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DUCTILITY AGENTS FOR NICKEL-TUNGSTEN ALLOYS

BACKGROUND OF THE INVENTION

The present invention relates to a dhc{flity additive for use in tungsten
éllby electroplating ‘baths which provides tungstén alloy electroplates for use
in replacin'g.- hexavalent chromium plating or other hard lubrous coatings.

Chromium plating'for decorative 'and functional plating purposes has
always been desiréble; Most often chromium plating is carried out in
hexavalent chromium electrolytes. Functional coatings from hexavalent
chromium baths generally range in thickness from about 0.0002" to about
0.200“ and provide very hard, lubrous corrosion resfstant coatings.
Decorative coatings from hexavalent chromium electrolytes are much thinner,
typiéally' 0.000005" to-0.0.000'30", and are desirable because of their blue-
white color, and abrasion and tamish resistance. These coatings are almost .
always .pt.ated ovér dé'oorativé nickel or cobalt, or nickel alloys containing
cobalt or iron.

| Thé imposition of government restrictions on the discharge of toxic

effluent, includihg 't.;e.xavalent 'chrorhium present in conventional chromium
platihg baths, has 'eScaIatéd in recent years. Some state and local
government restrictions are extremeiy stringent. This is especially the case
with regard to 'fu'mes geherated 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
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eléctroplating baths intended to approéch the color and the characteristics of
chromium _deposits. |

One possible solution ts the electrodépositi_on of tﬁngsten alloys.
Typically, in such baths, salts of nickel, cobalt, iron or mixtur_eé thereof are
5 used in combination with tqngﬁgn _sa_l_lts to producetungsten alioy débosits on
various conductive substrates. In t_his.pasg, the _n,ické!.. coba_!t,.andlor iron ions
act to catalyze the deposition of tungsten, s_h_ch that _alloyé cbn_taining as
much as 50% tungsten can be deposited; said &gbqsité having excelient
abrasion resistance, hardness, lubricity and a_clzc_:eptat;lle!. célbf when compared

10 fo chromium. |
However, while such déposi_fs have__be___en d@#jrgble as replacements
for chromium, the properties of' resulting de;posfts ang:f: jnhe_f_ent m_énufacturing
limitations in prior art processes h?yg not a!lowed such deposité to replace
decorative or func?ionél chrp_m_ium deposits. Whtle .allkali.ne complexgd
15 nickel-tungsten co_-deposits héve _,b_gen k__n_own_, the.i_g_.iggpos_its _pro;luced_ from
these electrolytes often are generally low in ductf}ity and, therefore, are
subject to stress cracking and the like. Thus, use qf tungsten electroplafes

has been limited to thin deposits or deposits where cracks are allowed.

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

electroplates with improved physical properti__es of dqqtility.
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SUMMARY OF THE iNVENTION

In accordance with the aforementioned goals, there is provided in

_accordance with the present invention an electrolyte for electroplating of a

ductile tungsten alloy.

The electrolyte bath of the present. invention includes an effective
amount of tungsten ions, and also an effective amount of a mefal ion or
mixtures of metal ions which are compatible with the tungsten ions for
electroplating of a tungsten - alloy from the electrolyte. The electrolyte also
includes one or more complexing agents to facilitate the electroplating of the
tungsten alloy electroplate. It is critical in the present invention to provide an
_effective amount of a bath soluble ductility enhancer additive.

Tungsten alloy electroplates, when plated in accordance with the
present invention, provide ductile tungsten. electroplétes.

Further benefits and advantages of the present invention will be readily
realized by those skilled in ,fh'e 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.
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As a critical component of the present invention, an efféctive amount of a
sulfur co-depositing ductifty-enhancing additive is present.

Typically, an ':§§ectrolyte, in accordance with the present invention,
includes from about 4 gh (grams per liter) to about 100 g/! tungsten ions in
the electrolyte, and pféferably'frdm' about 25 glito 'a_bo'ut 60 g/l tungsten ions.
Tung.sten ions are pnid\ﬁded in the bath, és is known -'tofhos‘e skilled in the art,
in the form of salts of tUn'gsterj”éuch as sodium -tungstate or the like.

