' 2057505 COMPOSI TI ON AND ‘METHOD FOR ELECTRO- DEPOSI TI ON OF BLACK NI CKEL The

present invention relates to solutions and processes using the solutions -.
for plating black nickel deposits. A variety of processes and’s
$5750

“have hereto- 5. fore been used or proposed for use to deposit

ally black nickel deposit op, various conductive substrates. Suchﬁh
bl ack nickel deposits are particularly suitable for wvarious

pur poses as well as to pronote absorption. 10. of radi ant
energy ~such as in solar heating systens. Typical of such prior art

techni ques for depositing a black coating or black nickel deposit on
metallic substrates are those disclosed in United States Patents 2,679, 475;
2,844,530; 3,127, 278oMBoS8kIONL 2ND MEPHED SFER3EBEETRY-LONt | NUi ng problem
aSSOCIated with sucﬂ—pTTUT‘ETr'rEtﬁﬁquES‘has—bEEn‘rhﬁ“d|ff|culty in
controlling the bath co y i MaCAsisi stent |y achi eve
substantial ly black coatings- mhlch are 20 adherent to the substrate,

whi ch provi de faor nProved corrosion resjstance, and which are receptive
to receiving a TheaPTeseRtednFendtinh kelakesyvEor SRIAFIQnRS i #E The

probl ems PibdlE Sy 235 2HES +ASS W 1Aiterbns t Fo2SplathReWbIMderndekeliechni ques
are reduc%%<or overconme I n accordance with the conposition and net hod of ~
t he prese ¥%1on. The bath conposition can be 2.

A variety of processes and solutions have hereto-

5. fore been used or proposed for use to deposit a dark
or substantially black nickel deposit on various
conductive substrates. Such so-called black nickel
deposits are particularly suitable for various
decorative purposes as well as to promote absorptlon

10. of radiant energy such-gs in solar heating systems.
Typical of such prior art techniques for depositing a
black coating or black nickel deposit on metallic
substrates are those disclosed in United States
Patents 2,679,475; 2,844,530; 3,127,279; 3,681,211

15. and 3,753,873.

A continuing problem associated with such prior
art techniqués has been the difficulty in contrqlling
the bath composition and process to consistently
achieve substantially black coatings which are

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

The problems and disadvantages associated with

25, known prior art techniques are reduced or overcome - o
in accordance with the composition and method of the
present invention. The bath composition can be



oper ated” over a broad range of pH, concentration, current density.and
femperature, and.is capable of being used.on a variety of different

condugtive substrates to produce consistently substantially 5. uni form __

and_adher ent substantial ly black nickel deposits which provide inpraved
corsrosion resistance and are also receptide to a variety of clear Aacyuer
fi Nhsh coats. According to the present invention a plating bath éf for
plating black nickel deposits conprises an aqueous sol ution havi pH
ranging from4 up to 12 and con- taining as its essential constituents, 2
to 25 granms per litre (g/l.) of nickel ions in conbination with a bath

sol uble am ne present in an anount to provide a 15. nol ratio of nickel
to amne in the solution of from1:1 to 1:4. Suitable bath sol ubl e am nes

g; 930fmt|h§ flor %é’ra£§&r]>v39| a"“B‘%ro%d‘ rdh é“@:@dpﬁ AEBnktBhegRId N is 2

group; and 25. currentpﬁgnglpy éﬂ@1ﬂﬁ92§§ﬁ¢%ﬁedlﬁﬁéréﬁtcéﬁﬁhﬂéb ent a

hydrogen atom<%efh§eﬁébd06n[ﬁrﬁhﬁ¥é¥¥)of d1Bfert¥RtCabnAuciis d or egoi ng
am nes are triethylene tetram ne, dipropylene triamne and 2-(2-am no

et pyl ami no) . et ERRSETFheSosEr PEORAIPHELS FeR EhEr SBpstansial lson-

5. uniform and adherent substantially black nickel
deposits which provide improved corrosion resistance
and are also receptive to a variety of clear lacquer
finish coats.

According to the present invention a plating bath

10. for plating black nickel deposits comprises an agueous
solution having a pH ranging from'4'up to 12 and con-
taining as its essential constituents, 2 to 25 grams
per litre (g/l) of nickel ions in combination with a
bath soluble amine present in an amount to provide a

15. mol ratio of nickel to amine in the solution of from -
1:1 to 1:4. Suitable bath soluble amines are of the
formula:

R - N8 - [(cH,) - wmE] - (CHy , - X = R

20,
' wherein: _
n, m and p are integers and n_is 2o0or 3, mis 1,
2 or 3, and p is 2 or 3;-
X represents an oxygen atom or an NH group; and
= 25. R and R' are the same or different and represent

a hydrogen atom or a -CH2CH3= CH.,, ~CH.CH.CH SO3 or

2" 2772772
-CHZ?HCHZOH group.

