-1-. Arrangenent and method for producing electrically conducting
nanostructures by nmeans of el ectrospinning The present invention starts
from known nethods for the production of structures of 5 electrically
conducting material using printing nethods. The invention relates to a

nmet hod by means of which it is possible to deposit nanofibres in a targeted
manner wth a high spatial precision onto any desired surface. This is nade
possi bl e by a speC|aIIy adapted process of SO- caIIed eIectrosplnnlng in
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consi st of el Hﬁ& Qea§5 %C@égg particles or are subjected to a
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material include as great an artistic freedom as possible Iin the design and
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materials |isted above by way of exanple. There is therefore the need to

obtain the positive properties of the material and,
Many structural parts (e.g. many internal fittings of automobiles; discs) and objects

of daily use (e.g. beverage bottles) consist substantially of electrically insulating
15 materials. This includes known polymers, such as polyvinyl chloride,
polypropylene etc., but also ceramics, glass and other mineral materials. In many
cases the insulating effect of the structural part is desired (e.g. in the case of
housings of portable computers). However, there is often also a need to apply an
electrically conducting surface or structure to such structural parts or objects, in
20 order for example to integrate electronic functions directly into the structural part or

the object.

Further requirements placed on the surface of articles of daily use and their material
include as great an artistic freedom as possible in the design and configuration,
25 positive mechanical properties (e.g. high impact strength), as well as specific optical
properties (e.g. transparency, gloss, etc.), which are achieved in different degrees

particularly by the materials listed above by way of example.

There is therefore the need to obtain the positive properties of the material and,
30 specifically, to produce an electrically conducting surface. In particular the optical
transparency and gloss are in this connection technically demanding. These can be

achieved only in three ways. Either the substrate material itself is specifically made



30 specifically, to produce an electrically conducting surface. In
particular the optical transparency and gloss are in this connection
techni cal ly demandi ng. These can be achieved only in three ways. Either the
substrate material itself is specifically nmade -2- electrically conducting,
w t hout thereby adversely affecting its ngchanical and optical properties,
or a material is used that is conducting but is not visually recognisable
by the hunman eye and can easily be applied in a targeted manner to the
surface of the substrate, or a conducting naterjal is used, which although
itself is notelsciricaliys sardusting.c arhawnbeesby hadvarselyi afiewsipgmeisn seshanical landabl e
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particul ar copventional rinting nmethods, such as screen printing or ink
rspae iy et St ine ol A esies

jet printing, Correspondi ng formul ati ons for
conducting materials - also ternmed inks - already exist particularly for
these printing 20 techni ques, which in conjunction with the nethods enable
conduct ilig st uganeradeny strudserefwhielsdwben appdied (o f Ave-dimpasiened serdacsaioepnoint i ng
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plane, is regarded as visually non-recognisable. In order reliably to exclude any
influencing of the surface recognition, structures in the submicron range (i.e. with a
line width of < 1 um) are particularly desirable.
15

A large number of methods exist for applying in particular conducting material to
surfaces. In particular conventional printing methods, such as screen printing or ink
jet printing, are suitable for this purpose. Corresponding formulations for
conducting materials — also termed inks — already exist particularly for these printing

20 techniques, which in conjunction with the methods enable conducting structures to

be formed on the surface.

Whereas screen printing methods on account of the very small available mesh width
of the printing screen are in principle not able to produce structures with an optical
25 resolution of less than 1 pm, ink jet printing methods for example would
theoretically be suitable for this purpose, since the dimensions of the resulting
structure on the substrate in the case of ink jet printing methods directly correlate to
the nozzle diameter of the printing head that is used. However, in this connection
the characteristic length of the minimal dimension of the resulting structure is as a
30 rule larger than the diameter of the employed nozzle head [J. Mater. Sci 2006, 41,
4153; Adv. Mater 2006, 18, 2101]. Nevertheless, in principle structures with a line

width of less than 1 pm could be produced if printers with nozzle openings of



25 resolution of less than 1 m ink jet printing nethods for exanple would
theoretically be suitable for this purpose, since the dinensions of the
resulting structure on the substrate in the case of ink jet printing

met hods directly correlate to the nozzlesdianeter of the printing head that
is used. However, in this connection the characteristic length of the

m ni mal di mension of the resulting structure is as a 30 rule larger than the
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st anpi ng met hod, neans..of 15 thi.s.net.hod circular surface structures

w i a di anet B PgReeRoraR e sidutetid URGA0R0E or oduced [ Appl Phys Lot
1995, 67, 3114; Adv Mater 2000, 12, 189]. The disadvantage of hot printing
however is that the structural shape is restricted to the shape of the
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produced on polymer surfaces is the so-called hot stamping method. By means of
15 this method circular surface structures with a diameter of ca. 25 nm have already
been produced [Appl Phys Lett 1995, 67, 3114; Adv Mater 2000, 12, 189]. The
disadvantage of hot printing however is that the structural shape is restricted to the
shape of the stamping punch or stamping roller that is used in each case. A free
choice in the configuration of the structure is not possible with this method.
20
Particularly thin fibres, which potentially could also be applied to the surface of a
suitable substrate, can be produced by means of a method that has become
established under the name “electrospinning”. In this way it is possible by using a

spinnable material to produce fibres of a few nanometres in diameter [Angew Chem

25 2007, 119, 5770-5805].

Electrospun fibres are however obtained only in the form of large, disordered fibre
mats. Up to now ordered fibres can however be obtained only by spinning on a
rotating roller [Biomacromolecules, 2002, 3, 232]. It is also known that in principle
30 electrically conducting fibres can be spun by means of “electrospinning”. A
corresponding conducting material for such an application utilising the conductivity

of carbon nanotubes is also known [Langmuir, 2004, 20(22), 9852].



choice in the configuration of the structure is not possible with this

nmet hod. 20 Particularly thin fibres, which potentially could also be applied
to the surface of a suitable substrate, can be produced by neans of a

met hod that has becone established under the nane "el ectrospinning”. In
this way it is possible by using a spinngble material to produce fibres of
a few nanonetres in dianeter [Angew Chem 25 2007, 119, 5770-5805].

