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rel ates to processes preparing nanow res or nanotubes by

el ectrospinning nelts or solutions of |peRA@bl e support materials which, if
appropriate, conprise thernoelectric materials, to nanow res and nanotubes
and 10 to the use of these nanow res and nanotubes for thernoelectric
heating, for, cyrrept _geperation, in sensors or for thermal control. In the
field of th&&@@ﬂ@éﬂﬂ-&iner gy conversion, the search for novel
thernoelectrically active materials with hi gh efficiency is of great

si gni fi cancé¥anprermoeslegliisserti es of thernoelectric materials are summari zed
in the so-called figure of merit Z, usually expressed as the dinensionless
par armet eP ZPeSPAR¥par aneter ZT has to be maxinmized in order to achieve a
maxi mum efficiency. ZT = S2aT/1 S: Seebeck coefficient, pV/ K 20 a:

el ectrical t c%,,h,% I tivity,
W(mK) Si ﬁ?&%geé%@)cége@ﬁ %Fgﬁ? E@E@%eg fgrr ;grg %ﬁ'd&ﬁ%r %?\?grag gég:mat erial
for cool i ng by2slesiipsninning dnetsope rsobhione £f ssuilgble smqntamaﬁ@nﬁlszww ué
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systens woul d e to conpete wth conventional techniques, for exanple
for cliffte t@dﬁ?r‘éﬁe off ffiesespaionfirgs AANd 8anqiHeess fox| @‘@”ﬁ@e@ﬁim |h@§€'“9\3rf°f or

t her moel ect rgugentg@iRpsiof] eehbors PRI thdr@l &mt@met er ZT. 30 | n nanostruct ur ed
material s, quantum effects occur, which enable separation of electron and

phonon scattering and thus a reduct lon in the thermal conductivity wth

subst anti al |he1ttﬁantﬁem of thbmwdﬁl&ﬁﬁcfl@ﬁérgyPOMNéﬁsidﬂ tihe |dbatdH Sfof | Rbv@l the
cl assical rel at| E}(?@sed on We -r.anz, cor to thII_ch t he

el ectrical 48 E‘Iﬂ’? 'Vfaénﬁf??@ﬁ eSO 9'@3? ﬁ'@ﬁ‘f'
conduct i1%i t Yorodtidd Gﬁﬂféﬁhdeieﬂna maﬁ@ﬁélﬁ laed edm‘mﬁﬂ@‘l in the so-called figure of
merit Z, usually expressed as the dimensionless parameter ZT. This parameter ZT

has to be maximized in order to achieve a maximum efficiency.
ZT = S%0T/A Seebeck coefficient, pV/K
20 electrical conductivity, S/cm

temperature in K

49w

thermal conductivity, W/(m K)

Since the discovery of Bi,Te; as a particularly favorable material for cooling
25  applications over 50 years ago, the maximum ZT value achieved has stagnated at
about 1. From a ZT value of > 2, thermoelectric systems would be able to
compete with conventional technigues, for example for climate control. The
sectors of use and fields of application for thermoelectrics depend directly upon
the parameter ZT.
30
in nanostructured materials, quantum effects occur, which enable separation of
electron and phonon scattering and thus a reduction in the thermal conductivity
with substantial retention of the electrical conductivity. In this field, the classical
| relationship based on Wiedemann-Franz, according to which the electrical
35  conductivity is directly proportional to the thermat conductivity, applies only in a
restricted manner:

Alo=aT 0. electrical conductivity, Sfcm
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tenperature, K A ther onductivity, a: proportionality factor 5
In theoretical considerations, a ZT valye of up to ZT = 6 is discussed for
one- di mensional structures, for exanple of bisnuth, the so-called

nanowi res. These are wires with a dianmeter of approx. 10 nm Experi nental
studies in this order of magnitude are verl &npereiyra. Koy their nature. 10

Few processes for producing nanow res are Xngdimalébhaiuedity ReWheNy Letters,
Vol une 88, No. 21, pages 216801-1 to 216801-4 disclgses a process for

produci ng bi snuth nanowires. To this end, #oPI®RMFNEYIF%5 s introduced
under high pressure into the pores of appropriate tenplates nade of 15 A12(3

or silica gel., The.thickness, of the_bismuth wres which,.can b repared by
this progesgnitge%gcﬂl CRPRgeTALoNS, Saf Lrvalrof %mq g?@m%dﬁ%ﬁpuﬁ?cﬁ?g G-t he
process. Adiingnsioal Isyrudiusss, dsreskantple op bisarts the sopalded ebngvingndheses Wi th a
di anet er of r7 nn%gxthva or %eggsitioqofrom correspondi ng nol ds made of
silica gel. Sl |51r QUL PodP he Inghgth of the wires is restricted. 20
Thernoel ectric Material 2003, Research and Applications, pages 3 to 14

di scl oses r S r. i L) ' i ’ 4 to 200
o These vrpearne! sREIRBIBIHE R 8 HRdlriGe B Ve FIRSELY SR AT ant P romy
and zi nd0i n Fawprosesaed dorgiroducing narnoalirey areokiommduct i ng materi al s such as
A1203 or Si 2. The 25 deposition is carried out in such a way that the
netals are evaporated in a vacuum chanber, and the correspondi nhg netal

vapors are prhesicpl Review iLattense Malwoe &8, NeaRhepsgest A1A80Trd| t9s 2168114 J.
5013 i o kiR ABPRSE SERRA| SSHBRCRBARESTTS 0w Bl PAEH B AR,
end, an aquedloddead,undss high meeguse indo theqrpeesiohanrPrepiaitepplaies mage obr
renoval qef tm%)gwm getl The PRABSs ofthBIbRHUtR QNES WHIEBAM Be ptdpardl 6
nanot ubes of bismuth are arranged in parallel to one_ another.
this process is restricied to greater than 40 to 50 nm by virtue of the process.
Additionally disclosed is a process for producing nanowires with a diameter of
7 nm by vapor deposition from corresponding molds made of silica gel. In this
process t0o, the length of the wires is restricted.
20
Thermoelectric Material 2003, Research and Applications, pages 3 to 14 discloses
a process for producing nanowires with diameters of from 4 to 200 nm. These
wires are produced by depositing metals such as bismuth, antimony and zinc in
molds made of electrically nonconducting materials such as Al,O3; or SiO,. The
25  deposition is carried out in such a way that the metals are evaporated in a vacuum
chamber, and the corresponding metal vapors are precipitated in the tubular

channels of the molds.

Eur. J. Inorg. Chem., 2003, 3699 to 3702 discloses a process for producing arrays

30 in which a number of bismuth nanotubes are arranged in parallel. To this end, an
aqueous solution of BiCl; is reduced with zinc powder. After removal of the excess
zinc powder, a black powder remains, in which nanotubes of bismuth are
arranged in parallel to one another.

35 An overview of the processes known to date for producing nanowires is given by

Adv. Mater. 2003, 15, No. 5, pages 353 - 389. The processes disclosed comprise
the deposition of metals from the vapor phase in appropriately dimensioned molds
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35 An overview of the processes known to date for producing nanowires is

gi ven by AdBASKAkeeng@sdiBchaft, No.AB20p50R4/853 - 389. PA0DO0NI5TEONEES
di scl osed conprise the deposition of netals fromthe vapor phase in
appropriately dinmensi oned nolds B05/0781 BASF Aktiengesel |l schaft AE
20050701/ rs PF 00000575091rs 3 of porous material, the introduction of

sol utions or ts O roprl a C ounds, ..Lf propsiate_under . .high
pressure, | n‘{fgsér&“a hﬁ?‘eﬁ%l © t'hthdsugﬁ(lw %r rsgwag%ﬂqor m&ﬁaﬁgp%qp[r?%rlaéé; to give
nanowi r es orcontpolosds, 5 afpopiiateCoeder BiQD4pred<lBe, bRHBGaidombBB/ adithel sedfes a
process for ' | | ately shaped tenpl ates
w th sol uti Oaggaﬂggﬁtbﬁgof @gpgé#’g?%togﬁv%ﬁ%@qmﬁ%ﬁgpﬂgﬁo ‘ubes consist. The
processes nmentioned have the di sadvantage that, to align the nanow res, the

10 shapi &g Wg’ew asint 2008 PIESPISEH 1'3%7i&sél&%ﬁé%@c%{/@ﬁﬁéﬁrﬁhﬁciﬁ& obtai n

free nanowire€s in experinental’ly advantageous . _ NOWN
processes. T#EOUSLE sl deeting tameraphaishin gharad itsmplatesawitadielbiansepf doe on t he

t her mal condygtehivg by which ife ARRlBdseoa6iR evabl e [ ength of the nanowires is
short, for exanple up to 100 pm In addition, the deposition of the

material fromthe gas phase in extremely 15 narrow channels can lead to
bl ockages ofTHdWo64k2BE PlahtionSd halal the lifab dddd @St, td aligretheaiaMoRbs, @Rt | nUOUS.

The contacting for experinmental or applijcatjon ur poses of the short
nanow ré0 erfBRRIBA RN e oo Blalt s BEE(orS THBPST peto ORISHL FER via t he
num;?ar of aqtamaiwlrafsl ﬂﬂ@ipﬁ?ih?ﬁhtawraeﬁ?]mag%mﬂeﬁgiﬁé by @tsakiigvri prosesseehTieyed i s o
probl ematic. 20 Po r fibers w a dianeter._in the panoneter rapnge can be
bt ai ned by ArReenog oL Hie siapamal e Rocvags oTrek at hoshgmat sercudhihys pages
1151 - 1169 THesebsdte achipvableskenfibr of e parieisnig sranoffobersmplyg up to
el ectrospi nnj rea. i f Sui lL.e .materi.al or._ .ex vari ous
pol yners an(I;Ilf d@gﬁgl Iﬁﬁ@?@l?ﬁl,ﬁf@%’%s&?& of Nﬁ%tﬁa%l@‘f’q& k’% 5"\‘72%@,56 ‘%ﬁ%@"ﬁ‘f’g‘ém,
Nb2C6, NBO3 ranwMfianb8ls dam telaid o drlabkagesref theochasklst isorthatf theheanowjes opri at e
material is t hr.o : L n I l.cal gqtsb%r- ozzl.e. . exanpl e
the tip of JE@%/%S%,@tnegﬂgﬁapéﬂe&?oﬁ&%}%&[gﬁ @épo |{'g]_%;ﬂlt€£.h%¢§§"C%ﬁ&brounded
30 pl ate. Tharessestaf dka ahort namewieast ¢robedsiedtinie thé arajeyd isndifficuldr Theggfatel on
accel erates dfifol via the number of actually contacted wires and the test results thus

achieved is problematic.

20
Polymer fibers with a diameter in the nanometer range can be obtained by the

electrospinning method.

Adv. mater. 2004, 16, No. 14, pages 1151 - 1169 discloses a process for

25 producing nanofibers by electrospinning a great variety of suitable materials, for
example various polymers and copolymers, Al,Os;, CuQ, NiO, TiO,-SiO;, V.0,
Zn0O, Co;04, NbOs5, MoO; and MgTiO;. To this end, a melt or solution of the
appropriate material is sp'rayed through a fine electrically charged nozzle, for
example the tip of a syringe, in the direction of an oppositely charged or grounded

30 plate. The electrostatic attraction of the charged melt or solution accelerates the
beam so greatly that it narrows to a diameter in the nanometer range. By the time
the material beam hits the opposite pole, solvent present has evaporated or the
melt has cooled to such an extent that it has solidified again. Thus, a theoretically
endless thread with a diameter in the nanometer range can be obtained.

