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ELECTROLESS NICKEL ALLOY PLATING BATH AND PROCESS FOR 

DEPOSITING THEREOF 

Cross-Reference To Related Applications 

[0001] This patent application claims the benefit of U.S. Provisional Patent 

Application No. 61/379,835, filed September 3, 2010, the disclosure of which is 

expressly incorporated by reference herein. 

Technical Field 

[0002] The invention relates to an aqueous nickel phosphorus tin alloy electroless 

plating bath and process for depositing this alloy layer onto substrates including, but 

not limited to, those for memory disk applications. In particular, this invention relates 

to an aqueous nickel phosphorus tin alloy memory disk electroless plating bath and 

the process for depositing this alloy onto a memory disk substrate, wherein the nickel 

phosphorus tin alloy provides a deposit with enhanced thermal stability as defined by 

the inhibition of crystallization and suppression of magnetization upon high 

temperature annealing. 

Background of the Invention 

[0003] The electroless nickel plating industry has long been involved in 

developing metal coatings for various substrates. These coatings are deposited on 

materials, both metallic and non-metallic, imparting the desirable physical and 

chemical properties of a nickel alloy to the surface. This electroless plating method 

typically employs reducing agents, such as hypophosphite, and is described generally 

as a controlled autocatalytic chemical reduction process for depositing the desired 

metal as a deposit or plating on a suitable substrate. The deposit is formed upon 

immersion of an appropriate substrate into an aqueous nickel plating solution in the 

presence of a reducing agent and under appropriate electroless nickel plating 

conditions. The electroless nickel alloy formed on the surface of the substrate is often 

referred to as a coating, film, deposit, or plated layer. 

[0004] In the computer industry, hard disk data storage elements, or memory 

disks, are generally made from aluminum or an aluminum alloy substrate. Through 
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any variety of processes, the substrate is treated or otherwise coated so that it may act 

as a repository for magnetic media which stores electronically written information 

onto the disk. Typically, electrolessly plating a nickel phosphorus alloy layer onto the 

bare aluminum or aluminum alloy substrate is undertaken to protect the substrate, 

providing a surface which is both chemically and mechanically appropriate for 

subsequent processing and deposition of magnetic media. Electroless nickel alloy 

plating of the substrate covers defects and provides a surface which is capable of 

being polished and super finished. 

[0005] For memory disk plating applications, electroless nickel alloy plating is an 

established plating method which provides continuous deposition of a nickel 

phosphorus (NiP) alloy coating onto the memory disk substrate without the need for 

external electric plating current. The resulting NiP alloy coating is amorphous, and 

remains suitably non-crystalline upon subsequent annealing. The formation of nickel 

alloy crystallites in the coating would prevent the surface from being polished and 

super-finished to the standards required by the memory disk industry. One method of 

monitoring if NiP alloy crystallite formation has occurred in the coating is through 

magnetics measurements of the deposit. While the amorphous phase of the NiP alloy 

is nonmagnetic, the crystalline domains are magnetic. 

[0006] As magnetic media technology evolves to higher areal density storage 

devices, the memory disk industry requires more robust characteristics of the 

electroless nickel alloy layer. One of these deposit characteristics is improved 

thermal stability, meaning the ability of the deposit to withstand exposure to higher 

annealing temperatures without crystallization. This inhibition of crystallization 

during annealing manifests itself as a suppression of the deposit's magnetization when 

compared to less stable materials. One way to achieve an increase in thermal stability 

of a nickel phosphorus alloy is through the incorporation of a suitable third 

component which aids in the inhibition of crystallization at elevated temperatures. 

[0007] Inclusion of tin (Sn) in alloys where at least one constituent is nickel (Ni) 

has been accomplished previously by arc melting of bulk constituents and quench 

cooling the resulting mixture. These works lend evidence that adding Sn to a Ni alloy 

should help improve the thermal stability of that material. However, the arc melting 

process is not suitable for coating memory disk substrates industrially. 
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Decomposition reactions have also been utilized to make Ni-Sn materials, but this 

method cannot produce a smooth, uniform coating and, as such, is not suitable for 

memory disk applications. Electroplating of Sn-Ni alloys is also known, but this 

method cannot produce a film with the flatness required for memory disk 

applications. 

