2088479 . 0 1. (C "I MPROVED - ITIO\I
A THOD FOR ELECTRODEPCSI TI ON OF BLACK NI CKEL" A variety of

and~sol uti ons have her et o- fore been used or” ‘proposed for use to dep05|t a
dar k oﬁ'substantlally bl ack” ni'ckel deposit on varisds conductive .
substrates. Such so-called black nickel 5. deposits are particul ar.
suitable for various decora- tive purposes as well as to pronote absorption
of“~f adi ant. energy such as_is'required in such products as.solar heating
systens. Typi cal &EMQRQVED|cmMBESITEONnmumeMEmﬂonkﬂﬁRnt|ng a bl ack
coating or black 1ELECTROREROSIEEONI OFoBLACKAINIQKELIDstrates are those
disclosed in United States Patents 2,679, 457; 2,844,530; 3,127,279,
3,68i,211 and 3, 753,873. A continuing problem associated with such prior

art techniques has abegiride, défngUEE)ésb@ Rt fs@ldbe%ﬂé h?Yet}E?re o-

conposition and process to consistently achi eve substanti
coat i ngs mhlcﬁ°§ﬁehﬁﬂﬂaQﬁﬂdtQFtH§°§9§§ﬁr§P§ uge &° FHeRe tf%rdaﬁﬁroved

corrosion respgt %mté{&m?hbaaekr ﬁ@.@kb‘lV%etdbéﬁ.CQirv'\F&foﬁé ear |acquer
~or other siccative finish co rovenent in an

el ectrol yte cGRpPGURHIFe a*'ffbbﬂ:’éﬁg§§ foﬁut‘i\;‘ers@orﬁaﬂg}eercﬁg%ﬂ-%‘? t?HESKedbl ens and

di sadvept ages depdediti etV pairpitalagly stGhableeEdw rvae.&mhé oaeaesat-l ng
dark ni ckel platln&§ 1S di scl osed

n_British Patent | tloa .
A2057505. 25 HEROIRE AT oL ASobhe BERTEH ALSHRENE SFnar ¢ he
af or enent i onegradianty exhextaxe t sotht espisdreenired innéunhnpyoductheadark

ni ckel depOSiEOEQQ“HHEé§H§e£§s£ems. Typical of such prior art

techniques for depositing a black cocating or black

10. nickel deposit on metallic substrates are those
disclosed in United States Patents 2,679,457; 2,844,530;
3,127,279; 3,681,211 and 3,753,873. :

A continuing problem associated with such prior

art techniques has been the difficulty in controlling

15. the composition and proceés to consistently achieve
substantially black coatings which are adherent to the

substrate, which provide for improved corrosion
resistance, and which are receptive to receiving a
clear lacquer or other siccative finish coating.

20. A recent improvement in an electrolyte composition
and process for overcoming many of the problems and
disadvantages associated with prior art techniques for
electrodepositing dark nickel piatings is disclosed in
British Patent Application No. A2057505.

25. It has been found in some instances, however, that the
aforementioned improved electrolyte produces non-
uniformity in the dark nickel deposit in high current
density areas and rainbow colours and/or skip plafe in
the low current density areas of parts of complex

L



den5|ty areas and rainbow colours and/or skip plate in the low current =
ETpslty areas of parts- of conplex W 7
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I e e . 2. configuration when used in comercial rac '
platln operatlons.,The present invention provides for a still furth
i mprovenent in the art of ‘dark or bl adk nickel plating 5. .of parts~of
coml ex confi guration by provi ding -an el ectrol yte and process which

achi eves .an.increase in the rate of el ectrodeposition over a broad range .of
~current densities, pH, bath concentration and tenpera- ture and is

adapt abl e for use on a variety of different . 10. conductive substrates
~achi eving consistent, substan- tially unjform bl ac i cke sits in | ow
and, internedi afengignERtion mWhen 4%*“(&9@9?5°§?£a§3c hgiggﬁkgnickm

