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ELECTROPLATING OF LOW-STRESS NICKEL /

BACKGROUND OF THE INVENTION
THIS APPLICATION CLAIMS THE BENEFIT OF UNITED STATES

PROVISIONAL APPLICATION NUMBER 60/050,140 FILED ON June 18,
1997. .
Field of Inventi

The field of the invention relates to a bath for electroplating low-stress

nickel to conductive substrates and processes utilizing such baths.

Description of the Prior A

Many industries provide.corrosion resistance, decorative finishes and
electroformed coatings to conductive substrates by continuous or batch plating
the substrates with nickel in an electroplating coating bath.

Nickel sulfamate baths are generally used when a low stress nickel
coating is required, such as in electroforming applications, or where the nickel
deposit will be subjected to external stress. Nickel sulfamate solutions are
preferred over nickel sulfate solutions because (a) the mechanical properties of
the sulfamate produced coating are superior to those formed from sulfate
solutions, (b) high rates of deposition are possible from the sulfamate solution,

and (c) the deposit quality is less affected by variations in pH and current density.



and (c) the deposit quality is l'ess affected by variations in pH and
current density. i ' 2

However, several issues need to:be addressed when a nickel sulfanmate bath

I s used. A typical nickel sulfamgte solution contains nicke

sul famat-e (400 - 650 g/l), nickel chloride (5 -20 g/l) and boric acid (30 -
40 g/l). The operating pHis between 3.5 - 4.5 and the tenperature may vary
from 35 - 50[err]C. Sol uble nickel anodes are used to replenish the nickel
which is plated on the cathode during electrolysis. Current density varies

from0.5 - 30 r : | \ of a

ni ckel sul fan&ﬁ‘g@ggﬁ%%mslfsgg? P?etd ﬁ? ag%géégg I"‘#@%’?‘ZC% nlhfm Uaiﬁlé)The

sul famate ion ysgdstable in neutral or slightly alkaline solution even at

el evated tenperature. However, because of nickel hydroxide precipitation,

t hese sol utions ar e Antypicabrickel sulfamate solution-eontainsniskel sulfamate (409 16¥) ysi s of

the sul famate iQn., . obl e hydr Si | f ampt.e i s .
general ly cha_r%ﬁt’é‘fq?%égﬁﬁ‘ge E%éﬂ-ﬁrﬁ?ﬁ?@??%?cxcgmdn Lﬁ(ﬁ)l ?rﬁ'g °8ﬁ‘8£“ag Bﬁs‘ful fate
or sulfate aniRyeen 3.5 - 4.5 and the temperature may vary from 35 - 50°C._Soluble nickel
Herr]NSQerr]+Herr]qerr]=>NH err] +HSQ err] The sul famate
hydr ol ysi s r eambdesark asedtoaeplénishothe nigkelwhighds platedioadhe cathndedluriogbe at an

i ncreased rate at greater hydrogen i.on. congc jons (e.g., lower pHs).
These i nvesti ¢ 1§ ﬂﬁ‘s AU tsg_n%q/& ysis reaction increases

with an increase i n RIS wth thoBscaciEiRl Yittimdst bt @iy ol amat e

solutions are commonly operated at |ower tenperatures than Watts type
ni-ckel pl ati nghe stlfiimate ion. : The sul famate ion al so deconposes at the

anode, Tor XAl 2t sthgR o SRS e DRl e BB e v
T o L
el ectr odeposi t &futivndtareipt used at a pH greatdr tham§.d be desirabl e to have bat hs
_ other than nickel s uﬁ;d?'ongrgig o];' {h%r?ulfmngtie(ign rtng.y %le g%%bcigtg? Qﬁ'ixethyr&im(il)ss% of
sulfamate is generally characterized by the formation of ammonium ions and a
bisulfate or sulfate anion: |
H,NSO;~+H,;0" = NH," + HSO,~

The sulfamate hydrolysis reaction has been investigated and has been -
found to be at an increased rate at greater hydrogen ion concentrations (e.g.,
lower pHs). These investigators also found the sulfamate hydrolysis reaction
increases with an increase in témperature of the electrolyte; thus nickel
sulfamate solutions are commonly operated at lower temperatures than Watts
type nickel plating solution.

The sulfamate ion also decomposes at the anode, for example, at
insoluble anodes such as platinum and at passive nickel oxide electrodes. The
decomposition of sulfamate appears to produce several intermediates such as
sulfite, dithionate, azodisulfonate and another unknown species which may
effect the quality of the electrodeposited coating.

It would be desirable to have baths other than nickel sulfamate from

which to electrodeposit nickel.



3 When choosing a nickel solution fromwhich to deposit a | ayer
of nixckel it is inportant to consider the resultant internal stress of the
ni ckel coating. Stresses in nickel deposits range from-15,000 PSI
(comressive) to about +100,000 PSI (tengile). A high tensile stress may

| ead to cracking of the nickel deposit particularly if the nickel is

subj ected to nechanical deformation (stresses and strains) or elevated
tenperatures. N ckel electroforms such as those produced from nicke

sul famat e sol uti ons may have war page or change di nensi ons when the
substrate is renoved if the nickel is in a state of tensile stress. High
tensil e stresses may Wienahbesing & nickel\mhxti’oatﬁ'agm whidhfte deposittadayes ofimickal uni num

|1 I t t h h inth
Fat ! gue |11 ofit MigHOERM o OTAST Herresans isrial SRS of B URRSLF e n o
compressi ve ot atesBidin fickl defodsnglOfGig i s SRS Citfikiifea gl 110 15 L e

ni ckel 1s tens resse Im | a al uh num a s plated wth a nickel
in a tensile st¥i@ON0QTSI lfichsile).aAfhigh genillevsuepsamaptaadltaeciadungmfﬁm nickel gue

life but only a ten percent reduction if the nlckel & flg(:)orrpres |veI
stressed. depOSltP@‘ﬁﬁlléﬂhlfth Rigkal l%ﬁ‘@]@éﬁ‘?ﬁﬁme}? amical de utions
to reduce the tensile nd :
concentration cﬂnﬁtsh@néf Ers 'S e‘%‘gﬁ%géﬂﬁ%gﬁ%%&%gre of the

ni ckel el ectrolpfb@udea@mmka&mmmﬁowmmwwmmmge The effects
of organic stress reducers on the internal stress of nickel eposiits froma
08t

ni ckel sul f at e dipiensionnwhensthe sebstratedsremaeved Afthe nickelds 2 state ?l suI fur

such as saccharl n t.hal..en mlag '
trisul fonic aci¥¥ zﬁ&hft'ﬁ’lsﬁe\‘? Sg?sr%@gal?(ghﬁ?ggé POV?eg%%ﬁ?gﬂgé;nt al ni ng corrpounds
and their infl Uamlﬂﬂa%y@. i eStighdrs Rhiveshown'h thettyelwoseadent@dudtivn ial SO been
studi ed. Sodi um benzene sul fonate, benzene sul fonam de and sulfani]ic acid

reduce the int ethaditignedife of high smengyh stesls ifithe pigksldndgposited imgsompregsive

o becone very FAg S S iearer e e ol UGl B8 L1 ne
An article by Kyg déa\ét afly, dlfo&?ﬁla&‘éd%ﬁlaﬁicﬁatlﬁ a4aRNe stkdsen from
Met hansul f oni ¢ Acl ase at Pr oceedi hgs .of Anerican El ectropl aters,

Sur f ace Fi ni shi exhibipaigeiftpfive @dtbex(t]:@chﬁ)mn aofatiguelifedutonly agermpéregntni ck el
from reduction if the nickel was compresswely stressed.
Organic additives are commonly added to nickel solutions to reduce the

tensile stress of the deposits. The composition and concentration of the stress .
reducers is dependent upon the nature of the nickel electrolyte (e.g., nickel
sulfate or nickel sulfamate). The effects of organic stress reducers on the
internal stress of nickel deposits from a nickel sulfate solution has been
examined. Additives which contain sulfur such as saccharin, naphthalene-1,5-
disulfonic acid and naphthalene trisulfonic acid are effective stress reducers.
Sulfur containing compounds and their influence on the internal stress in nickel
coatings has also been studied. Sodium benzene sulfonate, benzene sulfonamide
and sulfanilic acid reduce the internal stress but only benzene sulfonamide

imparts a compressive stress. However, p-amino-benzene sulfonamide causes

the stress to become very tensile in-nickel deposits plated from sulfate solutions.