[0008] Nickel phosphorus tin (NiPSn) alloys have been made previously using 

electroless plating baths. However, these electroless deposition techniques typically 

used alkaline-based baths which utilized a stannate source for Sn, and were unable to 

achieve both greater than 3 %Sn and 7-12 %P in the deposited alloy. Often, alkaline-

based baths also contain sulfur-based stabilizers/accelerators, like thiourea, which 

degrade the corrosion resistance properties of the deposit and prevent that bath's use 

for memory disk applications. Additional methods included the use of very acidic 

NiPSn baths, but were not found to be suitable for memory disk applications. In one 

case, a highly acidic bath was used (pH = 0.5) which required high levels of tin and 

thiourea, and did not result in co-deposition of phosphorus, producing a crystalline 

deposit at unsuitably low deposition rates (-0.6 jiinches/minute). The crystalline 

nature of the deposit rendered it unsuitable for memory disk applications. In the other 

cases, the plating baths required a diboron ester, usually from glucoheptonic acid, or 

the formation of a stannate-gluconate complex in order to achieve co-deposition of 

tin. The plating baths in those works also required a greater amount of tin, and at pH 

< 5 could not produce NiPSn deposits with both 3-9 %Sn and 7-12 %P under those 

conditions. In addition, some prior art plating baths utilized thiourea, which rendered 

the deposit unsuitable for memory disk applications. 

[0009] Notwithstanding the prior art described herein, there is a need for an 

aqueous nickel phosphorus tin alloy electroless plating bath and process for 

chemically depositing that NiPSn alloy onto a memory disk substrate, wherein the 

deposited material is amorphous and possesses enhanced thermal stability as defined 

by the inhibition of crystallization and suppression of magnetization upon high 

temperature annealing. Though an obvious application for this type of aqueous nickel 

phosphorus tin alloy electroless plating bath and methodology for plating a substrate 

is in the memory disk industry, this bath and process could be used generally to apply 
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a NiPSn alloy deposit to any appropriately activated material surface where a nickel 

alloy deposit is desired that possesses improved thermal stability. 

Summary of the Invention 

[0010] In general, one aspect of the invention is to provide an aqueous nickel 

phosphorus tin alloy electroless plating bath for plating a substrate with a deposit 

containing 3-9 %Sn and 7-12 %P. In particular, the substrates here are preferably, 

but not limited to, aluminum substrates for memory disk applications. The plating 

bath is comprised of at least one source of nickel ion, a hypophosphite salt as a 

reducing agent, at least one chelating component, an auxiliary bath stabilizer, and at 

least one source of stannous ion. This plating bath also contains by-products from 

electroless nickel plating, such as orthophosphite, and any acidic or basic components 

used to adjust pH, or replenish the bath with reactants during plating. 

[0011] One aspect of the invention is the introduction of tin into the electroless 

plating bath in such a way that the metal is co-deposited to form a nickel phosphorus 

tin alloy. In particular, the form of tin introduced here is from a stannous source. 

[0012] Another object of the invention is to provide an aqueous nickel phosphorus 

tin alloy electroless plating bath for plating a substrate. The plating bath includes at 

least one source of nickel ion, wherein the at least one source of nickel ion is provided 

in a range from about 1-15 g/L, a hypophosphite salt as a reducing agent, wherein the 

hypophosphite salt is provided in a range from about 10-50 g/L, at least one chelating 

agent, wherein the at least one chelating agent is provided in a range from about 1-65 

g/L, an auxiliary bath stabilizer, wherein the stabilizer is provided in a range < 1 g/L, 

and at least one source of stannous ion, wherein the at least one source of stannous ion 

is provided in a range from about 0.001 to about 0.1 g/L, wherein the plating bath is 

maintained at a pH between 4-5. 

[0013] Another object of the invention is the maintenance of low levels of 

stannous ion in the plating bath, which is co-deposited along with the NiP. The 

NiPSn deposit formed from this plating bath provides between 3-9 % tin and 7-12 % 

phosphorus. The tin also acts as a bath stabilizer, decreases plateout, and ensures a 

smooth deposit. 
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[0014] Another object of this invention is to provide an aqueous nickel 

phosphorus tin alloy electroless plating bath that is free from thio- or thiol- based 

stabilizers/accelerators, like thiourea. 

