .... Aare different fromone another and
are selected fromthe group of the elenents Li, 5 Na, K, Rb, Cs, Be, M,

Ca, Sr, Ba, A, Ga, In, TI, Si, G, SneAs, Sb, Bi, S, Se, Br, I, Sc, Y, La,
Ti, Zr, H, V, No, Ta, C, M, W M, Ige Fe, Ru, @, Co, Rh, Ir, N, Pd,
Pt, Cu, Ag, An, Zn, Cd, Hg, Ce, Pr, Nd, Sm Eu, &, Th, Dy, Ho, Er, Tm Yb,
Lu, are Qﬁ(ﬁferabl y differ- ent fromone another and are sel ected fromthe
group of the elenents 10 Al, In, Si, G, Sn, Sh, Bi, Se, Ti, Zr, Hf, Nb, Ta,
Cu, Ag, A%2and are in part| cular different fromone another and sel ected
fromthe group of the elenents In, Ge, Ti, Zr, H, Nb, Ta, Cu, Ag 15 or

n=1 A iA‘J SeAegt ﬁﬂfcfrérﬁ 'Ho-ﬁi onezﬁnottﬁ@ andhre s@lécte@fronrl\'ﬁle -Féup 310th@ ele?ne‘?ﬁseiler ably

n partl cul hen anp at | east

2, 3 or m)re refera
quat eb. RE 06 o Ma e fo Mol by §78e 80, % Sh Bosnab Bro b otna.f or
exanpl e, LQFTDIZEfo ablyb, o, (Irhleio( o, Mij Re, T, RuPDs, @b) RAElr,0Ni, PADPt, &) Ape type.

sonse  oas Zprt et PE e S BROE ThIB S e Fode! [T afneone o

at | east ebvioord opamicgharaad actdetcted ffélnT the@roup @nbe demanis| east two dopant s
assune sonme of the Pb or Te positions, where the ratio of Pb:Te - starting
froml: 1 - changes in each case. 30 For the inventive materials of the

seri @8, Seebéedklngdifie Siart BLive. ThdryAhdl, Trdi.dehéval |y 150 to 400 V/K are
achi eved for p-conductors, and generally from-150 to -400 Ir VVKwith a
mar ked tegg)er ature difference of 270C, the hot side being 300C for

n- conduc & are iITpaticyandiffereat fromeong appibsandelersd ane s ereun pldheplemgatser al | y
at least 20 WK2cm 35 According to the invention, the materials nmay al so

conprise furthe 0 nts provi ded that t he af orenenti oned
Seebeck coef f cclt"‘eﬁp?aﬁgﬂﬁb\%‘rg’f‘a‘ggors are retained. For exanple, it is
possilBl e that fromO to 10% by wei ght of the conpound is substituted for o-

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 = 1, 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 to PbTe or
- one or at least two dopants assume some of the Pb or Te positions,

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

30 For 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 p V/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 p,W/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.



ther metals or netal conpounds which |ikew se function as p- or n-dopants.
-6- The inventive materials are generally prepared by reactive grinding or
preferably by co- melting and reactiongf mxtures of the particular el enent
constituents or alloys thereof. A reaction tinme of the reactive grinding or
preferably co-nelting of at |east one hour has gen- 5 erally been found to
be advantageous. The co-nelting and reaction is effected preferably over a
period of at least 1 hour, nore preferably at |east 6 hours, i articul ar

A ( . 5t in
at | east 19 inysaHye mpgesiakiopre; gegerghy peaparedaby mractive gripding erirefrrably B chout
m Xi ng | Ofmelthe :ﬁﬂa’éicj;cti@g dﬁﬁ?ﬁkuﬁ@- of\Whie partib@las ElafmehiNEnRliGERLE Sr h?oﬁi th&dof. 10 |
sul t abl e appar at us or tnis pur,pose | a, rotar .Or | | rn e, 1 n order
Lo enaur SN G b S sra S PIRIRE S piteRaly ortly B ok phisa ot o f s
| onges netally bgeit foorrd tcalseeadyamagaiuky required in order to obtain a
honbgeneous material. If mxing is undertaken, honbgeneity in the mxture is

obtained at 15 an earlier stage. Wthout additional mxing of the starting
m xt ur es The lse-myating and rdapeon & ¢féastdapreferdbly over 4 perigbohatuleast i hoygamore ul ar

from 30 B&fé@bl?% F%ﬁt g?mi,( it ParlBlihd A9cdsP 161HoRH Q‘;ﬂﬁgﬁﬂ‘fr?nﬁék)}&eﬁtcaﬁ be ef-

{
tenperature at: i east” one constituent of 1’ Xture has already
nel t ed affgtadnwithrat withayt mixing phthayptarting mextuss) Wiwndhe startingmixiie igmixedy e

el t 109 t@EMmBRS abpakfud Sordthid P@PbseBROLrotRFehE tifthlpy fudtack €8S br@PAC.cnditPitkal | Y,
t he nel tbgggtem pgrature is wWthin a tenperature range of from800 to

1100C, p Be5ity OF S MI88BC-t 0 1050C. 25 After the nolten mixture has
cooled, the material is calcined at a tenperature of generally at | east
100C, preferabl.y at |east 200C | r..than the Ltin oint . of the.

resul t | ngf Gofrite B ugERBfenr Riiger aRRk bR rd ooy eI asR o bR & ur e

i s from h&DogamedBOGatepne lemabhy is dirdoraleB0heivoFOOTY iBtheThtureas obmmad abnt i s
carrigd ﬁHEarﬂ&eJta _period of preferably at |least | hour, nore preferably at
| east 2 hours, 11 particular at |least 4 hours. Typically, the calcination
time is froml to 8 hours, preferably from6 to 8 hours. In one enbodi nent

of the PRHEHRAL alMEDY NARIng R ehd @ king ihiRAEIE e hsltifR kel getdra® fBm 2 to
terrperatgr% which is Ir?m 15)0 tSO 506C | oner than the nelting
0 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 temperature 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 meiting 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.



