Electroless Nickel Technology Formulated Without Lead & Cadmium:
An Overview of the Performance Characteristics

Dr. Alan J. Ruffini Sirius Technology Inc.

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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Overview

Lead and Cadmium: Impact on Electroless Nickel

\ Closer Look at ELV Compliant e ey
lectroless Nickel

EPA/OSHA
~ ELV Directive (ELVD) Compliance:

Challenges to the Electroless Nickel Formulator.
Dz Alan.Ruffind Elimination of Pb/Cd
Sirius Technology, I
E— ~ Alternative Additives

— Critical Factors to Consider
Performance Characteristics of Pb/Cd Free EN
Films/Chemistry
Deposit
— Process

Summary/Conclusion
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EN Market Size Estimated Usage of Pb/Cd

Worldwide EN Formulation
—

Estimated Between $160 MM - $190 MM/year.
Lead (Ibs / Year) Cadmium (Ibs / Year)

Approximately 130 MM mil ft2 plated/year.
35 MM mil t2 / North/South America. e
75 MM mil ft2 / Asia. MDEN
— 20 MM mil ft2 / Europe.

Medium Phosphorus EN Chemistry 5 = Formulated as Additives into EN Chemistry
Memory Disk High Phosphorus EN " = Co-deposits in the ENP Film

High Phos EN Chemistry = Disposal of Spent Solution
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Typical MP-EN / Bright EN Technology ELV Directive 2000/53/EC
= Formulated with Pb/Cd Annex II. June 2002
I ——

EN Concentrates EN Deposit

= EPA/OSHA = Compliance with ELV Lead , Cadmium, Hexavalent Chromium and Mercury must
Directive not be intentionally introduced:
= 100 - 150 ppm Pb/Cd — Pb/Cd intentionally:

Spent EN Solution formulated
DOT Regulations sl “Intentionally introduced shall mean deliberately utilized in
— Rinse Waters 0.03 - 0.05 wt% Pb the formulation of a material or component where its
— Workplace Exposure — 0.02-0.04 wt% Cd continued presence is desired in the final product to
Air Emissions Pb/Cd Free initiatives will provide a specific characteristic, appearance or quality.
enhance applications
development
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Development Objective

To Eliminate Pb/Cd from EN Formulations

Sacrificing Deposit Performance Characteristics

Provides the Formulator the Opportunity to
the ENP Film Performance.
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Additives that are Catalytic Poisons - Inhibit the
spontaneous growth of particles in the Bulk Solution by
Adsorption.

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

Due to Non-Linear Diffusion - There is an enhanced mass

transport of additive (catalytic poison) and adsorption of
additive onto colloidal particles and edges.
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Diffusion

= Uniform Film Growth Non Uniform Film Growth
= Less Solution Stability More Solution Stability
Diffusion Effect Dependent on

Additive Type / Rate of Depletion of Additives

Combination of Additives / Synergies.
Concentration / Solution Dynamics
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Formulation Challenge

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

Cd - Historically the most effective additive to-enhance
brightness, promote leveling and reduce nodule formation:’

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

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

Compounds of Group VI Elements: s, 3, Te

Oxy Anions: 10, Mo0,2 &

Heavy Metal Cations:  Sn*2, @ , Sb*3,

Organic Acids with Unsaturation

Additives (Organic) that Enhance the Stability / Brightening of the Film
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i . Performance Characteristics
Critical Factors to Consider Pb/Cd Free vs. Mid Phosphorus EN
]

= Solution Dynamics.

— Velocity of the Solution Moving Past the Substrate §
Deposit Process

Air Agitation
Diffusion Dynamics/Kinetics of Diffusion. Alloy Composition Plating Rate

Not all Additives Diffuse Equally. Corrosion Resistance Solution:Stability:
Hardness % Phosphorus vs.
Wear Resistance Bath Life
Concentration of Additives vs. Performance. Leveling / Rz
Intrinsic Stress

How Strong a Catalytic Poison?

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

Wide Window of Operation/ Satisfy GMF Requirements.

Slide 13 Slide 14

Neutral Salt Spray Corrosion Testing
ASTM B-117

Element (wt%

: -
Phosphorus Mid Phosphorus EN 48 hours
, =
Cadmium
Pb/Cd Free * 48 hours

1.0 mil thickness.
Remainder ; |
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Deposit Hardness Comparison Wear Resistance
(as plated / heat treated our) Taber Wear Inde MTO Comparis

40% less wear than conventional MPEN

Heat treating increases wear resistance 27%
as plated
Heat Treated

T
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Mid Phos EN Pb/Cd Free Hard Chrome  Pb/Cd Free
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veling Comparison
Rz Values Leveling Effect of Additives
E—— E——

Rz Values: Average absolute value of the heights of 5
peak/depth profiles over a specified sample length:

Bulk Solution Bulk Solution

“Leveling Effect
“Non-linear Diffusion

Bulk Solution Bulk Solution

“Non-leveling Effect
“Linear Diffusion
predominates.

MPEN  PbiCdFree Substrate ~MPEN  Pb/Cd Free
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L Microstructure/ SEM Analysis
Intrinsic Stress Topographical 5000X
]

MP EN
Pb/Cd Free Similar to Mid Phosphorus EN (Both Tensile) oMTO

Slightly higher tensile throughout bathlife:
— 2600 psi vs. 3200 psi.

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

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

Slightly Higher Intrinsic Stress Is Attributed to Lack of
Divalent Sulfur and Chelation.
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Microstructure . o
Cross Section 2000X Plating Rate Comparison
] B—

MP EN PbICd Free
OMTO o - 0MTO

Pb/Cd Free
MPEN

Pb/Cd Free

3
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Bath Life (MTO's)
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Palladium Stability Comparison Boiling Stability Comparison
] ]

The lead/cadmium free EN retained 90% of its original stability
over a 90 days period.

30days 60days 90 days

Hours to decomposition

mis of palladium chloride

Pb/Cd Free ERCH RS
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Summary
wt% Phosphorus vs. Bath Age Pb/Cd Free vs. Mid Phosphorus EN
] ]

Corrosion Resistance ———oG(——————

L E—

Wear Resistance —— —

Y (T P — e |

Leveling(Re) ——
Microstructure —
Solderability ————————f

Stain resistance

Adhesion 180° Bend (Steel, Al, Cu) —— ]

Plating Rate (Bath Life) ——7 7

Plating Small Work Load ———F(———————
Adhesion/Aluminum, Bake/Quench ——————

Deposit Brightness (Bath Life) ———— ]
By —

wt% Phosphorus

Bath Age

Key:  significantly worse,  slightly worse, © equal, - slightly better, -~ significantly better
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Conclusion

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

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

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

Additive Chemistry Is Critical to the Process.

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