[0015] Another aspect of the invention is to provide a method of electrolessly 

plating a surface of a substrate with a ternary alloy. The method includes the steps of 

providing a substrate to be plated, submerging the substrate into an aqueous nickel 

phosphorus alloy plating bath which is heated to a temperature of less than about 96 

°C ( about 205 °F) and maintained at a pH between 4-5, wherein the plating bath 

includes at least one source of nickel ion, wherein the at least source of nickel ion is 

provided in a range from about 1-15 g/L, a hypophosphite salt as a reducing agent, 

wherein the hypophosphite salt is provided in a range from about 10-50 g/L, at least 

one chelating agent, wherein the at least one chelating agent is provided in a range 

from about 1-65 g/L, an auxiliary bath stabilizer, wherein the stabilizer is provided in 

a range < 1 g/L, and at least one source of stannous ion, wherein the at least one 

source of stannous ion is provided in a range from about 0.001 to about 0.1 g/L, and 

plating the nickel phosphorus tin alloy onto the surface of the substrate at a rate of 

about 4 microinches/minute to form a plated substrate, wherein the plated substrate 

has a thickness of at least 40 microinches and the nickel phosphorus tin alloy includes 

between 3-9 % tin and between 7-12 % phosphorus. 

[0016] The substrate used here may be an aluminum substrate, like that utilized 

by the memory disk industry. However, the utility of this bath and method in 

producing a NiPSn coating is not limited to aluminum substrates as any metal, 

including aluminum and steel, or nonmetal plastic substrate may be submerged in this 

bath under the processing conditions described herein to deposit a NiPSn alloy film, 

provided that substrate's surface was activated by an appropriate pretreatment 

process, as commonly practiced in the electroless plating industry. 

[0017] Another aspect of the method of this invention is plating the NiPSn alloy 

at rates relevant for the memory disk industry, particularly at rates over 2.5 |_i in/min 

(3.8 |_un/hr). The method of plating the substrate further comprises replenishing the 

components of the aqueous nickel phosphorus tin alloy electroless plating bath as they 

become depleted during the plating process. 
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[0018] Furthermore, the electroless NiPSn deposit produced by this novel bath 

formulation and method possesses superior thermal stability when compared to those 

from typical electroless NiP alloys, meaning crystallization is inhibited during high 

temperature annealing, and as a result, magnetization of the NiPSn deposit is 

suppressed. 

[0019] The benefits and advantages of the invention are achieved in accordance 

with the composition aspects thereof by an aqueous nickel phosphorus tin alloy 

electroless plating bath containing at least one nickel salt, a hypophosphite salt as a 

reducing agent, at least one chelating component, an auxiliary bath stabilizer, and at 

least one source of stannous ion for plating substrates which results in an increase in 

thermal stability. The incorporation of tin into the nickel phosphorus alloy is integral 

to the improved thermal stability of the deposit. 

Detailed Description of the Drawings 

[0020] FIG. 1 is a representative graph comparing magnetic measurements of 

annealed deposits from aqueous nickel phosphorus tin alloy electroless plating baths 

according to an embodiment of the invention and from base chemistry electroless 

nickel plating baths not containing the source of stannous ion; 

[0021] FIG. 2 shows magnetization as a function of time at 350 °C for NiPSn and 

NiP; 

[0022] FIG. 3 shows representative Differential Scanning Calorimetry (DSC) 

traces comparing the crystallization temperature of a) a typical NiPSn deposit with b) 

and c) typical NiP deposits; and 

[0023] FIG. 4 shows representative X-Ray Diffraction (XRD) data comparing the 

crystallinity of a) a typical as-plated NiPSn deposit with b) an as-plated NiP deposit. 

Detailed Description of the Invention 

[0024] This invention relates to the development of an electroless plating bath that 

produces a nickel phosphorus tin alloy deposit suitable for memory disk applications. 

The formulation of this aqueous nickel phosphorus tin electroless plating bath referred 

to here is compatible with current processes used by the memory disk industry to 

deposit nickel underlayers. The formulation and process for depositing a NiPSn 
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described herein may be applied to substrates other than those for memory disk 

applications. 