35 point of the resulting sem conductor material. A preferred tenperature
range is from 150 to 350C |ower than the nelting point of the resulting
sem conductor material. -7- The inventive thernmoelectric materials are
prepared generally in a heatable quartz tube. M- xing of the conmponents
I nvol ved can be ensured by using a rotatable and/or tiltable furnace. On
conpl et i dhe aofventie thomeletronmatehials fater prapared gereodlyad.a Batbkgquertt ybe. Mie

quartz t Y deShe iRt I i bERAGIRANGY bl S RIAGABINGRL it Richle,

present in-t l'ocks is cut I nt Ices are then

cut i nt o i exreetigm @%H@tqﬁmwr@ﬁna&%@r@ﬁt & oraksd- Sﬁlbwvm!yc Khe gwatiniybe detric

nmodul es g&gn tﬁ%npbfeafuﬂﬁee aﬁd‘ﬁk&@ﬁu&)ﬁd@téﬂﬂ{l&ﬁal @@nt int the Forh 8PbRERSIsRUE tO
use tubes E ot her r| als inert t senic nduc% or r'gat erial,
qest t rqr@w

for eXanpl®s %F'ﬂﬁﬁs %“‘F‘g NP HHEF} ,‘m@ ’6’&‘? tlﬁ‘é

conduct i vherinodlbettib nodaks edin bd obtsinéd.gher than that of quartz. Instead of
tubes, it is also possible to use containers of a suitable shape. It is also
possible to wuse other materials, for exanple graphite, as the vessel

mat er i al Inspradwif degatthfitbe iheyalsr possiblerto use owas thatlit ef siberi motedals timart wwstaet i al .

15 1 1 OnShceIEAdiiTERr ardr, @F ERERSIC o YERILY ,Thishﬁﬂff@feh@@ TRk TheriRY e

ground wet I n ano sul t e tenperature, so that
|nveﬁ9|véO%hﬁﬂ@@HﬂUbﬁdnﬁwﬁﬂé?mahﬂﬂ@mﬁbm*fapﬁﬁﬁ in customary particle sizes
of less than 10 gm The ground inventive material is then extruded hot or
cold or preferabl onpressed hot or col.d to nDId ch have the de 20
sired shipeEadphaits/inEg lsparostibly topsq 0 tainariPhy Uil @ﬁ?@&é‘d Eotpm%ﬂmj
shoul d poef e@habhyteridle, for aingle phghith@¥thenmee] praakial, pbdwidgr thad teey hidanerB0%

t han t he_nol @% densi t gtof t[hel crude material in the unconpressed state.
Cbnpound§ Wi %ﬂﬁ?%@'C?%@aSBﬁSOlldatlon of the inventive material nmay be
added3i n anounts of preferably fromO0.1 to 5% by volunme, nore preferably

from 0.2 ' ' 25
v or i 1 Qo BN KFIhe BRSAR iyanGaE i ARtk RAVHELREN WEETE) YF

pr ef er ablify anhgrrvei at suolle derpesatdien e B1aH thet isyentiye semigondyrgoppaieaaldp op- emrer ge
from t he .f; RuERILVE AR ﬁémélla sBHS of le8Othh €0 Pﬁﬁfﬂh@ %ﬁﬂdhﬂ%ﬁ%@h&é&&&l hehoy the

sinteri ng tenperature of the inventive mteri al appr Opl’l at e under

i nert cof¥irgdedhwt ahaplgror r%‘%f&’@hb’ W%Stﬁ?%howft“éﬂd E%@Omﬁﬁr‘é@§ dave thgalecom
pressad RREd shapé. eﬂi%ﬁﬁf)ﬂé@ﬁbﬁfslty R rtl‘ibdMQEI%gs %ﬁlp?es%d'ﬁflﬁhisrlﬁa)f yfoamclﬁefeaawl ch

Lg?%ll ﬁgebg?g%%a?g‘ than %O% more tjérai)fj [ gregtfer gdtfb an the moﬁtrledz 86n31ty o?vghé he

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
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. Typically,
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 least 2 hours. Typically, the calcination time is from 0.5 to 5 hours,