35
DE 101 16 232 A1 discloses a process for producing internally coated hollow
fibers with an internal diameter of the cavities or of the hollow fibers with an
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beam so greatly that it narrows to a dianeter-in the nanoneter range. By the

time the mpBAYFAkIRGRBsBIISchdfhe OPRESROCB0POI/Ps SOl vent PH ERO057508%s
evaporated or the nelt has cooled to such an extent that it has solidified

again. Thus, a theoretically endless thyead with a dianmeter in the
nanonet er range can be obtained. 35 DE 101 16 232 Al discloses a process for

i1 beor P AddmERE G ik foldeli0n i, Theleradn 8 e KeRrR PR E e s oha 1
¢Eezlogfr3]0t7glg pmcE’Es ??fg@ﬂ%pﬂalﬂig tc(:JI 4evarblemnabr Elr'ggmggma:rsm]fhr gmlémetéﬂ(h the 500 nm
Tt ol i O hafdiotht g8 1€ GARHES i aleBlronirtift §02adaTrorh BRoR Rk iy ©

obt ai ned in ah aefe(ctme@pahrseiegtenrfromsdegradabla isoigatiiconr @trgami_r tmatefialg, fir st
L 211§ Srh e bBFRAE IR T Grd R 830k ha RIS cBlaodly

especi all'y po mater
catal ytical 9011V§dva1936|ﬁ§1109“r QFQUBS iar, dmligr BlnpgHa,l 1Hb, IVe, Mo ¥b, VlbeIIbJ arglfor] | | b,

ha, 1VD: V0: VMot il oY ofhbl el PP b O ookl GlintPRofl ement s

This fiber is coat non- After renoval of

the first, déggradatyeanatgtialy Ader b%m@@'péﬁmeeflr&&e@eﬂﬁ@%abl%maiemamyfwébleof t he

third, nondeg{e@qj'alg,l S H&B\ﬁrfib%F oW{HethlrU Sn gﬁa@aﬁl@z mé@nbmmbﬁn@%étbél%nw th the
second cat al tlcaﬁlﬁ/epactlve materi al i s obtai ned i s _an object of the

present 1 %veHts iBpersidewidyihgesesond. &é@g'cﬂb’ %Y%Wa%ﬁb\ﬁnqb&”edand nanot ubes

whi ch corrprl se at | east one thernoelectri cal I y active material and have a

suf ficient n an_ b roduced a abovenenti oned 15 .

di sadvant ageg gnaf‘I‘P 2 f(tﬁe[ Bresamld PY‘?TE'OBR‘EI pE‘B’ SR PIOESE LY ‘@é‘%ﬂ\?ﬁ'ﬂ%[ﬁs It is a

further gbj eahd ﬁéndtbﬁesowmbrmbmpny@at Ilegst dne therndettetrically apfive raarialredpensi ve

process by Lch nap S nanotube 0

t her noel ect\r,vﬂé\éef I?/ %@ﬁ%@ J}%@’g} %‘1 PE%‘?Q"Fﬁeosﬁ anétu?t%“ c% e%’g%}h{)?r%t% and in

uni f or m 1guakistgtvarkdpethwitio rpgart toshandhm@\aed doytamting @aests Beeided.oliisiang

nanow res by t f e LSk 0 ial and
fl{r{]%? dy ge[%ecf fnd Presg "P\E/é@ﬂorﬁ%cf‘érr(%\gcféta QDIS UNAC e xpEHsRe

at | east one €r no Or "a 'precur sor conpound of
a ther noel ectrdcess |y aﬂtmh/manawees #nd neoetgbessiwitich comprise at least one

thermoelectrically active material are obtained in sufficient amount and in uniform
quality.
20
The object is achieved by a process for producing nanowires by treating a fiber
comprising at least one support material and at least one thermoelectrically active
material or a precursor compound of a thermoelectrically active material,
comprising:
25
(A) providing a melt or solution which comprises at least one support material
or suitable precursor compounds of the support material and at least one
thermoslectrically active material or a precursor compound of a
thermoelectrically active material,
30
(B) electrospinning the melt or solution from step (A) to obtain a fiber
comprising at least one support material and at least one thermoelectrically
active material or a precursor compound of a thermoelectrically active
material,
35
(C) if appropriate enveloping the fiber obtained with an electrical nonconductor
o obtain an electrically insulated fiber,
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25 (A) providing a nelt or solution which conprises at | east one support

material  or BASFtAtiehgeselsutedr COoMABZEE0P01/khe suppor PFD0O05Z809A8d at
| east one thernoelectrically active naterial or a precursor conpound of a

thernoel ectrically active material, 30 () electrospinning the nelt or
solution fromstep (A) to obtain a fiber conprising at |east one support
material and at |east one thernoelectrically active material or a precursor
conmpound of a thernoelectrically active material, 35 (C) if appropriate
envel opi ng t 8 fi bepproptialerasdveiitog thenprebarsor ¢arapound rod dinedl thetrooelectdcallyt ai n an

electrically insu N L] OE?J-QJ BASF Akti engesel | schaft AE
20050701/ rs PF 00%%%%%8&?5“@ Ig) | méppropri ate converting the precursor
conmpound of the thernoelectrically active material to the active form 5

(B) if approp)i atg Z@PEpHAS bRBVIREPRRT SufPetehiatdrial SERBS (€Y tof eEX Bhingei ng
performable 1n any sequence. The oObject i's also achieved by a proceSs for
produci ng nanot ubB@TNableda @K e eNCeher conprising at | east one support
material and at |east one thernoelectrically 10 active material or a
precursor co Bd of t her.noe)] ectrically active mater| rising: (F)

ou \ |, 0
brovi di ng a HB? EO6PL SoleR REHEVR B, 2dupihss desPiadUpiad SeneiBes B deAingdt or | al
or suitabl e fiferaonfeisingtNeastdae clppdre matgradahd Bticast ahe tHEDmO&Rctrically
el ectrosgd nni n(g, t he mellt or rsoI ution from :?tetg] 'H':%) t?.?oﬁtﬂtai ﬁ a fitbe of at
| east onk suBpBPtMAEIE: af POESEROLPOHIA S Ariber iy iEiyiarde MAeely (o
wi th at | eastoropising20 t hernoel ectrically active material or a precursor of a
thernoel ectrically active material to obtain a fiber conprising at | east

one support material and at |east one thernoelectrically active material or
a precursor (F) providing a melt or solution which comprises at least one support material

or suitable precursor compounds of the support material,
15
(G) electrospinning the melt or solution from step (F) to obtain a fiber of at
least one support material,

(H) enveloping the fiber obtained in step (G) with at least one
20 thermoelectrically active material or a precursor of a thermoelectrically
active material to obtain a fiber comprising at least one support material
and at least one thermoelectrically active material or a precursor
compound of a thermoelectrically active material,

25 (D) if appropriate enveloping the fiber obtained with an electrical nonconductor
to obtain an electrically insulated fiber,

{J) if appropriate converting the precursor compound of the thermoelectrically
active material to the active form,
30
(K) if appropriaie removing the support material, steps (l) to (K} being
performable in any sequence.

The process for producing nanowires and the process for producing nanotubes

35 both comprise the treatment of a fiber comprising at least one support material
and at least one thermoelectrically active material or a precursor compound of a
thermoelectrically active material.
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conpound of a thernoelectrically active material, 25 (I) if appropriate

envel opi ng t BASF Atienefekallsetafv t h a{Em(muVm[ﬁgil noncongFEcioB05T5DoMat ai n an
electrically insulated fiber, (J) if appropriate converting the precursor

conpound of the thernoel ectrlcally actigre material to the active form 30
(K) if appropriate renoving the support material, steps (1) to (K) being
performabl e in any sequence. The process for produci ng nanowires and the
process for produci ng nanotubes 35 both conprise the treatnment of a fiber
conpri si ng afh¢ indbidushsteps preoiiustiabedeinidatail hersinkeiow:east one

thernoel ectrically active material or a precursor conpound of a

thernoel ectrically active material. 805/0701 BASF Akti engesellschaft AE
20050701/ rs BEpdd®00575091rs 6 The individual steps are illustrated in
detail hegeinbelow. Step (A): 5 Step (A) of the process according to the

I nvention for, producing nanowi res conprises the grow sion of a nelt or
sol uti on whi SifPc EvpPl 4188 PERCase ;aGCoriRg 4o gRdirventar dpr prodiicing, pangyyites

precursor cobpapids thé ptdVRsicigrROmelt Bﬁétﬂuﬁcﬁﬂ wfﬂaﬂdc@hpﬂﬁé@%& Iéﬁ%ﬁone support

t hernoel ectri ng act| rrat erial or $) fetgur sorcé_f E«B’&fﬁ

t her moel ect r ["& r,aijlor s;LLﬂta F?r?%“rﬁ‘éft%”?poﬂund ' Qe SHaRPY Mater Fwﬁﬂ"it OMehe
support mat etheahoelsmacamqlacm naterial oBé @récatsoncbmpounds ofod trirmediebtyicéliye

sol - gel oceC aalpart icularly preferred enbodi nent, the support
mat eri al SlB’SIr(}EﬂS? "When the support material is obtained by the sol 15

gel process, a solution of suitable precursor conpounds is used in step (A).

Sui table pol yngy ?ef%‘?é&@m%%&m% £, 486 up aﬂbé'ttrg?‘eﬂélogeasg%grﬁ&%rﬁé it Wg%h

i nvention for uci n nano 'ber S mopol Yners “an
copol ymers c@n@btsmeﬁg)yoﬂ\e ml-gbbasxcesawdncﬁ paricelacly nvmfemred §mm|dmhﬁnt,a’thebe spun

by the elect gqephiihfidal €% gélgt‘ﬁéﬁﬁ/mfr{ ﬁfee%LﬁgSﬁ n‘méteﬂéﬁ?Bbféﬁ’fgg ByPthBAoY.TET S

sel ected from'the group con sters pol y1 m des,
pol yet het%, g@|| Rrefeassi 5olufi gicalt ﬁ@f@grsor compounds is used in step (A)

Suitable polymers which can be used in the process according to the invention for

producing nanofibers are all known homopolymers and copolymers consisting of

at least two different monomers which can be spun by the electrospinning
20  process.

Preference is given here to polymers selected from the group consisting of
polyesters, polyamides, polyimides, polyethers, polyolefins, polycarbonates,
polyurethanes, natural polymers, polylactides, polyglycosides, poly-a-

25  methylstyrene, polymethacrylates, polyacrylonitriles, latices, polyalkylene oxides
formed from ethylene oxide and/or propylene oxide, and mixtures thereof. The
polymer is more preferably a polylactide or a polyamide.

The polymer usable in accordance with the invention is preparable by processes
30  known to those skilled in the art or commercially available.

When a solution of the abovementioned polymers is used to prepare nanofibers in
step (A) of the process according to the invention, this solution may comprise all
solvents or mixtures of solvents. These are preferably evaporable at a

35 temperature of less than 160°C, more preferably less than 110°C at standard
pressure, and the thermoelectrically active materials or their precursor compounds
are at least partly soluble therein.
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pol yur et hanes, natural polyners, polylactides, polyglycosides, poly-a 25
met hyl st yr enBASPQAktiahigeaelisdhafies, pPAEy20059TONid ril es, | RFiDO605750b48! kyl ene
oxi des formed from ethyl ene oxi de and/ or propyl ene oxide, and m xtures
thereof. The polynmer is nore preferably a polylactide or a polyam de. The
pol ymer usable in accordance with the invention is preparable by processes
30 known to those skilled in the art or comrercially avail able. Wen a

sol ution of the abovenentioned polynmers is used to prepare nanofibers in
step (A) of Inhgengralc@ssoleardds dised witch fire selevtedtfram, the higsoupobensisting ey

conprise all chlérﬂ{a‘(é‘dqé&vé?ﬁs %Ixé)éé Qit:hIERJrrYé?ﬁ%% or [dMicHBrofth €a t&{eg

evaporable at a nmper at ur e o ess , nhore prefera ress t han

110C at stan@aeaameleedé,%thyl@thﬁn@ethybteﬂﬁéﬂw@meécmfdmwtpqnsdzﬁvméewm Benal s or

their pr eyurwrca@wmm FORT Exaith sée;aééntaaéthsheﬁmélbé IGHaRAR, nhem 0701
BASF Akt i engesel I sc AE 200 701/ g(?ﬂ PE 00000575(f5i§’|ﬂ@{I iy I'n raI a

solvent is uSd@" %l el é‘t‘,l oxider r JRAMSHR): gr Hrpredy, ﬂ@f'eof Fbrl nat ed
sol vent s, fOdm%&@ll’mﬂnﬁardldél(lDMF())rfBitnhi@@eldOWal%WHQUﬂfs@lfm dieges qma;d #hmerfia, for

exanpl e di eth e ert - h 00ons avi ng fewer
Than 5 10 caRbmBRInTRe) ths shei Yetiis, Birobiy She safedleetan Ssddie

hept ane, octasstingl oheithiplonsathdrex acetofdiBO)ic adid amt miktpyasrtoéredi. none ( NVP) ,
di mathyl{ rmam de (DMF), formc acid, water, liquid sulfur dioxide, liquid
anmoni a and m xtures thereof. The solvent used is preferably one sel ected

from t he grolmpthec presiess iasgondingdice feoinyastidraribe suppodnoatefier na adsoi deand

t th t
At s {eiagihad iy bg LISPYRGSSS S50 4 Sobl, b AERE rodsupror
sol uti on of ewNkausde optesuwprpeit ma&@lﬂb@dﬁéd wmteph@) support material is used in

step (A). 15 In the sol-gel process, the preparation, i.e. deposition, of
t he materials starts in each case froma liquid sol state which is

convert et t olnathegial-gelypocessathe pieraratign. i.¢clerepitipis of thanarialsstastsiiBf er to
di sper si ons gdchsedsedrddatligtldesol Isfaté RBichiig Cofivtii@d to RedoNa el dtalb@B®ol00 Nm

3‘2'922. o col verl Ensiggmaen. Soib et i dsBrakar § b periinbP SR 20
based on or gegtaeeh &l arh @ngologen svhichnaretpredisit in altrafineodistribetion (ispadrsier) to the
in water or organic solvents. Sol-gel processes generally start from sol systems
20 based on organometallic polymers. The transition from the liquid sol to the
ceramic material is effected in each case via a gel state. During the sol-gel
transformation, there is three-dimensional crosslinking of the nanoparticles in the
solvent, as a result of which the gel receives solid state properties. The gel is
converted to a ceramic material by controlled treatment under air. This freatment
25 s carried out in the present process during the spinning of the fibers. Suitable sol-
gel systems are mentioned, for example, in "Das Sol-Gel-Verfahren, H.K.
Schmidt, Chemie in unserer Zeit, 35, 2001, No. 3, p. 176 to 184".

