-1- A METHOD OF ELECTROLYTI CALLY TREATI NG METALS The,present | nv%:ﬁgeen/\‘ 295
relates to a method of el ec- trolytically treating al um num sta

steel or other netals using insoluble netal electrodes with an a.c. current

or

-al ternating pul sive- current. ¢ being applied. 5 El ectrochem cal

conversion processes applied to netals such as aluninun1conventionally
i nvol ve the etchind ETEORI cRIr EBEETRAS YT ATV TREAT L @ akFRRLs  FOr

I nstance, prl or o anodizatiromof—atumnomror—cotor o~ of—starntess—310
steel, eteching is perfornmed for various purposes such as the renoval of
unwanted materials from netal surfaces, activa- tion thereof, and
roughening of the sane. Etching applied for these purposes is roughly
divided into two types, chenical etching involving the i mrersion of the

nmetal to be treated or 15 work in an etchant solution, and electrolytic
Elec- trolytic etching is conventionally performed with
a d.c. current applkﬁd to the wark serving

current or alternat

etching in a bath.
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because it ﬂékﬁﬂ@ EQHn%'EBE%IW%TE‘ﬁé¥§iﬁﬁﬁéctrode§'with an a.c. current

or alternating dulsive - current being applied.

S _ Electrochemical conversion.-processes applied to
metals such as aluminum conventionally involve the etching
of metal surfaces as a preliminary treatment. For instaﬁce,
prior to anodization of aluminum or coloriﬁg of stainless

10 steel, etching.is performed for various purposes such as the
removal of unwanted materials from metal suffaces, activa-
tion thereof, and roughening of the same. Etching applied
for these purpoSes is roughly divided into two types,
chenical etching iavolving the immersion of the metal to he treated or

w15 sork in an etchant solution, and electrolytic etching in a bath. Slec-
trolytic etching is lconventionally performed with.a d.c.
current applied to the work serving as an anode, or with an
a.c. current or alternating pulsive current being applied to
the work. The latter method, referred to as "a.c. etching",

26 is popular today chiefly because it is capable of producing

a uniform surface on the work and because it allows for

simple post-treatments.



4 . . N
The present invention basically relates to an elec- trolytic treatnent
thgt I nvel.ves the use of- an a®*c. current or alternating pulsive current.
This method of etching has been perforned by various techniques. 1In
electrolytic'etch--5 i ng of alum num 2 Dath with a pHof 1 to 8 such
as aqueous sodium chloride or hydrochloric acid that contains chloride
lons i's comonly enpl oyed and an a.c. or alternating pulsive current 1is
applied at a density of 10 to 100 [err] to a graphite counter el ectrode.
This technique is nost common 10 because it enabl'es efficient - etching

operations. However, tH® JLgfente invaption Ragiralle elater te amsslec-
conductive tharyqdwRial i melnt s i 5. oQerations at_current
densities as h:tgk?rlgiﬁﬁs) o 18‘5%&%&#&‘&&%%“0%? r%fst‘g%ea%o%'%ri}lﬂﬁ’vk
and | arge and oy |1t RaS v 15 my. s £QULRENT . er
problemw th graphite is tﬁlzgt %%ﬁcﬁuraé&&'nve%q]é%%%ncﬂéJaésgﬁ{]ng has_

metal s and. -t halen iger foaied bye viarddus tU¥HiPGuddlt O 'Iﬁﬁéﬂm'etch-

Besides this problem the graphite electrode "is generally | and -
either 205 aliswy loef alwminumyuiad batlheeiitt Vi H WE UNARY o afucH edd Udilddsus

reactions in the el ectrode during use. As aresult, it gradually
| oses its surf &odigimaehlarddes oxnalyldrodhlorias el aati stovrdaidorciloride
prol onged period. Furthernore, the need to increase.the distance between

the el ectrode &ems tige aemmonly employed arnd am & s exs el e mtrinig/ tpulsive
voltage = and hence in _ ' , o R o
_ | current is applied. at a density of 10 to 100 A/dm2 to a
o ' graphite_counter electtoae; “This teéhnique' is most common

10 - because it enables efficient etching operations. - Howévef,
the graphite used as a cadntér electrode is 1less cohductive
than metals and in order to permit oéefatiohs_at_current '
densities as high as 10 to 100 A/dhz, the electrode must be

| " made very ﬁhiék'and'large-and this_increaées the size of the

-15:_  equipﬁent. |

A further'problem'with graphite'is that it is not as .

