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DUCTILITY AGENTS FOR NICKEL-TUNGSTEN ALLOYS 

5 BACKGROUND OF THE INVENTION 

The present invention relates to a ductility additive for use in tungsten 

alloy electroplating baths which provides tungsten alloy electroplates for use 

in replacing hexavalent chromium plating or other hard lubrous coatings. 

Chromium plating for decorative and functional plating purposes has 

10 always been desirable. Most often chromium plating is carried out in 

hexavalent chromium electrolytes. Functional coatings from hexavalent 

chromium baths generally range in thickne8s 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, 

15 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 

20 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 

25 chromium is unacceptable. This has prompted the development of alternative 
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electroplatlng baths Intended to approach the color and the characteristics of 

chromium deposits. 

One possible solution is the electrodeposition of tungsten alloys. 

Typically, in such baths, salts of nlck~l. cpbalt, iron pr mixtures thereof are 

5 used in combination with tungs~en salts to pr()duce tt.1ngsten alloy deposits on 

various conductive substrates .. Jn this case, the nickel, cobalt and/or iron ions 
. ; . . ..- . ·..• . 

act to catalyze the deposition of tungsten, such th~t alloys containing as 

much as 50% tungsten can ~e deposited; said deposits having excellent 
• • . .• ' .• ·. !'' •• 

abrasion resistance, hardness,. lubricity and acceptable color when compared 

10 to chromium. 

However, whJle such d~posits have bee" d~si~ble as replacements 

for chromium, the properties of resulting deposits and inherent manufacturing 

limitations in prior art process~s have not allowed such deposits to replace 

decorative or functional chrpmium deposits. While alkaline complexed 

15 nickel-tungsten co-deposits h~ve t>een known, the ~~posits produced from 

these electrolytes often are 9enerally low in ductility and, therefore, are 

subject to stress cracking and the like. Thus, use of tungsten electroplates 

has been .limited to thin depC)sits. or deposits where cracks are allowed •. 

Commonly assigned ps;ior U.S. Patent No. 5,~25,206 to Wieczerniak 

20 addresses brightening agents for improving surface and appearance qualities. 

However, there remains a •. need in the art to provide tungsten alloy 

electroplates with improved phy~ical properties of ductility. 

I l I 1 
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SUMMARY OF THElNYENTION 

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 metal 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 

10 tungsten alloy electroplate. It is critical in the presemt invention to provide an 

effective amount of a bat~ soluble ductility enhancer additive. 

Tungsten alloy electroplates, when plated in accordance with the 

present invention, provide ductile tungsten. electroplates. 

Further benefits and advantages of the present invention will be readily 

15 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 

20 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 effective amount of a 

sulfur co-depositing ductility-enhancing additive is present. 

Typically, an electrolyte, in ·accordance .with the present invention, 

includes from about 4 gn (grams PEK' liter) to about 100 gn tungsten ions in 

5 the electrolyte, and preferably· from· about 25 g/I to about 60 gll tungsten ions. 

Tungsten ions are provided in the bath, as is known to those skilled in the art, 

in the form of saltS ()f tungsten such as sodium tung~tate or the like .. 

Metals which are compatible for plating with tungsten for forming 

tungsten-metal alloy electroplates include iron, cobalt, and nickel, witl') nickel 

10 being a preferred . constituent ·.in the present invention. These .metal 

constituents require solubility ·in the electrolyte and, therefore, sulfates, or 

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

of from about .20 gn to about 40 g/I of the alloying metal ion are used in the 

subject invention. Howaver, preferred ranges for nickel ion. concentration in 

15 the electrolyte are frOm about 3 g/J to about 7 gn of the nickel ion. The nickel, 

iron, cobalt or other bath constituent is necessary in the tungsten plating 

electrolytes in that ~ acts as a catalyst which enables the tungsten to plate 

from the sofutfon. ·• 

Complexing : agents useful in the present . invention Include those 

20 commonly used iri 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 1 O g/I to about 

150 g/I, with preferred amounts ·1n the present bath being from about 45 g/I 

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

... ,.·i· :· . 
I IT 
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of ammonium ions ii:'·;provided in addition to one ~f·rilore 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 

5 include from about 5 g/I to about 20 g/I 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 present 

10 

electrolyte. 
' ' 

For effective el~ctroplating, 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 

15 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 c~eposits which include relatively high amounts 

20 of tungsten (greaterthan 30o/o), 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. 
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Preferably, bath soluble sulfonic acids and their derivatives are: used 

as ductility agents w~~ parti<?ularty preferred agents being aromatic sulfonlc 

acids. 