dep05|ts are fua%@ggtgaﬁgacterlsed by their good corrdsion resi stance and

Variety of cl ar I acqer BERERF AONSIE B FATTLIEE FRE B BSAAL ERTERETon a
bath for deDOSIE.m@Qo&eﬁld?ﬂiamlt&ié vart ask dar]ked)robbasktnmakelspliatuimge |
COmr 1 56, o1 04504810 e AL h Al ion BO9bREIGHY a0 10 12
and optioaally ametmrbmyteuﬂnﬁnprdqesﬁ whnhelnt achidevresr anc dngyerisg tip _
Zﬁgt; bg:hlggfhﬁpé gﬁﬁﬁ9%¥(gléétfgdébogitfbﬁao@efOauﬂroahyrghggpﬁ¥53'O”S
o current densities, pH, bath concentration and tempera-
ture and is adaptable for use on a variety of different .
10. conductive substrates achieving consistent, substan-.
- tially uniform black nickel deposits in low and,
intermediate as well as high current denszty areas.
The dark nickel deposits are further characterised by
- their good corrosion resistance and adhesion to the
15. '”metal substrate and by their receptivity to a variety
of clear lacquer finish coats.
According to the present invention a bath for
depositing a substantially black nickel deposit on a
,substrate comprises an aqueous solution having a pH
20. - ranging from 4 up to 12 and. containing 2 to 25 grams
_na:lu:e @yl)nadmﬁ:kms,at]emﬂ:ﬂ)gflandopuwmﬂlytp
to bath solubility of compatible inert conductiVity
salts, at least' 7 g/1 and optionally up to bath
solubility of borate ions, and a bath ‘soluble amine.
- 25. present in an amount to provide a mol ratio. of nickel
' to amine in the solution of from 1:1 to 1:4, the said
bath soluble amine having the formula."_
~ R-nE- [c8,), -], - (cHy, - % - R
N ' Wherein: : _ _
--30." . n, m, and p are integers and n is 2'or 3, mis



25..,  present in an amount to provide a nol ratio.of nickel to amine in

for a: R- NE- (CH2 - NHm (CH2) XR Wherein: 30. n, m- and
p ajé/integers and nis 2 or 3; mis ‘3. 1or 2o0r 3, and pis 2 or 3; X
represents an oxygen atomor an -NH gctoup; and R and R are the sane qr-.
different and represent a hydrogen atomor a -CH2CH = CH2, - CH2CH2CH2!

. the gblution of from1l:1 to 1:4, the said bath soluble am ne having the - ;;

5. -CH CCH OH group. 2, 2 OH Typical of the foreg0|ng am nes are S-)

trlethylene t et ram ne, dlpropylene triam ne and 2-(2-amino ethyl- anino)
et hanol .- 10. The operating bath may further optionally contain
darkeni ng enhanci ng agents conprising al'kali netal. salts of sul phur |
contalnlng coﬂp@undk<$m6h,asndhpotgaaaQ€53 t hi osul phat es, blsulphltes or

. sul phites,  which f%lﬂéer AR T naggggfl 24Bm R2RQUt 3P Aup.l The

bath may optlonally f

control 'ed anounts of mettlng .
agents of the typef cﬁ;’tﬂ/e&t |®¥1§I thechapmeyey ddffexent é&ﬂ:t#m%&ﬂhﬁ sol u-

wenton, (hi SRR (A E N dgenent exg o icu, o5 8t
-CH CHCH OH group. : _
OH '

. Typical of the foregoing amines are triethylene
tetramine, dipropylene triamine and 2 (2-amino ethyl-
hamino) ethanol

10. The operating bath may further optionally contain
' "'darkening enhanCing agents compriSing ‘alkali metal
salts of sulphur containing compounds such as
"thiocyanates, thiosulphates, bisulphites, or sulphites, .
_:which may be present in amounts up to about 25 g/l.
15.  The bath may optionally further contain small -
| controlled amounts of wetting agents of the types
conventionally employed in nickel electroplating solu-

tions.
. In accordance with the method aspects of the
- 20. present invention, the electroplating bath may be

operated at from room. temperature (70°F) (21°C) up to
about 150 F (66°C) over a current denSity range of 2
up to 25 amperes per square foot (ASF) (0. 2 to 2.75
, _ 'amperes per square decimetre (asp)). Plating times’
25. can vary frdm about 1 up to about 10 minutes depending
' ’upon bath composition and process variables.
The novel electroplating bath of the present
invention for depositing so-called black nickel deposits
. comprises an aqueous solution containing as its - _
30. essential constituents a controlled effective amount of

»



operated at fromroomtenperature (70CF) (21Cj up to O 0 about 150 F
'(ﬁi ). over a current density range of 2 up to 25 anperes per square foot
S

F) (0:2 to 2.75 anperes per square decimetre (ASD)). Plating tiges 25.
can vary fromabout 1 up to about 10 m nut es dependi ng upon bath ‘
U

;Conposkbjon and process vari ables. novel electroplating bath he
present I nvention for depositing so- c Pl ed bl ack nickel deposits conprises

queous sol ution containing as its. 30. essential constituents a
controlled ef fective amount of. "4 nickel ions, bath soluble inert .salts

to.increase the conductrvrty of the solution, borate ions and a.bath:
sol ubl e. am ne present in a controll ed anount dependi ng upon the