[n step (A) of the process according to the invention for producing nanofibers, the
30 abovementioned suppert material is mixed with a ihermoelectrically active
material or a precursor compound of a thermoelectrically active material.

in a preferred embodiment, the thermoelectrically active material is at least one
compound comprising at least one element selected from the group consisting of

35 tellurium, antimony, silicon, boron and germanium, and/or the thermoelectrically
active material is selected from the group consisting of oxides, skutterudites,
clathrates and bismuth.
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ceramic material is effected in each case via a gel state. During the

sol -gel traBNSH Aktiergesellbehiaft | s t AEE200E0FONss onal cr oPH 000006150 rst he
nanoparticles in the solvent, as a result of which the gel receives solid
state properties. The gel is converted 8o a ceramc nmaterial by controlled
treatnment under air. This treatnment 25 is carried out in the present process
during the spinning of the fibers. Suitable sol- gel systens are nentioned,
for exanple, in "Das Sol -CGel -Verfahren, H K_ = Schmdt, Cheme in
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accor dit ng EoN_btglgchmgeymg_xgaxg_r{gmozq?ﬂ\g;ér;g|=nﬁt<|tr,}ﬁf®h(l@lr@@ é,{tapy 3@ a:)@;,vggyﬁnti oned
support materjal is ed w her el ec cally active material or a
precur sor comat%m" éysgqg.efn;\(géfaégq i RNy chi‘?f@‘oﬁ"lﬁcgici Meteripls Beyands er r ed
enbodi mens, BRenuthFeNmiRiee’ iivest Academic/MenurmFebiighers, New YbkaZi03ppagesconpound
ol T uri um a1 Bhy SR RIS 8 Hekege PR Ahe s op ERd- Sr-ga” 7

t her noel ect r iCc aldbifioaallyi paetiowerigrsuidhblée as sreln@otledtritallyractibe nouterigls casediost | ng of
oxi des, skut j at hr [ tf. BO5/ 0701 BASF

Akt i engesel | é%ﬁg?%’t""i@‘%@g@%ff@’g%ﬁﬁg’gb@bﬁ%égg/ rs 8 Exanples of suitable

oxi des are cobalt oxides with a |layer lattice such as NaCo2O»4 or

Bi 2_i cPby$r2Co20,, where x = fro 0.6 and =8 + a, from "Chemstry,
Physi cs gﬁd Mat eri al Science of [ﬁ@rc}tﬁg’%l ectric )Igl;t erials Beyond 5 Bismuth
Tel lurides", Kluwer Academ c/ Pl enum Publishers, New York 2003, pages 71 to
87. Additionghkpe suitable are whiskers based on Cu - Co - 0 or Bi - Sr - Co
- 0. Additionally particularly suitable as thernoelectrically active
materials based on 83 Be‘soe?r%‘dm' xed oxides of the general fornula (1) 10
SrTiOven (1) where 2 Dm 8<R.99.idpafidular 255m®<2%.99, in particular 2< m5

2. 5. 151 ui tabl e oxides are disclosed in R Funahashi et al., Jpn. J. Appl.
Phys. VolY 39 (2000), for exanple Ca2Co20b, NaCo2O4 or Ca2Co4. Exanpl es
of suitabl e Seltdhk ioslieles are diseloked irdRs Foastedhiost 4, Jpnt h Al Briysd&s!. 89d | ead

(2000), for example Ca,Co,0s5, NaCo,0, or Ca,C0,40;.

Examples of suitabie tellurides are teliurides based on bismuth tellurides and lead
20 tellurides, for example Bi,Te; or PbTe. Thermoelectrically active materials based
on bismuth tellurides or lead tellurides may additionally be doped. Suitable
elements for doping are selected from main group 3 or 5 of the Periodic Table of
the Elements, in the amounts known to those skilled in the art. Processes for
doping the compounds mentioned are known to those skilled in the art.
25
An example of a suitable antimonide is ZnsSh,;. Antimonides are preferably used
in the moderate temperature range, i.e. at temperatures of from 100 to 400°C.

Examples of suitable silicides are FeSi, and modifications thereof. Owing to their
30 particular stability, silicides are used preferentially in applications from the space
travel sector.

Examples of suitable borides are B4,C and CaBs or SrBs, and modifications
thereof. The borides mentioned may also be doped with suitable elements.

35  Suitable elements for doping are selected from main group 3 or 5 of the Periodic
Table of the Elements in the amounts known to those skilled in the art.
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20 tellurides, for exanple Bi2Te3 or PbTe. Thernoelectrically active

mat eri al s baBASF AKtidngosellschaft | ur i KEB20050700%s t el | ur i der ganooswshgnisonal |y
be doped. Suitable elenents for doping are selected frommin group 3 or 5

of the Periodic Table of the Elenments, $n the anmounts known to those
skilled in the art. Processes for doping the corrpounds menti oned are known
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are FeSi 2 andypilidcigrati ons thereof. Onng to their 30 particular stability,
silicides are used preferentially in applications fromthe space travel
sector. Exanples of suitable borides are B4C and CaB6 or SrB6, and

nodi fi cats OnE)netél@fnﬁﬂé of Ehi@am@@bdﬁmd&n@tﬁ@ﬁ@k Mnfﬁ@@ah@wﬂﬂk@ﬁ Thdéde

sui tabl e ele nts. eerrensfor n re selecte fromnmain
oroup 3 or 5 AV e PRAIHIA UGBS TN B RGBS eown o
t hose skill eﬁbmpﬁterhtlﬂuﬂas&[lioveBOB?@?Ol BASF Aktiengesel | schaft AE 200507011rs PF
0000057509/ rs 9 The borides feature a |ow density. They are therefore

preferably used in applications in which a | ow density of the
t her noel ectr Exaﬂnp&sacft Buitableatshottedudites are cliackisat i‘haehennist@ Ghgsiexaamal e of

sui  abl eqger FRLAFS Sehnkblor RO SOME RN RS AdDEATRRILBYS 2
a fn ah lt] era i

partlcularly sui table ONs 1n ure sec

t enper at ur es Pablishers @, Y@kame@sl%f- 146 fpa@twlmﬁﬁpﬁés,f@bkl\ém%e di scl osed in
Chem stry, Physics and 10 Material Science of Thernoelectric Mterials,

Kl uwer Academi c/ Pl enum _Publishers, New York, pages 121 - 146, for exarrpl e
CoSb3, FeaSNEX8WBRS ofsuitanieslatirates arep| Ghemistnn Physiss and Materich Spieaea §f

Physi cs and Wé@rﬁdeﬁ’éctrﬁcmﬁlﬁlsokluw@ﬂcﬁ@@hi@ﬂiléﬂ&n MabRherd, NeV\N(é'rWebages
Academ c/ Pl eaum Publ | shers, New Yor lg a&essi %15 107 - 121 exanpl e type
4q: :© )

| . X2E4619e. 1 S3EPleYPE ke 2380 ar ype Tt YsEos: & 6,
Cs8Nal6Ge136 JspN#& $ilef@;NadGenpodi nent, the thernoelectrically active
material is selected from the group consi sting of bisnuth, Bi2Te3, PbTe and
m xt ures thereof.

In a preferred embodiment, the thermoelectrically active material is selected from

the group consisting of bismuth, Bi>Te;, PbTe and mixtures thereof.

20
The thermoelectrically active materials usable in accordance with the invention
are preparable by processes known to those skilled in the art or commercially
available.

25 ltis possible in step (A) of the process according to the invention to introduce the
thermoelecirically active materials into the melt or solution as such or in the form
of suitable precursor compounds. Suitable precursor compounds are all
compounds, complexes or mixtures which can be converted to the
thermoelectrically active materials by chemical and/or physical methods.

30
in a preferred embodiment, the precursor compound for the thermoelectrically
active material is a salt or a complex of the thermoelectrically active material.

In step (A), the at least one thermoslectrically active material or the precursor
35 compound of the thermoelectrically active material with the at least one support
material or suitable precursor compounds of the support material can be provided

in solution or as a melt.
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20 The thernoel ectrically active materials usable in accordance with the

i nventi on aBASHrAtiargeselldnhaflr oces #Es20056W01/to t hose sBFR000A05TH00e art or
cormercially available. 25 It is possible in step (A of the process
according to the invention to introducel®he thernoelectrically active
materials into the nelt or solution as such or in the form of suitable
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of at Yeast RhenIdes TELERL o Gilekehy 6L iR 65 Lela Sinidh ol &fdtIEPFoROTPOUNS
noel e d

of the ther ctrica i ve nat er one mat eri al
or suitable theeefaremﬁnti@aﬁ%momow@tswpqﬁwt mx@r&SaIThGSmmeI earatbey of at

| east ongy PoLyHBY ouﬁMth BiirfRG LRer IHRUMIoh BF diRastinaldrluhas thi aH?&n @frrgeat may be

used. A solution of the at Ieast one support material can m xe

sol ution of §H@abdwa%$ ata ko ﬂoﬁh‘éﬁﬁw dr’r'ﬁi“@r@%IT'&C%CBTF%@F@BFheC@Wpound

I nl W{N g hf capast be payRePin ?bfécoﬁfdtl@ms §@rhéf§lﬂ/t§ 1277 WA)WelgW'pﬁé?er%tb@ -
selected fro rementjoned gr n r m xt yres. e
g can EOTGT BVt BAONHe SHATFRONGOTa BT Th Y Aen 167 R STacound
or uEder thetrﬁcmawaahe Moeleagcalglac&ver St oabea Iprtmm*sotreombﬂm @‘lkl Il ed
in the art. con ion. o ast in t sqgl ution
2 gener 5 i y e EERETN By BONG5ubRnh to Bt nF SRV i Grssily Wi ght
nor e pref er ald 10:1 rppefeBabhofr@@%: bip ki ght The ratio of the nmass of the
thernoel ectrically active substance or of a precursor conpound of 15 the

thernoel ectrically active substance to the mass of the polyner is generally
up When a melt is used in step (A), it can be prepared by all processes known to

those skilled in the art. An example of this is heating to a temperature above the
20  melting point or the glass transition femperature of the polymer or of the polymer
mixture, preferably at least 10°C, more preferably at least 30°C, most preferably at
least 50°C above the melting point. In a preferred embodiment, the melting is
carried out under reduced pressure or in a protective gas atmosphere, preferably
in an atmosphere comprising nitrogen and/or a noble gas, for example argon.
25
When the support material used in step (A) of the process according to the
invention is a polymer, the thermoelectrically active substance or a precursor
compound of the thermoelectrically active substance may be bonded covalently to
the polymer chain. Polymers which have thermoelectrically active substances or
30  precursor compounds thereof in covalently bonded form may be obtained by
polymerization of monomers to which the substances are already bonded
covalently. The advantage of this procedure is that the thermoelectrically active
substance or its precursor compound is distributed particularly uniformly over the
polymer, and hence the fibers. Suitable processes are described, for example, in
35 J. Am. Soc. 1992, 114, 7295-7296, Chem. Mater. 1992, 4, 24-27 and Chem.
Mater. 1992, 4, 894-899.
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charge, so as
by the collector. In general, a voitage of from 5 kV to 100 kV, preferably from

10kV to 50 kV, is applied. A suitable distance between the nozzle and the

20  collector is known to the person skilled in the art. The resulting electrical field
accelerates the particles present in the jet of solution or melt, so that this
acceleration narrows the jet so greatly that it has a diameter in the nanometer
range. The collector is generally designed in such a way that the nanowire which
has solidified as a result of evaporation of the solvent or as a result of cooling to a

25 temperature below the meliing point can be wound up or collected by a suitable
method.

When a polymer melt is used in step (A), the temperature of this melt before it
leaves the spinning nozzle is at least 10°C, preferably at least 30°C, more

30 preferably at least 50°C above the melting point or Tg of the homo- or copolymer
used.

The electrospinning affords a fiber comprising at least one support material,
preferably at least one polymer, and at least one thermoelecfrically active material

35  ora precursor compound of a thermoelectrically active material.