El ectrospun fibres are however obtained only in the formof |arge,

di sordered fibre mats. Up to now ordered fibres can however be obtai ned
only by spinning on a rotating roller [Bionmacronol ecul es, 2002, 3, 232]. It
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spun by neans of "el'ectrospinning'. A correspondl ng ctonducting naterifal for
such an appl i fibfeinpats tdd bd sbtmged.ne conductivity of carbon nanotubes is also
known [Langruir, 2004, 20(22), 9852]. -4- In US2001-0045547 nethods and

materials are disclosed, with which conducting fibre nmats can be obtai ned.

beon o cvel BT CUIG LR ARETUL LA FLRETS Aol et WA TR RAR 2
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conducting structures with a specific arrangenent on a 10 substrate surface

have been proldNased-aprsn2@is 6083 ect r ospi nni ng. 1 n US2005- 0287366 a met hod
and a material are disclosed, by nmeans of which conducting fibres can be
produced. The nethod includes el ectrospinning at an interspacing of about

200 nm with yhaor@sehb ddvhiicalysondeitng dhhlbfugesBith Akgclifiketarpembhr eptai ned.
The material is a polymer that is nmade electrically conducting by further
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and

In US2005-0287366 a method and a material are disclosed, by means of which
conducting fibres can be produced. The method includes electrospinning at an
interspacing of about 200 mm, with the result that disordered fibre mats are likewise
15 obtained. The material is a polymer that is made electrically conducting by further
post-treatment steps, including a thermal treatment. A targeted orientation and

application of the resultant fibres to a substrate is not disclosed.

The object of the present invention is accordingly to develop a process with which,
20 by using the electrospinning technique, conducting structures that are visually not

directly recognisable by the human eye can be specifically produced on a surface.

This object is achieved by the use of an arrangement for the production of
electrically conducting linear structures with a line width of at most 5 um on an, in
25 particular, non-electrically conducting substrate, which is the subject-matter of the
invention, comprising at least one substrate holder, a spinning capillary, which is
connected to a reservoir for a spinning liquid and to an electrical voltage supply, an
adjustable movement unit for moving the spinning capillary and/or the substrate
holder relative to one another, an optical measuring instrument, in particular a
30 camera, for following the spinning process at the outlet of the spinning capillary,
and a computing unit for regulating the distance of the spinning capillary relative to

the substrate holder depending on the spinning process.



application of the resultant fibres to a substrate is not disclosed. The
obj ect of the present invention is accordingly to develop a process with
whi ch, 20 by using the el ectrospinning technique, conducting structures
that are visually not directly recognisg?[e by the human eye can be
specifically produced on a surface. This object is achieved by the use of
an arrangenent for the production of electrically conducting |inear
structures with a line width of at nost 5 mon an, in 25 particular,

non-el ectrically conducting substrate, which is the subject-matter of the

i nvention, co I Si . n hnni.ng capillary,
which is cong}e%gé[rglw?%ea%néxg@%ﬁpglﬂaﬁy ?’ gél?)gr{a&ge %l?nrgnh‘?irﬁig? H acfgrll%lean to an

el ectrical voltage supply, an adjustable novenent unit for noving the
spinning capillary and/or the substrate holder relative to one another, an
optical measuP#HgUARY threleEsd isi 30 pEpRgemenhin avisich dheespipning capiliyobdsng t he
Spi nni ng<proc t out. h e i noi pjl , ting
unit for 5r eg uﬁg‘ﬁﬁlaﬁgoéeﬁglgd i%tlthazrll% glflt(e)lftnlate ﬁfe’a%seg‘li}nﬁf?%ﬁcg)p? I%F%’r yre?%?}él? i Q/gmt%g t he
substrate hol dsmslepdpdititgl@ly préferadpi M0i /Qo.pPmasess. -5- Preferably the
spinning capillary has an opening width of at nost 1 mm Particularly
preferred is an arrangenent in which the spinning capillary has a 5

circul ar openin idh. an_internal di ter of 0.01 tg 1 ref.erably 0.01
fo 0.5 mm andl Bavieded dmplhnBRon ¥ 6% Srapdin fhe yke BEHERPORY

i npl ement at i odelplerst e o0t doltasdeMaptiot ek V ObieB @bl URPItY 1DO0KVE Bartidelatlyer s an
out put voltage of up to 10 kV, preferably 0.1 to 10 kV, particularly 10

p {
pref eraBly | pusferablkV tad kivoed pestmedichlerlyprgfebbr A kY. to 6 kV. In a
further preferred inplenentation the adjustable novenent unit serves to nove
t he substrate holder. 15 Also preferred is an arrangenment which is

char act eri sedd 4 fiirfiRk prdf@rréPintplementa@et theaidyustabB mBeeracttUmitednied tdnfdvét ance
of 0.1 to 10 mm preferably 1 to 5 mmand particularly
the substrate holder.

15 Also preferred is an arrangement which is characterised in that the spinning capillary
can be adjusted to a distance of 0.1 to 10 mm, preferably 1 to 5 mm and particularly

preferably 2 to 4 mm from the substrate surface.

In a particularly preferred variant of the arrangement, the reservoir for the spinning
20 liquid is provided with a conveying device that conveys the spinning liquid to the
spinning capillary. A plunger-type syringe which is provided with a motor spindle

as the plunger drive is for example suitable for this purpose.