Metals which'_j' are compatible for plating witﬁ tungsten for forming
tungsten-metal alloy électroplaieé include iron, cobalt, and nickel, with nickel
being a preferred constituent -in the present invention.  These metal
constituents require’ ?olubi!ity--iri the electrolyte and, therefore, sulfates -or

carbonate salts of the selected metal are typically utilized. Generally, ranges

" of from abouit .20 g/i ’to about 40'g/l of the alloying metal ion are used in the

subject invention. However. preferred ranges for nickel ion. concentratlon in

the electrolyte are from about 3 g/l to about 7 g/l of the nickel ion. The nickel,

iron, cobalt or othe;r bath constituent is necessary -_m the tungsten plating

éiecﬁ'olytes in that _ii_acts as a c_atg'lyst which enables the tungsten to plate

from the solution.
Complexing ‘agents useful in the present .invention include those

commonly used in other electroplating electrolytes, such as citrates,

" gluconates, taﬁrat& and other alkyl hydroxy carboxylic ‘acids. Generally,

these complexing agents are used in amounts of ffom about 10 g/l to about
150 gA, with preféfréd amounts in the present bath being from about 45 g/l
to about 80 gA. In a preferred electrolyte of the present invention, a source
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of ammonium ions & “provided in addition to one gl“.‘*}nore of the above
complexing agents. The source of ammonium ions. stimulates plating of
tungsten from the bath and helps keep the metals in solution during plating.
Preferred quantities of ammonium ions in the baths of present invention
include from about 5 g/l to about 20 g/l ammonium ions. The ammonium ions
may be provided in different forms, with ammonium hydroxide being a
preferred 'agent. Of course, ammonium ions may also be provided in a -
compound such as nickel ammonium citrate when used in the bresént
electrolyte. | : |

For effective electroplating, élecfrdlytes of the present ihverition are
maintained at a pH of from .a.lbout 6 fo about 9, with typical ranges of pH

being from about 6.5 to about 85 The electrolyte of thé present invention

is usefdl at temperatures of from about 20° C to about 90°' C, with pfeferred.
operating temperatures of the present electroly_te 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, sﬁlfonic 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,



10

15

20

25

WO 99/49107 ' PCT/US99/06322
-6-

Preferably, bath soluble sulfonic acids and their derivatives are used
as ductility agents wnth particularly preferred a'gentsE heing aromatic sulfonic
acids. o .

A particularlj btfeferted ‘sulfur co-depositing ductility additive for most

nickel-tungsten alloye ‘has the formula:

] R | : i
| R1—AR-§—NH—R2:.; . oor Ra"?l'?'NHf'Rz or R,—-AR-:S'-OH
| o]

wherein R, 'is s_elected frotn the greup consleting of H, alkyl; alkenyl,
hydroxy, halogen. carboxy and carbonyl | |

"AR" deslgnates a benzene or naphthalene moiety;

R |s selected from the group conSIstlng of H, oran alkyl snlfomc acid,

a Group l or Group I salt of an alkyl sulfonlc acid, a benzene a sulfonate a

h naphthalene sulfonate a benzene sulfonamlde. a naphthalene sulfonamide, .

an ethylene alkoxy, a propylene alkoxy, and R may be attached to "AR" to _

“form a cyclic molety, and

R,is selecteft:l" 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 depbelted' from the solution.

Preferred addlti\ies for use in the present invention include benzene
sulfonamide, bishenzene sulfonamide, sodium saccharin, sulfur salicylic acid,
benzene sulfonic aeid. salts of these and mixtures thereof.

Preferably, the d_uctility of the present invention is a"benzene

sulfonamide which is used in amounts of from about 0.1 mg/l to about 20 g/l.
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Typically, the additive is used in amounts from about 1 60 mg to about 5 g/l
and preferably from a_b_dut 0.5 g/l to about 3 g, dep_ending_ on the thickness
of the resulting plate. | |

With t.he additives of the present invention, ductile tungsten alloy
deposits can be accomplished with current densities of generally from about
1 amp per square foot (ASF) to about 125 ASF, with preferred operating
currents for electroplating current of from about 60 ASF to about 80 ASF.