A particularly preferred s~dfur co-depositing ductility additive for most 

5 nickel-tungsten alloys ·has the f~rmula: 

or 

0 
II 

R3-S-NH-D It . "'2 

0 

or 

0 
II 

R1-AR-S-OH 

8 
wherein R1 is selected from the group consisting of H, alkyl, alkenyl, 

10 hydroxy, halogen, carboxy and carbonyl; 
. ~ . : I 

"AR" designates a benzene or naphthalene moiety; 
••••• > ••• 

R2 is selecte~ from the group consisting of H, or an alkyl sulfonic acid, 

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

·naphthalene sulfon~te, a benzene sulfonamide, a n~phthalene sulfonamide, 

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

· form a cyclic moiety; and 

~·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 

20 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 

25 sulfonamide which is used in amounts of from about 0.1 mg/l to about 20 g/I. 
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Typically, the additiv~is used In amounts from about1do mg to about 5 gll. 

and preferably from about 0.5 gn to about 3 gn, depending on the thickness 

of the resulting plate. 

With the additives of the present invention, ductile tungsten alloy 

5 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 accordance with the present invention are compatible 

with common nickel-tungsten baths and brightening additives such as those 

1 o set forth in U.S. P.atent No. 5,525,206 to Wieczemiak, et al. 

Deposits of the present invention may be used as a suitable 

replacement for chrome plates without the requirement of machining' steps. 

Deposits of the present invention are particularly useful tot functional 

applications such as platings on shafts of shock absorbers, engine valves, 

15 transmission parts,· hydraulic cylinder surfaces,· and a plethora of other 

20 

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 

Ulustration but not limitation. 
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'EXAMPLE I 
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An aqueous {1 liter) electroplating bath is prepared in accordance with 

Table 1 set forth below: 

Bath ConstltUent 

nickel metal* 

tun9sten metal­

ammonia 

TABLE 1 

bisbenzene sulfonamide 

citric acid 

*from nickel sulfate 
-from sodium tungstate 

Amount 

5 g/I 

28 gll 

10 g/J 

0.9 g/I 

70 g/I 

The bath was. adjusted to and maintained at a pH of from about 7 to 

about 8, and was maintained ~t 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 accepta~le 

electroplates in current density .. ranges of from 1 ASF to 80. ASF . with high 

20 ductility. Tungsten content in the resulting deposit is 38%. by weight. 
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EXAMPLE II 
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An aqueous (1 liter) electroplating bath is prepared in accordance with 

Table 2 below. 

Bath Constituent 

nickel metal* 

tungsten meta1-

ammonia 

TABLE 2 · 

benzene sulfonamide 

citric acid 

*from nickel sulfate 
**from sodium tungstate 

Amount 

8 g/I 

30 g/I 

12 g/I 

1.6 g/I 

72 g/I 

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 Ill 

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, 

25 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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Adclltlvlf Additive (A) 
Amount In 
Solution 

1A gll sodium. saccharin 

1% byvolwne sulfo sallcyUc acid 

2 gll benzen8 · Sulfonlc acid 
sodlwn salt 

1.8 gll benzene sulfonamide 
·. ·. 

0.9 gll bisb8nzono 
suifonamlde . 

-10-

TABLE 3 

%NJ 

83.73944 

84.6203 

64.07172 

60.86492 

66.23565 

PCT/US9!>/06322 

Electroplate Alloy 
Analysls (percent) 

%W %S 

36.17021 0.090351 

15.04083 0.338876 

35.77733 0.150948 

39.0494 0.085683 

nm783 0.126527 

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 

20 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. 

I l'I· 
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CLAIMS 

PCT/US99/06322 

111111111111~ 11~1111(1 ~If II 
1. An aqueous electrolyte bath, for electroplating of a nickel-tungsten 

alloy, comprising: 

an effective amount of tungsten ions; 

an effective amount of a metal ion compatible walh electroplating an 

alloy with tungsten from the electrolyte bath; 

one or more complexing agents; and 

an effective amount of a bath soluble ductifrty additive capable of 

10 co-depositing sulfur in a nickel-tungsten electroplate. 
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2. The bath of claim 1 wherein the ductility additive comprises an 

effective amount of.~ Qath soluble ductility additive having the formula: 

or ·or 

.wherein R1 is ;s~lected from the group cons~ting of H. alkyl, alkenyl, 

hydroxy. halogen. carboxy and carbonyl; 

"AR" designates a benzene or naphthalene moiety; 

~ is selected from the gre;>up consisting of H, or an alkyl sulfonic acid, 
· .. ;· . . . . 

