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Lead and cadmium have been used extensively as micro-additives in the formulation of 
electroless nickel technology. It is well know that lead is a strong catalytic poison that 
inhibits the homogeneous reaction that leads to spontaneous decomposition of the 
working bath. Cadmium, as well, has significant leveling and brightening effects, which 
can enhance the performance of the resulting EN-P film. The formulation advantage of 
using these additives is significant, however, the co-deposition of lead and cadmium, 
coupled with an increasing regulatory awareness, will limit the use of EN coatings for a 
variety of industries and applications in the near future. The formulation of EN 
technology without the use of these toxic additives will be discussed. Performance 
characteristics of the deposits, such as corrosion and wear resistance, and the operating 
characteristics of the working bath will be reviewed. 
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OverviewOverview

Lead and Cadmium:  Impact on Electroless Nickel Lead and Cadmium:  Impact on Electroless Nickel 
TechnologyTechnology
–– EPA / OSHAEPA / OSHA
–– ELV Directive (ELVD) ComplianceELV Directive (ELVD) Compliance

Challenges to the Electroless Nickel FormulatorChallenges to the Electroless Nickel Formulator
–– Elimination of Pb/Cd Elimination of Pb/Cd 
–– Alternative AdditivesAlternative Additives
–– Critical Factors to ConsiderCritical Factors to Consider

Performance Characteristics of Pb/Cd Free EN Performance Characteristics of Pb/Cd Free EN 
Films/ChemistryFilms/Chemistry
–– DepositDeposit
–– ProcessProcess

Summary/ConclusionSummary/Conclusion
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EN Market SizeEN Market Size
WorldwideWorldwide

Estimated Between $160 MM Estimated Between $160 MM -- $190 MM/year.$190 MM/year.

Approximately 130 MM mil ft2 plated/year.Approximately 130 MM mil ft2 plated/year.
–– 35 MM mil ft2 / North/South America.35 MM mil ft2 / North/South America.
–– 75 MM mil ft2 / Asia.75 MM mil ft2 / Asia.
–– 20 MM mil ft2 / Europe.20 MM mil ft2 / Europe.

Medium Phosphorus EN ChemistryMedium Phosphorus EN Chemistry :: 60%60%

Memory Disk High Phosphorus ENMemory Disk High Phosphorus EN :: 25%25%

High Phos EN ChemistryHigh Phos EN Chemistry :: 15%15%

HP EN

MP EN
MD EN
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Estimated Usage of Pb/CdEstimated Usage of Pb/Cd
EN FormulationEN Formulation

Formulated as Additives into EN ChemistryFormulated as Additives into EN Chemistry

CoCo--deposits in the ENP Filmdeposits in the ENP Film

Disposal of Spent Solution....etc.Disposal of Spent Solution....etc.

Lead (lbs / Year)Lead (lbs / Year) Cadmium (lbs / Year)Cadmium (lbs / Year)

6,790 6,790 -- 8,0808,080 8,800 8,800 -- 10,54010,540
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Typical MPTypical MP--EN / Bright EN TechnologyEN / Bright EN Technology
-- Formulated with Pb/CdFormulated with Pb/Cd

EPA / OSHAEPA / OSHA

100 100 -- 150 ppm Pb/Cd150 ppm Pb/Cd
–– Spent EN SolutionSpent EN Solution
–– DOT RegulationsDOT Regulations
–– Rinse WatersRinse Waters
–– Workplace ExposureWorkplace Exposure
–– Air EmissionsAir Emissions

Compliance with ELV Compliance with ELV 
DirectiveDirective
–– Pb/Cd intentionally            Pb/Cd intentionally            

formulatedformulated
–– CoCo--depositsdeposits

–– 0.03 0.03 -- 0.05 wt% Pb0.05 wt% Pb
–– 0.02 0.02 -- 0.04 wt% Cd0.04 wt% Cd

Pb/Cd Free initiatives will Pb/Cd Free initiatives will 
enhance applications enhance applications 
developmentdevelopment

EN DepositEN DepositEN ConcentratesEN Concentrates
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ELV Directive 2000/53/ECELV Directive 2000/53/EC
Annex ll. June 2002Annex ll. June 2002

Lead , Cadmium, Hexavalent Chromium and Mercury must Lead , Cadmium, Hexavalent Chromium and Mercury must 
not be intentionally introduced:not be intentionally introduced:

“Intentionally introduced shall mean deliberately utilized in “Intentionally introduced shall mean deliberately utilized in 
the formulation of a material or component where its the formulation of a material or component where its 
continued presence is desired in the final product to continued presence is desired in the final product to 
provide a specific characteristic, appearance or quality....”provide a specific characteristic, appearance or quality....”
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Development ObjectiveDevelopment Objective

To Eliminate Pb/Cd from EN FormulationsTo Eliminate Pb/Cd from EN Formulations

Sacrificing Deposit Performance CharacteristicsSacrificing Deposit Performance Characteristics

Provides the Formulator the Opportunity to Provides the Formulator the Opportunity to 
the ENP Film Performance.he ENP Film Performance.
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Formulation ChallengeFormulation Challenge

Pb Pb -- HistoricallyHistorically the most effective catalytic poison for the most effective catalytic poison for 
autocatalytic chemical deposition.autocatalytic chemical deposition.