[0025] One embodiment of the invention is to provide an aqueous nickel 

phosphorus tin alloy electroless plating bath containing at least one nickel salt, a 

hypophosphite salt as a reducing agent, at least one chelating component, an auxiliary 

bath stabilizer, and at least one source of stannous ion for plating memory disk 

substrates which produces an electroless nickel phosphorus tin alloy with enhanced 

thermal stability when compared to typical electroless nickel deposits. 

[0026] Another embodiment of the invention is to provide an aqueous nickel 

phosphorus tin alloy electroless plating bath containing at least one nickel salt, a 

hypophosphite salt as a reducing agent, at least one chelating component, an auxiliary 

bath stabilizer, and at least one source of stannous ion for plating a suitably activated 

substrate surface, such as that of a metal like aluminum or steel, or a non-metal, like a 

plastic. 

[0027] In one embodiment, the at least one nickel salt of the aqueous nickel 

phosphorus tin alloy electroless plating bath includes, but is not limited to, nickel salts 

such as nickel sulfate, nickel chloride, nickel acetate, and the like to provide a nickel 

ion concentration in the range from about 1 up to about 15 g/L with concentrations in 

the range from about 3 to about 8 g/L being preferred. 

[0028] In another embodiment, the hypophosphite salt, acting as a reducing agent, 

will preferably be sodium hypophosphite. The concentration of hypophosphite in the 

plating solution is in the range from about 10 to about 50 g/L, but is preferably in the 

range from about 15 to about 40 g/L. 

[0029] The concentration of the nickel ions and hypophosphite ions employed 

will vary within the aforementioned ranges depending upon the relative concentration 

of these two constituents in the bath, the particular operating conditions of the bath 

and the types and concentrations of other bath components present. 

[0030] In order to provide a viable plating bath having a suitable longevity and 

operating performance, at least one chelating agent may be incorporated in amounts 

sufficient to complex the nickel ions present in the bath and to further solubilize the 

hypophosphite degradation products formed during usage of the bath. The 

complexing of the nickel ions present in the bath retards the formation of nickel 
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orthophosphite, which is of relatively low solubility and tends to form an insoluble 

suspension, which not only acts as catalytic nuclei promoting bath decomposition, but 

also results in the formation of coarse or rough undesirable nickel deposits. In one 

embodiment of the invention, the at least one chelating component may include a 

variety of polydentate ligands such as organic acids like citric acid, lactic acid, tartaric 

acid, succinic acid, malic acid, maleic acid, or ethylene diamine tetraacetic acid 

(EDTA). In general, the total chelating component concentration should generally be 

in slight to moderate stoichiometric excess to the nickel ion concentration. In one 

embodiment, the concentration of the at least one chelating component may be 

provided in a range from about 1 to about 65 g/L. 

[0031] In still yet another embodiment, the auxiliary bath stabilizer includes a 

heavy metal salt and/or an organic stabilizer. As one example, the stabilizer may be 

lead acetate trihydrate. The concentration of the auxiliary bath stabilizer may be < 1 

g/L. 

[0032] In another embodiment, the at least one source of stannous ion may 

include stannous sulfate, stannous chloride, and tin methane sulfonate. The 

concentration of the stannous ion may be provided in a range from about 0.001 to 

about 0.1 g/L. 

[0033] In addition to the foregoing, the composition may also contain surfactants, 

buffers and other similar additives. Surfactants may be added for a variety of 

functions including materials which assist in refining the grain of the nickel deposit. 

Suitable buffers, including acids, bases, or combinations thereof, may also be used in 

order to stabilize the pH of the plating bath. 

[0034] The conditions employed in conducting the electroless plating of the nickel 

phosphorus tin alloy of the invention will be dependent upon the desired final 

concentration of the metal co-deposited with nickel in the alloy, the reducing agent 

employed as well as the quantity of such reducing agent desired in the alloy, and the 

other plating bath components described herein. Moreover the final composition of 

the alloy and particularly the quantity of the tin co-deposited with nickel will be a 

function of the pH range, concentration of the metal cation, the manner with which tin 

is introduced into the bath, and temperature of the bath. Accordingly, the conditions 

as described hereinafter may be varied and are not intended to limit the scope of the 
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invention within the indicated ranges to achieve a variety of overall different alloy 

compositions. 

[0035] In order to effectively plate the nickel alloy, the aqueous nickel 

phosphorus tin alloy electroless plating bath is heated to less than about 96 °C (about 

205 °F), preferably between about 87-91 °C (about 188-196 °F). Temperatures lower 

than the foregoing range produce unreasonably low plating rates (less than 2 |_iin/min). 