convenient to handle as . metals and that it cannot be

o o freely worked into desired shapes. Besides this pioblem,
- the graphite éléctrodé is generally "poroﬁs' and either
20  absorbs the liguid electrolyte or unde:goes_electrdlytic"
' reactions in the electrode dﬁriﬁg use. As a result} it
.gradnglly;ioses its surface shape and is unable to be used
COnsistently for a prolonged period;" Furthermore, the.need
'.Eo'increése the disfanée'between.th;ieleétrodé and the work

25 . results in an increased elécttb;ztic voltage - and hence in



-3- increased power consunption. Wth a view to sqlving these problenms, a
met hod has been proposed that uses an el ectrode made of a val ve
netal -as exenplified by titanium - a corrosion-resistant 5 netal .. } %
~This method effectively solves the ptablens found with the graphite &g
el ectrode, such as large size, l|arge work-to-elec- trode distance and
high power consunption. However, the valve nmetal, as its nane inplies, .
provi des a valwve action by which it forns a passivated filmon its _
surface timgraage Wover cxonvsamptionw during -anodic . pol arization and
by which it admts free passage of current during cathodic polarization.
Because of this "rvecth fa/iviggw oo i solvingethesecprobemannat bethodnphasyed
in electrolysis wth. an a.c. current or alternating_ pulsive current
wi t hout  ufpRSen iBRPRIRE D Shafe ges an elegbrodeositive Bade afgatvatve
polarities to cause adverse, gffects on, th wor K. Stated nore: .
speci fi caM§tahn®f c GHTR ?%n by eﬁbﬁ?ﬂg?‘&s - {vEPrresinparesistant -
pol ari zation with respect_to the work and the wayeform of _the _current
" appl Ped | #ekaky dhis H\QF‘_&‘H@ eSgectively solves the oflens gund oMikh hodhe

bl ens, _an el ealmant_ L h plati ed |
1 tan um SR G Felifodd oI ad "Phe S8 R ¥R E0P CHOEECREE8heRa) ance
R 38 ! . e i va ol Lok
above  pr ofiions [ FLANHAESHY © IR boEE: 06n SRSELOn .| PugHLYELS Y
reduced byja Bfe tnd il PUET 1 EQNRAHNP 1M1 1 ELVOYLEviBE S hWHLvESabRibhY by

which it forms ajpésSivated_fi;m_on“ its - surface to retard_‘&J

'io _ current flow _duriqg- anodic _pqlaiization and by which it
admits freeﬁpégéage of cu:rent duﬁing cétbodic polarization.
Because of this "rectifying" action, the electrode cannoﬁl" o
be | employed:'in"welect:olysis with an a.e. current or
'_alte:nating pulsive current ‘without ﬁpsefting the balance
15 between poéiﬁive_ and negative polarities to cause adverse
effects on the wdrk. St;tgd more 'specifically, anodic
| pélariz#tion predominatés over,.éathodié poia;ization'with .
___reépect to the work and the wayeform-of the current applied
; ishalso.distérted.
20. o In lorder to solve thése.préblems, an electrolytic
. tieatment that employs a plétinhmrqqated titanium eiectrode
has beenfpropésed.. This méthod ensures a good balance béf
' tween positiVe and'negative polarities-and appeérs_ ﬁo soive_.
all the above problens by enabling not only the size of the electrode to -

25 be reduced bat also the power consumption. However, platimm is fairly



4‘vulnerable to a.c.. current or aIternatrng pulsrve current and
undergoes el ectrolytic reacti oms during use. Therefore, if the electrolyte
céhtarns chloride ions, chlorine and oxygen will evolve as a result of an
anodj ¢ reactiron and 5 waste gas-treatfert will be required. _
FurtRernore, hydrogen evolving as a result of the cathodic reaction will
enbrittle the titanium ‘substrate and the life of the electrode is

i nevitably shortened i f the substrate breaks. The present invention has
been acconpl i sHEHR&FaRkRr 4@ Fol%e (¢HrEEnE coeral bewna pind| pubs bie téerrent

t S to provide
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treating netal vudeh Al A evdlvd Y @rré’édﬁ na ¢ ngarP”'éﬂcYc?r&urLrgél on and

t
wherein - a counter electrode is used that conprises a netal ~su %anc

having a &oat i m@gstalg a0 grdatafeni)) Wil Mo fr eduf A U@urtﬁiﬂﬁm or dro%en
rhodium 20 - ~ " The present ‘invention 1s based on . fih

when a coated ievadwilig amtalresiltctobdthe hratheii® teddd 6n wLEl |édnbraPEt1’@
oxide layer ‘that contains an oxide of a _
the titanium substrate ‘and the 1life of the electrode is

"inevitably shortened if the substrate breaks.

