VETAL PLATI NG COVPOSI TI ONS AND PROCESSES The present inveﬁ%F%ncié#égéigio
el ectradeposition of bright coalings onto netalllc substrates,

cggg?sition i n which such el ectrodeposition can be carried out and to

IeS)

i nvéntion pertains to provide.upon a suitable substrate nickel

rates thus electrocoated. It is known in the art to which this

coatings. Particularly with respect to 10. relatively small netal

nor mal | y necessaMETARs ) !
t hey have been nickel plated, and be transferred to special barrels to be -

i ckel -Iateg parts. It

chromi um pl ated, which is an expensive _operation. Alteéaativel,
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pertains to provide upon a suitable substrate nickel and
chromium coatings. Particularly with respect to
relatively small metal parts, this involves what is
termed in the arft as "bulk plating®, and while it is
relatively simple to barrel plate quite small parts such
as screws and the like with bright nickel in various
types of barrel apparatus, it can be difficult then to
chromium plates the nickel plated parts. It is
normally necessary that the parts be transferred from
the barrel in which they have been nickel plated, and be
transferred to special'barreis to be chromium
plated, which is an expensive operation: Alternatively
if these barrels have too limited capacities, chromium
prlating has been accomplished in trays. This, however,
requires substantial labour and results in-an expensive
plating cycle.

Our earlier proposal in U.K. Patent Specification
No. 1,497,522 provided a plaﬁgng bath utilising a
source of nickel ions, cobalt ioné, iron ions or ' _
mixtures thereof and a source of tin ions and optionally
a source of zinc ions together with as a complexing
agent a gluconate or glucoheptonate (or mixture .
thereof). Such baths provide excellent deposits having

to a bath 5 °
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and chrom um
parts,
this involves what is ternmed in the art as "bulk plating”, and while i
relatively sinple to barrel plate quite small parts such as screws and the
like with bright nickel in various types of barrel apparatus, it can be
difficult then to 15. chrom um pl ates the S
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'30. _thereofs). Such bat hs prOV|de excel | ent dep05|ts haV|ng 2.

ohrbniud}like appearance at thicknesses up to 5 microns. The present
|Q¥ention i s based on the discovery that addition of certain am no al\coyl-
conpounds enhance the brightening of §uch deposits |ncorporat|ng 5. a
and{cobalt or zinc and inprove the procéess, rend- ering it capable of

'prodUC|ng good deposits with | ess careful control on the thickness of the

coating being re h c %Y. FTel9|
corrposg't'l on for q&é%‘?ﬂ uﬁ-l( ?lﬁ]ﬁg % g:agﬁltntcgl ta&e/bg%po& tSéoéfyed% cobalt andﬁ%b)
tin and/or zinc on a sﬂbstpaeéen§o#pﬂﬁ§¢ﬁgna Bé%?l discRYRFY

_conpl’exi ng agent ’Eﬂﬁtt gaa&re&ah b@n%e'r'%ati'%e amtdb md:azdmlcgim&um anmount  of
-a conpound havin

, ormula; 15, [err] wherei n
represents an al k?!lhaﬁ‘é'ﬁpth§vpﬁéghte?ié‘§r %&%h@%%?%ﬁ&ﬁ%%ﬂ%“ﬁé%. ng
Y carbon * a3ons ginl eanl edbadt Wi eincs amdsimgudval the piyckssylrend- -

ering it capable of producing good dep051ts with less
careful control on.the thickness of the coating being
required. ' ' | _ '
Thus according to the present invention a bath

10. rcomnositlon for electroplating a bright alloy deposit
of (a) cobalt and (b) tln and/or zinc on a substrate,
compr151ng a hydroxy carboxyllc ‘acid complexxng agent
for the metal ions in the bath and a brightening

" - ' amount of a compound having the formula: '

15. .
R
" wherein: _
20; ' R1 represents an alkyl group havrng_ ' Y carbon
’ ) atoms or an alkyl group having - Y carbon

" atoms at least one of whlch is substltuted by a hydroxyl
group; and . N
' each of 8% or R® represents a hydrogen atom.
25. or an alkyl group of ¥ carbon atoms or an alkyl
i group of Y carbon atoms at least one of which is substi-'
“tuted by a hydroxyl group or an amino group and R2
E : ‘ and R3 may be the same or different and may be the same as
or different to Rl, Y belng an lnteger from 1 to 6
30.  ‘and preferably 2, 3 or 4, the bath being free or

substantlally free of ammonia or ammonium ions,
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group; and each df R or R represents a hydrogén atom 25. or an al’kyl

whi s substi- tuted by a hydroxyl group or an.am no group and R and[errL,
ma the sane. or different and may be the sane as or different to R, Y
being an integer from1 to 6 30. arid preferably 2, 3 or 4, the bath belng
free or substantially free of ammoni a or annnniun1ions. 3 Preferably at
| east one of [err] or "[erf] is an alkyl group substituted by a hydroxgg
group. In a preferred formof the invention [err] is the sane as a
represents a hydrogen atom or [err] is 5. the sane as R2 and .
represents an al kanol group. The hydrexy carboxylic acid conpl exing agent'
for the netal ions inthe bathis preferaq y %'gluc ate or gl ucohept onat e.
10. Pogferadilyr add ¥enst oPnBaPk Ror &e@X diiepbsia®ng bri ght
chron1gﬁkylkgrgggmguggﬁiguggdrﬁ? goapabagyﬂ)éidﬁbEigrans perlltre of
cobalt ions to r ans itre of tin ions, ﬂ to 20 M/l 'of a
bri ght ener (l’,:Br’rﬁ prief qf%' i Abethe )‘-é‘t"ﬁéﬁi'l%n% 1$oHeRt hanol ami ne, N
15. saméhyk- Qﬂzetafi@@e’ﬁﬁéwenﬁélSth?de@@nﬂ%ﬂHm”dr rbopg opanol ani ne and
opt [ onahl y i nh addi %20

same as an represents an alkanol group. -

" The hydrexy carboxylic aci&*complexing :

,agent for the metal’- ipns in .the- bath lS preferably

a* aluconate or- glucoheptonate.

gr oy aof 'Y carbon atons or an al kyl group of Y carbon atons at |east one of

10. : One preferred form of bath for electrodep051t1ng

15. methyl-diethanolamine, triethanolamine or tri-

'brlght chromlum-llke cobalt-tin coatings comprises 0.5
to 5 grams per ‘litre of cobalt_lons, 0.5 to 5 grams per
litre of tin ions, 1 to 20 ml/1 ‘of a brightener comp-

rising N-{2-aminoethyl)ethanolamine, monoethanolamine, N-

isopropanolanine and optionally in addition tris-

(hydrOXYmethyl)aminomethane, and 1 to 50 g/1 of

gluconate or glucoheptonate ions. '
T Another preferred form of bath for electro-

20. ' depos1t1ng brlght chromlum-llke cobalt-zinc coatlngs

comprlses 0.5 to 10 grams per litre of cobalt 1ons,_0 5
~to 20 grams per lltre of zinc ioms, 1 to 20 ml/l of.