The additives in aﬁ:cordance with the prese_nt_ i_nv_entioh are compatible
with common nickel-tungsten baths and brightening additives such as those
set forth in U.S. Patent No. 5,525,206 to Wieczerniak, et al.

Deposits of the present invention may be used as a suitable
réplacemént for chrome plates without the requirement of machining steps.
Deposits of the presént 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 'comm'oniy utilizing chromium electroplates.
Further underétanding' of the present invention will be had by reference
to the following examples, which are presented herein for purposes of

illustration but not limitation.
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EXAMPLE |
An aqueous (1 liter) electroplating bath is prepared in accordance with

Table 1 set forth below:

"~ TABLE1
5 o Bath Constituent =~~~ Amount
nickel metal* .~ - - B5gl
tungsten metal** . 284¢gh
ammonia  1ogh
~ bisbenzene sulfonamide 0.9 g/l
10 citric acid T 7090
*from nickel .sulfa'te _ | _ R
**from sodium tungstate
15  The bath was édjusted fo and maintained at a pH of from about 7 to

about 8, and was_'_méintain_ed'_ a{ a t_éfnpe_rafp;g of 50 °C. A series of steel
cathodes were _.piated -vﬁ_i_th curfent' densities raﬁging from 1 ASF to 80 -ASF.
Deposits plated from. this bath -demonsirét_e& commercially acceptable
| electroplates in current denéity..ranges of frqm 1 ASF to 80 ASF with high

20 ductility. Tungsten content in the resulfing deposit is 38%. by weight.
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EXAMPLE 1l

An aqueous (1 liter) electroplating bath is prepared in accordance with

Table 2 below.
TABLE 2

Bath Constituent . ~ Amount
nickel metal* o 8 g/l
tungsten metal** : . 30 g/l
‘ammonia ' - 1240/
benzene sulfonamide 1.6 g/l

- citric acid - 720l

*from nicke! 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 géve an

‘excellent ductile nickel-tungsten deposit'at 60 ASF. The deposit had a

tungsten content of 35% by weight. |

EXAMPLE Il

Utilizing the batﬁ 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.
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TABLE 3
Electroplate Alloy
Analysls (percent) :
Additive (A) % Ni %W %S
Amount ln '
I sam  sodium saccharin 63.73944 3617029 0ossst |
1% by volume sulfo -salloyllo acid 84.6203 15.04083 0.338876 n
benzens ‘sulfonic acid 64.07172 35.77733 0.150948
sodium salt .
H 1.6 g benzene sulfonamide 60.86492 390404 | o.085683
09 g1 bisbenzene 6623585 | 3363783 0128527
sulfonamide

~ While the above specrﬁcatron and exemplrﬁcatrons were grven for

purposes of drsclosrng the preferred embodrment of the present Inventlon. it

is not to be construed to be Irmrting of the present invention.

It wrll be readrly apprecrated by those skrlled in the art that the present

invention can be practiced other than as specrﬂcally stated Thus the

‘invention may be subject to modrﬁcatron variation and change without

departrng from the proper scope and farr meamng of the accompanying

claims.
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What is claimed is: |
1. An aqueous electrolyte bath, for electroplating of a nickel-tungsten

alloy, comprising:
5 an effective amount of tungsten ions;
an effective amount of a metal ion compatible with electroplating an
alloy with tungsten from the electrolyte bath;
one or more complexing agents; and
an effective amount of a bath soluble ductility additive capable of

10 co-depositing sulfur in a nickel-tungsten electroptate.
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-2, The bath of claim 1 wherein the ductility additive comprises an
effective amount of a bath soluble ductility additive having the formula:

1] - Il 1
R1"‘AR"?""NH"‘R2 o Ol' Ra"?"'NH"Rz : Ol' . RA‘_AR“"S'"OH

: wherem R, |s selected from the group consnstmg of H, alkyl, alkenyl,
hydroxy, halogen. carboxy and carbonyl | |
"AR" deslgnates a benzene or naphthalene mouety
R, is selected from the group conslstmg of H or an alkyl sulfomc acid,
a Group I or Group il salt of an alkyl sulfomc ac|d a benzene a sulfonate a
naphthalene sulfonate a benzene sulfonam:de, a naphthalene sulfonamlde

an ethylene alkoxy. a propylene alkoxy. and R2 may be attached to "AR" to

form a cyclic molety. and

Rsis selected from the group conSIstlng of a benzene a naphthalene,

an unsaturated allphatlc group; and a benzenesulfonate group

3. The bath of claim 1 wherein the bath soluble ductility additive is
selected from the group consisting of: benzene sulfonamide, bisbenzene
suffonamide, sodium saccharin, sulfo salicylic acid, benzene sulfonic acid,

salts of these addltwes and mlxtures thereof.

4. The bath of claim 1 wherein the additive is used in amounts of from

about 0.1 mg/l to about 20 g/l. /’_——

LA
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5. The bath of &ldim 1 wherein the additive is 1&&d in amounts of from _

about 100 mg/l to about 5 g/l

6. The bath.of claim 1 wherein the additive is used in amounts of from
R —

A

7. The bath of qlaim 1 wherein the additive is be_nzené sulfonamide.

about 0.5 g/l to about 3 gA.

8. The bath of claim 6 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 4 g/l to

about 100 g/l fungsten ions and from about 0.20 g/l to about 40 g/ nickel

ions.

10. The bath 6f claim 1 wherein the bafh includes from about 25 g/l

to about 60 g/l tungsten ions and from about 3 g/l to about 7 o/l nickel ions.
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11. Amethod for depositing a ductlle nickel-tungsten alloy comprising:
(a) provi'ding:-g_n electroplate bath includingf_ an effective amount of
nickel and tungsten -iens for 'ele'ctroplating ofa nickel-tﬁngsten alloy from the
bath, an effective amount of one or more oomplexlng agents and an effective
amount of a bath soluble ductility additive capable of oo-deposutmg sulfur in
a nickel-tungsten eleg'groplate.
(b) providing ‘an anode and a cathode in said bath; and -
(c) providing an effecﬁve amount of current te said anode and cathode

for depositing""a due’tile nickel-tungsten deposit on '.sai_'d cathode.

12. The method of _slaim 11 w_herein the duct_i,llty additive comprises

an effective amounf-b_’f a bath soluble ductility addj_ﬁve having the formula:

' T . | 1
Re-AR-S-NH-R, = of  ReS-NH-R, or  R~AR-S-OH

wherem R, ls selected from the group GOHSIStIng of H, alkyl alkenyl,

hydroxy, halogen carboxy and carbonyl
"AR" deslgnates a benzene or naphthalene nnOlety l l“l“l ml" "I" "Ill " l"'
R,is selected from the group consustmg of H or an alkyl sulfomc acid,

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

naphthalene suﬁonafe._ a benzene sulfonamide, a _na'phﬂ1alene sulfonamide,

an ethylene alkoxy,._'a propylene alkoxy; and R, may be attached to "AR" to

form a cyclic moiely' and
R;is selected from the group consisting of a benzene a naphthalene,

an unsaturated allphatlc group; and a benzenesulfonate group.
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13. The method of claim 11 wherein the bath soluble ductility additive
is selected from the group co_nsisﬁng of. benzene :sulfﬁﬁamiciq, bisbenzene
sulfonamide, sodium saccharin, sulfo salicylic acid, béw .
AN o

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

salts of these additives and mixtures thereof.

of from about 0.1 mg/l to about 20 gII

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

of from about 100 mg/l to aBout 5 gl

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 -

sulfOnarhide.

18. The method of claim 11 wherein the benzene sulfonamide is used

in amounts of from about 0.5 g/t to about 3 g/l.

19. The method of claim 11 wherein the bath comprises from about
4 to about 100 tungsten ions and from about 0.20 g/l to about 40 g/l nickel

ions.
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20. 'T'_he*' method of claim 11 wherein the bath includes from about 25

g)i to about 60 g/l tungsten jons and from about 3 g/l fo about 7 g/l nickel

| A

jons.

el