The conpressed parts are sintered at a tenperature of generally at |east
100C, preferably at |east 200C, |ower than the nelting point of the
resulting sem conductor material. Typically, the sintering tenperature is
from350 to 750C, preferably from600 to 700C. It is also pos- 35 sible to
perform spark-plasma sintering (SPS) or m crowave sintering. The sintering
i s carri guoeferablyofrem latgp@hiood. bf oner @hleydainbyt f.the prgent immntiopy the amadying iat

| east 1 . oGl ar ] 0 j : ' ion
tims i s (PodsHb EREheE @ iR h 3R} 160 BPpe LY G L mbliRe FRLFLARE
enbodi nedesubing anignndyetar mateviak ¢\ Ryaferted ecnajiomtate; rapge; is fropp Y0 te @SB ¢ logter g
tenper at yhgh M{@'rﬁé]tiﬁgslgcﬁiﬁpcﬁl‘ 1RO ReshiRing Q8 coRNREortMAGrid NBrefBéiick 10 gReh B cfy-t he
resul ting semtﬁonduc or material. A preferred teggjpare%t%lre range .is from 150

to 350C I1BgeYt the pgieripg Undsrbydrogenal 4 profctiye, gasaa U EX B A ateop-

material. Preference is given to carry 5 ing out the sintering under

hydr ogen .Qr _a.protective s atnpsphere, f xa rgon.. ..Thus, ,the
compr oescusatPeOpE o ER e HRET R s uere o AT BL 6 Borfioodthar e

t heor et i daillk ddygitk density. 10 Overall, a preferred enbodi nent of the present
i nventive process which thus arises is a pro- cess which is characterized by
the follow ng process steps: (1) co-nelting mxtures of the particular

el enekdt al Oveonk tai preferied cmbedigienoyfdhe peepenyinvegtive pigeess whiekadis aiises éy MRy or

ternary CQEPWHRR is characliz&d bk T8ldwiRg PRIcBIs sédpsObt ai ned in process step (1);
(3) pressing the material obtained in process step (2) to noldings and (4)

sintering the noldings obtained in process step (3). The present invention

further provi(des cbheeltisemiituiel of tbeueicdRs clkeinpadl saiRtitend UGt dibyhmerof, 20 ri al

and of the sem andﬁt Oéﬂ%?t erial obtainable by the above-descri bed process
as a ther- noel ediGiiCAEHEIAAY OpETHLY £9RPOUN angement . The present

i nvents on f ur2herripdiogitdesatharobbetalon pracegresner dhors or Pel tier arrangenents

whi ch conpri t - Ll i I d/ or the
sem conduct or%ga)mal55 ?efggg\é% gﬁ‘g%@%ﬁ%‘%ﬁ@@ﬁ%ﬁ%&% gfedgﬁsiaggd process. The
present i nverf) oninterigbe mokdingsdbtrinedsp pracess sier (3pr oduci ng t her noel ectric
generators or Peltier arrangenents, in which thernoelectrically active |egs

connected _in series are used wth thin | ayers of the above-descri bed
t her moel eldierhreseppinyentincfurther provides the use of the above-described 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.

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.



Jn a first enbodi nent of this process, the thernoel ectric generators or
Peltier arrangenents are produced as follows: The inventive sem conductors
of a first conductor type (p- or n-dopegl) are applied to a sub- 35 strate by
means of conventional sem conductor manufacturing techniques, in particular
CVD, sputtering techniques or nol ecul ar beam epitaxy. -9- The inventive

semi con d aﬂtdnmna'we sé¢mikendusmrappllikedise @paliefdmwlfsrthmﬂub&trm dikevise doyirseanby

means fttllilae eﬁx&?ﬁﬁ%f&cﬂ& hE G RloRaP be P @ 'asumgmtﬁngém&or Apkpgh the

conduct or dem conduct or IS case Tnverse to

t hat of t‘ﬁ@l@éﬁ‘l‘%ﬁaﬁféf@rls M ey £ase lwer@ttolshatﬁdhe( Frmigpndycigs pratgrial firstive t wo
substrat e,gdg{e,r?qw gdy anged one on top of the other in a sandw chlike
manner,, so tha Plerm)el ectrically active legs of in each case a different
charg€ type are arranged alter- nately. 10 The individual thernoelectrically
active | egs tawabaratisanenow amfangafdecbwc&rbtop dfeBs othbain a wﬂwgcfhhkennzelnar, gberably

| ess tha ss.th an 20 n hlckness of,

pref er ablqglfﬁ]g P&mogl'e&n@%&b IVE?%rOE "bf:ae er abl QRE]FG“? %Hg? oHBd"% Fﬁrd gﬁd Sg?tl cul ar
from 15 tmatel 80 gm The surface area taken up by one ther m)el ectrically
active leg is preferably less than | m®R, preferably less than 0.5 m®, in
particular less than 0.4 m®2. 15 In a second enbodi nent, the thernoelectric
gener'&t orldeoindpidual dhermackesiyicatintastive degsr Bange adliametes Wk hpraforab)y tlesst theui t abl e

deposi ti QO T ﬁ)réfefabyl%@'h% 59 ﬁp% Bﬁm@ﬂﬁme@@!htaﬁ‘w nrfd UBRINER of
generate al ter nat i i nventive sem conduct or mat erials of

di ffer entpr@fﬁ@btyefromyﬁa@ {Qﬂ Hnthore pisfraebly drpny 18 ip SP1ar.an ppriculasyfeam tRitekness
is in eacp ﬁ%e%ﬂﬁ&mﬁ@é bﬁkf:ﬁ%'b oﬁ@theaﬂoel&@n& aemeele%rseg@f 1Y 1§ @K S to

50 nm in ticular fromb he I nventive s con uctor materi al s
may al so IEMCapicHbl legs ﬁ’?ﬁ‘@ﬂéd@mt on Bﬁr\ﬂémﬂh'@m@éﬂ Oﬂé@'ﬁ]rl c generators or

Pel tiqgr arrangenents, these nmethods being known per se to those skilled in
the art gnd bei eseri be for in WO 98/ 44562, US 5, 448, 10 25
EP AT 10D 458 rbau ahenq b gnadle o pised s Of Bk HoRTOB PR g PHERS o
Pel tier dn rsaﬂgervenyttaaw\ilﬂtehleld&pﬁm@@ﬂﬁfc&iods,efns exdhigle msleqdat beaangstary, are
therm)elect(H Eor adPeIttler arrangenent s Varlatltarfof ttﬁe chem -
used 1o g era C erna mg ayers o inventive s€ uctor materials of ferent ¢ arge

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 5 to 50 nm, in particular from 5 to 20 nm.