'_'brlghtener comprlslng trlethanolamlne, N-(z amlnoethyl) ¥
' ethanolamlne, trls-(hydroxylmethyl)amlnomethane or trl- S o
25. 1sopropylam1ne, and 1 to 100 g/1 of gluconate or gluco- ¥
heptonate ions. Lt ‘ |

_ _The bath 1s free of ammonla or
ammonium ions 51nce these have been found to cause
haziness in the depos1t.“. L
The 1nvent10n thus also extends to an electro-

deposition process for depositing bright chromium-like .



(hydroxymet hyl ) am nonet hane, and 1 to 50 g/| of gluconatexor glucoheptonate
Lons.: Another preferred formof bath fo# el ectro- 20: depositing bright
¢hrom.umlike cobalt-zinc coatings conprises 0.5 to 10 granms per ké%ﬁe'of

‘Cobal t igrs, 0.5 to 20 grams per litre of zinc ions, 1 to 20 ni/1
brlghtener conprising triethanol am ne, N-(2- an1noethy|) et hanol am

. tris-(hydroxyl nmet hyl )am nonet hane or tri- 25. | sopropylamne, and 1 to
100 gt of gluconate or gluco- heptonate ions. The bath is free of ammoni a
. or anmeni umions since these have been found to cause haziness in the

, deposit. The invention-thus also extends to an el ectro- deposition process
for depositing bright chrom umlike 4 deposits of cobalt-tin or
.‘cobal t-zinc al | oydep9sibait ot FABalic tidy QR cqkr W ping cal beyehbYcat hode

with a bath aCCorééﬁﬁaéelhbethQV%ﬁtr'ﬁ%é% S PIWeéd £ Cene!l £ARhAEEN¥ith
current -therethrou Preferred platjng conditions are 25 t

[err], nedlun1nedhgh?tﬁla&ﬁPFQPPSnt°pﬁh?:?%YFQP%PQwEP%cE??EﬁngéﬁsF@FQﬂ

- 0.5 to 1.0 A [erri{ropratihfeeupirenhe reérad@ixrdugihe process is to submt

“the chromum|!i ke coati to a_passivation ste
- gj gferredp iating condléions are 25 to 35°cC,

) medium mechanical agitation, pH 8.3 to 9.0 and_alcnrrent
. 3 density of 0.5 to 1.0 A/dm2
A further preferred step in the process is to
_ ‘submit the chromium-like coating to a passivation step
10. - and this is particularly useful with the cobalt-zinc
' ~deposits since it protects thém against discolouration
on exposure to elevated temperatures and to flngerprlnt
-marking. _
' Preferred pass1vatlon agents are a 1% phosphoric
15. - acid solution or a 7 g/l CrO3 solution.: '

The invention thus also extends to a passiyated.
cobalt-zinc electrodeposit especially when made'by:a'
process in accordance with the invention.

The substrate upon which the electroplatlng is to

20. be accomplished is generally a metalllc surface such as
brass, steel,or a zinc castlng, or may be a o
- polymeric substance such as acrylo-nltrzle—butadlene-
styrene, polyethylene, polypropylene, polyvinyl chloride
- or-phenolformaldehyde . polymer which has been electroless
25. plated prior to coating with. the chromlum-51mulat1ng '
-electrodeposited layer. ' ' -

To be more specific, the metal-bearing sﬁbstrate
may . be plated with a metallicilayer from an aqueous
solution which comprises 0.5 to 10 grams per litre}:

30. of a source of cobalt ions, and more preferably |



~ 10. and this is ﬁérticularly useful with the cobalt zinc depoesits- slnce
it protects them agai nst discolsurati on on exposure to el evated

tenpgratures and to fingerprint marking. Preferred passivation agents are @_J
(l%phorlc 15. - acid solution or a 7 g/l [err] solution. The {invention
thus_al so.extends to a passivated cobal t-zinc el ectrodeposit especially

when made by a process in accordance with the invention. The substrate upon
which the electroplating is to 20. be acconplished is generally a =
netallic surface such as brass, steel,or a zinc casting, or may be a \Jr

pol yneric substance such as acrylo-nitrile-butadi ene- styrene,

pol yet hyl ene, pol ypropyl ene, pol yvinyl chloride or fhenolfornaldehyde
pol ymer AkBchohls greas @ex thidine most preferahivrled €Gating with the

chronlungs gghgtgg & 9lieqlg . 0deposited |ayer: To be nore specific, the
met al - bearing substrat.e may be plated with-a netallic layer from an aqueous

sol ution whi chscheprihestinsiensiothpses aye Rueferably in ¥hea source of
cobal t Ieeann%% rﬂi{a@s@r@&&r Ybe pPeBeht! Grd £ Hiowt bétwsednd nost

I|g$referably 1.51q 3rgrams g Liitre. mAi-etOrteheanlbnllOlnstotEPOSrGax%;e
ef er abPy> |ﬂ nG e grams per litre, more p Y g
per 11tre.__ ' '
" The hydroxy carboxyllc acid complexlng agent; e.g. ' -
the gluconate or. glucoheptonatet or mixtures thereof,. |
may be present in an amount of from 1. to 50 grams per
10. iiitre. and more specifically, 5 or 10 to 30 grams per
litre. ' ' ' o
However, in order to further improve the colour ‘and
lustre of the electrodeposited coatlng a source of zinc
ions may be substituted in part. for the source of tin -
15. - ions. The source of zinc ions may be present in an _
amount of 1.0 to 4.0 grams per litre, and more prefer- h -
‘ably 2.0 to 3.0 grams per litre.
- It is 1mportant to note at this point that the use.
of gluconate or glucocheptonate as the complexlng agent
20. is superior to the use, for example, of other complexlng
~ agents such as citrate in that the stability of the
solution 1s,dlst1nct1y better with gluconate or
glucoheptonate.3 InjedditiOn, the appearance of the
electrodeposit and coating which deposited from a
25. 'solution containing gluconate or'glucoheptonate is ;
' dlstlnctly superior in uniformity and colour as compared
to the use of other .complexing agents. _' ' 
~ The invention may be put into practlce in various
'ways and a number of speclfic embodiments will be des-
30. cribed to illustrate the-inVention"with'reference'to the



stanngus'phase and may be present in an anmount between. 37 .. 0.5 and 5
grans per.litre, nore preferably 1 to 5 granms per litre. The hydr oxy