The present 1nvention has been accomplished in order

'to solve the aforementloned problems of the prior art. Aan
| 10 object, therefore, of the present invention is to provide an.
| 'improved method for  electrolytic treatment of metals by

. application of an a.c. current-or' alternating pulsive_cur;

.reutr ' |

' The. present “invention' accordingly . provides

15_s: 3 a method of electrolyt1ca11y treatlng metals w1th an a.c.
: current or alternatlng pu151ve current wherein a counter

_ electrode_is used that comprlsea a metel substance hsving
;'s-coatiug that comprises an oxide of ruthenium, iridium:or_

rhodium.

20. _ 'The present_invention is based on ' the finding that
when a coated lnsoluble metal electrode_ having a cstalyt-

_'-._'-1cally actlve ox1de layer_ that. contains an oxide of a



. . . . y ) s
-5- platinumgroup netal nanmely ruthenium iridium or rhodiumis used as
a'counter electrode for application of an ac. current or.alternating ..

pul'sive-current, a current wll flow through the counter electrode but .theéw.
ogcurrence of electro- 5 chenical _reactions resulting in the ‘generatign
of* oxygen or hal ogen during anodic polarization and in hydrogen evol ution
during cathodic polarization, is substantially absent to ensure that

only the work needs to be treated. In other words, the counter electrode
serves 312t fABACHLBLpIHELRY HafEliOl ¥akheBAUnl | lix iblum 8R! RGN NV
way that” severely~distorts the waveform of the applle3 a.Cc. current or

al ternatiagupefises, at hensbgrendeactngdet far applidation eff eansa.w.l | be
exerted on the work. As described above, a counter electrode used in the 15
present cunyenti on atharnpbingspdlsiyeecyprientyhe guwrpesd ofviddr Ediow
application and no electrochem cal reactions will take place at this -

el ect r odehroughj $hecgouptrE| p}ectrrigabad the pecyrrencradife edgstro-
treatments. Since the surface of the electrode is entirety free from

pr oduct schemicakcreastjers rexglting hin fhestapneration ofhexygmy lor dwdogen -

sufficiegtly reduced, to_result . i.n_a .very:conpact - appar.atu f.or

eIectrQI§§F¥99 |ﬁ“Pﬁ&°ab§8ﬁéélﬁFtéﬁy @P%é?}éV@FP@ePeﬁgpﬁgﬁFGEC MR at the

counter ERERbAPE". pBRIRERIBR, " STL" AlbpShERLIA0e MRLERLT L SRR M S

gas wi | lth%\‘:ol)ﬁ/fy %qut-vt‘o% elr?e(\ég‘lgogoeb.e' £ﬁ%t&9.r kin other words, the counter o
- electrode serves as a capacitor during electrolysis and wili. o’

100 not work in'any way thét”seVerély.distorts the wavefofﬁ of
the applied a.c. current or alternating pulses, thereby
.enéurihg that no  adversé ‘effects will be exértéd on the
-work. |

| As described above, a counter eiécﬁrode'ﬁsed.in the

15 presént invention qah be used solely for the purpose of
cu:rentl applidation and no electrOchémical reactions will
take place at this electrode. This éssentiélly eliminates
the 'nééd for waste.'gas_"treatments.' Since 'the'. surface of the R U
electrode is entirely free from products of elecﬁroleis,.

20 --thef distance to the work can be suffiéiehtly'réduced;to'
Yesult in a very conpact apparatus for eléctrblysis. In the
absence of any eleétiolytic ”reaction occﬁrring “at _the

' couhterTélectrbdé,'a cortosi§n-résistant electrode material.
'_:results which can'-be used for. ah”'esséntiélly unlimited gérioi.
25 .i Since no gas will evolve at the éléétrd@g, the work



L ‘ . X . . .
-6- * is free fromdeposition of gas particles and is anenable to
unlforn1etch|ng over the entire surface, thereby affording the advantage
ofé* c@n3|stency in the finished works I 6the process of .the present
invéntion, a'nmetal 5 substrate having ‘a coating that contains an
oxide of a platinum group netal is .used as a counter electrode. A
sui tabl e pIatinUn1group metal is selected fromanong Ru, Ir and Rh.

