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WO 01123646 PCT/1T99/00307 "AN ELECTROCHEM CAL METHOD FOR FORM NG AN

| NORGANI C COVERI NG LAYER ON A SURFACE OF A COPPER MATERIAL" TECHNI CAL
FIELD 5 The present invention relates to an inproved el ectrochem cal nethod
for form ng an inorganic covering |ayer, having specpédtmdoempti cal ,

t_]%em’ W41 0183646 nechani cal characterigtics, on a surface of a copper

\\mterial' the invention further relates to a copper article, nade of a.

copper cop er-based alloy material at least in a surface thereof,
conpr i SI ng ELECTRO  METROR FQRFORMINGANINGRGMNIG al , 10

chem cal and nechani cal characteristics. BACKGROUND ART It is known that
copper or CcOMVERENG i AABR ONASEREAGE OFuCOPPERMATERRIALT f f er ent
applications, to be covered by a |layer having specific characteristics.
Different applications usually require different features of the covering
| ayer: for 15 exanple, good electrical insulating properties are essenti al

in wre prot qHCHNICAP¥IEEY properties (reflectance, gloss, etc.) are
vital in solar energy colTectors, a particular aesthetic appearance and a
par tigul ar C%@‘Hresaﬁtem'vﬁ'ﬂ%?’xt Rltes %Oé@éﬁﬁgt%ge@@féctr&ﬁbﬂnﬁhpﬂle%ﬂ%f uction in

general ; |n any case ayer s e as adherent as possible to the

copper an( V. SCP%L@ ATl the 20
productlon pr cesg{?’ ncﬁ‘;segif‘ gghzh\?gﬂ , mechani cgrdﬂhﬁﬂrac eri.stics. A
vari ety of t hods has. eretofor osed L he .for tlon of

di 1 or ontRagHie Srarseastitivy, op F%s%&sf%ﬁep@rﬂm ingegpio

particul a chem cal conver anodi zi n ess arg. k own I n

i o
cheni cal rE'B‘ﬁ\“/E’r%P‘?ﬂPerFﬂéle fn“‘|"ﬁi’ﬁ’5"r‘i’ra‘f"pP‘E}' yogteriakatdeashed at a high
tenperatyre in an electrolytic bath WO 01/ 23646 PCT/ 1 T99100307 -2
conpri si idya syffase khereof, ,ﬁmngpganmogﬁwerﬁrsr@xerbwweaﬁwwz. ng agent,

in order to
10 chemical and mechanical characteristics.

BACKGROUND ART
It is known that copper or cop;ler-based alioy materials require, in many
different applications, to be covered by a layer having specific characteristics.
Different applications usually require different features of the covering layer: for
15 example, good electrical insulating pr;aperties are essential in wire protection,
optical properties (reflectance, gloss, etc.) are vital in solar energy collectors, a
particular aesthetic appearance and a particular colour are important in roofing and
building construction in general; in any case, the layer should be as adherent as
possible to the copper material (in order to avoid a possible detachment during the
20  production process or in use) and have good mechanical characteristics.
A variety of methods has heretofore been proposed for the formation of
different kinds of coating layers on copper material surfaces. In particular, chemical

conversion or anodizing process are known. In chemical conversion, the copper

material to be treated is dipped at a high temperature in an electrolytic bath



forma copper(ll) oxide (cupric oxide, CuO layer: this method requires not
only a long process tine but also a rather high cost for the reagents and
its productivity is therefore poor. In traditional anodi zip‘gpr_éi .e. anodic
oxi datw@pinsess | ayer conposed of 5 cgpper(ll) oxi de CuB§TEPY d on a
copper material at a high current dénsity in a alkaline solution of a high
concentration: since CuOthus forned is instantaneously redissolved even
by a sl i gbdmpeisingahiatkaliisalt pr Dhigh somentetition and ar{ axilizing agemtciardrdattoon, current
density), the process control is extrenely difficult. Inproved anodi zi ng

Pr ocessesfopn ppe{IPF&dé (tuplt Oxidd) (30 dayer @il refrod Fequiirkd hdBerly @ t ough

electrically insulating layer is formed on a copper surface by anodi zing

at | ow Cujghg BlociRiifld o aflod el b ok £ hleidits Bl bayRy@Cyanoi ron

conpl ex; 'y, such an ano oxl dat1 on” process nmay be "preceded by a

further |ZI | . ' I alkali to
Form a t nEAREYF Ao L fhel Biddifndh £ bR Kidlacth b BlerbolBlitl o O |
efficient pro ti.Qn Jnsul gting 15 conposite,layers de_of copper (1)
oxi de. SnceRBRLY onas cBh.ih Brtied spdkopres stk f € el eiiriy Bl a” el ot | v y
| ong process,ting . and_ cost and, furthernpre, the |layers are not suitable
for many a‘fsﬂmeégﬁp%efa%s%ﬁam%m%s’m@ﬁ%’é PrRadds WstaptEreousYest het i c
appearance and optical features are required. It is also known from EP-A-
751233 a HEdisanivesyeventiyori slight vasation iy procasr songitionh (allkalicsanseptraionr on a
copper 20 strip or sheet to be used, for exanple, in roof covering: the
copper mmmﬂmﬁymmommdlhmm@lvd@&r ature (250=750C) in a m xed
gas at nosphere containing 02 to forma cuprous oxide (Cu20 |ayer, and
then further Inprovedr emklzihguprbeessesxarelidiscloged MOU8+A-507R84dr gndaUSex-nat i vel vy,
treated with an aqueous al kaline solution to forma cupric oxide (CuO

| ayer10i n5401382Ccasampht dlectficallp|insulavieg layer isafpemed ons séppepburfackibyst WO
01/ 23646 PCT/1T99/ 00307 |ayer made of Cu20 adhering to the base netal and

ﬁ- second hﬁdfﬁngmgwoéurﬁdﬂer@i{?in h cidiit lefektrblpi® bath UFiaShéxéyansiranequi r es a
I gh contact tinme in order to Tormthe conposite covering layer and it
al so has g&haikk; \eotntudily Shch b Shtidid SEdaEBR biocedd BRdy bR Ipkdceded by a further
i anodizing in an alkaline electrolyte bath of a caustic alkali to form a thin film layer
of cupric oxide CuQ. These methods provide efficient production of insulating
15 composite layers made of copper(l) oxide and copper hexacyanoferrate(I) or (II),
but they require relatively long process time and cost and, furthermore, the layers
are not suitable for many applications, in particular where specified colour,
aesthetic appearance and optical features are required. It is also known from EP-A-
751233 a browning method for forming a dark brown covering layer on a copper
20  strip or sheet to be used, for example, in roof covering: the copper material is heat-
treated at high temperature (250+750°C ) in a mixed gas atmosphere containing O,
to form a cuprous oxide (Cu;0) layer, and then further heat-treated under oxidizing

conditions or, alternatively, treated with an aqueous alkaline solution to form a

cupric oxide (CuO) layer: in both cases the final covering layer consists of a first



due to a reduced chem cal stability of sone oxidants and to higher costs of
waste 5 treatnment, which are essential in order to avoid water and air
pollution. DI SCLOSURE OF INVENTION It is an object of the present invention
to provi de awoigtbseayed el ectrochem cal nethod for form ng BCOIES®PI3AY | ayer
on a copper surface which allows the afor¥mentioned di sadvant ages
connected with the known processes to be 10 elimnated. In particular, it

is object of thmyarmadnsf Cay0eadhiefifly to0thebads llétalParkias becond I8 Bad¥F CuO
i nexpensi ve nethod which is really effective in providing a copper surface

with a coating botehe BAY ldyer. TRAGhEhGFreGRitd Y high 8sHdle tife iﬁ%p&%?é@go%ng\ #0d