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



cal conmposition of the thernoelectric generators or Peltier arrangenents
make it possible to 30 provide different systens which satisfy different
requirements in a multitude of possibleg,_applications. The inventive
thernoel ectric generators or Peltier arrangenents thus w den the

application spectrum of these systens. The present invention also relates to

the use of anei nYEAiHME ORI TPRBRE Filrfit@e NRHAIQ an@buflfling$> an i nventive
Pel tier arrangenent = as a heat p 0- for climate control of seating

u -1
furniture, vefi dPé%fngﬁr&t%WI}ddil%‘(‘j‘Qggdersr efrigerators and (laundry) dryers
for si mul t aneeusohsiafultageoaR deLidQlahd godlingSIf KEEdIBs inpriveswe $easpirdtiorS@RAr at i on
such as 5 - absorption - drying - crystallization - evaporation -
distillation 10 *as a generator for utilization of heat sources such as -
sol ar5energy - geot her mabsolpmin - heat of conbustion of fossil fuels - waste
heat sources in vehicl eﬁgﬁﬂg stationary units 15 - heat sinks in the
evaporation of |iquid substances - biological heat sources for cooling
el ectroni ¢ conponents: wysltafizadaht i nvention further relates to a heat punp,
to a refrigerator, ta ac{dapmehy) dryer or 20 to a generator for utilizing
heat sources, conprising at |east one inventive thernoelectric generator or
an inventive Peltier ’draléﬂlj@l?@nt, by nmeans of which a material to be dried

is heated di sedcklaygeféraiontbmgiizhtion of Helteohtcavndhyy dryer and by neans of
whi ch the water or sol- vent vapor which arises in the course of drying is

cool ed directly or indi f¥8%5%'8Y25 | n a preferred embodiment, the dryer is a
| aundry dryer and the- ngt@héralal heat be dried is | aun-

— heat of combustion of fossil fuels

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

— Dbiological 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-

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.



dry. The present invention is illustrated in detail wth reference to the
exanpl es descri bed bel ow. 30 Wirki ng exanpl es The Seebeck coefficient is
determ ned by placing the material to_pg_ exam ned between a hot and a cold
contact, each of which is heated electrically, the hot contact having a
tenperature of from 200 to 300C. The cold side is kept at room tenperature,

SO as t oThegkkirichNcddAdiivfy i3 mda¥ittd 8l tabnd feiPeiantte ) 2RREpoibl enABRASHER]

vol tage at the parérllcul ar ‘tenperature difference Dbetween hot and cold
contact aNf BIYESSthENWRIpdBRseS iR feRft reported in each case. -11- The

el ectrical conductivity is nmeasured at roomtenperature by a four-point
nmeasur e t. The 008SS is knowmn to those skilled in the art. Quaternary
mat eri al uaéer&g%ﬁggeriah enent powder in anmounts according to the
conpo8ition Pbo.992Geo. 005Ti 0. 003Tei . 003 (purities: Pb ? 99.999% Te ?
99.999% Ge 10 ]?xa{[ﬂ)?e?gg% Ti ? 99.99% was weighted into a quartz anpul e,
i nternal dianeter cm The anount of sanple was 20 g. The anpul e was
evacuat ed and seal ed. Subsequently, the ampul e was heated to 980C at 500 K

h-1 in a furnacegapéhikePfowdet thhs heRRsat Uitk 6 B- The CQB&%B&iﬁorPf the
anpul e were m xed conti nugousl| by tilting notions of the furnace. Alter the

reaction time, tiHesededogtitoopdrmat e RuEies s TR oPe- 98 600k at PPy n-4¢ and
Eﬂe Frateri al was> M?w%%{mea.%?ﬁvmss»e{imrm aiéqg&ﬁz Eﬁ]llpu%iidﬁcmﬁbdi?lﬁél@ﬁnﬂy,
e furnace was €00 0 _rqom tenperatuyre - 0
i Tver - shiny T eghiflist KB rEBPIa MG R Eo LM BRUIF SfHs S Y G,saled
anpul e wi t hout aupsqauetillynhe Anplilamanbeartd t© 9880C wasOUK ¢d iha fombceaandd@pt ox. 2
hick sli ' , , . g
mmthick slice Oa%h@%n%%ﬁaﬁﬁr?ﬁfgtl @‘e E@égﬁmftén"tﬁf t%@%@h%%é&%ke&@&gﬂ%@% E)% at

room tenperature an ) coefficrent were neasure
The el ectrical doridtiog mptipys eletbe Bnacg4Aftar Be cenction tie, Beapdplt fomad wes ent S
= 235-165.4 V l%o?lcﬁ%%@ﬁ“@@t 50 R TIhdine m&Erial Whs tRalfed aCRI €RBAAd! Ng to
a power factor of S2o0= 44,9 WK-2 cnl.