~concentration gf ﬁ8n5b9£ﬁ5§8iub%¥h?h§Et5salts e ik sd Ahe

concentration can roa fange from a up to about 25 g/I
anount s rangi ng:dndnn'abthGO othgoseluwgign, gPLf f@ns@nd @ bath

concentrat i on Cgc%ﬂl%e : Cﬁﬁ‘? g@@&ﬁ&;ﬁb tnego%&o'ﬂé&l@n%dﬂm péh EONg

instances in th eposit for tends have a grey
appear ance at SiROR Htk@ePoREARERREAPRORS. NEFke) LOBS RRRSTH txyhi

conveni gty i igOACAEe] "iont ESnééh’Erh'&:.bhe a8y Brefadlyt rang@agidme and
sol ubl e nickel salts suoz as ni cke 8 ate,. nickel halide salt ni cke
“sul phonate, or 3PWel2{F(bHBPAER. u§5 g/ghe ?ﬁ frgﬂlphate

in the formof iheubegatohyBoate10ogpli aze @rl_v:ﬁe‘me@.d szotmcmceﬂ"hsatiokel |
of nickel ions above about 25 g/l is undesirable in
_ some instances in that the nickel deposit formed tends .
10. to have a grey appearance at such higher concentrations.

" The nickel ions can be conveniently introduced'into
the bath in the form of bath compatible and soluble
nlckel salts such as nickel sulphate, nickel halide
'salts, nickel sulphonate, or nickel fluoborate. Of

15, the foregoing, nickel sulphate in the form of the hexa-
hydrate comprises a preferred source. The nickel
halide salts can be satlsfactorlly employed when a
nickel anode is employed in the operating bath but are

" not .desirable. when inert anodes such as carbon anodes

20.  are employed due to the evolution of the corresponding
halide gas at the anode. Nickel sulphate provides a’
further advantage when a nickel anode is employed in
that the solutien does not as readily attack the

o surface of the anode. and the build-up of nickel ion’

25. " concentration in the bath is substantially slower

- providing further- simplicity in the control of the

' operating bath. -

‘A second essential constituent of the electro-
*  plating bath is a controlled amount of borate ions
30. which are present in an amount of at least about 7 g/1

{4



- hal

hal i de salts can be satisfactorily enployed when a nickel anode S enployed .

.in the operating bath but are not.desirable when inert anodes such as ;)
car anodes 20. are.enpl oyed due to the evolution of the correésponding

) gas -at the anode. Nickel sul phate provides a further advantaye when  °

. a ni ckel anode is enployed in that t@@ sol ution -does not as readily attack -
the surface of the anode.and the buil"™d-up of nickel ion 25 N

~concentration in the bath is substantially sl'ower providing further o

sinplicity in the control of the operating bath. A second essential :

- constituent of the electro- plating bath is a controlled amount of - borat e

~ions 30. “which are present in an anount of at |east about 7 g/l 5. up

to bath sol ubiljt a f preferred.
The borate ionébcgﬂ %QPng?g&b 3t§aqﬁb}}éég%?ﬁaggyge%ﬁgg% ?Eeegath sol ubl e
al kali netal, aheBh 3 %/anbeamamrﬁe‘-%ér nexkg Reragesions capdbgi xt ures
thereof. O theeigageadnas BoYic %R:':.fh 'éé%&élpoé@ttﬁétﬁéthhgomhﬁfl%rred

material. A further essentlal constituent_of_ the electro- pl atlng bath is
the anine desctbaliiapstal wﬁWEPQQ¥WﬂNﬁﬁﬂ|%ﬁ¥?¥$ﬁﬁs%?ﬁﬁpemﬁﬁath ad&& at i ng
bath. 19, 4 and fﬁiﬁt&eésarﬁheeeolfml t gt a:ﬁé)rfdﬂﬁ@gl oinghebbelib u/eu\%ﬂ R
correspond to e n nu are triet ene tetramne in iC
and R- are H, ?ER%E, &qﬁd%%za %ﬁ %#d%%ﬁ??%ﬁé “triam ne in which
Rand Rl are A further essential constituent of the electro-
_plating'bath'is the amine described above, which is
compatible and soluble in the operatlng bath.
10. ' Typical amines suitable for use in the bath whlch

correspond to the forego;ng formu;a are triethylene
 tetramine in which R and R' are H, X is NH, and n, m |
and p are 2; dipropylene triamine in which R and R' are
H, X is NH, m is 1 and n and p are 3; and 2~(2-amino
15. ethylamino) ethanol in which R and R' are H, X'is 0,
m is 1 and n and p are 2. .
The concentration of the amine is controlled in
" relationship to the quantlty of nickel ions. present in
the bath. . The mol ratio of nickel ions to amine
20. present in the solution can range from 1l:1 up to 1l:4,
preferably 1:1.5 to 1:2.5 with ratios of about 1:2
'being_particularly satisfactory. Mol ratios in excess
of about 1:4 are undesirable since the high concentra-
 tion of amine inhibits deposition of nickel from the
25. bath while ratios below -about 1:1 do not prov1de a
Hsubstantially black nlckel deposit. _
| In addition to the nickel ions, borate ions and
amine,the bath further contains as an essential
 constituent, bath soluble compatible and inert salts to
30. ‘enhance the conductivity of the electrolyte. Such '