.optical properties, inprovéd adherence to the copper substra
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' ' | | - based al |
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~elenment, in ich . sald surface is placed in gn al kaline electrolytic bath
cof at | eastgw;ngga}ti?g?tr wﬁﬁﬂéﬁmdé’b?@ﬁ@r?" eater agd air gplitionyr ocess
conditions of 20 teppe ire 8 current density and for a period of tine
suitable to form a DIGLONREOKINVENFION | y honogeneous | ayer on said
surface, said |ayer_being basically forned of copper(l) oxide (cuprous

oxi de, Cu20) havi ngitaiscrapstokiect ref tgﬁt rRresentr dnventiom toopsevddecrdn  dmprowed
~determ ned by said controlled process conditions. --- This Sheet Has Been
Repl aced | ', | eedtropieenticdl 28@had RETOHTSS A0REThg layer on & Ropser tsinfatleakhick he
anodic oxidation is performed in a bath containing only a single alkali

salt in aqueousalbuisihe aforementidred dishdvantages commeeted withi thekndvn Bddses to be

10  eliminated. In particular, it is object of the present invention to provide a fast,
simple and inexpensive method which is really effective in providing a copper
surface with a coating layer having specified colour, aesthetic appearance and
optical prt'aperties, improve& adherence to the copper substrate and excellent
mechanical characteristics.

15 According to the present invention, there is provided an electrochemical
method for producing an inorganic covering layer on a surface of a copper or
copper-based alloy element, characterized in that it comprises an anodic oxidation
of said element, in which said surface is placed in an alkaline electrolytic bath of at
least an alkali in aqueous solution under controlled process conditions of

20  temperature and current density and for a period of time suitable to form a
continuous substantially homogeneous layer on said surface, said layer being
basically formed of copper(l) oxide (cuprous oxide, Cu;0) having a crystalline
structure and a consequent colour determined by said controlled process

conditions.
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1, 25=11, 2

aqueous s

5 nol e/l of hydroxyl ion (for exanple, sodium hydroxide NaOH at a
concentration of about 50+450 g/l or potassium hydroxi de KOH at
concentration 5 of about 70,630 g/l). Preferably, the anodic oxidation is
per f orB@1kd846 bat h contai ni ng at Igas,t 20% wt .- sodi BETREIOEY de i n

olution, at a tenperature

of 0,3=20 A/dn2 with a cell potential (anodetcathode potenti al
0, 2:18 pértaalr, B¢ afoddke bki@sticdf is tpeiforn®dl ifAChith berkaidingambngs. 10 More
y, the anodic oxidation is perforned in a bath of 30% w. NaCH in

aqueous Seidid ia0Rl @it @ ARIEBEY e&xumf,o,srefmw aB 3= Sotfeeritiffioh O5f @bduer i od of tine

of about
pr ef er abl

of about
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varying t
range 0, 3
a current

| ayer hav
accordi ng
oxi dati on
a chemc

=30 seconds, suitable
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f at least 60C, at a current density

di f ference

or obtaining a |ayer having a thickness
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col our, at curr ensity of about 2,53 A/dn2 to forma |ayer having
dar k b#om?f@BPWgé@ﬁga current density of about 10 --15 Aldrr? to forma

ing a de bl ack col our . and a vel vet fac ffect. The met hod
I'ng rq%&, C ur, v v_yﬁu a&.ﬂ?

to X8 b pundicaxidation is erformad, ins% bath gontaining, at lt%

anodi ¢

rocess, a pre-treatnment step of the copper surface (for exanple

% ovt. sodiumhydrpxide invaqueruscielutignsatiatepaeraturg obatdeast §0°Gy

benzotriazole inhibition, etc.), as well as, after the anodic oxidation,
final sur#taceurtentdensitnof §,3-620 Akdxd withea eelf potertiah (apédercathmde ipatgntidlep) .

to an enbodi nent of the invention, the anodic oxidation starts as
Thi s Sheetiffefeacdyafubbed, 262 & dndl for 1al péricld1 flfirhé bf bbdut|9+120 s¥¥ondd./ 23646 - 5 -
00307 soon as the copper surface is placed in gcontact with the

Accordi ng

PCT/ 1 T99/
electyply
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Moke pR¥drabiy $heddhodic oxidation is performed in a bath of 30% wt. NaOH in
aqueous solution, at a temperature of about 82°+92°C and for a period of time of
about 10+30 seconds, suitable for obtaining a layer having a thickness of about
0,100+0,400 um. The final colour of the layer is determined by varying the current
density in said alkaline electrolytic bath in the range 0,3+20 A/dm’: in particular, the
anodic oxidation is performed at a current density of ab;mt 0,5+1 A/dm? to form a
layer having a brown colour, at a current density of about 2,5+3 A/dm? to form a
layer having a dark brown colour, at a current density of about 10+15 A/dm? to
form a layer having a deep black colour and a velvety surface effect.

The method according to the invention may further comprise, before the
anodic oxidation process, a pre-treatment step of the copper surface (for example a
chemical or thermal pre-oxidation, a skin passing process, a benzotriazole
inhibition, etc.), as well as, after the anodic oxidation, a final surface treatment (for
example a further skin-passing step).

