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_ : Production of such alloys. containing boron or phosphorus have heretofore been
_ achieved by known procedures involving primarily the.employment of reducing
15 agents for the nickel:cation in the bath such as nitrogen compounds to produce 15
the boren containing alloys and phosphite ion generators to produce the
phosphorus containing alloys. Formation of such electroless nickel-boron or
nickel-phosphorus . alloys containing other codeposited metals such as tin,
- -tungsten, molybdenum and/or copper have, however, heretofore been either
- 20 difficult or impossible to achieve when employing these conventional plating 20
systems and techniques. S o o . ' :
It has now been discovered that such polymetallic alloys of nickel can be
more readily achieved and moreover some of the alloy deposits produced have
highly desirable properties including corrosion resistance and freedom from
25 ferromagnetism, These polymetallic alloys moreover can be produced with 25
substantial amounts of the codeposited metals, such as tungsten, within the alloys
at levels not heretofore obtainable. . S
These results can be. achieved, in. accordance with the present invention,
through the employment of an ester complex of an oxyacid and a polyhydric
.30 - compound in the electroless plating bath which both facilitates and permits the 30
: formation of the polymetalilic alloy and, in certain instances, can also conveniently
serve as the source of the metal codeposited with the nickel. In addition
employment of such an ester complex can allow the electroless plating to be
conducted free of the previous plating limitations such as restrictive pH ranges or
.35 ‘highly alkaline conditions which render utilization of such an ester complex in 35
electroless nickel plating of a particular commercial desirability. '
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aci d such as Whemgsten or molybdenum is desired as the metal for codeposition with

55 - nickel instead of simply adding a source of turigsten or'molybdenum cation to the 55
' bath, for example a tungsten or molybdenum-salt, the source of the tungsten or .
molybdenum, in accordance with a preferred embodlment may conveniently be
the complex ester itself. Normally. the ester complex of the polyhydrlc compound
does not enter ‘into or become a component of the final polymetallic alloy.
60 However, when the ester complex is a tungsten or a molybdenum ester, for - 60
example the tungsten or molybdenum ester of glucoheptonic acid, then the ester
can also serve conveniently as the source of the tungsten or molybdenum
codeposited with nickel in the final polyalloy
. * As previously discussed the reducing agent for the nickel cation in the bath _
65 may be either a boron compound such as an amine borane ora phosphate ion 65
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gl ucoheptoni c acid. The ester conplex so prepared, in addition to pronoting
the codepogition of the other netals with nickel, also favourably
i nfluences the rate of netal deposition—enrd—rereovwer—i-s—stable in the

el ectrol ess plating bath thus permtting its use over long plating periods.
45 The production of the electroless nickel polynetallic alloys.
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fficient sources of the metal cations are added to maintain
the- concentration of the metal cations within certain. preferred ranges. For- 55
‘example, a source of nickel cation should be added to the bath sufficient to
provide a concentration of nickel cation of from 0.05 to 0. 3'mols per liter. When
tin and/or copper are desired in the polyalloy a source of copper cations should be
added sufficient to provide a concentration of. cuprous or cupric cation within the
60 range of from 0.0005 to0-0.01 mols per liter and/or a source of stannous. or stannic .60
iﬁgrsufﬁcmnt to: provxde atin catlon concentratlon of from 0.01 to 0.1 mols per :
The concentration of the. ester complex mamtalned within the bath may also
be varied with the amount chosen for any particular bath being a function of the
65 specific ester complex employed as well as the particular polyalloy desired. 65



alloys typically an aqueous bath is first prepared by adding the bath
conponents such as the ester conplex, reducing agent and sources of the
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.to adjust the pH foll owed by 25 imersion of a suitable substrate within
the bath so prepared upon which the polynmetallic alloy is to be plated or.
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nickel alloys- which may be produced include nickel . polyalloys containing
55 ‘phosphorus such as nickel-phosphorus-tin; mckel-phosphorus-tungsten nickel- - 55 -

phosphorus-molybdenum; nickel: phosphorus—copper nickel-phosphorus-molyb-
denum-copper; nickel-phosphorus-tin-tungsten; or nickel-phosphorus-tin-copper;
and nickel alloys containing boron -such as nickel-boron-tin;: nickel-boron-
. ‘tungsten; nickel-boron-copper; nlckel-boron-tm-tungsten, mckel—boron-molyb—
60 dénum; mckel-boron-molybdenum—cog pEr; Or. mckel-boron-tm -copper. Generally, =~ 60
these polyalloys are characterised as having good corrosion  resistance of an order
. superior to conventional mckel-phosphorus ornickel-boron alloys and provide, for
- example, excellent con'osmn protectlon for various metal substrates such as mild steel
_ or aluminium. .
65 * The polyalloys are: composed pnmanly of nickel and generally in the range of .65



5 The pH enpl oyed for the bath solution wll affect the final
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This versatiFe pHpérﬁé}gemoryBﬂ ﬁ,,thlf,"é}ﬂeq @fgrﬁf'ée Eﬁf%;’%ﬁht bath
HQ)o

fromany criti‘cal P%?gphxgvﬂw@i ththmse e”ram4to|20gve argd ed | n a
rel ativel y § rrpl e l’:c mﬁ'{?‘g S feabl e rranner The part i cul ar 20

pH range desr red 'i;ﬁys.ca TR try Lf,rg'é’ ‘ﬁg“ @"'&nbf d&‘ q%lf*}b(&j inlo
accordance 20 w Ptvpeltim/&mtamp 1culmopa b withih 1559 wall, ¢ ant ity
of an acid or bas%j%% it Qﬁle}t‘%rcommsa pasweltdae qHhé cxrm;tolﬂ&o altd ng of

any specifi g5 pol Y BRE Sur sﬁnaﬂ hite

reduci ng agent DT @waiRt of Roinkh &ch&aﬁ? %E.? MI;EIE ca‘lfai-é@% v%, ‘ﬂgs i ent!to -

reduce the nickel N Cqrtgicf Pfe@em&lalloy? aniple A& phosphoriid\éontaitiggent r at i on
of the boron cont 3§ §°y Qg?@ 9sphonestinaeopphr meyay¢xhibRm ami ne

1 1c
bor ane wi | | 6 ange' 1 iahada hese rﬁé’tgﬁcf?\!otl& opFEal { he
phosphite ion gengmrofsmam efsthsai smaxl /B4 £g§%f Eﬁ%’ w‘?h ,{d m 0. 2.85

to 1 mols per Iit er show, under X-ray diffractive ana.lysrs, a low order structure w1th a

allite size- in, the order
- The tenperatures Zﬁ)ylthﬁ Bhaminpdosarys. M pobyalleve ofinjekelart, a
function 3025 nifasctatsetnheslloyedd mtséésa hti anteiagi sﬁgeneoufﬁr itnosi hon

of the bath and |WPP§GH;§'Q‘SP?YEQ§IVQF1“ nld loypon V\/net her hos hite or boron
reduci ng agent |sln ,ﬁiﬁ ‘;eguc %iy range .
fr om about gerr] Mpatmmambkaﬂ | rrfg}gmg Eneki6 bf eﬁlg'\f ature

