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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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SUBSTRATES

The substrates that can be used according to this invention may include all the
substantially temperature-resistant materials, i.e., 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
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he used. accor ng t hi's 1 nvention
coating, comb spray coatlng, smterlng or the like by essentlally 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.



substrate with a polynmer film Especially preferably
in the coating of substrates with polymer filns,
application of the poly and/or a solution thereof by
printing nethods such as those described in German

Pat ent DE 10351150, the disclosure content of which is
fully herewith incorporated by reference. This nethod
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Pat 131
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choi ce of the carbonization tenperature allows
Poro04 BTl HBATR" P O RS YR, Mt Yo Blark "y st
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coat | ngs tan a
incorperatedby eafersnemer according to the particul ar intended

appl i cation.

By using very high temperatures up to 2000°C-or mofe, 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.



The atnosphere in the carbonization step of the
inventive nethod is essentially free of oxygen. It is
preferable to use inert gas atnospheres, e.g.,
conprising nitrogen, noble ,gases such as argon, neon
and any other inert gases o? gas conpounds that do not
react wth carbon as well as m xtures of inert gases
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F ng the pyrolysis and/or carbonization
process. This permts not only a sinple neans of
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andi®t ifadcud. he polynmer filmusually, shows a weight |oss
of approximately 5% to 95% preferably approximately
40%t o
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.



90% in particular 50%to 70% depending on the

starting material used and the pretreatnent. In

addi ti on, shrinkage of the polyner filmand/ or the

structure and/or conponentyproduced from pol ymer

films usually occurs during pyrolysis and/or

carboni zation in the inventive process. This shrinkage
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a carbon content of at |east 50 wt% AFTERTREATMENT I n
rred .enbodi nents of the inventive nethod, the
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car boni zati on can enced i conttol'l ed manner
and refined by coating the polyner filmon one or
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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
polymer 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,



nmetal powders such as Pt, Pd, Au or Ag as well as
conbi nations thereof or through targeted

i ncorporation of such naterials into the polymer film
structure; in addition, nukgilayer coatings can al so
be produced. The thermal expansion coefficient as well
as the nechanical properties of the resulting carbon
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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



conbi nation of these aftertreatnent steps at room
tenperature. By oxidative or reductive treatnent or by
the incorporation of additives, fillers or functiona
materials, the surface propfﬁtles of the coatings

pr oduced accordlng to this nventi on can be

i nfluenced and/or nodified in a controlled manner. For
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cells. Suitably coated substrates may then be used as
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as a growth medium for microorganisms in bioreactors, for example. The porosity of the
coating may be adjusted advantageously so that the supply of nutrients to cells or
microorganisms populating the external surfaces can be ensured through nutrient depots
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,



The carboni zed coating nmay optionally al so be
subjected to a so-called CVD process (chem cal vapor
deposition) in another optional process step to
further nodify the surface,structure or the pore
structure and the properties“thereof. This is done by
treating the carbonized coating with suitable
precursor gases at high tenperatures. Such nethods
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system of the pyrolyzed coating, where they nodify the
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opa roximately 30-60N (scratch adhesion); abrasion is
sérved above approximately 40 nN to 400 nmN. - 13

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.



Pyrolytic carbon is usually a material with a high

bi oavail ability which can be used for nedica
appl i cations such as for external coating of inplants.
The bi oconpatibility of f substrat es coated
according to this invention 2an al so be infl uenced
and/or altered as nentioned above in a controlled

Pymﬂme tarbyn i hﬁ@@lﬁﬂ? b&hateﬂalaﬁli% b IY@SbiohVdilaBilidy whi@t &Jnrb% used for
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caﬂbbﬁﬁdﬁ&ﬂ InQEﬁ W BedtRdnl Rh&ions Ve me' chgaﬂ lﬁ:ereHﬁceeq Jr%’revented

rel ease of  active | ngredie rom
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controlled adjustnment of the porosity of the appl i ed
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. _be a ed or to su strate di rect
lmelggfe %’9 k’ﬁ L\%%GF& aer Roegulatenthecislonse, gg ther aciiveeiagredient.
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cases @\fherenfcg Ve ?1[&#8@8' 1] ?lgr?ott gl Bl:x%é fnsé"rgtéhsg sﬁlbﬁtrg?ey dlrecay as is the

caseqeith ingtally coated inplants in the body or with
therapeutic or diagnostic quantities of radioactive
i sotopes. For .the latter, the inventive carbon-based
Furthermorgy sthe reoatingse Broduesd aeqordipg dobbisainyention gambe doaded with
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inmplant, in particular in the case of joints that are
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In @%@Cﬁe@%ﬂo@ﬁ@té coatad apenydingftpahisrigvesttion Maye proven to have
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to theshoventenenef the impheat, linperticutur insheleserdfieigts that &€ under high
stré%Le%', WhthoftHYE lblél%g'an;%isk 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