According to an embodiment of the invention, the anodic oxidation starts as
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alternative, the anodic oxidation starts a period of time of about 3=180
seconds after the copper surface is placed in contact with the

el ectrolytic bath. In case the copper or copper-base alloy elenment is a

pl ate-1i ke ewgmpssssboth 5 surfaces of said el ement nay bePeTATH90003820uUS| y
subj ected to the anodi c oxidation accord?hg to the invention. Cearly, the
nmet hod of the invention is absolutely not limted to a plate-like article,

but it can_be aspphiagdhd Coppet sErfirs i$pMbdddinSethfkeMth dhd YectrdhiSHAR

geonetry. The present invention further relates to a copper article, nade

of a copper or altbfhaf@DREE mﬁtﬂ&e&d@ddo%tdmtaegérﬁu'd- & tirh€ 8F hbdu? 3%?%{(:'%@% y

thereof characterized in that 1t conprises a continuous subs

honogeneous Covﬁre}ﬁﬁ.cgﬁﬁ(e?rs?r@ﬁéfsfﬁﬁégh?'con Wtr}ﬁggfeepiﬁ@w%i%pf about

0, 100=0, 400 n) on said surtace, ‘sal ayer cally formed of

copper (1) oxide (cypr ' 2 havi define rystalline
structure for givi ;tg cé)%%s‘eglé& ?’gfu?%@g&ﬁ?é%#q?'c&%ﬁni ol 3&3’&%&%&% T’fl?g‘ The
basi s of th% prglaent inv.gn ion is theretore to he seen in conducting, in a
traditional Sel SRPPLSFfsH ent may 2 Spultaneopsly suisptes tothe gperic oxidation: e
under controlled conditjon, sp as to formbasically cuprous oxide Cu20 and
avoi d the for neFPYAmg o the mvention, Clearlyn iy methed of theciventipn inebsohstelinndton can
be therefore cqnsidered an inproved el ectrochem cal browning process which
overcomes al | timited ta giete-dike artiply, buteit sarwbe applind to aditlek having substantiallys: i n
fact, only an al kaline solution (for exanple an aqueous sodi um hydroxi de
sol ution, extr aneshape pedgeometrg el ectrical current (with a relatively | ow
consunption) are used in the method according to the invention: the
desired | ayer is piThepreseht inventionclurtherirelaies to ¥ copper aktitls, ke ofcopper srtheni cal
oxi dants and/or other expensive reagents: just a very short contact tinme is
WO 01/ 236460PCEbiped$aid WUy malteriab at!leasttin (5 nifad tHePHE! chaSdoRib&d id BNt N

known processes), so that the whole process is faster, sinpler and |ess
expensi ve than ckmpées i QeASRRAEs shbRaniBily Wmopthebss covering layer (preferably

having a thickness of about 0,100-0,400 pm) on said surface, said layer film being
basically fc_)rmed of copper(I) oxide (cuprous oxide, Cu0) hav-ing a defined
crystalline structure for giving to said surface specific optical properties.

15 The basis of the present invention is therefore to be seen in conducting, in a
traditional electrolytic cell, an anodic oxidation of a copper surface under controlled
condition, so as to form basically cuprous oxide Cu,O and avoid the formation of
cupric oxide CuO: the process of the invention can be therefore considered an
improved electrochemical browning process which overcomes all the drawbacks of

20 the above-mentioned known processes: in fact, only an alkaline solution (for
example an aqueous sodium hydroxide solution, extremely cheap) and electrical
current (with a relatively low consumption) are used in the method according to the
invention: the desired layer is produced by electrochemistry avoiding the use of

chemical oxidants and/or other expensive reagents: just a very short contact time is



defined a "zero-waste" process, since the consunption of chem cals invol ved
in the process is extrenely Iow and may be further limted by using, for
exanpl e, vacuum 5 or inverse osnpbsis concentrators. Al so environnental

i npactwheisfgsiced when conpared with known processes PCAAPINORGEN

el ectrochem cal apparatus may inpl efent the method according to the

I nvention: as previously stated, the electrolytic bath contains only an

al kal i, ﬁ?éﬁ&@%ﬁﬁcﬁﬂ?isﬂ&t&%ﬁ%iléilnswﬁ\b%déss'bé),eWﬁﬁﬁ{h\é%}holé‘Mc&@m neral i zed

water: no 10 additives or other chem cals are required, as in other known

br owni ng grfsﬁasgﬁ;@m&aqe&g%&%% %ﬂ‘n{i{éﬁ:m ?é?cfc%ss@ierﬂe Seh6a chef PFFde of pure

crystalline cop oxXl g traces of copper ) oxide
CuO, as r ak ed_by_chyonopot ent i tri nalysis. (a.branch of

coul onet r S5 EBLE o aupites BERPE: S AERdsupBr o Regict ol B

advant ages: the re re adherent, t.o t.he er 15 substirate and show a
better melRSTH @ﬁ&gﬁ"ﬁﬁp, may| B\tﬁl"ﬂﬁrmﬂg&gﬁﬁ’ %‘b‘ ‘B‘F@Bfeem"“% be avoi d,
bot h during, mechanical treatnment and in use; they show a better |eaching
resi stAnce tHyeHe  YmPEss r@n‘ﬁ?ﬁam-a&ﬁ%ﬁm‘é? aPact g Jeduced hsRal ;. t hey
have superior optical properties and a nore pleasant aesthetic appearance,
bei ng abl eorparedwithlspovwn proesssescol our with desired intensity and shade; they
have good insulating 20 properties, realizing an effective barrier to

met al |'i ¢ di f f A8y kagwmelectrochemicalrappanatus imey|implement the ntethuid axoordingc| ear

radi ati on. The nmethod according to the invention allows different colours

to be obt i thednvestionlay previvuslystated) theelearobdic DathOcqntdimsesily af alkali,t i on (mai nly
current density) and consequently the crystalline formof the oxide |ayer:

even a veprefirablyl eediufl Bedfokidy QiverybiietiRndi) 2 btk GemfeRilibad wabe! aved WO
01/ 23646 - 7 - PCT/1T99/00307 optical properties when conpared, for

exanpl @, &dithled 6K ofhbr Gidnitals(@tdieghirdds as in'ofidh khWRblownitg§iocedts. el | known, to
cover copper sheets by electroplating for solar energy applications). The
et hod accor dyRg cbiGurel Final i5Bfs' 28 basicdl"hadeUbhld diilittle Lappligduce very
oxide Cu;O containing traces of copper(ll) oxide CuO, as revealed by
chronopotentiometric am.ilysis (a branch of coulometry). Cu,O layers offers, when
compared to CuO layer, many advantages: they are more adherent to the copper
15  substrate and show a better mechanical behaviour, allowing any detaching problem
to be avoid, both during mechanical treatment and in use; they show a better
leaching resistance to acid rains and to atmospheric conditions in general; they have
superior optical properties and a more pleasant aesthetic appearance, being able to
assume a brown colour with desired intensity and shade; they have good insulating
20  properties, realizing an effective barrier to metallic diffusion, and are scarcely
influenced by heat and nuclear radiation. The method according to the invention
allows different colours to be obtained, simply controlling the anodizing process

condition (mainly current density) and consequently the crystalline form of the

oxide layer: even a velvety deep black layer may be obtained, showing improved



5 uniformcoloured thin |layers on copper continuous strips and single
sheets (on both sides thereof), but it nmay al so be used oh copper articles
havi ng any shape: the I, nethod nay be easily inplenmented either in a
cont i nuous Ofgeinsksedat ch i ndustrial process. The nethod of pthverssmoesent i on
may be applied to any kind of copper base’-material: for exanple, pure
copper, copper-base alloys (brasses and bronzes), either 10 pre-treated