The invention also provides a method for producing electrically conducting linear
25 structures with a line width of at most 5 pm on an, in particular, non-electrically
conducting substrate by electrospinning, characterised in that a spinning liquid based
on an electrically conducting material or a precursor compound for an electrically
conducting material is spun onto the substrate surface from a spinning capillary with
an opening width of at most 1 mm under the application of an electrical voltage
30 between the substrate or substrate holder and spinning capillary or spinning capillary
holder of at least 100 V at an interspacing of at most 10 mm between the outlet of

the spinning capillary and the surface of the substrate, and the substrate surface is



preferably 2 to 4 nmfromthe substrate surface. In a particularly preferred
variant of the arrangenent, the reservoir for the spinning 20 liquidis '
provi ded with a conveying device that conveys the spinning liquid to the
spinning capillary. A plunger-type syringe which is provided with a notor
spindle as the plunger drive is for exanple suitable for this purpose. The
i nvention also provides a nethod for producing electrically conducting
linear 25 structures with a line width of at nbost 5 mon an, in particular,
non-el ectrically conducting substrate by el ectrospi nning, characterised in
that a spi nni AgVed elatyeraseputisholihe spispingicapillpgy, pdareie therglatiug movemewyr a
precur sor conpo .ectrigal .CO t.d £ LS SRuUn gnto the
substrate sur a‘gdglq Elg‘?n%?’%‘g‘%“?éi"ﬁg&gaﬁ rmngg 31% \i“\/lg3 tthg%glrﬁégéén?én%&\%ﬁddfrﬁmo& “at
nmost 1 mm undgiindihg 1RpR bedticoprebirs@ncahiuinti is dptivedllyagest-3ateat tacforn tane
substrate or substrate hol der and spinning capillary or spinning capillary
hol der of at tleetsicaloepnguetingmateritler spaci ng of at npst 10 mm bet ween t he
outlet of. the spinning capillary and the surface of the substrate, and the
substratg surface is -6- noved relative to the outlet of the spinning

capil lary, whggigible bittrafk alrd CRcHRYBRIBA-cohSuctiaBtdrqddopld &iﬁlﬁﬁ&ﬁlfﬁla&@ialshe
spinning flow, the solvent is renoved fromthe “spinning liquid and the

precursor conpishras plestiopt glassadn sergoiss.- orr seatic@nderctingraybstances|sueh a5 sdicpy,

conducting materi al . ui tabl e. substrate re,electrically npp-conducting
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sem - conduct i pawekb feaR GRS of HehspathiSd Ldpiidty an8ehdTRubstifle sifatd isra?m&mode and
zinc sulfide. In a preferred nmethod the di stance between the ouflet of the

spi nni ndOcapi Plldp 0z, priaterahlpd ite 4mem snd padisulady pogferebld tocd mb® 0.1 to 10
mm preferably 1 to 5 nmand particularly preferably 2 to 4 nm The
viscosity of the spinning liquid is preferably at nost 15 Pa s,

particularly The viscosity of the spinning liquid is preferably at most 15 Pa-s, particularly
preferably 0.5 to 15 Pa-s, more particularly preferably 1 to 10 Pa-s and most
particularly preferably 1 to 5 Pa-s.

15

The spinning liquid consists preferably of at least one solvent, in particular at least
one solvent selected from the series: water, C;-Cg alcohols, acetone,
dimethylformamide, dimethyl acetamide, dimethyl sulfoxide and meta-cresol, a
polymeric additive, preferably polyethylene oxide, polyacrylonitrile, polyvinyl

20 pyrrolidone, carboxymethylcellulose or polyamide, and a conducting material.

Particularly preferred is a method in which the spinning liquid contains as
conducting material at least one of the series: conducting polymer, a metal powder, a
metal oxide powder, carbon nanotubes, graphite and carbon black.

25
Particularly preferably the conducting polymer is selected from the series:
polypyrrole, polyaniline, polythiophene, polyphenylenevinylene,
polyparaphenylene, polyethylenedioxythiophene, polyfluorene, polyacetylene,
particularly preferably polyethylenedioxythiophene/polystyrenesuifonic acid.

30
In the case where the spinning liquid preferably comprises as conducting material at

least one metal powder of the metals silver, gold and copper, preferably silver, then



preferably 0.5 to 15 Pa s, nore particularly preferably 1 to 10 Pa s and
nost particularly preferably | to 5 Pa s. 15 The spinning |iquid consists
preferably of at |east one solvent, in particular at |east one solvent
selected fromthe series: water, C-C6 aleghols, acetone,

di et hyl f or mam de, di net hyl acetam de, dinethyl sulfoxide and neta-cresol, a
polyneric additive, preferably polyethyl ene oxide, polyacrylonitrile,

pol yvi nyl 20 pyrrolidone, carboxynethylcell ulose or polyam de, and a
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graphi te and patibenlidhaekof 2mdsatf0mul arly preferably the conducting pol ymer
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pol yphenyl enevi nyl ene, pol ypar aphenyl ene, pol yet hyl enedi oxyt hi ophene,
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one netal powder of the netals silver, gold and copper, preferably silver,
then -7- wat erryédiylaheioky verterrsoBible Apmopeiumerss MetratsPibienraademt Gapalyores
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in dispersed formand has P er of

Preferably thegolgiisperaanbls, nadpuesratofl pastinghalagent asel gaiddyll hosnttde
followng list: alkoxylates, al kylolam des, esters, am ne oxides, )
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horopol ymer's, px\@}ll%k, S}?Alyl%i%e,r %B@%E‘Ba&?&o %lcf’ﬁr,re};o%jmcrylates, polyethylene sulfonates,
polystyrene sulfonates, polymethacrylates, condensation products of aromatic
sulfonic acids with formaldehyde, naphthalene sulfonates, lignin sulfonates,
copolymers of acrylic monomers, polyethyleneimines, polyvinylamines,
15 polyallylamines, poly(2-vinylpyridines), block copolyethers, block copolyethers
with polystyrene blocks and/or polydiallyldimethyl ammonium chloride.

A particularly preferred spinning liquid is characterised in that the silver particles a)
have an effective particle diameter of 10 to 150 nm, preferably 40 to 80 nm,

20 measured by laser correlation spectroscopy.

The silver particles are preferably contained in the formulation in an amount of 1 to

35 wt.%, particularly preferably 15 to 25 wt.%.

25 The content of dispersant in the spinning liquid is preferably 0.02 to 5 wt.%,
particularly preferably 0.04 to 2 wt.%.

