. e3e57z?5[::; 4<L=>6&?Tz?CON 24 Septenber 2002 DUCTI LI TY AGENTS FOR
NI CKEL- TUNGSTEN ALLOYS BACKGROUND OF THE | NVENTI ON The present invention
relates to a ductility additive for use in tungsten alloy el ectroplating

bat hs whi ch provi des tunmten ml oy el ectroplates fopgusgpicmb&r2@62ng

hexaval ent chrom um“mmm m‘m ther hard | ubrous coatings. Chronium
pl ati ng for decorati I onal plating purposes has al ways been

" desirable. Mst often chreemi*um pl ating ijs carried out in hexaval ent

chrom um el ectrol ytes. Functional coatings from hexaval ent chrom um bat hs
general ly range in thickness from about 0.0002" to about 0.200" and provide
very hard) | ubr oulBUGHILBEY AGEMTS tROR NICGKELGEUNDBSTENt ALL.QYS8t i ngs from
hexaval ent chrom um el ectrol ytes are nuch thinner, typically 0.000Q05" to
0. 000030") and are desirable because of their blue white color, and
abrasion and tarnish resi stance. These coatings are al nost al ways pl ated

over decorgAéR SXANDOHECPRAE IN ENTI ﬂkel all oys containing cobalt or
iron. The hmv%n"o?‘g‘cm‘rmm%ctions on the discharge of toxic
ef fl uent, including hexagyal ent. chrom um present. in conventional, chrom um
pl ating bat hs) ﬁllaﬁeg Egecsﬁ%gt"é?r\tt'l‘?"r %ﬁ?%&gg@“%&éd@& r&is@ induggsten
government restrictions are extrenely stringent. This is especially the
case with edguelestioplating bathse miichl pervdes) tungsten alloy @lgetreplateshioratssl ent
chrom um baths. In some |ocal es, even m nuscul e anounts of airborne

chrom um i $n veyslaciegt hékavaldht shionsiupt eiatinedot bthateivaldoibenis ebatihgsr nati ve
-2 24 Septenber 2002 el ectropl ating baths intended to approach the col or

d the charact ki bha- ' bOThdsS th
and the charact gHrdhligh efatﬁeagrfamdaeo@@twbhalfluﬁeﬁorﬁlasabﬁhg a@ﬁbg&é%dss e

el ectrodeposition of tungst al loys. Typically, 1n suc salts of

LK) Py 5 e TS QUBOHRRE AfofEEL BB 0! e

substrat eshel(gvélgints c arcsareﬁiurtnheelergtrcoﬁyetleé. CO?L?Agtioﬁgij/c%ratiintqgnfrio%nshexavalent
chromium baths generally range in thickness from about 0.0002" to about
0.200" and provide very hard, lubrous corrosion resistant coatings.
Decorative coatings from hexavalent chromium electrolytes are much thinner,
typically 0.000005" to 0.000030", and are desirable because of their blue-
white color, and abrasion and tarnish resistance. These coatings are almost
always plated over decorative nickel or cobalt, or nickel alloys containing
cobalt or iron.

The imposition of government restrictions on the discharge of toxic

effluent, including hexavalent chromium present in conventional chromium
plating baths, has escalated in recent years. Some state and local
government restrictions are extremely stringent. This is especially the case

with regard to fumes generated during the electrolysis of hexavalent

chromium baths. In some locales, even minuscule amounts of airborne

chromium is unacceptable. This has prompted the development of alternative

AL
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act to catalyze the deposition of tungsten, such that alloys containing as
much as 50% tungsten can be deposited; said deposits having excell ent
abrasi on resistance) hardness) lubricity and acceptabl e col or when conpared
to chrom um However, while such deposits have been de§igepkéfibas 2002

repl acenments for chrom um the propertigs of resulting deposits and

I nherent manufacturing limtations in prior art processes have not all owed

- such deposdlestroplating! maths detendiatl tocapproacinthe edidr it the chardermistits .ofhi | e
al kal i ne conpl exed ni ckel -tungsten co-deposits have been known, the

deposits ese electrolytes often are generally I ow in
ductili tyF}gﬁgHﬁ?ﬁeErjé %Erl{eéq are subject to stress cracking and the |ike.

Thus, use of tungsten e|ect Iates as imted to thin dep ts or
deposi ts where ﬁcRgs%fL% O{gﬁ‘ﬂ?g?ie} OSHEP 7 &)‘1‘ Q§t§” St No.
5,525,206 to Weczerni ak addresses brightening agents for inprovi ng surface
and appearB)fRi‘éﬂ tyudnisuchsbathswsalis, OtINQE ﬁnyoa PeRUXtHFeS thergef are

provi de tungsten alloy electroplates w't h [ rrproved physi cal properties of

ductility.used ia copnpmnaeNoOMWITTHEINgNENT ANt @ prashicectungsterDatoy depesits dance
with the aforenentioned goals, there is provided in accordance with the

present i negidusaibriuictive @ubstrates. f i thi €add, ané Aldkey ¢dbat aind/or irentiongst en
alloy. The electrolyte bath of the present invention includes an effective

t of
vt oo GHEPEPRNSRL S AER, S KSR S THE e 4
| ect | at t N th | egtyol Th I t
21 501 nol dnugl otk 5B RS ERnEre o deRgslied %a%Fgfe" %ttat@awﬁgeexec%ﬁlen“ ’
el ectropl ating, of the tungsten alloy el ectroplate, is critical in the
present i AREASIPBITesiStICR iBsdRasHily wtwenéa@@@ntabfe aoI@awhemqmpere

ductility enhancer additive. Tungsten alloy electroplates, when plated in
accor dancdowhromiurm.

However, while such deposits have been desirable as replacements
for chromium, the properties of resulting depasits and inherent manufacturing
limitations in prior art processes have not allowed such deposits to replace
decorative or functional chromium deposits. While alkaline complexed
nickel-tungsten co-deposits have been known, the deposits produced from
these electrolytes often are generally low in ductility and, therefore, are
subject to stress cracking and the like. Thus, use of tungsten electroplates
has been limited to thin deposits or deposits where cracks are allowed.