'g. thernal | ' el ' e
(e.g. thermal | Yopfital CiiBperEed Whel cBmparkd| ﬁ?cbxmﬁblb,”gaﬂ}gﬁdc‘“aﬁ%og’%&;%c%ing,

inhibited) or not:. no pre-cleaning treatnents, gr easli ng

are necessary. f [ ' t resent i.nvention
can be used iyr;ﬁragﬁvm gg%géig%g%?@n St???‘é?%é@%?ﬂ%slb nesé,lgf)ﬁlﬁﬁrfgsef%fﬁol?rhe
above descri be%n%ﬁ?%l%%ﬁ%f eatures: in particular (but not only), the

met hod of the in ©Ows an easy, 15 fast:and inexpensive production
of rolled strips ot,sSheets, for .roqfin st.andard, o energeti c,roofing),
ornanental articl e;th gegt@%tﬁg?fdlnﬁqﬁmelqﬂé% °’?:l§r&aftf"t9iaflﬂ’d’ﬁ? Ifoproduce ¥eye d
copper foi Ig for.el ect ron‘igﬁﬁl r oxidized copper surfaces of inner layers in
el ectronic Gi r CHifPRT p)pure: S O, GORPEE eANtiARquS strips 3pd singlg shestsdpn poth
applications (instead of traditional high expensive black chrom um .

el ectropl ated &iieheherend), hut ftamas plso bﬁ@sg@ms@mmﬁ&m@n(sMr the |
covering. cylindrical geonetry surfaces, such as wire, bars, tubes and

m neral i nsul amesthas) may b¢ easily dmplementediither dopgentinvehe at hi mbatclindusttial as f or
in electrical insulation of copper wires and superconductor cables, in

whi ch case t he pronssh Zhe gnethosionfthe imrgntive mayobeoapplied t® anmekihd O coppet biSee t O
produce CuO instead of Cu20 WD 01/23646 PCT/I1T99/00307 As previously

stated, the anembteriahdoruxamplespue coppdi, Roppe-bhsecalloys/drisies andBibnbR), Rithgeded by
a pre-treatnment, for exanple a pre-oxidation: it has been noted that

copper subsor apge-sedtéd (g, GHermially o RhériBARSSreloRidiZaY] si&n-bfsled, behitBbleOn, 1N

termof chem cal conposition and crystalline formas we as in term of

] hncss; 2 AASmimo ol bt B i, S S ST
which. it arrivegeekdry. topper surfaces realized according to the present invention can be used
in a wide range of industrial applications, thanks to the above describ;d favourable
features: in particular (but not only), the method of the invention allows an easy,
15 fast and inexpensive production of rolled strips or sheets for rooﬁng_(standard or
energetic roofing), ornamental articles to be used in- building construction, pre-
oxidized copper foils for electronics or oxidized copper surfaces of inner layers in
electronic circuits (blackening), heat collectors for solar energy applications
(instead of traditional high expensive black chromium electroplated copper
20  surfaces); the method can also be used for covering cylindrical geometry surfaces,
" such as wire, bar_s, tubes and mineral insulated .electrical cables, with copper
sheathing, as well as for in electrical insulation of copper wires and superconductor
cables, in which case the anodizing process may be prolonged for a time suitable to

produce CuQ instead of Cu,0.



applied electrical field) may be used for influence |layer quality: when the
pre- conditioning tine is increased, final aspect and col our of the |ayers
are inproved. BRI EF DESCRI PTI ON OF THE DRAW NGS 10 Further objects and
advantwgagnrsdst he present invention will be apparent PCEFHIYNE ol | owi ng
description of non-limting exanplég'of the invention, with reference to

t he acconpanyi ng drawi ngs, wherein: figure 1 schematically shows a

preferred empadiréRaislyitatad) tittodiding processRkesBing to e ifRnti®i fggibeiccor ding to

the invention; 15 - figures 2, 3 and 4 are SEM mi crography pictures of
three sampl@déd¥e s retieatiend fordSaMbR! § el kidalin:TE hhOBee! ndtéteHapvent i on,
showi ng their crystalline structurés; - figures 5a, 5b are di agrans which

gr aphi cal | | . : | to ASTM E
305" and | QPETBESREERREe oty HbRiek auiad fYEY Ml RERR 06 | © 10

met hod of .t he j nvent.i.on d ative .sanples; 20 .- figure 6 is a graphic
Fepr esenEREA GrTRaliPh R eI aEHr & R RS aReeto * ASTv E420) Cof
three differently colqured |ayers according to.the inventiop nd

Conpasat i ve. sl pIBpERE RS B Aot pob e vt Hemek el R PR | NVENTI ON
Wth reference to figure 1, accordi;ng to a preferred, enhodi nent of the WO
01/ 23646 9opsriatice sg e lkalinaibah anf dhe,mement; in; whiethitj BFvesindbp per or
copper-base alloy strip 1, coiled onto an electrically insulated decoiler
2, has t oapplied elsctriga dfield)rmigobe usedi fort influence layer whalilyr whemothgaptee | ayer. The
coiled strip 1, eventually after passing through a cutter/jointer unit 3,

i s sent teonditiokingtime(is increased,tfimehdspentiatd dolowtuf thie lageys dve improee. i nuous f ur nace
5 5 for thermal pre-oxidation or a chemical pre-treatnment unit 6,

conpri si ng a BREEF BESORIPTION OF THEDRAWINGSa spray rinsing unit 8 (both
of themwith a recovering of process fluid) followed by a drying unit 9.
Afterid he preFurh8PSUIEIS andddianlagds ¥IhE prsént HdlentGCRR BB app@eRFsthng to the

present invention, the strip | 1s fed, through a

the following description of non-limiting examples of the invention, with reference
to the accompanying drawings, wherein:
- figure 1 schematically: shows a preferred embodiment of an apparatus
implementing the method according to the invention;

15 -figures2, 3 and 4 are SEM micrography pictures of three sample layers produced
according to the method of the invention, showing their crystalline structures;
- figures 5a, 5b are diagrams which graphically represents colour differences
(evaluated according to ASTM E 308 and ISO 8125) among three sample layers
produced according to the method of the invention and comparative samples;

20 - figure 6 is a graphic representation of reflectance measurements (according to
ASTM E429) of three differently coloured layers according to the invention and

comparative standard references.