Exanpl e 1: Carbon 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 coaﬁiﬂg t he paper repeatedly with
a commerci al expoxidi zed phenolic resin |lacquer using
a doctor blade and then drying at roomtenperature;

dr Exagipthl: da2borg/ n2.  Pyrolysis at 800C for 48 hours
r.njptropge i el ded carbon sheeting having an
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pyroffR R hE P TR e hL B e e e maleriahwas up to
18 gwiiagpakmdf 2.0 10'4 g/cnR. After subsequent

carboni zation at 800C for 48 hours under nitrogen, the

coating showed a weight loss to 0.33 10-4 g/cnR. The

cé&ﬂ&?@ﬁ-@ﬂms previously colorless then turned a
Durophin®y ghkadlss satjecte@so nhghited bARS RRFSHiC _@[@)ﬁﬂﬁgan af W &Er bath
cont& &k bOﬂISZ gl on. ,The.. har d_tesdmfdt he coaf i ngt; . S. . )

PHLE &SPy AUy Hnssd g Pd trrerc it aeptansr ank dried. This
mateviel fwas cbated bweidjitcoatingwitngl eonvtntichal pa&iEHk tadtGiel HadQ on
phenfss . 15; SEPBILA TG R 00 SULY CRBeY D e st
carbonzsitionra 80V E for48gilon)s idenpitmgén, )thgtemsing shswedibjwetigte doss to
0.33 t 908 gABMm |t j LA ' | :
033 TSGR L UER Y pEL AR ol LSRNl iy hac
and ey Brndhy UaRsparesh peymare #tey. @sbonization  Theyherdpesscef thencoating
was tboted b Aravhg WaeAEi] GORARE o8 (EMEL wWith PI kB %éﬂ%n BERE Ghfe of

o at .30C.in a. bbler . .with a nitrogen flowin contact °
45°, Gryiing ko Pistdy Beitailt dimioche Sirtase Uiina pesoghpL S H.
depositing it as a filmon the glass surface. The

PEAae b G BT RB AR I ARG (Lhen THin 2,

deposition.
Duroplag® glfiss: Wes idjestasisto a0 5-mimute elistsomig cldahingaripesdowith distilled
terd AR 8 n { ' LB L0 Y os PRy g/eme
wate cqat eg ,gﬁﬁngcgllegi Cgiercllg?r hﬁéeé%éﬁrl%n?%v}egih%yw@é(r?)cr':OeStp{]ﬁ]DI %/CHI
carbog hyaghertigal ook derositiony(e M) by heirging denzsmeat B0°C in a bubbler

with a nitrogen flow in contact with the glass surface at 1000°C for 30 minutes 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. |



- 15 Exanple 4: d ass Fiber Duroplan(r) glass fibers
wth a dianmeter of 200 mcroneters are subjected to an
ultrasonic cleaning for 15 mnutes, then rinsed with
distilled water and acetone and dried. This materi al

is then coated by dip coatildg~with a comerci al

packi ng | acquer wth an application weight of 2.0 -
10"Ek g 988. it elhesubsequent pyrol ysis and '
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su .RYrolysis and carboni zation at 800C for 48
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. overgtsa@cntte? eelyield3Vi mﬁbﬁyn@réiﬁa?&gﬂ%hgy@t@g@r%e up to a
T S D T el A N——
3 emslgng 15glved ge dke surfass by pvessinglivithi the eltirala fer 6@sdonds and then
ledGa i i ' [ ' coated b
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104 g/cnR2. To do so, benzene at 30C in a bubbler with
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temperatures and 15 deposited as a film on the metal surface. The previously metallic

surface becomes shiny black after this deposition. A test of the hardness of the coating
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.



A Tesa(r) adhesive filmpull-away test in which a
Tesa(r) strip of adhesive tape at least 3 cmlong is
pressed agai nst the surface with the thunb for 60
seconds and then pulled away fromthe surface again
at a 90 angle reveals cl&atPy-visible gray adhesions.
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PCT/ EP2004/ 004987 - 17 CLAIM5S 1. A nethod for coating
substrates with carbon-based material conprising the
following steps: a) at least partial coating of a

i a polyner_f4-l mon at | east one of the
Pc%u %@528&?%5%3 of the su7strate, b) carboni zi ng the.

polymer filmin an atnosphere that is essentially free

of oxygen at tenperatureasApmehe range of 200C to

2500C. 2. The nethod according to Claim1,

characterized in that that polynmer filmconprises

. addi methed fel ewtting Substrateh ewitly roathonfasédr endtedidl €6imprising the