The electrospinning may be followed, if appropriate, by washing and cleaning
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precursor co oPnd of a &t?er noel ectrically active material. The,
el ect r ospi nn-irllﬁﬁ engip ¢dng Brer ehianed in sigRdBo B in RiiBciPisynohERSIGR- AYdtieini ng
BO5/ 0701 BASHheAohtiuue peddess filets AangMsHydy B/ diBaiRkbi0000575091rs 12 steps.
In general, cleaning of the fibers obtained is not necessary. The

el ectrospinning of the solution or nmelt provided in step (A and conprising
at | east onk sp@bErdd erabatimaht, tre sanofiady] proguced is wound oprpo ardiamoWhehe

SuppOr ! 15 oS i7B8 b P54y Ao WISHERRIBALS S o Whe/ B! RpLa! T 2
precursor” conpound Of "a thernoelectrically active material 1 nh step (B) of
the process spiouiog dpamtion cahdei intestupteon and fthe dancfibershean bmicohtheaugbratses at

| east one Suﬁ@ﬁrﬁ[n 188 fid ftler 2R Efoﬁb% druth, B9'2¥ REbbtafi ! é\lallécl%ﬁ}%ﬁ%é}ﬂ&\t

t her noel ectri Cal Li active materi a or a c con%oun o)

recursor
t her nmoel ect r Peamultituge efnangfibers wdpse emgth r?orresponds to the circumference of the
drum.

20
In a further preferred embodiment, instead of the drum, it is also possible to use a
metal frame, onto which the fibers produced can be wound up. In this
embodiment, a parallel arrangement of the fibers arises automaticaily. Such a
procedure is disclosed, for example, in R. Dersch et al., J. Polym. Sci. Part A: Pol.
25  Chem., Vol. 41, 545 - 553, 2003.

The thickness of an individual fiber obtained in step (B) is less than 200 nm,
preferably less than 50 nm, more preferably less than 20 nm.

30 Step (C):

The optional step (C) of the process according to the invention for producing
nanowires comprises the enveloping of the fiber obtained in step (B} with an
electrical nonconductor to obtain an electrically insulated fiber.

35
To envelop the nanofiber which comprises at least one support material,
preferably a polymer, and at [east thermoelectrically active material or a precursor
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The length of the fiber obtained in step (B) is in principle not restricted.
By virtue of BASfeAktengesetiashalt ocessAE ROOE7016 any | enRMOGNCO535aHrsnabl e.
In a preferred enbodi nent, the nanofi ber produced is wound up on a drum
Wien 15 the drumis covered at |east orl@e by the nanofiber over the entire
wi dth, the spinning operation can be interrupted, and the nanofibers can be

cut through abmpbisof aNEERSodicttidafy bRy n@fgﬁw@dﬂ”&&%&%& "KAGlN 0 tﬁ?seeﬁlgt h

obtain a parallel arrangenent of a nultitude of nanofibers whose
corresponds SHIRhE e AHIRDEPRHE- of the drum 20 In a further preferred
enbodi ment, instead of the drum it is also possible to use a netal frane,
ont o whi ch t%ﬁ‘ fipers Ejaoduced candbe v.\@cgnnd ug. In this enbodinent, a
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25 Chem, Vol . - . T ' S . L ndi i | f1ber
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preferably | @ 2 kantiGooitre ed@trBaty ndrCondttiog opatedal @ind suepequent wimavak

process accorgi he DI ' pzXATolY L Ses the
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nonconduct or Sudallptsalventgrare adsofvept inywhighstheledrigally dpncasiutingematariab t he
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pol ynmer, and at | ﬁgst thernoel ectrically ‘active material or a precursor
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conpound of a thernoelectrically active nmaterial, all processes known to

those skilled jn e.art_my be used. anpl es i ngl yde .gas phase

deposi t1on.  InsiepdED g e pliRtesofePRETe B TR Tor 51 SeG poRBticigrsus i
deposi ti on. Rnefvetethepearsongkiled it thetdrecamd usedt | on of a non- conducti ng

mat eri al 1gy | npregnati ng or spraying the nanofiber fromstep (B) with or in
a solution of the electrically nonconducting nmaterial and subsequent renoval
of the sol vern a freferres mmiiodingnthibatdleairical horgopdugins istselagtribiromedoroalit

pressure. and aliphatic homo- and copolymers and mixtures thereof.

When the electrical nonconductor used is a homo- or copolymer, this material can

20 also be applied to the nanofiber from step (B) in such a way that the
corresponding monomers are polymerized in the presence of the fiber, so that the
polymer or copolymer formed in situ is deposited on the fiber.

Particular preference is given to the polymers or copolymers selected from the

25 group consisting of poly(p-xylylene), polyacrylamide, polyimides, polyesters,
polyolefins, polycarbonates, polyamides, polyethers, polyphenyls, polysilanes,
polysiloxanes, polybenzimidazoles, polybenzothiazoles, polyoxazoles,
polysulfides, polyesteramides, polyarylenevinylenes, polylactides, polyether
ketones, polyurethanes, polysulfones, ormocers, polyacrylates, silicones, fully

30 aromatic copolyesters, poly-N-vinylpyrrolidone, polyhydroxyethyl methacrylate,
polymethyl methacrylate, polyethylene terephthalate, polybutylene terephthalate,
polymethacrylonitrile, polyacrylonitrile, polyvinyl acetate, neoprene, Buna N,
polybutadiene, polytstrafluoroethene, modified or unmodified cellulose, alginates
or collagen, their homo- or copolymers and mixtures thereof.

35
Polymers mentioned are preparable by processes known to those skilled in the art
or commercially available.
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Suitabl e solvents are all solvents in which the electrically nonconducting
materi al 10 BASFoAktiengesallsdchaft but (AE2G0507088s one SupPFE 00000573094ls Whi ch
has been provided in step (A) dissolves poorly. In step (C of the process
according to the invention, all electriddl nonconductors known to the
person skilled in the art can be used. 15 In a preferred enbodi nent, the

el ectrical nonconductor is selected fromaromatic and aliphatic hono- and
copolymers and m xtures thereof. Wien the electrical nonconductor used is a
homo-~ or copdh§ @isciricahnancradugtors et PreferaklysRoiyia-xulyleneer pelietiallueasrof i ber
fromstep (BptheResuch a way that the correspondi ng nononmers are polynerized
in the presence of the fiber, so that the polynmer or copolyner forned in
situ is deposited on the fiber. Particular preference is given to the

pol ymers %r Thedlgottivat neat@ciuetdr fis erefedaely Rougtitoonto ctha Slbet ibgggaaf phase

pol y(p-xyl yl 8@&2 tioﬁm yacryl am de, polyim des, polyesters, polyolefins,
pol ycar bonat e %o yam des, pol yethers, pol yphenyls, polysilanes,
pol ysi | oxanes, pol ybenzi m dazol es, pol ybenzot hi azol es, pol yoxazol es,

pol ysul fi des, t‘ﬂ@' RkesAn fRs ﬂysu Hb&%&%'&ﬂv@%@ﬂé'rﬁ%ﬁ thé‘toch%!'ﬂﬁ&tdﬂ%‘ﬁ g ol yet her

ket ones, pol yuret anes ones, ornoc yacryl ates I cones,

fully 30 arof&pi(B) @owey@?ﬂé?ysan plertjical-ngnagndsigior &9 iaﬂ(ﬂxhent ebal/leostr B%et hyl
met hacryjgt ep ref&@bllérf@taWéxt@f‘ﬁtcﬁ’(aé?t rua/és«%te@%, m%rxeﬁr@r)é}a%ﬁt& & %mhha# at Bast

pol ybut yl ene terep thal ate pol ymet hacrylonitrile,” polyacrylonitri
pol yvi nyl ac e, neoprene, Buna N, polybutadiene, polytetrafluoroethene,
nodi fi ed or unnodified cellulose, alginates or collagen, their hono- or

copolynmers a m xt ur es her 5 Po rrers ned ar arabl e by
o boebaes. kniens bpitel SEPTELY 18 prosedSRicordid o AR resear PYESIORTS Beh e
BO5/ 0701 BASEarfikt ioat) ¢ies plokbssshadcorditg @008 thiaiti drﬁaﬁd?d@ﬁ@ﬁﬁ&%@%rca is dgt The
electric referably poly(p-xylylene) or
pol yt etri# g@gﬁlggfﬁgﬁ%ateéogﬁ@e gﬁgg?rfl cal nonconductor is preferably brought
onto the fiber by gas phase deposition.

Step (D):

The optional step (D) of the process according fo the invention comprises the
20  conversion of the precursor compound of the thermoelectrically active material to
the active form.

Step (D) of the process according to the invention has to be carried out when a
precursor compound of a thermoelectrically active material in a mixture with at
25  least one polymer is used in siep (A).

The precursor compound can be converted to the thermoelectrically active form
by all methods known to those skilled in the art.

30  When the thermoelectrically active material in the 0 oxidation state is presentin a
complex, it can be converied by processes known to those skilled in the art to
free, uncomplexed thermoelectrically active material. One example is the reaction
of these complexes with other metals or metal cations which form a more stable
complex with the complex ligands of the thermoelectrically active material than the

35 corresponding complex of the thermoelectrically active material.

When the precursor compounds of the thermoelectrically active material used are
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In the context of the present invention, envel oping nmeans that the fiber
obt ai ned i n B#SFPAKIBIngesebsohafoped AE 200587@tirs i cal nond®naloB06T7509rsan
extent of at least 70% 10 preferably to an extent of at |east 80% nore
preferably to an extent of at least 90% Wen the optional step (C of the
process according to the present invention is not carried out, the process

accor di ng t oshitearl EXAILANNAUAY HE ReffEANEINLER hadalis desaharLr | cal v

i nsul ated on the exterlior opt | rocess
accor di ng t ohigher iFfidatien oﬂat@t)rfg?’l RIBSUrBRIe CODYORRSIPy SR8 BR einvered dpelgr sor

?%;rpo?nflhof tH@aﬁnbéléétﬁ&ﬂly%‘(ﬂWé ?aét{euata@trea@cttﬁat Bhé aéddcﬁ%n che b@CéadrN@j Bm\er]n Step
0 e p oc cor o the inven e carried out en a
precur sor %ﬁ% %ﬁe@'cﬁl]é’?n‘ﬂg § & ?chéhlm%}h%fgt %@taﬁ& &PFUANG FOENS RFure with
at 25t I ?ft hwmeppbasmﬂeiass Slmbdasl zincsta;aﬁ hiydgoger tae pecﬂfolumscI thmqmrpimm‘ c?n be
converted to r ive form e nown to

t hose skill eaé’gﬁ"@g %IF?& et% ’"E(ﬁ?@ A %V n%%'PB%“E i c@h gag%qtgﬁiydﬁ%g(egri al in
t he 0 oxi dat being straeferred eprbediement ohtha prmnpbecqrdmg iz the iheentionvert ed by
processes known to those skilled in the art to free, unconpl exed

t hernoel ectrically active material. One exanple is the reaction of these
conpl exes wi tha gedferechembodiment ofdha prasass aprording Enthednvangomdar @redusinge

conpl ex ygt hn&ﬁ&l%”m@brédu%ﬁ%n%uﬁ@%fttﬁ@rtlﬁ@ﬁlo%%fricﬁﬁ%} lat‘tw%%drﬁﬁ‘odmt erial
than the 35 corresponding conple he t hernoel ectrical éﬁactlve

material . WiEFEY Restgp éehﬁs@ﬁat&@ﬁﬁ@mm 'Bwetmsfemﬁlx RisEIudt trichiosidey Thesei ve

naterial usedomp @n@%lmh%ﬁ%&&mem&eihbaﬁmfdele%ﬁma a6 ImaterislF
0000057509/ r ﬁhgal ts or rr&ldexes in which the thernoelectrically active
Bisay fiihaydr

material is Y fegugtion,y 8% ™ati on state, the precursor conpounds
can be converted to the thernoelectrically active material by reduction.

ot hods. eu T0Br e eGat by Eal e o ReS bRt il 6 piBh ERETIT R, i e
and hydr ogenartt hed iise greferably airiecheutpineaure sydrogen rih cu tetispendtutehef at least

t her noel ectr?gﬁddé{n%}b{/@ aSOMAMNds with gaseous hydrogen being a preferred
enbodi nent o rocess according to the invention.

Step (E):

20
The optional step (E) comprises the removal of the support material, preferably of
the polymer, which is used in step (A).

Suitable processes for removing the support material, preferably the polymer, are

25 known to those skilled in the art. Examples include thermal, chemical, radiation-
induced, biological, photochemical processes, and also processes by means of
plasma, ultrasound, hydrolysis or by extraction with a solvent. Preference is given
to solvent extraction or thermal degradation. Depending on the material, the
decomposition conditions are at 10 - 500°C and from 0.001 mbar to 1 bar. The

30  removal can be effected fully or in a proportion of at least 70%, preferably at least
80%, more preferably at least 90%.

The removal of the support material affords a nanowire which comprises
thermoelectrically active material exclusively or in the abovementioned

35 proportions.