Cd Cd -- HistoricallyHistorically the most effective additive to enhance the most effective additive to enhance 
brightness, promote leveling and reduce nodule formation.brightness, promote leveling and reduce nodule formation.

Cd/Pb Synergies:Cd/Pb Synergies: The presence of one additive does not The presence of one additive does not 
inhibit the effectiveness of the other.inhibit the effectiveness of the other.

The resulting performance of the ENP films using Pb/Cd The resulting performance of the ENP films using Pb/Cd 
addition is predictable.addition is predictable.

Pb
LeadLead
207.2207.2

22--88--1818--3232--1818--44

82

Cd
CadmiumCadmium
112.41112.41

22--88--1818--1818--22

48
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EN ChemistryEN Chemistry

Additives that are Catalytic Poisons Additives that are Catalytic Poisons -- Inhibit the Inhibit the 
spontaneous growth of particles in the Bulk Solution by spontaneous growth of particles in the Bulk Solution by 
Adsorption.Adsorption.

Due to Linear DiffusionDue to Linear Diffusion-- The surface concentrations of these The surface concentrations of these 
additives on the metallizing surface is too low to poison the additives on the metallizing surface is too low to poison the 
catalytic reaction.catalytic reaction.

Due to NonDue to Non--Linear Diffusion Linear Diffusion -- There is an enhanced mass There is an enhanced mass 
transport of additive (catalytic poison) and adsorption of transport of additive (catalytic poison) and adsorption of 
additive onto colloidal particles and edges. additive onto colloidal particles and edges. 
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DiffusionDiffusion

Non Uniform Film GrowthNon Uniform Film Growth
More Solution StabilityMore Solution Stability

Uniform Film GrowthUniform Film Growth
Less Solution StabilityLess Solution Stability

Diffusion Effect Dependent on:Diffusion Effect Dependent on:
Additive Type / Rate of Depletion of AdditivesAdditive Type / Rate of Depletion of Additives
Combination of Additives / Synergies.Combination of Additives / Synergies.
Concentration / Solution DynamicsConcentration / Solution Dynamics..
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Typical Additives Typical Additives 

Compounds of Group VI Elements:Compounds of Group VI Elements: S,  , Te  ...............S,  , Te  ...............

Oxy Anions:Oxy Anions: IOIO33
--,  MoO,  MoO33

--22    .................,     .................

Heavy Metal Cations:     SnHeavy Metal Cations:     Sn+2+2, Sb, Sb+3+3, Bi, Bi+3+3, Cu, Cu+2+2,   .....,   .....

Organic Acids with UnsaturationOrganic Acids with Unsaturation

Additives (Organic) that Enhance the Stability / Brightening of the Film
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Critical Factors to ConsiderCritical Factors to Consider
Solution Dynamics.Solution Dynamics.
–– Velocity of the Solution Moving Past the SubstrateVelocity of the Solution Moving Past the Substrate
–– Air AgitationAir Agitation

Diffusion Dynamics/Kinetics of Diffusion.Diffusion Dynamics/Kinetics of Diffusion.
–– Not all Additives Diffuse Equally.Not all Additives Diffuse Equally.

How Strong a Catalytic Poison?How Strong a Catalytic Poison?

Concentration of Additives vs. Performance.Concentration of Additives vs. Performance.

Activity of Substrate.Activity of Substrate.
–– Is the Substrate Autocatalytic?Is the Substrate Autocatalytic?
–– Do the Additives Render the Substrate Less Active?Do the Additives Render the Substrate Less Active?

Wide Window of Operation/ Satisfy GMF Requirements.Wide Window of Operation/ Satisfy GMF Requirements.
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DepositDeposit

Alloy CompositionAlloy Composition
Corrosion ResistanceCorrosion Resistance
HardnessHardness
Wear ResistanceWear Resistance
Leveling / RzLeveling / Rz
Intrinsic StressIntrinsic Stress
MicrostructureMicrostructure

ProcessProcess

Plating RatePlating Rate
Solution StabilitySolution Stability
% Phosphorus vs. % Phosphorus vs. 
Bath LifeBath Life

ProcessProcessDepositDeposit

Performance CharacteristicsPerformance Characteristics
Pb/Cd Free vs. Mid Phosphorus ENPb/Cd Free vs. Mid Phosphorus EN
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Alloy Composition ComparisonAlloy Composition Comparison

Mid Phos ENMid Phos EN Pb/Cd FreePb/Cd FreeElement (wt%)Element (wt%)

NickelNickel

PhosphorusPhosphorus

SulfurSulfur

CadmiumCadmium

LeadLead

RemainderRemainder

92.392.3

7.47.4

0.0560.056

0.1580.158

91.391.3

8.58.5

0.0540.054

NDND

NDND

0.1460.146
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Neutral Salt Spray Corrosion TestingNeutral Salt Spray Corrosion Testing
ASTM BASTM B--117117