Plati num is i de formthereof is, |abile der
practi cal condlrll(:élt ons an ten(fg%téonb (5’%9%%???(:‘!@&%%%&‘54&% Ameha b
a stable form upAlfcadi WOdANG Gvere e AMErd O s ¥ d@S) Ot hélleb f'éff&%jﬁ{g |
the conditions antici pated for the practice of the present I nvent1on

Anmong the threehel aidvambageo o wleﬁmy AL dhDOFtni She@ otk ar e
particularly preferred and both - are. capable of 15 form ng stabl e _
oxides of the rutile tyme FEhe olpreceissee &f t ftheppaeednt NamdritivrcAn hetal

satis- factorily attained by an el ectrode having a coating solely nade of
an oxi de 8f Rusupstgatrh. havingesiar ed:oai'anmre:m acontainsl rampadde of a

el ectrode can be made by’ forn1ng a _conposite 20. - ° oxide coating with the
aid of an addi tPil\?é'-mt'-Wat Irgupdudesadn s delseﬁawaﬁga ceuntieratelectnadeser A
Si X, .prefefabl he rutille type. The ty and anount of the
addi tive to besb 5’;1§d éFiPHrﬂsgﬁePpowtarle ##otsehel%e@ecfrqnhaw oV
ngLe;;egn,e$? sgﬁgrafpl qu IV ele ntggﬁ%“%ﬂe perqggé:a%?oxide %oim.
' _\_} | thereof is labile under practical cond1t10ns and tends to ‘be
10 reduced to metallic Pt which is a stable form. ‘Palladium has
no resistance to corrosion. at all under the conditions
' entioipated_.fori the practice of the: present-invention.
Among'the three platinum group‘ metals 'mentiohed aboVe;iRu
and Ir-are'particularly preferred aﬁd both'Hare.'capable of"
:15. forming stable oxides of the rutile type. o
| | Ihe objectlve of the present inventlon can be satis-
facforlly attazned by an electrode-hav1ng a-_coating_solely
made_ofjan'oxide;of_nu, Ir or kh. ,If;desired, a more dura-
A/ | ) blefeqd rugged electrode can be mede byfforming'_a composite

7-2q_ | oxide eoetipg Qith'the aid of an additive that produces an
: oxide_ having coordihation number sir; preferably_of the
rutileh_tjpe. ‘The tYpe. and,_amount-of.the-additive to be.'.
'emﬁloyed for this purpose are not limited ip:.any way but
preferred examples. are _Jroupi.lv elements of the perioaic

25.f ltab;e_euch_as Sn, Ti, 2r and Hf,.orfgroup v e;ements such as.



7 Nb and Ta. " All of these elements form oxides, of coordina- tion nunmber
si x. -Wen these elenents are thermally fired by ordinary, techniques wth
cRu or Ir,-a rugged coating of a-_rutile .- type solid ~ oxide., *.
i@  produced. 5 The coating on the counter electrode of, the A
present inven- tion preferably 'contains .the oxide of the platinumgroup
metal in_an anount of at |least 10 wt% and the remai nder may be the oxide

of the additive. The_ _electrode of ‘the .present invention can be 10
~ fabricat elfeppngnyfaofr #d efokReseeiedgmentdnd farmaratidesaf cabrdinegeous

t hod | | 1] dto.,as g," lytic. p S d i beqd. in..
Japancse. BAPEN OB (A5 on BT FheHe 2 IeRaNSR aRF tpeTRaLie fined by |

coatin sol tidn on- t.aining  :thermally . deconposable salts of the .
Conal Y. B5athegY Feha it % N e T PRI Soafin® S 1N

a nmetal subst.rate, which is then ted-in_an. oxidizing atno- h such
~as air toﬂﬁ%&ﬁﬁnicalﬁypporn1a FP&E%' coatPﬁddSn the %%b;trat8f883§%$é a .
vari sty @he &Rating oA thie countedS eARUIHLDE | RHONP A At OThwiin-
corrosion resistance and 20  econony, titanium tungsten and alloys
thereof atdondvpreflea@dlys. contlife r Anesi oxidd GO e Py tHiln Yroup