H Xis NH mis 1 and n and p are 3; and 2- (2 am no 15. et hyl am no)

&t panol in Which Rand.R :are H, X.is 0, mis 1 and n and p are 2. The
cgoncentration of the amne ts controlled in relatlonshlp to the quantityof-
ni ckel ifons present in the bath. The nol ratio of nickel ions to 20.
presenKﬁyn the solution can range from1:1 up to 1:4, preferanyNZ;§$§ to
1:2.5 wth ratios of about 1:2 being particularly satlsfactory atios
|h~éxcess of about 1:4 are-undesirable since the high concentra- tion of

anmi ne inhibits deposition of nickel fromthe 25.- . 'bath while ratios bel ow
about 1:1 do not provide a substantially black nickel deposit. In addition
to the nickel -ions, borate ions and am ne the bath further contains as an

tial b | 30.
oot he ot Bt SELLL) EyRURELY EoRBRE e Ysad el
6. conduct.wtf@@h@tqgmm@l%@%ragewamaas magaesduny isalehatel hal i des
as vell as OGS WRJHESINGh HANAGRERLELL™M bRk (RrRAadkal kNGt £8 kal

metal” is herein enployed in its sense to inc al i

metal s sodi um Hﬁiﬁ%ﬂn%ﬂﬁ%ﬁﬁp¢|$%|%ﬁ?a@rﬂéﬂlS§§5?h§°a#ﬁ§@uﬂﬁlﬁh¢ Such
conduct isyi ty Selltléam HE 4 1k %&ME%o%QsE{mi anad 14 Rhavellss wif11atad east

10 g/l up to t sol ubi | ] imt thereof with anpunts ranging from 30 10.
up to 50 g/l é’ﬁ‘ﬁg ‘i"éd}@nSodl um sul phate in |

Such conductivity salts or mixtures thereof are
_employed in amounts of at least 10 g/l up to the
solubillty 1limit thereof with amounts ranging from 30
- 10. © up to 50 g/l being preferred. Sodium sulphate in
combination with boric ‘acid affords a partlcularly
satisfactory bath compos;tion.
~ In addition to the foregoing, the bath may further
_ ‘contain as an optional constituent, a darkenlng enhanc-
15.  ing agent which is present in controlled amounts so as
_to further enhance the darkness or black finish of the
deposit; Darkening enhaneing agents suitable for use
are alkali metal salts of sulphur containing compounds
_ - including thiocyanates, thiosulphates, bisulphites, and
20. sulphites, as well as mixtures thereof. When used,
such darkening enhancing agents can be employed in
~amounts up to about 25 g/l-while amounts of 1 to 5 g/1
- are usually preferred. Normally, concentrations of
such darkening enhancing agents above about 25 g/1 are
25. "undesirable due to the degradation products formed by 
the use of such high concentrations which in some
instances impair the uniformity and coverage of the
" black nickel deposit. In addition, no particular
benefits are achieved by employing such agents in
30. amounts greater than 25 g/1 in comparison to that



|
|

conmbi nation with boric acid affords a particularly satisfactory bath

conposition. In addition to the foregoing, the bath may further contain as’ g;

sent .in controlled anpunts so as to further enhance the darkness’or -
ck finish of the deposit- Dar Keni-rg enhanci ng agents suitable for W%%&
~are alkali netal salts of sul phur containing conpounds including-

G?goptional constituent, a darkening enhanc- 15. i ng agent which is-
bl a

. thiocyanates, thjosul phates, bisulphites, and 20. = sulphites, as well as‘ui;
- m xtures thereof. Wen used, such darkeni ng énhanci ng agent's can be
~enployed in amounts .up to about 25 g/l while anounts of 1 to 5 g/l are

usual |y preferred. Normally, concentrations of such darkeni ng enhancing

agents, above ahothainéddvhed’ asibg 1esl§yiesani&hi@s dbgch Oas Nabeadr 8dal/men
products fornmed by the use such /| oncentratlons gﬁlch i'n some
ﬁ&?f a

i nstances inpair thRSufi SHitpenty nF&ESFrBepOS|t
I'n addition, rpl@ﬁiﬁngheh benehntcbzqro&ﬁ&lﬁ/mbbﬂveﬁﬁwunﬁs BifC ents
pis