Wi t hi n" such Qange‘“ Otmfn eki(!w\/elrectvdlmsplatmgttgh tjt&s, 1ﬁiﬂal[y d,Tg agegt s

and hi gher. when P{ “et‘c%j erthe lambrphousgeneral a
bat h tenper at ur e Dofer %lﬂleos)t’}ﬁ?é hich B ?ﬁtﬁd;&r ﬂg? ‘2, NE o

ci rcunst ances. r%ndigaru i lIwewdr, tha@o hllw”ngrspe ific (helﬂifkélﬁ;ﬁ photG: :fact ors as
(he auant |13 or P MEMAEE 28 .,a;’ Bt o sty o o
substrate-as wel IHaSe ¢ reai ﬁ" ﬁ%ﬁ ) i/er when
utilizing the estSurch dtmpteem&ss de)artlcular eaﬁthuﬁl yer t él dll pe t‘?s can be
achi eved in,fhe GhRELT grere béftft cozroswtl @esiagnt Mpcmesrcmbe ploiea

Accor di ngly the dudihabn e ICQISI il dine %&gﬁd}‘ ‘;Pwravhaﬂe% t heo
desired I evel pﬂ@ﬁ_ Bt bf thab & gnall PRBrdsigG Tohiok, Sth, the | depized electrpmagtsfia i g bat h
may, if desi red Sonha |fﬂ wingyvExsmplep ate Hestiibed ddiithistrate battis cdad goByaligysmon| y
enpl oyed i p. el ect™TOrE&E HF RISt BVeAPRy bat hs. | ncl uded within such 45

conventi onads materi al s are bath stabigxgqpsg guch as sul fur- containing
conpounds, 45 for Ercarrplian ofteistouicamplexasofiylyhyds oommnlnam ng agents for he

netal ions naint g AR aWoldlichet B fBhdbiaich. S, el amne tetra acetic

acid (EDTA) pot assApproﬁma(aQe $l’§ha{s€é}§{ollsc I dawas %’éf ig,l {,1?

controllers suchs '%Hephemhvt wesehnrgerdnuemst@imcaioﬁ@eseei
bo

pol yretal 1 i% ni c§ %yfg"lé%g’mmma femoWith stirripg, thetemeratigt yas mfﬂmlaedﬂat h so
accordi ng to thiso 4 (KHARbIAE oY s Rkl uk m&#ﬂlh teﬁ‘atﬂaggs thgeafﬁrgrhged and
ei t her’ phosphor u§ or bor on and at | east one metal selected fromtin,

nd

t ungsten, nol ybd lqrn ¢ a#ﬂprepamdcdtwlowbl oys obt ai ned
i ncl ude ni skel aamg e)nlrn awp uRe
polymetal lic ni ck&génraitiornyr/sss bﬂhniﬁ@.}tb € 600 mm na = § @ﬁﬁgflmfg’ol yal ¥5oys
containing 55 ! 1": i wﬁﬁtﬁ‘g ﬁssm%ﬁ dat abrut RféCr mram;ylolrmnutes The
ni ckel - phOSphOI‘ o Xt ung ﬂ'ﬁ teF to aggal volume ofone iter with additional water.

C. The molybdenum ester of glucoheptomc acid was prepared as follows:

Approxlmat 241 grams (1 mof) of the sodium salt of molybdic acid (sod
molybdate) and 2 8 grams ( l mol) 02 sodium glucoheptonate \zere chalrggiotc:uannz %




phosphor us- nol ybdenum ni ckel - phosphor us- copper; ni ckel - phosphor us- nol yb-
denum copper; nickel - phosphorus tin- tungsten or

' 3 C ing boron_such as
nlckel-boron-tln; ni ckel - bor on- tungsten nlckel boron copper;

ni ckel - boron-tin-tungsten; nickel-boron-nolyb- 60 denunm

ni ckel - bor on- nol ybdenum copper; or nickel -boron-tin- copper. Cenerally, 60
t hese | all oys are characterised as having good corrosion resi stance of
an or de uperior to conventional nickel-phosphorus or nickel- boron- al | oys
_and progi de, for.exanple, excellemgupmgr05|on protectlon for varlgus nmet al
Subst rates—suciT_das, miu bL - RS uul u —Fre—pot (IIWS are

;' conpos ed pr I t gﬁp Ta ure was mamtame at g%quqt% approx1%attﬁ :gﬁgéh ff frrmg, 5

1,515,703  mixture was thereafter dlluted to a final volume: of one liter lvﬁa@ergS WEI ght
f_'percent of the aI | oy.  The ot her- cgg&g}nents of ‘the-alloy will, of course,

vary 1gprespﬁ t}ﬁl;she ot her et & &Hépom ted with nickel and t#e: boron'

~or phosphor us @&'Eéltof RARESEs PAftingdaths Aferé MnmkllRAitdixin@kheSesédd MEL Ms or
el enents pr ewemtexcsmftﬁxmnﬂellxeate axytheBmtuscaaﬂla yshovvever ‘the all oy may

he bg k
tmﬁm S

' onta.t allo obtal
“tungstgn wi t TR REGE
within the r\angamea‘nu&mmoee&rets emﬁﬁyadefbg&itkepﬂémnts plam didkestoekn Wit hin t he

‘range’ of froﬁ?iutlensl f§_ Echmfbphe range of-
from4 to 20 ‘EI ,;‘-S’lﬂf‘ s P Em 0.02 to 5
wei ght sperceﬂﬂe de ited -alloy- for andl emmlexke dabdoqmnare 15

char acterl setdclm ugs. nunber of Jdes} ra Ie 10 h cal:;, mechapj.cal and :

el ect romngne, (FHEPBESREEN st;gpt et éﬁf’ﬁf‘{rﬁfﬁ%ﬂ 8 for any
particul ar bI g)yervuot, course, vary dependi ng upon
its partlcul ar . corrpOSttlon as vveII as’ upon the conposition of the bath from

which 2% is L eR! ed, eenpol yal FSQ PLE 3general have excel | ent nethani cal

. 2T
15 and corm%ﬁis'im‘éi v GHBarddl HMBES 118 TolRifgbalhS BOGE iddRamyof parti cul ar
value in a condifomunber of conmmerci-al applications and esgecr ally in

corrosive environnents. Mor Bather, certain of theseét pol yal Boys, for exanple
the phgsphor &81%@}6} ﬂgotﬁbt% £ m@lr&o@sxﬁerand speci phcal Ty gne 25