strongly acidic bath (pH = 0 to 4); Wor alloys thereof are desirably used
. as the suhetadt dn and amioun ta olfr @dddre gzt NMgeeyf ahd otHd rehaiaidel mdy oys
are desirably used. 25 _ In order to performan electrolytic -
t r eat nent bef the- oxide of the additive. : ,
| The electrode of the present invention. can be Q;)
10 fabricated by anhy of the'knbwh methods and a partiﬁulariy |
advantageods" method gene;ally refe:rea to as é “pyiolytic'
ptocess“- is described in' Japanese Pateﬁt Publicatién No;_'
-3954/73;'acco;ding to this method, a coating solution con-
taining tﬁermally' decompoSablé salﬁé'of the métallic com-
15 _pounds . is applied - - i " to i a
.metal substrate, which is.théh heatea-in'an'"oxidizing atmo-
sphere'such-as.éi: to pyrolytidally form a fired coating-on
the substrate;-'while a variety of -métals'.can be used as-
" substrates, in considefation' of cdrroéipn reéistance and
20 economy,. titanium, tungsten and alloys thereof'érg'advaﬁ; 
tageous. If électrolysis is to Ee-'pérfofmed in a strongly
.acidié bath (pH = 0 to 4), W or alloys thereof are desirably
..used as the substrate, and'with a broader pH:range of 1 to
10, Ti or Ti anéys are a-esmb;y used. )

25 In order to perform an electrolftfé'treatment effeQQ



8- tively, the a.c. current or alternating puIS|ve current to be applied
must have a reasonably hi glt frequency A mininumof 20 Hz is generally"
rigdqui red and a desired value is 30 Hz-aBd-higher. Therefore, the
cowmeHC|aI frequency of 50 Hz or 5 - 60 Hz can be enpl oyed wi t hout any
prob¥em at - all. If an alternating pulsive current is to be used,
the current applled may have -any wavef orm such as a rectangular or tri-

angul ar shape dviedyy &hd he o.atduz r@ént rv}:slélt/éirné@iﬁg?gaéullﬁw| Efriént to
approxi mately- unlty Sui‘tabl e current density .of. 10 the a.c. current

or al ternati ngPguERRIded must havsnge s sasonaliy d im0 freqyency ¢ erd priopioviy.

selecting the el e¢trode-and the a.c. current ‘or alternating. pulsive

current to be fplledz dF eﬂeé’(,etrtaéi]% ireauiced MMl a slesiradiealugin ifoe3° Hz
Domvent onal | PG BighBE: Sbe 1% . SHA Gt e Tl Faedh bt V4R Bz or
bresant  Rvent B8 H55 4 B ngh¥ad SRR ) Pl  pé SR " N
UNPLE A COTRTR s Bl "Ll WIS lens
pr gpagggl Ibgdd' %i:@l‘i'é@n@& qmeTerﬂw da%f%n@ SR Ys 'Rl dndirial (S PA4-
angular shape §0 long as the ratio.of  positive to. negative
pulses is approximately unity. :Suitable;_current density of

ln -;-the a.c. current or_alternating pulsiye current ranges from

10 to 200 A/dn®. I
| ” _Aﬁter'properly selectingﬂthe-electrode and the a.c.
current .or alternating puls;ve current to be applied; an .
electrolytic treatment of metals can- be performed in a :
l5- | consistent and_ effective manner by employing conventional
.'11q016 electrolytes andg conditions of electroly81$._
| | The following example is prov1ded for the purpose of
further.illustrating the present invention but is in no way
o : f- to be.taken as limiting.
| "20._"- o EXAMPLE

” A commerciall titanium .plate was roughened on one

_surface by blasting and pickled'to'provide a _suostrate. A

coating solution was prepared by dissolving Ru and Ta in HC1

at a weight ratio of 65:35 (Ru:Ta) and'_applied to the Ti
25. .substrate with'a'brush. _After dryingr the coated substrate-