BEST MODE FOR CARRYING OUT THE INVENTION

With reference to figure 1, according to a preferred embodiment of the



conductive bridle 10 (for exanple conprising three netallic conductor rolls
10 - assuring the anodic electrical connection, which, according to a well
known solution, are not directly grounded but connected to an earthing
transf or ner )wolgesgs anodic cell 11 of a known type, for exeCRITS98M080hri sing
an electrically heated polypropyl ene t ank; eventually provided with
stirrers and containing an alkaline electrolytic bath 12; a nunber of

pairs of paral tholasFimOprefarinv&iidn Catdppeaes: doppéritate Aoy i P BilsPdiRo Of

copper, platinum platinumcoated titaniumor stainles5 steel) and of

roller 14 are WAL J Bﬁ"& ; ar%

di sposition, i Eﬂéllgétggérj@?%ﬁ%}éd | zegtg‘t%}%%gggﬁg@é(?%gtb&@p %re@%(%r to
produce a very.unifor ectric fiel Jent sure t.he
honbgeneous col“g’p mglgg'oef'et%et?t?ﬂg W’Bel’ gY%@%“&ng@%g’gkﬁ %o#%’é‘%ﬁ@f?’gg{jgfmeéach
cat hode has an_h enequs ,surface onetry.. 20. The di stance between each
of the cat hodeémigg’D %ﬁﬁﬁgﬂél‘%ﬁﬁﬁe’g%ﬁ?‘g‘%lm%i% gglcpﬁgy%gﬁc;&&mqogs &r abl y
about 50 but _shorter or | ognger distances may be used wi thoyt any

del eteri OtrILTEef e@(s‘g PEPYidation of, a ghemical, precfiealipent uit, 6. SOBPHSAE 2syst em
15 of the electrolytic solution. After the anodizing process performed in
the cell 11, dpereasing/picklingurit?and aspsayyrinsingdivit $(beth of them with & recevering
exanpl e a high WO 01/23646 -10- PCT/1T99/00307 pressure water spray
rinsing unit (&fpwocess Buid)ifolowed hy a dryingowmnitrd. Adtesthe peertrdaTient awhich anysvayi ng
unit 18 and a nechanical cutter unit 19: finally, the strip 1 is coiled
onto a coil er i2fibt nBbessgry @aseonding o ¢lret presentvirivention, thersidiped isl dfed; throagh aor
better understanding in the 5 followi ng non-limting exanpl es. EXAVPLE I

Usi ng the appaceddustive’ brdieUR) Yfodeebiphe dompidsing Ithieé mitdllic Wohductéi fglignce to
figure 1, a skin-passed "red" copper, benzotriazole inhibited, in coils

1501 i 01 il Uttt bt s CcRbgty L e G
was used: the REOGES Sredot dir&tly gPGndBPhR cdnnected to an earthing transformer), to an
anodic cell 11 of a known type, for example comprising an electrically heated
polypropylene tank, eventuaily provid;sd with stirrers and containing an alkaline
electrolytic bath 12; a number of pairs of parallel facing insoluble cathodes 13 (for
15 example made of copper, platinum, platinum coated titanium or stainless steel) and
of roller 14 are positioned in the cell 11, according to a well known disposition, in
order to oxidize both faces of the strip 1: in order to produce a very uniform
electric field and consequently assure the homogeneous colouring of both strip
sides without border effects, each cathode has an homogeneous surface geometry.
20 The distance between each of the cathodes 13 and the copper strip 1 (i.e. the
| anode) is preferably about 50 mm, but shorter or longer distances may be used
without any deleterious effects. The cell 11 may be provided with a recovering

system 15 of the electrolytic solution. After the anodizing process performed in the

cell 11, the strip 1 passes through a spray rinsing unit 16, for example a high

[



are summarized in table |I. The bath was nai ntai ned under agitation during
t he whol e anodi zi ng process. Two copper cat hodes were used, having an
apparent cathodic surface of I dnR each and a known q,eonm‘é apable to
pr oducwoem/28646f orm el ectric field._y_very uniform and G Pnt | ayer was
obtai ned (naned CB2 for conparative purposes) having a dark brown col our.
TABLE | Electrolyte NaOHg 30% w w bath tenperature 80* 2 C anode-cat hode
di st ance pe@surmwatsr|spray rigsing wiit (alse providedrwithra rego®ring systesail D, s hot ent density
1,75 Aldnm2 contact tine 20 seconds pre-conditioning tinme 40 seconds
strip speieyngOnit A8 and a nidchanicah ewtter Mais 1BefualiiRethe atripdl & dofled ditd 2111111 1111
11 111 WD 01/23646 -11 - PCT/1T99/ 00307 EXAMPLE 2 The sane appar at us,
cell and o naterial of exanple 1 were used: the process and cell
paraneters are sumarized in table H TABLE Il Electrol yte NaOHag 30% w W

{J/at h t enper atyhe Hrédeyit idvehtiorRIMAR fidkd? Ad@riBédion Béteer WdErotakidihg intRd enti al 0, 85
5 following non-limiting examples.
EXAMPLE 1

Using the apparatus previously described and illustrated with reference to figure 1,
a skin-passed “red” copper, benzotriazole inhibited, in coils 100 in. width x 0,6 in.
thickness was treated according to the method of the invention. An electrolytic bath

10 of NaOH 30% wt. in aqueous solution was used: the process and cell parameters
are summarized in table I.
The bath was maintained under agitation during the whole anodizing process. Two
copper cathodes were used, having an apparent cathodic surface of 1 dm? each and -

a known geometry capable to produce an uniform electric field. A very uniform and

15  adherent layer was obtained (named CB2 for comparative purposes) having a dark _

brown colour.

TABLE I
Electrolyte NaOHa, 30% wiw
bath temperature 80+2°C
anode-cathode distance 50 mm
cell potential 1,1V
Current 35A
anodic current density 1,75 Aldm?
contact time 20 seconds
pre-conditjoning time 40 seconds
strip speed 30 ecm/min
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Current 1,0 A anodic current density 0,5 Aldn2 contact tinme 20 seconds
pre-conditioning tine 40 seconds strip speed 30 cmMmn 5 A very uniform
and adherent |ayer was obtained (named CB3 for conparative purposes)

havi ng a br owooaséasr. EXAVPLE 3 The samg appar at us, cel | aRCTATH9408307

mat eri al of exanple 1 were used: the procéss and cell paraneters are
summarized in table M 10 A very uniform and adherent |ayer was obtai ned
(named CB4 for comparative purposes)ENAMPIE2 deep bl ack col our and

vel vety aspect. rae WO 01/23646 -12- PCT/1T99/00307 TABLE IIl Electrolyte
NaCHag 30% wi wTheakrhie hppapatig tcell endébpber’méAteridl 26 dmipld NORR: shedi RO pfocedd MM
cell potential 2 VI Current 30A 1 anodic current density 15 A/dnR2 contact
time 20 secondsnd BéiPpasahéters iaf Nubfhaliz&Fin Hblesgconds  strip speed 30 cm min
EXAMPLE 4 All sanples produced in the above reported exanples 1 to 3 were
tested for determning chemcal conpogigigiy(by - X-ray diffractonetry and
coul onetry),

Electroiyte NaOH,q 30% wiw
bath temperature 80+2°C |
anode-cathode distance 50 mm

cell potential 085V

Current 1.0A

anodic current density 0,5 A/dm?
contact time 20 seconds
pre-conditioning time 40 seconds

strip speed 30 cm/min

5 A very uniform and adherent layer was obtained (named CB3 for comparative
purposes) haviﬁg a brown colour.
EXAMPLE 3
The same apparatus, cell and copper material of example 1 were used: the process
and cell parameters are summarized in table III.
10 A very uniform and adherent layer was obtained (named CB4 for comparative

purposes) having a deep black colour and velvety aspect.