Commonly assigned prior U.S. Patent No. 5,525,206 to Wieczerniak
addresses brightening agents for improving surface and appearance qualities.
However, there remains a need in the art to provide tungsten alloy

electroplates with improved physical properties of ductility.



present invention) provide ductile tungsten electroplates. Further benefits
and advantages of the present invention will be readily . realized by those
skill'ed in the art upon review of the description of the preferred

embodi nents, exanpl es and clains set forth bel ow. DETA Igegt&fRBERIAGHON OF
THE PREFERRED EMBODI MENTS I n accordancesw th the broad aspects of the
_present invention, an electrolyte bath for electroplating of a brightened
tungsten SUMMARYD QR THE.INVENTHIONMNtrol yte includes an effective ambunt of
tungsten ions and netal ions, which are conpatible with tungsten, for

el ectropl ating |anaaédraunie t With Uikes hfdtehieitiohB8 QoaE, rPlevéd Ss SRfiddd R €
conpl exi ng agents are provided in the electrolyte for facilitating the

pl ati ng of AHO; lec r 2002 -4
As a cri tiaccél: Sedcéorrpog‘te'ﬁ’?ﬂ’g% bf%se&gﬂggéeﬁfmfr?\?’e%{el(&(k)#ﬁ%nfoé%?eeﬁgfﬁénﬁio%fn of a
sul fur co-deppsiting ductility-enhancing additive is present. Typically, an
el ectrol yt‘g‘,c‘%r%!‘%g?'azfﬁl@& with the present invention, includes from about
4 g/l (granms per liter) to about 100 gll tungsten ions in the el ectrolyte,
and preferabl y Fheelegitalyte2 bagh |oft heaperaerdoinyentionnigstudesi anseffactivest en
ions are provided in the bath, as is known to those skilled in the art, in
t he form @moumitt of tingstensioas, andhalzs andeffestivengaicaint off atmetali iod. ohet al s
which are conpatible for plating with tungsten for forning tungsten-netal

al | oy el eghixapbat 86 rhéal Udgs i wRith aRdadmpaiitle Nlngtkethe WLhGstainC ksis B8k ng a
preferred constituent in the present invention. These netal constituents
require sahubil] | Nt rod.yt n e, I bonat e
cal'ts of | Fretodethd Of S Ruibeeh ok o he IERHERE" TR PHGEVR 5L "cr
from about_ .2 || to about 40 gl.l of the allqying, netal ion are used in
e sub; elICINREANEST AR EoBPISRe Aoeni 3 IAllals Wie Rieckepiatiig of the
concentration in the electrolyte are fromabout 3 g/l to about 7 gll of the
ni ckel i otungrien @illok&lectrapiate. climttitical inthe présant ivvestion teprovide mecessary
in the tungsten plating electrolytes in that it acts as a catal yst which

enabl es t bffettiveg aesuritofda dagh SbRIPIG liicEMyUshIgancerosadigwe.ng agents usef ul
in the present invention include those commonly used in other

el ectropl ating I S Ci | ¢ r t and
ot her ' al kyl ' hydengstert ioypleEeRIenss,“uidh Fiptcd! i AoRlancd WMASI£S 210
are used in ampunts .of from abqut,. 1 ||, to_abput, 150 gli) with preferred
anount s iHr‘?sr?g'?b?\%%m"'bOJPH'd%eEHEf”?Sﬂﬁgﬁtﬁau?%ﬁgoa‘al}est'ogab2)ut 90 8| . In a
preferred el ectrolyte of the present invention, a source 24 Septenber
2002 _$_ of anfrUAherbeoattsiangadvaniages of Hiripcasent inyveswienowillias: eeasklyt he

above
3 realized by those skilled in the art upon review of the description of the -

preferred embodiments, examples and claims set forth below.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In accordance with the broad aspects of the present invention, an
electrolyte bath for electroplating of a brightened tungsten alloy is provided.
The electrolyte includes an effective amount of tungsten ions and metal ions,
which are compatible with tungsten, for electroplating an alloy with tungsten
from the electrolyte. One or more complexing agents are provided in the

electrolyte for facilitating the plating of the tungsten alloy from the electrolyte.



.conpl exi ng agents. The source of ammoniumions stinmulates plating of
tungsten fromthe bath and hel ps keep the netals in solution during
plating. Preferred quantities of ammoniumions in the baths of present
invention include fromabout 5 g/l to about 20 g/| am@ydpiemdes 200
amoni um i ons nmay be provided in di ffrmgnt forms) w th ammoni um hydr oxi de
being a preferred agent. O course, niumions may al so be provided in a

ol oocrol yiAS auge é%fﬁ*?@ﬁgﬁf"@Eﬁbép%?%ﬁw%%@ﬁe%w?E%Qﬁxfe" RS e A

I nvention are maintai ned a pH of from agout 6 to about 9, with typ| cal
ranges of WeSdg eP?%ﬁFﬂ‘Qb ‘dﬁm'@/ gnpgngipguadditive ispregeRttrol yte of the
present invention is useful at tenperatures of from about 20 C to about 90
C, with preferrEypioply,aannglechohieainransordandee wittedbeat preiseot rioventiorbei ng
fromabout 40 C to about 70 C. As stated above, it is critical in the
present i rivelidesnfrom aboliideay/b(grahisipec dited o @boutd 0dugll ituhgsteaddnsiine in
the bath. Sulfur co-depositing additives include sulfonan des,

sul foni m dgg, elé(:t'rc‘SI?f(}a‘eIOOSI Fé?era‘?di*ffr%@ﬁﬁguﬁ?sl yhe dddﬁ% %/'l t téri‘lons

ni ckel -tungsten co- i nc ere atlve y unts of

ar o pr of er FUIBED MAEHrS B L’ K Byt g5 gb&aga@tgsgg% ﬁg??iubf@% e

preferred when tungsten content in the alloy is not critical,
Sept enber 12302 fogmMmesalisapf {HNgsiem sushuds §°§'Hm swngstate @s taﬂd'kﬁhel r

derivatives are used as ductility agents with particularly preferred agents
bei ng aromati c Metdlemivbich ace dsompatiblet farupbating pritif dumgstesufdruforming
co-depositing ductility additive for nost nickel-tungsten alloys has the

1;{0{ rru:qa S?y%gﬁehl-metdllalldy SectrOfatss iMdthd&Fon! ctBalt,SandNrick8Z with nickel
being a preferred constituent in the present invention. These metal
constituents require solubility in the electrolyte and, theréfore, sulfates or
carbonate salts of the selected metal are typically utilized. Generally, ranges
of from about .20 g/l to about 40 g/l of the alloying metal ion are used in the
subject invention. However, preferred ranges for nickel ion concentration in
the electrolyte are from about 3 g/l to about 7 g/l of the nickel ion. The nickel,
iron, cobalt or other bath constituent is necessary in the tungsten plating
electrolytes in that it acts as a catalyst which enables the tungsten to plate
from the solution.

