WO 01/ 23646 PCT/ 1T99/00307 _I- "Al ELECTROCHEM CAL N ETHOD FOR FORM NG AN

| NORGANI C-COVERI NG LAYER ON A SURF ACE OF A COPPER MATERI AL" TECHNI CAL FI ELD
"5 The present invention relates to an i nproved el ectrochem cal nethod for
f ormi ng W §1R3¢4§Gani ¢ covering |l ayer. having specified opt PCaET9®AM cal and
mechani cal characteristics. on a surfack-of a copper material; the

i nventi on~further reI ates to a copper article, -jade of -a copper or
copper - based am C%kE rface t hereof , conprising an

i norgani ¢ coveri ng ayer v@ng@%rﬁ(ﬂ%%ﬁ GMDTW{MQMCand '
mechani cal char s. BACKGROUND ART It is Ioom t hat copper or
copper - based al I%fé/ ERQ%&@URFﬁG&@FAGOPPER ¢ations, to be

-~covered by a | ayer haV|_ng speci fic characteristics. D|f eren appl i cations
usually require different. features of the covering layer.- for. 'y exanple

good electri | i | ca nsu ating properties are essential n wire protection

‘optical propert T8CHNeCheciaGe . 9l 0ss, etc.) are vital in solar energy

collectors, a particular a etic appearance and a particular colour are
and.. building construction in general; in any case, the

important in ro
| aver shoul d be%é %g’f“ﬁ%tr Brygntian 58S th|%e Teprove eze@nﬁmemtaﬁgﬂeg{ed( o, order to

avoi d a possi bl.e detachnent during the |
forming an inorganic COVEHHU Ia_ger having Sseﬁlﬁ ed optical

chemical and
er : "_[‘ T
mechanical C—ﬂaTHCtE?I-SLIC:a,- on a sy g2eg of a COpDEr materal: the ;’lt'enti{)n Airther
\ 4 4 s [y LI ’
relates £ i g : . :
£sioa COpper al’tIC].e, made Of 4 COPPer or ¢o pef'bﬂsed E.H{}V matEIiai at least

i
a surface thereof, compnsmo an inorganic cov ering Ia} er having specified optical,

10 chemical and mechanical cna:a::te'jsucs

BACKGROUND ART
It is known that copper or copper-based alloy materials require, in many

ditferent epplications, to be covered by a layer having specific characterist]
_ _ g teristics.

L Li 1 4 D] 'h.aq 4 e L= i s
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example, good electrical in.sulating pr:}pel't.i_es arg essemtial in wire protection,
optical properiies {reflectance, géoss, €1<. ) a.re. vitai in solar energy collectors, a
particular zesthetic appesrance and a particular ¢colour are Important in roofing and |
building construction in general; in any case, the layer should be ag a&herent as
possibie to the copper material (in order to avoid a possible detachment during the
20 production process or in use) and have good mechanical characteﬁ;tics
A variety of methods has nersmzore been proposed for the formation of |
- different kinds of coating Iayers on copper material surfaces. In particular, chemica

con
version or anodizing: process are kncwn In chemical conversion. the copper

material to be treated is d1pped at a hlgh temperam:e n an electrolytic bath



20 product i on'process or in use) and have good nechani cal characteristics. A
vari ety of nethods has heretofore been proposed for the fornmation of :
“different kinds of coating |layers on copper nmaterial surfaces. In

parti cuNe® 91/Bkeni cal  conversion or angdi zing process ar &WASIYN cheni cal
conversion, the copper material to be"treated is dipped at a high
tenperature in an electrolytic bath WO 01! 23646 PCT/ TT99/ 00307 -2. '
conpri si ng ammisegldn Slediitsaltat @ HdIOEhneORSEBA £ad 5O By &%}: _ i-di zi ng_agent, in
order to forma copper(ll) oxide. (cupric oxi %ﬁe)m%.l Oa{l%e)%rm 0{4%{20 met hod
requires no I _ - process tj al sa a rather nigh cost for the
reagent s an%’f@? s%ﬁg‘éréi&gtg %&?é@-‘ﬁ“& O’%dr?gﬁgagﬁagﬂp(%}@? mephod yeguires srainlamodi zi ng
(i.e. anodic oxidation), a |layer conposed of ‘5 copper(ll) oxide CuOis
formed on aloBSBERSESSRRPHalsond ratheritegh enst fosthe tepsitt ynd s arodatialyiipe
solution of a high concentration: since CuO thus forned is instantaneously
r edi ssol vedtheweéare lppon Is hiaghibnylambaiting i ¢ Anfdi© 6881 SN 1. (al kali
concentration, current density), the process contlr 1921&5}'vggﬁrpé§s§%§>pf
difficuld, uReINSd(RRQEIFI re.di sclosed in | BS-A-5078844 and
Us- A 5401385@aﬂ%{[§ugh. e ecs?frg F@%ﬁoﬁrggi%ﬁgs{}uq?ﬂait%?Fta@g}g?li%ﬂeé‘l? ASMIDBi & copper

surface by adi zi ng at. l.ow current, density in an acidic electrolytic bath
of a hexacy%\lﬁgfntgéﬁ_ut@ﬂr?%ﬁ@éﬁ%?ﬁ?{fépﬁiy%m@m Hvsdnuckdisanitatatdeonsipr ocess

may be preceded by a further anodizing in an alkaline electrolyte bath of .a-
causti.c al kegdisstleed evam by ¢ hlightf vaimidmyeproceds @uBlicss XkEE SHQJhgse met hods
provide efficient production of insulating conposite |avers Meade of

copper (| )_ox'tldﬁnaﬂﬁhsﬁ?jpI&%prb@é&@%ﬁmfiﬁﬁﬁeg&@dﬁg £11), but they require
ret.atively | ong process tinme and cost and, further nore, the layers are not

sui table for : lLcations, in particular where specified colour, -

aesthetic appear rﬁggéﬁa%‘]& opta e%cfce?gggf‘{ﬁ gKclg5es inely§i 8878844 msd Al%A- known

from ER- 79 3{55 a bro:gr"li ng nmethod for formng a dark brown covering |ayer

on a copper- 21685t % iipr e clefideallyt wsweingslavk: # dorreedanpl £ copgbr ' QehcLayer i ng:

the copper naterial is heat- ' '_ |
anodizing at low current density in an acidic electrolytic bath of 4 hexacyanoiron

complex; eventually, such an anodic oxidation process may be preceded by a further
anodizing i an alkaline electrolyte bath of a caustic alkali to form a thin fitlm layer

of cupric oxide CuQ._ These methods provide efficient production of insulating

[
Uit

composite lavers made Df copper(l) oxide and copper hexacyanoferrate(l) or (I},
but they require relatively long process time and cost and, furthermore, the layers
are mot suitable for many applications, in particular where specified colour,
aesthetic appearance and optical feztures are required. 1t is also known ﬁom EP-A-
751233 a browning method fo.r forming a dark brown covering layer on a copper
20 strip or sheet to bé used, for cxampie,_ inroof covering: the copper material is h_eaf-

treated at high temperature (2-5.6—:-7'5(}_"(3 ) in a mixed gas atmosphere containing O,
4 to form a cuprous oxide (Cus0) lélyer, and then further heat-treated under oxidizing

conditions or, alternativé_ly, treated vﬁth an aqueous alkaline solution to form a