-ni ckel=phospho PUS-T1 n- opper al 'oys, -exhi bit a nonmagnetic -or

" non- ferrorragﬁekqlwlfmeapdfﬂ!tyr 20 - - In additi84, thed¥.alloys exhibit a
f.avour abl e syr y wwththe =~ 20 surfa of tain of the
al | oys bei n;ﬂg{l%‘g QIQQ,} Pg devoi d of m croporosi t?/ggnd fﬁﬂﬁher show, under
X-ray di ffrantmura,p.pai ysis, a |l ow order structurelwith a lcrystal lite size
“in the order, l_?f 15 angstrons. Mreover, the poI yallcoys ofsqi ckel and
partlcularl hose cont ai ni ng copper exh|b|t a hlghly hoaneneous or
~unitar3 25 TempephaseCas a true alloy and are sulftanti-afQy free ¥f

. distinct met as free 25 copper interdispersed within the
pol yal | oy. C&koyﬁﬂiwsﬁ%}?t%eﬁggl rabl e properties exhibited by sone of the

~pol yal | oys amidkdtn particul ar .t he phosphorus cont a@7di ng a85|6)ys such as -

ni ckel - phosphorus-tin- copper is their lack of ma r%etl C. 0{ ferromagnetic
properties. TH°eneral, alloys of 30 ni ckel - pRosphor us, formed by

el ectrol ess plngtted g technl gues, are initially dewwiod of 18D nagnetic or

f er romagnet i e—preperties—However—aftter—agingthe—anmorphous—char act er of

the alloy as originally deposited gradually alters and the all oy assunes a
nore crystalline structure which then renders t he al l oy ferromagnetic.
Quite significantly, however, the polyalloys and specifically the

ni ckel - phosphorus-tin- 35 copper polyalloys do not undergo such

structural alteration and do not change 35-their .original anorphous

character even after aging under elevated tenperatures. Hence they retain

their initial non-ferromagnetic properties o’ver I ong per| ‘ods.

!1")




Such characteristic is of particular value in that it permts such
polyalloys with its superior mcro-hardness and corrosi on resistant
properties, to be enployed in 40 electromagnetic signal recording

systens as a protective and supportive alloy 40 wi thout adversely
affecting or interfering with the desired el ectromagnetic properties of ,
such signal recording system The follow ng Exanpl es are described to

i1l ustrate baths and pol yal | oys enmbodying the present invention: 45 6
EXAMPLE 1. 45 Preparation of

est er - conpl exep of p
gl ucohept oRj_c—ae B 2 >
nmol s) of boric aci dic nd 248 rgams § .mBKA Mi’fLEs‘bdl um gI ucoheptonate wer e
charged to an est el ‘@}1 nin

mililiters of wat a;nd,asnsa SO llv pr\?ﬁ} &etfhzmg ?‘#ﬁgﬁ‘t"ﬁ aé’lrlrf)‘tetrhé’tt''t‘Jrlceat

mai nt ai ned 50 at about [err] for approxi mately 30 m nutes. The mxture was
thereafter dMdhted to aT‘f"igﬁ%Hes\?bﬁlﬁh’é("vpt%ﬁéﬂﬂm@ﬂﬂﬂwth add??i onal water. SB.
The tungsten ester of grwg@g@ggqu?,g;mglcl d was prepared as fgllows: -
Approxi mately 330 grans (| the sodiumsalt of tungstic acid (sodium -
55 “tungstate) and Stagopgychlesidg, molsthiter of sodi um gl ucohep®Snat e were '
charged to an 55 esl%ﬁ{etﬁyiaﬁﬁfe'bgﬁn%%%ﬂﬁ Lcontaining abou§,600 m . of

wat er as a sol vent. strrring, e terrperature was nai ntai ned at about
[err] for .approxi mat el yTlduren, ppimes. The mixture was. thereafter diluted to a .
final veol ume (Pf one |it with additional water. C The m)J]ybdenum ester of
gl ucohept oni & aci d was. %?epar ed as follows: 60. Appt oxi mat el y 249
grans (I nol) of the S GTEmperagae,°Cof Nl ybdi ¢ acid (sodi uneo 60 nol ybdat e)

and 248 grams (I mol) of so 0 tonate were charged to an 6

1, 515, 703 L""ysgnatllys‘sqve’g% pergent - 6 esterification vessel

cont ai ni ng about 600 niNickd water as a sol vent. Wth sti rmeg, the
temrperature was mai nt alﬁqd at ~about [err] .for approximtely 30 m nutes. The
m xture was thereafter 8™hted to a final vol ume of one i b8r with
addltlonal wed er. EXAVPHE 2. 5 Pl ating Baths.. 4.2 15

- - A series of electroless plating baths wer e formul at ed
utilizi ng the ester conpi"8%¥s of Exanple 1 to prepare thel®dths and. al'l oys.
The baths prepared, the bath conponents enployed and the electroless nickel
containirng all oys obt ai ned ‘are sunmarised in the followi ng Exanples. 10

I n general,  each bath-of the follow ngeRXxmPmEes was prepared in accordance °
10 with conventi Or}%ﬁ%‘f ocedures enployed for nickel electroless pI ating
usi ng stock sol.uti t 0 ng -

dei oni zed, gar borbohdxfliigﬂse gk %sﬁ{r%éagkg lﬂﬂlgkr Q@B%]gtb?trltlg gtPgE éhcé dem cals
The alloy deposits. were formed on an al um ni um substrate and the substrates
thereafter flexed to remove 15 ~BathBe deposi ted al | oy far anal }ssts by - '
spect rographic, emi—s F—absc 2 Lme 3 5

deposi ts obt ai ned P . ‘f“hactdr’nfnek/llﬂé"és from ab8dt 50 t Q! about 100
m crons representlm@keﬂiameﬁhﬁmme;r at es rangl ng from aboutp.i2. 5 t cp.about 75

ol yhydr| € conpounds: 1ﬁ57fe d| bor on ester of

7

oL -. An. aas

Aex: . Sioum C B wan

m crons per hour. EXAMPLE 3. -

20 Ni ckel - Bor on- Tuﬁ@g‘t’%ﬁfm?ﬁ‘@e mobera) | oy was prepar ed utoloP? Zi ngot he

fol | owi ng bapdis at DinfeenylafkHebdtaael nofrt i ons: 006 0.06 25
Potassium pyrophosphate, mols/liter ' ST = - 0.2
'Thiourea,p.p.tn.'. . _ - IR 1 1
pH . . Css 91
Temperature, °C. | L | - 90 90

30 : Analysis Weight Percent o ' L ' 0 |

Nickel - | - - %42 928 -
Boron - e e B

Tin o 5 42 6.1




Bat hs A B 25 Tungsten ester of

gl ucoheptonic acid, nols/liter 0.2 0.2 25 Ni ckel sulfate,
mols/Hiter Q1 0.1 Dinet hyl am ne borane

0. 06 0.06 Thiourea, p.p.m 1

1 pH 9.6 ] 5.9 30
Tenpgrature, [err]. ' 90 ' 90 .
30 y Anal ysis Wi ght Percent Ni ckeI ) R
77. 85. 6 ‘Boron _ _ ' ’ 2.6
2.1 Tgngsten . 1515703 ' 20.0 g 12- 3 7