Complexing agents useful in the present invention include those

e commonly used in other electroplating electrolytes, such as citrates,
gluconates, tartrates and other alkyl hydroxy carboxylic acids. Generally,

these complexing agents are used in amounts of from about 10 g/l to about

150 g/l, with preferred amounts in the present bath being from about 45 g/l

to about 90 g/l. In a preferred electrolyte of the present invention, a source



~wherein R is selected fromthe group consisting of H alkyl, alkenyl,

hydr oxy, hal ogen, carboxy and carbonyl; "AR' designates a benzene or

napht hal ene noiety; . RZ is selected fromthe group consisting of H or an
al kyl sulfonic acid, a Goup | or Goup Il salt of ampkkylempbf 2002 acid,
a benzene, a sulfonate, a naphthal ene _sul fonate, a benzene sul fonam de, a

napht hal ene sul f onam de, an et hyl ene alkoxy, a propyl ene al koxy; and RZ may

be attachef dpmoNfimt @%ri@riénp?koqw%'di 6 NRidHon BNEnESol sl estRd. Eﬁn%t he

group consisting of a benzene, a naphthal ene, an unsaturated aliphatic

group; an n on r h LV | uctilit

i npr ovenegf’gqé?%ﬂﬁgnggg}é%' aﬁfrgeyggﬁg% rogp%gﬁgcgﬂ'gébi%ﬁ %é'hﬂ‘ﬁgﬁ%t ﬁ’ t'@@l &lfi on.
Preferred, additives for use in the present inventjon include benzene

sul f onani &é}g%?etf&qméﬁs %%Iﬁf%hﬁﬁ’é, kesq themsia iy $ojutian dusingsBietiBg: i ¢
acid, benzene sulfonic acid, salts of these and m xtures thereof.

Pr ef er abl Prefenediasantities of ammaopiuss dans| invthe ibaths ofapiessnt isvention

sul fonam de which is used in amunts of fromabout 0.1 ng/l to about 20
gll. 24irdtydes froen aBOAR5 g/ td\abiowa20yg/! imenarsidit [ore. i Thalaatmbniuamiaig s from

about 100 ng to about 5 g/l, and preferably fromabout 0.5 g/l to about 3
gll, depepd h'gpﬁé@ f I | £ Liihat RE: jtives
of the prg?ewn?e?r@l)\l/-%ﬂtgiegnfrp lIJcti Pg Q°E'ﬁ§ét‘§i§ﬁja Hlng%rpg@:)? idﬁilggnagg@d%
acconplis i.5h e Pti .general ly _frqm about 1. anp.per
square fo@'teeq?wgé) aggﬁgboﬁt&{ gﬁggeAS%%r%Q'ﬁﬁbﬁ%@a%rrﬁ@ﬁ agﬁ%ra%?imﬁv'&aﬁpr gﬂt% for
el ectroplating cyrrent of from about 60 ASF to about 80 ASF. The additives
'n_ accor daEROHEh SRR % cuekel ARVBARIUGN @irate oMper i kied \int thee AraeNt

ni ckel -tungsten baths and brightening additives such as those set forth in
U.S. Pat electiolyts., 525, 206 to W eczerniak, et al. Deposits of the present
i nvention nmay be used as a suitable
For effective electroplating, electrolytes of the present invention are
maintained at a pH of from about 6 to about 9, with typical ranges of pH
being from about 6.5 to about 8.5. The electrolyte of the present invention

is useful at temperatures of from about 20° C to about 90° C, with preferred
operating temperatures of the present electrolyte being from about 40° C to

about 70° C.

As stated above, it is critical in the present invention to include a sulfur
co-depositing ductility additive in the bath. Sulfur co-depositing additives
include sulfonamides, sulfonimides, sulfonic acids, sulfonates and the like.
For use in nickel-tungsten co-deposits which include relatively high amounts
of tungsten (greater than 30%), sulfonimides, sulfonamides and sulfonic acids

are preferred. Such sulfonimides may be cyclic.
_Sulfo salicylic acids are preferred when tungsten content in the alloy

is not critical,



. replacenent for chrone plates w thout the requirenent of nmachining steps.
- Deposits of the present invention are particularly useful for functional
applications such as platings on shafts of shock absorbers, engine val ves,
transm ssion parts, hydraulic cylinder surfaces, and2a $épichtber 2002t her
applications comonly utilizing chromgmo el ectroplates. Further
under st andi ng of the present invention will be had by reference to the

fol | ow ng exanPreferablpj diataselyble sutfonit beidsi snd theip depivatisesfarelussst r at i on
but not limtation. 24 Septenber 2002 _g_ E)(AMPLE | An aqueous (1

liter) el Q@Hu‘éﬂht@té@%tga\hﬁh'p%rﬁé@ﬂﬁ?%ﬁefé?ré’&%@éﬂ?d“ﬁ@tr}q Bhormhatt &uloARt fggth

bel ow. TABLE 1 Bat h Constituent Amountni ckel netal *5 tungsten netal **
g/ |.ammoni gél]g g/ | bi sbenzene sul fonam de0.9 gllcitric acid70 gll *from ni ckel
sulfate * 8m sodi um tungstate = The bath was adjusted to and mai nt ai ned

at a pH of fromabout, ? to bo and was nt d at erature of
50 C. IOA seri esmoﬁ’ g‘?’@@l”ycﬁ’i 6’3& fu cq- Q@%%ﬁ”&ms Hﬁeﬂﬁyeﬁﬁ’dﬁ'gﬁs iOf iMaQs tll'Jangl ng

from? ASF to 80 ASF. Deposits plated fromthis bath denonstrated

comer ci ahickeblsfgstambiadioys das the farewilan current density ranges of from1
ASF to 80 ASF with high ductility. Tungsten content in the resulting
deposit is 38% b® wei ght . 24 SeptenbeD 2002 g EXAVPLE Il AnQaqueous (1

liter) el ect ror_;{) g l-? bat h is prepared lin accordance with_Tabl ell2 bel ow.
- or R, --“--NH--R2 or R,--AR--ﬁ--OH
O O

wherein R, is selected from the group consisting of H, alkyl, alkenyl,
hydroxy, halogen, carboxy and carbonyl;

"AR" designates a benzene or naphthalene moiety;.

R, is selected from the group consisting of H, or an alky! sulfonic acid,
a Group | or Group Il salt of an alkyl sulfonic acid, a benzene, a sulfonate, a
naphthalene sulfonate, a benzene sulfonamide, a naphthalene sulfonamide,
an ethylene alkoxy, a propylene alkoxy; and R, may be attached to "AR" to
form a cyclic moiety; and

R, is selected from the group consisting of a benzene, a naphthalene,
an unsaturated aliphatic group; and a benzenesulfonate group.