¢as boxylic acid conplexing agent, e.g. fhe gl uconate or gl ucohept onate, ., . or
‘m xtures ereof, may be present in an anpunt of from1l to 50 grams per; ﬁD
litre, and nor.e, speC|f|caIIy, 5 or 10 to 30 grans per litre. Howev in
order to Further | nprove the colour and lustre of the el ectrodepos

coatifg a source of zinc ions nay be substituted in part for the soUrce of
tin 157 ions. The source of zinc ions may be present in an anmount of |,
1.0 to 4.0 grans per litre, and nore prefer- ably 2.0 to 3.0 grans per
~litre. It -is inportant to note at this poi nt that the use of gluconate or

- gl ucohept onat e as the exi nt 20. S peri he use,. for

" exanpl e, of othe® quﬂ féémgfgﬁcﬁnagh&éhwﬁi éﬁﬁu394mP%E%ﬁ?F?9ﬁs
of the solutlon|arth¥|weigh¢tnmlessmotheghdeenaMatyd4”Lmoheptonate In

romaos 1 aotuti of BN o6 b BRS BRshelh. S AR MRl EBPRLLRR,

superior in unlfmmuqqsseaLcolour as conpared to the use of ot her
cenpl exi ng agents. The invention may be EggMbsgplpractlce in various ways -
and a nunbér of specific enbodi ments wil 30 cribed to
|IIustrate the |nvenuﬁmbﬂMhrﬁ¢W§%r@§ée vp haying the f°11°W1n9 composi-

tzon-
| 'Ingredient T | ‘Concentration
10. ' Cobalt sulphate CoSO4.6H,0 - 20.0 g/1
Zinc sulphate 2nSO,4.7H,0 ‘7.5'g/1

Co@plexlng agent o _ _
Citric acid o ."46 0 g/l
15. o pH (adjusted w1th ammonla) o . 8. 3 _r “
” Plating tests with thls bath A in a Hull cell using
steel J panels were carried out at 1 A/dm2 for 10 '

'-minutes at a temperature.of_27°C.'agltatlon being by a
_ _” nagnetic stirrer at. constant eoeed. Thé deposit was
20. chromium coloured and had a brlght low current aens;ty
:area and-a mllky’hlgh current den51ty area. _
HThe procedure was - repeated at 6 g/l of.zlnc o
a ' ‘sulphate and o. 5 A/dm2 at a pH of 8. 5 us1ng 3.5 lltres
1n a 4 11tre stalnless steel beaker as the anode. The
» 25. dep031t was uneven though chromlum coloured and had
' brown spots and was. hazy (this belng revealed by
mlcroscoplc examznatlon to be due to small plts)
. : Analy51s of the dep051t revealed a 21nc content of
55% and a platlng efflclency of 28%. '



~, 6 acconpanyi ng exarr'p'l es in which all parts .and pemr cent ages are by wei ght
. unless otherwi se stated. Exanplés 1 to 5 are exanples. of zinc cobalt

pl at i processes. 5. EXAMPLE 1 A bath A was &/
ﬂadgzgﬁ havi ng the follow ng conposi- tion: Ingredient _
Con ration 10. Cobalt sul phate [err].[err] 20 0 gl l

" Zinc sulphate [err].[err] ) 7.5 g/l Conpl exi ng agent CltrIC
acid 40.0 g/l 15. pH (adjusted with{
anmoni a) 8.3 Plating tests with this bath Ain a Hull celt

using steel J panels were carried out at 1 A/[err] for 10 mnutes at a

tenperature of [err], agitation _being by a magnetic stirrer at constant
speed. The deposit was 20. ,dﬁﬁﬂﬁadﬁﬁbdioured and had_a bright | ow
current denSItﬂxaﬁgaeandw&sﬂﬁégeduéﬂlﬁuurswuldmnnyaro&wat weEe procedure-
was repeated_at 63 gﬁn hate %€05A/dmz at "a pH of 85u5|ng
3.5 |itrétesed toa ﬂﬁF& KBPOBLArhe, anode. The 25.
dep03|t was unmuenrébonghnﬂﬂaﬂpdsnﬁxﬂ(hnfhbagﬂ ‘badvenoend @irk ,and was

pgy (thi sezl_oeelgger ev%aa%cli, %zrgncersosscg |P1téln§nat| on to be due to .srral I _a
EXAMPLE 2.B ' -
Example 2. A was repeated but w1th 30 g/l of zinc -

sulphate. This-produced a deposit of chrome—llke colour
although the low and high current densitywereae were
10.  dull. | | | o
o "EXMMPLE 3 |
‘ Example 2. B was repeated but w1th the addltlon of
4 m1/1 of triethanolamine. _ ' _
The deposit was completely brlght though there were

15. a few dark spots in the medlum current dens1ty area.
_ EXAMPLE 4.A . | .
A bath B was médeeup havzng the following'composi-
tion: - o o | '
20. - - - Ingrediemt - - :-h.”_Cbnééhttation
© Cobalt sulphate CoSO4.6H0 . = 120.0 g/1
Zinc sulphate ZnSO4,7320HH | . .40.0 g/1

Complexlng agent

25. e Sodlum glucoheptonate ' ;1 : h 60.0'9/1
pH_(adJusted with NaOH) . . 8.3

When the procedure of Example 1 was repeated this
produced a completely grey panel.