PO Bl ddg. agents, metals, extenders, |ubricants an
i'gie ségg’& The nmet hod according to Claim 2,

pI gnent . . ]
ct?graéé‘iaé? partial Gogting af ashbstuativithvawlymer Slel oo tektastrammof the

sidut§es@¥dcdesf thalsupdan oxi des, alumno silicates,

zi,r,conj um oxi des, um oxi des, talc, graphit

tit )
DR B e and e Rl Ap Afapsahere. thal is essentilly free of

phoxykes bf enptesures ifl the egpe o 200¢@lysogechet al s and
nmet al conmpounds and the [ike. 4. The nethod accordi ng

to any one of the preceding clains, characterized in
t Nate methopatgomding fto Chaimolypri ses films sel ected from

h ] I lLiphatic,or aronati

o icfred s b BRP LR, Bhn BT SRl SR from the
p@OButdntie HYessi awsefameng pgeytse mesals, extenders, lubricants and
' pligrhettadi ene, pol yvinyls such as pol yvinyl chloride

or polyvinyl alcohol, poly(meth) acrylic acid,

pol yacrylonitrile, polyam de, polyester, polyurethane,
pdhgshsthed eccopdihy teClanhlajor oet hyl ene, waxes, paraffin

Fischer- Tropsch.. waxes and mxtures and, )
o SRR O et BE R ise gt gres e o spipoprgsides. gluminum
Tlogideet dlomimmslmatts, wrconivanyxidss tivdnigh aixides ltalch pRBBile, Barbon

c c i: 7 e n_thaty. t ol r filmconprises a
oMy bl ey by U AR S PP, Bl and
c &atalggmpogndsnangt theliked according to O ai m 5, -
characterized in that the polyner filmis a | acquer
fLIJ‘bmall?r}g{gfced froma lacquer wth a binder base of

allieg gatheq sccordingtq ayeag of tsmrtecedipmsdginsesi n, acryl ate

r ebarfcterigdtenial ithatl &8 NpoBMeRe @S| ddmRisks PARR Qdck  from
bﬁcsn%bpglgrln}/e?ss to?r bo&?}lzr}{grrs eto aa.rl]ile)ilatgcaro’r at.rgrrnatic 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, polytetraﬂuoroethjrlene, waxes, paraffin waxes, Fiséher-Tropsch
waxes and mixtures and combinations of these homopolymers or coi)olymers.

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. |

The method according to Claim 5,

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-



10.

11.

12.

- 18 .like materials, tar pitch, bitunen, starch
cel lul ose, shellac, waxes, organic materials of
renewabl e raw materials or conbinations thereof. 7.
The nmet hod according to a?% one of the preceding
claims, characterized in at the carbon-based
naterlal IS subjected to an oxidative and/or

r gitke cmmeelaaf ttef tpit@ﬁt Mt nehlstouH, n&elﬁlﬁfsboﬁhéﬁfcl Q@8 d organic

0Bl b RP 5 by SRl B TG, e noc

accor di ng to any one of the preceding clains,

chat %&ﬁgq %c%gralﬂ% thaty &A@eofw@g{eaguﬁ&g &l%lrﬁsg! tegt ed from

gl ass,
stcb%récte@%ﬁﬁldln thatrthe sarbp pdesesonpissik léssubjb@tné twpn oxidative and/or

b@&ﬁl'ch{/é( ﬁﬂeﬂ%ﬁl@ﬁén@|f§110\}919§%a%§2a't15h”aﬁ§ 1s Hbﬁlﬁ{aﬁkf%ubjected to a
rsor r% éer am ¢ r%%nvvarg/ as wel
c RERGEOWS IPhesRosiondT caroan 3¢k a Cﬁfé@é‘i’ d| ng to any

one of the preceding clains, characterl zed in that the
g?lstr e|s%ssj$etedfro medlc gglants, stents or
L)

Odsfffﬁﬁ 0 afigy ongipd e PRSHing ot ng t o any one
of:hirh@emeelcadlthﬁg: thle asubstrate hiar sed¢cted Feoh imethlb,ahllbj’s&; ceramics,
CORIR0 ARBLL 1y, o B VRS i
c teaials bpresubistitut¢samingrals apretursets aud p&remmgneemwmtas well as

atSmbBhessEHelefr @ controlled nanner into an
environnment for use. 12. A carbon-coated substrate

produci bl e by the nethod according to any one of the
PTRe adting 4lcaidifis to any one of the preceding claims,

characterized in that the substrate is selected from medical implants, stents or
catalyst supports.

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

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

manner into an environment for use.

A carbon-coated substfate producible by the method according to any one of the

preceding claims.