The size determination by means of laser correlation spectroscopy is known in the
literature and is described for example in: T. Allen, Particle Size Measurements,

30 Vol. 1, Kluver Academic Publishers, 1999.



wat er - sol ubl e bl ock copol yners, water-soluble graft polyners, in particular
pol yvi nyl al cohols, copolyners of polyvinyl alcohols and pol yvinyl acetates,
10 pol yvinyl pyrrolidones, cellulose, starch, gelatins, gelatin derivatives,
am no acid polyners, polylysine, polyaspartic acid, polyacrylates,

pol yet hyl ene sul fonates, polystyrene sulfgaenates, polynethacrylates,
condensati on products of aromatic sulfonic acids with formal dehyde,
napht hal ene sul f onat es, Iignin sul f onat es, copolyners of acrylic nononers,
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| aser correlation spectroscopy is known in the literature and is described

for exanple in: T. Allen, Particle Size Measurenents, 30 Vol. 1, Kluver
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spinning liquidis use |ses a ~ precursor conpound for an
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pol yacrylonitrile, polypyrrole, polyaniline, polyethylenedi oxythi ophene and
whi ch adaltloﬁ%PW9 ﬁﬁH ains a netal salt, in particular an iron(l11) salt,
particularly 5 preferably iron(ll1) nitrate. Suitable solvents are for
exanpl e acetone, dinethyl acetam de, dinethylformam de, dinethyl sulfoxide,
met a- cr esol afite dedird. fine electrically conducting structures are produced by electrospinning

by means of the above arrangement. Depending on the spinning solution that is
used the structures have to be post-treated in order to achieve or increase the desired

15 conductivity.

When a voltage is applied between the capillary or capillary holder and the substrate
holder, a droplet from which the spinning thread emerges is formed at the opening
of the capillary.
20
In addition receptacles for the capillary and substrate are configured so that a
relative positioning of the capillary opening with respect to the substrate surface is
possible. In a preferred embodiment the capillary can be positioned above the
substrate by means of adjustment motors, while in another embodiment it is possible
25 with adjustment motors to position the substrate underneath the capillary during the
spinning. In particular the substrate and capillary can be moved. Preferably the

substrate is moved underneath the capillary.

In order to produce the desired conducting structures from the spinning liquid, it
30 should be ensured that the spinning process is stabilised in such a way that the
resulting structure does not exhibit any breaks/discontinuities on the surface.

Preferably this is achieved by regulating the capillary distance relative to the



The nethod is nost particularly preferably carried out in such a way that
the new arrangenent descri bed above or a preferred variant thereof is used
to spin the 10 spinning liquid. The desired fine electrically conducting
structures are produced by el ectrospi nning by neans of the above
arrangenent. Depending on the spinning sofution that is used the structures
have to be post-treated in order to achieve or increase the desired 15
conductivity. When a voltage is applied between the capillary or capillary
hol der and t hB1bsts surdace, inhwhigh the fgr\mré;smcétemrerlbq»ﬁthﬁiheﬁl&lﬁ&er%lpteﬁrhyn@eaphr ead

nd ¢ ! _ _ e
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rel ative posibiesky nPadficuldity eagielabBr yheo pritedige Wist §taliitisqie ey dreanighe fdtbstrate
surface is possible. In a preferred enbodi nent the capillary can be
posi tioned abeePyereto analyse the eantgya irpagesansk infgearups theetslative erdsmovigmens of n
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substrat e andtheaipk WiathyoradubbRr ifBwasbntiiisdibabl y the substrate is noved
underneath the capillary. In order to produce the desired conducting
structures fromthe spinning liquid, it 30 should be ensured that the

spinning process. is stabilised in such a.way that the ., resuliin tructure
doce not exni o A PRl ePGohdr R s Pt etee s Theleafiop aERN ALTERBIRIRy b
i s achieved bihelceg@tfatanbshréd Subafidslodhyardd BleaapRlabebgdninge to the -9-
substrate surface, in which the forward novenent of the line is interrupted

by meand0 of a regulating | oop depending on a canera inmage, if the spinning
L ead Obui ouRy oy BERRK BRI W B P SRR Yl AF S e husted
interspacing and also depends on the nature of the spinning liquid. Preferably an
operating voltage of 0.1 to 10 kV should be employed for the spinning so as to
obtain a structured deposition of the fibres, as described above.
15
Particularly good results have been achieved if the distance between the head of the

capillary and substrate surface was 0.1 to 10 mm.

It was also found that for the implementation of the method, the material to be spun
20 should have a viscosity of in particular at most 15 Pa- s, in order reliably to produce

conducting structures with the spinning material.

After the steps described above have been carried out the specified material is
present in the desired form on the substrate, and can if necessary be post-treated in

25 order to increase the conductivity.

This post-treatment includes for example supplying energy to the produced
structures. In the case of conducting polymers (in particular polyethylene
dioxythiophene) the polymer particles present in suspension in the solvent are fused
30 with one another on the substrate by for example heating the suspension, the solvent
being at least partially evaporated. Preferably the post-treatment step is carried out

at least at the melting point of the electrically conducting polymer, and particularly



conputer to analyse the canera inmage and interrupt the relative feed
novenment of 5 the capillary with respect to the substrate if the analysis
shows a break, a change in the line width or a bubble in the continuous
fibre. The canmera can be positioned at any point, for exanple underneath the
substrate in the case of transparent subgirates or near to the capillary
openi ng. 10 The m ni num vol tage to be applied in the nethod varies linearly
with the adjusted interspacing and al so depends on the nature of the
spinning liquid. Breferably an. operati voltage of 0.1 t 0 kV shoul d be
orpl oyed for PRET TR ¥ gRhung Foid o vef Miefmeds sbPudine SHFOR: he
fibres, as deffmeled\abprderrekbisPapdst-tlehieny of BROsthREYEbRAVE thesbsaahi eved
if the distance between the head of the capillary and substrate surface was

0.1 to 10 nm by meaesofahiseowaygnadiatiert. for the i npl enentation of the method,
the material to be spun 20 should have a viscosity of in particular at nost
15 Pa s, in order reliably to produce conducting structures wth the

spi nni ngsnat efy @k cadf $©4 sgilEng PRl 885thinRRtcaARAY SarldANRs HBE Jolo Bt eBfecdut t he
specified material is present in the desired formon the substrate, and can
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are fused 30 mn?h one another on the substrate by for exanple heating the
suspensi on, tthe eveparetion tanaienajurst or| thersabqyarafithe Folventagootadnesldin the efatersdl v t he
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percolation boundary is reached, the desired conducting paths are formed.