An article by Kudryavtsev et al. entitled Nickel Electrodeposition from

Methansulfonic Acid-Based Bath, Proceedings of American Electroplaters,
Surface Finishing, pages 837-841 (1996), compares electroplating nickel from



4 a N (CH3SM3) 2, al so designated, N MSA, to electroplating froma nickel
sul f afmat e bath. Kudryavtsev et al. disclose that di sadvantages of
the sulfamate bath include (1) the sul famate bath being chem cally unstable
(2) sulfamate starting to deconpose at 6QJerr]C but the baths run at 45 to
60[err]C, and (3) the bath being very senSitive to inpurities of other

nmetal ions, thus to prevent deterioration in coating quality, reduction in
ductility and cathode current efficiency, the maxi mum Fe which can be
present in the bath is 20 ng/L, maximum Cu is 10 ng/L, maximum Zn is 10

mg/ L, maxi mum PRy L gg,)ﬁmgq%l A StoZeléB¥oblati ryavt sev et
al . disclose t'hgylﬁ%sg%ﬁggﬁgieo st ’er%‘/@?%éf%% wer aclgﬁpﬁ‘rolms%gﬁg?

Ni (CH[ err] S er sdljaneate bath100 to 400 g/l; Herr]BJerr], 17 to 40 g/l;
saccharin, .01 to 1.8 g/l; and sodiumlauryl sulfate, .02 to 0.5 g; and

that the el ectropl at i Redrpauseves algisclose thapdisadvaptages of the sulfamatpbatht ur e of

there are pr obi SR Ot aE B nkick Chbmfatp urstle 12) il ddging "
di scl osed conpogd ddcompose 4tH0?CShut@iee Stk ruia$ 2§ €1609Q) ah§ (3Xthedam Ueiﬁ?' ubl e

in water but saccharic acid is not, saccharic acid begins to crystallize
when the procesyemygensitivestodmpuritiesnfiother metal donss ths e pievent sletérigrationtin
deposited with the. el ectrod si t.e Lekel cproducin unaccept abl e
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conposi tion t eshRginieh Felvwifich fanfoeliR8deht Mhé b&tAS 2@Mg/T nebdabmstd &S and not
the desired negative (conpression) internal stress. Accordi ngly,
the present i nvew/h.omaxiseis Znds b mg/l, madmuoh/Rinisad exg/lo andimakigaurg Griigse and

other difficul t'zes%e;'ncount ered in the related art. These and ot her
advant ages are 6BMitned according to the present invention which is the

Do o oo OGS IASLIOD 6 P B GBS

prior processesomptisedofd dE(CH,S05), d00ntad0@g/IpH,BOe 1 Bleed@gl;asdecharin, .01
to 1.8 g/l; and sodium lauryl sulfate, .02 to 0.5 g; and that the electroplating
process was at a pH of 0.8 to 2.0; temperature of 30 to 60°C; and a current
density (CD) of 0.5 to 39 A/dm>. However, there are problems with
electroplating using the Kudryavtsev et al. disclosed composition. First, since
sodium saccharin is extremely soluble in water but saccharic acid is not,
saccharic acid begins to crystallize when the processing pH is <2 and particles R
of saccharic acid will be deposited with the electrodeposited nickel producing an
unacceptable coating. Second, Kudryavtsev et al. disclose that the Ni(CH,SO;),
composition tested resuited in a positive (tensile) internal stress and not the
desired negative (compression) internal stress.

Accordingly, the present invention seeks to obtain the advantages of
avoiding these and other difficulties encountered in the related art. These and
other advantages are obtained according to the present invention which is the
provision of a process and composition of matter that substantially obviates one
or more of the limitations and disadvantages of the described prior processes

and compositions of matter of the related art.



5 SUMVARY OF THE | NVENTI ON To achi eve these
and ot her advantages, and in accordance with the purpose of the invention,
as enbodi ed and broadly described, the invention conprises a conposition of
matter which allows the use of nickel alkane sulfonic acid in an

el ectrodepositing process to produce | owstress nickel coatings having
conpressi ve stress. One enbodi nent of the invention is a
conposition of matter for producing | ow stress el ectrodepositing nickel
coatings. The conposition is 23 ol epl ati ng bath
conprising a nickel al kane sulPtd XCT d—atu—a =reduci ng additive
that inparts conpressyyghidveese afd biher &fvahtaBés, and in accordARtwigh thenbodi ment
of the present invention is a process for producing el ectrodeposited
coatings by el epirposs efitheripventiom, hoethbodiechatidchroadly desssibedsithe inventianoat i ng
bat h having an anode inserted.thegtein, th th consists .essentially of a
ni ckel al kane stAMRPRATCE a&em°%ﬁ%3£%¢€§£¥ab§§%¥%§e&%‘? I}l?}ﬁjfﬁfﬂei rrpgrts a
conpressive str i Cadid iy PAEd : b P at a pH
from about O toag &?a%c;bﬁland r#at{b%f%%ﬂgdﬁ ?%Q@Uérpg{qu%ﬁg? ?%/}ﬁgl%lt he
substrate at frcoatingohavilg tampdessive stfess. A/ dnferr]. Anot her

enbodi nent of the inv ntiog .S a conpositjion of matter for repl enishing a

spent el ectropl ati ng B8 ¢ F%£%34W1§PF8@§°%F%? PAFIS t ed ni ckel
coatings, the s ] Ifabdel al ni e ) -
stress-reduci n}@@&ﬁ??@%ﬂ#ﬁ%ﬂ% e?éﬁgé?e{bgggﬁ%gi%ge%é%gﬁiﬁr%ég@tg%n?ﬁg aE:noati ng,
the conposi ti onadidicrigueowslelectrgplatingbath co@prising e nickel dikanetsalfonid aeid amdomat i ¢
sul foni c aci d. The process and conposition of the invention provide
excel | ent ni ckeR seesstredigingd Himpartseampressivestress to the coating.

Det ai | ed Description ' . ] seLiddion which
follows sets forth ad‘g%l?tlhoneé{l ea%xtt%&heépﬁgsen%%\ygﬁgggségﬁg [ ei'i nventi on,
and in part, W plodacingetectbieposinid thﬁiggstlfyeeled@mhghicathodi“c cdofductied by
practice of the invention. The skilled artisan will .
substrate in a coating bath having an anode inserted therein, the bath consists

essentially of a nickel alkane sulfonic acid and a stress-reducing additive that
imparts a compressive stress to the coating, maintaining the coating bath at a pH
from about 0 to about 5; and maintaining the current density on the substrate at
from about 1 to about 100 A/dm?2.

Another embodiment of the invention is a composition of matter for -
replenishing a spent electroplating bath for producing low stress
electrodeposited nickel coatings, the spent Eath initialiy containing Ni(CH,SO,),
and a stress-reducing additive that imparts a compressive stress to the coating,
the composition being a slurry comprising nickel carbonate and an aromatic
sulfonic acid.

The process and composition of the invention provide excellent nickel

coatings on conductive substrates.