The substrate, typically but not limited to an aluminum substrate, is then immersed in 

the bath for plating. Optionally, the substrate may be subjected to a suitable 

pretreatment process prior to plating. The pH of the plating bath may be maintained 

at a pH about < 5, preferably between a pH of about 4-5. Further, as plating 

continues, the pH of the bath decreases and must be continually adjusted in order to 

maintain it in its optimum range with the addition of suitable buffers, including acid 

and/or bases. Typically, sulfuric acid, sodium hydroxide, or ammonium hydroxide is 

used to maintain pH. Also, on an as needed basis, the components of the aqueous 

nickel phosphorus tin alloy electroless plating bath may be replenished as they 

become depleted during the plating process. 

[0036] In an embodiment of the invention, the plating of the nickel phosphorus tin 

alloy of the electroless plating bath yields a plating rate between 2.5 and 6 |_iin/min., 

preferably about 4 |j i n/m i n. 

[0037] The composition of the nickel phosphorus tin alloy from the method of this 

invention maintains between 3-9 %Sn and 7-12 %P in the deposit. This alloy 

composition is typically established by thicknesses greater than 40 microinches (~1 

um), and maintained at greater thicknesses. For memory disk applications, typical 

deposit thicknesses are between 300-600 microinches (7.5-15 |_un). 

[0038] In order to show the advantages of the invention, tests have been 

conducted of which the results are reported in the following description. These tests 

have taken into consideration the composition, the magnetics measurement, 

crystallinity, and hardness of the nickel phosphorus alloy deposits obtained with 

various compositions. 

[0039] Thermal stability is characterized here by the ability of a material to 

remain amorphous after exposure to elevated temperatures. The time of the exposure 

depends on the temperature chosen for annealing. If a deposit is not thermally stable 
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under the conditions chosen, all or part of the film can undergo crystallization. 

Amorphous Ni alloys are typically non-magnetic while crystalline Ni alloys are 

typically magnetic. One way to monitor the degree of crystallization of a Ni alloy is 

by measuring the magnetics of that material and comparing it to a reference. When 

subjected to the same annealing conditions, a lower magnetics measurement for a 

deposit when compared to that from a typical NiP alloy is an indication of improved 

thermal stability. 

[0040] In order to compare the effectiveness of the nickel phosphorus tin alloy 

deposit of the present invention as a more thermally stable alternative to traditional 

NiP deposits, magnetics measurements were conducted on nickel deposits from 

commercially available electroless nickel plating baths. A memory disk aluminum 

substrate was subjected to a pretreatment process to activate its surface and then 

submerged into a commercially available electroless nickel bath which was heated to 

between about 87-91 °C (about 188-196 °F) and maintained at a pH between 4-5. 

The components of the electroless plating bath were replenished as they became 

depleted during plating. Thermal stability was tested by placing the coated memory 

disk substrate into an oven for 15 minutes at a temperature of about 350 °C (about 660 

°F), and then measuring magnetics of that sample using a Lake Shore Vibrating 

Sample Magnetometer (VSM) with a cycling field of ± 5000 Oe. Magnetization 

contribution from the aluminum substrate is subtracted and the saturation 

magnetization of the deposit is reported as Gauss. 

[0041] The results from the testing of the nickel deposits from the commercially 

available electroless nickel plating baths are shown in Table 1. 

[0042] Table 1 

Deposit from 

Commercialized 

Chemistry Samples 

thickness 

(u") T(C) time (min) Mag (G) 

Chemistry 1 486 350 15 385 

Chemistry 2 382 350 15 329 

Chemistry 3 521 350 15 487 
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[0043] As seen from the magnetic measurements of Table 1, each of the deposits 

from commercially available electroless nickel alloy plating baths are well above 100 

Gauss after the 15 minute annealing time at a temperature of about 350 °C. 