It is also possible in accordance with the invention that the support material added
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In a preferred enbodi mrent of the process according to the invention for
produci ng 1BASMhAKfieregesellbehgft ecur SAE 20050700/sl of t he tHRO0MDBISEE09/Iscal |y
active compound wused in step (A) is a salt of bismuth, nore preferably

bi smuth trichloride. These conpounds ofl6bi snuth can be converted to the

t her noel ectri cal | y active material bisnmuth by reduction with hydrogen. 15

The, reduct | o b&pda)st Abl Yerfisletd €0 1uita RiniReRSaREkAGI EohBieg 7K | | ed

in the art, erab carried out pure ¥ rogen at a terrperature
a

of at |east aQél@@ éwtfi%‘stam tegrposiertigaly astl‘eqm@;n @tolearﬁteoraﬁaﬁum step

(E) conpri sesndidifal rﬁg@ygﬂygﬂeéﬁ@ng%ggﬁ{e}_ material, preferably of the
pol ynmer, which is ‘used in step (A ui tabl e processes for renoving the

support material, preferably the polynmer, are 25 known to those skilled in
tﬂe arth : Examvémd \NO)ushel (E(;%lr?fbbtlor@hem itad pgsmlé abri IQﬂ]:onie!’llﬂfwleldthréﬁi of ogi calj,
phot ochem cal, processes, .and a processes by neans o pl asma, ultrasound,
hydr ol ysi s o GBS*?’%G‘x? ?%%‘i"lbc?ncﬁxx'ﬁ"‘& solvent. Preference is given to solvent
extraction or thermal degradation. Depending on the material, the

decomosi i o083 kel Mhs 300 ABYE SO0 ReciOl TG eis e The

30 renoval can ect tion o

pref erabl y aforlexagple F@ystapdBe |bs@f>@slldgrtq/carty P stap (GOUP) ’ané/or droval of the

support ggterial affords a nanow re which conprises thernoelectrically

active material exclusively or in the abovenentioned 35 (%Boport ions. It is
S

al so possibl d hPrf"ﬁ%Q!beia‘i’i‘@ed'ﬁ?rﬁﬂt BeRUSNGS i tSteRs (PadD) 1RedsEapBRY beethat i al

added  BOS/ O'@ffer&inSbupert enaesas | sedia théimodlRebidRd/dcivéFmaiiaRS ¢allrs 16
in step (A i not renoved, ﬁ}?that a n%povmre i s optai ned which cqnpri ses,

in additiondereRt 5e94ERCasNEl {1RePIRGETS: SIEPS JRPTPNEH: MOk SXATRIS 4 MakPs east

one support agwitatie dhat the&hﬁp@bh)eta‘tal rerasval dmetepqEY e tarribd Siue pefoféihe (D) and
(E) are | e fo

thteo ot dps 0raepbar el BRRLiGups o 8 SndlB PongedBotitert oy and

(E) is as degC)edorebhers |tneaosslttlélﬁ‘ta,t the conversion of the precursor compound of the
thermoelectrically active material (step (D)) is carried out after the removal of the
support material (E)).

20  In a preferred embodiment, the steps of the process according to the invention for
producing nanowires are carried out in the sequence (A), (B), (C), (D), (E).

The present invention also relates to a process for producing nanotubes by
treating a fiber comprising at least one support material and at least one

25 thermoelectrically active material or a precursor compound of a thermoelectrically
active material, comprising:

(F) providing a melt or solution which comprises at least one support material
or suitable precursor compounds of the support material,

30
(G) electrospinning the melt or solution from step (F) to obtain a fiber of at
least one support material,
(H)  enveloping the fiber obtained in step (G) with at least one
35 thermoelectrically active material or a precursor of a thermoelectrically

active material to obtain a fiber comprising at least one support material
and at least cne thermoelectrically active material or a precursor
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for exanple after step (B), it is possible to carry out step (C, (D) and/or
(E). 10 The BA&GFoAktiengeaskelschdff er entAG2ONEDTOdref st eps (RE Q0QOD5750%hs( E) may
be that different support nmaterials and/or thernoelectrically active

materi al s cause different sequences of 1fhe process steps nentioned. For
exanple, it may be advisable that the support material renoval in step (E)
i's carried out betghBolPorkpinerMGdiofidly abieRatbliber obtained in step (B)
with an el ectrical nonconductor (step (C)S. Moreover, it is possible that

t he conversion of the precursor conpound of the thernoelectrically active

material (step (Diflappfoptiate érd@iopitiy thé FiBsr sHMEINEEWAN ah ectidanorfdonRedtér
material (E)). 20, n .a pref nt, the steps of the process

i D Ierr.ecl enb%gi
according to the thORAIN Fhelpgrcally e iPSanowi res are carried out in the
sequence §A), (B), (O, (D, (E). The present invention also relates to a

process for odugi t I I [,S) t | east one
support mat e[ri)‘lj)al gfn zrich%fggea é}%%ﬁ@% tB‘LSbﬁ%gts%8&8@#&%%&'%%%@0\%%0%?@i al or
a precursor conpoantveghagriaHethmadtivefferigal |y active material, conprising:
(F) providing a nelt or solution which conprises at |east one support
material or suitable precursor conpounds of the support material, 30 (G

el ect r ospi nnillRy t ifeap@opriale EsMMNDANG rompet dpaieryl, tBepbt(Bi 10 4K} itsig of at

| east onggsupport pERbLRFALM in drf)se§0¥RIeOPI Ng the fiber obtained in step (Q
with at | east one 35 thernoelectrically active material or a precursor of a
thernoel ectrically active material to obtain a fiber conprising at | east
one support lmé;ﬁ;r(tho (Kt prbegtstaceBiirighte i mlvestionl feeplodud@fd hufotiBdser i al  or
a precursor BOS/(? 01 BLA}%F Ctrt‘l engesel | schaft AE 20050701/rs PF

0000057509/ r &€ PR AAIRENt her moel ectrical |y active material, (1) if
appropriate enveloping the fiber obtained with an el ectrical nonconductor

to obtai qsans% e%_ri cally insulated fiber, 5 (J) if appropriate converting

t he precufrsor ¢onpound of the thernmoel ectricall y

Step (F) of the process according to the invention for producing nanoctubes
comprises the provision of a melt or solution which comprises at least one support
material or suitable precursor compounds of the support material.

20
In a preferred embodiment, the support material is a polymer or a material which
is obtained by the sol-gel process. In a particularly preferred embodiment, the
support material is a polymer. When the support material is obtained by the sol-
gel process, a solution of suitable precursor compounds is used in step {F).

25

In step (F) of the process according to the invention for producing nanotubes, the

same support materials, preferably polymers, and solvents may be used as in

step (A) of the process according to the invention for producing nanowires.

Particular preference is given to using homo- and copolymers. Most preferably,
30 the polymer is a polylactide or a polyamide.

The solution or the melt which comprises at least one at least one support
material or suitable precursor compounds of the support material can be prepared
by all processes known to those skilled in the art.

35
For the preparation of a solution and for the preparation of a melt comprising at
teast one support material, the same applies as was stated with regard to step (A)
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active material to the active form (K) if appropriate renoving the support
mat eri al , st &ASK Aktitmgdsé]isbleafg 10APROGS070dEe | n any PROMOUSES0Fsps (F)
to (K) of the process according to the invention for produci ng nanot ubes
are explained in detail below 15 Step (1B): Step (F) of the process
according to the invention for produci ng nanotubes conprises the provision

of a melt Or o3Ghaltdr08e WLl GRGRE! $ESin@dntioR 3k &%W@gﬁ{:wiré@t\ﬁh%ﬁ'a or

sui tabl e precursor conpounds of the support nmaterial. I'n a preferred
enbodi nent, PRYMSYipHysed. Hhe sppegntragorn o gl%féea&sron& priYreen igl thesplution jss

obt ai ned by tg@Reram} a8 ®asPOPE ISy whighe mafetduhpdnl Y ©r 86Br b deRfHROMbrENt , the

support materi al a I .. When the support material i's obtained by the
sol - gel prO(E’ééfgr,albgf%’ﬁgttggﬁg/"oqy‘gﬂg@tabl e precursor conpounds is used in step

(F). 25 18 step (F) of the process according to the invention for producing
nanot ubes, t me support materials, preferably polyners, and sol vents
may be used epfﬁ%'step (A) of the process according to the invention for
produci ng nanowi res. Particular preference is given to using honpo- and

copol yners. b 3 VREr. i pal . i
pol yam de. Tﬁéés (Sﬁzﬁfgthgoé%f%sg rgr%cfoF(ﬂ\r}\ﬁﬁé hﬂgo'%%t@gsﬁgtdr@géﬁe8%@0@?93 east
one support cpuEpgsestheslectabpiaing optheduelborsotuinp digmistepf F) theobtaip p diber

mat eri al 1gan Jpg; RESERALSHpp&tY midkdrigPr 0cesses known to those skilled in the
art. 35 For the preparation of a solution and for the preparation of a nelt

conprising at |east one support material, the sane applies as was stated

with regard tedigfrobMhninBRPsdeEs s BANM BhhbNG@RAlih 36alt ! folExRRNEGERL/ s PF
0000057509/ r s 1@ {)foé e Eéqioess accorgl ng tg the invention for producing
nanowi res. WS- Matss, C{;’ﬁe iNO- 1860299511 5 51d8%t r ati on of the at |east one
polymer in the solution is generally at |east 0.1% by weight, preferably
0, i 0, i
froml tcf530 ﬁlft)r}/revg\;%}'cp%tthe %Péc?ros;%a%&rtﬁg ls m]:ara%miezs éso wgg éfal?é/d %’c\)? 's%%t(B) of
the process according io the invention for producing nanowires, with the
difference that a fiber comprising at least one support material is spun in step (G).

The electrospinning in step (G) can, if appropriate, be followed by washing and
20 cleaning steps. In general, cleaning of the fiber obtained is not necessary.

The length of the fiber obtained in step (G) is in principle not restricted. By virtue
of the continuous process, fibers of any length are obtainable.

25  In a preferred embodiment, the nanofiber produced is wound up on a drum. When
the drum is covered at least once by the nanofiber over the entire width, the
spinning operation can be interrupted, and the nanofibers can be cut through at
right angles to the fiber and along the drum, so as to obtain a parallel arrangement
of a multitude of nanofibers whose length corresponds to the circumference of the

30  drum.

In a further preferred embodiment, instead of the drum, it is also possible to use a
metal frame, onto which the fibers produced can be wound up. In this
embodiment, a parallel arrangement of the fibers arises automatically. Such a

35 procedure is disclosed, for example, in R. Dersch et al., J. Polym. Sci. Part A: Pol.
Chem., Vol. 41, 545 - 553, 2003.
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5 Step (G: Step (G of the process according to the invention for producing
nanot ubes cd@ASK Aktiengesedisebaft ospi NNE 2005070he nel t or RODIAG0SA509/sm St ep
(F) to obtain a fiber 10 of at |east one support material. The

el ectrospi nning process is known to thos¥® skilled in the art, for exanple
from Adv. Mater. 2004, 16, No. 14, pages 1151 - 1169. 15 Wth regard to the

el ectr ospi nniypg, thrchﬁes%aama@mm.wl@@m %e%ﬁtaﬂeat Rdstb O G?t@ﬁbs@Bt}]aszootﬁ}ﬁ process
according to the inpvention for produci n%Bnanovvl res, with th difference

that a fiber PESRIFPIYSPEGER 5pé‘§§tm‘6ﬁ@r9§ Ur‘?ssﬁﬁ@'é??§m i's spun instep (Q.
The el ectrospinning in step (G can, if appropriate, be followed by washing
and 20 cleaning steps. In general, cleaning of the fiber obtained is not
necessary. The length of the fiber obtained in step (G is in principle not
restrictef. By virtue of the continuous process, fibers of any length are
obt ai nabl e.v\%‘ﬁ?ﬁ n_tl)a preferred enbodi nent, the nanofiber produced is wound up
on a drum he drumis covered at |east once by the nanofi ber over the
entire wwdth, the spinning operation can be interrupted, and the nanofibers

can be cut t@té’&’ Pé%tf thé';ﬂ%&eﬁngéﬁ?lﬁg tBhtﬁe |hptﬁ'f wﬁn@r adr&?lﬂ:bry‘?laaﬂugés SO as

to obtain a paral arra éerren nano ose length
corresponds t8MPFRges the gRvelering of dhe tfiker obtriraduin S'(Qﬁ‘ €3 with Hadr lepstedna r ed

enbodi neny, Itﬁ@rﬁ@a@cﬂkanwacweumatéﬁal Io$ @'p?&u%b‘isdfbé Qhér@ndéfﬁ&;uﬁ:allﬁ%bme frame,
onto which the f r‘é g V\@? eg ng a
Rjeh '”tih b%%&%'%ﬁu% shef WEM@”G‘QQ ﬁtéea%%?r ocedur e

par al | el arr

i s di scl osed thdraoerxmirpleactive nititela 1o @preturédr. combouRe loy BthérrioeldeichllyA:.  Pol .
Chem, Vol. 41t 545 §53, 2003. B05/0701 BASF Aktiengesel |l schaft AE
200507011r s PEUSOBBEE9500/ rs 19 The thi ckness of an individual fiber
obtained in step (G is less than 200 nm preferably |l ess than 50 nm nore

pref er abl | g |AABOARGDY e My  Hbiaiidhein ( HlopOlich Gt A SRBsRCGHRY Ui N9 to

t he |nven ion for produ nano
thermoelectrically ac’uve material or a precursor of a thermoelectrically active

material can be carried out by all processes known to those skilled in the art.