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



“treated at high tenperature (250-, 750C) in a m xed gas atnosphere
containing 02 to forma cuprous oxide (Cu20 |I|ayer, and then further

heat -treated under oxidizing conditions or, alternatively, treated with an
aqueous al kaline solution to forma cupric oxide (CuO l|ayer: in both cases
the final covering layer consists of a first -3 |layer made of Cu20 adhering
to the base netal and a second | ayer made of CuO over the first |ayer. This
met hod requires a high contact time insrder to formthe conposite covering
| ayer and it also has relatively high production costs, basically due to a
reduced chenical stahility of some oxidants and to_ hi gher .costs of waste
"treatnent, Yot E}?d%Pg‘QJB@é%‘ﬁ“&E t?:ﬂ%d?aa%me R RRCR ALY T gide 9 %uﬁoqwsﬂﬁt_i_ on.
From GB 1052729 .ay W ISt HP Wi NQQ C XA | OF q&?ﬁ > of a
copper sh?gzﬁ?sr’f %‘ngtar@g? in?lee-_aq'\tﬁéehélggs ?O_H%i_%ﬁﬁ%ﬁgm§32§rg%¢?n 0 %g%—i or
KOH, under comipbsitencovpring éssr andili dlsohas ieldtivelyl higly praduction cests, heivailyi es
below 0,5 A thus resulting only in _a predom nant| goﬁlden- ellowto

gol den. ' r edue AR Tsgucedomical SEUBLY of S0l e, 2 BB TANBOFaHROdi o

oxi dati on LM _&:GOont i 1S ON . of ~copper (1) oxide
(cuprous ob%@%%m%hg%§9%%E%%@%?ﬁngggyggﬁﬁn %%+%%ﬁér@§h@§gying specific
paraneters. DI SCLOSURE OF I'NVENTION It. is an object of the present
invention to provide an inproved el ectrochem cal, nethod for formng a

cover i ng | &yen @h 185¥B9 senelbod ik vicrodkiosidstionel thersorBrnela somer

- di sadvant ages_.conn od with th NOWD DI OGESS : i:m n oo dno
~particular ,%ﬁ?ef"? gnglg(‘%@get a%“f“‘%shséﬁ%iﬁ’&%%tao%dz@@’[ﬁ}ﬂé‘?%%g@%‘ ﬂlgl(%E f%%?tm si nmple
and i nexpeRsdeYedimitiag bl aliuyk & curRat dehskich BelblWES IA) tiisqesdiinPodyGRpper = -

surface with a coating |ayer havi ng‘qspem fied colour, aesthetic appearance
and opt i cala predspeinantlysgoldanmysilowde galilen reshesating 6utlhe copper substrate and
excel | ent nechani cal characteristics by varying the current densities.
According to the present invention, there is provided an el ectrocheni cal
met hod for gy g&eﬁﬂ B9 RR [rBABgaNfethod O¥R AL loRMRTioP o FofH { R6RInRusa
copper.or copper-based al’l oy _ S ' _

' homogeneous. layer formed of copper(l) oxide (cuprous oxide, Cu20) to obtain

different coldurs by varying specific parameters.

DISCLOSURE OF INVENTION |

It is an object of the present invention to -provide an improved electrqchémical_
-method fo_r formin_g a _coircr-ing_ layer on a ct)pper" surface which allows the
aforementioned disad‘:f;antag‘es connected with the known processes to be eliminated, -
In particular, it is object of the .presen_t invention to provide a fast, simple and
iﬁexpensive method which is really effective in providing a copper surface with a
coating layer having specified -colbﬁr, aesthetic appearance and optical ptoperties_;
imprdved adherence to the copper substrate and excellent mechanical char_dcterisﬁcs | _ 5

by varying the current densities.

According to the present invention, there is provided an electrochemical method -fbf _ :
producing. an ihbrganic covering layer on a surface of a copper or copper-b‘ased'alldy
elezhent, characterized in that it compr-is.es _an. anodic oxidation of said element, in |
whi‘ch said s.urfac_e is pléced in an a_lkaﬁne clectrolytic bath of at least an alkali in o

aqueous solution under co_nt_r_olled prdcess conditions of temperature and current



el ement, characterized in that it conprises an anodic oxidati-on 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 tenperature and current -3a density and for a period of tine
suitable to forma continuous substantially honbgeneous |ayer. on said
surface, said |layer being basically formed of copper(l) oxide (cuprous
oxi de, Cu2C) having a crystalline strucfure and a consequent col our .
determ ned by said controlled process conditions. WD 01123646 PCT/ 1 T99/ 00307
1P- particular, the anodic oxidation is performed in a bath containing only
~a single alkali s I% i n agueous solution, preferably at a concentration of
about it l,fbwnao &/ 3 gferipgld phtipre jsstialle dp Exangl eontnwodismubstaitoklyde NaOH

at a conceph] Qui - 5O+45. . pot assium hydr oxi KOH at a
concent ration %k%g%ﬁég’%:gaéggurgaﬁ% g%d %FE@&'P&@W{C%XO%@&%@O@W@ tion is
per for med. ioxide @apfous oride] Cui) RdvikgeashystaRORS Wuch$® dhd D IR, ﬂéﬁtdc%lbl.g ;
aqueo=us solution. at a tenperature of "at |east 60C at a c&rrent. ensity
of 0, 3-20 Aetmniiedbysaidgontrpbedprocess conditbets, / cat hode potential difference)

of about u,2.=3 V and for a period of tinme of about 5120 seconds. Mbdre
preferably, the anodic oxidation is perfornmed in a bath of 3 0% wt. NaCOH in
agqueous solution; at a tenperature of about 52-92°C and for a period of tine
~of about 10=30 seconds, suitable for obtaining a |ayer having a thickness
of about 0, 100-0,400 ;n. The final colour of the. layer is determ ned by
varying the current density in said alkaline electrolytic bath in the range
0,3-2.0 AldM2: in particular, the a 5 anodic oxidation is perforned at- a
current density of about 0,5=I A/dn2 to fora a |aver having a brown col our,
at a current density of about 2,5=3 A/dmto forma |ayer having a dark--
brown col our, at a current density of about 10-:15 Alden' to forma |ayer
havi ng a deep bl ack col our and a velvety surface effect. The nethod
according,, to the invention may further conprise, before the