when usi ng T osohs ShcRFeriaty 53 Har PR W Prif] pospfe ff © "
consti t8ient, ttikreevarious py@eBn@dwuentxnnaltywempbmgedfincnickeannunts of
various types ELRELE BRaRRoBRT ool ¢ e BHEY, Bafhs, o s C
Nor mal | vy, mettamgoagentypefarheemmhmyaﬂt%qm;qncemmmabyeu5|npc&ﬂc@&*nnnlons
up to about 360 mg/1 while amounts of 50 to 100 mg/l are preferred.
_ Typical of suitable wettlng agents that can be employed
10. are sulphates of pPrimary alcohols containing 8 to 18
-carbon atoms such as sodium lauryl sulphate, and
‘sodium lauryl ethoxy sulphates.or sulphonates.
In accordance with the process aspects of the
o present invention, the operating bath temperature can
15. 'range from room temperature,(70°F)-(Zlocy up to 150°Fj
| (66°¢C) with’temperatureetof from 80°F (27QC) to 90°F
(32°C) being particularly preferred-from an energy |
' conservation standpoint. The perticular temperature
. best employed to achieve optimum black nickel deposits
20. will vary depending upon the specific compositlon and _
operating- conditions employed.
The aqueous operating bath is controlled: so as to
have a pH- in the range of 4 up to 12  and a pHE range of
| 6 to 10 is pteferred. Adjustment of the pH can be
25. echieved by employing acids such es-sulphuricﬁecid or
' hydrochloric acid, or employing-beses such as alkali
- metal hydroxides including ammonium hydroxide., _
The electrodeposition of the black nickel deposit
can be carried out using an average current density
30. ranging from as low as about 2 up to about 25 ASF (0.2

L]



200 ng/ | -whil e anount-s of 50 to 100 ng/l are preferred. Typical of suitable.
_w@;tlng agents that can be enpl oyed 10. are sul phates of primary

al cohol s* containing 8 to 18 -carbon atons such as sodium | auryl sul phate,
~and sodifum:l auryl ethoxy sul phates or sul phonates. In.accordance w t he
_ procesigaspects of the present |nventéon t he operating bath tenpeé%ﬁ?}e"

can 15: range fromroomtenperature® (70 F) (210C) .up to 1500P ( wWth
téﬁberatures of from80 F (270C) to 900F (32 C) -being particularly '
preferred froman energy conservation standpoint. The particular
~tenperature best enployed to achi eve optinum bl ack nickel deposits 20. :
w | | vary dependi ng upon the specific conposition and operating conditions -

- enployed.” The agueouss QRATAL | %@.@émﬁycoeaéoe{ﬁéeﬁe aanfsatg»a\ie a pHin
the range of 4 up to 12 and a pH rang of 6 10 is pref erre ﬁﬂjustnent

of the pH can ont¥olled, §p e@%dt%yb%n%*B??ﬂgtﬁél ganggc R £ 2bowt, aci.d

or hydrochlor|@m@@gj15nggynﬂaw5ngobgses asph.as al kali netal hydrOX|des
i ncl udi ng anmoni um hyd rOXI The electrgdg985|t|on of .t black ni ckel

deposit can be carri %5# which op 8r t8nf 55&5 rangi ng
fr0n1asslow/a5ba@aa1 nahqé)i&mmtaQSIéﬁFa$0ab6ut 18minut3'u@,ta»about

of “hbour &'t o 5 Hirieg dhealal 3o 28B4 2kha "oRRe 8B BeP Bt Wbl £ 200
~carried out Camion used, the type of the substrate employed, the type
' | of finish desired and the specific current density
used. Normally, plating times ranging from about 2 to
10.  about 3 minutes are satisfactory. '
_ The electrodeposition of the black nickel coating
‘can be'satisfactorily achieved on conductive metal
substrates,-including-nickel, copper, brass, electro-
| deposited zinc, and cadmium. In order to achieve a
15.. lustrous bright, Substantially black nickel deposit, it
| is preferred that the substrate be in a bright condition
either by depositing a bright electrodeposit on the
- surface or by mechanical means such as buffing, As the
‘substrate becomes less bright, then the resultant
20. nickel deposit tends progressively to become greyer.
, " The invention may be put into practice in various
ways and a number of specific embodiments will be
described +to illustrate the invention with reference
- to the accompanying examples._ S
25. - . ' EXAMPLE 1A
_ An electroplating solution was prepared consisting
of 17 g/1 of nickel sulphate*hexahydrate‘(NiSO4.6H20),
14 g/1 of 2(2-aminoethylamino) ethanol, 5 g/l sodium
thiocyanate (NaCNS),“37.5'g/l-ofjsodium sulphate
30. "-(Na2804),_and'0.2_g/l of an anionic wetting agent. The




broadly range fromas | ow as about 1 n1nute up to about 10 minutes

perdi ng ‘'upon the particul ar bath conposi- tion used, the type of. the

Ibstrate enpl
density .used.
3 minutes are

oyed, the type of- finish desired and t he specific curreht'
Normal ly, plating tines ranging fromabout 2 to 10. about_

satisfactory. The el ectgr,odeposition of the black nickel

coating can be satisfactorily achieved on.conductive- met al substrat es, -
‘including nickel, copper, brass, electro- deposited zinc, and cadmium. In e
order to-achieve a 15. | ust r ous bri ght, substantlally bl 'ack ni ckel