5 thickness (by coulonetric analysis perforned by reducing the superficial
copper oxide,- at' a constant current density, in a Na2CO3 0,1 M sol ution,
according to the nethod extensively described in A Billi, E. Mrinelli,
L. Pedwooliss€s. Rovida: "Surface gharacterization an®CE&F#8%%n behavi our
of Cu-Cu20 CuO systent; published on the Proceedings of the Ila

I nternational Corrosion Congress, 10 Fl orence, 1990, Vol. 5, p. 129, HEdit.
Associ azione ltaliana di Metall JFABBEMI|I ano, Italy 1990), crystalline
structure (by ' ' ' ysis): main test
results are summstreiged in table |V. |NOHI3W6 - 13- PCT{1 T99/ 00307 TABLE
IV CEB2 CEB3 BA—Chemcat—Ca20—Cap0—Cu20——conposrt+omtt races of CuO
(traces of CuQpariempesturef CuO) Th|O&REs 0,180 pm 0,120 pm 0,200 mp b

coul onetry) Crys‘t)%rrclg{!‘ng (gérm cubi ¢ gyprc orirented needlegs Col our dark
brown brown deléf RAe MRHERt very orm_very uniforin uniform very

adherent, very c@lﬂﬁlﬁ’{nﬁ&t , adherent, 4gn-puiverulent, non%jpui verul ent,
n-\e

vel vet-like n vety non-velvety The crystalline formm of |ayers
according to tlouresvention is shown|goafigures 2 to 4, vhi ch are SEM

m crogr aphy pietdres—ef—the—three—sphpl-es—cEB2—CER3—andd{ CEB4

respectively. l&nd‘tﬁtscttm'em;‘mitzonduct eft&Aldm®eval uati ng opti ¢al properties too.

A graphi c reppesentatTomof—TtotoorTdrferences—(evatuatgd according to

ASTM E 308 and|cPrigsttime 20 seconds
pre-conditioning time 40 seconds
strip speed 30 cm/min.

EXAMPLE 4

All samples produced in the above reported examples 1 to 3 were tested for
determining chemical composition (by  X-ray diffractometry and coulometry),

5  thickness (by coulometric analysis performed by reducing the superficial copper
oxide, at a constant current density, in a Na;CO; 0,1 M solution, according to the
method extensively described in 4. Billi, E. Marinelli, L. Pedocchi, G. Rovida:
“Surface characterization and corrosion behaviour of Cu-Cu,0-CuQ system”,
published on the Proceedings of the 11" International Corrosion Congress,

10  Florence, 1990, Vol. 5, p. 129, Edit. Associazione Italiana di Metallurgia Milano,
Italy 1990), crystalline structure (by SEM micrography and X-ray diffraction

analysis): main test results are summarized in table IV.



8125) anmong the sanples obtained in exanple 1 to 3 and conparative sanpl es

Is given in figure 5 where conparative standard references are: natural
brown copper (after 10 year at m)spheri c exposure), named CuB NAT;
artificial bwowneséscopper 10 (sheets, rcialized under PEETEPMBB8Tar k

Tecu-Oxid(r) and substantially produced

Appl i cation No.

751233),

od B

cording to the European Patent
named TECUOREF; barium sul phate BaSO4 (pl ates,

white body). Reflectance neasurenentSTABLEAWI ng to ASTM E429) of the
three differently coloured layers produced according to the invention and
conpar ati ve standard ref er erfces achiS report e¢egs tablle V: 8esd aphi ¢
r epr esent at i on ref—the—sare—est-t-s—-s—she 6 D01/ 23646 - 14-
PCT/ 1799100307 CIERBLaE V Sanplte:0s Ds Ss SRRRDRR Wiite [©Qwgly ref. 98,16
98,16 0 0 100 |fAMRARMONB| gck [HiEAeES ofGuO) 1 2 htracegof QUO)g 14 (aKeSd Q) (vl vet)
Bl ack chrom uny. 3,48 0, 38 9,84 90,16 [on copper pl gte TECUOREF 14, 53
10,81 3,72 25, % (Ted@ﬂ@ﬂ\ﬁ]ﬂl ) Mr mzom 25 17, n@E?OQ]m: 2 87,00 13,00
CEB2 15,42 12, - 80 35— (upper (st ue)CEB3 149613796109 6, 68
93,32 (upper $¢RElinedem 4 Jgulicgo 0 57 17U 87, 02 oriented needless
Colour dark brown brown deep black
very uniform, very uniform, .
Aspect veg adherent, veg adherent, uniform,
non-puiveruient, non-puiverulent, adherent,
non-velvety non-velvety velvet-like

The crystalline form of layers according to the invention is shown in figures 2 to 4,

which are SEM micrography pictures of the three samples CEB2, CEB3 and CEB4
respectively.

5 Tests were conducted for evaluating optical properties too. A graphic

repres;.ntation of colour differences (evaluated according to ASTM E 308 and ISO

8125) among the samples obtained in example 1 to 3 and comparative samples is

given in figure 5, where comparative standard references are: natural brown copper

(after 10-year atmospheric exposure), named CuB_NAT; artificial browned copper

10 (sheets, commercialized under the trademark Tecu-Oxid® and substantially

produced according to the European Patent Application No. 751233), named

TECUOREF; barium sulphate BaSO, (plates, white body). Reflectance

measurements (according to ASTM E429) of the three differently coloured layers

produced according to the invention and comparative standard references are

15 reported in table V: a graphic representation of the same results is shown in figure

6.
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(upper side)
Ratio Ds

Legend: Ts

= Tot al

(Ss =

refl ectance SRR = Specul ar
Diffuse reflectance (SRR = 100 x Ss! Ts) Ss
reflectance DRR = Diffuse refl ectance Ratio

Ts -

refl ectance

Specul ar
Ds)