20" anodi ¢ oxi dati on process, a pre-treatnent step of the copper surface (for
exanpl e a chem cal or thermal pre-oxidation, a skin passing process, a
" benzotriazole inhibition, etc.), as well as, after the anodic oxidation, a
final swobae®4éreat nent (for exanpl e .a further skin- pasﬁﬁ@%@@@y
According to an enmbodi ment of the invéition, the anodi c oxidation starts as
WD 01123646 PCT/1T99/ 00307 soon as the copper surface is pl aced i n contact
with the el ect b I t nodi.c .oxi d tlon starts
T R Lo P@ﬁ%’#ﬁf e Sl

a period of tlrre of about 3-71 e?i s pl aced
ase the copper or copper-base

i n contact vu L Zﬁéectro tic bath %{Eﬁ?
all oy el enihge |aé SHG R HANRG S PURRGT | PISBYHRLY &iirs scvecrdhtioni of ebement my be
si nul taneously subjected to the anodi c oxidation according to the invention.:
dearly, th@%ﬂﬂﬂ)mmﬂ ohéyimewgnionoffor sxanplé, svdium higfidkes Neo® B gte-1ike
article.. but it can be app led to articles having Substantially “any shape.
and georret tdncetReicRIFSBA SoRY emt.i gn 48, £op er article;
made of a copper or 0 copper-bage%p(gg Sfll%néa |a: %é?{q]O ASTOCHTEYEr f ace.
thereofs; charactesi Z‘%%l n that it conprises a continuous substantially
honbgernieous coveri ng ;er (preferably having a thickness of about
0, 100=0,400 m.)) .on sald surface, said layer film being; basically founded
of copper (1) o%eéf‘éﬂ(%u@?cﬁ@@dl@x@d@*m@jz(D)e‘i%amtmgl a tdef coedini:er yskad! i ne
structure for giving to said surface specific optical propeFti es. The basi's
of the preS@&ritwi svdintilgrdxdlst Rekeioractk ﬂlcgeatsae% egé;?@o&d&{% ng lj'lf"

0 f&r (% face under

traditional electrolytic cell, an. anodic oxi datl a copp
controlledtzgelgggt[ld as -0, foem.-bha | 1y_cuproys, oxi de Cu20 and avoid
tAte formatifon of c%%%t 2}?835 Cfg é.l% r‘n‘fﬁl 4 g%%é%“%f\“@ﬁ%“ﬁ%@é%ﬁiﬁ@ﬁtlﬁan be
therefore 5| d ﬁd an inproved el ectrochem cal browning process which -
over Conmes FTGEIFI HBREKS 3oV 20 foRe E@fﬁlﬁeom’emwﬂmduknem @é;@ﬁ@ssses in

fact, only an al kaline solution (for
.0 More preferably, the anodic cmdauon is performed in a bath of 309 we, NaOH mn

aqueous sclution, at a temperature of about 82°+92°C and for a period of time of
- about 10+30 seconds, suitzble fur obtaining a layer having a thickness of abow
O,IDO+O,4OO wm. The final ccvi_o_ui' of the layer is determined by varying the current

density in said alkaline electrolvtm bath in the range 0,320 A/dm™ in particuiar, the

o

anodic oxidation is performed at a cuz;rez:t density of about 0,5+1 A/dm* to form a

bt

layer having a brown colour, at a current density of about 2,543 A/dm” to form a
layer having a dark brown coiour, a_t. a urrent density of about 10+15 Afdmz to

form a layer having a deep biack cqlour and a vel*;rety surface effect. |
The method according to the invention may further comprise, before the
20  anodic oxidation process, a pre-treatment step of t'he_.copper_ surface (for example a
chemical or thenr_nal pre-oxidation, a skm passing process, a benzotriazole
nhibition, etc.), as well as, after the anodic oxidation, a final surface treatment (for

< example a further skin-passing step).

According to an embodimert of the invention, the anodic oxidation starts as



exanpl e an aqueous sodi um hydr oxi de sol ution, extrenely cheap) and

electrical current (wwth a relatively |Iow consunption) are used in the

“met hod according to the invention: the desired |ayer is produced by

el ect r ochemigisg avoi di ng the use of _5r:herri cal oxidants .RERTBHEEher

- expensi ve reagents: just a very short Ctontact tine. is WD 41123646

PCT/ 1 T99/ 00307 required (significantly shorter than in known processes), so
that the whgbg aprBEesSer isSfk: ; i L xpensi,ve t han known
processes. The net hodﬁjcar? gg@%y?cggéﬂgbgégﬁgﬂ\i}\ég??e%brggggsb?,ﬁj’ﬁﬁ@e the -

. consunption hem cal s..involved in the . process is extrenely |ow and may
be further t|%tr%11a et r8@5‘?/ 2 FEINREIT SR e }ée,m]@a‘lfﬁ?fﬁ?@f@tﬂoilh3é1%bswsmd$si s
concentrators. Al so environnental inpact is reduced when conpared wth
known pr oceSEEEIe CARPETSHTME 18 Plotd b chenticaith thepkreatolisicivagh i npl enent the

met hod according to the invention:- as previously stated, the electrolytic
bat h contai ns dnlcyseathe ablgdriar copseitREably S08iy LOX, Very ..

i nexpensive), and dem neirigét i zedpﬁv’vat er: ngé ngérﬁggd??P?{/g%s&kggleé}eﬂte&@hem cal s
are rewkre i her or I.ha pr.ocesses The col oured, final
layers ar ed%lﬁfe gac%?l ngd é%g%%u!?%%\é@%%gﬁw SBYUETRDE? (19 aneslis @dd@ipn | O traces
of copper('lc%). agxi de. ,CuQ, as reveal ed by chronopotentionetric analysis (a :
branch of JSEYEHBLOYS BFaECT fPery. it BrgodwHehe itenpar adaifsolu@@iOndaver, many
advant ages: they are nore adherent to the copper My substrate and. show a
bet t er mechamisdab Dphavileurical b @._wﬁpﬁ%ﬁa@m.ﬂ&eé)ﬁ&%@%bsﬁa&itiﬁf‘y avoi d;
‘bot h during nmechani.cal treatnent and in use; they show a better [eaching
resi stance 4@ S%B%ﬂ%&ﬁe nd to atnospheric conditions in general; they have
sefperior optical properties and a nore pleasant aesthetic appearance, being
able to assunme.a brown colour. with desired intensity and shade; they have
good i nsul ati g'garhfdjrfﬁﬁ WY EHEE FIthet TRISTER 40 & OB @& die andsigrafi 2etopper aret al | i c
diffusion, and are scarcely jnfluenced by heat and nuclear radiation, The
met hodi&ccovdpiigase elley matssal itoleastah| ows Tk fileredtchantetizsd to:Hae tobt ai ned,
sinply controlling the anodizing process : :

comprises a continuous substantially homogeneous covering layer (preferably
having 2 thickness of about 0,100+0,400 pm) on said surface, said layer film being
basically formed of copper(I) oxide.'(éuprcus oxide, Cu,0) having z defined

crystalline structure for giving to said surface specific optical properies.