Alternatively conducting structures can also be produced by depositing a precursor
material for an electrically conducting material, for example polyacrylonitrile
15 (PAN), on the substrate and then heat treating the substrate under alternating
gaseous media so as to produce carbon in the form of a conducting substance, as

described hereinafter.

In this case a solution of a polymer (e.g. PAN or carboxymethylcellulose) and a
20 metal salt (e.g. an iron(III) salt such as iron nitrate) is prepared in a solvent (e.g.
DMEF) that is suitable for both components. The polymer should be able to be
converted into a material which is stable and conducting at such temperatures.
Particularly preferred polymers are those that can be converted to carbon by high
temperature treatment. Particularly preferred are graphitisable polymers (for
25 example polyacrylonitride at 700°-1000°C). In the case of the metal salts those are
preferred whose disintegration temperature or decomposition temperature under a
reductive atmosphere lie below the decomposition temperature of the respective
polymer (e.g. iron(III) nitrate nonahydrate at 150°C to 350°C). After the conversion
of the metal salts into metal particles, preferably by purely thermal disintegration or
30 using gaseous reducing agents, particularly preferably by hydrogen, the polymer is
converted into carbon in the presence of the metal particles. Finally, carbon is

optionally in addition deposited from the gaseous phase onto the structures,



preferably above its nelting point. In this way continuous conducting paths
are forned. Also preferred is a post-treatnent of the structures/fibres on
the substrate by means of microwave radiation. 5 In the case of a spinning
materi al containing carbon nanotubes, thesolvent between the particles
present in dispersed formis evaporated by the post-treatnment of the |I|ines
that are fornmed, so as to obtain continuous strips of carbon nanotubes

capabl e of percolation. The treat man{.1 step is in this connection carried
out in the refetity by reeraigaly grssero RIasnfdositionelrom hydpeubense 5pr ths
sol vent cont aj i rJ f er Vv tion
femporature of pis WAFUE stk Elurscl a1t Bf Ff ERbaARRY el e SHRRRES' | e
desired condulttis ngefeaktistoanse florredin aAplieicnadmpeings dantlisctdsag paticulgilyr es
can al so be proguceid by depositing a precursor nmaterial for an electrically
conducti ng neRErrahly foprexalphy mecthaney £hape o Rrqnaps.e bumng, ppggtanco qr thexane,
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nmedia so as to pro e car nin rmo ucting su sgance, as

descri bed her Bjuidfat @om tdimpedratarec Amethl @d thel tomperfatidePsoyiitEbe Closgn st or

car boxynet hyl cel lul ose) and a 20 netal salt (e.g. aniron(lll) salt such as
i ron nitrat e)thedngipldssiicdes prﬁm@testbp@wh(Oé.ﬂgjo.ularm&pntfHamemg and,pp addidonadr bot h
conmponents. T, r . A i ri.al
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polyners are fohasembphabetoaen FOOTand e006d, tpeefeabbobethyemisod® ahdBPET alfte e
treatnment. Particularly preferred are graphitisable polynmers (for 25 exanple
pol yacr yPoni t durgéommef thpgaseons thase dpasiitonciadee grovegasamstbgivesa stminugssad ar e

preferred \/\hogﬁn\q’lljgﬁgsphgeg%%ﬁel:ye%f&%m%rﬁw{eg o) ﬂgﬁgﬁ{g@si tion tenperature

under a redu '€ bel ow the deconmposi'tion tenperature of the
respective polynmer (e.g. iron(lll) nitrate nonahydrate at 150C to 350C).
After the conversion of the netal salts into netal particles, preferably by
purel y ther malf aficeiding ¢ de oreferred procedure the aforedescribed suspensions of noble

metal nanoparticles in solvents are used as spinning liquid to produce conducting
15 structures, then the post-treatment can be carried out by heating the whole structural
part or specifically the conducting paths to a temperature at which the metal particles
sinter together and the solvent at least partially evaporates. In this connection
particle diameters as small as possible are advantageous, since in the case of
nanoscale particles the sintering temperature is proportional to the particle size, with
20 the result that with small particles a lower sintering temperature is necessary. In this
connection the boiling point of the solvent is as close as possible to the sintering
temperature of the particles and is as low as possible, in order thermally to protect
the substrate. Preferably the solvent of the spinning liquid boils at a temperature
<250°C, particularly preferably at a temperature < 200°C and most preferably at a
25 temperature < 100°C. All the temperatures specified here refer to boiling points at a
pressure of 1013 hPa. The sintering step is carried out at the specified temperatures
until a continuous conducting path has been formed. The duration of the sintering
step is preferably 1 minute to 24 hours, particularly preferably 5 minutes to 8 hours
and most particularly preferably 2 to 8 hours.
30
The new method can be used in particular for the production of substrates that

comprise conducting structures on their surface, that in one dimension have a length