ture for 24 h. Subsequently, the furnace was cooled to room temperature at

60K 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= 16414 S cm'], the Seebeck coefficient § =
25 -165.4 uV K (measured using Teqg = 50°C, Ty = 280°C), corresponding to a
power factor of So=449 uW K? cm™,

Example 2

30 Element powder in amounts according to the composition
PbpogrGegoosTigooaTeroos  (purities: Pb >99.999%, Te =299.999%, Ge
>99.999%, Zr 2 99.95%) was weighted into a quartz ampule, internal diameter
1 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-



Exanple 2 30 El enent powder in anobunts according to the conposition

Pbo. 992CGe0. 005Ti 0. 003Tei , 003 (purities: Pb ? 99.999% Te ? 99.999% GCe
99.999% Zr >_ 99.95% was weighted iny®_a quartz anpule, internal dianeter
1 cm The ampunt of sanple was 20 g. The anpul e was evacuated and seal ed.
Subsequently, the anpule was heated to 980C at 500 K P in a furnace and kept

35 at this terrpet[,ét fre24 R Sébskduentl PetheORERoE Svf cddl&l AREAR MRpEaftr @f
continuously by t ;|tll ng notions of the furnace. After the reaction tine,

t he upright fur bwas~ cooled to 600C at 100 K h-', and the material was
heat-treated at this terrpera -12- ture for 24 h. Subsequently, the furnace
was cooled to \rmRm t e ALure act silver dSE!I rr]rllythregul us

was obt ai ned, ERMES 15d Sfes‘}‘%\% f‘“?aér?]b?ﬁneé gR{ER Pld B Wi TERSUY A& y probl em
A di afond w re sempulasithseidanyoproblemark digproost w1re28awmlah|us¢d ®l ¢t @ncpproxt t he

regul us, and fi r?ﬁm{ BEICURE L SP!he‘?g%ﬂﬁkhtahd’ Kitsf tl%}el[e&ﬁ&l &ﬁ&ﬂﬁ?&ﬁg%{ fogitd then

t he Seebeck coefticient were neas ectrica nductivity
was v= 2485.9 S t@mpqratwm@dSé@bée@e@bﬁékfcp@ﬁéﬁvt were mepgured geraony K- 1 (neasur ed
using Tm = 50C, Tht = 2850) correspondi ng to a power factor of S2o0= 43.4

[UWK2 cmt. Exarrpl 15 El enent powder | n_anounis according to. the
conposition Pbo' W%r'%i‘)’ﬂp@c%ﬂ'é‘ias bt 2(‘@@1 9|S(‘Ffés» thpipesheck gogldisint Fe= 2

99.998% Al ? 991999%V KBi (m’éaa@ecﬂeﬁﬂ@ TWaS S8t ed D88°C) Acditbapdrdimoul €,

i nternal dianeter zsarrpl e was 20 g. The anpul e was
evacuat ed and séﬁ"“&&?&%ﬂﬁ’gg qggntlf t ¢ ampul e was heated to 1000C at 100

K h-t in a furnace and kept at 20 thls tenperature for 15 h. The contents of
t he anmpul e were mﬁﬁ gontlnuously by tilting notions of the furnace. After
the reaction ting, e upright furnace was sw tched off to cool it to room
tenperature. A conpact, matt silver-shiny regulus was obtained, which could

be rggoved 25 fEpmephe g&Wdélre ‘i‘ﬁt h‘aHfoth@y pic@ch}hﬁx%‘ Aod' ﬂﬁPnd Yig;'b?sxﬁén’{" Was
used to cut an appr.ox. th sl1ce out of e an irst the
el ectr i Cal CondLR;topgﬂlQ(yﬁ OooﬁTel 001 (purltles Pb > 99, 999%, Te > 9 999% Al 99, 999%
Bi 2 99.998%) was weighted into a quartz ampule, internal diameter 1 cm. The
amount of sample 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
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 -154.6 uV K! (measured using Teqg = 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
PboogeGegmAgoomTer 01 (purities: Pb  299.999%, Te =>99.999%, Ge



at roomtenperature and then the Seebeck coefficient were neasured thereon.
The el ectrical conductivity was a = 992.0 S cmt, the Seebeck coefficient S
= 30 -154.6 RV Kt (measured using Toidy5 40C, Tht = 280C), corresponding to
a power factor of Sea= 23.7 ItWK-2 cmt. Exanple 4 35 Elenent powder in
amounts according to the conposition Pbo. gngeo 0, Ago. ooi Te, . 00j (purities:

Pb >_ 99.999% Teo@o@fy, 989 %99G099%3 wad WeRhd infia quatd: a%%)?ﬁe/()mt@ﬁﬁl dfamght ed

into a quartz anpul'e, internal diame ter cm Thé anount of | e. was 20
g. The anpul e wdsf b%cﬁ%ﬂ%‘ﬂo%ﬁf%’é‘&ﬂ%&% 2@ Khsinapitle fras E’Yf’éu%[ﬁ%% SGRS- heat ed

to 980C at 500 Kubsdquetly thedmgde wasbedweino 9satct1h5(m Kean‘nﬁraaﬁumaee drarkept h. The
contents of the uevvere rprrégfontlnu %tjt% tlng(gotlos f t he
TRErare PR R THECRIITS Bk tof PR QX ESPUOBE 00 C at

furnace. After t
100 Ks5h-t, and tHyenlrmg arotiahs ofathe hendcet Aftert thd rat:nd)mumettdaﬂppnght fumaee vas 24 h.