1,5157708 —EANMPEE—- Y
Ni ckel --Bor on- Ti n- Tungsten The a@%@l’hﬁﬁoy was prepared utili zi ng e

fol | ow ng tg@@ﬂgl_ﬁ;osﬁﬂggls THlreRked conditions: Tungsten ester of glucoheptonic
aci d, nols/|i Taé abdve Zlloy was prepared utilizing th® fMoB/kr@Ibaﬂ:UAtftﬁeI mdicsred s/ liter -

0.1 St annowsnditigngr i de, m)l s/liter - 0. 025 Di ne#hyl am ne
borane, nols/liter 0.06 Thiourea,. p.p.m 10 ey . pH
7.5 5 : Tungsied e?araravgmaﬂxu;stemc AR, inblsfliter. - 02 . 5

90 All oys Anal y5| s Wi qht Percent Nickel -

77.9 Boron Nickel sulfa c,mols/hter . - 0.1 1. 9 15 )

Tin- Stannous chloride, mols/liter - _' AR  odne? ' . 15
Tungst en - 16.0 EXAWPLE 5.

Ni ckel - Bor on- Ti §°¢H@hm¥}‘e‘1"éﬂ°¥'691%§ prepared util |°z%8ng the fol | owing baths
at the indi cat eGrhifdrea, p.p.mcoONndi tions:

20 Bat hs A B D boro.n'ester of :_

" gl ucdBeptonic a®td, nols/liter - 0.2 0.1 ckel sulfatd
mol s/ liter Temperature. °C _ 0.1 - 0.dp Stannous chlori de,
nmol s/ liter emperature, - _ 0.025 - 0.1 25 Dinmethyl ani-ne
bor ane, nol s/ | i tAewalysis Weight Percent 0. 06 - 0.06 - 25 Pot assi um
pyrophosphate, qRLg{TTTer ' ' - - g34 0.2 Thiourea, p.p.m
9.7 Tenper at ur e ,Phpspherps : - 13 . 90 _ 90 30
Anal ygi s Wi ght er cent : : : :
30 N?iékel TP | S 220 94,2 1592.8
Bor on Tungsten . 14 1.6 1.1 Tin
4.2 6.1 - ' — ' '

| EXAMPLE 7.

" Nickel-Phosphorus-Tin '
" The above alloy was prepared utlhzmg the followmg baths at the lndlcated

20 conditions: 120
| Baths . _ : A 'B.

leoron ester of glucoheptomc acxd mols/liter 02 _ .0.1

Nickel sulfate, mols/liter ' - I R ¥

Stannous chloride, mols/hter : _ ST - 0.025 ' .0.1' o
25 Sodium hypophosphite, mols/liter =~ ' 0.25 - 0.28 %
' Potassium pyrophosphate, mols/liter | R 02

Thiou'rea, p.p.m. _ 1 i

pH S . 55 . 98"

Temﬁerature, °C. | _ _ - 90 90 _
30 Analysis Weight Percent o - ' . '. 30

Nickel . S 87 9314

Phosphorus | 11.2 62

Tin | S | 18 0.66




8 1, 515, 703
8 EXAMPLE 6. N ckel - Phosphor us-Ti n- Tungsten The above al I oy was prepared
utilizing the follow ng

Tungsten ester of glucoheptonic acid, nols/liter 0.2 5
Ni ckel sulfate, nols/liter 0.1 Stannous chloride,

nmol s/liter _ 0. 025 Sodi um hypophosphite, nols/liter & |
0.28 Thiourea, p.p.m . I 10 : PR '
7.5 10 Terrperature [err] - o

90 Anal ysi's Wi ght Per cent Ni ckel 1515 703 - _ 9
83. 4 Phosphor\us« , - I 315 - -
Tin EXAMPLE 8. 2.2 _ 15
Tungst en : i 1.4 EXAVPLE 7.

Ni ckel - Phosrohor us-Ti n df%lé’h" O R Wl oS PEIRAR RN oihg Bt tﬂaendlekddow ng
baths at the i @ cat exhdiZions: condl tions: _

20 Baths Bath A B Df?oron ester D .

gl ucohept oni ¢ ‘gcid, mols/li ter °% 5 0.2 N c el suFf at e, ' >
nol s/liter . Diboron ester of glucoheptoni® acld, 0.1 Stannous chl oride,

mol s/liter. mols/liter - 0. 025 0.1025 . 0.025Sodlum 0015
hypophosphi te, ml s/ \dd@tme motstiter 8125 01 O@F o2 25
Pot assi um pyr ophosphate, f) - - 0.2

Thi our ea, p p. m Stannouschlorlde, mols/llter e . 0L -0.01. 0.01 I0.0QH

5.5 8 Tenper ur.e err : 90
9030 Ana}%,SI < @gr ulf; 8% fliter 0001 00005 00005 0.001 10
30 Ni ckel K Sodlum hyphophosphite, mols/liter 0.2 0287 028 028.14
E'thphor uso. 66. 9 Potassium pyrophosphate, mols/liter 0.2 1%?515-’—7036'3 mn

9 EXAMPLE 8. Ni ckel - Plﬁeﬁ-p&)wpuri Ti n- Copper The abave al Loy vvas- prepar ed
utilizing the foI | OWLac%c 3 molﬁl the i ndr cated condr t'89735

Baths . . fterg C 0.37§ DiBor on
ester of gl UCOhS?pt ONPRpRAicdcid, Milaibr ter - - 0.135 0135 —0.1 15
0. 025 0.1 . 0.015 Nickel sulfate, nols/liter . 1 0.1
0.1 6:12 St annouSitEtacish mglliteko| s/ | it er — o 0‘8101- 0. 01
0.025 10 Copper L&l ke, nols/liter _ 0.9. 00lps 0.QQ05
0. 0005 -6-001 10 Sodi um hyphophosphite, mol s/liter 0.2
0. 28 0.28 = 0.28PHot assi um pyrophosphate, no0s/|itéf 49 2 50
- - Thiourea, PefpeMture, °C. -8 1 0. 90 90
20 Analysis Weight Percent : ' - 20 -
" Nickel | 9251 8419 853 74 |
Phosphorus o . , 36 140 112 16
Copper. - . ' 3.4 1.6 24 20

T . 049 021 L1 80



Lactic acid, nols/liter - 0. 375 0.375 15

Propionic acid, nols/liter - 0.135 0. 135 -

15 Ctric _acid, nols/liter - 0. 071 0 071 lead,

p.p. M ' - 0.5 0.5 pH

10.5 5.0 4.9 5.0 Tenperature, [err]. . 85

90 90 90 20 Anal ysi s Wei ght Percent N ckel .