OH

]

or 3; X re resenfs an oxygen aton1or an NH



5. tain darkening enhancing agents conprising alkali nmetal salts af

StNphur, contai ni ng conpounds such as t hi ocyanat es, thlosulphates .
h uphltes or sul phites, which nmay be present in anmobunts up’to about 25
0 Optionally the bath may further contain bath 10. sol'ubl g i'nert sal

to |ncrease the conductivity thereoB~as well as small controlled anDunts o
wetting agents of the types conventionally enployed in nickel
el ectropl ating solutions. In accordance with the nethod of the present 15

nvention, the eheglicant aif nen0atbraBYiRg SRRKALGLAL {1 OGLEQIIpLOTPEr al ur e

err](21C) up,to 3 err] [err] oVer current sity nge of 2 up“to
'25 aLéeres B%Fr§ﬁ%ﬁﬁb f pr#gne toiaping EnﬂSQﬂﬁ%ﬂﬁﬁﬂm@r squar e -
decinmetre (&&Rylalidd)nGtnaksican vary from1l up to 20. - 10 minutes
dependi ng upon bagh conposi tion and process variables. The novel

el ectropl ating baPf GPSIREINSSRAEN| RIENELSHD ﬁﬁ’QBﬁiBﬂ41h§ gencal | ed bl ack --

ni cked. deposain GaHkdrbiafy HnRANEOHS S§bHESORERHIHIHP G ASalls essen- 25. _
tial constitu hs a onaggl%%f effective anount of nickel ions in
conblnatloﬁmﬁﬁF aﬂ&?ﬁ RRUE; Genprigdng comp § oF¥€ afount
dependi ng ubnﬂobyan@miaspetﬁi@éubp?afzeﬁlzcb@bullmﬁ%sgﬁgﬁ The ni CL«;' ion
- concentration be in.the ran rom up to W *
. amounts in ?H%nﬁéﬁﬁgﬂﬂWﬁﬁé@tTﬁggbﬁlprﬁﬁFgﬁ &PeﬁaqqﬂFs/P%dEgeﬁpPHFlon of”
ni ckel |onsZibgyé.ab@mtionéEﬂg/thesbaﬁﬁemayaEh&ﬂhbﬁxﬁﬁntﬁﬁﬁaB&ﬁﬁ becausean
t he kel r med have a p suc ‘
COHCQ% rat|%§¥8ﬁ4h J%lgﬁ%l $%ﬂ§ %éylﬁngﬁFgo- 5%53*H$56Y5%Ybath in the
form of batbhevepdt as avell as small controlled amounts of wetting
agents of the types conventionally employed in nickel
electroplating solutions.

In accordance with the method of the present
15. invention, the electroplating bath may be operated at :
from room temperature (70°F)(21°C) up to about 150°F é
(66°C) over‘a'current density. range of 2 up to 25 amperes |
per square foot (ASF). (0.22 to 2.75 amperes per square
decimetre (ASD)). Plating times can vary from 1 up to
20. " 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 essen-
25. tial constituents a controlled effective amount of
' nickel ions in combination with a bath soluble amine
present in a controlled amount dépending upon the con-
centration of nickel ions present. The nickel ion _
concentration may be in the range from 2 g/l up to 25
30. .g/l1 with amounts in the range from 6 to 10 g/l being S
preferred. A concentration of nickel ions above about



*sal't§,. nickel sul phonate, or nickel fluoborate. O the foregoing, ni
sulppgte in the formof the hexahydrate is preferred. The nickel hali
saLLs £an be satlsfactorlly enpl oyed when a ni ckel 10. anode is enployed
i The operating bath but are not desiraple when inert anodes such as
caigtn anodes ar e enpl oyed due to the evolution of the correspondi ng halide
gas at the anode. Nickel sul phate provides a further advantage when

a. ni ckel anode is enployed in 15. that the solution does not as readily
attack the surface of the anode and the build-up of nickel ion
concentration in the bath is substantially slower providing further
sinplicity in the control of the operating bath. 20. The second

essential conskgt t sQf I 94 his

conpati ble andﬁgogzgl (Ja'gl n esg'oxggeﬁr% |Jr'113 g&{nﬁ %ttﬁa ﬁ%féﬁ&% V\@hg

[err] wherein: nhekeladeposdrte fonmedrsendd nolbazeo@ Yrey jappeapanee3, and
is 2 or e e to rgﬂ% - R

gnd R are thzééaﬁgegreﬁéﬁferent ana n?géeﬁgcyélg ngﬂgg%% %?%ﬁ?or a

[err] or [errfugedugntpydiheabagh nbe thet dora P§rh§#h|qom9ﬁ¢tk&% whi ch 5.

correspogd to & tha 68 EB&%@@%J&&'&R@ Lugh! Byl anexeal ALy, whi ch R

and R are H, n, m and are 2, i propyl ene triam ne i-n which
R;and R nickel hallde salts,. nlckel sulphonate, or nickel

5. . anrd sol ubl e nickel salts such as nickel sul phate, nickel halid?géé _
i

fluoborate. Of the foregoing, nickel sulphate in the
form of the hexahydrate is preferred. The nickel halide
salts can be satisfactorily employed when a nickel

10. anode is employed in the operating bath but are not
desirable when inert anodes such as carbon anodes are
employed due to the evolution of the corresponding
halide gas at the anode. Nickel sulphate provides a
further advantage when a. nlckel anode is employed in

15. that the solution does not as readily attack the

- surface of the anode and the build-up of nickel ion

concentration in the bath is substantially slower
providing further simplicity in the control of the-
operating bath.