[
[&11

The basis of the present invention is therefore to be seen in conducting, in a
tradiiiona_l eiecfroiy‘cic cell, an ancdic oxidation of a copper surface under controﬂéd
cordition, so as to.form basicaily :cuproﬁs oxide Cu0 and aveid the formation of
cupric oxide CuO: the process of the §nvention can be therefore considered an
improved electrochemical br@wning process which overcomes all the drawbacks .of
20 the above-mentioned known p-roces.ses:. n fact,"only. an alkaline snluti.oﬁ {for

example an aquéoﬁs sodium hydroxide solution, extremely cheap) and electrical
, ;urrenz (with a relatively low co nsumption) are used in the method according to the
invention: the desired l_ayer' is produced by electrochemistry gvoiding the use of

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



“condition (mainly current density) and consequently the crystalline farm of
the oxide layer: even a velvety deep black |ayer may be obtai ned, show ng
i mproved W3 0 1123646 PCT/I1T99/00307 -7 optical properties when conpared,
for exagg{alﬁmﬁgé) bl ack chromi um (which is traditionally REEH el |
known:, to cover copper sheets by eleétroplating for solar energy '
applications). The nethod according to the invention is particularly useful

to produce ver unifor ol oured .thin | ayers on ¢ el caqntinuous strips
b o1 g edie SR froret b dnBra St sf PR ghe S0k BESHReq on
copper articles having any shape: the nethod may be easily inplenmented
either it & fegern istoplas and ldse captratve thimdoeve ipabcspsesc&bs . mdthed net bed of t he
invention' may be applied to any kind of copper base material: for exanple,

- pur e coppekefing@RPErcPRERAProOYS, (Meass esnsamgtibh ONdRSical it BREd T Be
pre-treated (e.g. then ally or chemcally pr -oxidized, skin-passed,

benzotriazole _i:nhi.bited) or not,.n reycheani ng. treatnments, as degreasing
and pi ok | RgCestib St lo? ook sy o8 - RleF HELER By Mok, B8 BB Ruratio t b
present invention can be used in a wide range of industrial applications,

t hanks %o phéﬂ‘@bﬁvésﬂé%%ﬁi?%@ﬁﬁﬁ%uﬁé%!félV'lf‘PIﬁa‘%fﬁ?le@path 1paeduced|varen( but  not
only), the nethod of the invention allows an easy, 1 fast and i nexpensive
producti oncefpiared kédh isbowinpsoessssheet s far roofing 'standard or energetic
roofing),  ornanental articles to be used in building construction, pre-
oxi di zed copper. IS O - L ond.. I 1di.ze r..surfaces of inner

| ayers in el ef:s"tn &gdrj]llogmcel%r%%}:?%f %{Hgﬁ%gﬁ?snrg%g,’%ﬁgmgg%ogﬁ@%s“cf%r Yol ar
energy applications, (instead of tradjtional high expensive black chrom um
elect r opl atedCBpPRion2es Bﬁﬁwlpaéfés%}%mf ihe HERHIES AHb 4PSwiteonks el aad, cover ng
cylindrical. geonetry surfaces, such-as wire, bars, tubes and m neral

i nsul at ed erdetblycatdivableisoxing t{ihergopperensisdieatnki dgninasilivg] hwas- fer in

el ectrical insulation of capper wires and superconductor cables, in which
case the angegiizisg RRQCASHIARYORRIFA, QDB AmcAnt: BB B aRlg 1 0 Produce
CuO i nstead of Cu20 : ' : : = '

The coloured final layers are basically made of pure crystalline coppér{]}
oxide Cu,0O containing -traces of copper(Il) oxide CuD, as tevealed by
chronopetentiometric analysis (2 branch of coulometry). Cu,O layers offers, when

compared to CuQ layer, many advantages: they are more adherent to the copper

[#]

substrate and show a be_tter'mechanisa} behaviour, allowing any detaching problem
to be avoid, both during mechanical treatment and in use; they show a bezﬁer
leaching resistance to acid :rains_and to atrmospheric conditions in general; they have
superior optical properties and 2 mofe pleasant aesthetic appearance, being able to
assume a brown colour with desired inzensity and shade; they have good insulating
20 properties, reaiizing an _effem:_ive barrier to' metallic diffision, and are scarcely
influenced by heat and muclear rad-i-ar’ioﬁ; The method according to the invention
allows different colours to 'b; obtained, simply controlling the anodizing proﬁess
condition (mainfy current dgnsit}f) and consequently the crystalfine form of the

~oxide layer: even a velvety deep:bla_,ck layer may be obtained, showing improved



WO 01/ 23646 8 PCT/1T99/ 00307 As previously stated, the anodi zi ng process
~according to the invention nmay be preceded by a pre-treatnment, for exanple
a pre-oxidation: it has been noted that copper substrate surface quality
i nfl uenc®® i1A¥46xi de | ayers formation, in termof chem cgpy ngﬁhti on and
crystalline formas well as in termof/thickness. 5 Al so pre-conditioning
time (i.e. the time between the nonent in which the copper article enters

. the al kal iggicha fbmgﬁgst\;}ge ] ch t arrives in the applied

el ectrical fiel dE) may be USHTEH‘]{‘:%%E ’ é‘ﬁ'@@ei aﬂ‘iei; agly ghranivmaiienc ke pre-
condi ti oni is.incre , fi naI aspect and col our of the layers are
i mproved. g%l Ei’—g EEEsGdp @?&D‘WHED BRANCREST 50edts by bttrophesd Sr and:

advant ages of the present invention will be apparent from the foll owing
descri pti orfR8f2Y#gRL¢atHANS)i ng exanpl es of the invention, with reference to
t he acconpanying drawings, therein - figure 1 schemat i cal | y shows a

pref erred enboditzentihef a@dbr«%ﬁ@% lenenting the method according to
the invention; 15 - mares 2, af%ﬁ‘%#@ “él?l%g %%F\‘ymmr@duﬂee@nof t hree

sanpl e ka Q cordl ng to the method of the invention, show n
th(rarlp rocr y}s/?{atﬁﬁ]q%eg}ét'% rFethéc @%‘m on ?‘? T SYIHHOUSHIIRY anciiinge akmt%hc‘zbﬂa o
graphically.rep ese s coI our di fferences (eval uated according to ASTM E
308 and |sé“{§i #y ¥ rravealynipluesd alye?nsmfpafr@dllé@@@wﬁg(‘a% Q}I&% tﬁoe;t he
nmet hod of the invention and conparative sanpl es - figure 6 S
graphic. represkntagtticonsdf migihesi ABAR: aASWLEl tS (aCCgW ﬂ%\‘r‘ Lo ASTM

'E429) of three differently col oured | ayers accor i n%]- P on and

conparativ FOR CA, . RRYLN- G QUT THE MENTI ON
np %Jr@éeasndﬁ'fedmét%&? f?@l(fe s of dnatN[PE“ﬁ?igfj dPrase kmbodicopret vofe t he V\D

W-th referéence to figure accor

01/ 23646 -9 PC?I'alllfT99/ 00?1»
tenial: 1or example, pure copper, copper-base alloys (brasses and bronzes), either

1€ pre-treated (eﬂ the"nallv or chemically pre-oxidized, skin. ~passed, benzotriazole
inhibited) or not: no pre-cieaﬂing_ ueatments, as degreasing and pickiing, are

. [=) H
necessary. Copper surfaces realized according to the present invention can be used

1 a wide range of industrial applications, thanks to the zbove desczﬂbed favourable

features: i - " ' .
ures: in pamcular (but not only), the me"bod of the invention allows an .;as_y

;_.
(%3]

fast and me‘{penswe productzon of rolled stnps or =heets 1ot roofing _{ tandard or

energetic roofing), omumental articles to be used in building construction, ere—

oxidized copper foils for electronics or exidizeﬁ Copper surfaces of inner layers in

electronic circuits {blackening), heat coﬂeﬁzors for solar energy applications
(instead of trediﬁonal h:gh expensive black chromium electroplated copper -

290 | surfaces); the method can also be used for covering cyhndncaj geometry surfaces,
such as wire, bars tubes &na Imnera.l insulated electrical cables, with copper
_;heat_hmg_, as well as for in ejecmcal insularion of copper wires and superconductor

e to

cables, in which case the anodizing process may be prolonged for a time suitabl

produce CuQ instead of Cu,0.



met hod of the present invention, a. copper or copper-base alloy strip 1,
coiled onto an electrically insulated decoiler 2,. has to be provided,  on
"both side thereof, with an inorganic |layer. The coiled strip 1, eveéentually
aft er paseimepesir ough a cutterr/jointe unit 3, is sent POI/EIRAGIAA :
pre-treatnment unit 4 which may be. a continuous furnace 5 for thernal.