Subsequent |y, %%Rfeﬂ "8 %6 (ﬁ)ole hed Euﬁcp the ?ﬂvé]aq Qﬁa‘% " q‘j{gg%@c{ at tﬁglﬁglgbera—l 0 A

conpact, silver I'ny reg u was obt al ne € renove romthe
ampul e Wit hout dnse forobt @@Umeweaﬂbn@levﬁur@csawsmlftﬂseﬁd Te@n demperAtuappk ox. 2
mmthick slice qifg@ft the regulus, and first the electrical conductivity at
room tenperature and then the Seebeck coefficient were neasured thereon. 15
The el ectrical conductivity was a = 407.3 S cm 1, the Seebeck coefficient S

= -386.5 tV K-ta Gﬂfﬁﬁﬁ(ﬂrﬁﬂeﬂml?greghﬂs wab @6tainbf whicB 06N, beGEmMbOSPROMItRY to a
power factor of 52c= 43 20 El ement {)?wder in
e

amounts accor di i(PRYE PR Q%ﬁ%’d@ﬁ’@%‘nA gﬁﬁ'ng‘é%obab" WA VR Pt AR t i es:
Pb ? 99.999% T& mm-88ckO9Reomuef the r&@l&&)ﬁﬁﬂ firsSrhevele@fic A 2BhEYctiwig anaioght ed

into a quartz a int erna i % no %]sanple was 20
g. The anpul e vvaqg gergtur%%ndg[nel{ tclilg S3RE %fl 1%}“\% eérlljez}l 1i @Ehe - ampul e was
heated to 980C at 500 K h-t in a fur nace and kept at
15 The electrical conductivity was o = 407.3 S cm“', the Seebeck coefficient § =
-326.5 1V K! (measured using Teqq = 50°C, Ty = 290°C), corresponding to a

power factor of $?0=43.4 yW KZem™.

Example 5
20
Element powder in amounts according to the composition
Pbo.9g7Geg 0150003 Ter om (purities: Pb 2> 99.999%, Te = 99.999%, Ge 2 99.999%,
Sn 2 99.9985%) was weighted into a quartz ampule, internal diameter 1 cm. The
amount of sample was 20 g. The ampule was evacunated and sealed. Subse-
25 quently, 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 reaction time, the upright furnace was
cooled to 600°C at 100 K h', and the material was heat-treated at this tempera-
ture for 24 h. Subsequently, the furnace was cooled to room temperature at
30 60Kh™.

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.



this tenperature for 6 h. The contents of the anmpule were m xed continuously
by tilting notions of the furnace. After the reaction tinme, the upright
furnace was cooled to 600C at 100 K h-4,. and the material was heat-treated
at this tenpera- ture for 24 h. Subsequently, the furnace was cooled to room
tenperature at 30 60 K h-'. A conpact, silver-shiny regulus was obtai ned,

whi ch coul ddb;e rwmuﬁdtrfcalomddbam@nwwt @remﬁnmlgcrﬁhyth@rsest%eﬁmcoéff@iimd \ém're
saw wasS use 0} P nmnm |1 C ou ere an
first the el ect r%@i“ ‘i%%ﬁ {f't"?aé‘l‘rf: U8 T 4§5é’tgﬁ‘p %ﬁ &)ec%ﬁpgﬂfhﬁg {hé

Seebeck coeffi ci pmwerviecter sfsieurHd pWeKéem''. - 14- The el ectrical conductivity
was or = 249.4 S cmt, the Seebeck coefficient S = -290.4 V K' (neasured
using TTid = 40C, Tht = 285C), corresponding to a power factor of 526= 21.0
t W K- 3 crifefnagy Metertsly naterials Exanple 1 El enent powder in anounts
according to the conposition Pba997Zro. 003Tel.003 10 (purities: Pb >
99.999% Te > 99.999% Zr ? 99.95% was weighted into a quartz anpul e,

i nternal di anet eExampl! The anount of sanple was 20 g. The am pul e was
evacuat ed and seal ed. Subsequently, the anpul e was heat ed to 980C at 500 K
h-1 in a furnace Fmd kept .at.this tenperature for h...Th ents of the
anpul e were ni xeH cEEAL PEWBﬂsV‘ya‘W""{t? EE ngdpit ?1§°WP°§‘H%“ &’1139?? @003 AfLPBr t he
re 1510acti on ti nmgpuritibe PP Ynowar TaceouR09 %08+ eI 95%Das aveigied Knte- 4, and
the mate- rial was heatuﬁ ted t th?if i:Herature for

h.,noUblsequent |y,
the furnace was 188%IEPYS & a?mgb“tlefﬁanl%Ava@&%??’?%m'
sil ver-shiny regmhlelwawasaqubltedlaméd:aladhsmeqlmﬂgl the ampniewed hicatodnta HRO°C20

anpul e i hout s LW ASLATIIR MGS SAKNER, KRS Beclindll aPBEOX. | 2

mmthick slice o e regu ectrica ivity at
room tenperat ur mpe wem@ﬁnmecosbelwcw wolefing erations gethe fregeairdleritheereeon.