20. The second essential constituent of the electro-
plating bath is an'amine which is compatible and
soluble in the operating bath and has the formula: -

R - NH-[(CH,) -NH] -(CH,) pX-R'

wherein:
= . ' . n, m and'p are integers and n is 2 or 3, m is 1,
" 2o0r 3, and p is 2 or 3; '
X represents an oxygen atom or an NH group; and
. 30. R and R' are the same or different and represent



are H Xis NH mis 1 and n and p are 3; and 2-(2-am no ethylam no) %>
ethanol in which Rand R are 10. H Xis O, mis 1 and n and p are 2. -+~
The \encentration of the amne is controlled in relationship to the

wr/I'ty "of nickel ions present in the bath. The nol ratio of nickel ionSi)_
t o~damife present in the solution is isp the range from1l:1 up 15. to 1:4,~
preferably 1:1.5 to 1:2.5 with ratios of about 1:2 being particularly N
satisfactory. Mol ratios in excess of about 1:4 are undesirable since the
hi gh concentrati on of am ne inhibits deposition of nickel fromthe bath
while ratios bel ow about 1:1 do not 20. provi de a substantially bl ack
ni-ckel deposit. In addition to the nickel ions and am ne as essential bath -
constituents, the bath nmay further con- tain as an optional constituent, :
bat h sol ubl_e s apd ine ts enh e~i;he..canductjvity of
25. the & é—lg{ar% %.Qi:%cﬁgcénduc I%\%fl ty és}gzt s tae;%)E%gBﬁ?Z%@mp%ﬁlse al kal i
nmet al sul pka GHCH igeeups wel | as nagnesi um sul phate and magnesi um
hal i de salts. tefm"alkali netal"” is enployed in its broad sense to
i nclude the al kalm metals sodium potassium 30. and lithiumas well as
anmoni um 6. Wreicabnaminesi spitakle domiwseris ther bafthcamiwh enpl oyed
“in a unts%gﬁ | ppil i it t | r ing from 30%
up tgPBO g %ﬁ%ﬁféﬁgﬁgr#§3_5§¥édd§ﬂg é€¥§¥#%m%%goggggggﬁlggﬁgtituent of
t he bat h chehnamine iarwbhchgReandnd 'nareydhi X¥hishNHs pndsent nin

control | ed 3PP 0z AS EQPEBbw%hee%%ﬁgein which R and R'

are H, X is NH, m is 1 and n and p are 3; and

2= (2-amino ethylamino) ethanol in which R and R' are
10. H, X is O, m is 1 and n and p are 2.
The concentration of the amine is controlled in
relationship to the quantity of nickel ions present
in the bath. The mol ratio of nickel ions to amine
present in the solution is in the range from 1l:1 up
15. | to 1:4, preferably 1:1.5 to 1l:2.5 with ratios of about
1:2 being particularly satisfactory. Mol ratios in
excess of about 1l:4 are undesirable since the high
concentration of amine inhibits deposition of nickel
from the bath while ratios below about 1l:1 do not
20, provide a substantially black nickel deposit.
In addition to the nickel ions and amine as
essential bath constituents, the bath may further con-
tain as an optional constituent, bath soluble compat-
ible and inert salts to enhance the conductivity of
25, the electrolyte. Such conductivity salts typically . .
comprise alkali metal sulphates and halides as well
as magnesium sulphate and magnesium halide salts. .
The term "alkali metal" is employed in its broad
sense to include the alkali metals sodium, potassiu@,
30. and lithiqm as well as ammonium.



darkness,or black finish of the deposit. Darkening enhancing agents
Ssuitable for use are alkali netal 10. salts of sul phur containing
conpounds i ncluding thio- cyanates, thiosul phates, bisulphites, and

suLBthes, as wel | "as mixtures thereof. Wen used, such darkening en ﬁg;
agents can be enpl oyed in anounts up tosabout 25 g/l while anobunts o 0.
N

5 §F are usually pre-..15. ferred. Normally, concentrations of su
dar keni ng enhanci ng agents above about 25 g/l are undesirable due to the

degradati on products fornmed by the use of such high concentrations which in

sone instances inpair the uniformty and coverage of the black nickel
deposi.t. 20. In addition, no particular benefits are achi eved by

enpl oying such agents in anpbunts greater than 25 g/l in conparison to that
obt ai ned when using | esser anounts such as about 5 g/l. As a further
optional ctonstituentSugmecendectdvity salfisnpdguiatRreanthaEsrfocae an

effective amuns ngiiy88ei A afoktis®ip do DiKd SOTBBLLDLY Bekiiicng agent s

of the various type ventionally enplfoyed i n nickel plating sqlutions.
Nor mal |y, wettitiipzRpht¥ith ameun§SoFEaRE HAM 3P| BRe8Oi ACcGddent rat i ons
up to 30. abyy; P P@ELrylll e amounts of 50 to 100 ny/l are 7.
preferred. Typical exXanples of suitabl e wetting agent be enpl oyed