deposit, it is preferred that the substrate be in a bright condition ei t her
a bright. el ectrodeposit on the surface or by nmechani cal means
~such as buffingH wés adgusubdtltmtes beiddnesulpverie i gbid KHQSOEhe rdsul t ant

by depositing

20. ni ckel

may. be put |nt%gg€ %C% %r&%&%%%i ‘@%XEh qﬁfaﬁﬁugéﬁ gIﬁﬁbaﬂﬁentlon

-

enbodi nent s mﬁfixberdssoflbempmsxIshﬁgezﬂastimm¢rﬁe@tioh0wkhﬁ S@ﬂ@rence to -

t he acconpanyi

el ectropl ating’s
sul phat%. hexahg@da?é FN|(8

-5 g/l sodiumt
. (Na2s®™4), and
adjusted to 6

10.

15.

| BE (1A
QE 5 at%% efﬁgr ezd té)on:?sllglfrf%tes a %@of (I’ll cke

an ani-oni ¢ wetting_agent. pH was
n}eﬁe§ubﬁﬁuna@;g§(§q|m§§ggl sfactory rainbow appearance

in the low current density deep recess areas.
EXAMPLE 1B

In an'effort to overcome the_problem of.ExampleIIA,'

that example was repeated butthe average current

density of the electroplating operation was increased'tO'

15 ASF (1.65 ASD) and a second rack of the same work=
pieces was plated. This.time,-an improvement of the

deposit in the low current density areas was obtained

"but a dull grey cloudiness was present in the deposit
~ on the ‘high. current density areas.

20.

25.

30,

_ EXAMPLE 2A. _

An electroplatlng solution was prepared as in
Example 1A but with the addition of 22.5 g/1 of boric
acid. A work rack containlng the same workpieces as in
Example 1A was immersed in the solution and plated for
2 to 3 minutes at 10 ASF (1.1 ASD) and 75°F (24°C).

The deposit was uniformly black with good adhesion over
the entire surface lncluding the low current density

deep recess areas. B
EXAMPLE ZB

A second work rack of fresh workpieces was plated
in_the solution of Example 2A under the same_conditions

used therein but at an average current density_of

c)eHzc;)he ﬁenysxt)fwaﬁ 2saﬁ4ﬁ éFﬁ?FHnPﬁo)th@t hanol .
igigﬁygﬁat gn@@%a@ c‘%ﬂ‘én@fdéﬂgww ayéaaabs %ae work-



snape "Wwas i mmersed. into the solu- tion and plated for 2 to 3 minutes at 10
WASF (1.1 ASD) 5. and 750F (240C). The deposit was satisfactory on the
high and internediate current density areas. of the work- pieces but- was of
an unsat¥sfactory ralnbOM/appearance in the Tow current density deep recess:
ar eas. MPLE 1B 10. ~In an efPort to overcone the pr obl em of :

hpl e LA, that exanple was repeated butthe average current density of the
el.ectropl ating operation was increased:to 15 ASP (1.65 ASD) and a second
rack of the sane work- pieces was plated. This tinme, an inprovenent of the
15. deposit in the low current density areas was obtai ned but a dul

grey cloudi nes r h._current_density
rens. EXAVPLE PATSE of EeE3 AFRI f ngABBRhYi SAS.SRSATa AP A8 FOShLY

Exarrpl e 1A but bdack tmbi:ladmodoadbeSMnSagﬂl gobd drliackacalour imeku+ ack
containing the e imersed inthe

sol ution and pléa?{e%eflﬂ k*gi‘?% gu‘?n’?ﬁi& g?lti'o%ﬁl 1 ASD) and 750F (24C).
The deposit was un|f?h@ﬂvsﬁlgﬁkthﬁth°g§§s é@nésﬁ@@-@mmdqg;1Vitxfﬁak¢slre
surface g ncl udigosd %hm&%:tse&:éaa&gkxt ‘3ﬁp e soI oL |Won L

second work rack of Tresh workpieces ate
2A under the sé’rﬂePQ%‘éﬁH-%n%e%% timeubéﬁaﬂﬁér @lfntl?@t iﬁt"’sﬁ?%rﬁ@@‘%ﬂ‘ient |

‘density of  power of the bath and its improved platlng
' ' characteristics.

wor k., rack.carrying a pl ural i ty of househol d pl unbi ng fixtures of conpl ex
o0



10..15 ASF (1.65 ASD). Again, the deposit was uniform
hesi on and good bl ack col our inclu- ding the high cur
e use of the borate ions and conductivity s

y bl'ack with good
rent density areas.
alrso permgts’

el ectrodeposi tion of uniform black nickel deposit beCausé
of -the increased throw ng power of thg bath an \‘ {Mﬁw‘m ting ~gs