92 - 84.19 85.3 74 Phosphor us . _ 3.6
"11.2 16 Copper _ . 3.4 1.6

_2 ﬁo 1% OITln C i515703 o 79q49 | 9021 1.1

T TLJ, 1TU9 v

10 EXAMPLE 9. Nlckel Boron TEXAGIRI[E. The above al l oy was prepared
utilizing the follomnaﬁgbath at ‘the indicated conditions: 5

D b e . _ 5
Di bor on %ﬁﬁf 4‘1 ; P BlcBiles it ndRGhg B at 10 iRBSed

tannOUSﬂchIorlde

mol s/ liter - ..0.01 Copper sulfate, m)lslllter\f

0. 0005 Di net hytam e . 0. 06 1§

Gt¥ic acid }beoron ester oct]glaccﬁleptomc acid, mols/hter | - _.0825 N . 10

- Propi oni ¢ aci Mickel sulfate, mols/liter o _ 00.1 pH :

5.1 Tenper at ure, rrl. . 3 L . 15 AnaIyS|s Wi ght
Percent 15 StannoLschliJndRﬁn&lsélfter C 0.01 90. 6
15 Boron ~ Copper sulfate, mols/liter - : . 0.00051. 5 Tin

1.6 Copper . _ ] 006 6.3 EXAVPLE 10. 20

Ni ckel - Bor on- Rinsiiamieshorane :

20,dhe above eldiosciavas prepared utilizing t he fobbﬂmnng bat h - qb the -
i ndi cated conditions: Mlybdenum.ester of glucoheptonlc acid, nols/liter

0. 001 Ni ckel Brppioaicacidnp| s/liter. - 0.1 25
Di met hyl am neggorane, ol s/liter o 5.10.06 25
Lactic acid _ ' o B 0 3 pH.
10. 0 Tenper at Fpmpergtage; IC. - - 775 - :90 Analysis Weight
-Percent -Ni CkelAna'lys'is Weight Percent - - E ' N S 79.8
30 Boron: : : . : - 0. 2 Mol ybdenum
Boron S o 15
Tin - o EEE 16
- Copper o | ' 63
- EXAMPLE 10. _
. Ni k I-Boron-Molybdenum ' ' a0
2 1c %he ?ﬁ)ove all%y was prepared ut1hzmg the followmg bath at the’ mdlcated '
_ conditions:
Molybdenum ester of glucoheptonic acid, molsfliter ~ 0.001
Nickel sulfé.te, mols/liter : ) . 0.1
25 Dimethylamine borane, mols/liter : 0.06 o 25
Lactic acid . - 03
pH 10.0
. Temperéture, °C. o . 90

' Analysis Weight Percent
Nickel o - 198 30

Boroﬂ . . ' . . ’ 0.2
Molybdenum . ' 20




EXAMPLE 11. N ckel - Phosphor us- Mol ybdenum The above all oy was prepared
utilizing the following bath at the indicated conditions: 5

Mol ybdenum ester of gl ucopheptonic acid —nnls/liter 0._006 5_

Ni ckel sulfate, nmols/liter 0.1. Sodi um hypophosphite,
nol s/liter 0. 28 pH _
10.0 Tenperature [ern]. ) 90 10 Anal ysi s Wi ght

Per cent i ' - 10 Ni ckel

70.5 Phosphor us . 4.5 Nblybdenum

25.0 EXAMPLE 134 15 Ni ckel - Phosphorusrggbﬁpdenun}Cbpper 'u'
15 The abov ;

i ndi cat ed condi tions: Mol ybdenum ester BYAMPLEBdhept oni ¢ aci d, nnls/llter
0.006 N ckel sulfatgy iBhsbhdrhNolybdenum . 0.1 20 _
Copper sul fate, nol 5 1( lfeQ%éve alloy- wg.ls prepared utilizing the l@ll&ﬁt’i_)g bath at the md1cated 20
Sodi um hypophoesphi t e@nditiodss/ | i t er 8 pH
10 Tenperatur®# [err]. 90 AnaIyS|s VE|ght _
Percent 25 5 N ﬁkﬁl)denum ester of glucopheptomc acid, mols/llter 0.006 7755 °
25 Phosphorus _ 3.2 pper -
5.3 Ml ybdenum Nickel sulfate, molsfliter 14.0 : O0.42
1, 515, 703 o2 EXAMPLE 13. :

J Sodium h hosphijte, mol
Ni ckel - Bor on- Nblybdenun}é%g%%!pohgﬂeb%ggsgfloy was prepared ‘utilizing the
following bath at the imicated conditions: 5 M9 ybdenum est er
of gl ucoheptonic aC|d e 0. 001 5 Nickel,sul fate, :
nmol s/ liter 'q%n&éhhﬂ§ 8 1 Copper sulfate, _nDIs/F?ter
0. 0005 Di et hyg am ne bor Auadysis Weight Percent . 0.06 Lactic acid io
0.3 10 _ PH  Nickel ) - 10
10: Tenperature, [err]. , _ 90 Ana?y3|s Wei ght
Percent N ckel ~'Phosphorus - - S 77 845 Boron :
0.33 15 .. Mol ybdenu S - 20
15 Copper b dhum 1.8 V\HA"P?/\E CLAIMIS 1.

An aqueous plating bath for electrol essly dep05|t|ng a polynetallic nickel
al l oy containing nickel and either bor oEXAMPpEd2phor us and at | east one
met al

15 - Nickel- Phosphorus-Molybdenum-Copper - 15
The above alloy was prepared utilizing the followmg bath at the indicated - - :
condmons ' _ .
Molybdenum ester of glucoheptomc acld mols/hter ~ 0,006
Nickel sulfate, mols/hter ‘ . 0l .
20 _'.'.-C0pper sulfate mols/hter _ o a 0.005 20
” Sodium hypophosphlte, mols/llter R - 0.28_ |
R (L
N Telrlperallure,-°C. - e
' An'a_,lysis Weight P_ereenl : | | _ | . _
25 Nickel .. | S s 25 .
\ | '. PhF’spliom's;'- ' L L 3.2 ?' ' '
- Copper -: . . .. oo o - 5.3

Molybdenum 140




20 selected fromtin, tungsten, nolybdenum and copper, such bath

I ncl uding a source 20 of nickel netal cation; a source of at |east one

' ' d copper; a reducing
agent which is either a boron containing conpound or a source of
hyphophosphite ion; and an ester conplex of an oxyacid and a pol yhydric

co nd (wherein the oxyaC|d may be the said 25 sour ce of nol ybdenum
or | gsten). ' - 25 2. A bath according
to Claiml wherein the ester conplex is an ester of a polyhydric acid or

al cohgl sel ected frontcarboxyllpﬁgemﬁs and al cohol s having at Lﬁast two
hyd - ~carty " A bath
according to claim1 or cl ai TEXZAMPEELBN t he ester conplex S forned 30

by reacti B 510 o§%eC|d with the pol yhydric conpound. S e,
30 4. A b °‘°“§g b FDured 18l gtw?onam%@gtmguﬁllaaxémedvmerel n the ester
IS fornedchmnm&actlng at Feast two nol s of e oxyacid with one=nol of the

pol yhydric conpound. 5. A bath according to any one of the preceﬁlng clai ns
whergin the POMAS FErufh ester of glucoheplRE By, mdisHidC ONERHHN! C aci d.