. tgm ca
‘are sul pRates of prikeFYrEnesnePsionflaiGanRFHEy ESogaF gnb such as

‘sadi um lauryl  dmahed e s 28038 eRenAngd WnHarf 110y Yageth Rheheehoh sSredant
phonates. In accordance wth the nethod of the Present in%Entioqﬂlthe
‘operating bath ¥R ¥} LeEaAMPRRES SO as to further emhance the

darkness or black finish of the deposit. Darkening
enhancing agents suitable for use are alkali metal

10. salts of sulphur containing compounds including thio-
cyanates, thiosulphates, bisulphites, and sulphites,
as well as mixtures thereof. When used, such da;kening
enhancing"agents'can be employed in amounts. up to'about
25 g/1 while amounts of 1 to 5 g/l are usually pre-

15. ferred. Normally, concentrations of such darkening

| ' ehhancing agents above about 25 g/l1 are 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.

20, In addiﬁion, no particular benefits are achieved by
employing such agents in amounts greater than 25 g/1 in
§comparison to that obtained when using lesser amounts
such as about 5 g/l. |

As a further optional constituent, the electro-

s - 25. piating bath can incorporate-an effective amount of
any one of a variety of bath compatible wetting agents
of the various.types conventionally employed in nickel
plating solutions. Normally, wetting agents of the
anionic type are employed in concentrations up to

30. about 200 mg/l while amounts of 50 to 100 mg/l are



fron1roon1tenperature (70 F)(21 C) up to about 150 F [err] with i

tepperatures of from[err] to [err] 10. to 32 C) being particularly e
priefferred from an energy conservation standpoint.. The parplcular o
temeYRure enployed will vary to achiVeve OptlﬁUﬂ]b|aCk ni ckel deposits _y

de'peg upon the specific conposition and operating conditions 15.
enpl oyed. The aqueous operating bath is controlled to have a pHin the ~—r
range of 4 up to 12 while a pHrange of 6 to 10 is preferred. Adjustnent of
the pH can be achi eved by enpl oyi ng aci ds such as sul phuric acid 20. or
_hydr ochl or i Breegres. rﬁ%nm exampiesyof suitableweteingl agentsxi dé or
ammoni um hyghaki 6an BRe My uloape! budphaleld o OldicindiFkalcdrpagl t can

be achi eved u5|ng an avera e current density ranging from2 up to_25 ASF.
(0.22 up toconk3indpg 5=° 18 mparhenpalomsh sualy %tsmm}a}lé'yéontrol | ed

within a raggepphta,! ankb AR PRutk911e8hoAFDsuibiatly 3t 08uet the

pl ati ng process can range from1l up to 10 m nutes dependi ng upon the
part3cul ar BAPR2EBAposition used, the type of the substrate 30.

enpl oyed, the typg a&édﬂa&ibé%iwdtﬁadmb%oao% fitfe yFagEhLdensi ty used.

Nor mal Iy, pl at|n tlnes ran from m nutes are satisfactory. 8._
. The bl ack nH}Y@? L9t @%a&%’%ﬂsﬁ?&g SETRGTAIYTS £t BRNGBbst rat es,
Ingl udlt ng nﬁﬁbﬁ ro@ﬁpﬂ.@mpéh‘?ﬁreekﬂ‘o F@dQﬂf@)tﬁii:Z&:ﬂ(ab@@d :adf?ml:ml In
order to ac ™ tr,ous bri nt i ac, oi.cke u
deposi t, #g §P (??Wﬁﬁ ?ﬁkf%ﬁ ? ?a ¥d% L3%0% (27% ‘

10. to 32 C) being particularly preferred from an energy
conservation standpoint. .
The particular temperature employed will vary to
achieve optimum black nickel deposits depending upon
the specific composition and operating conditions
15. 'employed.

The agueous operating bath is controlled to have
a pH in the range of 4 up to 12 while a pH range of
6 to 10 is preferred. Adjustment of the pH can be
achieved by employing acids such as sulphuric acid

20. or hydrochloric acid, or employing a base such as an
alkali metal hydroxide or ammonium hydroxide.

The electrodeposition of the black nickel deposit
can be achieved using an averade current density
ranging from 2 up to 25 ASF. (0.22 up to 2.75 ASD).

25. Preferably, the current density is contrdlled within
a range of 5 to 15 ASF (0.55 to 1.65 ASD).

_ The duration of .the plating process can rangé

" from 1 up to 10 minutes depending upon the particular
bath composition used, the type of the substrate

30. = employed, the type of finish desired and the specific

" current density used. Normally, plating times ranging

from 2 to 3 minutes are éatisfactory.



be in a-bri-ght condition either by depositing a bright electrodepositison
t he-surface or by nmechani cal nmeans such as buffing. The |l ess bri g +:He

substrate the greyer i:s the resultant nickel deposit likely to 10 pe,. *.
The invention may be put into practice in various ways and a nunber of N
sp%ELfic enbodi ments will be described to illustrate the invention with ™
refer’ence to the acconpanyi ng exanpl es. 15. - .  EXAMPLE