Detailed Description of the Inventi
The description which follows sets forth additional features and
advantages of the invention, and in part, will become apparent from the

description or learned by practice of the invention. The skilled artisan will



6 realize the objectives and ot her advantages of the invention obtained
by thé process and conposition of matter particularly pointed out in the
written description and clai ns hereof. The el ectropl ati ng bat hs of
t he present invention generally conpriseaéirnxture of from about 50 to
about 600 grans/liter, preferably from about 150 to 450 grans/liter, of a
ni ckel al kane sulfonic acid; fromabout 0.5 to 15 gramliter, preferably 5
to 10 gramliter, of a stress reducing additive that inparts a conpressive
stress to the electrodeposited coating; optionally, fromO to about 100
grans/liter, preferably 20 to 40grans/liter, of a nickel hal ogen, and,
optional |y, fr aealige the ohiestivessmdpthgradyvantages of the inventien obtaineddry the kane

Sul foni ¢ Aci ds The ni.ckel. al kane.sul foni.c,_aci i ncl.ude sul fonic
2ol de'of ¢ he.{ BrpGFSAnbRaREH Bf mRe RS SRR SO b e S
hereinafter.  descriptiod Bfd Hlafniherddtkane sul fonate conprises a water soluble
conpound by which it is neant that the conpound is soluble in water at

about room t enper at (Iihe eleziroplati®paths ¢fThe preséns imvenioi generdy{ compgriSetao about
20[err] Q) , and npreferabl rom.these t erature r i ghtly belo
Che-oper at i ng. EUER o Ui sBpit 300 B0 SO RepePLier er Pabli o bort 150%™
g"n g(R)(SO[ er;l hlsbgfﬂsf{i%% h?xicﬁc@l)aﬂéﬁh%sﬁlf&niE%éid,aerﬁ'dESutfdﬁr?ojist0 about 3;

.
has "a va roml to 2 so that y may be 1 when x is greater

t han 1. : grainfliterppreferdbly 5 ¢o b0 prahmilifen@f farstress|redurirgbaiditivieshatar bon at ons
and especially.,1 to about 7 carbon ajons ingcl udiagothe strai ght_chagjin and

branch chai n | SORHS2 COMBPLEssivesiess wiheglesiradepesited coating pptionally from il |

butyl, t-butyl i !51‘1?%? , ' gr%fh‘é/ eotd & y

substituted al é?/?g&ﬂggd i ﬁ%bgfef ﬂiﬁl@?@h@e{?g n, alliitée}’ %Hs@%!i(ﬂc ugg}&. Specific

ni ckel salts i andlopiohsifisr flom Ortp abot 60igedns/litebhabefferul f onat es, ni ckel

et hane sul fonates, nickel propane sulfonates, nickel isopropane sulfonates,
i 211€ WEOR1C

ni ckel but ane Y& B obut ane sul fonates, nickel t-butane
sul f onat es, ni cke

the like, as well agﬁ@;@ﬁ%&%@%ﬁﬁqgﬁé@d& stftBd BB °§meff8%lgs’ and

(R) (SO;),, where R and x are defined hereinafter.

The nickel alkane sulfonate comprises a water soluble compound by

Y2 WOAR®ES 7@ w872

which it is meant that the compound is soluble in water at about room
temperature (about 20°C) or lower (about 10°C to about 20°C), and preferably
from these temperatures up to or slightly below the operating temperature of the
bath, and has the formula:

' Ni[(R)(SO,),], formula (A)
where x has a value from 1 to about 3; and |

y has a value from 1 to 2 so that y may be 1 when x is greater than 1.

R is an alkyl group having from 1 to about 15 carbon atoms and
especially 1 to about 7 carbon atoms including the straight chain and branch
chain isomers thereof such as methyl, ethyl, propyl, isopropyl, butyl, t-butyl,

- isobutyl, pentyl, isopentyl, and the like. Hydroxy substituted alkyls, as alkyl is
defined herein, are also included. Specific nickel salts in this regard comprise
nickel methane sulfonates, nickel ethane sulfonates, nickel propane sulfonates,
nickel isopropane sulfonates, nickel butane sulfonates, nickel isobutane
sulfonates, nickel t-butane sulfonates, nickel pentane sulfonates, nickel

isopentane sulfonates, and the like, as well as the hydroxy substituted



7 conpounds thereof. R also includes cyclic, and heterocyclic

hydr ocar bon substituents such as cycl oal i phatic, unsaturated

cycl oal i phati.c, and aromatic groups having from4 to about 16 carbon atons
and especially fromabout 6 to about 14 garbon atons including cyclobutyl,
cycl obut enyl, cycl ohexyl, cycl ohexenyl, Cycl ohexadi enyl, cyclooctanyl,
cyclooctadienyl. The conpound is present in sufficient quantity SO
that the concentration of Ni[err] is preferably 25 to 135 g/l, nore

Por usa i b ¢ he EROUES hiveohRalS ipclfgraybliomand deterodighi P
id - N (CH I
ia(r:tlcl udesI ((jepg)girgtili ng %P‘f %)%/cé%% cloﬁighﬁcsisﬂ{ahe ni gkdf)al ha i mﬁéﬁ%{ﬁ{e&t Ip(rjgsgntso

i nvention, and gagpsapRing)/frdth basebaunillé emb@amst@deﬁpdciwyatdmubm 6ret al s and

ni ckel al kanesu fonates where in formula (A), the alloying netal will be
substituted forabon 4 carhon gams alcuistirtge%iob!tyt»pﬁysbbmgyl«sycémeéytsf t he

al | oyi ng net al u Al'l oys of

ni ckel may al soyﬁgﬂa’é%'&rlgglaﬁ%‘%i\é@i ﬁ%‘&“i’%‘?‘ 88§§c&acper\%s to the coating
bath in lieu of or iThedboundisipledehtinStifficiding gearitity S thagthe @oRsertato
descri bed herein. Any of the otsigi G oup 1B, IhIB I11A VA 1VB, \?A VB,

VIB, VIIB or ViofiNi"nist preferably2bto 135eall, moreiprefarably Shte A0@&g/Lvhostur es of
alloying netal s_f and/or Goup IIB or Cr or Mh may al so be
prepared, especlirﬁfﬁzbpl ﬁ@“?\%gg}c‘orrponent or three conponent alloys where the
alloying metal is prl%&%ed'f&ﬂséﬁx the Bhih U the prasent (Ao kel Pethamén about

0.1 to about 20 percent by weight and especially fromabout 5 to about 15
percent by wei ghwlfonioagidhr 88(CHOOy)le Ni Zn, NiCr, NiFe, NiP, Ni M, N Sn and

Ni W Thgual I &ﬁi gr‘e prepared by i nserting the alloy net aI into the
coati ng baths anode in a manner well known in the art or by -
adding a salt of thergd inQuitRe B iAludes depésittiPdlioys oPafcRel as the nickel
coating of the present invention, and can employ alkane sulfonate salts of the
alloying metals and nickel alkanesulfonates, where in formula (A), the alloying
metal will be substituted for "Ni”, "y" has a value of 1 up to the valence of the
alloying metal, and "x" has the values given above.
Alloys of nickel may also be deposited employing alloying additives to
the coating bath in lieu of or in addition to the sulfonate alloying compounds
described herein. Any of the other Group IB, IIB, IIIA, IVA, IVB, VA, VB,
VIB, VIIB or VIIIB metals may be used as alloying metals. Mixtures of
alloying metals from Group VIII and/or Group IIB or Cr or Mn may also be
prepared, especially the two component or thrée component alloys where the
alloying metal is present in the coating in an amount anywhere from about 0.1 to
about 20 percent by weight and especially from about 5 to about 15 percent by
weight. Examples include NiZn, NiCr, NiFe, NiP, NiMn, NiSn and NiW.
The alloys are prepared by inserting the alloy metal into the coating
baths either as an anode in a manner well known in the art or by adding a salt of

the alloying metal to the coating bath.



8 Stress-Reducing Additive that Inparts Conpressive Stress in

Coat ing A stress reducing additive that inparts a conpressive stress
to the el ectrodeposited coating is present in the bath at a concentration
of 0.5 to 15 g/l, preferably 2 to 15 g/l g nore preferably 5 to 10 g/l, and
nmost preferably about 8 g/l. Usually the concentration of the additive wll
range from5 to 20 % of the concentration of the nickel ion present in the
bat h. Useful additives include those known as being useful in Watts
and Sul famate Raths, ) _ . s L0 which the
aromati ¢ gr oup=UESSeRERUCING - =P8l ynucl ear ring
having from about 1@. %&s@ﬁﬂﬂém%ﬂdcﬁﬁ@@ﬂﬁtﬂ P8 a cAhp rékhv!@tr@é% tafe wel I known
in the art. Anywhere fromone To about three sulfonate groups can be
'substituted onelebtodepositdd coatingniy pré‘snntrmlt%bathat mcmlcamtrambexfﬂeﬁw@ 1S/ oni ¢

d, b | f d, b d d,
o Sul foni 2 nci arclorabl R 15 6 TOESIIFBhYCS toct /L AR FosPBIREanlY afatdn o
aci d, napht hal gpe ﬁgdaﬁgltﬁe%yn&rﬁfa'u ﬁg?ﬁ[}ﬁﬁ]ﬁve'mﬁ‘? fﬁerehgg 162095 8 fhe