CLAIMS 1. A &J
bath for el ectrodepositing a bl ack. nlckel dep05|t on a substrate °

conpri sing an aqueous sol ution havipgaé¥gfiof 4 to 12 and containing 2 to

characteristics. 11 1111111 | u

25 g/l of nickel ions, .at least 7 ¢
bath sol ubl e and conpatible inert conducti--vity salts-
am ne present in. an anmount to provide a nol_ratio of ni

solution of 1:1 to 14, %h€a§§|é°§nﬁ%€qﬁ584i?qqﬁ$#4ﬁrﬁl

and R “are”t ho RS, 2 T BECR: Sand Y RLEERCITYH horo s Baer BE CrocH

borate ions, at least 10 g/l of

and a bath sol ubl e

v

Y

RO EAT L

NHM( C2) pXRI Whedééé’siﬂ of) andubsékatienlcosdrd Attt nan Saguesus, solugidénor 2

= CHZ, CH2CH2GH&§Q§1Oions, at least 7 g/l of borate ions, at least
-_10 g/l of bath soluble and compatible inert conducti-

vity salts and a bath soluble ‘amine present in an -

amount to provide a mol ratio of nickel

tO am:Lne in

the solution of 1:1 to 1:4, the said amine having the-

-formula- _
- - - -X=R!
R - NH Ecnz)n Nﬁ]m (CH, ) p=X-R
where;n-
n, m and p are integers and n is 2
or 2 or 3, and p is 2 or 3;

or 3, m. is 1

X represents an oxygen atom or an -NH group; and

R and R' are the same or different

‘and represent

a hydrogen atom or a -CH,CH = CH,, cazcazcnzso3 or -

~CH.,CHCH.,OH group.
2752

. OH

2. A bath as claimed in Claim 1 in which the
said nickel ions are present in an amount of 6 to

10 g/1.

3. A bath as claimed in Claim 10

r Claim 2 in

_ which the said amine is present to. provide a mol ratio

of nickel to amine of 1:1.5 to 1:2.5..

4. A bath as claimed in Claim 3 in which the
said amine is present to provide a mole ratio of

nickel to amine of about 1:2.



*—CHZ CHCH2OH group. GH 2. A-bath as claimed in daim1l in which the said g
Qkaeleons_are present in an amunt of 6 to 10 g/I. 3. A bath as clained ‘i@
Jn Cdaiml or Aaim2 in which the said am ne provi de a nol .

. |

ratio. of nickel to amne of 1:1.5to 1:2.5. 4 i ajnmed. in Claim3
in V\Ihl),.grh/,t he said.am ne.is present taq Jrovi de”mmmmﬂ’ I ’ni ckel to- .
am ne of about 1: 2. 12, *mEll ®llc ] h as cl ai ned

i b~any one of Clainms 1 to 4 in which the said borate ions are present in ‘an
anount of 7 g/1 up to-their 'solubility [imt in the bath. 6. A bath as
claimed in aim5 in which the said borate ions are present in an anount
of 15 to 30 g/l. 7. A bath as clainmed in any one of Clains 1 to 6 in which

t he .sai d conducti vi I ar e p N, ] L W[ heir.

ol b 11ty 11mt | noene et ad’ Aiilhed TufladPrule, 82 fladig #hebra 10 |
- sai d conduct i viihywhdlchs thee sadst darate aionsare presentolpoag smoynt A

bat h as clalnegflg ggglﬁﬁisgﬂégéﬂfnggiﬁgiﬁiﬁfpﬁg%gg-iﬁetﬁgigagggductivity

- salts conprise~an al or ammoni um s an al kali netal or

" 6. A bath as claimed in Claim 5 in which the
said borate ions are present in an amount of 15 to
30 g/1.

7. a bath as claiméd in any one of Claims 1 to 6
in which the said conductivity salts are present in an
amount of 10 g/1 up to their solubility limit in the
bath.

8. A bath as claimed in Claim 7 in which the said
conductivity salts are present in an amount of 30 to
50 g/1. ‘ '

9. A bath as claimed in any one of Claims 1 to 8
in which the said conductivity salts comprise an
alkali metal or ammonium sulphate, an alkali metal or

~ ammonium halide, magnesium sulphate, oY a magnesium
halide or mixtures thereof.
10. A bath as claimed in any one of Claims 1.to 9
" in which the said borate ions are présent in an amount
of 15 to 30 g/1 and the said.cohductivityfsalts-are'
present in an amount of 30 to 50 g/l.

il. A bath as claimed in any:one of Claims'l'té 10
in which the said'botate ions‘ére'present as boric acid -