The efsectrical conpiGiny 'tlﬁé/u[)‘f%%t QmnaR8 %asl:o&ee%ﬁo@’@edﬁ%h@ﬁk £RGHE hfkent S =

25 -139.4 V K-1 (measured using Jid 50C, 280C), corresponding to a
power factor of gl pas/leatr-treqteg Rl;t@sc’tﬁgnmerature for 24 h. Subséquently, the furnace was

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 -1394 uVv K (measured using Teoq = 50°C, Ty = 280°C), corresponding to a
power factor of $°'=75.7 pyW K% cm™.

Example 2
30
Element powder in amounts according to the composition Pbgge7Zro003T€] 003
(purities: Pb 299.999%, Te 299.999%, Zr >99.95%) was weighted into a
quartz ampule, internal diameter 1 cm. The amount of sample was 20 g. The am-
pule was evacuated and sealed. Subsequently, the ampule was heated to 980°C at
35 500 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-



Exanple 2 30 El ement powder in anounts according to the conposition

Pbo. 997Zr 0. 003Tei . 003 (purities: Pb ? 99.999% Te ? 99.999% Zr >_99.95%
was weighted into a quartz anpule, intgrnal diameter 1 cm The anount of
sanple was 20 g. The am pule was evacuated and seal ed. Subsequently, the
anpul e was heated to 980C at 35 500 K hl in a furnace and kept at this

tenperature for ByhyasTihG:- &%&@&ttﬁxs%mb%tur@mﬂiﬁ% %E&qﬁérﬁ@dttﬁz%%a&l%@ y by
tilting notions of the furnace. Afte there action ti t he upri ght

furnace was cool%ﬂf]’@d%@@@“‘d’ﬂpcj{@emﬁtﬁ Khand the mate -15 rial was
heat-treated at this terrperature for 24 h. Subsequently, the furnace was

led t t t I h
bt ai ned. _whi ch BGTTHe NSRSUEH YU ThO el SRR BPBtEm A
di anoisd wi re savammde wathtbut anycptobkem. & diamond Wirersaw Iwas losed toceutamtappfoxt he
regul us, and fi r?imﬁ ‘Ei% kl“r‘c%tddt%? the rggﬂp%tahé{'fﬁ% t%}ele éoﬁﬁﬁ’ﬁfvﬂg% foghpd then

the Seebeck coeffiCient vvere Cltl’l ca nductivity
was 6= 3587.4 S @mp@r,aturh@ndsélebélwkSe@b@ﬂ(fqoeﬁferﬂnt Beee magured Aergon . V K- 1
(measured using Tid = 50C, Tht = 280C), corresponding to a power factor of
S2v= 68.0 WK-2 cm 1 15 Exanpl e 3 El ement_ powder ,in amounts according to
t he conposition ﬁﬁ)elggglﬁ@cﬁoéé?cpé@tyw 7 Gutid e cmppthe Segheckrpefficient 5 =

99.999% Ag ? 99.13999 mbﬁnmxe@hﬁdglm&p—esommgltz 280°Y)| Eorrdspéimalo a
diameter 1 cm The a unt 05% \Q’V\@/a . The am 20 pul e was evacuat ed
and seal ed. Subs’é(a’ﬂf'é GUgr ot @ =L §“heat ed to 980C 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 re-
action time, the upright furnace was cooled to 600C at 100 K h-1, and the
mate- rial was heat-treated at this tenperature for 24 h. Subsequently, the
furnage was 25 EF&HI g to roomtenperature at 60 K h-1. A conpact,
silver-shiny regulus was obtained, which could be renoved fromthe anpule
wi t hout any problem A dianond wire saw was used to cut an appr ox.

Element powder in amounts according to the composition PbpgooAgoooiTer 003
(purities: Pb 299.999%, Te 299.999%, Ag 2 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 ¢ = 451.2 Scm™’, the Seebeck coefficient § =
3145 uwv K {measured using Tcoa = 50°C, Ty = 280°C), corresponding to a
power factor of S’0=44.6 uW K2 cm™,

35
Example 4



2 mthick slice out of the regulus, and first the electrical conductivity
at room 30 tenperature and then the Seebeck coefficient were neasured
thereon. The el ectrical conductivity wag_a = 451.2 S cml, the Seebeck
coefficient S = -314.5 11V K-' (measured using Tid 50C ThG = 2800,
corresponding to a power factor of S2 or= 44.6 WICZ cml. 35 Exarrple 4

STei . 003 (puri 1 onehEpRERlh =y aeR eDflibEid IS, SHRARIdh p@gf PRI i 1y
was wei ghted i nfPgritdesg R e0-aMe & >9Ht98?‘?ffapumf§iﬁéfrelrytli PUEEY) s vtk ﬁ@!p

sanpl e was 20 g. mtoT;inQumu;hpul‘é/aﬁuswamm& noe. $ﬁalaﬁid;unt8@ltb§ﬁqﬂeml, 320 gt he
anpul e was heat tom5 Q%OC z%t 509a ) :f],]d é\}}gyzhand gpt a
tenperature for B'hEMRHE VS VAR 3¢ spqes %Eﬁ r & hiRE d‘gﬁ G821y by
tilti Bg notions W0°CheS6QKate.a fafiaer and kept atethrsttemperanurteforﬁheThpcmghttq
[urnace vas <00l 8ué SuB0S Ak il Koishon el i, AESI iR lR ik 2t o
tenperature at 6Gbe keagtion ting, heapnphiciurnase Wercoelhﬂ ﬁyﬁfﬂ%@uﬁtb@o\kﬁb ,omdethﬁed

whi ch_coul d be rggRyadyAd R bfied HTRH t@m\c%rtaal? Whorah, BUBRGERNy MRl AARRG Wi re

saw was used to cut an approx. ice out of the regulus, and
first the el ect rW%SaHOO}?@r{HU‘?ﬂfPW@RPWé‘EWr%BW(herrperature and then the Seebeck
coef fipci ent were neasured thereon. 15 The el ectrical conductivity was 6 =