- (DRR = 100 x

DS/TS)V&P#IEP reported values are referred to a conventpxmaboomere (' upper
side') ?1e sanpl es: opposite si-dé-results (not reported) were
substantially conparable with upper side values 3 oss nunber neasurenents
(according to ASTM D 523) of the r§bﬁ§\’dl fferently coloured |ayers
according to the invention and co tive standard references are

reported in t[abl A [0FS umper 0s§ n for for
metallic matdri aggmﬂ'Sn- t FI i : tegi s {i QBB 60 at 20
standard (reflywnitbDady reg6 , Cu MT030,2 CE2 8per side) 11 55
18,1 CEB3 (up@asoal ‘o) [ 9864 $8.18ha Pupger 8ide TECUOREF 13 38
14,8 WD 01/ 2 ref 17 119900307 AT g4anpl es rrouucea by the nethod of
the inventio (.o.a(,a) I'so t eb2ed|f &PS ¢vANBat]i nth3heilr 8&@hani cal behavi our:
rel evant resu ted—mtabie—vtH—T—TABLE Yi t—thtefiness Coul onetry
0,100+0, 200 mRHENPTNTASTAR® basasd] B3B7] nesl afessnts crlacks etc. after
bendi ng
TECUOREF
(Tecu-Oxid®) 14,53 10,81 3,72 25,60 74,40
Mirror 131,25 | 17,05 | 114,2 87,00 13,00
CEB2
(upper side) 15,42 12,39 3,03 19,65 .80,35
CEB3
(upper side) 1496 | 1388 [ 1,00 6,68 93,32
CEB4
(upper side) 4,39 3,82 0,57 12,98 87,02
Legend: Ts = Total reflectance SRR = Specular reflectance Ratio
Ds = Diffuse reflectance (SRR = 100 x Ss/Ts)
Ss = Specular reflectance DRR = Diffuse reflectance Ratio
(Ss=Ts-Ds) - (DRR =100 x Ds/Ts)
Note: reported values are referred to a conventional side ("upper side")

of the samples: opposite side resuits (not reported) were
substantially comparable with upper side values

Gloss number measurements (according to ASTM D 523) of the three differently

coloured layers according to the invention and comparative standard references are

reported in table VL
5 TABLE VI
gloss number gloss number for
for metallic materials | non-metallic materials
sample at 20° at60° at 20°
standard (ref.) 1937 926 92,0
CuB_NAT 0 3 0,2
CEB2 (upper side) 1" 55 18,1
CEB3 (upper side) 3 42 43
CEB4 (upper side) Y 2 0,0
TECUOREF 13 38 14,8




flexibility-bending ASTM B 545/ X4.4 no flakes or cracks etc. after bending
flexibility with conical ASTM D 522 no flakes or cracks etc. after bending
mandrel Erichsen ball punching ASTM E 643, UN14693 no fl akes or cracks etc.
after testi nyooasg@sdrawi ng UNI 6124 no f] akes or cracks et @CTAF980307est i ng
wel di ng no problens, no preparation reqwlised O her tests were conducted
according to the nethod of the invention, varying 5 process conditions in

order to eval ualk shiplesrgrbdueéd o9t iheemethod refl tHenivertiof ewere £la6 asRéerrss this
series of tests allows preferred process conditions (reported in table

VI11) to be evajvhiakieis thdir¥abdhadbal belivitat: rrﬂbVirx@ré&ﬁl&%é‘ieb&‘téﬁﬂ table?Omid- 11, 25
mol e/ | of hydroxyl ion (corresponding to 50+450 gill NaCOH or to 70+630
g/l of KOH) bath tenperature 80+100 Q@%anat hode d| stance 30+100 mm
cell potential _0,2+3, 0 V_anodic current density 0,3+20 A/dn2 contact tinme

5=120 seconds a&ondi ti-oni | 5+180 s 20 |l ayer thickpess
0, 100- 400 gm 'Jt'ﬁ?@e%hpm Has %g"'““gﬁ’m aced 111 ?‘%Szf? Q IH Il I1I1]WO

01/ 23646 - 16- [REHdsbRA99/ 00307 (@eAMNEB4b/xs) B 571l [Inohdkek bilorkibic etk dftet bebing | | | C L
Ms 1) An el ecirochermcat—retirod—for p:’Cdu‘CJ H—aR—Ro-gari-c—covering | ayer

on a flexibility-bending i ASTM B 545/X4.4 no flakes or cracks etc. after bending
flexibility with conicél ASTM D 522 no flakes or cracks etc. after bending
mandrel

Erichsen ball punching | ASTM E 643, UNI 46923 | no flakes or cracks etc. after testing

deep-drawing UNI 6124 no flakes or cracks etc. after testing

welding - no problems, no preparation required

Other tests were conducted according to the method of the invention, varying
5 process conditions in order to evaluate the most effective controlling process

parameters: this series of tests allows preferred process conditions (reported in

table VIII) to be evaluated.
) TABLE VIII

electrolyte concentration 1,25+11,25 mole/l of hydroxyl ion
{corresponding to 50+450 g/l of
NaOH or to 70+630 g/l of KOH)

bath temperature 60+100 °C

anode-cathode distance 30+100 mm

cell potential 0,2:30V

anodic current density 0,320 A/dm?

contact tihe 5+120 seconds

pre-conditicning time 5+180 seconds

Cu0 layer thickness 0,100+400 pm

This Sheet Has Been Replaced

[Tk



surface of a copper or copper based alloy elenent, characterized in that it
5 conprises an anodic oxidation of said element, in which said surface is
placed in an al kaline electrolytic bath of at |east an alkali in agueous
sol ut iy opesseg controlled process conditions of tenp@CRATAOONAI current

density and for a period of tinme "suitable to forma continuous .

substanti ally honbgeneous | ayer on said surface, said |a bei n

er
basical ly fornmed of copper(l) OXiQIAIMSIprous OXi dlj ﬁ Hﬂ Hl 10
crystalline structure and a consequent col our det *ontrolled

process conditions. 2) A nmethod according to- claiml1, characterized in
that said anodic oxidation is performed in a bath containing only a single

| kal i [ Sl i ' lai M 2,

char act orzecrh SEUREHERER b for Dol dloBaiOickally et o 1 2 ot
t ai ni I ' i ngl ' t i t.] t.