1 An electroplating solution is madeBup consisting of 26 g/l [err] and 26
g/l of triethylene tetramne. The pH of the solution is adjusted to 12 with
sodi um hydroxi de. A freshly prepared bright 20. ni ckel plated work piece
Is i'mmersed into the soluy-_ tion and connected to the cathode pgle of a
power source. CarbonTh&Plak Rhfeelcgopsinge Catodke HarCHItedeBover

source to conpl ebadidea iGid Gbtal TEebs¥RRkeRi, G dludiras adidlesl? coppeirijut es.
at 15 ASF (1.65,. err T

25. ASD at . he deposif is.unifor bl ack with
good adhesi on. EXﬂﬁﬁuEéiQQEF%ﬂ ??LEPQtFﬁ&cgoﬁﬂ#(ﬁ?qQQWEMen%% eﬁagfsting
ofI 2?_ g/l [er (r]I ] tandcclﬂﬁeg/f @fhtdéargﬁsl BI&Qghlti,- s?nibsc}:amliﬂamly BbackH of the
solution Ls adjust t wiih ,.9, su ric i, d. freshl epar ed
bright nickel pPaf ke 1% %MF%%%’*’F&% ts@?%t?‘g‘ﬂsﬁﬁg{‘& at ed
fof. 2 to 3 minubes it al PASIHhindcorditionTed thepodbt depaosdtingl 3 birdghtni t h

~goad adhesi on. glectrodeposit on. the surfa%éAM%J%§lﬂechanical means

such as buffing. The less bright is the substrate
the greyer is the resultant nickel deposit likely to
10. be- - - .

>
PR
LS TR

Y

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. '

15. EXAMPLE -1
An electroplating solution is made up consisting
of 26 g/1 NiSO4. 6H20_and 26 g/1 of.tr?ethy;ene
tetramine. The pH of the solution is adjusted to 12
with sodium hydroxide. A freshly prepared bright
20. nickel plated work piece is immersed into the solu-
tion and connected to the cathode pole of a power
source. Carbon rods are connected to the anode pole
of the power source to complete the circuit. :The'
work piece is plated for 2 - 3 minutes at 15 ASF {(1.65
25. ASD) at 75°F (24%c). The deposit is uniformly black
with good adhesion. . ' '
EXAMPLE II
An electroplating solution is made up consisting
of 26 g/1 NiSO, . 6H,O0 and 26 g/l of dipropylene tri-
30. amine. The pH of the solution is adjusted to 4 with

n




An electroplatlng solution is nmade up con5|st|ng of 26. 9/l

of‘; 2- am noet hyl am no) ethanol. The pH of the sol ution |s adj usted to 12
Wi podi um hydroxide. A freshly prepared bright nickel- pl.ated work .

[err] and21 g/ |

piete is imersed into the solution and plated for 2 to 3 nlnutes at 15 A§F

(1. 65 ASD)

“1s 20.
(1. 65 ASD)
EXAVPLE V

and [err] [err]. The deposg} is uniformy black with good ad- -
hesi on. EXAMPLE IV 15 -

consistin rr /1. of 2-(2-am_noet hyl am no hanol and 5
g/l of sogﬁ‘eiﬂm-’ Eyd fle](ﬁaé‘%srllﬂﬁ éPGFefihe%ﬁd%ﬁ‘t J’ri%‘%elta :
U Ltb’lliwddOWbﬁ‘tR p&ﬁwa{g %ﬁ.ﬁﬁ@:ﬁ@%&d % kgb t t 15 ASF

S in e sol uti.on an nutes a _
gigiﬁﬁefp THE JefdNtutss %ﬁl E%? Ii%ﬁ#imtiﬂ%ood adhesi on.
d&poﬁetiephﬁ&m@d Hlok iwithdgovd edhwisiiomg of 25. 26 g/l

An el ectroplating solution is made up

fltidratagd wor k pi ece

.C

Nl S@4 . 6H20, 21 g/l of 2-(2-am apipno) ethanol and 10 g/l of sodium
bi sal*phite [err]. The pH of th&ﬁégbﬂﬁéegigs adjusted to 12 with sodi um
hydro- xide. A fAﬂsbrLyscm:e@araﬂﬂ y cdeluvdol peemades upmoomeistivhg t he

rorr) O Bhotrt FR5eh o hepdi R 2 471088 adiZiSe difladidor

. addition (ﬂthaanbleu s@HeupH kbl aclutiondismadjustdd izt el 2 ovitle

S YRha8e. R it Pt bt Jegegino enhancing

[err].
el ectropl

agent and
10.

15.

plated work piece is immersed into the solution and
plated for 2 to 3 minutes at 15 ASF (1.65 ASD) and 75°F
(24°C).,.- The deposit is uniformly black with good ad-
hesion. ' i
EXAMPLE IV

. An electroplating solution is made up censisting of
26.g/1'NiSO4. 6H20, 21 g/1 of 2~ (2—-aminoethylamino)
ethanol and 5 g/1 of sodium thiocyanate (NaCNS). The pH
of the solution is adjusted to 12 with sodium hydroxide.

A freshly prepared bright nickel plated work piece is

20.

25.