1936 S cm4 t he Seebeck coeffici nt S 3 (nmeasu |ng Tcm
S0C. Ti o < 2eDeombaT RLEBILY HP e e PhichspubeSTEred Bty b
cml -17- CI ai meanipuld withoor ary- grohkdtic tA dnsadi wiensiye ak usad gy ¢utlancapippox. Si ng a

%orrpound of the Qrenrr]nq[h%k sll5cefo(1)1E gylh% rgél)lu t()lllé %irst)ﬁ%e electrlczrﬂ)(fa" néuéb’ivzty a?'rbbozrrrlrret *z

temperature and then the Seebeck coefficient were measured thereon.

15
The electrical conductivity was ¢ = 1936.5S cm', the Seebeck coefficient § =
-136.7 pV K (measured using Tou = 50°C, Th = 280°C), corresponding to a
power factor of $?6=362uW K?cm™.



I where: 10 in each case independently n is the nunber of chem cal elenents

different fromPb and Te | ppm< xI ... xn< 0.05 -0.05 < z 5 0.05 15 and
n>2 A .... An are different from ong;another and are selected fromthe
group of the ele- nments Li, Na, K, Rb, Cs, Be, My, Ca, Sr, Ba, A, Ga, In,
T, Si, G, Sn, As, Shb, Bi, S, 20 Se, Br, |, Sc, Y, La, Ti, Zr, H, V, Nb,
Ta, C, Mo, W M, Re, Fe, Ru, Gs, Co, Rh, Ir, N, Pd, Pt, Cu, Ag, Au, Zn,
Cd, Hg, ,.Pr, Nd, Sm Eu, &, Th, Dy, Ho, Er, Tm Yb, Lu or n=1 25 A" is
selected \¥A®™ Ti, zZr, Ag, H, Cu, G, No, Ta. 2. The semniconductor materi al
according to claiml1, wherein A ... An are different from one another and
are selected fromthe group of. th | ements 30 Al. In, S Sn, Sh, Bi,
Se. T, 3re DR CSaleB P sccbitfic s SRALA cdimpiying dcionibonar O 1 £iEBr di g
to cl & m1 odordqulaflerein A ... A" are different fromone another and are

selected fromthe group of the elenents 35 In, Ge, Ti, Zr, Hf, Nb, Ta, Cu,
Ag. 4. A process for preparing a sem gconductor material according to any of
claims 1 to 3, wherein thdbgompeund® s\ pr-dparléd:b{D reactive grinding or
co-nelting mxtures of the 40 particular elenent constituents or alloys
thereof. -18- 5. The process according to claim4, characterized by the
foll owi ng pr ¥s steps: (1) co-nelting mixtures of the particul ar el emental
constipt uent s jPeaclchRyisdépesdadly of the conpound; 5 (2) grinding the nmaterial

obtained |1 BroRess BLER hithical Borh S WG i PRLGE 18! oDt ained i process

I ppm<xt ... xn<0.05

-0.05£z<0.05
15 and
nx?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, Ti, 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
orn=1
25 Al is selected from Ti, Zr, Ag, Hf, Cu, Gr, Nb, Ta.

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 I 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 alloys thereof.



(4) sintering the nol dings obtained in process step (3). 6. A sem conductor
mat eri al obtainable by the process according to either of clains 4 10 and
5. 7. The use of the sem conductor nategial according to any of clains 1 to
3 or 6 as a thernoelectric generator or Peltier arrangement. 15 8. A
thernoel ectric generator or Peltier arrangenment conprising a sem conductor
mate- rial according to any of clains Ito 3 or 6. 9. The use of a

t her moel gCt 1 i g@asgsaﬁkeérdﬁlg tQElaﬂnE él’f'a%‘a%{eré&i@@ rf@fﬁwﬁggw%ééksnﬂe oclaims

as a heat pu seatin ur nitu vehi cl es and

bui | di ngs, )r eco-pgltne Igeqﬂsrﬁw‘%tharvaﬁ{wau ﬁl??‘&‘ﬁ)ltablﬁ?ﬂ@?léueﬂ?sdﬁ allgs dereef Phneous
heat i ng and cool {gofposiid;eanms in processes for separation, as a generator
for i lizing, heat sources or f oling e- troni c conponents. 10. A
heat unp, g:f)rl %%’F‘ﬁP%Fhe r’(‘qt%fﬂﬁmgg? “egtl'i‘/g’io es@éf‘?@r@)ﬁ sor for utilizing heat

sour ces, COI’T'(3)25p]IEESll$gﬂ©rﬁteﬁcﬂaBﬁaJIﬁﬂ@npﬂ@%m&bQ@Imlmlgﬁgﬁﬁlﬁi or or a Peltier
arr angement ?‘BCO

sin erlgg rthe moldmgs 0§ta1ned in process step (3).

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

thermoelectiric generator or Peltier arrangement.

15 8. A thermoelectric generator or Peitier 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.