Anal ysi's of ‘the deposit eveal ed a zinc content of- 5596and a plating

- ef filci ency of 28% 7 EXAMPLE 2. A Ex%?ple 1 was repeated but sodium

KaydrOX|de was used to adjust the pH instead of amoni a. The resultantﬁf;
e

posi f gr~al t hough uneven and dark, 5. were free of any haziness orx{
pi-t-ting. EXAMPLE 2. B Exanple 2. A was repeated but with 30 g/l of zinc
stphate. This produced a deposit of chrone-like col our althoughthg | ow
. anq¢b|gh current density areas were- 10. dul | . EXAMPLE 3 Exanpl B was
-gogEeated but with the addition of 4 mi/1 of triethanol anine, The Wepdsit
#@s- conpl etely bright though there were '15. a few dark spots in the
‘ﬁﬁdlun1current density area EXAVPLE 4 A A bath B was nmade up haV|ng t he
¥ bl 1 owi ng conposi - tion: Wﬂgﬁﬁt t
‘Concentration Cobalt squhateJJHr] [ erT EE 4.5 Zi nc
sulphate [err].[err] Example 42 wamorqu¢te@bW%ﬁbx¢hg a@dﬂtlon of 4 ml/1

of trlethanolamlne.
The. deposit-was a. perfect chromlum-like deposit.
- 5.. EXAMPLES 4.C TO 4.0
These were all based on the bath of Example 4.B
above, the variations being 1n 21nc concentratlon,
. current den51ty, agztatlon, pH and temperature, and
details being given in Table 1.
10. ) 3 litres of solution were plated in a 4 litre
gtalnless steel beaker as the anode using straight steel

' panels as the cathodes and apmechaqical_magnetic

‘stirrer. -
I o TABLE 1A
5. . e
' B zine  Current - Temper-
| Sulphate density . Agit- = ature
' Example conc. g/l .A/d&m? ation pH  ©°C
'20. 0 - 7 4. 35 0.5  mild 8.3 27
. 4.D 40 % Tl w
4.E " RS S .
. 4.7 " 2 oo - .
) ¢.¢ . 0.5 =" 9.3
. 25.. °  4.H N A Y-S
. 4. - 45 . T . 8.3 "
) . 43 v . " “ 50
| 4K " . "  high " 27
_ 4L " ~mila " 50 .
30. 4.M 50 " " " 27
o 4.8 55 " " o "

4.0 ’ 60 ’ o w " "




~ 25. Sodlun1glucoheptonate ' “éO.b g/l pH (adjustéd

with NaOH) 8.3 Wen the procedure of Exanple 1 was repeated.
t hi roduced a conpletely grey panel . . EXAMPLE 4. B Exanpl e 4A was .
ry ed»mnth the addition of 4 m /1 of triethanolam ne. The deposi't-was a
: tY chromium|ike deposit. 5. : EXAMPLES 4.C TO 4.0 These wer e

‘al | based on the bath of Exanple 4.B above, the variations being 'in Z|nc
concentration, current density, agitation, pH and tenperature, and detx
bei ng gi ven in Table 1. 10. 3litres of solution were plated in a 4
litre stainless steel beaker as the anode using straight steel panels as
the cathodes and a nechani cal magnetic stirrer. TABLE 1A 15. Zinc

CQurrent - . Tenper - RABLELEB density Agit- - ature
Exanpl e conc all .. A/[err] . ation. pH20... . 4.C - 35 0.5.
mld 8. 3 Peefmmrlpme S Sl Jrmrrtor e e - - e : .

'$.2Zn in  Effic- .
‘deposit - iency

5. . Example - %  ..% ' Appearance .
4.c 79~ 16 . . bright chrome-like .
4.0 82 28 om0
. 4.E . 79.5 - 15 L w
. - 4F -~ . 78.5 . 13.5 "

slight burning in
HCD areas ‘-

. 4.¢ 83 - 20 bright chrome-like
.. 4.H - - 8l.5 61 . grey edges
15. 4.3 . - . 25 - bright chrome-like
- 4.3 82 50  bright chrome-like .

-but a grey streak
in the middle

4.K o - - bright chrome-like
20. S IR o L " paler colour in the
| _ o  centre
4.L - 82.5 - good appearance
4.M 83.5 24 bright chrome-like )
4.N 85 ' 29 grey streak in .
25. - .. o . ‘centre - - - .




E . ) “‘ *on , n n 4 F . 2 4 G "

4,

0.5 +.i ¥ 9.3 " 25. 4. H 10 " " 7.6 4.1
f4§J 8.3 4. ' " 50 4.5
o o high " 27 4.L " " mld ~
‘50 30. i+ 4.M . 50 " " " 27 4.N @{o“
i 60 - " " " 9 TABLE 1B % Zn in Effic- de
I'iency:5. . Exanpl e % % Appear ance 4.C
N79- T Y 16 bright chrome-1like 4.D. 82 24 4. E
~79.5 - 15 10. : 4. F 78.5 13.5 slight burning in HCD
-areas 4.G " 83 - 20 bright chronme-like 4. H 81.5
161 grey edges 15. As can bé.seen from these examples 1 tdr4 00tgluco-

'chrone like heptonlc acid and its salts give better results than

citric acid and pH adjustment with sodium hydroxide
gives better results than adjustment with ammmonia.

. 5. .~ It is to be noted that the baths of Examples 2.A to
4.0 are ammonia free.:

[¢]

Preferred bath compos1tlons in accordance with the
invention thus comprise 20 g/1 cobalt sulphate, 35 to
50 g/1 zinc sulphate, 60 g/l sodium glucocheptonate,

10. = 4 ml/1 of triethanolamine, pH 8.3 to 9.5, temperature 27 -
to 50°C, the bath being ammonia free and pH adjustmént
preferably being carried out by use of sodium hydroxide.
_ - This produces excellent chromium-like deposits, the
colour of which. is very reproduciﬁle being little

15. = effected by zinc content, pH variation or temperature

.variationfwithin the ranges given.
The process is also cheaper than one based on tin-
cobalt deposits. _
. We have also found that the surface can be made
'~ 20.  resistant to discolouration by fingerprints and deter—
ioration in appearance on storing at elevated
temperatures by means of a passivation process as des-
cribed in Example 5 below. '
- EXAMPLE 5
25. Panels frdm-Exampies 4.A to 4.0 were selected in
' trios and one was left untreated as a control (Example
5A) another was passivated by immersion for 1 minute in
a 1% phosphorlc acid solution (which turned the deposit
slightly darker) (Example 5B) and the third panel was
30. passivated by immersion for 1 minute in a 7 g/1 Cros



4. 82 “ 50 brlght “¢hr.one- I|ke but a grey streak - in

"the middle 4.K - 11 bri ght chrome-1ike 20. Co
pal er: eqlour in the centre 4.L 82.5 - . good appearance W,
A4'M /Z2x . 83.5- 24 bright chrome-like 4.N . 85 . 29
grey\&¥reak in 25. ' centre 4.0
86.5 34 grey 10 As can be seen fromthese exanples 1 to 4.0

gl uco- heptonic acid and its salts give better results than citric acid_and
pH adj ustment with sodi um hydroxi de gives better results than adjust t

w th anmmoni a. 5. It is to be noted that the baths of Exanples 2.A
to 4.0 are-amonia free.. Preferred bath conpositions in accordance with -

t he i nokutabon h(lwhiohpﬂusierﬁt Fitfambatlie sawévafencSSoEOtm g/l zinc

sul phate Iucoheptonate 10. 4 m/l of triethanol am ne,
pH 8. 3 R neSPS%;[:%rﬁ%g & 27 to 500C, the .bath bei ng ammni a free and pH’

adj ust nent . rﬁﬁbrp&hplbm Gead iedingetprine bhpsedsed bydiaxi de. This
produces, £X65d | 50he $ 8" QLA KGHGAAP i1 ad Nsven -at 2200¢c.