The additive provides ductility improvements in tungsten alloy
electroplates deposited from the solution.

Preferred additives for use in the present invention include benzene
sulfonamide, bisbenzene sulfonamide, sodium saccharin, sulfur salicylic acid,
benzene sulfonic acid, salts of these and mixtures thereof.

Preferably, the ductility of the present invention is a benzene

sulfonamide which is used in amounts of from about 0.1 mg/l to about 20 g/.



, TABLE 2 Bath Constituent Anmount nickel netal* 8 g/l tungsten netal ** 30 gl
ammoni a 12 gll benzene sulfonamide 1.6 gll citric acid 72 g/ *from ni ckel
sulfate **from sodi umtungstate A deposit was el ectroplated fromthe
solution onto a steel cathode at a current density 0%468¢4@mbdigodeposit
plated fromthis solution gave an exceklent ductile nickel-tungsten deposit
at 60 ASF. The deposit had a tungsten content of 35% by wei ght. EXAMPLE 11
Ui lizi ng_wb%ah?,t thebaaitivkriy L%Edﬁ%aémb@nt]a frbheaeb_ab@oawg tdhanasTgAe

additive iS5 replaced wwth each of the various additives TA) shown i'n Table

3. -The a t L PN o :Q,Tahl e 3
el ow. SaApReSiuBBPAf abbifo's Yy 1 8Bl B NG S Mgk

ni ckel, tupgsten gnd sulfur in the resultant electroplate alloy. The
results af 5%5@ gfpg?tﬁh in Table 3 bel ow. The deposits are ductile with
no stress cracking. 24 Septenber 2002 -10 TABLE 3 El ectropl ate

Al | oyAnal ysi s Vgt dbat pddidives vefntlie tnresepininyentimved sztite utungstesn| altdyon1. 4
g/ | sodi um sacchari n63. 7394438. 170210. 0903511% by vol unmesul fo salicylic

aci dg84. 626&8pbsity 0&3 be3atriglishedowithenerentl demsittes of generally from about

aci d64. 0717235. 7T7330. 150948sodi um salt1. 6 g/ | benzene

sul f onam qefifp3edP d8fafA 946t £9-dbout 125 ASF, with preferred operati
g/ | bi sbenzeneEG. 2356533. 637830. 1)36527sul f onam de Wi IFe’ therea 0 eera g

The. pref crvaan Sk RERpA AR GRECE o HERME Hp ReP"RE Bhatt ) A" "

construed to b_? lim¢ting of the present invention, It will be readily
appr eci at ed by !PRAILNES inarqordanee with thearesaat investian argcampatiplean be
practiced other than as specifically stated. Thus, the invention may be
subj ect twithwdinmnoat mickel-tuagsten bathsnand haighéening radditivespauch rg thosen t he
proper scope and fair neaning of the acconpanying cl ai ns. -11 24

Sept enbersgtOfezhlin G PR NE! BERETNE o Pkbzentdk,eétesgl ropl ating a
tungsten alloy, conprising: an effective amount of tungsten ions; an

\EI’MT Iﬁc“ ve amoupboglitd BPURk PBsSRMAAdtIch thh) BheTkkaP!R i Gl oY
replacement for chrome plates without the requirement of machining steps.
Deposits of the present invention are particularly useful for functional
applications such as platings on shafts of shock absorbers, engine valves,
transmission parts, hydraulic cylinder surfaces, and a plethora of other
applications commonly utilizing chromium electroplates.
Further understanding of the present invention will be had by reference

to the following examples, which are presented herein for purposes of

illustration but not limitation.



.tungsten fromthe electroplate bath; one or nore conpl exing agents; and an
ef fective anount of a bath soluble ductility additive capabl e of
co-depositing sulfur in a nickel-tungsten electroplate, wherein the bath
has a pH of fromabout 6 to about 9. 2. The bath of c) er t he
ductility additive conprises an effective anount of a baggf;t n-‘mblfgdﬁ
ductility additive having the formula:-® 1l R3- il -NHR2 OO or
R--AR-S-NHR2 OO Il or RMAR-”-%M? R, is selected fromthe group
consi sting of H alkyl, alkenyl, h Iogen car boxy, and carbonyl;
"AR" designates a benzene or napt hal ene noiety; R2 is selected fromthe
group consi sti rﬁj‘ aAuepURA T difsy elagiiariating Hémjls RIepares dugcsorgance wigh | |
salt of an al kyl sulfonic acid, a benzene, a sulfonate, a napthal ene
sul f onat e Tablddngenfortubélowan de a napt hal ene sul fonani de, an ethyl ene
al koxy, and a propyl ene al koxy; and RZ may be attached to "AR' to forma
cyclic noiety, and R3 is selected frygitpe) group consisting of a benzene, a
napt hal ene, an unsaturated aliphatic group, and a benzenesul fonate group.
24 Sept enber 2002 - of claiml n the bath sol uble
ductility additive ijéaé‘ e ntm the gr oup-\ﬁ:}rﬁé-r;ti ng of: benzene
sul f onam de, bi sbenz'&cielsmbfajham de, sodium saggfarin, sulfo salicylic
acid, benzene sulfo%‘l %ﬁ lts of these aggit'ves and m xtures thereof.
4. The bath of cl ai fHAg r@'iert\at%e additive i d in anounts fromO.1
ngl L to about 20 g/ lyjmmyonfde bath of claim1l \Mjed/’al n the additive is used
in amounts of from about

bisbenzene sulfonamide 0.9 g/l

citric acid 70 g/l

*from nickel sulfate
**from sodium tungstate

' The bath was adjusted to and maintained at a pH of from about 7 to
about 8, and was maintained at a temperature of 50 °C. A series of steel
cathodes were plated with current densities ranging from 1 ASF to 80 ASF.
Deposits plated from this bath demonstrated commercially acceptable
electroplates in current density ranges of from 1 ASF to 80 ASF with high

ductility. Tungsten content in the resulting deposit is 38% by weight.