concent r T 4 E2icbel B sBofirtBica Bty pbile BRI FBd th fhaflie T 1 o

accor in%to .claim3. characteri.ze intth . sai.éi alLkali _.sal.t in aqueous

Sol ut Pon SEPHRHE AP PERFRD il Eeristt. 1t WHHR S SICHIS BACCAMM 50-1- 450

g/l or potassi um hydroxide_( at _a, concentration of about 70+630 g/l. 20
5) A met %éﬁ?‘&%‘ﬂﬁ‘ Qath 8?19'5%@‘69 alkgli i, pqueany salutionynder comteolled t eri zed i n
that the final colour of said |ayer is determ ned by varying the current
densi ty ipfoeess gonditiqns |of temperature end, eyreenp density rand or papagied0of Bme 20 A/ dnR. 6)
A nmet hod according to anyone of the preceding clains, characterized in that
sai d anoduiabltodarm ecoitinuous Substantially homogenetusdayer snrsaidgueface] sadt 20% wi .
sodium This Sheet Has Been Replaced 11T illlll 212121 111.21111 11111111
111111 1Dayet beihg basitdlly ifdfmed \6F SdppefH4dkide (cupfoss okide, £GI0) FESgdH307

hydr oxi de (NaOH) in aqueous solution, at a tenperature of at |east 60C, at
a  cuor ergrystatliv®i strctlfe dhd ZtvdsedhiehitRolouf Hetarmimdd byaidesoniralled srocsde/ cat hode

pot enti al
conditions.
2) A method according to-claim 1, characterized in that said anodic oxidation is
performed in a bat.h containing only a single alkali salt in aqueous solution.
3) A method according to claim 2, characterized in that said anodic oxidation is

15 performed in a bath containing only said single alkali salt m aqueous solution at a
concentration of about 1,25+11,25 mole/l of hydroxyl ion.

4) A method according to claim 3, characterized in that said alkali _salt in
aqueous solution is sodium hydroxide (NaOH) at a conceéntration of about 50+450
g/1 or potassium hydroxide (KOH) at a concentration of about 70+630 g/l.

20 5) A method according to anyone of the preceding claims, characterized in that
the final colour of said layer is determined by varying the current density in said
alkaline electrolytic bath in the range 0,3+20 Aldm®.

6) A method according to anyone of the preceding claims, characterized in that

said anodic oxidation is performed in a bath containing at least 20% wt. sodium

This Sheet Has Been Replaced
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difference) of about 0,2s3 V and for a period of time of about 5+120
seconds. 7) A nethod aﬁmmnmw)umlﬂlw 6, characterized in that said

anodi ¢ oxidation is 5 i fpath of 30% w. NaCOH in aqueous

sol ution, atweoiessper ature of about 82:3 C and for a peri oBCBITINME? of
about 10+30 seconds. 8) A nethod according to anyone of clains 5 to 7,
characterized in that said anodic oxidation is performed at a current
density of abotuydroxiGer (NAOH)En aqueoos solation, ay arteinperatnge af bt wast 609CpuEf 2 at a
current density of about 2,5+3 A/dn2 to forma 10 |ayer having a dark brown

colour, at a cuiméntdefaRysot §,3920 Aamt with=al 2elP\pelf¥htidl Qandde/daitddé PyRAtidIavi Ng a
deep bl ack col our and a velvety surface effect. 9) A nethod accCording to

anyone of the BifRFA)M bhA0TE3 \FEﬁfﬁ?B?éﬁo’ded?ti!rﬂ% dfiaBdut 52 M FsRORE] C

oxidation is perfornmed for a period o I me suitable for obtaining a | ayer
having a thi ckpessaAQfetRRP 1-1,&0!(3:@&1-6 l%ac@egiz Qﬁﬁ‘E ' to
anyone of the p ecég’lang c#gg?%s, char ag?grl ze %%%ttﬁgimﬁ%ggigr efrii(&lmg

o boe®y ;B\ Bedorhith t AR Br 209, NOBL B RS ERIIETL b efhelh 8T

surface. 11 accordrng to anyone o
characterized i candd fULther .compris after sai d anodic oxidation, a
final surface Pg%é\?%ﬁ?é?ﬁééﬁpﬂlﬁﬁi?&?&%dbn@ 66083y one of t he
preceding clains, characterized in that _said anodic oxidation starts as
soon as said s@f afdnstiod peromding fo anyone Of clpims,S 4@,7g chasacterized i that stidt h. 13)
A et hod according to anyone of the claims 1 to 11, characterjzed in that
sai d anodi ¢ ox ¢ oxidation is perforped atoricustent densitivef about@,58L Adbn'stodormie af t er
'said This Sheet Has Been Repl aced WO 01123646 PCTI|T99/00307 -18 'surface
is placed in clayesshavingia browaicdlout, et tarauirenti densityt of about) 2,3 hdfdmidofomoadi ng t o
anyone of the preceding clainms, characterized in that .
10 layer baving a dark brown colour, at a current density of about 10+15 A/dm? to
form a layer having a deep black colour and a velvety surface effect.
9) A method according to anyone of the preceding claims, characterized in that
said anodic oxidation is performed for a period of time suitable for obtaining a layer
having a thickness of about 0,100+0,400 pm.
15 10) A method according to anyone of the preceding claims, cl-laracteﬁzed in that
it further comprises, before said anodic oxidation, a pre-treatment step of said
surface.
11) A method according to anyone of the preceding claims, characterized in that
it further comprises, after said anodic oxidation, a final surface treatment.
20 12) A method according to anyone of the preceding claims, characterized in that
said anodic oxidation starts as soon as said surface is placed in contact with said
electrolytic bath.
13) A method according to anyone of the claims 1 to 11, characterized in that

said anodic oxidation starts a period of time of about 3+180 seconds after said
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said elenent is a plate-like elenent and both surfaces of said elenment are
si mul t aneousl'y subjected to said anodic oxidation. 5 15) A copper article,
made of a copper or copper-based alloy material at least in a surface

t her eowomhassact eri zed ~n that it ggnprises a continud$3EWRUnt i al |y
honbgeneous covering | ayer on said Surface, said | ayer being basically
formed of copper(l) oxide (cuprous oxide, Cu20 having a defined

cryst al | isor€ace iy pladed i comact with eaid glettoolgtic Whtlsur f ace speci fic opti cal
properties. 10 16) An article according to the preceding claim

char act enuyed methbd atcoréihgltd a?-eﬁe of the faﬁl@&ﬁﬁé Elhin®X clibeactérizeOin thas a t hi ckness

of about 0,100+0,400 m 1 1!11111 11221211 (000 L0 10 1l CcL MS This
Sheet HasaiBegembifPisag eplatbliké ldidment ldnlil Both! burfdckd of!dald element are
simultaneously subjected to said anodic oxidation.
5 15) A copper article, made of a copper or copper-based alloy material at least in a
surface thereof, characterized En that it comprises a continuous substantially
homogeneous covering layer on ;aid surface, said layer being basically formed of
copper(I) oxide (cuprous oxide, Cu;O) having a defined crystalline structure for
giving to said surface specific optical properties.
10 16) An article according to the prez:eding claim, characterized in that said layer of

copper(I) oxide (CuxO) has a thickness of about 0,100+0,400 um.
A
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