30 using gaseous reducing agents, particularly preferably by hydrogen, the
polymer is converted into carbon in the presence of the netal particles.
Finally, carbon is optionally in addition deposited fromthe gaseous phase
onto the structures, -11- preferably by chem cal gaseous phase deposition
from hydrocarbons. For this purpose volaijple carbon precursors are |ed at
hi gh tenperatures over the structures. It is preferred to use short-chain
al i phatic conpounds in this case, particularly preferably for exanple

met hane, et hang, propan but ane. pent ane or. hexane, especi al | referably
The a1 phati c hyFoBaro0He hiBerreREtiAd WRrie e BRESTATy eREt Y oom
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above casge is joghiegabSyem nutes and 60 minutes, preferably between 10

m nutes and 30 mnutes. If according to the preferred procedure the

af oredescri bed suspensi ons of noble netal nanoparticles in solvents are
used as spinni diquid.t roduce conducti.ng. tructures, then,th
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particles sinter together and the sol vent at Ieasg partially evaporates. In
thi s connecti ancorpiagitd Heanwérdiost ers as snmal| as possi bl e are advant ageous,
since in the case of nanoscale particles the sintering tenperature is
proportig%al to the particle size, with 20 the result that with snal
particles a lower sintering tenperature is necessary. In this connection
the boiling point of the solvent is as close as possible to the sintering
tenperature of the particles and is as |ow as possible, in order thernmally
to protect the substrate. Preferably the solvent of the spinning liquid
boils at a tenperature



< 250C, particularly preferably at a tenperature < 200C and nost preferably
at a 25 tenperature < 100C. Al the tenperatures specified here refer to
boiling points at a pressure of 1013 hPa. The sintering step is carried out
at the specified tenperatures wuntil a cqRptinuous conducting path has been
formed. The duration of the sintering stép is preferably 1 mnute to 24
hours, particularly preferably 5 mnutes to 8 hours and nost particularly
preferably 2 to 8 hours. 30 The new net hod can be used in particular for the
producti on ofExamples:at es that conprise conducting structures on their
surface, that in one dinension have a length -12- of not nore than 1 m
preferably Imto 50 nm and particularly preferably 500 nmto 50 nm in

whi ch the corgghpled material is preferably a suspension of conducting
particles, as descrjbed above, and the substrate is preferably transparent,
for exanpl e dfCogfegiing nappsirdcises Wikhrarbprinanosebestit eri al or a transparent

pol yner as e ' o i ' ' ri L etail
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di agrammat i cafleyhdlie 5pirnhe Bebstafed)) GHTEINEs a AHEGH diseichnkdthé heetdlliy Bpldeos 10 -
13 - Exanpl es: Exanple 1 (Conducting nanostructures with carbon nanotubes):

5 The fol | owiley thp prinaingscapdlaey 2 gvhidh isnarovigsddwithra Henidresrgvaind Hpithni ng
LN TOGMBLIE o] St RECTBR AL Bur L ke B S il
a liquid resejovers 3uppdics tIE. voltage up to 10 kV. The spinning capillary 2 is a glass
10 capillary with an internal diameter of 100 um. The controllable adjustment motor 6
serves to move the spinning capillary 2 and the adjustment motor 6' serves to move
the substrate holder 1 relative to one another so as to adjust the distance between
them. The camera 7 is trained on the outlet of the spinning capillary 2 so as to
follow the spinning procedure and is connected to a computer 8 with image
15 processing software for evaluating the image data provided by the camera. The

drive of the motor 6' of the substrate holder 1 is adjusted by the computer 8

depending on the outflow of the spinning solution 4 from the spinning capillary 2.

A spinning solution 4 was prepared from 10 wt.% of polyacrylonitrile (PAN: mean
20 molecular weight 210,000 g/mol) and 5 wt.% of iron(IIl) nitrate nonahydrate in
dimethylformamide. The viscosity of the resultant solution was about 4.1 Pa-s.
The spinning process was initiated at an interspacing of 0.6 mm between the
capillary opening and surface of the substrate 9 at a voltage of 1.9 kV between the
spinning capillary 2 and substrate 9. After the establishment of a stable fibre flow
25 the voltage was set to 0.47 kV and the interspacing was increased to 2.2 mm. At this
setting the spinning solution 4 was spun onto the surface of the substrate 9 and the

substrate was moved sideways so as to form lines.

The substrate 9 together with the contained PAN fibres was next heated from 20° to
30 200°C within 90 minutes, and then treated for 60 minutes at 200°C. Following this
the air of the drying oven in which the sample 9 was contained was replaced by

argon and the temperature was raised to 250°C within 30 minutes. Argon was then



spinning solution 4 and is connected to an electrical voltage supply 5. The
voltage source 5 supplies D.C. voltage up to 10 kV. The spinning capillary
2 is aglass 10 capillary with an internal diameter of 100 m The
control | abl e adj ustnment notor 6 serves to nove the spinning capillary 2 and
the adjustnent notor 6' serves to nove t{w.substrate holder 1 relative to
one another so as to adjust the distance between them The canera 7 is
trained on the outlet of the spinning capillary 2 so as to followthe

spi nni ng proced n conn d to a conputer e 15 ssi ng
software for &P Cﬁgah nléy(f:ﬂ%eni rrié% YRR A2V "@éaalwlemé %‘?Té‘?ﬁ te Sl'ﬁé%ﬁﬁeve of
the motor 6" @hddrhiBishvarigeAbinAPheR! Thid SnREphtdé &ds Bient Ela6QI B e zafh by
depending on the outflow of the spinning solution 4 fromthe spinning
capillary 2. Argopiasrdapdorsibe utryml oyeveandghegampld § wesrhe@edvto doterhperature of

pol yacryl oni tr PAN: . mean ecul ar nd 5 wt.