35 59 A bath accor %hge naﬁucongBoP %e S?ecedlng clai ns wherein t he
conplex is a bbh$d569ﬁemommer bath according to 84y one of clains | to 6
wherein the co ten ester. 40 . saade.- A bath accordlng
to.any one of gpéﬁ¥mm$mth%ﬁ%iereln t he conpl ex |30%§ 40 nol ybdenum ester.
9. A bat h accobinetgyldngnciosdnn 4, wherein the conpl 8% i's the .di boron ester of
gl ucohept oni c C|g &0 A bath accordlng to any oge of the preceding clains
wherein the es 38 conplex is present within“the range of from 0.0005
to {0 nols pepHIrter 45 11. A bath according tie clai m 10 whegei n the
ester conpl ex resent, Wi thin the range of fromg.0.001 to 0.5 nols per
liter. 12. A b;?WP§§WBT &'ng to any one of clalnsq% to 6 wherein copper
cations are prﬁﬁﬂyﬁswmjthp&cédae range of from 0.005 to.0.01 m)I s per Ilter
12 -~ .1,515,703

12 EXAMPLE 13. Nig®kel - Bor on- Nblybdenuanbpper Thd Bbove al | oy was prepared
utilizing the Belohowi ng bath at the indicated condissions: 5

Mol ybdenum est er  of glucoheptonlc acid, nols/liter 0.001 ' .5
Ni ck®l sul fat eMolBAIm; ¢ or . @1 copper sul flate, -
mol s/ liter %mﬂ"- S O 0005 Emnethylanu|e bor ane . o
0. 06 Lactic aerd 0.3 10 : pH

v

10 erature, [err]. _ : -7~ 90

. A
Anal ysi s V\é' & }q%lEE&:%‘gﬁu E‘H’or electrolessly deﬁosnmg a polymetalhc nickel
77.87 Bor alloy containing nickel and either boron or phosphorus and at least ond0ma&3l 15 N
Mol g&denu p?lected from tin, tungsten, molybdenum and copper, such bath irgpding a source 20 15"~
Copper nickel metal cation; a source of at least one metal cation s ecﬁ:m CLAIMIS: -
Pp * tungsten, molybdenum and copper; a reducing agent: which is-ei e
containing compound or a source of hyphophosphite ion; and an ester complex of ' o
: an.oxyacid ‘and a polyhydric compound .(wherein the oxyamd may be the said
25 source of molybdenum or tungsten). : 25
2. A bath according to claim 1 wherein the ester complex is an ester of a
polyhydric acid or alcohol selected from carboxylic acids and alcohols having at
least two hydroxy groups and from about 3 to 15 carbon atoms per molecule. S
3. A bath according to claim 1 or claim 2 wherein the ester complex is formed o
30 by reacting an inorganic oxyacid with the polyhydnc compound. - 30
4. A bath according to any one of the preceding claims wherein the ester is T
formed b)cli reacting at least two mols of the oxyacid with one mol of the polyhydric
compoun
goA bath according to any one of the ptecedmg claims wherein the polyhydric :
35 compound is glucoheptonic acid. 33
6. A bathi according to any one of the preceding claims whereinthe complex is e
a boron ester. o
7. A bath according to any one of claims 1 to 6 wherein the complex is a L e
7 tungsten ester. S
40 8. A bath according to.any one of claims 1 to 6 wherein the complex is a 40
molybdenum ester.
9. A bath according to claim 4, wherein the complex 1s the diboron ester of R
glucoheptonic acid. : S
10. A bath according to any one of the precedmg claims wherein the ester - T
45 complex is present within the range of from 0.0005 to 1.0 mols per liter. 45 ... -
11. A bath according to claim 10 wherein the ester complex is present within .
the range of from 0.001 to 0.5 mols per liter.
12. A bath according to any one of claims ] to 6 wherein copper cations are _
present within the range of from 0.005 to 001 mols per liter. -



1. An aqueou atin roI essly depositing a polynetallic
ni ckel all oyle&x tal !‘ | ‘ﬂwﬁ‘w li | ther boron or phosphorus and at | east
one netal 20 sel t ungst en, nol ybdenum and copper, such
bat h. i ncl udi ngla source 20 of ni ckel net bhl5g@ i on; a source of at |east 12~
one met al cation selected fromtin, tun bedenum and copper; a & -
reduci ng agent which is either a boron gmllﬁrﬁg conmpound or a source of
hyphophosphi te ion; Nﬁﬂé—%oﬁﬁb@hdéﬁﬁﬁ'f-ﬂ:@e&f an oxyacid and a pol yhydric
conpound (wherein the ‘Dheyabove]alipgywas @rapared uitilizingote fbllowmthad'eatdhe indicgtedenum

or tungsten). conditions: - 25 2. A bath accordi g
to claim1 wherein the ester conplex is an ester of a polyhydric acid or w7
al cohol sel ect®ed from caMme;ld:numeaterofsglmoltbptmhrcahdlml%&m ng 00l east two: 5
hydr oxy groups and from &P%Ul i} }155 carbon atons per nolecule.. 3. A bath
according to claim1 or Pt ¥% the ester conplex is formed 30°

by reacting an inorgani cCoppeasulfateyméifliene pol yhydri c: conpourooos

30 4. A bath according t%,ar_ one of the preceding clains V\/r'b ein the ester .
is formed by reacting at [é‘f‘a"[‘%b%?ﬂs of the oxyacid with eq;?e mol of the
pol yhydric conpound. 5. Radtigltidaccording to any one of the mxecedi ng cl a| ms
wherei.n the pol yhydric 35 conpound i s gl ucoheptonic aCIﬂMh '
) A bat W0 accor di ngPt'o any one of the preceding clains erein the 10
is a boron ester TenfperAuiRadid) according to any one ofgclaine 1 to 6
the conplex is a tungsten ester. 40 8. A bath accor.ding

one of claims | t&ogysn¥sightRetcet conplex is a 40 nol ybdenum ester .

th according to ch@iep 4, wherein the conplex is the giggoron ester of.-
ptonic acid. 10. A bath according to any one of the preceding clains
the ester 45 Bewfpl'ex is present within the rang®¥f from 0.0005
nmols pgs liter. 4phbdenuft Path according to claim 10ysherein the s
ester-‘conplex Is present wthin the range of from0.001 to 0.5 nols per
liter. 12. A bath accordfappero any one of clains 1 to 6 wherld n copper
cations are present wwthin the range of 1rom0.005 to 0.01 nols per :Iiter