30.

immersed into the solution and plated for 2 to 3 minutes
at 15 ASF (1.65 AsD) and 75°F (24°C). The deposit is uni-
formly black with good adhesion. '
EXAMPLE V

An electroplating solution is made up'consisting of
26 g/l NisO, . 6H,0, 21 g/l of 2-(2-aminoethylamino)
ethanol and 10 g/1 of sodium bisulphite.(Nazszo3). The
pH of the solution is adjusted to 12 with sodium hydro-
xide. A freshly prepared nickel work piece is immersed
into the solution and plated for 2 to 3 minutes at 15
ASF (1.65 ASD) and 75°F (24°C). The deposit is uniformly
black with good adhesion.

*

djusted to 12 |



5. are much darker than that obtained with the identical solution of
Exanpl e |11 but devoi d of any darkeni ng enhanci ng agent. EXAMPLE VI gg;?
electr@ ating solution is prepared, consisting 10. of 25 g/l N [
g/ | “2-(2- ‘ami noét hyl ami no) ethanol and 5 g/l of sodium thiocyanate

&E$B The pHis adjusted to 6 with sul pBuric acid. A freshly prepared
nlckei work piece is immersed into the solu- tion and plated for 2 to 3
m nutes at 10 ASF (0.11 ASD). 15. and [err]. The deposit is uniformy
black with good adhesi on. EXAVPLE VI| An el ectroplating solution is
prepaled consi sti 19 gh2 il {ukSE LLuAdYCR el Hiioc
2-(2- an1noethy|an1no) et hanol umthio- cyarate NaCNS The
pH i s adj ust edSPigmy h*QﬁH¥Fh#¢% E@lﬁheA op tﬂﬁﬂeﬁp%ﬁﬁkep ﬂ@rk
pi ece is i mergedmbled te-HM Ui 98r98daB! at a@rfx&rm% %&éﬁ@i‘ﬁ@sa?én%o ASF
(0.11 ASD) and 75F (24 C). 'The_deposit is uni bl ack w th_good
adhesi on. EXAMPRE Ghe W@%&?Wﬁ?ﬁn@b§éﬂﬁﬁ<{)ﬁ-ﬂ @’iﬁ%%dIYoﬁ§Fls i ng of

.271I o/l dos NIt Elare m@tH%O,da%;k&!"|t@£n2tﬁ$ﬁaﬁbEQQh|é\ddwﬁ'{ﬂ QQ%e e%aéﬁ?%cand 5
g sodi um t hi ocyanat e e pHis juste W

sul phuric aci d5° Iﬂ’% %F%b%f%dIHCPEF \QGP’I?% &Ftse qny i‘ﬁ%’é’?@%ﬂngnt o the
~sdtution and peahadcitig adent. m nutes at 10 ASF (0.11 ASD) and [err]. The
deposit is uniformy black wth good ﬁggﬁiignVI EXAMPLE | X

N

An electroplating solution is prepared, consisting
10. . of 25 g/1 Ni (NHZSO3)2, 21 g/1 2-(2- aminoethylamino)
ethanol and 5 g/1 of sodium thiocyanate (NaCNS). The
pH is adjusted to 6 with sulphuric acid. A freshly
prepared nickel work piece is immersed into the solu-
tion and plated for 2 to 3 minutes at 10 ASF (0.11 ASD)
15. and 75°F (24°C). The deposit is uniformly black with good
adhesion. . h
EXAMPLE VII
An electroplating solution is prepared consisting
of 23 g/1 nickel fluoroborgte (Ni(BF4)2), 21 g/l of
20. 2-(2-aminoethylamino) ethanol and 5 g/1 sodium thio-
cyanate (NaCNS) . The pH is adjusted to 6 with sulphuric

acid. A freshly prepared nickel work piece is immersed
into the solution and plated for 2 to 3 minutes at 10
ASF (0.11 ASD) and 75°F (24°C). The deposit is uniformly
30. black with good adhesion.
EXAMPLE V1II

An electroplating solution is'prepared consisting
of 24 g/1 of NiCl2 . GHZO, 21 g/1 of 2-(2-aminoethyl-
amino) ethanol and 5 g/l sodium thiocyanate (NaCNS).

FAY

35. The pH is adjusted to 6 with sulphuric acid. A freshly
prepared nickel work piece is immersed inﬁo the solution
and plated for 2 to 3 minutes at 10 ASF (0.11 ASD) and
75°F (24°C). The deposit is uniformly black with good
adhesion.



An el ectroplating solution is prepared consisting of 17 g/l of [err] ‘14 g/l
of 2-am noet hyl - am no) ethanol, 5 g/l sodiumthiocyanate (NaCNS), 40 5-
g/ sodi um sul phate [err] and 0.2 g/l of an anionic wetting agent,

sQ llauryl sulphate. The pHis adjusted to 6 with sul phuric acid. A .
freshly pre- pared nickel work pieceims, imersed into the solution and E{
plated for 2 to 3 mnutes at 10 ASF (0.11 ASD) and 10. [err]. The ~~
deposit is uniformy black with good adhesi on. EXAMPLE X An el ectropl ati ng
solution is prepared consisting of 40 g/l of [err], 33 g/l of

2-(2-am noet hyl - 15. am no) et ﬁ@bﬂﬂiigél sodi um t hi ocyanate (NaCNS),

g/l of sodium sul phate [err] and an anionic wetting agent, -
sodi um | auryl euhnnyleutpbpﬂatiﬂgasﬁiuﬁndmuistpﬂebarédwubhsﬂﬂﬁﬂng|c aci d.