5. :After 16 hours the 5A panels clearly showed the finger- .
- print and a greyish discolouration. The 5B .and 5C.
panels did not have the greyish discolouration and the .
fingerpriﬁt was hardly visible.
. "EXAMPLE 6A .
10. - A bath C was- made up having the follow1ng compos;-
'tl.OI'.l. s .
Ingredient S S - .Concentration
, Cobalt sulphate CoSO,.7H,0 (X) - ~7.28 g/1
15. . Tin sulphate (Y) _ - .2.42 g/1
) Sodium sulphate (2) - | .. 20.7 g/l -

Complexing agent.

Sodium glucoheptonate T ~.12.0'.g/1

20. . . Triethanolamine . 4 ml/1
. PH (adjusted with NaOH) ... 8.3
Temperature - - | 30°

Stfaight bright nickel plated steel panels were
plated as the cathodes‘fqr"10 minutes'at-O.5 A/dm? in
25. 4 litres of bath C contained in a stainless steel beaker
as the anode. )
The solution was filtered after make up and before
plating commenced. Medium agitation was provided by
means of a mechanical magnetic stirrer.
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‘Table 2. _
TABLE 23 r
. !
Current
_ Temp Agit- density -
Example X Y 'z “pH ©Sc ation A/dm2
6.A- 6.28 2.42 20.70 8.3 30 medium - 0.5
- 6.B - 7.40 3.94 20.96 w.ooow " "
6.C " n " - " " none "
6.D 7.37 3.54 20.89 9.0 " high "
. 6.E .7.44 4.50 21.06 8.3 " ‘medium "
6 .F n . [ 1] n 9.3 - " .!_I o n




EXAMPLE 6A 10. " A bath C was made up haV|ng the fol ' owi ng conmposi -
tion: | ngredi ent Concentration Cobalt sul phate

[err] r] (X 7.28 g/}315. Tin sul phate (Y)

2. 4@ Sodi um sul phate (2). 20.7 g/l Conmpl exi-ng agent
Sodi u | ucohept onat e 12.0 g/l 20. : Trlethanolanlne
4 mM/| pH (adjusted with NaCH) 8.3 Tenperature

300C Straight bright nickel plated steel panels were plated as the cathades
for 10 minutes at 0.5 Al[err] in 25. 4 litres of bath C contained ®h a

st-dl nl ess steel beaker as the anode. The solution was filtered after make
up and before plating comenced. Medium agitation was provided by means of
a nmechani cal magnetic stirrerpaprLglagThe deposit had a good, though dark
-chrom un¥li ke appearance and.”on anal ysis was found to contain 71%tin. The
- pl ating. ei#+e+eney-¥w§;4¥14»;ExANELFQ 6. RTIOB ESR .~ ~~ These were al |

based on bath Cin Exanpleig. A

;content . - Efficiency
5. -~ Example s S T Appearance
6.2 71 3 32 - good, dark
" 6.B 75 47 good, lighter .
10. | " than Example
| | _ 'G.A,' ..
~6.C 86 - 33 good, lighter
_célour.than
: Example 6.B.
5. 6.D 80 . 54 'good light
o ; | | _ . colour
6.E 83 41 . good
" 6.F 89 41 . good,. lighter

S . : _ . . 'than Example
20. A | ‘ 6.E.




Ll

above,~.the variations beiﬁg in cobalt (X), tin (Y) and sodlun1sulphate (2)
contents, :pH, tenperature,- agita- tion and current density. The results

are given in Table 2. 10. . 14 ' TABLE 2A Current Teﬁp
‘Agit- density Exanple X Y z pH [err] ation - err]
15. 6.A - 6.28 2.42 20.70 8.3 30 medi um 0.56.B 7.40 B‘EZ;
'20 96 " " " 6.C " T none 20\
~7.37 3.54 20. 89 9.0 " high. 6, 7.44 4.50 21.06 8.3. "
nedluﬁ?ﬁ F " 9.3 " 13 TABLE 2B Tin content
-Efficiency 5. Exanpl e % % Appear ance
6. A" - 71 32 good, dark 6.B 75
47 good, lighter 10.
than Exanple 6.A 6.C g6 EXAMPLES 7. 70 7.H good, lighter.
A bath D was made up having the following composi-
tion:
- 5. ' ".Ingrédient'.l o . Concentration
| " Cobalt sulphate C0S0,.7H,0 (X) =~ 7.44 g/l
- Tin sulphate (Y) _ ' 4.5 g/1
Sodium sulphate (3Z) ' : 21§96 g/l
10. . - Complexing agent
Sodium glucoheptonate - 12.0 g/1
Monoethanolamine (B) . 0 g/1-.
pH (adjusted with NaOH) _ 8.3
‘Temperature ' " 25%¢
15. ' Plating was carried out as in'Examples 6.A to 6.F

and further Examples 7.B to 7.H were carried out in llke

manner variations being in cobalt (X), tin (Y) and

sodium sulphate (Z) and monoethanolamine (B) contents,

pH; and current deﬁsity. The results are given in Table
20. 3.