13 WHAT WE CLAIM 1§:,-515, 703 _
13 13. A bath accordjnb Am&mngus @latinpbath Faxjclestralessly d&om ptpiquztpihga ns are

presefit withig the ﬂéﬂg@& 'ﬁ%ge@&f‘ [ bprgn g6p 4’“"5}1 20
according to 2?ly oNgf fikkel 12 b ourtd a0 dfte a6t Bhtal e nndee f:eatﬂugns afe

present within the nmggen, oriolfbﬂcjmnt)amﬁcctpoer@ a&'edmre t Whnthets cithéy, a AOltg

according to any on&om é ‘1&@ Q)Fd %, agent
is a boron-nitgogen a&ﬁfﬁ%ﬁ ﬁgﬁ%@%ﬁfocco a| m Egﬁerz%in t hesg

reduci ng agent |s di nee. Ibmmaaeortnng anelanml whdke:hahhemccomdlex\gp etnoeswlrafm 15 or

claim16 wherein th 013'64"6?1&% quels ‘fé?c“d f'°§,“§f@§‘"¥§"15 carb]%naoms K
range of from 0.01 8@? fcgo% cla1m2wherem the ester co;gglei‘ﬁ e@at h
ding to agy oney gdnlfhorg a hehenp 9drt gent is an 30
“metal hypophgsphiA éathﬂgcordinmwtanya hg ﬁ *gﬁ‘ g&'@ hist he
te reducing g‘g&f& %@acﬁW%gté?ﬂStWﬂ? r? gid §th gpe mpl oEhG Pg 3tdB":l 0o
r liter. 15 5. Abatﬁ&coralnbe&ﬁyammlmemg ﬂﬂMsﬂMe@fhetpbl@h){dﬁ'lecedl ng
wher ei st he panQsmd is gldc®heptonic acid. -
6. A bath according to any one of the preceding claims wherein the complex is
a boron ester.
7. A bath according to any one of claims 1 to 6 wherein the complex is a
* tungsten ester.

40 8. A bath according to.any one of claims 1 to 6 wherein the complex is a 40
molybdenum ester.
9. A bath according to claim 4, wherein the complex is the dlbOl‘Ol‘l ester of
glucoheptonic acid.
10. A bath according to any one of the preceding claims wherein the ester
45 complex is present within the range of from 0.0005 to 1.0 mols per liter. 45
11. A bath according to claim 10 wherein the ester complex is present within _
the range of from 0.001 to 0.5 mols per liter.
12. A bath according to any one of claims 1 to 6 wherein copper cations are’
present within the range of from 0.005 to 001 mols per liter.




the range of from4 to 14. 21. A bath according to any one of the preceding
clains wherein the tenperature is nmaintained wwthin the range of from[err]
to_[err] 22. A bath accaording to claim1 wherein the nickel alloy-contains-
ni ckel , 20 boron and tungsten, the reducing agent is dinethylam ne
borane and the conplex 20-is-the-tungsten ester of glucoheptonic acid.\23.
A bath accordi’ng to claim1 wherein the alloy contains nickel, boron
and tungsten, the Emmmmtmﬂﬁﬂlmmgurce of tin cations, the reduci voﬂ, nt
is dinethylam’ne b lex is the tungsten ester of - -
gl ucoheptopjc 25 * aél dr . 1,515703 - 13 '
25d24 AR Y %rd l(t (ggly(ﬁg ﬁf](fr{ E g} ef cont cl ns i ckel, bor on
and tin, the bat ereucmgagentls-
di met hyi ani ne b Sk e Ect&dlggtg)j@hélstft apre éadgtgrcwnnﬁsﬁeed’m tik nipkelc ohept on| c
acid. 25. A battauaﬁscm dtesngtttavnhmltbu rmge oftfeome.f5 tor3 mpk @ ér '@gh i ns ni ck
phosphoruss.. 30 " 1t5|1fqb§hécq? ngé‘ﬁ’m‘? Ehe prerpding clajmadetgind ‘?‘g‘éc"ﬁf t|n
cations, ‘khe r etAIEiH bﬁFS@Lﬁg ﬁrg& Hémrltx@ﬁ@m;aﬁdntﬁdm%ytahﬁmconpl ex is
t he tungsten. est,&aneo uco ep on| C aC| d 26. A ba according . to claim1l
wherei n-the all oy Uomlmﬂnsccm P claj g'g'gfl 'éF'T‘t‘ ghe horen 154¥qing ¢ yges a
Ulainds

source of 1@in c%ﬁef‘gﬁé;es ’ﬂ‘g‘ ﬁ J? m{,‘m“ﬁ léu:;dumhy&@ﬂhosphl te
and the conpl eXjsiag af QWh@ﬁmﬁr of glucoheptoni.c acid. 35 27. A bath-
according to cl ai m9l Anbatix mmrdmetoecldl SG\tIJnltetmth P Sehé@lred‘ﬁt\’é%ﬁ’él‘%s tin and
copper, thﬁ bat Rre @EM})’H& ac%or q!. amggqhéteﬁ%rﬁp,sg{ cogger

e

cations, 9“ 031450 osp |te and the conplex is the
di boron ester gtluox)meqht moﬂmgapchny@e of the precgding Pl whezeie dhedi ng t o _
clai m 1 wher ei nteniper: f) Znipl %W%Fﬁ?‘l{éﬁg‘;m Qﬁ‘rgfgke A.a0dickqpper, the
bat h i ncl yges abgrg aﬁﬁ‘:ﬁ ,@g %cﬁl 1@bd? e@ﬂ@ﬂel&oxﬁﬂéﬂ ons,2ot he
reduci ng agent |issh s&Erbn u: b aﬁcmdi the conpl ex i s the djbofon ester
of gl ucoheptonic aZﬂ dbaﬂleaccvﬂtdbat 141@(!0?"81’ he gll |°avtmﬂ&m {—;_‘rbét‘ﬂlt 'he ‘al l oy -
cont ai ns ni ckel ang) m {;%baﬂlt} dltll‘li:sc gﬁ e luc ,mat h :

I ncl udes sourgado copper..cat.l ons, e 45 redu0| ng. agent i's sodi unds
hypophosphl te and tha ceedinig $o tlhlmrmli &mlﬂnmathommemsmﬁkeglbumhe@tom C

acid. 30. A bat hlﬂa@eéitt iingtpdesp. sopeg %ﬁ@rrseqh ng-agZpe s SBFRUAAEE nj ckel |
phosphor us and Tagqu mﬁfﬁﬁ ié’? ﬁg{ﬁzﬂd“%%mc ac