oF rontii 1) BPOEERRG ERG, B S R nfh B Sepndot sindREgabr : ne
resul tants sol %ndmng«aﬁlsaqhaetﬁanﬂylel 9PA$ cooltB O MBlcNGndRk AEESH a¥@f toMtdohat ed
at an interspaci ng of mm bet ween the capillary opening and surface of

t he substrat et@nmataronheag)@hog pnocgswmtmdattchm thsspcasn; g veapnoditorgd 2 and
substrate 9. After the.est ish t aof able fibre 25 the voltage
wns ser Lo 0. Antildhe gL e, w’é‘éﬁ@gﬂa A P hcrmnealts of 9o a thi <
setting the spinning solution 4 was spun onto the surface of the substrate 9

and the substrate was noved sideways so as to formlines. The substrate 9
together withA hm@oMgﬂine@aMl\k%isﬂanéailwm cabeh wasafoemed.r dPn 20ntacting36Bv200C

within 90 m nutes, then treate m nutes a 0C. Followi ng .this
the a0 Tt neom o B patt ity (0 188 piearisnas o L 3K s BesPed nced
by argon andTibe Eﬁ&?@gﬁ&%ﬁ&h%@%aﬁéb%ﬁg to 250C within 30 mnutes. Argon

was then -14- rep ace drogen. The tenperature was again held for 60
m nut es at 250C under thls hydr ogen at nosphere. This atnosphere was then
repl aced once agai n by



argon as gas for the drying oven, and the sanple 9 was heated to a

- tenperature of 800C within 2 hours. Finally, hexane was netered into the
argon for 7 mnutes and 5 following this the sanple 9 was cool ed once nore
under argon again to room tenperature. The cooling process was not
regulated in this case, but was nonitored until the interior of the oven
had again fallen to a tenperature of 20C. A conducting |ine based
substantially_on carbon was formed. On contacting two 10 points on the line
spaced apart Batendglaims, esjstance of 1.3 kOhmwas nmeasured. The |ine had
aline wwdth of ca. 130 nm 15- Patent clains 1. Arrangenent for producing
electrically conducting linear structures with a line wwdth of at nbost 5 m

on an, in particul Arranpenentlfecprotdedhg ylecioallictdndgctify 1sndassthat@ed Wth a
conprising at |east, a substrate holder (1), a spinning capillary (2), which
is connected to alipesedtheif at past i o8 agpinrtiglar aun-ele¢tnyallinepnducting
el ectri C%| vol taggubssﬂggl )(5), an adj ust abl e novenent unit (6, 6') for
novi ng the 10 spinning cagqﬂ lary (2) and/or the substrate holder (1)
relative to one another, an optical nmeasuring instrunent (7), in particular
a canera, for follow ng the spinning procedure at the outlet of the
spi nni ng capi | | ary cpmpiisigg@t keastohpihsapte hokder (18R spomingeanilary 1g), théch is
i nt erspaci ng betwe spi nnin aphld ary and .t st rat.e hol.der
(1) depending on tfégm{segli%ﬁntlgng%p*%ggrd@?efl.O?Ja.SSpg.%}l% ?lglﬁléiegzna?ﬁagc%lr Fﬁﬁcql_o
claim1, characterivgRabei gu;iKlrgat(s)t, h@ a@sab1e noeaiink Lty (6,20") &S nRRingP&RI Ng
width of at nost 1 nmm_ 3. Arrangenent according to claim2, characterised in
t hat t helOspi nni ng sm@nma;ﬁapullanygzo 2nd/en thezsubstrate haldenpa nelatvenio dnezamothet.er nal
di ameter of 0.01 tg . . : . .
an optical measuring instrument (7), in particular a camera, for following the
spinning procedure at the outlet of the spinning capillary (2), and a computer
unit (8) for regulating the interspacing between the spinning capillary (2) and
the substrate holder (1) depending on the spinning procedure.
15
2. Arrangement according to claim 1, characterised in that the spinning

capillary (2) has an opening width of at most 1 mm.

3. Arrangement according to claim 2, characterised in that the spinning
20 capillary (2) has a circular opening with an internal diameter of 0.01 to

1 mm, preferably 0.25 to 0.75 mm and particularly preferably 0.5 to 0.3 mm.

4, Arrangement according to one of claims 1 to 3, characterised in that the

voltage supply (5) delivers an output voltage of up to 10 kV, preferably 0.1

25 to 10 kV, particularly preferably 1 to 10 kV, and most particularly preferably
2to 6 kV.

5. Arrangement according to one of claims 1 to 3, characterised in that the
adjustable movement unit (6') serves to move the substrate holder (1).
30
6. Arrangement according to one of claims 1 to 3, characterised in that the

spinning capillary (2) can be adjusted to a distance of 0.1 to 10 mm,



1 mm preferably 0.25 to 0.75 mmand particularly preferably 0.5 to 0.3 mm
4. Arrangenent according to one of clains 1 to 3, characterised in that the
vol tage supply (5) delivers an output voltage of up to 10 kV, preferably O.
1 25 1to 10 kV, particularly preferably 1 to 10 kV, and nost particularly
preferably 2to6kV. 5. Arrangenent accorggng to one of clains 1 to 3,
characterised in that the adjustable novenent unit (6) serves to nove the
substrate holder (1). 30 6. Arrangenent according to one of clainms 1 to 3,

characterised in th |nn|ng il.l (2 e adj ust dtoa
di stance of 0.1 td’r‘%% L .’L Eﬁ}c‘ia%f% %gﬁfﬁ%?%%d D ¥°é‘?|t§}e
preferably 2 to 4 yid#oNtRE substrate surface. 7. Arrangenent according

to one of clainms 1 to 3, characterised in that the 5 reservoir (3) is
provided with a convey| ng device (12), vvh| ch conveys the spi nning |iquid

(4) to the s nn|n Iar 8. dfo r.odyci ctrically
conduct i ng sp}r uct Ht 33/ oﬁ‘ﬁég\ﬁﬁ)& aa‘éﬁs irﬁg Lﬂ‘?r{aﬁ r‘éﬂ‘? at the
particular, non-el; £ SNELE With% SHRRLH tdee 1 h h

el ect ros% nni ng, %trnédclt §I)I [ ﬁ thét a spi Rrﬂ%ngv | qg.lé)o(l ‘2’ g bcgg\é Sotne an
electrically condtsptnnmg lnqan@(4)ab therspanngecapilioy (Honpound for an electrically
conducting material is spun onto the substrate surface (10) froma spinning
capillary (2) with an opening wi dth of at m)st 1 nmunder the application of