-._col our than Exanﬁle 6.B. 15. 15 6. D

- 54
good |ight colour 6.E 83 good 6. F
89 . 41 good, | i ght.er than Exanple 20.
6.E. [ )4 EXAMPLES 7.A TO 7.H A bath D was made up haV|ng t he folfomnng
tonpo tron 5. | ngr edi ent
" Concentfation Cbbalt sulphate [err].[err] (X 7. 44 g/l Tin
sul phate (Y) 4.5 g/l Sodium sul phate (2) o
21.06 g/l 10. Conpl exi ng agent Sodi um gl ucoheptonate . ¥?‘
12.0 g/l Monoet hanol am ne (B . . 0 g/l pH (adjusted
Vi t h NaOH) : B atur e 250C.
15. Platlng was carrled out as in Exanples 6.Ato 6.F and further
Exanpl e - 1 s being in
cobal t . (X) tin (Y) and sodlunlsukphate (Z) and nnnd@!ﬁ%ﬁ%tanlne (B)
5. ~  Exampler X Y 2z B pH A/am?2
7.4  7.44 4.5 21.06 O. 8.3 . 0.5
. 7.3 _'. . o ] L 4 ' " ]
"10. I DY o3 . n " " 2.0 ) n
7.0 '7.50 5.3 21.20 4 8.3 "
i 7. E ] " " " 9 .0 . "
T F " . u . _ " " . " | ' 1.5
7.G 7.62 6.9 -22.18. '_'- 8.3 - 075 _

15. C7.H 7.54 5.78 21.28 8 9.0 1.0

u



e . £

pH, and current density. The results are given in'TabIe'QO.' 3. TABLE

-3A Current density 5. Exanpl e X 16. Y Z B pH
_%gdnﬂ 7. A 7.44 4.5 21.06 0 8.3 0.57-. B " .

' 4, " 10. 7.C " o . 9.0 .7. ~ . 7.50
5.3 21.20 4 837 .E " " S 9.0 7.F M. 3" _
" ' - 1.'57.G 7.62° 6.9 22.18 "
0.5‘L§; 7. H 7.54 5.78 2+ 28 8 9.0 1.0 16. TABLE
3B Ti It content Ef ficiency- 5. Exanpl e , x
Appear ance 7. A 94 27 ~ grey and ugly 7.B 74
27 dark chreme- 10. - S - . t ' li ke
appear ance - . ~ TABLE 3B

' . Tin '
.cdontent  Efficiency-
. 5. Example . S : . Appearance
7. - 94 - 27 grey and ugly
7.B 74 27 ' dark chrome-
10. ' : S '~ - -like appearance
' _ . grey edge
7. . 76 @ 21 looks good,
. | . dark -
_ -d:D - 75 - 26 : looks good,
1S. - ) o ' - dark o
- -7.E 81 _- 24 looks good,
) ' ) lighter than
Example 7.D °
7.F - Lo almost comp-
20. _ . - ' letely dull
7.G 8l 35 - looks good

7.8 j 82 19 - looks good




~ grey edge 7.C 76 21 ' Iooks good dark 7D ". 75

Iooks good, 15. : - dar k
24 44 | ooks good, lighter than Exanple 7.D w
éILD _ al most conp- 20.
Iet dul.l . 7 G 81 35 | ooks good 7. H 82
' "'l ooks good 17 Consideration of these tables 2 and 3 shows
that triethanol am ne gives a higher plating efficiency 'than does -;?J
nonoet hanol am ne for tin-cobalt deposits. The col our of the deposit is
hi ghly dependent on 5. the tin content in the deposit. Below 80%tin

the colour is too dark and above 90%tin grey deposits are formed; at about
85%tin the desired chrom ui!ike,colour is produced. These and furt her

experiments Resesiddiadion Ymithkse taﬁnx.s bptanahs EBRwsAtthat
tri et hanol am_ne systens the effect rai'sin gncentration of tin in
t he bat ﬁql§”c}&?’b?i;ﬁi‘l?:§ehﬁd'l’(§rs 5 g't’ﬂ%tf‘éf?*%? gyeg%&c&elnicghtt@arbm our

does monoethanolamine for :tin-cobalt deposits.
< The colour of the deposit is highly dependent. on
5. . the tin content in the deposit. Below 80% tin the
colour is too dark and above 90% tih'gfey depdSits are
formed; at about 85% tin the desired chromium-like
colour is produced. _ -
These and further experlments have lndlcated that
©10. for both the mono and triethanolamine systems the effect
of ralslng the concentratlon of tin 1n the bath is to
produce higher plating efficiency and a lighter colour
as well as more tin in the deposit; raising the temp-
erature and agitation also raise efficiency, but
15. increased agitation produces less tin in the deposit and . -
a darker colour: raising current dénéity and pH result
in iowe:.efficiency, more tin in the deposit and lighter
colour, though the effect of pH on efficiency is less
. clearly establisheduﬁith_triethanolamine than it is with
20. monoethanclamine. | | |
Similar tests to Example 6 conducted with N—(Z-_
amlnoethyl)ethanolamlne '

o - C2H50 -

25° .. - . . m .
R _ CoHSNH,

indicate that it has a brlghtenlng effect szmllar to

'trlethanolamlne at concentratlons in the range 1l to
30. 12 ml/1.



as wel |- as nore tin in %%e deposit; rda@sing the tenp- erature and agitation
~also raise efficiency, but 15. I ncreased agitation produces less tin in
(the deposit and a darker colour; raising current density and pHresult in
‘Vomer effi.ciency, -nore tin in t he deposit and'lighter col our, though tﬁe
- effect of pH on efficiency is less clearly established with trlet Y
than it is with 20. nonoet hanol amne. Simlar tests to Exanple
conducted with N-(2- aminoethyl)ethanolanmine [err] 25. [err] indi e that
it has’a brightening effect simlar to triethanol anine at concentrations in

the range 1 to 30. 12 m /1. Simlarly tris-(hydroxynethyl)am noet hane
[err] [err] 5. similarly tris-(hydroyymethyd)aminopsbaneound to have
~a brightening effect which though not quite as good as triethanolanmne is
still very useful; it is effective at concentrations in the 10. ~ range 1
to 20 m. N—nethyl di et hanol ami ne ?Hon

| - HzN‘Cffﬂon
5, . cH,OH

" has also been found to have a brightening effect which
pthough not qulte as good as triethanolamine is still
very useful~ it is effective at concentrations in the

10. range 1 t0;20 ml/1. _

- N-methyl-diethanolamine

.,gf,CZHSQH
| CHz-N _ .
15. | | T c,ngon
'and tri-iso-propanclamine
I | C4H0H
20. | - HN — C,H-O0H
- |  H¥ —C3Hy

C3H40H

_ have also been found to have thls brlghtenlng effect in
w baths of the type shown in Examples 6 and 7.