25

air [err] The above procedure was repeated 10 tinmes to smake an e
el ectrode having a coating of a-@ti<e 2 type. Ru-Ta oxide cgntalnlnghsb
i'n an amount of 10 [err]. 5 ' Using this electrode as a

counter electrode, an alum num plate in a saturated aqueous solution of

substrate with a brush. After drying, the coated substrate
was heated in a muffle furnace for 15 minutes under circul a- .tion of h

sodi um chl oride was treated el ectrolytically with an a.c. .current (50
bei ng appwasi mdieicrsueynwffhs)ofl[emaqe fcmeléqménubes vodenncihcolade -
sol uti on.

electroly

22 countd @?ee%%hﬁﬂé‘%%f%@qfﬁé FazFha| B'eobkiRg: BEPL B ekt
filtrationy r@)g;-pw%fée ddifta iy mﬁslﬁughesﬁsaﬁy;oogm gﬁhac”ol y

t r eat ment
~ contignued
The

10

h - |
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out 10 m nhutes e elec- trolyt
for 24ggfigir seid h & Nec o d@i C&€ be'BSunééfcéiébi{?bde,CQﬁ

results are sunmarized in Table 1.

alumlnum_ plate ‘in a saturated aqueous solutlon of sodium
chloride was treated'eiectrolyt;cally with an a.c. curren:

(50 Hz) being applied at a dehsity'ofuloo A/dmz. The aque-

~ous sodium chloride’sclutioﬁ.wes held at 90°C.

-0-
ot

Hz)

used

tic
ration was.

nged

W

' For comparison purposes,'electrolysis' was conducted

undet‘the same conditions except that' a draphite plate, a

- titanium plate or Pt—plated tztanium plate was used as a

counter electrode. The llquid electrolyte was c1rcu1ated

15

after filtration. One piece of the work was subjected to

electrolytic treatment for about 10 mlnutes and the elec- -

trolytzc. operation was contlnued for 24 hours with the

wcgkpiece being successively changed. The results are -

summarized in Table 1.

.




_fable 1 State of Counter State of - State of - the liquid

el ectrode - electrode * the work el ectrol yte Ru-Ta oxide/Ti
Qo,gas uniformy white turbidify 5. ( Sampl e of evol ution
hed ~* _due to aluminumthe inventi on) and- st abl e .
hyd Xi de Graphite - . gas evolved -many high bl ack turbidity and
corners -and | ow of the spots 10 _ . el ectrode
col | apsed Ti - electrode unevenly . gray.turbidity .
surf-ace . etched bl ackened 15 = ~.and vol tage unstabl e
Pt-plated - - - - gas evolved evenly Tablet&rned yellomnsh titani um
and hi gh ... etched initial R - voltage caused i
stability As the .d in TabLe .1 s h% met.hod of ga Pe?g t
invention enableg Eﬁgoogorkple ate)!g g g uni f ¢fled
wi't hout gas ge —t e
counter eleCtrﬂgerapGQEBQ/T§0|lﬁBSSas _ un?k%%h&?de OghiteClurpifity .
el ectrol S W :
ysd (Sample of evolution  etched due to aluminum
the invention) and stable o hydroxide
Graphite =~ ' gas . evolved many high black turbidity
' I and corners and low . L
_ : T o of the . spots
. 10 . . electrode - . .
' _ Sl s ' collapsed
-\f{ Ti- - - - - electrode unevenly gray. turbidity
- - surface etched : : :
e T blackened = =
15 N . . and voltage
‘ ' " unstable
‘Pt-plated ' gas evolved evenly = turned yellowish
titanium . and high etched -
A ' - initial -
20 . ' ' . voltage
o U caused in-’
stability
' As the data in Table 1 shows, the method of the
_ : present invention enables the workpiece (Al plate) to be
W

.25 'uniformly'eteheq without gas generation. When electrolysis’
'.'was'perfofmed'with the graphite counter electrode, partia;
"celiapse of ehe electrode occurred. In electrolysis with
the titanium'codnter electﬁode, a black - compound ef titanium
hydride formed_on the elect:ede surfaee; which' elso led to

30 electrode coliap;e. Whether the graphite or t1tanium elec-

trode was used, ‘the electrolytic operation was unstable and .

the workpiece could not be,uniformly_treated.



