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What is Electroless Nickel?
1. Plated Deposit of Nickel and 

Phosphorous 

2. Primary Advantages
A. Corrosion Protection (Barrier 

Mechanism opposed to Sacrificial)
B. Mechanical Properties: Improved 

Wear and Hardness

3. Can Be Applied to a 
Multitude of Base Materials
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The Science of Electroless Nickel

Bath Composition
• Nickel Ions
• Hypophosphite Ions
• Chelators
• Stabilizers
• Buffers
• pH Regulators
• Wetters
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The Science of Electroless Nickel

Nickel Ions
The source of metal to be deposited 
onto the substrate by reduction.  
Typically provided by: Nickel Sulfate, 
Nickel Chloride, or Nickel Acetate. 

Hypophosphite Ions
Hypophosphite is the reducing agent 
required to facilitate the electroless
mechanism. Hypo supplies the 
phosphorous incorporated into the 
deposit and becomes the by-product 
orthophosphite.
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Oxidation Reduction Reaction
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The Science of Electroless Nickel
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The Science of Electroless Nickel
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The Science of Electroless Nickel

Chelators
Chelators are organic compounds 
that form complexes with the nickel 
ions. The strength of various 
chelators controls the plating rate 
and % phosphorous. They also 
prevent nickel phosphite (white-out).

Stabilizers
Stabilizers make up the smallest part 
of the EN bath, usually a few ppm or 
less, but play a significant role.  
Examples: heavy metals (Pb2+and Bi2+) 
and organic sulfur compounds.   
Stabilizers prevent the bath from 
plating out or decomposing.  
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The Science of Electroless Nickel

The Four Groups of Stabilizers
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Group 1: Water soluble organic dipolar anions, including:
a. 6+ C, aliphatic compounds. Na+ Oleate
b. Functional acid groups. Some organic acids
c. Unsaturated organics, such as maleic acid

Group 2: Heavy Metals: Pb++, Sn++, Bi++

Group 3: Organic and Inorganic compounds of S, Se, Te

Group 4: Compounds containing oxygen: MoO3, H2O2
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RoHS Compliancy
A Brief History
• Prior to RoHS in 2003 there were no limitations to the use of Pb and Cd in EN 

formulations.  
• Amongst EN suppliers, there was very little variation between technologies.
• Mid Phos EN could plate all substrates with excellent coverage, including copper 

and its alloys. Life was very good….Then
• 2003 Hits.  Pb and Cd must be reduced/replaced

from EN formulations to maintain RoHS limits.

Element RoHS Deposit Limit

Lead <1000 ppm

Cadmium <100 ppm
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The Science of Electroless Nickel
Chelator/Ligand Types
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1. Monodentate: acetic acid, proprionic
acid

1. Bidentate: lactic acid, glycine, succinic 
acid

2. Tridentate: malic acid, aspartic acid

3. Tetradentate: citric acid, pyrophosphate
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The Science of Electroless Nickel
Buffers

Buffers are compounds that resist 
small changes in pH. Their presence in 
the bath prevents drastic drops in pH 
while plating. Without buffers, the 
average plating rate would be much 
slower large drops in pH. Common 
examples include boric acid and acetic 
acid.

pH Regulators
Hydrogen ions are a reaction by-product 
which cause the pH to go down. 
Common pH regulators, like ammonia 
and potassium carbonate, neutralize the 
acid and keep pH maintained  at the 
desired level. 
High Phos: 4.6-4.9 pH
Mid Phos: 4.8-5.2 pH
Low Phos: 5.0-6.0 pH

12

Wetters
Ionic and non-ionic surfactants. 
Wetters lower surface tension, 
make gas bubbles smaller, 
improve rinsing, and help reduce 
pitting. 
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The Science of Electroless Nickel
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The Science of Electroless Nickel
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Different Baths/Different Objectives

• Low Phosphorous

• Medium Phosphorous

• High Phosphorous

• Nickel-Boron

• Nickel-Composite
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Different Baths/Different Objectives

Low Phosphorous
• High as plated hardness (58-62 RC)
• Excellent wear resistance
• Very resistant to corrosion in alkaline environments
• High melting point (1200o C)
• Poor general corrosion resistance
• 1-4% phosphorous
• Applications include: 
Chrome replacement and electronics
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Different Baths/Different Objectives

Medium Phosphorous
• 49-54 RC as-plated hardness, heat treatable to 65-68 RC

• Good corrosion resistance in alkaline and acid environments
• Available in bright and semi-bright appearance  
• Used for decorative as well as functional applications
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• 5.0-9.0% Phosphorous
• Applications:
Aerospace, aluminum connectors, 
electronics, automotive, busbar,
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Different Baths/Different Objectives
High Phosphorous

• Maximum corrosion resistance among all EN
• Highly ductile, good for high thickness
• Non-magnetic, as-plated hardness 46-48 RC

• Heat treatable to 69 RC
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• 10.5-12.0% Phosphorous
• Highly engineered nickel used for the most severe 

environments, including: 

Memory disk, oil and gas extraction, hydraulics,
marine water environments 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=DoxQy0z6Mlch6M&tbnid=dwR_DFetfpcgMM:&ved=0CAUQjRw&url=http://www.nov.com/downhole.aspx&ei=FDdLUsKDF9jK4APkyoDQAg&psig=AFQjCNHY9VKtA-UxF4RtbK-WzZKOrMuXmQ&ust=1380747410408422
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Different Baths/Different Objectives

Nickel-Boron
• High as plated hardness (up to 65 RC)
• Reduced by DMAB or sodium borohydride, 0.5-5.0% Boron
• Low corrosion resistance, very good wear resistance
• Can be used for chrome replacement
• Applications:
Printed circuit board, POP, 
firearm industry, saw blades, and
gear drives
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Different Baths/Different Objectives
Nickel-Composite

• Ni-P alloy, containing a co-deposited particle
• PTFE, boron nitride, silicon carbide, and 

diamonds
• Composite material gives added properties to  

Ni-P deposit
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• Wear resistance, lubricity, hardness,
and low CoF

• Applications: Firearms, mold release,
bearings, and oil and gas
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EN Properties
Hardness
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EN Properties Wear Resistance: Taber Wear
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Low Phos Mid Phos High Phos

As-Deposited 11 TWI 16 TWI 19 TWI

Heat Treatment 9 TWI 12 TWI 12 TWI
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EN Properties Wear Resistance: Hardness 
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