p-toluene sul f &ni c”aci ful stress ucing additives

I ncl ude benzengogdéniratidief the wickeliive preyetde thedaitde, saccharin (useful when
the bath will be nmaintained at a pH > 2), p-toluene s%fo mde
t hi oacet ani de, t hi oé&?ﬁ%&#@&!ﬁ’sdéd&%thpﬁﬁ krfviapas being use

napht hal ene tri foni CI [ t onic
ac!od. Ni ckel I@E %ba ﬁchﬁ%é—% %Mﬁ%&g%%@éﬂ%}ééﬁ%eeﬁﬁse in the

process, the b%&&hﬂ%ﬁfoﬁ{p%hhcyma ®Bhidy ik xﬁexﬂlbéi&ﬁhnglai palgnuclean eing Aaying or
exanple, NdJ[err] or N Br[errﬁ The ni ckel Ih.wgen aids in th
W

di ssol ution of frameabaytBiteabovsdé carbpe atomsuall of arewell li-ﬂ‘l’%é‘hg‘ﬁla@sent in

the bath is about to 100 era ditives
to the Bath qfrogxso Fg%bq%tﬁw%s c%é)lg’égn g %éut?s’ﬁven (lg%tr?ligto adj ust
the bath by th mﬁm {ih® "ELimpS 10EIuES FRRIPBSAZENK Bl friOadididRazékisulfatci n t he
art. Such other additives include, for exanple, 0 to about 60 g/l,
preferably 35 tamd4’o'enydehedfsulfdnuéaeds;apﬂuh})‘ialamelﬂlmlbnmcui aapirthalem? t 0 about 2

M/l prefer abl%ogogg ;[)m% a.cnl1 /N ?nhaféne disulfonic acid, naphthalene trisulfonic acid,

naphthol monosulfonic acid and p-toluene sulfonic acid.

Other useful stress reducing additives include benzene sulfamide,
cysteine hydrochloride, saccharin (useful when the bath will be maintained at a
pH > 2), p-toluene sulfonamide, thioacetamide, thiosemicarbazide and thiourea..

Preferred is naphthalene trisulfonic acid, especially 1,3,6-naphthalene
trisulfonic acid.

Nickel Halogen

When soluble nickel anodes are used in the process, the bath preferably
contains a nickel halogen, such as, for example, NiCl, or NiBr,. The nickel
halogen aids in the dissolution of the soluble anode. The amount of nickel
halogen present in the bath is about 0 to 100 g/1, preferably 20 to 40 g/l.

It is also within the scope of the invention to adjust the bath by the
addition of other components know to these skilled in the art. Such other
additives include, for example, 0 to about 60 g/1, preferably 35 to 45 g/l of

buffers, such as boric acid and/or 0 to about 2 ml/l, preferably about 1 mi/l of a



9 surfactant, for exanple, sodiumlauryl sulfate, to reduce surface
tensi:on and prevent bubbling of hydrogen gas. El ect r odeposi ti on
according to the process takes place at a pH from about 0 to about 5,
preferably about 0.5 to about 4.5, and ngst preferably about pH 1 to 4.
Current Density The conposition and process of the present

I nvention operates at current densities fromabout 1 Anps/dnferr] to about
200 Anps/dnferr] and preferably from about 2 Anmps/dnierr] to about 30

Amps/dnferr]. |n.high eed plati. 0 | : referred
current densi tm%ﬁfewpiﬁ%@‘ﬁ%‘%ﬁfs oteagbo%?ﬁ%oﬁ%{sé}‘ ﬂb grrl&f)].

Tenperature revent bUBBliBRS geh ghdle invention proceeds at tenperatures
from about room tenperature 20[errg]C) to about 80[err]C, and preferably

fromabout 30[pHr]C to about 70[err]C, and nost preferably from about
40[err]C to about 6Qlerr] C. Agitatian In porder t ent "burning”
of high current den '?Wé?@ég‘gﬁﬁﬁc%&ﬂ%f‘i:l@efp&ceﬁﬁ)ﬁageséﬁg?B?é%?ﬁ@’{%‘f‘we control
of the solutiopyo@lty labiti 52 ghekedily BbSTRY. B 2BER 27 hhd st pRErARLY iaBEut

mechani cal stirring, punping, cathode rod and other means of solution

agitation are pH1®at.i sfactory. Additionally, the solutions may be operated
W t hout agitation. ; In high speed plating such as on steel strip,
the agitation preferably produces a flow rate of about 0.5 to

5 meters/sec. Repl gf3hinRg @{?ﬁgﬂ %e{&?ofﬂle present i%ﬁoﬁ@ﬁerﬁfetggﬁ%grd&i lizes

an i nsol ubl e anode, eventla n solution wll need
repl eni shed i ndersities from aboe 1sArhps/dmttataboic20l Apps/dend end prefarably ifomh t o

enabl e the el ectrodepositign of | gwstress, nickel. A sujtable, conposition
for the repl eniabwtr?gﬂgmé/d%éﬁ@b?ﬂtéﬂeﬁmw’ helR gmeEEE]éPEE%@PPess-

reducing addi tigg GAB! dk Bredbired ifrkh Wbty BUbOR'SD Adpggst 46 ok 300" 1 ST NG (2)
Amps/dm?. '
Temperature
The process of the invention proceeds at temperatures from about room
temperature (20°C) to about 80°C, and preferably from about 30°C to about
70°C, and most preferably from about 40°C to about 60°C.
Agitation

In order to prevent "burning" of high current density areas and provide ..

for more even temperature control of the solution, solution agitation may be
employed. Air agitation, mechanical stirring, pumping, cathode rod and other
means of solution agitation are all satisfactory. Additionally, the solutions may
be operated without agitation.

In high speed plating such as on steel strip, the agitation of the bath
preferably produces a flow rate of about 0.5 to 5 meters/sec.

Replenishing C -

When the process utilizes an insoluble anode, eventually the bath
solution will need to be replenished in order to have sufficient nickel present in
the bath to enable the electrodeposition of low-stress nickel. A suitable
composition for the replenishing the spent nickel alkane sulfonic acid and stress-

reducing additive containing electroplating bath is a slurry comprising (a) nickel



carbonate which repl enishes the nickel and increases the pH of the bath,
and (b) the stress reducing additive of the initial bath used to inpart
conpressive stress to the el ectrodeposit. The slurry usually wll
contain 0.5 to 10 g/l, preferably 1.5 tc1§ g/l, of the stress reducing
additive for every 1000 g/l of the nickel carbonate present in the slurry.
However, the amount of the stress reducing additive will be dependent on
the particular stress-reducing additive used in the slurry. For exanple, if

1, 3, 6-napht hal ene tr.i G ac] il S: : ' t anmount
wi Il preferabl §"§8“%Bmgh1%@gmgﬁégsﬂb é ﬁlﬁiﬁgtean %ﬁ%‘?g%g @g Bgfbcgﬂ?@g&& #{)@? 1000
g/l of nickel g dRESfelucing additive difthe aifBalYattDlsed kol inipartcbigstedsivetsiesdat h
will be based on the Anp hours to which the spend bath has been exposed and

wi |l be suffi citethe elestrodépesiti n t he anobunt of nickel in the bath at the
concentration desir by the ect.ropl at er odes T nqQdes
useful in the procgag[g’ec??{miyﬂ@ hyeg[g{]‘f&ﬁtﬂQQE'ioﬁt@g?ﬁgﬁg?f@blgc}r%ﬁrfg@r?gges, such
as, for exanpl gye §He§§ﬁ:huéiﬁ$ ddiﬁgéeigdr@saiyqlebe gﬁ%@qﬁafweﬁb@m prkerftXRP! €,

pl ati num and precious netal oxi The 1 nsoluble (inert) anodes
used in this i mivesitirpn Hoveeven shel anpdunt of therstressi reduding aslditiverwillliee sol ut i on

and consist of either a solid anodic nejfal or, ngetal conpoynd e_g., oxide,
where the met aI@P%H%Enﬁﬂn f, BAEC AR SegETe pg@@hvgppﬁcqu ?LiB‘?y_'aﬁgr B of the
periodic table, h ) b 2 S ket BbRitge Or their
al I oys nmount ed eé%hg%bggg?@@ﬁﬁm?ﬁﬁ%?ﬁ@?@g?%xarrpl e,grﬁgheap%r base
metal s from t hanfeuatiwill pferaliBy be/alRyut Vitd B,g/la mbstrefeBabipeatuiut 3 Zidper 1600

alloys, e.g., stainless steels. A preferred anode netal conpound is iridium
di oxi de (11 e@hof nickel earboRdesl s of Irgerr] are preferably the metals of

Group VIB and VIIB, rﬁﬁ%o%ﬁf@%ﬁ%ad@hxgmm pge DisE& G f.l‘fe éxrr]lpglggll'st on to

I nsol ubl e anodes ca e used posit any gal vani c neta

ni ckel . The metiahidhthe spend bath lisbeen &xdséd sndk milbe suffitienste mdihtairediei n t he
art and include zinc, copper, |ead, chrom um magnesium tin, nolybdenum
and all oys themoynt of_mckel in the bath at the concentration desired by the electroplaten ™ |

Anodes

The anodes useful in the process of the present invention include soluble
anodes, such as, for example, nickel foil, and insoluble anodes, such as, for
eiample, platinum and precious metal oxides.