[0044] For comparison purposes, magnetics measurements were then conducted 

on nickel phosphorus tin alloy deposits from baths that include the source of stannous 

ion according to the aqueous nickel phosphorus tin alloy electroless plating bath and 

method of the present invention. In particular, tin methane sulfonate was added to a 

base electroless nickel alloy plating bath in such a way that tin was co-deposited. A 

memory disk aluminum substrate was subjected to a pretreatment process to activate 

its surface and then submerged into the aqueous nickel phosphorus tin alloy 

electroless plating bath of the present invention which was heated to between about 

87-91 °C (about 188-196 °F) and maintained at a pH between 4-5. The components 

of the aqueous nickel phosphorus tin alloy electroless plating bath were replenished as 

they became depleted during plating until about 400 microinches of the nickel 

phosphorus tin alloy was deposited on the surface of the substrate. In one example, 

the composition of the aqueous nickel phosphorus tin alloy electroless plating bath 

included the following components: 

[0045] Magnetics measurements for the NiPSn alloy deposits were taken after a 

15 minute annealing time at about 350 °C in the same way as for samples from the 

commercialized chemistries in Table 1. As seen in FIG. 1, the magnetics 

measurements after annealing the nickel phosphorus tin deposits from the aqueous 

nickel phosphorus tin alloy electroless plating bath of the present invention are each 

less than 100 Gauss, and in most cases less than 10 Gauss. The nickel phosphorus tin 

alloy deposits are less magnetic after annealing when compared to deposits from the 

base chemistry plating bath not containing the source of stannous ion and annealed 

under the same conditions, indicating that the inclusion of tin has resulted in a more 

thermally stable deposit. 

Nickel ion 

Auxiliary bath stabilizer 

Hypophosphite salt 

Tin ion (from stannous source) 

Chelating Component(s) 

3 - 8 g/L 

0-1 g/L 

15 - 40 g/L 

0.001-0.1 g/L 

1 - 65 g/L 



WO 2012/030566 PCT/US2011/048561 

12 

[0046] The improved thermal stability of the NiPSn deposit from this invention 

compared to a NiP deposit can also be observed by measuring magnetics as a function 

of time and comparing the rate at which magnetization (from crystallization) 

increases. As seen in FIG. 2, the NiPSn alloy increases in magnetization at a slower 

rate than a NiP alloy when held at 350 °C (about 660 °F), indicating that 

crystallization is inhibited in the NiPSn deposit. 

[0047] Another indicator of improved thermal stability is the ability of a material 

to remain amorphous at higher temperatures. Inhibition of crystallization would 

manifest itself as an increase in the crystallization temperature of an amorphous 

material. An additional test of thermal stability is a measurement of the 

crystallization temperature (Tc) for the amorphous material using differential scanning 

calorimetry (DSC). The results are shown in FIG. 3. For comparison, DSC scans 

were taken for a NiPSn deposit of the present invention and typical NiP deposits on a 

DSC Q2000 (TA Instruments) under an N2 gas purge from ambient to elevated 

temperature at a ramp rate of 10 °C/minute. The measured crystallization 

temperatures using this technique are as follows: a) NiPSn, Tc=393.42 °C; b) 

Commercial Bath 1 NiP, Tc=364.45 °C; and c) Commercial Bath 2 NiP, Tc=359.33 °C. 

As seen in FIG. 3, the crystallization temperature of the NiPSn deposit (a), produced 

in accordance with the bath and method laid out in this invention, is about 30 °C 

higher than that of NiP deposits from typical electroless nickel alloy baths (b and c), 

indicating that the addition of Sn to the alloy inhibits crystallization until higher 

temperatures, and demonstrating that the NiPSn alloy is more thermally stable. 

[0048] The addition of an alloying element can result in phase changes. It is 

important to control the level of tin co-deposited in the NiPSn alloy to prevent 

segregation of Ni-rich and Sn-rich domains. FIG. 4 shows x-ray diffractograms 

illustrating that the electrolessly deposited NiPSn (a) from an embodiment of this 

invention is amorphous, indicated by the observance of a broad peak in the 

diffractogram, much like typical electrolessly deposited NiP (b). 

[0049] Energy dispersive x-ray spectroscopy (EDX) measurements were then 

conducted utilizing on an FEI Quanta 200 2D SEM. As seen in Table 2, the NiPSn 

samples were measured to contain both %Sn = 3-9 % and %P = 7-12 %. 
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[0050] Table 2 

Sample %Ni %P %Sn 

Chemistry 3 87.9 12.1 -

Chemistry 3 modified for Sn formulation -

test 1 

84.8 11.0 4.2 

Chemistry 3 modified for Sn formulation -

test 2 

83.2 10.3 6.5 

[0051] The improvement of thermal stability of the material should be achieved 

without negative impact on other desirable properties of an electroless nickel alloy 

coating, such as hardness or corrosion resistance. 