.100 ng/L to about 5 glL. 6. The bath of claim1l wherein the additive is
used.in anounts of fromabout 0.5 g/L to about 3 glL. 7. The bath of claim
1 wherein the additive is benzene sul fonam de. 8. The bath of claim?7
wherein the benzene sul fonanm de is used in amounts of24 cepraipget 2002 9IL to
about 3 glL. 9. The bath of claim1 wheggein the bath conprises from about
4g/L to about 100 g/L tungsten ions and from about 0.20 g/L to about 40 glL
ni ckel ions. 24 Septenber 2002 - gd8AMBELE The bath of claim 1l wherein the
bath includes fromabout 25 glL to about 10 glL tungsten ions and from

about 3 glL to / i I ; ; [ 1NG,;

ductil e tungst eﬁﬁ%‘d{ugé u%o@p”?%@ﬁ%}?&@?t"ﬁé?\ﬂt@ilﬂg‘%ﬁqg?gétagggﬁgﬁdﬁg&ggt h

havi ng a pﬁ#ﬂf dﬁg’%rt 6 to about 9, including an effective amount of nickel
and tungst B K- el ect ropl ating of a nickel-tungsten alloy fromthe
bath, an effective anobunt of one or nore conpl exing agents and an effective
anmount of a bath soluble ductility aiBLE, 8 capabl e of co-depositing sulfur
in a nickel-tungsten electroplate; (b) providing an anode and a cathode in
said bath; and (c) pBath @owsfituesitf ecti ve anount ofAmourgnt to said anode
and sai d cat hode for ,degosi ting a ductile nickel -tggiten deposit on said
cathode. 12. The netM§iebme&talaim 11, wherein the d lity additive
conprises an effecti w»a bath sol ubl e ducid Litty additive havi ng
the formula: O OO %ﬁg_@@fg&etgi R~-AR-S-NH R2 or E{OQESO—I 111 1) OO0O
wherein R is sel ectamrmionian t he group consisting ofiHg/lal kyl ) al kenyl,

hydr oxy, hal ogen, carboxy, and carponyl; "AR"' desi tes a benzene or

napt hal ene noi ety; %eﬁ'zg'?eﬁ@ ‘P%’i‘fnfq%mthe group cgﬂgi%/fi ng of H, an al kyl
sulfonic acid, or a #H or Goup Il salt of an | sulfonic acid, a
benzene, a sul fonat e&rgygggt hal ene 24 Sept enber Z?OQM- 14

*from nickel sulfate
**from sodium tungstate

A deposit was electroplated from the solution onto a steel cathode at
a current density of 60 ASF. The deposit plated from this solution gave an
excellent ductile nickel-tungsten deposit at 60 ASF. The deposit had a

tungsten content of 35% by weight.

EXAMPLE i
Utilizing the bath chemistry of Example 1, the bisbenzene sulfonamide
additive is replaced with each of the various additives (A) shown in Table 3.
The amount of each additive (A) used in each bath is shown in Table 3
below. Sample electroplates are thereafter tested for % by weight of nickel,
tungsten and sulfur in the resultant electroplate alloy. The results are also set

forth in Table 3 below. The deposits are ductile with no stress cracking.



.sul fonate, a benzene sul fonam de, a napthal ene sul fonam de, an ethyl ene

-al koxy, and a propyl ene al koxy; and RZ may be attached to "AR' to forma
cyclic nmoiety; and R3 is selected fromthe group consisting of a benzene, a
napt hal ene, an unsaturated aliphatic group, and a be t oup.
13. The nmethod of claim 11, wherein the bath sol ubl e%ﬁ(’?ﬁ%‘t‘{e%@@gﬁ%\/e i's
sel ected fromthe group consisting of -1benzene sul fonam de, bi sbenzene

sul f onam de, sodi um saccharin) sulfo salicylic acid, benzene sul fonic acid,
salts of these additives and m xtur SABhEr2of. 14. The method of claim 11
wherein the additive is used in anounts fromO.1 nglL to about 20 g/L. 15.
The nethod of claim1l wherein the additive is used in anobunts of from
abaut 100 {ny 0 abjpu 0 . € netno af he

addi tive ifs used in janounts of frogm about O. SAQIL,S (gera, ut -349| L. 87. The

met hod of ! rerermrtire—addi-ttve—ts—heprerne—sulforani-de- 4

Sept enmber Eg\de % 18. APHHverfdX hod of ®IMii m 1ff whe% W nt hg berfg®ne
uthsed

sul f onam ¢e i n amounts of {from about D.5 g/L to about 3 g/|l. 19.
The net ho H—rirer-etrir—tie—bath copPr-S€s Forreott ""‘d’IL o about
100 gl L tyngsfeions ssymispseitimbdut €B7284 gl Ll t o 38561t 40 049381 ckpl i ons.

20. The mit el vailmeC ! |ai Bl daicyldQE®1 1] t hgadigd h i1 pcl qgﬁgasf roqn_apgg&s 25}lg/L to

about 60 grtTungstgm TonNs and frgnrapout —to—about fl t—mmTkel ions.
21. An aqfieous | ectrPﬁ”ﬁff sy ‘ﬁﬁ""’f %‘ré’&%rop at Phg’4 tu+gs 1é?l"‘"’olll Y,
conpri Si niE—eA—afreutit—ot u“gsen —oRs—etfectre—t-o—provirde—a—t+ha

el ectropl fut ed1.841 oy |cangene sifcmqniq‘er c m afP@ens2 1503 to mm«ut 5 )% G0psedRi g

t ungst en; u an gffectijve appinte of 3 mefzaled on ”E?ats Mt hgebectifopl ating
an alloy |Mth tungstlen fsteknk 11e ellectropl at e |pat one of nore conpl exi ng
agents; a mﬁfﬂ-——m v ioiva o i o i

capabl e of co-depositing

While the above specification and exemplifications were given for
purposes of disclosing the preferred embodiment of the present invention, it
is not to be construed to be limiting of the present invention.

It will be readily appreciated by those skilled in the art that the present
invention can be practiced other than as specifically stated. Thus, the
invention may be subject to modification, variation and change without
departing from the proper scope and fair meaning of the accompanying

claims.