25. . Tr-s(hydroxymethyl)amlno-methane when used in zinc-
¢ cobalt systems. in combination with, N-methyl-diethanol-

amine, —(2-am1noethyl)ethanolamlne, triethanolamine or
tri-isopropanolamine has. been found to extend the useful
current dens1ty range of these materials to hlgher

30. values. Trls(hydroxymethyl)amlnomethane has bufferlng



~

~ [err] [err] 15. ' C [err] and :

-ﬁ;trl-lso propanol am ne [err] 20. [err] [err] have’

also ‘been found to have this brighten|ng effect in baths of the type shown
nples 6 and 7. 25. Tri s( hydr oxynet hyl ) am no- net hane when used

c- ‘cobalt systens in conbination-with, N-nethyl-diethanol- am ne,

'X- anmi-noet hyl ) et hanol am ne, trlethanolanlne or tri-isopropanol am ne has

been found to extend the useful current density range of these materialpto

hi gher 30. val ues. Tri s(hydroxynet hyl )am nonet hane has buffering ™19

-ability in the range pH 8-9 and this may be the reason for this effect on

the current density.range of .the-other conpounds.: The order of

ef fectiveness of these conpounds for tin cobalt systens is as given in this

3. paboyLeph ikt rmién&ambetﬂsmr@#armm ERiBgmbe b@theefddddon i ve. For
zi nc cobglt s%ste he order of ¢r.easi ng

ef f ecti vERESERE gﬁqfae%ti.]g?faﬂg? n%urrent éens:.ty range of ~the

other compounds. The order of effectlveness of these
compounds for tin cobalt systems ‘is as glven in thls
5. . paragraph N-methyl-dlethanolamlne belng the most effect-
- ive. , ' s
For zinc cobalt systems as in Examples 1 to 5 the
order of decreasing effectiveness is trl-ethanolamlne,_
N-(2-aminoethyl)ethanolamine, trls(hydroxymethyl)amlno
10. methane, and trl-lsopropanolamlne.
' EXAMPLE 8 o
The'fbllowing_composition is an example of another
bath E in accordance with the invention:

15. . '“Imgredieht"' . '_ Concentration. :
’ ' 'Cobalt sulphdte CoSO,.6H,0 _-- 7.5 g/1.
_.Tln sulphate SnSO4.7H20 S ‘4.5 g/1
SOdlum sulphate (anhydrous) . 21.0 gf1
20. o Comglexing agehtl. - L
' ‘Sodium glucoheptonate 12.0 g/1
N-methyl-diethanolamine 4.0 ml/1 .
pPH (adjusted w1th NaOH or HZSO4)f .- 8.3 - .
Temperature - 259%. '



N—(; aﬁ1noethyl)ethanolan1ne trls(hydrox met h Ihﬁn1no 10. = nethane, _and
anot her bath E in accordance with the i nventl ﬁ,

_tri-isopropanol am ne. EXAMPLE 8 The fol | owi ng ﬂf'""'mm' an exangf &\ of
Ingred = =

Kebncentratlon Cobalt sul phate [err].[err] P 7"55g/l Tin § ate

SnSO4. 7H20 4.5 g/l Sé8-um sul phate (anhydzous) ' 1.0

.g/l 20. Conpl exi ng agent Sodi um gl ucohept onat e 12..0

g/l N-methyl - di et hanol ani ne CLAIMS4 O m/I pH (adjusted with NaOH or

[err}y« 8.3 Tenperature - 250C" 20. CLAI M5

A bath conposition for electroplating a bright alloy deposit of (a) -
cobalt and (b) tln apd/ or zZANBa®R Bompbstitdion f@&fme‘bﬂﬂ:@ LG Y

car boxylic aci | ex|] ent. fort e met i,ons h bath and a
bri ghtening a qg i€83p86985ﬁ§v959 FﬁecP %I} ﬁ(%ﬁﬁrﬁﬁ%;s
R zinc on a substrate, comprising a hyaroxy carboxylic
acid complexing agent. for the metal ions in the. bath,
5. and a brightening amount of a ccmpound hav1ng the_.

" formula:
/’/’R;
) N g2
1. \R3
' wherein: o .
- Rl represents an alkyl group having . Y carbon
atoms or an alkyl group having = - - ~ Y carbon S

.*atoms at least one of which is substituted by a
15. hydroxyl group; and : |
o eadh_of R2 and R3 represents a hydrogen atom or
an alkyl group of Y carbon atoms or an alkyl group of
Y carbon atoms at least one of which is substituted
. . ' by a hydroxyl group or an amino group and R2 and R3
20. may be the same or different and may be the same as
or different to Rl, Y being an integer from 1 to 6,
the bath being free or substantlally free of ammonia

- or ammonium ions.

* 25. 2.A bath composition as claimed in Claim 1
in which Y is 2, 3 or 4. ' '
3. A bath composition as claimed in Claim 1
or Claim 2 in 'which at least one of Rl, R% or R] is

30- an alkyl group substituted by a hydroxyl group.



~. wherein:. R represents an al kyl group having " Y carbon atoms or” an
al kyl - group Y carbon atons at |east one of “which is

subsg < ted liﬂw\ Bﬁ"ﬂm IH!H group; and each of R and R represents a
hy dif og¢ 10f Y carbon atoms or an al kyl group of. Y

2 ons at | east one of |ch I S-substituted 2 3 by a hydroxyl
gr ouy an amno group and R and R 20. may be the sane or different and
may be the sane as or different to Rl, Y being an integer from1l to 6':}h
bath being free or substantially free of amoni a or ammoni umions. 25.

2. A bath conposition as clained in Cdaim1 in which Yis 2, 3 or 4. 3.

Af b?t h i:orrposr;r OnAaE%ghabaﬁﬁf’Eat@bﬂl @slcq_[?ltﬁezat {ﬂrﬁ cmiﬂwlhz:{; ytmll_-east one’
o] err err I s an. a group2substitute a hydroxyl group.

* é)|\5{ lli - is the sémeAaga &'ﬁﬂqet?r‘?‘é'ss @ aimed in Caim2,
3 or 213hyay$g§m hesm] is the sane as [err] and represents a hydrogen
atom 5. _ A’ bat h conposrtron as clainmed in Clarnrl_ 2 or:

5. A bith composition as claimed in Claim 1, 2 or
3 in which R 1is the same.as R2 and represents an"
alkanol group.

6. A baﬁh”as.ciaiﬁed”in any one of Claims 1 to 5
in which the complexing agent is a gluconate or gluco-'
heptonate. '

7.._A-bath'composition as claimed.in Claim 1
suitable for electrodepositing bright chromium-like
cobalt—tin coatings comprising 0.5 to.5 grams per litre
of cobalt ions, 0.5 to. 5 ‘grams. per litre of tin ions,