- pre-oxidation or a chem cal pre-treatnent unit 6, conprising a

degr easi ng/ pi cky.i s L - : I Sd i both of themwth a
recovering of % og"{elg]ggh%ﬁ%tlegqg %ﬁ%ﬁm%e%%o'cgﬁgrg@#ﬁ%éa% lgw_ferﬂppépay?q;e
pre-treatnent,; .whjch anyway is_not necessary_ according to the present

i nvent i on, K§#Edt hﬁ f_’Lre'l‘-@ﬁ%/WF foR ERHRIe A PIEUIHRSEN VS D96 ibgke notd(thar exanpl e
conprising three nmetallic conductor rolls C assuring the anodic el ectrical
connect i on,coppirclubstaate ondiaegrrbtyainfeddces Krowide Rysslfutrh@ibn, ak €erhobf di rectly
grounded but connected to an earthing transformer), to an anodic cell 11 of
a_known yRfemicarcaMARRLE SOTRKESNE% M s sl erksihal] 4 hepled | pol ypropyl ene
tank, eventually provided wth stirrers and containing a Al kal i ne

el ectroLytic bath 12: a qunb%r,.of pairs of parallel facing insoluble

cat hodeg 13 (f6r=° PEXEMS ?%@%N%&Eﬁéﬂﬁ f%{??ﬂn@ﬁ]m%maﬁ munhicbabed
titaniumor stainless steel). and of roller 14 are positioned in the cell
11, accor di%gptroartiglevaskars idrrorihaliie Sptisiand o, momenoindehichat aekiediizexrdot h f aces
of the strip 1: in order to produce a very uniform electric field and
consequent | asphss wleerrichefisle ENROUSC Ol OMAkdde Of =Dt ByiSt 1. i.des wit hout
bor der effeétps, each cat hoj(;rgglhas a?f honoge%é;lgugi}su?ﬁ‘lglé%' g‘;tva}%r?e reyl.%gz C The

di stance bet.ween._: - th odes,. 13, and. the copper strip 1 (i.e. the
arode) is péro\eﬁ?"gre gjggf;l a'lgL c‘%gea‘rc‘rﬁ‘%l%] I SRLFERE By %Y%éﬁfedﬁ?ﬁ‘é‘f?@es may be
used w thout any_ _deleterious effects. The cell 11 may be provided with a
recovering systahtdOrCRIANEM BH DRAWINEGSon. After the anodi zi ng
process perforned in the cell 11, the strip | passes through a spray
rinsingounit 16Gurfer cegxamidadrahiagss oflie pre&s WhRaMa! 4] SPLA L B,Ng unit -
(al so provided with a recovering system 17), a hot drying unit 18 and a

mechani cal (gLEl8k i .!i_és;]]igt'iarf bﬂ?cwni}frmtlt‘lg%xgﬁ"fﬁ%y oft thiesim%%%i-l:)g,dwﬁgtrgfefenge

- to the accompanying drawings, wherein:

- figure 1 schemerically shows a preferred embodiment of an apparafus

impiementing the method according to the invention;

[
in

- figures 2, 3 and 4 are SEM micrography pi'c:ure_s cf three sample layers produced
according to the method of the inventier;, showing their crystalline siructures;

- figures 5a, 3b are diagrims which graphically represents colour differences
{evaluated ac:cording -td_ ASTME BQ'S and IS0 8125) among three sample layers
produced according to the method of Ithe.-'invention and comparative samples;

20 -figure 6is a graphi.c representation of reflectance measurements (accorlding t_b
ASTM E429) of three differently coloured layers according to the in\}ention and

comparative standard references.

BEST MODE FOR CARRYING OUT THE INVENTION

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



coiler 20. The present invention. will be further described. for better
understanding in the following non-limting exanples. EXAMPLE 1 Using the
appar atus previously described and illustrated with ref %E’?ﬁf’@m‘)ﬁﬂ figure 1,
a skimpagsed "red” copper, benzotriazole inhibited, in-coils. 100 in
width x [0,6 in]. 1, 542 cmthicknesS was treated accarding to the nethod of
the invention. An electrolytic bath of NaOH 30% w. in aqueous sol ution was
used: _the pggessandsetlyenfB ATRbRvrakpoaUmRRigedripn, tablindo The bath
was mai ntained under agitation during the whol e anodi zi ng process. Two

ang o KneURCQOOHUF SEpA I b TBY DUea ar T e SR T dha. A very

-uni formand adherent |ayer. was obt ai nedﬁénamad_ CB2 for conparative
pur poses) itvaganiglagerd Zhi colbdownp ¢ oFuwirially AREIEDAFSIEE SpRsh HtaNEOREEIO% W w bat h
t enperature80 2C anode-cat hode di stance50 nmcell potentiall,1 V -

Current 3, 34 anadicar GU Eeiin gensddydnt thitA, diichcomt bet chhiieidlls Secerds '
pre-conditioning tinme.40 seconds strip speed .30 cmmin WO 01/23646 -11

PCT/1 ngl %0%9‘7&@%%3 _éTg@%ci-datio'n or a chemical pre-trearment unit 6, comprising a

degreasing/pickling unit 7 and a spray ringing unit 8 (both of them with a recovering
of process fluid) followed by a drying unit 9. After the pre-treatment, which anyway
is not necessary according 16 the present invention, the strip 1 is fed, through a

conductive bridle 10 (for example comprising three metallic conductor rolis

Y
D)

assuﬁng the anodic elec_trical_ connection, which, according to a well known
solution, are not direétly grounded but connected to an earthing transformer), to an
anodic cell 11 of 2 kneum type, for example compﬁs'mg. an electrically heated
* polypropylene tank, eventuaiiy provided with sitrers and containing an alkalin{a

electrolytic bath 12; a number of pairs of paralle] facing inscluble cathodes 13 (for

o

[ )

example made of copper, platinum, platirum coated titanium or stainless steel) and
of roller 14 are positioned in the .ce":i. i1, according to a well known disposition, in
order to owdize both féces of the strip 1. in order to produce a very urﬁfdnﬁ
electric field and consequently assure the homogeneous colouring of 'Eoth str_ip _
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 us_ed
without any deleterious effects. The cell 11 may b.e 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 umit 16, for example 2 high



The 'sane apparatus, cell and copper material of exanple | were used: the
process and cell paraneters are summarized in table Il. TABLE Il

El ectrolyte N2OH 30% i a" WWhbath tenperature f 9Gt C anode-cat hode

di stance F_ (50MM cell potential Lurrent 1,0 A anodic current density i G 3
,idrr2 strip speed 130 cmimn A very uniformand adherent |aver was obtained
(named CB3 for conparative purposes) having a brown col our. EXAMPLE 3  The
sanme apparatus, cell and copper nmaterialyof exanple 1 were used: the process
-and cell parameters are sunmmarized in table Il1l. 10 A very uniform and
adherent | ayer was obtai ned (naned CB4 for corrparative pur poses) having a
deep bl ack col our and velvety aspect 8&23646 - - PCT/ 1 T99/ 80307
TABLE |11 EP@@&W@W?%WZHE%W fso provided with a recovermg system 17), a hot

drying unit 18 and a mechanical cutter unit 19: ﬁnaily, the strip 1 is coiled onto a

coiler 20.