_sulfur in a nickel-tungsten. 22. The bath of claim 21, wherein the
ductility additive conprises an effective anount of a bath sol uble

ductility additive having the formula: O~~ OO If Il Il R3- S—NH-R2 or
R1-AR-S-NH RZ or RI-AR-1i-OH O O O 24 Septenber 2002? e%ﬁle‘B 4?
selected fromthe group consisting of _th_al kyl, al kenyl, roxy, ha ogen)
carboxy, and carbonyl; "AR' designates a benzene or napt haI ene noiety; RZ

is selected fromthe group consisting of H, an alkyl sulfonic acid, or a
Goup | or ﬂp salt o a sul.f onat e,

id, b
S manthat ene. ol AbrasEEols SleRBu 6, Y el tBo iy RaSERARE aduitindio o
t hyl | k k d R2 b ttached to "AR' t
?or)r/n anygl i gx%%ﬁﬁ??j afﬁ‘&o%ofgje a* Oxéﬁ ?Pomthgaéroﬁpacoﬁgi gti ng of a °
benzene, a napthalene, an unsaturated aliphatic

roup
benzenesul fona@%eﬁ?%wﬁ ameynt gha nﬂﬁt@hloafcom&ﬁtlmezw%h r@PW'E‘Q@”@é}PM W8l ubl e
ductility additive is selected fromthe group consisting of: benzene
sul f onam gegstendwsn henelecliomlatedidtile, sodi um saccharin) sulfo salicylic
acid, benzene sulfonic acid, salts of these additives and m xtures thereof.
24, The bat h cﬂnec:brahme&ﬂompiexiagagems; aoditive is used in ambunts fromO0.1
ng/ L to about 20 g/L. 25. The bath of claim2l1 wherein the additive is used
in anounts of dmreffective amclOd ohybltht solatie Wuchlitg laldditive 24 pSeletaf tbetep2Biliag- 1.
7 - " r 26. The bath of claim21 wherein the additive is used in amounts of
f rom abouwulfdr n ghlckeltuagsteh efedroplate, wherein the bath has a pH of from about 6 to

about 9.

2. The bath of claim 1, wherein the ductility additive comprises an effective

amount of a bath soluble ductility additive having the formula:

T i 1
R3~ﬁ-NH-R2 or R1—AR—ﬁ—NH—R2 or  Ry—AR- ﬁ OH
o) o) 0

wherein R, is selected from the group consisting of H, alkyl, alkenyl, hydroxy, halogen,
carboxy, and carbonyl;

"AR" designates a benzene or napthalene moiety;

R, is selected from the group consisting of H, an alky! sulfonic acid, or a Group |
or Group Il salt of an alkyl sulfonic acid, a benzene, a sulfonate, a napthalene
sulfonate, a benzene sulfonamide, a napthalene sulfonamide, an ethylene alkoxy, and
a propylene alkoxy; and R, may be attached to "AR" to form a cyclic moiety; and

R; is selected from the group consisting of a benzene, a napthalene, an

unsaturated aliphatic group, and a benzenesulfonate group.



. 27. The bath of claim21 wherein the additive is benzene sul fonam de. 28.
The bath of claim 27 wherein the benzene sulfonamde is used in anounts of
fromabout 0.5 glL to about 3 glL. 29. The bath of claim 21 wherein the
bat h conprises from about 4g/L to about 100 g/L tungsg&ge'g @p@obrzom
about 0.20 glL to about 40 g/L nickel iore2-30. The bath a| m 21
wherein the bath includes fromabout 25 glL to about 60 gJL tungsten i ons
and fromabout 3 glL to about 7 glL nickel ions. 31. A nmethod for

depositing a ile g ten allo ris roviding a

el ectropl ati n%’ t’i"h ba qu} iRyt éﬁ‘dﬁg%@fh %ﬁﬂﬁw@ da‘%‘lgytqgﬁﬁg’?gﬁsaﬁ%d
effective to electroplate fromthe bath a final nickel-tungsten alloy
conpri si fgPm rﬂaﬁrgewmonwwg@fmgngemmgﬁewsbgwemfé&fpm@'%ﬁeﬁwn@f one
or nore conpl exing agents and an effective amount of a bath soluble

ducti | i t ysagabianin, sulfe spligylie asid, bebegnessulionis acid raaltsiaf these addiivesiangst en

el ectroplate; (b) providing an anode and a cathode in said bath; and 24
Sept emrberm00@s thet®f. (c) provi ding an effective anount of current to said
anode and said cathode for depositing a ductile nickel-tungsten deposit on
sai d cathode. 32. The nethod of claim 31, wherein the ductility additive
conprises an effective anount of a bath soluble ductility additive having
the formula: @, ItheFathdNcldimd Wwhélen theaddiiive-idldsed idafolhtsoforie: ARg/lL tdoH 0
wherein R, is selected fromthe group consisting of H, alkyl, alkenyl,

hydr oxy, g@@bpg§pﬂ"carboxy, and carbonyl; "AR' designates a benzene or
napt hal ene noiefy; R2 is sel ected fronlthe group consisting of H, an al kyl
sulfonic acid, or a Goup 1 or Goup Il salt of an alkyl sulfonic acid) a
benzene, a sulfonate a napt hal ene sul fonate) a benzene sul fonam de, a

napt hal ene sukf g %’Bai@pf?l&rﬁg%gr@@yt@}s%}%e@gséd B SR¥LAR HokPEYoutand RZ

may be attachéd to iC nolet
100 mg/L to about 5 g/L.

6. The bath of claim 1 wherein the additive is used in amounts of from about 0.5

g/L to about 3 g/L.
7. The bath of claim 1 wherein the additive is benzene sulfonamide.

8. The bath of claim 7 wherein the benzene sulfonamide is used in amounts of

from about 0.5 g/L to about 3 g/L.

9. The bath of claim 1 wherein the bath comprises from about 4g/L to about 100

g/L tungsten ions and from about 0.20 g/l to about 40 g/L nickel ions.



‘R3 is selected fromthe group consisting of a benzene, a napthal ene) an
unsaturated aliphatic group, and a benzenesul fonate group. 33. The nethod
of claim31) wherein the bath soluble ductility additive is selected from
the group consisting of: benzene sul fonam de, bi sbenzgheseyibhpRaEdt

sodi um saccharin, sulfo salicylic acid, berizne sulfonic acid, salts of
these additives and m xtures thereof. _lg_ 24 Septenber 2002 - 34. The
nmet hod of claim 31 wherein the additive is used |n anounts fromO. 1 rrg/L to

about 20 g/L. 35 d, of cI im3 he addi tiyv us
amount s of from@bgﬂ'te tﬁf% %ﬁmt W %rﬁiﬁtjh@\,%ﬁ es‘IfFRJ“rﬁ?PHbgsgﬁ' t@laj:i%tgg
wherein the additive is used in anpounts of from about 0.5 glL to about 3
g/ L. 37. T tangstrn iens endifiam ebowiet silrioahoubd @k nigkelisnbenzene

sul fonam de. 38. The method of claim 37 wherein the benzene sul fonam de is
used in anpunts of fromabout 0.5 g/L to about 3 glL. 39. The nethod of
claim 31 wherein the bath conprises fromabout 4g/L to about 100 glL

t ungst en i ons and. A methadcfor dep@diting & duoctilaliengste® algy carhpiighgi ons. 40. The
met hod of claim 31 wherein the bath includes fromabout 25 g/L to about 60

glL tungsten io(® pridingan elEtroptiog batrohabiegit pH of aboit@ktelabowtS, including
.ACA AY. AY. AYY. A; 3. AL; F. A&Y. AY. A | L AL. | . A9Y. AYy. A9Yl . A&GAI . Asl Y. A . A2