10 a Group I or Group II salt of a11 alkyl sulfonic acid, a benzene, a sulfonate, a 
. . ! . . . . 

naphthalene sulfonate, a benzene sulfonamide, a naphthalene sulfonamide, 

an ethylene alkoxy, a propylene alkoxy; and R2 may be attached to ''AR" to 

form a cyclic moiety; and 

R3 is selected from the group consisting of a benzene, a naphthalene, 

15 an unsaturated aliphatic 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 

sulfonamide, sodium saccharin, sulfo salicyHc acid, benzene sulfonic acid, 

20 salts of these additives and mixtures thereof. 

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

about 0.1 mg/I to about 20 g/I. 

\ \11\11\ \\\I\\ Ill\\ \\Ill·\\ \II\ 
* C L M S * 

- --· 

' -· 

' 
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5. The bath of dailim 1 wherein the additive is u~~d in amounts of from . 

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

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

5 about 0.5 g/I to about 3 gn. 

' '"'"' """ 111\t ""' " '"' 
* C l M S * 

7. The bath of claim 1 wherein the .additive is benzene sulfonamide. 

8. The bath of claim 6 wherein the benzene sulfonamide is used in 

10 amounts of from about 0.5 g/I to about 3 g/I. 

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

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

ions. 

15 

10. The bath of claim 1 wherein the bath includes from about 25 g/I 

to about 60 g/I tungsten ions and from about 3 g/I to about 7 g/I nickel ions. 
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11. A method fe>r depositing a ductile nickel-tur-gsten alloy comprising: 

(a) providing. ~n electroplate bath includ;n9 an effective amount of 

nickel and tungsten · io11s for electroplating of a nick~l-tungsten alloy from the 
. . ~ . . . . . 

. . 

bath, an effective am·~unt of one or more complexing agents and an effective 
.·· . . .. 

5 amount of a bath sqlµble ductility additive capable pf Co-depositing sulfur in 

a nickel-tungsten ele~roplate; 

10 

15 

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

(c) providing an effective amount of current te> said anode and cathode 

for depositing· a ductile nickel-tungsten deposit on said cathode. 

12. The met~(ld. of claim 11 wherein the ductility additive comprises 

an effective amount of a bath soluble ductility additive having the formula: 

0 

" R1--AR--S--NH-~ .. II ·. 
0 

or 

0 

" Ra--S-NH-R2 
II 
0 

or 

0 
II 

R,-AR--S-OH 

8 
wherein R1 i~ selected from the group consisting of H, alkyl, alkenyl, 

:.: : 

hydroxy, halogen, carboxy and carbonyl; 

"AR" designates a benzene or naphthalene moiety; 111111111111111111111111111111 
* C . L M S * 

~is selected from the group consisting of H, or an alkyl sulfcinic acid, 

20 a Group I or Group II 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 R2 may be attached to "AR" to 

form a cyclic moiety; and 

~ is select~d from the group consisting of a benzene, a naphthalene, 

25 an unsaturated aliphatic group; and a benzenesulfonate group. 

I i'"I 
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13. The met~o~ qf claim 11 wherein the bath ;sol~ble 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. 

I 111111111111111111111111111111 
i * C L H S ~ 

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

of from about 0.1 mg/I to about 20 g/I. 

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

1 o of from about 100 mg/I to about 5 g/I. 

15 

20 

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

of from about 0.5 g/I to about 3 g/I. 

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

sulfonamide. 

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

in amounts of from about 0.5 gll to about 3 g/I. 

19. The method of claim 11 wherein the bath comprises from about 

4 to about 100 tungsten ions and from about 0.20 gn to about 40 g/I nickel 

ions. 
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20 .. The method of claim 11 ~herein the. bath includes from about 25 

g/I to about 60 gn tungsten ions and from about 3 g/I to about 7 g/I nickel 

ions. 
i ! 

I lllllll llllll lllll lllll II llll 
* C L M S * 
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