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Furthermore, because of the different thermal expansion coefficients of the substrate
material and the applied CVD carbon layer in the state of the art, frequently only a low
adhesion of the layer to the substrate is achieved, resulting in flaking, cracking and a

poor surface quality in general.

There has therefore been a demand for methods that are inexpensive and easy to use for
coating substrates with a carbon-based material, such that these methods are capable of
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There has therefore been a demand for nethods that are
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SUBSTRATES

The substrates that can be used according to this invention may include all the
substantially temperature-resistant materials, i.¢., materials that are stable and preferably
retain their shape under the carbonization conditions and/or pyrolysis conditions that are
used. Examples of substrates that can be used according to this invention include

metals, alloys, ceramics, graphite, glass, stone, carbon fiber materials, carbon fiber
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In preferred embodiments of the present invention, the substrates to be coated include

stents, in particular metal stents.

Other examples of substrates that can be used according to this invention include

components from the field of microelectronics and micromechanics, construction
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According to another embodiment of the present invention, the polymer film may also
include a coating of the substrate selected from lacquers, laminates or coatings.
Preferred coatings can be produced by superficial parylenation of the substrates. In this
process the substrates are first treated with paracyclophane at an elevated temperature,

usually approximately 600°C, forming a polymer film of poly-(p-xylylene) at the
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Examples of suitable additives include fillers, pore-forming agents, metals and metal
powders, etc. Examples of inorganic additives and fillers include silicon oxides and
aluminum oxides, aluminosilicates, zeolites, zirconium oxides, titanium oxides, talc,
graphite, carbon black, fullerenes, clay materials, phyllosilicates, silicides, nitrides,
metal powders, in particular those of catalytically active transition metals such as
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essentially known nethods. Lam nation of suitably
haped su strates W th polyner materials or filns

iRoAHne Hlgs ofcaptings ip H@sferm of lacquers onpthpirpatings thabean be used
abeordBRdo alsie Q’Néhﬂ@h in@y bBiagpliddve flid ﬂ{bstfrﬁé filoah ligGidt §18rry or pasty
Src,al{bst rate with

€, €.g., by spreadmg, pa1¥1tmg, {acqtqgrmg, dispersion coating or melt coating,
extruding, casting, dipping or as a hot melt from the solid state by means of powder
coating, comb spray coating, sintering or the like by essentially known methods.
Lamination of suitably shaped substrates with polymer materials or films suitable for
this purpose is also a method that can be used according to this invention for coating the

substrate with a polymer film.



Especially preferably in the coating of substrates

with polyner filnms, application of the poly and/or a

sol ution thereof by printing nmethods such as those
described in German Patent DE-10351150, the

di scl osure content of which is fully herewith

'ncon ora%e%jby reference. This nethod permits in
BeqalBypraferablyin thecoating of suhstratgs mithepolwpersfilimsn apriication of the
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substrate I's carb an el'evated tenperature in

an essentially oxygen-free atnosphere. The

gArmpenNaz ATeORf t he carboni zation step is preferably

In the range of 200C to 2500C and is selected by those

killed ip the art as a function of the specific

Tf“%r?ﬁ fffu‘glé‘l aepjEddtenthe subsieate iseaptismally drigd japdehert pubjected to a
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essppiiadlyi waygnyfr@0 @Gndsphageprthe mehRIraturel 3006e dafbdi@Ffion step is

p
' S r K-the.ra f 250C.to 700
P T B el B PO oS00 Y i R oo el o s
a duedioni ¢lgthe spetific pempenturedemhdetiepropatier bAtie piemter $idms and
stHidhtel Nsegool yner filmis converted essentially

conpletely to a carbon- based solid at the | owest
possi bl e tenperature. Through a suitable choice and/or

Pfdrtgdotempetatiulee By K1) yYabonikAIIRCEH S Wi, cah R BRUOSI foheral in the
strena%th nd, st.i.ff.ness of tEe mat eri al %s 3{/®IOI as i
- PP RSP 19 LU dnvenlen up JOPLaPPiRKmalEh 1) Celg approximately
1208/i0erln deoreo simbydienps; etmpeahiuyespinodhec ethge noft PF°C to 700°C are
' ti I ' nt.s t nent t hods ..
prefbHRR, 1 hen P MBI Caibrtd BT o B gt aBertias of the
matsaialspeyd, BPOhitoOpalymen 6l anpinyedediessentmdlyreompdeitlgrio a carbon-
bdabd W R the 1dVRdsEPbdstbid f@rﬁﬁérathﬁp?ﬁﬁggﬁtdggié%%e ERJi6E SR6r control
usi qg%vw hi Sh tenperatures up to ¢ or nore,
O‘f‘g‘F BEFRBHS BRI i RRONULY, girenet andstifiess ehhepraterial as well
aguthetyeptraecanderdjdstedtihiasohmyigdsd aiher A suitable
choi ce of the carbonization tenperature allows