an el ect i cals vol haGRoRgh Bl e (RUPRAILALG o LSl 186G AL HRfin oF) and

15 spi nni ng caplllary or spinning c ary
V at an interspaait ng>s05 pat omastin ﬂ:ﬁiﬁmnlababmkmrtdaﬁy (DUﬁdL&tlng tdYstrafe Ohby
spi nni n capill ar g and the surface. of the substr ?4)5 and t he
subst r a?% sur f ace €lectrospinning, characterised in that a spinning qu1d based on an
electrically conducting material or a precursor compound for an electrically
conducting material is spun onto the substrate surface (10) from a spinning
capillary (2) with an opening width of at most 1 mm under the application of
an electrical voltage between the substrate (9) or substrate holder (1) and
15 spinning capillary (2) or spinning capillary holder (13) of at least 100 V at an
interspacing of at most 10 mm between the outlet (11) of the spinning
capillary (2) and the surface of the substrate (9), and the substrate surface
(10) is moved relative to the outlet (11) of the spinning capillary (2), wherein
the relative movement is controlled depending on the spinning flow,
20 followed by removal of the solvent of the spinning liquid (4) and optionally

post-treatment of the precursor compound to form an electrically conducting

material.

9. Method according to claim 8, characterised in that the distance between the
25 outlet (11) of the spinning capillary (2) and the substrate surface (10) is
adjusted to 0.1 to 10 mm, preferably 1 to 5 mm and particularly preferably 2

to 4 mm.

10.  Method according to claim 8 or 9, characterised in that the viscosity of the
30 spinning liquid (4) is at most 15 Pa- s, preferably 0.5 to 15 Pa- s, particularly
preferably 1 to 10 Pa-s and most particularly preferably 1to 5 Pa-s.



(1Q) is noved relative to the outlet (11) of the spinning capillary (2),
wherein the relative novenent is controlled depending on the spinning flow,
20 foll owed by renoval of the solvent of the spinning liquid (4) and
optionally post-treatment of the precurspgr. conpound to forman electrically
conducting material. 9. Method according to claim@8, characterised in that
t he di stance between the 25 outl et (11) of the spinning caplllary (2) and

the substrate_ surf 10 adj ust e tg 10 nm preferably 1 to 5
nm and parti cbfarl S %%%@I‘%g 9 c;nF(S’f& A 81‘0%0 I\&‘@Fﬁ'&&r‘é%g]rtgﬁﬁée FH}{E‘P&i m 8
or 9, characteri Seﬁﬂﬁl? (Ef‘ﬁnsfs%e%\{éa%{:&sé I%(MV@Ht in rtlé)ﬂl@ar%gfe@féﬁr}ﬂ)rﬁ Iﬁl“k'egfs( 4) ' S

at nost 15 Pa s, era , particularl pre era

10 Pa s and npst patet, Gﬂllr@(r Iay:oholej ecadniey dimtethyBofasmmise, alﬁ’net]i)al aclwmhdnj
according to one of, clains % g characterised |n t.hat the spi n|ng
liquid (4) con5|st§méﬁth3f1eé§]t°’8 aa%im%ﬁfre% papel TiS, additees: BEFATROM ¢ he

series: swater, 9@9 b'%ﬁg'o' Soxi€ €t Otr(}glya é/i&ltlljﬂ:fé for P’Ei%gﬁl d'oé}ﬁ‘fahlﬁbne

acetamde di met h oxi de and neta-cr a po rrc additive
preferably 5 pol yetdﬂab;e}nﬁetbydbdmlos@cdrypa@amhwaﬁdabmdmﬁhgman:yial pyrrolidone,
car boxymet hyl cel | ul ose or pol yam de, and a conducting material. 12. Method
according to claim 11, characterised in that the spinning liquid (4)

contains as c duc t I f
conduct ng_ porgmer MARERBHA (ST, (AREIRLih St (EBERBLIRIERY 0
graphi te and car boporhiaskas &&dul&ﬁh@odataﬁﬂomdﬂmt tode Chatefiall Zyont e ageties:i sed

in that the conductin &%ymer is selected fromthe series: polypyrrole,
pol yani I10ne, pol yt H‘P‘Bg‘ﬁ polymery o1 yigiahyRoxvsleyi Ay Mk, O’b‘éFyB%i‘Y%héﬁ‘)bPéne

pol yet hyl enedi oxyt b} 0plieR€araphite and carbon black.

13.  Method according to claim 12, characterised in that the conducting polymer

is selected from the series: polypyrrole, polyaniline, polythiophene,

15 polyphenylenevinylene, polyparaphenylene, polyethylenedioxythiophene,
polyfluorene, polyacetylene, preferably polyethylenedioxythiophene/

polystyrenesulfonic acid.

14.  Method according to one of claims 11 to 13, characterised in that the
20 spinning liquid (4) comprises as conducting material at least one metal
powder of the metals silver, gold and copper, preferably silver, and as
solvent water containing a dispersant, and optionally a C;-Cs alcohol,
wherein the metal powder is present in dispersed form and has a particle
diameter of at most 150 nm.
25
15.  Method according to one of claims 8 to 10, characterised in that the spinning
liquid (4) comprises a precursor compound for an electrically conducting
material, which is selected from the series: polyacrylonitrile, polypyrrole,
polyaniline, polyethylene dioxythiophene and in addition a metal salt, in

30 particular an iron(III) salt.



pol yfl uorene, polyacetyl ene, preferably pol yethyl enedi oxyt hi ophene/

pol ystyrenesul fonic acid. 14. Method according to one of clains 11 to 13,
characterised in that the 20 spinning liquid (4) conprises as conducting
material at |east one netal powder of the netals silver, gold and copper,
preferably silver, and as solvent water .qgntai ning a dispersant, and
optionally a CI-C6 al cohol, wherein the netal powder is present in

di sper sed forn1and has a particle di aneter of at nost 150 nm 25 15. Met hod

according to o 0, ch .erige t he spinnin
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polyanlllne pol yet hyl ene di oxyt hi ophene and in addition a net ? sa in

30 particul ar an |rqummquwéK¥ -18- 16. Method according to one of cl ai s
8 to 15, characterised in that an arrangenent according to one of clains 1
to 7 is used for spinning the spinning liquid (4).