[0052] The hardness of the electrolessly deposited NiPSn film from this invention 

should be mechanically comparable to that of a typical NiP film. Hardness 

measurements were made on electrolessly coated aluminum substrates with a Buehler 

Micromet 2100 using 0.01 kgf and presented in Vickers Hardness Number (VHN). 

As shown in Table 3, hardness measurements of nickel phosphorus tin alloy deposits 

according to an embodiment of the invention are similar to that measured for a 

commercially available electroless nickel alloy deposit. 

[0053] Table 3 

Sample Hardness (VHN) 

Chemistry 3 613 

Chemistry 3 modified for Sn formulation - test 1 613 

Chemistry 3 modified for Sn formulation - test 2 625 

[0054] Corrosion resistance may be defined by mass loss of the deposit upon 

exposure to a corrosive environment. The corrosion resistance of the nickel 

phosphorus tin alloy deposit according to an embodiment of the invention is 

characterized using a mass loss technique. After exposure to 50/50 % vol. nitric acid 

for about 20 minutes, x-ray florescence (XRF) measurements were conducted using a 

Thermonoran LXHR to determine the change in thickness of the deposit. The results 

of this analysis, as seen in Table 4, showed that the nickel phosphorus tin alloy 
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deposit according to an embodiment of the invention was more corrosion resistant 

than resulting nickel deposits from commercially available nickel plating baths, as 

evidenced by the smaller thickness loss of that sample. 

[0055] Table 4 

Sample AThickness (|u") 

Chemistry 4 47.8 

Chemistry 4 modified for Sn formulation 17.5 

[0056] Based upon the foregoing disclosure, it should now be apparent that the 

aqueous nickel phosphorus tin alloy electroless plating bath and the process for 

depositing this nickel alloy onto a substrate as described herein will carry out the 

objects set forth hereinabove. It is, therefore, to be understood that any variations 

evident fall within the scope of the claimed invention and thus, the selection of 

specific component elements can be determined without departing from the spirit of 

the invention herein disclosed and described. 
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Claims 

What is claimed is: 

1. An aqueous nickel phosphorus tin alloy electroless plating bath for plating a 

substrate, the plating bath comprising: 

at least one source of nickel ion, wherein the at least one source of nickel ion 

is provided in a range from about 1-15 g/L; 

a hypophosphite salt as a reducing agent, wherein the hypophosphite salt is 

provided in a range from about 10-50 g/L; 

at least one chelating agent, wherein the at least one chelating agent is 

provided in a range from about 1-65 g/L; 

an auxiliary bath stabilizer, wherein the stabilizer is provided in a range < 1 

g/L; and 

at least one source of stannous ion, wherein the at least one source of stannous 

ion is provided in a range from about 0.001 to about 0.1 g/L, wherein the plating bath 

is maintained at a pH between 4-5. 

2. The bath of claim 1, wherein the at least one source of nickel ion is selected 

from the group consisting of nickel sulfate, nickel chloride, and nickel acetate. 

3. The bath of claim 1, wherein the at least one source of nickel ion is provided 

in a range from about 3-8 g/L. 

4. The bath of claim 1, wherein the hypophosphite salt is sodium hypophosphite. 

5. The bath of claim 1, wherein the hypophosphite salt is provided in a range 

from about 15- 40 g/L. 

6. The bath of claim 1, wherein the at least one chelating agent may be selected 

from the group consisting of citric acid, lactic acid, tartaric acid, succinic acid, malic 

acid, maleic acid, and ethylene diamine tetraacetic acid. 
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7. The bath of claim 1, wherein auxiliary bath stabilizer is lead acetate trihydrate. 

8. The bath of claim 1, wherein the at least one source of stannous ion may be 

selected from the group consisting of stannous sulfate, stannous chloride, and tin 

methane sulfonate. 

9. The bath of claim 8, wherein the at least one source of stannous ion is tin 

methane sulfonate. 