control l ed adjustnment of the crystallinity of the
Parosity ngpréfevivlc pnpluete|iy teoimpbtiie Hyetsoun tiapbanathyr @satment

mbQoh glg{l Chy Stﬂ%sk' rkfesa‘ébelai gil?x GEORE! a%’ﬁ'tregts' DEhfgﬁ H'] B1 and
0 e g al SO be

nechani cal _properties .The coatings can ¢ _ _
PEEEPOFER0Zhd the pramploted dissloguigosenteny exf wdveleris herewith fully

in36:pOFatd Wy feferbm® particul ar intended application. The
at nosphere in the carbonization step of the inventive

nmethod is essentially free of
By using very high temperatures up to 2000°C -or more, carbon-based coatings in a

graphitic form can be produced according to this invention. A suitable choice of the
carbonization temperature allows controlled adjustment of the crystallinity of the
coatings from completely amorphous at low temperatures to highly crystalline at high
temperatures. Thus the mechanical properties of the coatings can also be adjusted and
optimized in a controlled manner according to the particular intended application.



oxygen. It is preferable to use inert gas atnospheres,
e.g., conprising nitrogen, noble gases such as argon,
neon and any other inert gases or gas conpounds t hat
do not react wth carbon as8well as m xtures of inert
gases is preferred. Nitrogen and/or argon are

referr Car,bonizatian is u | ] erfor
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Efe?r efeduced pressure, i.e., in vacuo. FURNACE PROCESS
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conti nuous furnace process. The optionally
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ner r 0 r

S R T,
filmcan be placed under pressure during the
RYRRIAXSE PRIy carboni zation process. This permts
not only a sinple neans of fixation of the objects in
t he furnace but also a suction effect and optionally
Bies oyelydis sigpofs predereblyaperfiimedgin &heontinpens Snadcgr process. The
(ﬁﬁ%ﬂ@l‘l‘ﬁml&txﬂ% | d%gteBWr %l*éﬁ%ht%d %Wn?ér ﬁlﬁ@ra%)ﬁld &b tROfurd 4@ on one

furnace may be subdi vi d I nt 1 VI
1% Meggmerst foapBsdirges ﬁw at 'g\s@q?eée;z I§cpr% STRRET @ﬁEO%fnents the
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tertreatnent S such as secondary activatio may

f&ﬁw ohangry g@ﬁs@rw per fibpsremd{os eappespindumgg pyrolysis and/or
Seakionof the furnace by reduction or oxidation or

I mpregnation with netal salt solutions, etc. As an
alternative to this, the pyrolysis/carbonization nay

Hies furbezepany e sabdivided istodadididublisepacemts thirdugh dosresponding inert

BB A e oo AR g o i
@ir ad ythese aindivaduat asdggm:ntsat omionally t wader nddferénie pyrolysis  and/or
J-{a?lg gtlohh&)n%ﬁiéﬁge@cfl Asgg%}@llt lt?mp F!‘P@ ER cgmrehf)si&n gases

appr oxi nately 5%to0 prefe y appr oxl nat e
AQdertip vag®y, in particular 50%to 70% depending on

the starting material used and the

Furthermore, aftertreatment steps such as secondary activation may optionally also be
performed in corresponding segments of the furnace by reduction or oxidation or

impregnation with metal salt solutions, etc.