5 hioR ¥9&9M§§3h| te30and '

the conpl ey i s 3 and turlg ElUst@,Ssbﬁ'be aum hiprainciog sgends

50 31. A bath aciﬁc%mdlhmg)ph@pb#qamﬁ the wprples i ttmemsﬁtqnossteeeﬁsla?q#sptﬂ% kel , boron
and nol ybdenum t MRRE, pH0 hbiag conpl ex
i's the nol ybdenygy eﬁtme b g%?u%g%cld‘ﬁé%%g’gg s,gék%tm n%egfmm ng t
claim1l wharein htyjmphedph angicth¢. edmpgdexis. d;liceilborduoesm of Slscohepto P‘ggydenum a
copper, the bat t§°§'§§|§° %a'd;Bf %Hrfc)‘p ‘i)rﬁmgdg@ﬁ r educi ng
agent is dinent ﬁ&ppﬁgg 1& AHdCHR € lcomy p05| ted

el ectrol essly frcmmuaa oc:uhé orn adid cI aim 1 wher ei n the aI I i ncl

ni ckel and4i t her: éﬁa’sEﬁQEﬁ fdtngt% l‘étmepttllr‘fc gKgont céaﬂ}’c i Bcted rom:
tin, tungsten, 3 Q%jﬂﬁ?ﬁl lmine boran"a’sélandAwQEM ;t tc nickel

al I oy according dmmﬁil @tefoBglu¢oheptond .nickel, tin, and 60 ei t her

phosphorus or bor ﬁ9 Agimith g, ramswl hefein etafioycqontajss nigk ,nggsglgnf\;{y tings
wi thin the4 ange{,n E’E m%gﬁ' y&%‘;m‘; {144 s Wit i n

the range of fropg c\&etkig percent or boron within the range of from
about 0.02 to about30 B\baeh rding tocalgim:1 whetely théwdloy g@“@& nickel, phe P%ﬁ%‘é being
ni ckel . and molybdenuim, the reducing agent is sodmm hypophosphite and the complex is 50 .
50 the molybdenum ester of glucoheptonic acid. i
o 31, A bath according to claim 1 wherein the alloy contains nickel, boron and
molybdenum, the reducing agent is dimethylamine borane and the complex is the
molybdenum ester of glucoheptonic acid.
32. A bath accorgmg to claim 1 wherein the alloy: contains nickel, boron,
55 molybdenum and copper, the bath includes a source of copper cations ‘and the 55
reducing agent is dimentylamine borane.
33. A polymetallic nickel alloy deposited electrolessly from a bath according
. to'claim 1 wherein the alloy includes nickel and either phosphorus or boron and at
least one metal selected from tin, tungsten, molybdenum and copper. :
60 34. A polymetallic nickel alloy according to claim 33 including nickel, tin, and 60
either phosphorus or boron.
35, An alloy according to claim 34 including tin within the range of from 0.2 to-
10 weight percent, and phosghorus within the range of from 4 to 20 weight percent
or boron within the range- of from about 0.02 to about 5 weight percent with the .
65 balance being nickel. _ .

65



14 1, 515, 703

14 36. An alloy according to claim34 or claim35 further including
tungsten and/ or copper 37 An allay according to claim36 jncluding
tungsten within the range of fromO0.1 to 25 wei ght percent and/or copper

within the rangeof —fromo-—1++e-306 weight 5 percent. 38. A
pol yneta | c n| cording to.claim33 including ni ckel, boron and
t ungst B " ‘Hgﬁ to claim38 wherein the alloy i ncl'udes

bor on |n the 02 to 5 weight percent and tungsten within
the rangegqof fromO. to 10 2 Lght percent with . the bal ance being
ni ckel . qf\\@??@ AR—a-oy—accordi-ng-ta cl 4 ) 38

i ncl udi ng- tungst@nAF allayrcconding o cym%ﬁfslclatm%”fuaﬁhrmluging tupgstenand/. 41.
pol ymetal lic Ri€ T\ al QXc g‘%r%%%&gss u?cllfﬂ gfeanlngunt gll'an%or} §ke|

mol ybdenum andlediﬂ’keéig th nge offromO It @l 1 oy

accor di N to Biregit 41 | ncI udi n bdenum W t range of ~15-40m 0.1
to 27 weight per ﬁgﬁ pol Yalﬁ%}“lﬁHBE%HB?YL%CWIPNW%HH@ rnahg-eg oitke.borand t a0

wei ght percent oy, zbﬁ’ﬁlﬁ)? aW¥obdilgo LI 183MGRInthe dIbPRLIBd BorbRwhhi¥RIegt percent ;

wi th the bal araage df&omg)mlto:kﬂélghtéacenﬁamahhgwnanmmldlrmge offrom@itn 41 or claim

42 furtHer in& ﬁ}égb{‘l dthQBalance being nickel,  An oy according to 10l ai m 43
i ncl udi ng copgl ?Qf {mﬁ ‘F‘éﬁog‘é}mB‘f%f'?%‘fﬂmgéb“gﬁte'imt PUATENT percent. 45
An al |l oy accor I4lgAt Qol@:ﬂytalﬁﬂ&wlt&l ﬂlo@ld’cﬂioraag tt@ ctifin lsachdmhurggmake«;,kel wi thin
t he range of mpbbdeem Qﬁleweh or lbdA met ho dhfor the el ectrol ess
sepos o ot ., Gof %?e‘ﬂs{;@ﬁgh it s e S8 o
pl ati ng a subg 1ﬁtpe,cg 0 podenfR@hthéd Of clains 1

to 32. 47. A mnhouelﬁg)mckelhe el ect roI ess dep03| ti ng of a poI ynetal li ¢ nickel

al | oy substantl ;}e‘g I _any
the exaffbl es 312%33§3 ‘;3?,%“3 to cg"ﬂé N ﬁ/oﬁﬁiré“f'%n t?%ra?ﬁ?eqﬁ " oy %Boduced
by the net hod of4scAﬁ|a cdidmg: toddn§onB &Y ofalms 339to 4Aimpluding Rigkd atithinsubst anti al | y

as herein destei Oéfr it 97 weight ntto 2 to 13. 50.
A pol yagal 1 ot fp LR aaﬁgmtﬁzgp%r‘%&% 1y a8 herei n

descr bibas re ererllct,g to any one ? ]&35 2 to 13
35 I\/EV\BURN ELLI 817&, thOUva rojiRag tasp OW y Lane,
London, ﬁﬁ:ﬂ*@%&?ﬂé ﬁ&?p"(‘ﬁ;p egee tﬁ’r‘f‘mqé"c? esl%aj esty's.

Stationgyy Of | Ca, h}bofyﬂ@taﬁeﬂfckﬁrall@r;ﬁ&ﬁwed-@&ﬁé Me6dof Skdm 46-&76331mPUb| isshed by
the Patent Of#l.ce, 25 Solgjttﬁarlmt %211 Bwhl di'ngs, bI_dongonth V\l[f C2A %AY from whi ch
ng bath substantially as erein described and with reference to any
copi es may beotot?:l %xaﬁes 2to 13, .
, 50. A polymetalhc nickel alloy deposited electrolessly substantially as herem
35 descnbed and w1th reference to any one of the Examples 2 to 13. 35
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