The present invention will be further described for better understanding in the

folowing non-limiting examples.

* EXAMPLE 1
Using the apparatus p.reviously _describ_ed and illustrated with reference to figure 1, a |
skin-passed “red” coppef, bénzotriazole inhibited, in coils 100 in, width x [0,6 in]
1, 542 cm thickness was treated accordmg to the method of the invention. An
 electrolytic bath of NaOH 30% wt. in aqueous solution was used: the process and celi

parameters are summamzed in table [.

The bath was maintained under agitation during the whole anodizing process. Two
copper cathodes were used, having an apparent. cathodic surface of 1dm? each_ind a
known geometry capable to pfoduce. an uniform electric field. A very uniform and
adherent layer Was.obtained (named CB2 for comparative purposes) having a.dark |
brown colour. . | |

- TABLEI

Electrolyte o NaOHag30% wiw
bath temperature o 80 +2°C
anode-cathode distance 50 mm
cell potential ~ - _ L1V
Current - TTTTT35A

| anodic current density . ) 2,75 A/ddm?
contact time S 70 seconds
pre-conditioning time T |40 seconds
strip speed ' _ 30 em/min




bath tenperature90 2 C anode-cat hode. di stance50 mmcell potential2 V -
Current30 A anod C current densityl6 AldnR contact tinme20 seconds

pre- ccnd@ggh@&g timel 40 seconds strip speed30 cnisin EXAVPLE 4 All

sanpl es in. the above reported,exanples 1 to 3 weper9shag; for
determ ni ng chem cal conposition (by ' ;( ray difractonetry and coul onetry),
t hi ckness (by coul onetric analysis perfornmed by. reducing the superficial
copper oxide, at a constant curreriXdgnsigty, in a Na[err]CJerr] 0,1 M

solution, according to the nethod extensively described ir Billi, E
Marinel |i, [Che E&gﬁl@g ram S ce characterization and corrosion
behavi our of Q- -QuO”’ scfggé%q%per nba‘%?réaﬂgaemﬁ%é VRro ceadliciggroedsst he 11 th

“Internation osi on _Congress, .1,0 Florence, 1990, Vol. 5, p. 129,

Edit. Assoc?%m o%}#‘?sﬁﬁsﬁﬁ%&ﬂ%ﬂ%ém W@hlgilh M 1ano, Italy 1990), crystalline
structure (by SEM m crography and X-ray diffraction analysis): main test
"results are summari zed. in table TV.TA® 1] 23646 PCT/|1T99/ 00307 TABLE 1V
CEB2 CBB3 CEB CU.[24 1 Cu7Q.(traces of CUD) (traces of CuD) C U20 (traces

~of CuD) (b coul of tecﬁqi)kBO um 8; 1 28 am 'Nﬁa&-;aﬁaozawfw
hatn tﬂmperature | | \QGiE"C 'f
ancde-cathode distance 150 mm |
cell potentigt 083V
- Current o 1.0A
anodic currént_ density | 0,5 Addm?
contact time : _ 20 seconds
pre-con_d_itioning time 40 seconds
i’tzip'spee.d | .. | : | ] 30 cm/min | |

|8}

purposes) having a brown colour,

_ EXA&;@L}E 3
The same _apparatus,_ceﬂ_and -coPpe.r material of example 1 were used: the process
and cell parameters are summarized i table I |

10 A very uniform and adherent Iaver was obtained (named CB4 for comparative

purposes) havmo a deep black coiouz' and velvety aspect.



:LrT3 Crystalline formcubic cubic oriented needl ess

Chem cal
uni f or FOC ONZ3B46

The crystalline form of

figures 2 to 4,
CEB2, CEB3 and

adher ent ,

non-verve,

very Unifor
non- pul ver ul E&TATREHS

Col our dark brown brown deep bl ack Thickness
conposition Aspect nun-velvetv
z very adhg{gent,

| ver ui ent

?r? , very
u

| avers-according to the invention is shown in

whi ch are SEM m crography pictures of the three sanpl es

CEB4

optical propert]
(eval uated acc
in exanple | t

ies_£oo. A graphic
Edinguk0 ASTM E 308 an
3 and conparatiyve sd

@habﬁgae%%%é) anong t he

mples.is_given_in fig

‘conparative stg

@gl{ﬁrtéjngeggt@-gences are:

asur p\ nanmed.. CuB. NAT;

@gt}_lgrogl br ow' copper
artificial hrowed ¢

-at mospheri c exy
comerci al i zed
produced accor di
TECUOREF; bari u

%H@L%tcaihla@e éxé@ﬂ@mrk Td
Restdigfiiat e . 3aSO4 (pl

& d[e_rr] _and subst
lates, white body). Ref

of—t-he—three—differen

measurenments (
| ayers
references are:

ccordino.tao ASTM-E420)
AV A~ M~ i § Ils - J T W TVT |_—rnu7'

pr oduceduaesor di ng to the iny

€0tA on. and conparati ve

respectivel yTABUEHS s were conducted for eval uating
representatjon of colour differences

sanpl es obt ai ned
ure 5, where
(after 10-year
pper 10 (she es,
antially
512333),
| ect ance
tly col oured
standard

naned

anodic current density

16 Addrm?

sontact time

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),

thickness (by coulometric analysis performed by reducing the superficial copper

(R}

oxide, at a constant current density, in a NaxCO; 0,1 M sclution, according to the

4. Biili, E. Marinelli, 1. Pedocchi, G. Rovida:

method extensively described in
“Surface chamcfvrzzazmn and corrosion behaviour of Cat-Cu-0-CuQO  sysiem”,

published on the Pmceedfngs 'af the 1] Imemaﬁomf Corr‘osz‘an Conaress,
Florence, 1990, Vol. 3, p. 129, Edit. Associazione lialiena di Mez‘aﬂurga Milano,
Ttaly 1990), crystalline structure (b}; SEM micrography and X-ray diffraction

analysis); main test results are summarized in table TV.