As an alternative to this, the pyrolysis/carbonization may also be performed in a closed
furnace, which is preferred in particular when the pyrolysis and/or carbonization is to be

performed in vacuo.



pretreatnment. In addition, shrinkage of the pol ynmer

filmand/or the structure and/or conponent produced

frompolynmer films usually occurs during pyrolysis

and/ or carboni zation in the9 Aventive process. This

shrinkage may be on the order of 0%to approxinmtely

135% re{erab }/ 10%to 30% |n the inventive nethod,
webysis@ndiss garoenizatsn Brthe invepldyr magodsthie pelymer film usually
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physi cal and chem cal properties of the resulting
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-but adi ene) | atex materi al s,
si |l oxanes, silicates, netal sal ts and/or netal salt
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Icon nitride, S such
applicationy essh G@set as conbi nati ons thereof or through

the properties of the porous carbon-based coating obtained after pyrolysis and/or
carbonization can be influenced in a controlled manner and refined by coating the
pblymer film on one or both sides with epoxy resins, phenolic resin, tar, tar pitch,
bitumen, rubber, polychloroprene or poly(styrene-co-butadiene) latex materials,
siloxanes, silicates, metal salts and/or metal salt solutions, e.g., transition metal salts,
carbon black, fullerenes, activated carbon powder, carbon molecular sieve, perovskite,



targeted incorporation of such materials into the
polymer filmstructure; in addition, nultilayer
coatings can al so be produced. The thermal expansion
coefficient as well as thelmechani cal properties of
t he resulting carbon coatings can be nodified, for
exanpl e, y ihcorporating |layered silicates
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preferably 200C to 800C and in particular at
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The aftertreatment steps may optionally be performed at an elevated temperature, but
below the pyrolysis temperature, e.g., 40°C to 1000°C, preferably 70°C to 900°C,
especially preferably 100°C to 850°C, most especially preferably 200°C to 800°C and
in particular at approximately 700°C. In especially preferred embodiments, the coating



By oxidative or reductive treatnent or by the

i ncorporation of additives, fillers or functional

materials, the surface properties of the coatings

produced according to this 1lilnvention can be

i nfluenced and/or nodified in a controll ed manner. For

exanpl e, by incorporating inorgani c nanoparticles or )
pwam@mbmc@&n&éo shis inveatipaye modifid by smdastion pr jogidation or with a
cHABRaRb ot Bedc MR eyt QRIPS at ool tehpefaRBODI C

properties to the surface of the coating. Furthernore,
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or active ingredient depots situated on the substrate, with the nutrients going from the
substrate to the microorganism population at the surface by permeation through the

carbon-based coating.



(chem cal vapor deposition) in another optiona

process step to further nodify the surface structure
or the pore structure and the properties thereof. This
is done by treating the carbdntzed coating with

sui tabl e precursor gases at high tenperatures. Such
nmet hods have | ong been known in the state of the art.
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SELXGsh. above approximately 40 nmN to 400 mN. - 13
rolytic carbon is usually a material with a high
bi oavai l ability which can be used for

The carbon-based coatings produced according to this invention have extraordinarily
good mechanical strength. Inventive coatings on stainless steel (e.g., 316L) usually have
a modulus of elasticity of approximately 10-30 GPa, a Vickers hardness of
approximately 200 to 600, typically approximately 400 and friction coefficients of
approximately 0.03 to 0.2, typically approximately 0.14. Fractures in the layer are
observed only above approximately 30-60 N (scratch adhesion); abrasion is observed

above approximately 40 mN to 400 mN.



medi cal applications such as for external coating of
i npl ants. The bioconpatibility of the substrates
coated according to this invention can al so be
i nfluenced and/or altered asl3nenti oned above in a
control |l ed manner by incorporating additives, fillers,
ei ns or , functi onal t i al.s d/ or dIC tions
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EH wasie aggedimprdddntd eambi Bé Agblddhed to el @bkiate dirkdty as is the

&H% W% fh therapeutic or diagnostic quantities of
?358 ORI | sot opes. For the latter, the inventive

car bon- based coatings are especially sui t abl e because
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or a I at
qh'us$ d;e.i mefligation uba@@herapr@msau %P b mayi alse rlwéﬂ@dednwnh markers,
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IfnI ﬁ%'rﬂ&il lfﬁel Tnhﬁ)ld %Vg%ttécf)cﬂ:c%dull '&9\(}? p%\%ﬁf%ﬁhgﬁd fo@en to have
reater detai e bas! s & represen?
?ﬁpé‘fl@lll)f efab langdeme stabilifh bespugs theotar Qa’f-b%,séfi cgayngs not only have a

Kgk @ﬁ&?g‘tﬂ bhess h@\td Qﬁ'ﬁm@ﬁt elisﬁ@ g( aN@ Wéki‘bﬂlt?%o e GRdyd@M conform
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to the movements of tEe 1mplant in partlcular mnB)e case otcaomts rt]hat are under high

stresses, without there being any risk of cracks developing or the layer flaking off.