1 to 20 ml/l of a brightener.compr;singnnf(z aminoethyl)
ethanolamine, -monoethanolamine, N—methyl-diethandlamine,
triethanolamine or. tri—isopropanolamine and 1 to 50 g/l

of gluconate or glucoheptonate ‘ions. '

8. A bath as.claimed»in Claim 7 which also contains
tris- (hydroxymethyl) aminomethane.



- 3 ip-wrich [err] is the sane .as [err] and represents an al-kanol—group. 6

. A bath as clained in any one of Clalns 1 to 5 in which the coaneX|ng 3

(1s a gluconate or gluco- heptonate. 7. A bath c
aim1l suitable for el ectrodepositi ng bri ght chr MM'“(IWW t| n

coatings conprising 0.5 to.5 grans pee2kitre of c ILoN®

granms per-litre of tinions, 1to 20 m/Il of a brightener

comprising..N-(2- an1noethy|) et hanol ami ne, nonoet hanol am ne,

N—neﬁhyl-dlethanolanlne tri et hanol am ne. or tri-isopropanolanine and | to

50 g/ of gluconate or gluceoheptonate ions. 8. A bath as clainmed in daim

7 which also contains_tri h rox l,)-am _nonmet hane, .. A hath

conposi tion-as cl ai med® i nicﬁ§¥ g%llémf &° gﬁ%éﬁbs‘%ﬁ%%ri ght

chL Olm um | i ke cobaitablecfoﬁraétleglarcdepb:cs&umgob&ﬂghtl(brmmnpenl&é tre of

cobalt ions, 0.5_t itre o of a

bri ght ener corrpr?ggﬂgg 25‘ Fﬁggﬁﬁpgﬁ\ ﬁ@m (sg'%gm rfg’ettiﬂlll)% eqoﬂagfé)l%?ﬁ ne,

tris- (hydroxyl nkitye)ofincobadthdpaser 0t.5i iteo @00 grams pemid tire (Dﬂ(_mixgrtl

of gl uconate or oh nahe S el ained in

9 9&2& Epi-.B %b nﬂg& of & bf%é?@c‘é?.? everar}ﬁastﬂ

.gny one of d ai I'ses y or
ethanolamine ; N- 2-am:x.noethy1) ethanolamine, tris-
(hydroxylmethyl) aminpmethane or triisopropylamine

and 1 to 100.g/1 -0f gluconate or glucoheptonate ions.

10. A bath composition as claimed in any one of
Claims 1 to 9 which comprises 1.5 to 3 .g/l severally or
in total, of a SOurce'of cobalt, nickel or iron ions.

. 11. A bath composition as claimed in any one of
"Claims 1 to 10 containing tin ions,.which are' in the-
- 'stannous phase and are present in an amount between 1

and 5 grams per litre. '

12. A bath composition as claimed. in any one ef
Claims 1 to-11 in which the hydroxy carboxylic acid
complexing agent is present in an amount of from 5 to
30 'grams per litre. ' -



-~

. . _ (

~in tot m'obalt,.ni ckel or iron ions. 11. A bath

co sition | @d i\many one of Clains 1 to 10 containing

ti @ons,“ m “t ~stannous phase and are present in an amount
C

betwéen' | gransspef titre23:2. A bath conposition as clainmedin any

one of Cains 1 to 11 in which the hydroxy carboxylic acid conpl exi ng agent
Is present in an agwgunt ,of from5 to I aTe r.litre. * C.L M S
* 13.. A bath conp si"tienggghdcm%?&il%%oghfsonﬁfﬁmﬁ af‘?‘rsaﬁyt%niffn v@th
a source.pf.zing LANS 4 $..S thtuyt ' fQr.t source of tin ions¥:

t he sour%ga-ﬁlsz?négi gﬁsib‘ef'j’g‘acﬁ és%%d%r‘?og{né az%’}ﬁtﬂ%fsli.%_to 4.0 grams per

cpec 11 caPrSREREe R R Rty o (e’ o O B 1 i Sowed®s L s

or 4 C toe4 r , , I : ' af T M. . .
el ectrodggoég??o%gg?ogggg% gfgigg‘fﬁt’?r?g‘ E‘r".‘ﬁﬁ%ﬂ%ﬂ%ﬁ%ﬁ té&d%tpé%glsts of
cobal-t-ti,g’ OgiEPQ‘?l t- zinc alloys by contacting.the surface to be plated
as the catll:lo e wth a bath.as clained in any one of Clains 1 to 16 and
passing an el ectroplating current.therethrough. 16.. A process as clai ned

in Gaim1l5 in whigh.tha bath composition as claimed in Claim 1
subs.tantié.lly as specifically described heréin with reference
to. any one of Examples 3, 4.B, or 4.C to 4.0 or 5.B,

Or 5nc Ors.A to G-H' Or 7.B to 7-H.

15. an élect:b&epééi{:i:an process for depositing
briéht chromium-1like deéos'ilt{s. c’>.£_.j99b;al‘l;..-?tin_ _o_r____c'qb_al.lt-
zinc alloysby céni:acti,pg. the".'EﬁTi:'f'a'&; to be p_laéed as the
cathode with a bath.as claimed in any one of Claims 1 to

- 16- and passing an electroplating.current -therethrou‘gh.

16. . A process as claimed in Claim 15 in which the
. plating is carried out_'at 20 to 50°C, with mechanical
agitation, a pH of 7.5.t010.5 -and a current deh_sity of
0.1 to Z.d -a/am?. |

17. A process as claimed in. Claim_ 15 or Claim
18 in which the chromium-like coating. is subjected to a
passivation step by contacting. the'.coati'ng with a 1% .

phosphoric &dcid solution or a 7 g/1 CI:O3 solution.



*,pra{rﬁb is carried out at 20. to 50 C mﬁth_ﬁEEﬁéﬁrta#~agLLgL%gn, a pH of
.7.5 t010.5 and a current. density of 0.1 to 2.0 A'[err]. 17. process
c}‘diﬂmadih Claim15 or Caim18 in which the chiw’f i ting.is @
-subjected to a passivation step by contacting.. W’%ﬁ”’ a 1%
phosphoric acid solution or a 7 g/l [erﬂ.solution.c L 24, . A
process as clained in Caim16 substantially as specifically described '
hereinfgi th reference to any one of Exanples 3, 4.Bor 4.Cto 4.0, or 5.B

or 5.Cor 6.A to 6.HL8r 7.B tho procesk Hs)rcﬁaimed ih Claim 16

o

amples 3, 4.B or 4.C
r Or 5.B or 5.C or 6.2 to

6.H '
59_ 7.H or 8. or 7.B to