. ALt @ > WkAkffestive amount of nickel and tungsten ions for electroplating of a nickel-tungsten
Uzupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] ca] ca] ca] ca] ca]ca]ca]ca]c
a] ca] ca] cahfs\l #8mafe YhtH, &l rfdceivd aFfRlLsRbIBre 8r more complexing agents and an

effective amount of a bath soluble ductility additive capable of co-depositing sulfurin a
nickel-tungsten electroplate;
(b) providing an anode and a cathode in said bath; and

(c) providing an effective amount of current to said anode and said cathode for

depositing a ductile nickel-tungsten deposit on said cathode.

12. The method of claim 11, wherein the ductility additive comprises an effective

amount of a bath soluble ductility additive having the formula:

0 i 1
R-—ﬁ—NH—Rz or R1—AR—ﬁ—NH—R2 or  R—AR- ﬁ OH
0 O o)

wherein R, is selected from the group consisting of H, alkyl, alkenyl, hydroxy, halogen,
carboxy, and carbonyl;

"AR" designates a benzene or napthalene moiety;

R, is selected from the group consisting of H, an alkyl sulfonic acid, or a Group |

or Group |l salt of an alkyl sulfonic acid, a benzene, a sulfonate, a napthalene



3/ gwWY{vqgl gb\ W caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
Ul c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! YFhB&T( m#kM xsni d_Z] c] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca
| ca] cal ca] ca] cal cal M 24 September 2002
yryreenpe "vHH#HSK Y WBORKELKE' } xsni d_Z] c] ca] ca] ca] ca] ca] ca] cal ca] ca] ca
] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cla,l ca] calca]ca]ca]ca]calcalcalcal'i'{"
"(L(u(( )T)))"*nr**r<+++ K |, p, -{vgkd_ZzU] ca] ca] ca U] c*alU] ca]ca] ca
Ul c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

caj cal - Asulfﬁ)ﬁé ¥/He/n h Qﬁ?mg%éaaéﬂéyé’hewéﬁ é‘ra'ﬁgé% ﬁ’e_gl%}(gaéﬂoca] ca

Ul ca] cal] ca ca] cal ca] ca] ca] c”a] caJ ca] ca] ca] ca] ca] ca] c*al] ca] ca

A O LD L o
ngnglzc@?]@cg?\l g%%%%ﬁﬁ]ﬂ&?h@®ﬂﬁ%?‘f§g?§gf8%]82?@%]_acn%%aflgﬁcar] ca]ca]calc
E% EE};&%}:#E]]@%@%% k& ccg o%%] &hd & enzénegu(ffa]w t%]groLcaU] ca] ca] cal - DDEEE

HkHHHHH21 " 111 DJJJ. Ki KKK| wr mhc”Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca! KLSLpLLI M MaMVIMN
UNNNJ OOOPqPPP" (B ) RORRR} wr mhc”Y] ] Lca] ca] ca] ca] cal] ca] ca] ca] ca] ca]
ca] ca] ca] ca] caPcdjhedne daaf@éq"@amea]f@éqneél}% plbaAoiedle dpetitr ajditiei® R SySS
TNTTUW! VQVWWAWTW WWWAKSs XXYhYYY6ZZZZ[ " [ v[ } xsnid_Z] ]]] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] selestad-iagrodhe grau) eer]sisting A dzgnzene sptenaral ca]:tsapcaqr@aqwapea] ida] ca] ¢
alv[[[+\I\\V\] N T] 5N TW WNWWAKs XXYhYYY6ZZZZ[ " [v[ } xsnid_Z]]]]ca] ca] ca] ca] ca] ca]
ca] ca] capodiloa$acthedh caifoedatiaylicadcic | heakend salfarad eafc saltsdithésedddiiives ca] ca]
calca@i K-9!10%Z&' () -

L109%Z&' ( pnSraixtisey the@ddoZ8& () - 3F10%&Z& () - 109%Zs& ()-:: 10%Z& () - M>

U K-3"!110%& ()- !'10%Z& ()-9!10%Z& ()-!10%& () - F9! 109Z8&! ()- Li0%Z& () -
109Z& () - O] i J+@10%& ()-/!10%& ()-Y - MLOWZ& ()-*10%& ()-(!10%& ()-

| y& 1 10%Z& () - $& 10%Z& () - 3Fb@xx10%Z! LMLOY&' ()- F

s! 10%& () - Yl@ﬁ/ﬁﬁhé}nétﬂaga’@&cl(a)m 11Weﬁthé/‘a@@@wé@u§é@ﬁ anfounts from 0.1
dEb@ax10%! 31 9! 10%& ( 0%8& ()-39!'10%&' ()-F: 109" () - 110968 () -

T 1096 b %! #' 10%5& I & 109G 31 1096 c1096% () -
1006 (§)’"§**'18€W O O- G- 0

15. The method of claim 11 wherein the additive is used in amounts of from

about 100 mg/L to about 5 g/L.

16. The method of claim 11 wherein the additive is used in amounts of from

about 0.5 g/L to about 3 g/L.

17. The method of claim 11 wherein the additive is benzene sulfonamide.



d :dEb@@x10%! 0 10938 ()- |.10%& ()- @ 310938 ()-
& 110%& ()-'"' 11098 ()- 98 10%& () -
: }bC@10%Z! Y10%g&' ()-310%& ()-S10%& ()- 10G 10G 10G510%43K ()

- 2 1098 () -

/] gdEbC@109%! L!10%& ()- "110%& ()- MO%E& ()- 19%efdodrbuMee () -

8&s10%g& ()- gWaBbC@10%Z! L! 10%g& () - 10%g& () -
109g& ()-! $109%& ()-sM 109%g& ()- 3M 109%g#s()- ~YaB7C@

10gs0! 10%g& ()- Y. 910%& ()-,, ML0%& ()- -&10%& ()-! QE$10%& () -

y#10%g& ()- FnN F M 10997& ()- 3

MLOYT&E () - Y1090& ()-F ! 1099& () - @0%& ()-Y10% & ()- 10g 10ghBdEMN F
M 109 F&! 1090 &§.) Thametodref ¢laim 17 whershathe benzeneasgifopamide is used in

3'M 1090& ()-F3:!11090& ()-&TaB7/ 10T 3! 10%& ()-! 0t $10%&' () -
amounts of from about 0.5 g/L to about 3 g/L.