This invention will now be explained in greater detail on the basis of examples
representing preferred embodiments which do not reflect any necessary restrictions of

the invention as described in the claims:

EXAMPLES



A carbon material coated according to this invention
was prepared as follows. A polyner filmwas applied
to paper with a grammage of 38 g/nR as.the greenware
by coating the paper repeatefdlly with a comrercia
expoxi di zed phenolic resin |acquer using a doctor

bl ade, and then drying at roomtenperature; dry wei ght
125 Ml s at 800C for 48 hours under
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pyvatysisoadrelitidng. The abwaptiongeapatity af tencanid @rsdn Parkianwas up to

ased on phenolic resin in an application
l\k}\g%ﬂﬁ&/& 2.0 - 104 g/cnR. After subsequent

carbonlzatlon at 800C for 48 hours under nitrogen, the

coatEggngng@ﬁmg wei ght loss to 0.33 - 10-4 g/cn®.
The coat hﬂng whi ch was previously colorless then turned
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the glass surface at 1000C for 30 m nutes and
dep05|t|ng |t as a f|In1on the glass surface. The
: harss (Cam eviaintple)t hen turn a
h
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mage to the surface har dpess
Wltﬁ gltrogen fﬂ)w in contact Vw?h the glass surface at 1000°C for 30 mmutes and

depositing it as a film on the glass surface. The previously colorless glass surface would

then turn a shiny gray and was transparent after the deposition. A test of the hardness of
the coating with a pencil drawn at an angle of 45° with a 1 kg weight over the coated
surface did not reveal any visibly perceptible damage to the surface up to a hardness of

6 B.



Exanpl e 4: G ass Fi ber Duroplan(r) glass fibers with a

di ameter of 200 m croneters are subjected to an.

ultrasonic cleaning for 15 mnutes, then rinsed with
distilled water and acetone jgnd. dried. This nmateri al

is then coated by dip coating with a comerci al

packing lacquer wth an application weight of 2.0
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subsBxampit SptalysiSSeednd car boni zati on at 800C for 48
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SLr] esi ve
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using a pencil drawn at a 45° angle with a 1 kg weight over the coated surface reveals

no visibly perceptible damage to the surface up to a hardness of 4B.

A Tesa® adhesive film pull-away test in which a Tesa® strip of adhesive tape at least
3 cm long is pressed against the surface with the thumb for 60 seconds and then pulled
away from the surface again at a 90° angle reveals clearly visible gray adhesions.



3 cmlong is pressed against the surface with the
thunb for 60 seconds and then pulled away fromthe
surface again at a 90 angle reveals clearly visible
gray adhesions. - 16 Examplgg7- Titanium Titanium
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CLAIMS 1. A nethod for coating substrates with
carbon-based material conprising the follow ng steps:
a) at least partial coating of a substrate with a

I In of 4l t least o of the- outside surfaces
Pg?/f%%ogéb/lsopﬁg%eﬁ b) car bon ng the polynmer filmin
an atnosphere that is essentially free of oxygen at
tenperatures in the range 6LAZREBC to 2500C. 2. The
nmet hod according to Claim 1, characterized in that
that pol ynmer filmconprises additives selected from
ltheA ﬁ@d dbr taeating Isibsteatespwith- ¢asbon-hgsed gmatesial comprising the
rretqd)pgowmggge%g}ders Iubrlcants and pignments. 3. The
met hod accor di ng , characterized_ in that the
addi® Plleast gagial éP@&gle 3 %W@tmw@bﬁ pelymge dilm Ao atilenghene of the

oXi gasideadusfatdrasfithe seste. zi rconi um oxi des, titani um
rbon bl ock

OXI talc aphi.t Iite, cla
8y Seobigion THERResr B F) g Pofiihert df {iSpssbuctlly free of
rret akggeard tempdraturesonpleundge aff200CGao REGEC. 4. The
met hod according to any one of the preceding clains,
characterized in that the polymer filmconprises fi | s
2sel dbeaepthodracortbnmisdiiaireds or copol yners of aliphatic

or haAuBkiifed Yl@it ecﬁétnﬁol Beh A8 chRbyRs rh\d'dﬁ%s selected from the
pol yB{H%pyl e ybu te pol yi sobut ene,, pol ypent ene,