The fiber obtained in step (G) can be enveloped, for example, by gas phase
20  deposition, sputtering, spin-coating, dip-coating, spraying or plasma deposition.
Preference is given to enveloping by gas phase deposition.

With regard to suitable thermoelectrically active materials or precursor compounds
of thermoelectrically active materials, the same applies as was stated for step (A)
25  of the process according to the invention for producing nanowires.

In the process for preparing nanoctubes, the thermoelectrically active material used
is more preferably bismuth.

30 Inthe context of the present invention, enveloping means that the fiber obtained in
step (H) is enveloped by at least one thermoelectrically active material or by a
precursor compound of the thermoelectric material to an extent of at least 50%,
preferably to an extent of at ieast 80%, more preferably to an extent of at least
90%.

35
Step (H) of the process according to the invention for producing nanotubes may
generally also comprise washing and cleaning steps of the enveloped fibers. In a
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conprises the enveloping of the fiber obtained in step (G wth at |east one
10 t her noel eBASF dditiengesdilschaftat er i AE 2005670t iscur sor of PE 00hee5v56bkest ri cal | y
active material to obtain a fiber conprising at |east one support materi al
and at |least one thernpelectrically ac2ve material or a precursor conpound
of a thernoelectrically active material. 15 The envel oping of the fiber

obt ai ned | n bRk @niddrdtnd 83inORR obHSFIRELEGH LaAkd yuact | ve materia

or a precursor a thernoel ectrica active nmaterial can be carried out
by all processes known to those skilled in the art. The fiber obtained in

st eltot (G canrmethﬁjnmgétmetﬁe Iafy@F oextftamdt ®ne %rﬂ@éle@ﬁi@éﬁij actiYe Gh%l@ﬁdlb{ efna
sSpu erin | n-coatl n oat | (0] i Qn.
or et orencg. | BBGEN P Hing T B AR e Sty B nelest| S5 IGMER iberd o o

sui t abl e & hestem (H)de genaralyl fyoradtriny & 100 rem) ;zrbmrabiy frormumrads 30@npounds  of
thernoel ectrically active materials, the sane applies as was stated for step

(A) 25 of the process according to the invention for produci ng nanow res.
In the procelssstem(Hmfetparnrv@samommgp thén énvehtionios Ipseducingatdnptubes) ae

mat er i aI us r sS I of resent
"vent con. - eing S SPRfed URICH Botniiiqbesqtietst it MDA nEREHdF dndPpcfi s Pr €S
envel oped byera@lqpééstty anlaverelr poberatasiacticelly agtive V@ter@d @rrlqi| a @reqwsoa

precur sofg Coémn%w%d%?tﬁ&ﬁeﬁﬁ&ré%aﬁ?héth@ MRkl al to an extent of at |east
50% preferably to an extent of at’ | east 80% nore preferably to an extent

of at least 90% 35 Step (H) of the process according to the invention for
pr oduci ng nasgt@bgb_es may generally also conprise washing and cl eani ng steps
of the enveloped fibers. In a B05/0701 BASF Aktiengesellschaft AE
20050701/ rs PF 0000057509/rs 20 preferred enbodi rent, no washi ng and

cl eani ng st epse apkorcirstéped) aftthe Thecdsai adcoetisg ¢d thdrdndenryier fof paidutiagst one

th I Lal - of d .
t hor moel ot r1aaeFs Sy BeRRE! pieSing ot dne Jir Seithed TR 4B WP 1y 1
gener al | y f rmonctndumterdo bd@iman slecititallyabduatéd perS nmto 30 nm In step (H) of

the process according to the invention for producing nanotubes, a fiber is

obt ai ned whi ch conprises at |east one support material and which is
With regard to the enveloping with an electrical nonconductor, the same applies

as was stated for step (C) of the process according to the invention for producing
20  nanowires.

To envelop the nanofibers obtained in step (H) which comprises at least one
support material, preferably at least one polymer, and at least one
thermoelectrically active material or a precursor compound of a thermoelectrically

25  active material, the thermoelectrically active material or a precursor compound
enveloping a nanofiber of at least one polymer as an outer layer, all processes
known to those skiiled in the art may be used.

The electrical nonconductor is preferably applied to the fiber by gas phase
30  deposition.

The electrical nonconductor used is more preferably poly(p-xylylene) or
polytetrafluoroethene.

35 When the optional step (1) is not carried out, the process according to the
invention affords a nanotube which is not electrically insulated on the exterior,
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envel oped by a layer of a thernoelectrically active material or of a
precursor 1BASpkliengeskelistiwaft her nodE 2805070Mrsy act i ve RFROGIG0&7509Btsep (1) :
The optional step (1) of the process according to the invention for

produci ng 15 nanot ubes conprises the elel oping of the fiber obtained with
an electrical nonconductor to obtain an electrically insulated fiber. Wth
regard to thgw el oping with an el ectrical nonconductor, the same applies
as was stated for step (C) of the process according to the invention for
producing 20 nanowires. To envelop the nanofibers obtained in step (H)

whi ch conpri gas @tlohﬁaﬂprUF of swmdesmtcedsrumb toptref ewvadtlon & gre@singone

I d I
Compount of ADHUPRRCTRTEE alle, 5VAEPh, B hPPIai o nESTRAYIHD@ L | cal 1y

acti ve neb er ittedrmoeleatripalractis® mateiabtouihed ackwmfetnapi ng a nanof i ber of at | east

one polyner as an outer layer, all processes known to those skilled in the
art may be used. The el ectrical nonconductor is preferably applied to the

fi ber by gas Vjtiaregarddo thie powiersionof thiagredusssr comabumbelictba thermoeliegtsisdlyi s nor e

preferably pabildmxiers] #Eb RémddRioicaly aétl\/é%é(}emen% sqite WaRs!Qien P! | onal
step (I) is not carried out process accor nvention affords

a nanot ube wAIready be%fstaé@cbéqrrstem(w of #hy Peacess @ﬁcqrﬁ@getsetfémlaventlomg/ 0701
BASF Akt hengessiucmgmahbwitgs, 20050701/ rs PF 0000057509/rs 21 Step (J): The
optional step (J) of the process according to the invention for producing
nanot ubes conprises the conversion of the precursor conpound of the 5

t her noel ectr i'rhalobyormﬂsiepe(mmmibal cafried die odlytvihed o pnenfursw ttd‘mpj(ﬂgldroﬂ theo the

conver si on of, the Y SOr ound.of the ther.no ive
o tert ol 1o temerBrREal R e RO F obPegt IR THE R e e S 5 has
al ready been (8}).aVeeh therthemegldddjcaly active mpatedalss apgledriditng fiber it h:&epl (hhent i on
for 10 %odg%grtg)rmé/\ﬁlg esnsegmﬁt]hom' onal step (J) has to be carried out

cu

only when a pr sor oun

When a salt of the thermoelectrically active material is applied to the fiber in step
(H), step (J) is carried out in this embodiment.

20  Step (K):

The optional step (K) of the process according to the present invention for

producing nanotubes comprises the removal of the support material, preferably of

the polymer. When step (K) is not carried out, the process according to the
25 invention affords nanotubes which are filled with support material.

With regard to the removal of the support material in step (K) of the process

according to the present invention for producing nanotubes, the same applies as

has already been stated for step (E) of the process according to the invention for
30  producing nanowires.

In general, the support material, preferably the polymer, is removed in step (K) to
an extent of at least 30%, preferably to an extent of at least 50%, more preferably
to an extent of at least 70%.

35
In a preferred embodiment, the support material is removed by solvent extraction.
In general, it is possible for this purpose to use all solvents and solvent mixtures
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thernoel ectrically active conpound is applied in step (H to the fiber from
step (G . WBASFhxktichgeselidohaftr i cal AE 20050 /rsat eri al | BFAOOPLOERE00bst he
fiber in step (H), 15 step (J) can be dispensed with. Wen a salt of the
thernoel ectrically active material is app?ied to the fiber in step (H),
step (J) is carried out in this enbodinent. 20 Step (K): The optional step

(K ook pan® PrRES SoRfi QALoNG 1D SLBSarPHRAS! WhRKDL by Bloa RIEAIAL

nanot ubes conpri ses e renova e support material, prefera

pol ymer . V\henp@d"éﬁi's(%"eltge ﬁt@ptr@atrrqnéanwor WW\Q’? 'Br'&é@@@P%éo@Rﬂ“ﬁ@'rtﬂePhe 25
invention af f@yds nanotubes which are filled with support material. Wth
regard to the renoval of the support material in step (K) of the process
according to the present invention for produci ng nanotubes, the sane applies
as has alg eathe haeotuisd hbhed diametzr @ ldsE)ihad 200 enprefesabhaless titimE0 then, t he

or e er ably ¢ MROBCPSTERLIT 2Dyl il HiknebE oP BRS Wl 28 . pHARRbN 6T Foh s
30% pr ef er abl§ ninoaath adengihiof of least 1 mstDFS‘GFHbIMrlqu@fremamoye ptetberablyext ent

of at |east 70%,g% b, emtgew F,@ c%m%ug%?fvcesghﬁte%ﬁq?@loh 3 o iS

renoved by so vent extraction enera r thls pur pose
to use all sonaigestdactadd sol vent m xtures BO05/0701 BASF Akti engesell schaft
AE 200507{yl1rs PF 0000057509/rs 22 which readily dissolve the support

mat eri al which has been used in step (F) but poorly dissol ve the el ectrical
nonconduct or WP dJ) iandaflpr 6t |b§t Ea"”ﬁﬂp?lfte'ﬂ Py sSFQBe”C@t )in "5 Praermednot ube

has a di amet egmbédimers stépaml)Z(QPartumK)@teet@r@@bm ih @%SsdduanceQ), )mor e
preferably 20 nm a wall thickness of |ess than 20 nm pre erab | ess than

10 nm and a | ength of at least 1 mm preferably at |east 10 mm rmre
preferably aThéd gassentOfventionQalsagrelated te aomdrionireusomposies Sat Iehst loaagt h of

the nanotybe e d8LciEnl dle dhad o ItPRadid = ibholbi(Ls G 560 HAL1

out in any se
preferably less than 50 nm, more preferably less than 20 nm, and a length of at

least 1 mm, preferably at least 10 mm, more preferably at least 100 mm.

The present invention also relaies to nanotubes comprising at least one

20 thermoelectrically active material and having a diameter of less than 200 nm,
preferably less than 50 nm, more preferably 20 nm, a wall thickness of less than
20 nm, preferably less than 10 nm, and a length of at least 1 mm, preferably at
least 10 mm, more preferably at least 100 mm.

25 The present invention also relates o the use of the inventive nanowires or
nanotubes for thermoslectric heating, for eleciricity generation, in sensors, in
telecommunications or for temperature control.

Examples of sensors are CCD arrays, gas sensors, sensors on semiconductor
30  units or on CPUs.

Examples of thermoelectric heating are heaters, auxiliary heaters, air conditioning
units.