The insoluble (inert) anodes used in this invention are insoluble (inert) in

. the electrolyte solution and consist of either a solid anodic metal or metal

compound e.g., oxide, where the metals are of the Group IVB, VB, VIB, VIIB,
VIIIB, and IB of the periodic table, or the anodes comprise the above-described
metals or their alloys mounted on support materials including, for example,
cheaper base metals from the Group IVB, VB, VIB, VIIB, and VIIIB metals and .
their alloys, e.g., stainless steels. A preferred anode metal compound is iridium
dioxide (IrO,). Alloy metals of IrO, are preferably the metals of Group VIB and
VIIB, e.g, chromium, molybdenum, and nickel.

Insoluble anodes can be used to deposit any galvanic metal, in addition
to nickel. The metals that can be deposited are known to those skilled in the art
and include zinc, copper, lead, chromium, magnesium, tin, molybdenum and

alloys thereof.



Substrat e( cat hode) El ectropl ati ng proceeds in the manner descri bed
herein by electrolytically coating a conductive substrate with the
conposition of the invention, where the substrate (cathode) conprises any
el ectrically conductive substrate or polyqer substrate, or insulating
substrate (e.g., a polyneric material, such as a synthetic polyneric
substrate, or a ceram c substrate) coated with a conductive material such
as a netal or any art known conductive substrates such as a carbon
substrate. Subsimatelfcathdde) he exanpl es descri be the el ectropl ati ng process

as one that is cond ed gqn.a steel, supstrate,, an nducf{ive substrate na
be enpl oyed whet herulgltem@%}g,prgq:eggﬂr@gemer %l{b,eﬁilem Y alloy, and g
i ncl udes ot her J - A, . : on G oups
IB, 11B, I11A %‘Wlﬁﬁ!‘%ﬁ‘“‘%ﬁ@?ﬁ@@ﬁPﬁ?‘* @‘tﬁpﬁ%&h@gﬁgggﬁg% ement s,
the al |l oys conpinveaition, whedsitinsubstiate (Satliode) @bmpFises anl elddtivallyebaduetiand

el ements, especially the two or three or four conponent conbinations of
metal s and el enidiyftgate pf pelymgr substrate, qripsulatipg subHERIE-8oy2 PRI¥®ERY a current

A N e T T R L T M

coating on the with Aedaductive materikhguchak a@niial v aRY bR XhowA kesduct@sCr i bi ng t he
i nvention as set forth throughout the specification also include any

conbi nati on of substratessichapa carbonr sebstraiege with the hi gher end of the range
set forth herein inc Lhe,.inter . alia, .r es of .concentrations,of.
conmpounds, ratios ofAﬂﬁ%‘é@"E%W%FSA?Q’%@QS%S??P&?‘}H%P%%P%P'%‘F{gﬁt s, pH,
current densiti@hduétedBe aated] SbstrateChnlREndrickife s@stiRhay¥e dhployhp! € nunber
and/ or fractional nunber val ues.and’ ranges enconpassed wi thi'n these ranges.
 Exanpl e 1. whether apalymer plastic purestietal ra mistal aldpyhagdidcldes SibErired-) [ er r ]
ﬁg?ggg/nl Lraggf flgfoy\%ggsa héq?%'me go;[' arlﬁdsylélbfage on ?olugs fﬂ,'l?s,%'&,wﬂ? Ioﬁ? kel

12 VA, VB, VIB, VIIB or VIIIB metals and elements, the alloys comprising

combinations of two or more of these metals and elements, especially the two or

three or four component combinations of metals and elements.
Process | |

Coating proceeds by passing a current between the anode in the
electrocoating bath to the cathode substrate in the bath for a period of time
sufficient to deposit the desired nickel coating on the cathode.

The various numerical ranges describing the invention as set forth
throughout the specification also include any combin;a.tion of the lower end of
the range with the higher end of the range set forth herein including, inter alia,
ranges of concentrations of compounds, ratios of these compounds to one
another, molecular weights, pH, current densities, temperatures, and the like, as
well as all whole number and/or fractional number values and ranges

encompassed within these ranges.

Example 1.
A bath was prepared containing Ni(CH,S0,), (300 g/I) and 1,3,6-
naphthalene trisulfonic acid (7.5 g/1). No nickel halogen or buffer was added.



The bath was enpl oyed to deposit a nickel coating on a steel plate using a
1 liter plating vessel with mld air agitation at 50[err]C. The anode was a

pi ece of nickel foil. The average current density was about 4 anp per sq.
dm The pH of the bath at the start of pjsating was 3.5 and at the end of
plating 2.1. The deposition is carried out for 15 mnutes to

provide a coating 7 to 10 [err]mthick. The coating was snooth and

sem -bright. The stress in the coating was -6000 PSI (conpressive).

Exanpl e 2. A bath was prepared containing Ni (CHerr]SOerr])[err]
(300 g/l); 1,3,6- naﬁ;\thal ene trisulfonic acid (7.5 9/1) , NNC[err] (40
g/1), and H err] Bg ekhq bathvagemployed to depositp aigkel ¢patipg or Astesl platetusinge posi t

a nickel coatin a j | i oPl &t el .with mld
air agitation 4 lgg[té’}#@%ﬁ%L%gﬁgﬁgd %ig%ga}?ﬁﬁf‘gtgd&p ?Ii‘%%g?&éf%?) 12 P19
average currentqofifacel Foil. ke dve Ec&r@diﬂeﬂﬁ?@&a%m4ﬁhﬁgﬁﬁq?ﬁniﬂﬁebﬁth at
the start of plating was 3.5 and at the end of platin 4. The
deposi tion was Qfahtbab_abﬂlewof]ﬁmmse%Sanﬂ#rtbqutbogplmz.hg 9 to 12

|[Dg|r ' ]( (r:no';rglr gl; 'Si Ig)e _ Co’ﬁlé dne%os; %n?srrga(r)}xgd qu?’orSIeSm nﬁn%rtésqg tpi'ov-{ ¥ ﬂ)ﬁflSt r'ﬁég_tﬁﬁ -5200 A
bath was prepargs (GRR! %@E&ﬁjd?ivﬁﬁdhﬁioiﬂégs%ﬁﬂ Bf, " The(s8R6s i9/the coafiflgi UM
saccharin (1 g/llgl?, NNCl[err] (40 g/1), and H[lerr BJerr] (45 g/l) E

The bath was enwhoyed to deposit a nickel coating on a steel plate using a
| liter plating with mld air agitation at 50[err]C. The anode was a
pi ece of ni ckel'%géigkﬁq‘?g‘m’rvﬁbe current density was about 4 anp per sq.
dm The pH of the bath at the start of plating was 3.3 and at the end of
plating 3. 4. The deposition was carried out for 30 mnutes to
provide a coating 19 to 23 [err] mthi cExamiple 2coati ng was snoot h and

sem -bright. The stress was -2000 PSI conpressi

ve.
13 A bath was prepared containing Ni(CH,S0,), (300 g/); 1,3,6-
naphthalene trisulfonic acid (7.5 g/l) , NiCl, (40 g/1), and H;BO, (45 g/).