pol ¥ GfetH% ﬁﬁ P’y\PPWy °§m§l$c ﬁgeﬁs’pﬂ’le% n‘;?‘lte ISprlpbficants and

or pidnyantlyl al cohol, poly(neth)acrylic acid,

pol yacrylonitrile, poI yam de, pol yester, polyurethane,

pol ystyrene, polytetrafluoroethyl ene, waxes, paraffin
3vvaxé"$l¢ nﬁtlscufmcofﬂimg)mdhlaimﬁxes and m xtures and

n@h&ﬂ@é{&tgf@ HI t et‘ﬁ’ee aﬁtﬂw&ohﬁén&r%t% A5RP Qi%ﬁ ro§ider§1 %lumlnum

accor I Ng to any one
c haP&@Férﬁ'hzfédloﬁlﬂﬂciithatzmﬁ@uﬁm?yd@r tlfalnmm @@ﬁm |tade.sgraphlte carbon

Coabloréﬁ \é@élﬁg bﬁysﬁﬁ&%l?dpﬁﬂfémllch@@QHﬁ’kﬁmei agh A1t €Smefals and

coatln : CP ngeglo according to daim’s

chafr§ (SPV’?@H“ sanddhs likge pol ymer filmis a | acquer

filmproduced froma lacquer with a binder base of

aI k chl nat ed r resin, acrylate

47 oo e BRI ecB P BT nf A B e ARG 50, i ¥ o

bas eharpdtyzstt an, thasl yhn epblymer fitm, cbmlprlseslﬁilms selected from
homopolymers or copolymers of aliphatic or aromatic polyolefins such as
polyethylene, polypropylene, polybutene, polyisobutene, polypentene,
polybutadiene, polyvinyls such as polyvinyl chloride or polyvinyl alcohol,
poly(meth)acrylic acid, polyacrylonitrile', polyamide, polyester, polyurethane,
polystyrene, polytetrafluoroethylene, waxes, paraffin waxes, Fischer-Tropsch

waxes and mixtures and combinations of these homopolymers or copolymers.

5. The method according to any one of Claims 1 through 3,
characterized in that the polymer film comprises a coating which is selected from
lacquers, laminates or coatings.

6. The method according to Claim 35,
characterized in that the polymer film is a lacquer film produced from a lacquer
with a binder base of alkyd resin, chlorinated rubber, epoxy resin, acrylate resin,

phenolic resin, amine resin, oil base, nitro base, polyester, polyurethane, tar, tar-



like materials, tar pitch, bitumen, starch, cellul ose,

shell ac, waxes, organic materials of renewable raw

mat eri al s or conbi nations thereof. 7. The nethod

according to any one of the ¥ eceding cl ai s,

characterized in that the carbon-based material is
subjected to an oxidative and/or reductive

af t dke rmatenelst tatolpitelni biguroen, betarchatceBulosgmdshielac, waxes, organic

opt PR MY oS ERESIEthv ﬁla?enag\él? BIPERAHAEERDS,

deposition of carbon and/or a ceramc. 8. The nethod
according to any one of the preceding clains,
7 chammae ingsthateat corlind@dtany o@e sﬂﬂ&tmadeauig&lﬁﬁisect ed from

et St R e G oS SRR B BOave anto
bonesduictiee aftertreativens folloorieg safbehizetivreand isi aperoaah‘,y subjected to a
Cons I ed GEARBL TR RS oS (o any

one of the preceding clains, characterized in that the

8 SUDSHE flefnddaceldpsd l%qm& bﬂ%Fﬁ{é' Iﬁééedir{éﬂhﬁﬁfss stents 0 r

cata) yst supports. e nmet hogd acc rdln
of Eha Pré%eéd%@haaépn%lbste%%rlacﬁe fedetiommmietals, aliys, ceramics,

coaizeslits Urapliies, @ldss, dtoiseandyi danoﬁhCﬁbeth:olrrEm)@ﬁéb ®0hs o bone-like
m cr.o net.hod ac

ChaP BT PORE S ERLE FHE b T ot ae e Al g s well a

ar e combmatiens thereaf.control |l ed nanner into an _
envi ronment for use. 12. A carbon-coated substrate

produci bl e by the nethod according to any one of the
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characterized in that the substrate is selected from medical implants, stents or

catalyst supports.

10. The method according to any one of the preceding claims,
characterized in that the coated substrate is loaded with active ingredients or

microorganisms.

11.  The method according to Claim 10,
characterized in that the applied active ingredients are released in a controlled

manner into an environment for use.

12. A carbon-coated substrate producible by the method according to any one of the

preceding claims.