35 An advantage of temperature control with the aid of the inventive nanowires

and/or nanotubes is that they very precise temperature control is possible.
Moreover, such a temperature control system reacts very rapidly and precisely.
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enbodi ment, steps (I), (J) and (K) are carried out in the sequence (1), (J),
(K). The pred®2ASF Aktienyesslisghatt r el aAE20080701hanow r e coPPODBO0ET509/rd east
one 15 thernoelectrically active material and having a diameter of |ess
than 200 nm preferably |l ess than 50 nn@3 nore preferably | ess than 20 nm
and a length of at least 1 mm preferably at least 10 nm nore preferably
at least 100 mm The present invention also relates to nanotubes conprising
at | east one _20 thernoelectrically active material and having a _di aneter of
| ess t han 200F%@mPlesefasserinsiaptrickty gengratiosareinating by csmﬂ%tmmfgoﬁd fugls a wal I
thi ckness of JueRsstddan miR&ansi, rat@hbegabbnwdRs bytdaatitEorBustol! by wasgt h of
at least 1 rrm ?refer?}g}y at | east 10 rm}1 nor e Preferab#_%/ﬁ/at | east 100 mm
25 The presertea et M SUNs HAP 858 e DRAING AT Jie (MENtiYR, SRPPYECS Bhowi r es
or nanot Bbesndnetubklér m@lbeoémiamidmefatwiayggeﬁmmlamélecttﬂd:atly:rgenﬂebﬁhjeaﬂs ;n
sensors, in tele Lcations,.or . tenmperature control . Exanples o
sensors are @eaﬁgﬁge‘égéa"g@ﬁg‘ger@?Pegalﬁérgﬁg @Hgggﬁ? §'b'}1.%l?é‘{b&5- 30 units or
on CPUs. Exanples of thernpelectric heating are heaters, auxiliary heaters,
air condi ti ontd sk Sor He ARvAIVENARGEL 4 TRACEbL of WhEFheith By (e ai d
of the inventive nanow res ~and/or nanotubes is at they very preécise

t enper at ur e caplieationiptirprsesidende cavbiedovichy, alk pigessasednsemathods koown to|
system r gact Sn¥&S Killedlh Heyarfnd preci sely. B05/ 0701 BASF Aktiengesel | schaft
AE 20050701/ rs PF 0000057509/rs 23 Exanples of use in electricity
generation are heating by conbustion of fossil fuels such as coal, m neral
oi |, natural mawmpes:wood, by catalytic conbustion, by waste heat or by the
sun. In this case, the heating of the inventive nanowires or 5 nanotubes in
t he abovenenti oned ways generates an el ectrical current by neans of the

t her noel ectriBample &ctive materials in the nanowi res or nanotubes. The

anal ysis ,of the inventive nanowi res or nanotubes for experinental or

application purposes can be carried out by all processes and net hods known
to 10 those Rikdidtiod of pandtebes:t . Exanpl es: Exanple 1:

The template used for the bismuth nanotubes is electrospun PAG6 fibers:

20  Fiber production:
A solution of 15% m/m PAG6 in formic acid (p.a. 98-100%) is spun. The spinning
is effected from a PE syringe with a metal cannula (£ 0.6 mm) onto a rotating
aluminum roller with a diameter of 155 mm which rotates at a speed of 3500 rpm.
The voltage applied is +22 kV on the syringe cannula against -2 kV on the roller

25 (in each case relative to ground) at a cannula/toller separation of approx. 60 mm
(electrical field strength E = 400 kV/m). The propuision for the syringe is adjusted
appropriately, such that solution is available continuously at the cannula tip.

For better production of the fibers, either aluminum foil or PE film is applied to the
30 roller, on which the fibers deposit. In order to ensure good removal of the fibers
from the film, a plurality of layers of fibers have to be deposited. This entails at
least a spinning time of from 15 to 30 min. The film or foil applied and comprising
fibers is cut up at right angles to the roll. The fibers obtained thus have a length of
approx. 487 mm.
35
Vapor deposition of the bismuth layer:
The fibers are removed from the film in a thin sheet and clamped in a brass holder
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15 Production of nanotubes: The tenplate used for the bisnuth nanotubes is
el ectrospun BASF Aktiengesell@chaft ber REO2QMR0TONrs A sol ut i & @I0005750¥ 1% PAG6 i n
formc acid (p.a. 98-100% is spun. The spinning is effected froma PE
syringe with a netal cannula (0 0.6 nm) 28nto a rotating aluminumroller
with a diameter of 155 mmwhich rotates at a speed of 3500 rpm The voltage
applied is +gPaloPstnes ik nge cannul a against -2 kV on the roller 25 (in
each case relative to ground) at a cannula/roller separation of approx. 60
mm (electrical field strength E = 400 kV/n). The propul sion for the syringe
irs] adj ustled Tﬁ@walgar idgb@iitj’on w@geétb@tin %D]fwsﬁmﬁe! saporiaet, _athﬁa;anmnl ib_lemgus:c y ?t
the cannula tip., K For bett roductign of the fibers, either um, num f oi
or PE film i opiad aepty 50 M sopye s Molybdnerny Soaf oy Regieldt |
order to &nsbisenufjobeadsembe drassfholdee i iokated abdut dm &xie alongrihe fibarldireetiant y  of

| ayers of fi v b [ Thi s .engail : LN ng
i of fromtLBRSRse0 iR SUrRERE B, oisfiol bR vehofugpediat IShRRIT [T, |
is cut up at withdayerdhigkresstapntrbleby oleians Phe dridialrescillbtosi ineerdehimsathieve a

|l ength of a ; e b4 Qi af b ' eki» The
fibers are rgﬁr@é\?@dcﬁéﬂiﬂﬁ%ﬁ f%|e %Q?c%n% t hi {netds\ﬁ@]etg "ae??é?"é“f) garﬁrp%tégph%g' Iibr2ass

hol der BO5/ OTOAErBASE Akt i engesel | schaft AE 20050701/rs PF 00000575091rs 24
of approxg 25 x 25 mmR. The vapor deposition is effected in a resistance
vapori zer, the sanple being nounted approx. 150 mm above the nol ybdenum
boat conpri sf8™PKe? ol ten 5 bisnuth beads. The brass hol der is rotated
about the axis along the fiber direction at approx. 20 rpmduring the vapor
deposi tion; e, vapor  deposition is effected w I.ax.er_ t hi ckness control
by neans of & ¢y QMTER DY INCOMROTANG L1 SALS & RIBUNENI f or m coat i ng,
vapor deposition is effected wwth a very lowrate of approx. 1-2 nm per

mn. 10 %amrc?dl.%ﬁon of poly-D,L-lactide/BiCl; nanofibers:
A solution of 11% PDLLA/16.5% BiCl; {(m/m) in acetone is spun. The spinning is

effected from a PE syringe with a metal cannula (& 0.45 mm) onto a rotating
aluminum roller (& 155 mm, 3500 rpm). The voltage applied is +13 kV on the
syringe cannula against -2 kV on the roller (in each case relative to ground) at a

20 cannula/rolier separation of approx. 60 mm (electrical field strength E =
250 kV/m). The propulsion for the syringe is adjusted appropriately, such that -
solution is available continuously at the cannula tip.

For better production of the fibers, PE film is applied to the roller, on which the
25 fibers are deposited. In order to ensure good removal of the fibers from the film, a
plurality of layers of threads have to be deposited. This entails at least a spinning
time of from 10 to 20 min. The film applied and comprising fibers is cut up at right
angles to the roller. The fibers obtained thus have a length of approx. 487 mm.

30  Poly-para-xylylene coating:

The coating is effected by the CVD process according to Gorham, a commercially
available unit from "Speciality Coating Systems" SCS (Labcoater®, Parylene
Deposition Unit Model PDS 2010) being used. The starting material used is [2,2]-
35 paracyclophane. The monomer is evaporated at up to 175°C and pyrolyzed to
give quinodimethane at 650°C. Subsequently, the deposition/polymerization as a
film onto the fibers is effected at a maximum pressure of 55 mbar and less than
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Production of nanowires by incorporating Bi salts in the spinning: 15
Producti on oBASH Aktidrigelsaltécledt Bi CLAE20080708rs: A sol utAFi009057130%rs

PDLLA/ 16.5% Bi C13 (mim) in acetone is spun. The spinning is effected froma
PE syringe with a netal cannula (0 0.4526m) onto a rotating alum numroller
(0 155 mm 3500 rpn). The voltage applied is +13 kV on the syringe cannul a
against -2 k the roller (in each case relative to ground) at a 20

cannul a/rol | er separation of approx. 60 nmm (electrical field strength E =
250 kV/Im) . The propul sion for the syringe is adjusted appropriately, such

that solutiepr b@atmgatﬂe&mees Qwambynahi ﬁ'ehﬁe§ﬁ1néudhaa Wap thadtahe\peet er
production of the fibers mis 0 t he

| to th
fibers are depEsie éaceslsrfrqu daé'rS'?%; @‘T’lg’% % B?ﬁ)c’bbl? el t\Eﬁ’l pr81eec541;% qughgl}gg % rom t he

film a Bl urenbiier akrd wyighed & otithin éaes tHickvess apdrex.@=posi.t ed. This entails
at least a spinning time of from10 to 20 mn. The filmapplied and
conprising fibers is cut up at right angles to the roller. The fibers
obtai ned thus have a | ength of approx. 487 nm 30 Pol y-para-xylylene

coating: The y the CVD process according to Gorham a
conmer ci al | yp%g?édalIﬂg Ho%thﬁe%@ccb r#) Speci al i tééICoatl ng Systens" SCS

(Labcoat er (r)The @m{lyl!;eﬁeeff%‘ﬁibém Mmaaneneft SpEERENg PeshTam)  bes rigulieritg. The

startingqgat %ﬁénﬁbeM%eéirabéatE@ d%]n/n?té doafeesureldmfmanﬁbarT B4 IRNEEBNa S trRyapor at ed
at up to 175C an i ve qui nadi net hane at 650C. Subsequently,

yze
the depositi§ 6I(§/)*Fﬁarpi'%5§t’\'%ﬁ5% aprqu1<9nt'Bb@'ﬂeTf‘Pb‘e?'ﬂe'ir%ﬂL@fqeéfM% at a
TAX] TUM r eS8 @ EroIOTO A b Sipobédap .%Q%@Ja@lmBASﬁaMdnemgeﬁséﬁ schaf t

AE 200507011 57509/ 2 30C. t f d
ont o et al fﬁs%weg TR dbare arevé@mpﬂ in BrkEass RIS Pt i 5s PR | ot das

as far as powaﬂelaenshpmtdboatmem«s:@ thedbengiraxtion STHEDMspTRItioMey effasRidghed to
obtain | aye Poi tet fI u&}oret hyl ene coating: The

coating i eﬁli%&? B@prﬂg%gm‘g?mg@%%?ﬂqﬁ Fae 8?%[ ‘The sputteri ng 10

chanmber is evacuat ed down to a pressure of 10.6 nbar and the plasma is then

started (thegpr r prox. 10-3 nbar). The
pol ytetrafl uc?%gg?tﬁmltgrqiétglﬁéblg&u 0 approx. 50 mm) is disposed approx. 50-60

mm away fr omThﬁéedllG[tj@m is effected in a tubular oven which can conduct temperature ramps
by means of a control unit. The program provides for three segments: heating (to
20  260°C within 30 min), heat treatment (at 260°C for 20 min), cooling {to RT for
approx. 30 min.); the cooling proceeds more slowly than provided for by the oven
control and depends upon the ambient conditions. Before the start of the
reduction, the sample is evacuated in the tubular oven (approx. 0.1 mbar) and
subsequently flushed with hydrogen; during the duration of the reduction, a gentle
25  hydrogen stream is passed continuously over the sample (approx. 5 ml/min).

Reduction to metallic bismuth with subsequent removai of the PDLLA core fiber:
For this purpose, 5 segments are provided for: heating (up to 260°C for 30 min),
heat treatment (at 260°C for 20 min), heating (to 270°C for 10 min}, heat treatment
30  (at 270°C for 5 h), cooling (fo RT for 30 min); the cooling proceeds more slowly
than provided for by the oven control and depends upon the ambient conditions.

Before the start of the reduction, the sample in the tubular oven is evacuated
(approx. 0.1 mbar) and then flushed with hydrogen; during the duration of the

35 reduction, a gentle hydrogen stream is passed continuously over the sample
(approx. 5 ml/min).
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sanple. The fibers are clanped in a brass hol der of approx. 25 x 25 m® and
rotate at 15 BASK Aktiengesalisghaff al onAE12005070és di rect i oPF 00ORDSTSNDES tion i s
effected 15 at a rate of approx. 5 nmmn (neasured with crystal
oscillator). Reduction to netallic bism#th: The reduction is effected in a

t ubul ar oven whi ch can conduct tenperature ranps by nmeans of a control

unit. The prqurm@tﬁé%ﬂ@gsté Qfo*dﬂrtﬁ@ggggnm /§urg€ﬂ§lts\nﬁléhédfb BchiOgagv t hin
30 mn), heat tre n& éat 260C for mn (ofe]0] R% approx. 30
mn.); the cdBi9OAYapH HoeQuen ios 9596%%}’ R4 tﬁf#oﬁnéi@gararﬁswetqiépawn
control and depemssaripapplied gundirerdubsaudnt he sreaffedrbpetaienst art of the
reduction, the sanple is evacuated in the tubular oven (approx. 0.1 nbar)
and subsequently flushed with hydrogen; during the duration of the
reductionb a gentle 25 hydrogen streamis passed continuously over the
sanple (approx. 5 m/mn). Reduction to netallic bismuth with subsequent
renoval of the PDLLA core fiber: For this purpose, 5 segnents are provided
for: heating (up to 260C for 30 mn), heat treatnment (at 260C for 20 mn),
heating (to zggg}%é) 10 min), heat treatnment 30 (at 270C for 5 h), cooling
(to RT for 30 m the cooling proceeds nore slowy than provided for by
the oven control and depends upon the anbient conditions. Before the start
of the regductpafuctibh®r fambliRs By ihdpdrafn BIpPlidst ihIheyaatiaged (approx. 0.1
nbar) and then fTushed w th hydrogen; during the duration of the 35
reduction, a gentle hydrogen streamis passed continuously over the sanple
(approx. 5 mprotimgtion BPBI Rardbafidles: Akt i engesel | schaft AE 20050701/rs PF
0000057509/rs 26 During the heating to 270C, the gas supply/purge is
switched to protective gas (argon) and the oven is subsequently evacuated,
so that a preRmypredutioafpeflecied whded afgontadmospheagppl i ed during the subsequent
heat tregkment operation. 5 Exanple 3: 10 Production of nanow res by

i ncorporating Bi particles in the spinning: Production of Bi nanoparticles:
The product i oh clasnpsidf Schienk vessel isaindiahy shangeg hvdihe25 mrdol of sodium hydride

NaH which are degassed and washed twice with absolute tetrahydrofuran THF,
then 20 ml of THF are added and the mixture is heated to 65°C. 10 mmol of fert-
butanol in 5 ml of THF are added and the suspension is stirred for a certain time.