The bath was employed to deposit a nickel coating on a steel plate using

a 1 liter plating vessel with mild air agitation at 50°C. The anode was a piece
of nickel foil. The averagé current density was about 4 amp per sq. dm. The pH
of the bath at the start of plating was 3.5 and at the end of plating 3.4.

The deposition.was carried out for 15 minutes to provide a coating 9 to ..
12 um thick. The coating was smooth and semi-bright. The stress was -5200
PSI (compressive).

Example 3.

A bath was prepared containing Ni(CH,S0;), (300 g/1), sodium
saccharin (1 g/1), NiCl, (40 g/1), and H,BO, (45 g/l).

The bath was employed to deposit a nickel coating on a steel plate using
a 1 liter plating vessel with mild air agitation at 50°C. The anode was a piece
of nickel foil. The average current density was about 4 amp per sq. dm. The pH
of the bath at the start of plating was 3.3 and at the end of plating 3.4.

The deposition was carried out for 30 minutes to provide a coating 19 to
23 um thick. The coating was smooth and semi-bright. The stress was -2000

PSI compressive.



Exanpl e 4 A bath was prepared containing Ni(CH err]SOerr])[err] (300
g/l) and 1, 3, 6-naphthalene trisulfonic acid (7.5 g/l) ). The bath was
enpl oyed to deposit a nickel coating on a steel plate using a 1 liter
plating vessel with mld air agitation aj350[err]C The anode was a piece
of iridiumoxide coated titanium The average current density was about 4
anp per sgq. dm The pH of the bath at the start of plating was 1.8 and at

the end of plating 1.7. The deposition was carried out for 60
mnutes to provide a coating 40 to 45 [err]mthick. The coating was snooth
and sem -bright. The stress was -3200 pnpressi ve) .

Exanple 5 A bath was prepared containing NN (CH err]SOerr])[err] (300
g/1) and 1, 3, 6- nAfutinwheprepared sartiiningdNigCH8Q,J, (309 £/1) and IT86-faphthalens

enpl oyed to deposit .a nickel coatin n a steel plate usin 1 liter
plrrgt i %g vessel B’WifﬂmﬁPF‘é(iSﬂnibi hk%&%%%ﬁ"y %ﬁmr"gg@%%‘!gd, a
sol ubl e ni ckel i ' : Ll (] chides | Yl The
aver age curren‘t“]cl gﬁﬁgﬁlg‘e%@hg@&t&f @h%w%g%l%gﬂ%&%gﬁ%gga%ﬁ%p bt g]'e bat h at

the start of pfThéamglewas adictedfitiditmioxidecsvdted titaliani Mhe Avérage current The
deposition was carried out for 30 mnputes to Provi de a coati ngl§18 to 22

[err]mthick. densitysmsiabeptkamppassaimnthepihpt theibgtiyat thestart of platingas - 1500

PSI (conpressiyve . Exanpl e 6 A
ni ckel met hane%’ﬂ%F'c?naé‘f’eat%h(%’leﬁ?f’(f)ﬂla\‘fx%%l'grepar ed by dissolving 150 g/1 N OC8
into 70% MBA. Aft er The BBjdRitondiaTatriedionn fopic0tnitutes fkslovidenortie40 tdhi s
solution was filtered to renove any residual particulate matter. To this

was added 30 gAf upothick. sieoatingywas svaqeith hed semitbright) Temsteesswiasi-320Ri s

sol ution was hﬁgi?d to 60\[?£rr]'c to dissolve the boric acid. Upon cooling to
room t enper at ur &8, CAPTF4s adj usted to 2.0 with 70% MBA. A A

st eel coupon was anodically cl eaned i NaCH fol |l owed by water
rinses. This was activated in 5% HCL, roomtenperature for five

14 A bath was prepared containing Ni(CH,SO,), (300 g/l) and 1,3,6-naphthalene

trisulfonic acid (7.5 g/l) . The bath was employed to deposit a nickel coating on
a steel plate using a 1 liter plating vessel with mild airlagitation at55°C. Two
anodes were used, a soluble nickel foil and a piece of iridium oxide coated
titanium. The average current density was about 5 amp per sq. dm. The pH of
the bath at the start of plating was 2.0 and at the end of plating 1.8.

The deposition was carried out for 30 minutes to provide a coating 18 to i
22 um thick. The coating was smooth and semi-bright. The stress was -1500
PSI (compressive).

Example 6

A nickel methanesulfonate solution was prepared by dissolving 150 g/l
NiCO3 into 70% MSA. After complete dissolution of the nickel carbonate, this
solution was filtered to remove any residual particulate matter. To this was
added 30 g/l boric acid, 5 g/l naphthalenetrisulfonic acid. This solution was
heated to 60°C to dissolve the boric acid. Upon cooling to room temperature,
the pH was adjusted to 2.0 with 70% MSA.

A. A steel coupon was anodically cleaned in 50 g/l NaOH followed by

water rinses. This was activated in 5% HCL, room temperature for five



seconds. The steel was plated at 4 A/dnferr] for 15 m nutes. The panel was
bri ght and snooth. Cathode current efficiency was 89. 3% B. To this
sol ution was added 10 g/l A1203 (150 nesh), mi xed. A second panel was
pretreated as above and plated for 15 mqwtes. The panel was bright and
sem -snooth. The cathode efficiency was 90.2% Scanning el ectron m croscopy
showed co-deposition of the alum num oxide particles in the nickel matrix.
Exanple 7 A ni ckel nethanesul fonate sol ution was prepared by

di ssolving 150 g/I N CO3 into 70% MSA. After conplete dissolution of the

ni ckel carbonate, t sol u I on w filter to_renpve y resi dya
particul ate mat fespn é]srs'ﬂ{ ngplg éﬂ‘*fs’gﬁﬁdf%f%mmisnl iRgael Li'1"j7§htbor| c
acid, 3 g/l napitd §héo rbﬁﬂ'lba@EﬁrfenSSff%wnW'wsas%gl q¢fion was heated to

60[err]C to di ssolve the boric aci cooling to roomtenperature, the

pH was adj usted to 3B2ToithiksolGiorVeds addedlo g/PAI2O31 5 meplgnmixedaA pr et r eat ed
as above and plated,in the solutiogn. The panel was bright and snooth.
Cat hode cur r ent S&PR{l pansl was mére%d/@s above and platedyfor 5 smingest Thepapgkwatided 2

s prot i eat ot SoudsBlinag, T Safhd ok Bhey NefbIHr Spethill Sor ey

anal ysi s shomednﬁdftesqmpysmai k-ddposition af tHeGl@finum oxide ?ﬁucﬂ@m&hélﬁi@!kéﬂ ckel
solution was added 2 g/|I MSi 2. These particles were lowed to mx in the

ni ckel sol uti on™M@8#X-10 mi nutes. A steel panel was cl eaned as above and
plated in this solution. SEM anal ysi s (Egnfi litfd the presence of MdSi2 in
t he ni ckel coating. Exanple 8 A 5%

aqueous sol ution of auditidlinfetiimbshifonste ROREDH Ws phpated ByRfitshRtng¥igt ed to
3.0. Athree electrode el ectrochem cal setup was used tyo study t he

oxi dati on of tth@OBfl@tmw%aMS@. Afier complete dissdlution oﬂhemkelacatbomtegﬁusj The
reference el ectr de was /5| | ver chlp e wor Ki ectrode was
15  iridium cod EHOQW?%ﬁ ﬁ‘? OriymoNs ABH 1SS H{“ag?mﬂﬂﬂgt Rf‘%ﬁgs ¥&inned,
starting from - g4dd\s ym&mcmeaaéqodg/rﬁ&ie&m 3@!&5&&%&3&%&&“ was

seen at +0.3 V

' This solution was heated to 60°C to dissolve the boric acid. Upon cooling to
room temperature, the pH was adjusted to 3.2 with 70% MSA.

A. A steel panel was pretreated as above and plated in the solution. The
panel was bright and smooth. Cathode current efficiency was 96%.