15-reported in table V: a graphic representation of the sane results is
shown.in figure 6. W3 01/23646 PCT/I1T99/40307 14 TABLE V Sanple Ts Cs Ss
SRR TI I RRI (velvet) 1,24 1,05 0119 15,32 Bl ack chrorni ~m on copperpl ate
3,8 3,48 WO8B¥%84 100 84,68 90,16 i ecu-Oxidj ' 14,53 1 QEBIVIKED 7440
VWhite body ref. . (BaSO4) 98,16 1 98, 160 ~n Mrror 1.~ Alv 1,4 7r 05
1~*r, CE82 (upper side) | r ( 12,39 3,03 CEE3 (upper side) e EEs4 (upper

si de) TABLE IV
g3z . | cEms CEBM
Chemical Cu0 : Cu0 Cu0
compasition (traces of CuQy- { {traces of CuQ) {"tr.;ces of Cudy
Thickness - . |
| thy coulometry) 10,180 um 0,720 pm 0,200 um
Crystalline form | cubic cubic 1 orienied needless
Colour dark brown brown deen hlack |
Aspect :.ery uniform, very unifarmn, .
ery adherant, very adharent, uniform,

| nen-pulveralent, non-pulverulent, agherent,

| non-velvaty non-veivety velvet-iike
The crystalling form of layers according to the invention is shown in figures 2 1o 4
which are SEM n}icrography pictures of the three samples CER2 CEB3 and CER4
respectively.

S Tssts were conducted for evaluating optical properiies  too. A Gra*phi?
representation of colour differenices {evaiuated according 10 ASTM E 308 and ISQ
8125} among the samples: obtained in example 1 to 3 and comparative samples is
given m figure 5, where comparative standard references are: narural brown copper
(after 10-year atmospheric exposure), ramed CuB NAT: artificial browned copper g

10 (shests, commercialized under the trademark Tecu-Oxid®  ang substantially -
produced according to the Eurppean Patent Application No. 751_23.3), named
TECUCREF; barium sulphate __EaSQ; (plates, white body). Reflectance
measurements (according to ASTM E429) of the three differently coloured layers
produced according to the invention and c-ompa;ati?ae standard references are

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

)
4]

8.



j 4,39 3,82 .:
at a!
refl ectance SRR =
ref | ect a5 6#0
are referred to a conventi onal
opposite side results (not
si de val ues d oss nunber

Ts =i

upper

three differentl

nunber gl oss pur

at 20 at 60 j atwm%%%ﬁ%‘%

19, 6. 580, 35 12,0887, 02 Legend:

00,57 ~r1t7'Z ~s sl17 nn (
reflecta.”, ce SRR = Specul ar reflectance Ratio Ds = Difiuse
7 Do x SsTT's) Ss - Specul ar reflectance DRR = iiflLse

(S$ = Ts Ds;
side ("ulgper side") of th

reported) were

coloured Iayers to the invention and

conparative st andarsd r?f er gNCEs ar e —Teportet V, 5 TABLE VI
rret‘%lllcfﬁsat ri®s Inorsrpetal | i gpamt erials
upper pid =§3F=920—

(BaSOC,) £8,18 818 | 0 0 100
Black body ref, | ' '
(velvet) 24 1051018 1 1532 84,68
Black chromium | o '
on copper plate | 9S8 348 | e 8,84 90,16
TECUOREF T
(Tecu-Oxid® 4,53 1 10,87 3,72 25,80 7440
Mirror . _
13125 0 17,08 | 1142 | g70g 12.00
CEB2 o
(upper side) 15,42. 12,3¢ 3,03 19,65 80,35
CEE3 | ' -
(apner sice) 1496 | 1386 | 120 5,68 93,32 J
CEB4 ] '
Gpperside) | 438 | 382 | 057 | 120 a702 |
Legana: Ts = Total reflectance 8RR
org! gk uRH S ¥ —
sz Diffuse refisctance Sps;ula; grgﬂf \g:;rie) Raio
=5 = ;:"U_fra--' ;’%ﬂiﬁtance ERR = Diffuse raflectance Ratio
{5 - Lig) (DRR = 100 x Ds/Ts)
iNote; reported vaiues are referred

 to @ conventienaj

side {"upper side
ofhthe samples. opposite side resuits {not reported) WET&J
subsianilally comparable with Upper side valuss

reported in table VI

TABLE VI

| o for mealle materiets | nopomm T

sampie -at 20° ate0° at20°
Standard (ref) | 1037 | g2 92,0
CUB_NAT e | 3 0.2
CEB2 (upper side) 1| 55 16,1
CE53 (upper side) 3 42 ' 4,.3 |
CEB4 (upper side) | .ﬂ | 2 ! ' 0,0
TECUOREF REET f 14,8

(DRR = 1 da x Ds/Ts) I\/bte,Pé@ﬁ% @% val ues

substantially conparable wth
neas ts (according to AST D 523 of t1l
atSBHh g

gl oss
sanpl e



0.2 -15 Al sanples produced by the nmethod of the invention were al so tested:
for evaluating their mechanical behaviour: relevant results are reported in
table VII. TABLE VII thickness Coul onetry 0, 100--0, 2001. m adhesi on '
flexibility-bending flexibility - with conical mandrel Erichsen ball

punchi ng deep-draw ng wel ding ASTM B 545-/ X4, B 571 ASTM B 545/ X4. 4 ASTM
D522 ASTM E 643, UNI 4693. UNI 6124 no fl akes or cracks etc. after bending
no flakes or cracks etc. after bending po flakes or cracks etc. after -
bending no flakes or 'cracks etc. afte} testing no flakes or cracks etec.
.after testing no problens, no preparation. required Qther tests were

conduct ed cordyng to the nethod of the invention , varying process
Al Saptés produced by the method of the invention were also tested for evaluating

their mechanical behaviour; relevant results are reported in table VI,

TABLE VII

thickness | T Coulometry 0,100+0,200 pm

adhesion | ASTM B 545!?(_4, B35 | no flakes or cracks etc. after behdiﬁg
flexibility-bending | 'ASTM B 545/X4.4 no flakes or cracks etc. after bendinig o
flexibility with | ASTM D 522 no fakes or cracks etc. affer bendi'ng 1
cortical mandrel _ |
Erichsen ball i ASTM E 643, NI 4693 no flakes or cracks etc. after testing.
punching ' '
deep-drawing - UNI 6124 no flakes or cracks etc. after teéting'
welding - _ no;pr_oblerhs, no preparation required

Other tests were conducted according to the method of the invention , varying 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 (cofresponding
| to 50450 g/l of NaOH or to 70-630g/1 of KOH)
bath temperature - {'60+100 °C ' '
anode-cathode distance | 30+100 mm
cell potential o o 0,243,0V
anodic current density '. - 1 0,3+20A/ dm?
contact time | - 5+120 seconds -
pre-conditioning time - | 5+180 seconds
| Cw20 layer thickness - .' 0,100+0,400um




conditions in order to evaluate the nost effective controlling process
paraneters: this series of tests allows preferred process conditions
»(reported in table VIIl) to be evaluated. TABLE VIII electrolyte
concentrationl, 25-11, 25 nol e/ 1 of hydroxyl ion (corresponding to 50-450 g/l
of NaOH or to 70-630g/|l of KOH) bath teH%eratureGO-lOO C anode- cat hode

di stance. 30=100 mm cel |l potential O, 2-3, OV anodi ¢ current density0, 3. 20A/ dn2
contact tine5=120 seconds pre-condit”quﬂﬁ ti me5~ 180 seconds Cu20 | ayer

t hi cknessO; 100- 0, 400m - 16 CLAI M5 1) h éctrochenical met hod for producing
an inorganic-covering layer on a surface of a copper or copper-based alloy
el ement, characterized in that it 5 conprises an anodi ¢ oxidation of said

el enent, in which said surface is placed in an alkaline electrolytic bath
of at least ap alkadléctiodh@HMSOHSHhSO bk pt@ﬂunﬂﬁh%i@ﬁ 1§80 lchedingPhpGessa
conditions of. tenperature and current density and for a period of tine
suitable to for.ma_continuous ho en | ayer ai d. surface ai.d | ayer-
bei ng. 1 or mSUTSF RoppiEED) BXREC( CURY ogY XTHAT eRiranierRsd hgtuat
crystalline structure and 1 C a consequent . col our determ ned by said

control | edl prewpsssapsardis ondagiootais signent, innvidneed swiace isipeced, in@d um 2)
A nethod according to claim| _ characterized in that said anodi c oxidation
is perf or medikatindelb@tdiyt@omdt Riof N Eagrdnyatigelisinnglueodl doaltions@lder tontasliggous
solution. 3) A nethod according to claim2, characterized in that said