10. The bath of claim 1, wherein the aqueous nickel phosphorus tin alloy 

electroless plating bath is free of sulfur-based accelerators and stabilizers, including 

thiourea. 

11. The bath of claim 1, wherein the aqueous nickel phosphorus tin alloy 

electroless plating bath is free of components selected from the group consisting of 

diboron esters, boro-gluconic acid complexes, and stannate-gluconate complexes. 

12. The bath of claim 1, wherein the substrate is a material selected from the 

group consisting of steel, aluminum, thermoplastic polymers, and thermoset 

polymers. 

13. A method of electrolessly plating a surface of a substrate with a ternary alloy, 

the method comprising the steps of: 

providing a substrate to be plated; 

submerging the substrate into an aqueous nickel phosphorus alloy plating bath 

which is heated to a temperature of less than about 96 °C (about 205 °F) and 

maintained at a pH between 4-5, wherein the plating bath comprises: 

at least one source of nickel ion, wherein the at least one source of 

nickel ion is provided in a range from about 1-15 g/L; 

a hypophosphite salt as a reducing agent, wherein the hypophosphite 

salt is provided in a range from about 10-50 g/L; 
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at least one chelating agent, wherein the at least one chelating agent is 

provided in a range from about 1-65 g/L; 

an auxiliary bath stabilizer, wherein the stabilizer is provided in a 

range < 1 g/L; and 

at least one source of stannous ion, wherein the at least one source of 

stannous ion is provided in a range from about 0.001 to about 0.1 g/L; and 

plating the nickel phosphorus tin alloy onto the surface of the substrate at a 

rate of about 4 microinches/minute to form a plated substrate, wherein the plated 

substrate has a thickness of at least 40 microinches and the nickel phosphorus tin alloy 

includes between 3-9 % tin and between 7-12 % phosphorus. 

14. The method of claim 13 further comprising the step of subjecting the substrate 

to a pretreatment process, wherein the pretreatment process activates the surface of 

the substrate prior to the plating of the nickel phosphorus tin alloy onto the substrate. 

15. The method of claim 13, wherein the at least one source of nickel ion, the 

hypophosphite salt, the at least one chelating agent, the auxiliary bath stabilizer, and 

the at least one source of stannous ion are replenished in the plating bath during the 

plating process. 

16. The method of claim 13, wherein the at least one source of nickel ion is 

selected from the group consisting of nickel sulfate, nickel chloride, and nickel 

acetate. 

17. The method of claim 13, wherein the at least one source of nickel ion is 

provided in a range from about 3-8 g/L. 

18. The method of claim 13, wherein the hypophosphite salt is sodium 

hypophosphite. 

19. The method of claim 13, wherein the hypophosphite salt is provided in a range 

from about 15- 40 g/L. 
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20. The method of claim 13, wherein the at least one chelating agent may be 

selected from the group consisting of citric acid, lactic acid, tartaric acid, succinic 

acid, malic acid, maleic acid, or and ethylene diamine tetraacetic acid. 

21. The method of claim 13, wherein auxiliary bath stabilizer is lead acetate 

trihydrate. 

22. The method of claim 13, wherein the at least one source of stannous ion may 

be selected from the group consisting of stannous sulfate, stannous chloride, and tin 

methane sulfonate. 

23. The method of claim 22, wherein the at least one source of stannous ion is tin 

methane sulfonate. 

24. The method of claim 13, wherein the aqueous nickel phosphorus tin alloy 

electroless plating bath is free of sulfur-based accelerators and stabilizers, including 

thiourea. 

25. The method of claim 13, wherein the aqueous nickel phosphorus tin alloy 

electroless plating bath is free of components selected from the group consisting of 

diboron esters, boro-gluconic acid complexes, and stannate-gluconate complexes. 

26. The method of claim 13, wherein the substrate is a material selected from the 

group consisting of steel, aluminum, thermoplastic polymers, and thermoset 

polymers. 

27. The method of claim 13, wherein the at least one source of nickel ion, the 

hypophosphite salt, the at least one chelating agent, and the auxiliary bath stabilizer 

are replenished during plating of the ternary alloy. 
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28. The method of claim 13 wherein tin is co-deposited such that the ternary alloy 

exhibits a crystallization temperature Tc of at least 390 °C when measured by 

differential scanning calorimetry using a scan rate of 10°C/min. 