.1 1090& () -

19. The method of claim 11 wherein the bath comprises from about 4g/L to

about 100 g/L tungsten ions and from about 0.20 g/L to about 40 g/L nickel ions.

20. The method of claim 11 wherein the bath includes from about 25 g/L to

about 60 g/L tungsten ions and from about 3 g/L to about 7 g/L nickel ions.

21. An aqueous electrolyte bath, for electropléting a tungsten alloy,

comprising:

an amount of tungsten ions effective to provide a final electroplated alloy

comprising from about 15% to about 50% by weight tungsten;
an effective amount of a metal ion compatible with electroplating an
tungsten from the electroplate bath;

one or more complexing agents; and

alloy with

an effective amount of a bath soluble ductility additive capable of co-depositing

sulfur in a nickel-tungsten.

22. The bath of claim 21, wherein the ductility additive comprises an effective

amount of a bath soluble ductility additive having the formula:

o) ' o) o)

I I
R3—-ﬁ—NH-—R2 or R1—AR—ﬁ—NH—R2 or  Ry—AR—S—OH

o) O O



, 10968 ()- 9! 109F& ()-3SM 1098& ()- (miN ! 10%& () -
1109 ()-° ! 109% ()-3t! 10%& ()-y109%& ()- YYL0%& ()- 10T 10T#kdEmN/

11090 109%& () - mB10%& ()- 109%& ()-s!109%& ()-S ! 10%& ()- s!10%& ()- MVA aBmN
C110%0+: 1 1098 ()-1:Y, ) 8109 () - 810%& () - &SL! 10%&'()- | A0U& () -

YLI 10%& ()-A )!Y'111aB7/ 10S8109%& ()- & éOO/&' 2’ S3knider 2002

4: 10%& ()-! 1$109%K& ()-/' 1 10%& ()-s-" ! 10

9f ' 10% 0& ()-9° ! 10% 0& ()- " 10% 0& () - 310%0&'() 310%0&'() 10
10"/ #v##ttiz[ <N 10% 0& ()- 10% 0& ()-!p3 10%0& ()-!|3 10%0& ()-!3

L0%e’ () VAR (3 sHBBIVAETIIou, LAKORS O BRYBRENG) nydhiott HURRn( )

610% 0& /10% o0& /10% 0&
000/0 o(}’?g’ %2 %&%@’?ﬁ*y f 3 h(l) 2% bC gl\/l (1%)%&' ()- yl0% ()- FF10%&' () -

10 0100 "AR" designates a benzene or napthalene moiety;

R, is selected from the group consisting of H, an alkyl sulfonic acid, or a Group |
or Group |l salt of an alkyl sulfonic acid, a benzene, a sulfonate, a napthalene
sulfonate, a benzene sulfonamide, a napthalene sulfonamide, an ethylene alkoxy, and
a propylene alkoxy; and R, may be attached to "AR" to form a cyclic moiety; and

R, is selected from the group consisting of a benzene, a napthalene, an

unsaturated aliphatic group, and a benzenesulfonate group.

23. The bath of claim 21, wherein the bath soluble ductility additive is selected
from the group consisting of: benzene sulfonamide, bisbenzene sulfonamide, sodium

saccharin, sulfo salicylic acid, benzene sulfonic acid, salts of these additives and

mixtures thereof.

24. The bath of claim 21 wherein the additive is used in amounts from 0.1 mg/L

to about 20 g/L.

25. The bath of claim 21 wherein the additive is used in amounts of from about

100 mg/L to about 5 g/L.
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10%8Q S& () - - ) 28! Thabetveiziaien 2Y whegin dhambeszene) sulfgnamide is used in amounts

10%8Q S& ()--3333333}]=K410-+-& @ 10%8Q S& ()--@10¥8Q S& ()--)? '? @

10%6Q S&' ¢ from@uyB8Q F&'t¢ rbo@ I QAEQ S&' () - - 3333333uY=K410-+! -& @

10%8Q S& ()--@10¥8Q S& ()--)? '? @10Y%8Q S& ()--@ 10%6Q S& ()--@

1098Q S&' ()--33333333bF*@ 10%86Q S& ()-- @109%8Q S& ()-- @10%6Q S& ()--)7
29. The bath of claim 21 wherein the bath comprises from about 4g/L to about

100 g/L tungsten ions and from about 0.20 g/L to about 40 g/L nickel ions.

30. The bath of claim 21 wherein the bath includes from about 25 g/L to about

60 g/L tungsten ions and from about 3 g/L to about 7 g/L nickel ions.

31. A method for depositing a ductile tungsten alloy comprising:

(a) providing an electroplating bath including an amount of nickel and tungsten
ions effective to electroplate from the bath a final nickel-tungsten alloy comprising from
about 15% to about 50% tungsten, an effective amount of one or more complexing
agents and an effective amount of a bath soluble ductility additive capable of co-
depositing sulfur in a nickel-tungsten electroplate;

(b) providing an anode and a cathode in said bath; and



'? @@ 10%8Q S& ()-- @ 10%8Q S& () -- @ 10%8Q S& () - - 3333344~">* @ 10%8Q S&@
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"AR" designates a benzene or napthalene moiety;

R, is selected from the group consisting of H, an alky! sulfonic acid, or a Group |
or Group |l salt of an alkyl sulfonic acid, a benzene, a sulfonate, a napthalene
sulfonate, a benzene sulfonamide, a napthalene sulfonamide, an ethylene alkoxy, and
a propylene alkoxy; and R, may be attached to "AR" to form a cyclic moiety; and

R, is selected from the group consisting of a benzene, a napthalene, an

unsaturated aliphatic group, and a benzenesulfonate group.

33. The method of claim 31, wherein the bath soluble ductility additive is
selected from the group consisting of: benzene sulfonamide, bisbenzene sulfonamide,
sodium saccharin, sulfo salicylic acid, benzene sulfonic acid, salts of these additives

and mixtures thereof.
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39. The method of claim 31 wherein the bath comprises from about 4g/L to

about 100 g/L tungsten ions and from about 0.20 g/L to about 40 g/L nickel ions.

40. The method of claim 31 wherein the bath includes from about 25 g/L to

about 60 g/L tungsten ions and from about 3 g/L to about 7 g/L nickel ions.