: o, - - i
the titanium counter electrode, a black conpound Qf titanium hydride formed"
on the electrode surface, which also Ied to 30'el ectrode coll-apse. VMether
_the graphite or titaniumelec- tr was used, the electrolytlc operatyon
was unstable and the workpiece could not be unlforn1y treated, i Y
When the Pt-plated -titaniumcounter electrode was used, not only d|d
gas evolution- occur but also a high initial voltage was observed.
Furthernore, the cell voltage increased after a few hours and it was.

difficult to aCC?EEn eplb%hgigsg e Qﬂﬁﬁﬁ§ gg Jﬂlé¥1e1§§%¥3% nethod of

the present invention o ers th Iomnng ages ons

as a counusedgl eabtodenayntddd sghast r eve lnddiony dcoiralbulg aliata Qﬁ@lﬂl ns
an oxide of. Ru, Ir or Rh, netals such as alum numand stain- 10 - less

st eel canlhetuaﬂf0nﬁkygErwasedbbprabéctr@qpﬁhermnnemzﬂheadelxnﬂdkﬂagen
alternating pulsive current in -a consistent nanner for a prol onged period .
without Encokased afkercacfew houns and dddwasonditfifd cnliist 4t isalcombsence
of electrolytic reactions occurrlng at ‘the counter electrode -elimnates
the 35 Phdsh séablescpegasionsatnent.  Finally, the distance between the
el ectrode and the morkplece§ﬁan be suff|C|entIy shorten- ed to reduce not .

onIy power consu H°EG? gomefbog o &PQJR§%§ﬁBﬁnﬁﬂﬁentl°n offers

the following advengeges. ' S;nce it employs as a counter.
electrode a metal'substraﬁe havin§ a coatihg that contains
an oxlde of Ru, Ir or Rh, metals such as alumxnum and staln-.
10 '_'less steel can be uniformly treated by electrolysis with an'
a.c. current or algernatlng pnlsive_current in a cons1stent
manner.fbr_a-p#olenged_period ﬁithepﬁ invoiving gas evolu-
tien.; In additioh, the substantiele ebsence'of'electrolytic
reactions occurring at the eeenter electrode -eliminates'the
i5 needlior waste gas treatment. Fineily, the'distance between_
the electrode and the workpiece_can_be sﬁfficiently shorten—-
ed to reduce no£ dnly power consumpt;on'but also Ehe size of

- the equipment.. o B ' i \w)"



?12- CLAI MS: 1. A method of electrolytlcally treating netals with
an a.c.. current or: alternating pulélve current, wherein an
.élgptrode ‘comprising. a nmet al strate 5 haVIng a coating that_
cohprises g '5§§éd of ruthenium iridiumor rhodiumis used as a .
cobmfer ele A method as clained in Caim 1, wherein the

t furth : degf d ]
Vor the period PP 36 i degll AR IRAUEIY SRLAALP LEQI Fhgupalol

| ai me

or 2, whergigmthgn a.£¢. CE%E@@ngs”oraL% @E?H'ﬁ%nd““ﬁﬁfgivéurE%E&enﬁas

a frequency-of at Ieast 20 Hz. 4 met ai med Claim
2, wherein yfh@reif- C- an CUel@Ricrode P4 p§|S'MGtalcur%%%%tfé%é3
15 applied at a current density of 10 to 2 0 [err t hod

~ clainmed sin hapingofa tbeatPhgcedhag ctamg&,lsémelaw noxtibxe rretfal ru%%lé%tiwe .
I's made of titanium tungsten or an alloy thereof. 6. A nethod of

el ectrolyti citigitmesti hodetml $sWakbd2@sam acuntdy ledidctafodd § ernati ng.
pul sive current, or an elec- trode therefor, substantially. as described
her ei n. - 2. A -method jas claimed' in Claim 1, wherein the
coating further comprises an oxide of an element. selected '
from Group IV or V of the periodic table.
10 3. A ‘method as claimed in Claim 1 or 2, whetein
~/ the - a.c. -eurrent or alterneting puleive currentn.has
a'frequency of atlleaSt 20 Hz.. | |
4. A method as claimed in Cleimf 1 or 2, whe:ein
the a.c. "current -or alternating puieive current is
15 applied.et a current density of 10 to 200 A/dm?@_ '
5. A methed. as - elaimedf.in anyh:of' the pfeceding
claims, wherein ‘the metal substrete is made of titanium;

Vo : tungsten or an alloy thereof.

6. A method of electrolytically treating metals w1th
: 26 an a.c. current. or alternating pulsive current, or an elec-
,ky/ ‘trode therefor, substantially as described herein.
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