SteelSteel

96 hours96 hours

96 hours96 hours

48 hours48 hours

48 hours48 hours

AluminumAluminum

Mid Phosphorus ENMid Phosphorus EN

Pb/Cd Free *Pb/Cd Free *

1.0 mil thickness

* Not recommended for severe corrosion environments

 
Slide 16 

Deposit Hardness ComparisonDeposit Hardness Comparison
(as plated / heat treated 750(as plated / heat treated 750ooFF-- 1 hour)1 hour)
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Wear ResistanceWear Resistance
Taber Wear Index Taber Wear Index -- 5 MTO Comparison5 MTO Comparison
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Leveling ComparisonLeveling Comparison
Rz ValuesRz Values
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Rz Values: Average absolute value of the heights of 5 Rz Values: Average absolute value of the heights of 5 
peak/depth profiles over a specified sample length.peak/depth profiles over a specified sample length.
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Leveling Effect of AdditivesLeveling Effect of Additives

••Leveling EffectLeveling Effect
••NonNon--linear Diffusionlinear Diffusion

••NonNon--leveling Effectleveling Effect
••Linear Diffusion  Linear Diffusion  
predominatespredominates
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Intrinsic StressIntrinsic Stress

Pb/Cd Free Similar to Mid Phosphorus EN (Both Tensile)Pb/Cd Free Similar to Mid Phosphorus EN (Both Tensile)
–– Slightly higher tensile throughout bath life.Slightly higher tensile throughout bath life.
–– 2600 psi vs. 3200 psi.2600 psi vs. 3200 psi.

Pb/Cd Free Additives Do Not Significantly Increase Deposit Pb/Cd Free Additives Do Not Significantly Increase Deposit 
Stress.Stress.

Adhesion on 180Adhesion on 180o o Mandrel Bend @ 500 Microinches for Mandrel Bend @ 500 Microinches for 
Ferrous, Aluminum, and Copper Substrates Are Ferrous, Aluminum, and Copper Substrates Are 
Equivalent.Equivalent.

Slightly Higher Intrinsic Stress Is Attributed to Lack of Slightly Higher Intrinsic Stress Is Attributed to Lack of 
Divalent Sulfur and Chelation.Divalent Sulfur and Chelation.
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Microstructure/ SEM AnalysisMicrostructure/ SEM Analysis
Topographical 5000XTopographical 5000X

MP ENMP EN
0 MTO0 MTO

MP ENMP EN
8 MTO8 MTO

Pb/Cd FreePb/Cd Free
0 MTO0 MTO

Pb/Cd FreePb/Cd Free
8 MTO8 MTO
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MicrostructureMicrostructure
Cross Section 2000XCross Section 2000X

MP ENMP EN
0 MTO0 MTO

MP ENMP EN
8 MTO8 MTO

Pb/Cd FreePb/Cd Free
0 MTO0 MTO

Pb/Cd FreePb/Cd Free
8 MTO8 MTO
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The lead/cadmium free EN retained 90% of its original stability The lead/cadmium free EN retained 90% of its original stability 
over a 90 days period.over a 90 days period.

Palladium Stability ComparisonPalladium Stability Comparison
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Boiling Stability ComparisonBoiling Stability Comparison
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SummarySummary
Pb/Cd Free vs. Mid Phosphorus ENPb/Cd Free vs. Mid Phosphorus EN

Corrosion ResistanceCorrosion Resistance
HardnessHardness
Wear ResistanceWear Resistance
Stress (Intrinsic)Stress (Intrinsic)
Leveling (Rz)Leveling (Rz)
MicrostructureMicrostructure
SolderabilitySolderability
Stain resistanceStain resistance
Adhesion 180Adhesion 180oo Bend (Steel, Al, Cu)Bend (Steel, Al, Cu)
Plating Rate (Bath Life)Plating Rate (Bath Life)
Plating Small Work LoadPlating Small Work Load
Adhesion/Aluminum, Bake/QuenchAdhesion/Aluminum, Bake/Quench
Deposit Brightness (Bath Life)Deposit Brightness (Bath Life)
%P wt (Bath Life)%P wt (Bath Life)

Key: significantly worse, slightly worse, qual,  lightly better, ignificantly better
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ConclusionConclusion

Cadmium and Lead Can Be Effectively Removed From Mid Cadmium and Lead Can Be Effectively Removed From Mid 
Phosphorus EN Formulations With Out Sacrificing Deposit Phosphorus EN Formulations With Out Sacrificing Deposit 
/ Process Properties./ Process Properties.

Performance Characteristics of the Resultant Pb/Cd Free Performance Characteristics of the Resultant Pb/Cd Free 
Film Can Be Enhanced.Film Can Be Enhanced.

Chemistry Without Pb/Cd Can Have a Wide Operating Chemistry Without Pb/Cd Can Have a Wide Operating 
Window.Window.

Additive Chemistry Is Critical to the Process.Additive Chemistry Is Critical to the Process.

Electroless Nickel Technology, a Critical Coating to the Electroless Nickel Technology, a Critical Coating to the 
Automotive Industry, Complies With the ELV Directive. Automotive Industry, Complies With the ELV Directive. 
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