B. To this solution was added 2 g/l MoS2, molybdenum disulfide. This
mixed for 10 minutes. A steel panel was pretreated as above and plated. The
cathode efficiency was 94%. SEM analysis showed the presence of MoS2
particles. | |

C. To a new nickel solution was added 2 g/l MoSi2. These particles
were allowed to mix in the nickel solution for 10 minutes. A steel panel was
cleaned as above and plated in this solution. SEM analysis confirmed the
presence of MoSi2 in the nickel coating.

Example 8

A 5% aqueous solution of sulfamic acid was prepared and the pH was
adjusted to 3.0. A three electrode electrochemical setup was used to study the
oxidation of the sulfamic acid. The counter-electrode was a [rO2 grid. The

reference electrode was silver/silver chloride. The working electrode was



A 5% MSA sol ution was prepared and the pH adjusted to 3.0 with sodium

bi carbonate. The sane three-el ectrode systemwas used in this study. No

oxi dation peak was observed at +0.3 V in this MSA sol ution.

Therefore, one can use insoluble anodes 1% the nickel nethanesul fonate

el ectrolyte and experi ence no degradation by-products. The use of insoluble

anodes in the sulfamc acid solution will |ead to breakdown products at the

anode. Conpar ative Exanple 1 A bath was

prepar ed cont airiding-chate@titaiurh SThe pot]e)lﬁdruf thi$ Syfenyag scanfled; @diinmg framchari n

(1 49/1). Nonlckel hal ogen was used The bath was e ed to

deposit a ni ckel-2 y@éﬁ“‘ﬁ@“@‘ﬁ“é‘fﬁt@@} Aﬂ%@xﬁp%%ﬂ‘l‘”ﬁ*ﬁa‘p \/’ng vessel

with mld alraglta ckel foil.
Sl\ﬁ%A%Qiu%ﬁ]v&s Q}ﬁmﬁ’lﬁﬂ%"@% a&ﬁg%&%ﬁ ﬂ{

The average current Bouf "6t the bath

at the start 0§odihmtblmbome Ihe saing ﬂﬁ%e-hl&etr@dwsy@fenﬂhﬁusedl uiLth'fs stddyhi t e
precipitate was seen in the plating solution at the end pI ating. This is

sacchari c aci dNgaxidation perlpvasehsarved at +O3thin fbﬁd\‘ismobﬂ The
deposition was carr r.30 mn sto 7 to 23
[err]mthick. The cgﬁ%eﬁdé’v%‘ gy PW@“& é‘r‘ﬁkebﬁ g’ﬁ{‘ s%lltﬁgatgt ress
was +4200 PSI tregélly® and experience no degradatlonb produc@ MRRNEE bf Pisbi8md! es 2 to
5 Five coati ng; of " ni ckel electropl at ed from bat hs contai ni ng

Ni (CHBSOB) 2 wenrodss ipthesul faraicragist solwiontillrledd Bdreakdpwn radugtsrat the pH, CD and
NTS (1,3,6 naphtqﬁl ene trisulfonic acid) on stress are studied. Al
processes are ated at 60[err]C

16 SuppR b ifaf} Labtegul t's I n absence of
NTS, stress in all deposits were Tensi S necessary to ensure
conpressi ve stress. Abathwaspreparedcoﬂammg]ﬁi(cmsogp(margﬂb ambsodiimpar at i ve
Conparative Conpar at Bat h Bat h
bat h of presenfacc bog/l)prlgggmcelhalogenwasusecﬂ

i nvention inventio

. . . . 5
6 N (CHerr]SOerr]) ertrh]was e“é"é??%g/‘? depofbt(? nd%fel coatmg(% agsﬁékl plate %s(%g o/l

300 g/ a 1 liter plating vessel with mild air agitation at S0°C. The anode was a piece

of nickel foil. The average current density was about 4 amp per sq. dm. The pH
of the bath at the start of plating was 3.3 and at the end of plating 1.7. A white
precipitate was seen in the plating solution at the end plating. This is saccharic |
acid which precipitated due to the drop in pH.

The deposition was carried out for 30 minutes to provide a coating 17 to
23 um thick. The coating was slightly rough and semi-bright. The stress was
+4200 PSI tensile.

Comparative Examples2t0 5

Five coatings of nickel electroplated from baths containing Ni(CH;S0;),

were compared. Effects of H; BO;, NiCl,, pH, CD and NTS (1,3,6-naphthalene

trisulfonic acid) on stress are studied. All processes are operated at 60°C.



NTS . no no no 7.5 g/l 7.5 g/l
Ni Cl[err] 45 g/ | 45 g/ | 45 g/ | 45 g/ | no
Herr]BJ err] no no 30 g/l 30 g/l no
pH . 4.5 1.2 16 1.47 1. 47 1.21
CD during Stress Stress Stress Stress Stress
Process of coating of coating of coating of containg of coating
4 Anp/dnferr] +17,344  +17,7 + -7,963 -7,543 8
Anp/ drf err] +37,890  +16, 947 é“‘m’% @Belﬁgs“"% 445 -8, 229 12
Armp/ dnf err] +30, BBabsenceof NTX) Stress in-dlP d&tits were- ténstlé4 NTS is n&eé@?
Anp/ dnf err] +22, 568 +25, 078 +18, 400 -9,335 6 6
Anp/ dnf err] tﬂﬁIE“rEGQmPreSSlYBWE burn burn +380
slight bum tehett—t-he—speetgat-er—ihe—t-Rveri-g-s——efe+—i 0
various materifal s used i| rEombasdtive | rCompirative so:b;&&ﬁcb Coigardtind 1] Compprativen| s,
and intend that they coftaiBatsubdt arBathl | y| t hBag co @prtsent  |oPathiokpreeentt hese
conponents conprise at feast2the {basezconppnenys i n|t h&5¥at|er Inghign
It will be applarent to fhose skillled in the art tha{ vardous |nodi i catj ons
and vari ations mpde, T 0 I Ng COOPOSI | O N Pl OCESS o1 [tNn nyeng i on
W t hout departj b(r'\; slrbﬂe}fn e‘“@pﬂlil t og&gﬁlip E’Oﬁﬁg ' :|1 1@%‘2 I tgpégﬁnt ended
t hat these nod ationg ang.varilatiqns of} thi g.invént arg t
i ncluded as p I?I*l'g theli n\/g‘gt el p?@vi ded th ° COiE 478 L0 thg'ésjg%oe of
the appended c]gijamp and|thasgneqyi vajsent s. 45 gﬂl? .45 g/l

H,;BO, no no 30g/1 30 g1 no

pH 4.5 12 1.47 147 1.21

CDduring | Stress | Stress | Stress | Stress | Stress

4 Amp/dm2 +17,344 +17,759 +20,115 -7,963 -7,543

8 Amp/dm2 +37,890 +16,947 +20,529. -7,445 -8,229

12 Amp/dm2 +30,282 +21,298 +19,996 -7,824 -8,465

. 20 Amp/dm2 +22,568 +25,078 +18,400 9,335 -6,936

50 Amprdm2 | +19,263 +16,272 burn burn +380 .
slight burn

Throughout the specification, the inventors refer to various materials
used in their invention as based on certain components, and intend that they
contain substantially these components, or that these components comprise at
least the base components in these materials.

It will be apparent to those skilled in the art that various modifications
and variations can be made to the composition and process of the invention
without departing from the spirit or scope of the invention. It is intended that
these modifications and variations of this invention are to be included as part of
the invention, provided they come within the scope of the appended claims and

their equivalents.



CLAI M5 A corrposi tion of matter for producing | ow stress

el ectrodepo coatings, the conposition being an acidic
aqueous el eimﬂ LE !]"H"Ili ﬁ conpri si ng a - a nickel

al kane sul f b- a $4ress- reduci ng additive that

| nparts conpressive stress to the coating, c-
optionally, a nickel halogen, and d- optionally, a buffer.