A freshly n K to_20. e sol ution

and pl at eéﬁ; de éfmﬁ}hﬁw; 3&2?) Wogsg) (gnama‘g? ft&y The -

deposi t |@mmndkweﬁham¢hck5wgVﬂ @mdiumﬂthimmyaﬁﬁ%bPKHaENSAn d&ﬂnroplating -

soI tion igs/qpr, 2 | A [ 8F g/ of )

S ami ngz/tlh ﬁg?ngcﬁ% %pgqg §Ha$od4 |%é§aﬁg} ngéNs 40 g/ of

SOdI um sulapismag ewaij:tm ageng/.l sm‘dnsmillmmtxallrgulphapbat eTh‘éqq:IbH is

- adj usted | pRUEi | epage kK piece is *

i mrer sed Ii(r%t %&?oﬂél:é&' egsglﬁ ?oﬁnggnéﬁ‘{ff@da’?agé {\ Qgggﬁﬁ \s&%;lt 10 ASF

(0.11 AsSDpaxzef ukgkel seerk ph@ceep@sn@mmsr$¢@cknuptnhgosalaaﬁsg:on

and plated for 2 to 3 minutes at 10 ASF (0.11 ASD) and

10. 75°¢ (24°C). The deposit is uniformly black with good

adhesion.

o

EXAMPLE X
An electroplating solution is prepared consisting
_ of 40 g/1 of Niso4 6H20, 33 g/1 of 2-(2-aminoethyl-
- 15, amino) ethanol, 5 g/1 sodium thiocyanate (NaCNS),
30 g/1 of sodium sulphate (Na2304) and- 0.1 g/l of an
anionic wetting agent, sodium lauryl ethoxy sulphate.
The pH is adjusted to 6 with sulphuric acid. A
freshly prépared nickel work piece is immersed into
20. the solution and plated for 2 to 3 minutes at 10ASF
(0.11 ASD) and 75°F (24°C). The deposit is uniformly
black with good adhesion.
| EXAMPLE XI |
, An electroplating solution is prepared consisting
25. of 26 g/1 NiSO4. 6H20, 21 g/1 of 2-(2-aminoethylamino)
ethanol, 5 g/1 sodium thiocyanate (NaCNS), 40 g/l of
sodium sulphate (Nazso4) and 0.2 g/1 of sodium lauryl
sulphate. The pH is adjusted to 6 with sulphuric acid.
A freshly prepared nickel work piece is immersed into s
30. the solution and plated for 2 to 3 minutes at 10 ASF
(0.11 ASD) and 150°F (66°C). The deposit is black with
good adhesion. |




12. CLArM 1. A bath for electrodepositing a substantially black nickel
-deposit on a substrate conprising an aqueous solution having a pH of 4 to .
12 and contalnlng 2 to 25 g/l of nickel ions, and a bath sol uble am kN
presgnt in an amount to provide-a nmol ratio of nickel to amne in t62§é§ U
érﬁplon of 1:1to 1:4, the said am ne dﬁ&Jespondlng to the fornula rr]j
whideein: n, mand p are integer is 1, 2 or.3,and pis
2 or 3; X represents an oxygen ato i and Rand R are the
same or different and represent a WH%“&“ “1“ [err] or [err] group. 2.
A bath as claimed in Caim1lin mh sNni€ ions are present in
an anount of 6 to 10 g/l. 3.. A bath as clained in Clain11 or daim2in
which the said amine is present .in an anount such as to provide a nol ratio
of nickel to amne of 1:1.5 to 1:2.5. cpakdus 4 A bath as claimed in
Claim1l or Claim2 in which the:said amme T3S present in an anount such as
to provide a nol ratio of nickel to am ne of about 1:2. 5. A bath as
claimed in any one of U aAnBain! €t i1cididiepiss i sRGUA! 8uBRE an@IRANLIPI €

inert conductivity salts present in an amount up to their solubility I'imt
black nickel deposit on a substrate comprising an

= aqueous solution having a pH of 4 to 12 and containing
. | 2 to 25 g/1 of nickel ions, and a bath soluble amine
i present in an amount to'provide a mol ratio of nickel
to amine in the solution of 1l:1 to 1:4, the said amine

corresponding to the formula:
- - - -— _— =D
R - NE-[(CH,) -NH] (CH,) ~X-R

wherein:

n, m and p are ‘integers and n is 2 or 3, m is 1,
2 or 3, and p is 2 or 3;

X represents an oxygen atom or an NH group; and

R and R' are the same or different and represent
a hydrogen atom or —CHZCH = CHZ' -CHZCH2CHZSO3 or
-CH,CHCH,OH group.