-t of . 10 A bath as claimed in any one of Clains 1.to 9 in which the o
{' sald borate ions are present in an amount of 15 to 30 g/l and the said-

conduct|V|ty salts are present in an amunt—ef—36—to507g/t. I1l. A’ bath as K

clainmed in any one of dains-1to. 1013n whi ¢ i ons are _
present as boric acid 13, 1- 111. ’—llmmuﬁﬂ“mﬂﬂ““mln an. am) t L
of 15 to 30 g/l and the said conductivity salteé Gongi s® of of inclu o
sodi um sul phate in an anount of 30 to 50 g/l. 12. A bath as clalned in any
one of Clains 1 to 11 further |nclud|ng as a darkeni ng enhanci ng agent an

al kali netal .sul phur conpound conprising a thiocyanate, a thiosul phate, a -

bi sul phite, orira fUldMudde-OF {5XEYr 86 Gher aall tReC:ING idbrRfu By UP to L
25 g/l. 13. A bath as claimed in Caim.12 in which _the said:- darkenlng

enhanci ng agef@}ts ;ﬁQﬁﬁ&ﬁtl%gaﬂraﬁﬁﬁﬁPdﬁfSQd%HmBS@mPhQFF im 3kt h as

clainmed i.n anﬁmauhgﬁofjgnrmeSQOgﬂﬁ further including up to 200 ng/l of a
~bath conpatible wetting agent. 15.. A bath as claimed in daim14 in which
‘the said wetting agent conprises an anionic wetting agent and is present in
| an armount of 50 to D0 ry/batHbas Alasmbdainchaymete mfarglaimes of €dairs 1
to 15

aagggiunmhalide magnesi um sul phat e, or a magnesi um halide or m xtures

further including as a darkening enhancing agent_an
alkali metal sulphur compoundhcomprising a thiocyanate,
a thiosulphate, a bisulphite, or a sulphité,-Cr
mixtures thereof, présent in an amount up to

25 g/1l.

13. A bath as claimed in Claim 12 in whiéh the
said darkening enhancing agent is present in an amount
of 1 to 5 g/l.

_ 14. A bath as claimed in any one 6f'Claims 1 to 13
| _further including up to 200 mg/l of a bath
compatible wetting agent.

15. A bath as claiméd in Claim 14 in which the
said wetting agent comprises an anionic wetting agent
and is present'in an amount of 50 to 100 mg/1.

16._ A bath’ as claimed in any one “of Claims 1 to 15
“in Whlch the said amine comprlses triethylene tetramlne,
dipropylene triamine, 2- (Z-amlno ethylamlno) ethanol, -
or a mlxture thereof. '

17. A bathras'claimed'in_C1aim 1 subsﬁantially as 
specifically described herein with reference tQ
Example 2A. ' |




Sin vhich-the said am ne conprises triethyl ene tetramne, dipropylene @
tr;aTn ne, Z-(2-am.no et hyl am no) ethanol,. a mxture thereof. 17. A ba '

as ctairrred in Caim1 substantially as speC|—f—|—eacH—y—desc;u_becL_here|n with .
Teference to Exampl e 2A. 14. I 1111111 H 1l 18. A .-
met hod. f/o el ectrodepositing a substan- tiall D Miwm osit on a-
substr&fe whi ch caonprises the steps oft4el éctr at a
ch#frent density of 2 to 25 ASF (0.2 to 2.75 ASD) for a perlod of tinme
sufficient to deposit the desired thick- ness of deposit froma plating

bath ‘as claimed in any one of Clains 1 to 17 at a tenperature of fromroom
o0* O tenperature up to 150F(66 C) 19. A nethod as clained in Cdaim18

substantially as spegjficall crj bed .her.ei W|th referenc Exarrple 2A
or 2B. 20. An artlcfé E‘éEP‘ évé?r’d&&e\ﬁ Rt ?l%“lﬁ? ?ﬂ’ack '
ni ckel deposit tjyablyebbadkanickeilnéeposid® a:rmalasuhssﬁaﬂ:en \&lﬂlch
- The text of t r g.the
applijants o?l ng‘gmﬁgbgg%r §% gtﬁgg ?e%gﬁc o Ltf %’%’?[&%%&g%agh are
difficult to reecdrrefihedensgityalft ?p&schSptASER)_otM itp ted® ASRhdfents ay
be Luspeot ed anpépfoarep 285e0buled HUR e ddgifsit the desired thick-
ness of deposit :Erom a plating bath as claimed in any
one of Claims 1 to 17 at a temperature of from room
temperature up to.1_5_0°F (66°c).

~19. A method as claimed in Claim 18 substantially -
as specifically described herein with reference to '
Example 2A or 2B.

20. An article whenever provided with a substan- )
tially black nickel _deposit by a method as claimed in |
Claim 18 or Claim 19. | '

The text of the specifioe.tion has been reproduood by photocopying the applicants original
typescript. It may contain a few amendments which are difficult to read. The original
typoao:ipt containing these anendmonts may be inspected on the pron:i.soo of the Patemnt Office