The conposition of claim1 vvherﬁli’mi d ni ckel al kane sulfonic
acid IS present in a concentration bout 50 to about 600
gns/liter, said g stresss compositidristikatied ferdoduci low segP@Bdirddepasited Mo UNt
from about 0.5 to about 15 gns/liter, sai d ni ckel hal ogen is present
in an anount fromickel ooaiimgsltthdemnm)midmhemg anagidic aqueossi¢lactiopldting bath pr esent
in an anount fromO tp, about 60 g/liter. 3. The conposition of
claim1 wherein SMP™H{IMel al kane sul fonic acid is present in a

concentration from aboi‘ta&éf?eltaﬂcaﬂ?%lﬂf‘on?@&l@m” iter, said a

stress-reducing additive I's present In an dmount from about 5 to about 10
gns/liter, said nickelb-lastrespereducingaduditive thatimparts comptessiveostreddtd theabout 40
gns/liter and said buffer is present in an anmount from 35 to about 45

g/liter. 4, ¢ »conposition of claim1 wherein the
stress-reduci ng additi %;gg sul foni c aci d. 5.
The conposition of cl a‘%/ ké%lgramcﬁ H%I dnﬁ al kane sul fonic acid S

ni ckel met hane sul fonid- O?ﬁbmlg@dbﬁﬁﬁ,st ress-reducing additive is
napht hal ene trisulfonic acid. 6. The conposition of
claim11, further conprising nickel hal ogen.

2. The composition of claim 1 wherein said nickel alkane sulfonic acid
is present in a concentration from about 50 to about 600 gms/liter, said a stress-
reducing additive is present in an amount from about 0.5 to about 15 gms/liter,
said nickel halogen is present in an amount from 0 to about 100 gms/liter and

said buffer is present in an amount from 0 to about 60 g/liter.

3. The composition of claim 1 wherein said nickel alkane sulfonic acid
is present in a concentration from about 150 to about 300 gms/liter, said a
stress-reducing additive is present in an amount from about 5 to about 10
gms/liter, said nickel halogen is present in an amount from 20 to about 40
gms/liter and said buffer is present in an amount from 35 to about 45 g/liter.

4. The composition of claim 1 wherein the stress-reducing additive is

an aromatic sulfonic acid.
5. .The composition of claim 1 wherein the nickel alkane sulfonic acid
is nickel methane sulfonic acid and the stress-reducing additive is naphthalene

trisulfonic acid.

6. The composition of claim 1, further comprising nickel halogen.



18 7. The conposition of claim®6, wherein the nickel halogen is

Ni C [érr] . m ess for producing | ow stress el ectrodeposited
ni ckel coati ummmﬂm mﬁl ectropl ating a cathodi c conductive substrate
in a coating Bath Havitngsan=anode thereingthe conposition of said bath

consi sting essentially of: ~a) a nickel alkane sulfonic acid;
b) a stress-reducing additive that inparts a conpressive stress to the
coating, c) optionally, nickel hal ogen, and d)

ahout 0 10’ about 3 and TOREPAPSHHAY ke NoEne el SR NiChLbs rat o
9.

at fromabout 1 to about 200 Aldnferr]. The process of

claim8 wherein said bath further conprises nickel hal ogen. 10.

The process of cl & m 8 wiAeprocass fdrgrguucing lowistiess elentrodepdsitedmizkelicbatingd. 5 t o
about 2.0. 11. .. The process of claim8 wherein said substrate
conprises steel CCHREHDE: 12. The process of claim8 wherein said

t stee ocess or clarm8
wher ei n sai d ni ckehereihk areccomposition of said bathonsigtingsssuntially ef:concentrati on

from about 50 to about 600 gns/liter, said a stress-
" a) a nickel alkane sulfonic acid;

SUDSH oL COTDY 588 il Ml e bt 657 0 GV Bl 1

b) a stress-reducing additive that imparts a compressive stress to the
'coating,
c) optionally, nickel halogen, and
d) optionally, a buffer;
maintaining said coating composition at a pH from about 0 to about 5; and

" maintaining the current density on said substrate at from about 1 to about 200

A/dm?.
9. The process of ¢laim 8 wherein said bath further comprises nickel
halogen.

10. The process of claim 8 wherein the pH is maintained at from about
0.5 to about 2.0.

11. The process of claim 8 wherein said substrate comprises steel
conduit.

12. The process of claim 8 wherein said substrate comprises steel wire.
13. The process of claim 8 wherein said substrate comprises flat steel.
14. The process of claim 8 wherein said nickel alkane sulfonic acid is

present in a concentration from about 50 to about 600 gms/liter, said a stress-



19 reduci ng additive Ts present in an anmount from about 0.5 to about

15 gns/liter, ' | l..pal ogen is present in an ambunt fromO to about
100 gns/lit dl!glﬁm" lﬂ:ﬂ Bm er is present in an anount fromO to about 60
* .C L s

g/ liter. ess of claiqya8 wherein said nickel alkane
sulfonic acid is present in a concentration from about 150 to about 300
gns/liter, said a stress- reduci ng additive is present in an anount from
about 5 to about 10 gns/liter, said nickel halogen is present in an

amount from 20 to about 40 gns/liter and said buffer is present in an

amount from 35 re@uoiitoadditive i§ btdsértlin an amolitt from abdilt®. procabestsl Lms/licerm 8
wherein the nickel alkane sulfonic acid is ni ckel net hane sulfonjc acid

and the stress-saisbnickel halogen isipresentsinanameunhiom ¢ tojabont; |09 gmsdlitegand 17,
The process of clai m.8.wherein the nickel kane | fonic acid is ni ckel
net hane sul foni%‘@'&?@%ﬂ%ﬁ?&"’sﬂ@@&ﬁ’c@#f é’&ﬁ?qjg@l 1 s sodium
saccharin and said conposition is nmaintained at a pH above 2 to about 5.

18. A conposition of matter for replenishing a spent electroplating
bath containityg N ( F8306¢e3s ofclaisn 8 whereireshid niclelsadking isylfonic heidbigt h havi ng

been used for producing | ow.stress .el odeposited nj.ckel.coatings, the
conposi tion beiﬂgse&tQ%? e%ﬁ‘ﬂ?i@?‘hﬁbﬁi%w @ﬁpgﬁpgﬂ%ﬁﬁ sf'x“iga%fefs.gss
reduci ng . addif, 06 isDedshiiti t S to BBV RAFlifek,0n Of
clai m 18, wher eﬁeﬁﬂﬁQL%*Eﬁi;%b@&%paﬁ%@gamo oné%gou 5t8 10u g/ 1 of lt he stress
reduci ng addi t i safd fiiokeldralngen isGR€seqnf in anfaniduat fromi2fl to aboutrdOcgmas/biter and

said buffer is present in an amount from 35 to about 45 g/liter.

16. The process of claim 8 wherein the nickel alkane sulfonic acid is
nickel methane sulfonic acid and the stress-reducing additive is nathalene
trisulfonic acid.

17. The process of claim 8 wherein the nickel alkane sulfonic acid is
nickel methane sulfonic acid and the stress-reducing additive is sodium

saccharin and said composition is maintained at a pH above 2 to about 5.

18. A composition of matter for replenishing a spent electroplating bath
containing Ni(CH,SO;), and stress-reducing additive, the bath having been
used for producing low-stress electrodeposited nickel coatings, the
composition being a slurry comprising nickel carbonate and the stress reducing
additive of the initial bath.

19. The composition of claim 18, wherein the slurry is comprised of 0.5
to 10 g/l of the stress reducing additive for every 1000 g/l of the nickel

carbonate

20. The composition of claim 18, wherein the stress-reducing agent is an

aromatic sulfonic acid.



The cog&u(ltlon of claim 18, wherein the stress-reducing agent is

aromaﬂlml Jm”ﬂllzﬂilwct rodeposition of a galvanic netal coating on t28

a conductlve substrate’in" the presence @ an insol ubl e anode conprising

| mer sing said anode and said substrate in an aqueous solution of a soluble
al kanesul fonic acid or aromatic sulfonic acid salt of said gal vanic netal
and passing an electrical current through said solution at a sufficient
current density to deposit said gal vanic netal on said substrate. 22.

The process of claim?21 wherein said al kanesulfonic acid is nmethanesul fonic

actd. 21. A process for electrodeposition of a galvanic metal coatingontoa
conductive substrate in the presence of an insoluble anode comprising
immersing said anode and said substrate in an aqueous solution of a soluble
alkanesulfonic acid or aromatic sulfonic acid salt of said galvanic metal, and
passing an electrical current through said solution at a sufficient current density

to deposit said galvanic metal on said substrate.

" 22, The process of claim 21 wherein said alkanesulfonic acid is

methanesulfonic acid.