- anodic oxi datigsd SondhRyR T GRREANIL fd RBHRCOHR Wl %oPY YerkR' & H09' ©

al kali salt i"n ‘aqueous sol uti

n

- suitable to form a continuous hcmpg_eneous layer on said surface, said layer being
formed of copper(1) oxide (cuprous oxide, Cu;0) having a crystalline structure and

1¢  aconsequent colour determined by said controlled process conditions and having a
thickness of 0,100+0,400 um.

2) A method according to claim 1. characterized in that said anodic oxidatién 18
performed in a bat.h containing only a single alkali salt in aqueous solution.
3) A method accor_ding to claim 2, chafacteriz_ed in that said anodic oxidation is

15 performed in a bath containing only said single alkali salt in aqueous solution at a
concentration of 1,25+11,25 mole/] 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 concentration of 504450 gfl or
potassium hydroxide (KOH) .at a concentration of 70+630 g/l.

20 5) A method according to anyone qf the preceding claims, charaCteri_zed in that
said anodic oxidation is performed in a bath containing at least 20% wt. sodium
hydroxide (NaOH) in aqueous solution, at a temperature of at least 60°C, at a
current density of 0,5+20 A/dm® with a cell potential (anode/cathode potential

difference) of 0,2+3 V and for a period of time of 5+120 seconds.



concentration of 1,251 1,25 nole/l-of hydroxyl ion. 4) A nethod according to
claim 3, characterized in that said alkali salt in aqueous solution is

- sodi um hydroxi de (NaOH) at a concentration of 50:-450 g/l or potassium

hydr oxi de (KOH) at a concentration of 70-:630 g/lI. 20 5) A nethod according
to anyone of the preceding clainms, chanacterized in that said anodic
oxidation is perfornmed in a bath. containing at |east 20% w. sodium

hydr oxi de (NaOH) in aqueous solution, at a tenperature of at |east 60C, at a
current dens)tyAohetlpdperarfiBg tetidwg ér elarasigrired icial squbumottic akidftamode/ cat hode
potential difference) of 0,2[err]3 V and. for a period of tinme of 5-120
seconds. - 1'fe@misdRtNBLHh AFCARHIMAINGOHE naacme@us ChalActRrd efhelRubhat said

anodic oxidation is perforned in a. bath of 30% wt. "NAM i n "aqueous

sol uti on, e ture of for,a period. of tinme of 10 30
seconds. %3\@??21% Q{@&e&oﬁé’f?&ecﬂ%gﬂwﬁm%%ar acterized in that the final
col our of sar d 5 Iayer is determ ned by varying the current density in said
al kal i ne el 83t r &\ yethodiaacdrding totchem rGawbrsadeszedOn Aadrie fig)l walovetdisaidaccor di ng
to claim?7, characterized in that said anodic oxidation is perforned at a

current gen?fé\,teylsQfeterﬁmeé b‘v v&z‘vﬂf& hé Burk & Aeith Ry 8fid FRYMC: &l@vbatiCal our,  at

a current density of 2, m2 to forma layer having a dark brown 10
col our, curre gy of 10[err]15 A/dnml to forma layer having a
deep bl ack %E%Taf}‘é?b]é g&\gﬁ%l vety surface effect. 9) A method according to

anyone of the preceding clains, characterized in-that it further conprises,
before sai d.8)anddmethodiageerdas, o glagnd. chaseatergsd i thap s6id asedid oxslatidatse, - 15 10)
A met hod according to anyone of the preceding clainms, characterized in that

it=further GRABFH&ES: aalireit Saisity aNON-Q Wdndalol Rim A IdyeNAhvifs f Be&n

treatnent. 11) A nethod according to anyone of the pr eceding clains,
characterized hat [ £ oxi dati on starts soon ai d surface
is placed i CO}:O(SII[n {4 c%rﬁ dgn qul 253 AR QMpoph A a\er aving a daﬁcﬁown a

10 colour, at a current density of 10+15 A/dm’ to form a layer having a deep black
colour and a velvgty surface effect. :
9) A method according to anyone of the preceding claims, characterized in thét
it further comprises, be_fore sa:id-anod-ic- oxidation, a pre-treatment step of said
surface, | | |

15 10) A method according to anyone of the preceding claims, characterized in trlat
it further comprises, after said anodic oxidation, a final surface treatment.
1y A method according_f_o anyone of the preceding claims, characterized in that -
said anodic oxidation starts as soon as said surface is placed in contact with s'aid-.
electro]ytic_ hath_;

20 . 12) A method according to anyone of the claims 1 to 11, characterized in that
said anodic opddatiqn'stang a pgriod of time of 3+180 seconds after said surface is
placed in contact with said electrolytic bath.

13) A method according to anyone of the preceding cIa1ms characterized in that

said element is a. pate-hke element and both surfaces of said element are



electrolytic bath. . 20 12) A nmethod according to anyone of the clains 1 to
11, characterized in that said anodic oxidation starts a.period of tinme of
3-: 1SO seconds after said surface is placed in contact with said
el ectrolytic bath: 13) A nethod according to anyone of the preceding clains,
characterized in that said elenment il¢-a plate-like el enent and both
surfaces of said elenent are -18 sinultaneously subjected to said anodic
oxi.dation. 14) A copper article, nmade of .a copper or copper-based all oy
mat eri al agnhﬁﬁﬁbuﬂymajaﬁu}mam@fm@é?é%#@“ﬁ%aracterized in that it conprises.
a continuous honogeneous covering layer on said surface, sg%%ﬁhg%er bei ng
forned of gggpﬁh%#%e ﬁ?&g3ﬁgﬂpﬁQu@ppﬂxﬁd£ppQﬁ@s@ymﬁa&@%auga it L
Crystallin t Fe for giving to said surface speciflc opticalS

' ' ' - neou
properties. and having a LhiGKNPES Rt @ cohffisea 4QRrifuans] mmoge

.  saic i i xide (cuprous
covering layer on said surface, said layer beng formed of copper(1) oxide (cuprov

cture for giving to said surface

{83}

oxide, Cu,0) having a defined crystalline stru

- specific optical properties and having a thickness of 0,100+0,400 pm.