20  With vigorous stirring, 5 mmol of finely pulverulent BiCl; are added (all at once)
and the solution is kept at 65°C for a half hour. Directly after addition, the solution
begins to turn black. Subsequently, the solution is cooled to RT and 20 ml of
absolute THF are added, and the mixture is left to stir overnight and concentrated
by rotary evaporation. A black powder remains which has particles approx. 5 nm

25 in size under the electron microscope.

Production of poly-D,L-lactide/Bi nanofibers:

A solution of 4% PDLLA/4% Bi particles (m/m) in dichloromethane is spun. The
30 spinning is effected from a PE syringe with a metal cannuila (& 0.45 mm) onto a

rotating aluminum roller (& 155 mm, 3500 rpm). The voitage applied is +13 kV on

the syringe cannula against -2 kV on the roller (in each case relative to ground) at

a cannula/roller separation of approx. 60 mm (electrical field strength E =

250 kV/ m). The propulsion for the syringe is adjusted appropriately, such that
35 solution is available continuously at the cannula tip.

For better production of the fibers, PE film is applied to the roiler, on which the
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A cl amped Schl enk vessel is initially charged with 25 nmol of sodi um hydri de
NaH whi ch aBASHjdtisngeselisthaiished AR 205070tirsmbsol ut e PELGCIRYSFOrBan THF,
then 20 mMl of THE are added and the m xture is heated to 65C. 10 mmol of
tert- butanol in 5 ml of THE are added2&nd the suspension is stirred for a
certain tinme. 20 Wth vigorous stirring, 5 mmol of finely pulverulent Bi C13

are added (fbdrs ate @85cRked. aﬁ@rdémo 8RLUIE 0BAd FemdRPbF Ak ﬂ@éﬁé fr& ttee 1@, & hour .

Directly after | uti on otu ck, Subse uently,
Che® <ol ut oRorauBcel e b sadiiavo oS e BRSeans bfiaiingt BESt aSHBE N and t he
m xture is tieétof fromst0 to ZivmimiThbtfilmadpliararentanadriathg fibers stcut yp evdagidr ati on. A

bl lack powder i e under the
el oot ron i SPUELEIHS ek cihe R bty FRsteo: Slnam Pilesten By abfc. "

sol utiorb of 4% PDLLA/ 4% Bi particles (n1 m in dichloronethane is spun. The

30 spi nni ngpj f yringe with a nmetal cannula (0 0.45 nm)

onto a rot g’%lﬁlﬁgéla ﬁﬁ%%@g?'?éﬁ%% 155 mm 3500 rpn). The voltage appl i ed

is +13 kV on the syrl nge cannul a against -2 kV on the roller (in each case

relative torgr @nsl) P@ée 335 a{er ;%ln&éd %ﬁpﬁéa%ﬁnbcmp@é 2?@1@%305%5”“
(electrical field s :gﬁropu sion for the syringe

i s adj ust ed %&iﬁ'fe@HF‘?'Ht(@‘I %70°§J‘éfhs f‘h&f’o"r@ét%BTﬁ?" miry; the SoPUNg RIOERFIEI nuousl y
at the e@nnlofe bRy tham pRRidedirfoPhP HeCdvetofroltdh@ ddpeaas updittttel drbiémt appl i ed
to the roller, . .on which the B05/0701 BASF Aktiengesel |l schaft AE 20050701/rs
PF 00000575891410M827 i pers are deposited. In order to ensure good renoval
of the fibers fromthe film a plurality of |layers of threads have to be

deposi t ed. i i . t i,ani i ro 0 _mn. The
i 1m appl | e eAUEb AP of murdbis Br98 BEsRR o b Fredharh SbPER bRSSVRE Tl 1 or.
The fibers obapprored G.Hobahmapplied eveytihe ciurseplibe enth@programs Renoval of the
PDLLA core fibers: For this purpose, 3 segnents are provided for heating (up
to 270C for 30 mn), heat treatnent (at 270C for 5 h), cooling (to RT for
30 min); the cooling proceeds 10 nore slowy than provided for by the oven
control and depends upon the anbient conditions. The tubular oven is
evacuated before the start of the program so that a pressure

B05/0701



of approx. s 0.5 nbar is applied over the course of the entire program
605/ 0701 BASIBASH Aktieregasiellschaft t AE ADRBINT0NS PF 0000(FF760MI05850%& \What
is clained is: 1. A process for producing nanowires by treating a fiber
conprising at |east one support materi a8 and at |east one
thernoelectrically active material or 5 a precursor conpound of a

t her noel ect r iyg@dtiy/cigipddave material, conprising: (A) providing a nelt or
sol ution which conprises at |east one support naterial or suitable
precursor conpounds of the support material and at |east one

t her noel ectriical | y pn@t:éssefdﬁm@:rdcmg Nowires ayulrreamﬁg aJﬂBee@aﬂn@ﬂQ af least
therm)electricall active a% i ﬁé@a elec %”ﬁ ﬁ i Iﬁ\[:lsolutlon
fromstep (A to ?a'\suﬂ ot ke a% & & AHHBRIC Raber i al
and at | eAst one atmecummm;munabfatrmmmnalectneallgraca% matexiap comprising: conpound
of a 15 thernoelectrically active material, (C if appropriate envel opi ng

the fiber obtained with an electrical non- conductor to obtain an
el ectrically insul(al edovidibgre mElt gropolulonappichpedraprises civieasti org kP ecur sor

conpound of the thernﬁ‘éi@rllé%trrsbﬁé’dlé%ﬁre%ﬁFéoYﬁorﬁB&ﬁ{dsad s&wor@ﬁ.gtev.su drm (B

if appropriate removing t terial, steps (C) t bei ng
performabl e in any s&julage. 0@5 thrnpefgcg@glgg 3cdive p @l gr r\%n@ﬂeﬁ'ﬂf’égr by

treatingqg fiber comgoiipold afa{r@aﬁbele&ﬁ@lﬁlaewmatw&erIal and at |east one
thernoel ectrically active material or a precursor conmpound of a

thernoel ectrically active material, conprising: 30 (F) providing a nelt or
sol ution which conBy ief@ﬁroa;bmhnﬁgahe et stigpltion friset Sl’eipallA)Otb Shithihad ifiber

precursor conpounds of the sup of terial (©) tr |nn the nelt or
sol ution fromstep (FP"PE*88 519 F‘?S#m bg{f maggréeﬁ Leggt[ Mt erial,
35 (H) envel opi ng t héhdrimoefecticaly raetive matergd 0GR \predmrsa:tr tcaamunﬂnef a

t her noel ggtri cally a‘fﬁé%%efé%{rﬁ':éflﬁctﬁé nfatEFCur sor of a thernoelectrically

(C) if appropriate enveloping the fiber obtained with an electrical non-
conductor to obtain an electrically insulated fiber,

20 (D) if appropriate converting the precursor compound of the
thermoelectrically active material to the active form,

(E) if appropriate removing the support material, steps (C) to (E) being
performable in any sequence.
25
2. A process for producing nanotubes by treating a fiber comprising at least
one support material and at least one thermoelectrically active material or
a precursor compound of a thermoelectrically active material, comprising:

30 (F) providing a melt or solution which comprises at least one support
material or suitable precursor compounds of the support material,

{G) electrospinning the melt or solution from step (F) to obtain a fiber of ai
least one support material,
35
{H) enveloping the fiber obtained in step (G) with at least one
thermoelectrically active material or a precursor of a thermoelecirically
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conprising at |east one support material and at | east one

thernoel ectrically active material or a29recursor conpound of a
thernoel ectrically active material, 5 (1) if appropriate envel oping the

fiber obtained with %Btl\fé Afdtbrif db HREN & oL CdMhpristhgO Bt %é%tadhee%%ddrﬂ call'y
i nsul ated fiber, (J) appr (grl ate converting the precursor é’ipound of the

t her moel ectri cal I y a@iqt%réa*n%ﬂ At dfagtoons dhefpiarlrstricgimactiys (’P@"ef' ppsropri at e
removi ng the support pf’@iu%’dr%bmpelhr&p@fa(thbrrﬁdelédﬁﬁcalﬂﬁaa@e rpetefigl mabl e i n any
sequence. 3. The process according to claiml1 or 2, wherein the support
material is a 15 polyner or a material which is obtained by the sol-gel
process. &. The p(kcésapmoprateliengelbpingl the fibdr obteened withhan pécirivet nos- a

pol yl actide or a pol T ng to any of clainms 1
to 4, wherein the tﬁéﬁ&}%gﬁtot%rgtla% g‘ggﬁé@@%&"ﬁﬁ% is at | east one
conmpound conprising at |east one el ement selected fromthe group consisting
of tellurium anypmgny n, angd. g m i §f s@leect ed
fromthe group gjr?g:ﬂrst?rﬁbbrﬁ%m éﬂ%rﬂé‘ uqﬁeér dlér(fatgé"sé)r ?&H rlg{deséan bi smut h.
25 6. The process acé*ﬁﬁfﬂﬁoﬁﬁctr@a'wt'w "@t%flah@tmeﬁét"@foﬂmerel n the precursor
conmpoundqfor the thermoelectrically active material is a salt or a conpl ex
of thetherm)electrlcal active materjal. 30 7. Th rocesa dlngto
any of claims 1 t&Kb. IRREPRIAE (REOVIDg dhensHPRRT fatalialy SEES () do ks dens

sel ected fromthe grefoese BtanyGeqliend2l smut h, Bi 2Te3, PbTe and m xtures
thereof. 8. The process according to any of clains 1 to 7, wherein the

el ectrical non- 35 conductor is selected fromthe group consisting of
aromat i ¢ and3al i pfiaeippocdssrapco@ing ooy trer 2, shdrein Kieuswgpotthreateddl.is @05/ 0701

15 polymer or a material which is obtained by the sol-gel process.
4. The process according to claim 3, wherein the polymer is a polylactide or a
polyamide.
20 b The process according to any of claims 1 to 4, wherein the

thermoelectrically active material is at least one compound comprising at
least one element selected from the group consisting of tellurium,
antimony, silicon, boron and germanium, and/or is selected from the group
consisting of oxides, skutterudites, clathrates and bismuth.
25

6. The process according to any of claims 1 to 5, wherein the precursor
compound for the thermoelectrically active material is a salt or a complex
of the thermoelectrically active material.

36 7 The process according to any of claims 1 to 6, wherein the
thermoelectrically active material is selected from the group consisting of
bismuth, Bi,Tes, PbTe and mixtures thereof.

8. The process according to any of claims 1 to 7, wherein the electrical non-

35 conductor is selected from the group consisting of aromatic and aliphatic
homo- and copolymers and mixtures thereof.
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pol y- par a- xyl yl ene or pol ytetrafl uoroethene. 10. A nanowi re conprising at

| east one thernoelectrically active mat¥rial and 5 having a dianeter of

| ess than 200 nmand a length of at least 1 nm 11. A nanotube conprising at

| east one thRer mﬁh%%rﬁbé‘s%'édém%‘?r#d Yb clﬁrﬁﬂt rWﬁére%an'le &aﬁtﬁh&@ n@nEB Webess of |ess

than 200 nm a wal | I ckness ess an 30 nm engt of at least 1
nm 10 12. The u@@'yoqarﬂ'éﬁ'&lﬂi‘?é’ﬁPﬁ'&’@@fﬁﬂﬁ%@em@‘%l ai m 10 or nanotubes accordi ng
to claim11l for thernoelectric heating, for electricity generation, in

sensors or _for tenperature contral 05/ 0701
10 A nanowire comprising at least one thermoelectrically active material and

5 having a diameter of less than 200 nm and a length of at least 1 mm.

11. A nanotube comprising at least one thermoelectrically active material and
having a diameter of less than 200 nm, a wall thickness of less than 30 nm
and a length of at least 1 mm.
10
12.  The use of nanowires according to claim 10 or nanotubes according to
claim 11 for thermoelectric heating, for electricity generation, in sensors or
for temperature control.
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