27 2
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..

ry

3.. A bath as claimed in Claim 1 or Claim 2

'5 in which the said amine is present in an amount such

~as to provide.a mol ratio of nickel to amine of 1:1.5
to 1l:2.5. '



i'n the bath. 6. A bath as claimed in"Caim5 in which the bath sol ubl e

a conpatible inert conductivity salts are selected fromalkali netal T
,%ﬁghates, al kali netal halides, magnesium sul phate, nmagnesjum halides and
m\&ures thereof. 7. A bath as claiqred im Aaim6 in wich the Ny
- conductivity salts are present in an anount of 30 to 50 g/I 8. A bath ng
clainmed in any one of CIatggﬂl,Lg—¥~%urrﬁ§T”Tnclud|ng as a darkeni ng Ty

enhanci ng agent an al kal i t hi osul phat e, - bi sul phite,

sul phite or mxture thereof. S\L laimed in Caim7 in which the
dar keni ng enhanC|ng agent is sent i'h- an amount up to about 25 g/1. 10:

A bath as claimed in aim9 in which the said darkening enhanC|ng agent is
present in an anmpunt of g/l 14. 1 A_bath as clagjnmed in any

one of Jaims 1 %o 10Af§?FheP$|ﬁﬂQﬁﬂ¢% i ¢ aéﬂoﬁt°§05iﬁﬁq f a bath

conpati bl e iwtvbhi@haaﬁat said afnibd msasPﬁé@éﬁedmnaﬁi ammulﬂt iguahigd the =
said mettlﬁg ent .S an_anioni.c wetting qgﬁ ath as g%a#ned I n -
Claim12 i TAVife felo: n&aid&to smp‘F]‘é Nad ﬁméﬁe v 100

ng/l. 14. A bath as clainmed in any one of Clains 1 to 13 |n mhlch t he am ne

e riethylene tetramingysdl o LIRS 111 S Sne 2ol cr 3T b A7 1)

including bath soluble and compatible inert conductivity

salts present in an amount up to their solubility limit 3
in the bath. '

6. A bath as claimed in Claim 5 in which the
bath soluble and compatible inert conductivity salts
are selected from alkali metal sulphates, alkali metal
halides, magnesium sulphate, magnesium halides and
mixtures thereof.

7. A bath as claimed in Claim 6 in which £he
conductivity salts are present in an amount of 30 to
50 g/1.

8. A bath as claimed in any one of Claims 1 to 7
further including as a darkening enhancing agent an
alkali metal thiocyanate, thiosulphate, bisulphite,
sulphite or mixture thereof.

9. A bath as claimed in Claim 7 in which the
darkening enhancing agent is present in an amount up
to about 25 g/l.

10. A bath as claimed in Claim 9 'in which the
said darkening enhancing agent is present in an amount
of 1 to 5 g/1.



15. A bath as clained in daim1l s pecifically descri bgg
her-ein with reference to any one Ogiﬂ mmhmm . A nethod for j

el eqtrodeposjting,a substantially ac nucMeISdep05|t on a substrat é4ai ch
CQEPYISES the steps of el ectrodepositing nickel at a current density of 2.
t.0-25 ASF (0.22 to 2.75 ASD) for a perqu of time sufficient to deposit the
désited thickness of deposit from an. aqueous solution as defined in any
one of Claims | to 15 at a tenperature fromroomtenperature up to [err]
[err] 17. A nethod as clainmed in Claim16 substantially as specifically
descri bed herein mnth reference to_any one of the Exanples 18. A
substrate whenevetlprofi RafFhids & Eéﬂ’@é AM\AnY reBecafaSlaiMsel ¥9 dai m
16 or O ai md 7fuffRer®inAfudileg SEECLD a¥duh JBG ﬁ&?m pePROMad by

phot ocopyi ng the applicants original typescript. It may contain a few
amendnment s YAMRAL hgiedWﬁﬁﬁiﬂq #9ePEad. The original typescript containing
t hese anendnents may be inspected on the prenmises of the Patent Ofice

12. A bath as claimed in Claim 11 in which the
said wetting agent is an anionic wetting agent.

Y

13. A bath as claimed in Claim 12 in which the
wetting agent is present in an amount of 50 to 100 mg/l.

L.

14. A bath as claimed in any one of Claims 1 to
13 in which the amine is triethylene tetramine, di-
propylene triamine, 2-(2~ aminoethylamino) ethanol, or
a mixture thereof. o

15 A bath as claimed in Claim 1 substantially
as spec1f1cally described herein with reference to any
one of the Examples. .

16. A method for electrodepositing a substantially
black nickel deposit on a substrate which comprises the
steps of electrodepositing nickel at a current density of
2 to 25 ASF (§0.22 to 2.75 2ASD) for a period of time
sufficient to deposit the desired thickness of depoéif
from an aqueous solution as defined in.ahy one of Claims'
1 to 15 at a temperature from room temperature up to 150 F

. (66°C).. )

e

wr

17. A method as claimed in Claim 16 substantially
.- as specifically described herein with reference to any
one of the Examples.

18. A substrate whenever provided with a deposit
by a method as claimed in Claim 16 or Claim 17.-

ts original =~ = e
text of the specification has been reproduoed by phétocopying the a.pplican L
?y;es:rip:. Itpew contain a few amendmeénts which are difficult to read. The original -

typescript containing these amendments may be inspected on the premises of the Patent Office _




