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• Current primer undercoats for aluminum alloys contain hexavalent   
chromium, a known carcinogen and environmental pollutant

• 
change seen with hexavalent chromium (silver to gold)
• 

purposes (silver to iridescent green/blue)
• 

obvious color changes (silver to blue or purple) along with excellent corrosion 
resistance, low electrical resistance, and paint adhesion

• 
• Improves corrosion resistance and primer adhesion
• 
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Enhanced Trivalent Chromium Pretreatment

Background
• Chromate Pretreatments

• Industry standard for over 50 years
• 6+, a carcinogen
• 

• Trivalent Chromium Pretreatment
• Developed by NAVAIR as alt. to Cr6+

• 
• 

• Enhanced Trivalent Chromium Pretreatment (eTCP)
• 
• 
• 
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Technical Objective

Navy Benefit Cost / Material Savings

• Develop enhanced trivalent chromium formulations using 
commercially available (COTs) color additives 

• Optimize pretreatment parameters 
• Reduce/eliminate Cr6+ at Fleet Readiness Centers (FRCs)

• Lowers potential for quality escapes through visual 
verification of proper coating application 

• Visual verification  decreases turnaround time through 
elimination of rework due to improper coating application  

• Contributes to Environmental Security Technology 
Certification Program (ESTCP) hexavalent chromium 
migration (HM) reduction goal of 90%

• Eliminates chemical of concern for AIR-1.6 
acquisition/sustainment

• $3M in labor/materials for HM cleaning at FRCs/year
• 12,000 gallons of Cr6+ solution at FRCs
• 22% of all Cr6+ usage across all FRCs

Testing at FRCSE and CHEMEON Surface Technologies, LLC

Performance Criteria

Performance 
Objective

Metric/
Standard

Data 
Requirements

Success Criteria Pass/Fail

Corrosion Resistance Salt Fog, Atmospheric ASTM B117 Compare to TCP/HCP Pass

Electrochemical EIS, Rp, Tafel Corrdesa Best Practices Compare to TCP/HCP TBD

Adhesion Tape Adhesion FED-STD-141 Compare to TCP/HCP Pass

Coating Weight MIL-DTL-81706 MIL-DTL-81706 MIL-DTL-81706 QPL Pass

Color Change Colorimeter Quantitative ∆E>2.3, JND Pass

Appearance Visual Examination Uniform/Defect Free MIL-DTL-81706 Pass

Project Overview - Roadblocks
• 

• 
• Poor corrosion resistance
• Uneven color change

• Lack of uniform color
• 

• 
• Paint adhesion risk

After Makeup

 
uniformity

Technical Progress – FY18 (CRADA)
• Re-evaluate TCP and dyes

• 30 new dyes tested in laboratory
• 
• 2 produced acceptable corrosion resistance

Technical Progress – FY18 (CRADA)
• 

• Two colors: blue and violet
• 

• 
Facility)

TCP Violet  eTCP Blue

Technical Progress – FY18 (CRADA)
• 

• 
• Generate salt fog panels
• 

HCP TCP

eTCP

Technical Progress – FY18 (CRADA)
• 

• eTCP-Violet treated AA2024 primed with  
MIL-PRF-85582 waterborne primer, Type I, Class C1

• 
• 

1 month 2 month 4 month

Beach Corrosion Test Site, April 2018
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0 < ΔE < 1 unnoticeable difference

1 < ΔE < 2
noticed by experienced 

observer

2 < ΔE < 3.5
noticed by unexperienced 

observer
3.5 < ΔE < 5 clearly noticeable

5 < ΔE two different colors
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eTCP-Blue 13.5 9.8 6.1 13.0 7.3 7.9 8.8

eTCP-Violet 15.2 24.7 10.1 6.9 9.8 8.2 26.5

Paint Adhesion
• Passing paint adhesion on eTCP-Blue 

per MIL-DTL-81706B and FED-STD-141D 

Laboratories

Low Electrical Resistance (LER) results [In Progress]
• Average before salt spray for eTCP-Blue = 522.5 ± 3.5 µΩ/in2

• Average before salt spray for eTCP-Violet = 525.0 ± 2.1 µΩ/in2

• MIL-DTL-5541F and MIL-DTL-81706B specify <5,000 µΩ/in2

• 

•

 

•

 

Post treatment for Cadmium 
•

 

Post treatment for Zinc Nickel 
•

 

Post treatment for Class 1 IVD Aluminum
•

 

•

 

Magnesium, zinc 
•

 

Steel galvanize quench

Zn/Ni 
plating

Zn

Textured 
SS

Cold rolled 
SS

316 SS

Mg

eTCP Anodized Aluminum Seal
• Type II and Type IIB anodized aluminum sealed with eTCP-Violet
• Passes MIL-A-8625F requirements of 336 hours
• Passing paint adhesion on eTCP-Violet as an anodized seal per MIL-A-8625F 

and FED-STD-141D

Type II
eTCP-Violet

sealed

Type IIB
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sealed

Conclusions
• Enhanced  TCP  (eTCP)  provides  superior  corrosion  resistance  (>1000hr)  

and  paint  adhesion    
• Obvious  visual  color  changes  are  seen  on  various  aluminum  alloys  (esp.  

6061  and  1100)  using  the  eTCP-Violet  and  eTCP-Blue  
• 
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Color Changes
• 

• L = lightness (white vs. black)
• a = green(-),red(+) component
• b = blue (-),yellow(+) component

• Measurements performed with X-Rite Ci6X hand-held spectrophotometer
• CIE76 formula to calculate ΔE

• ΔE 
• 

• Color change with eTCP compared to bare metal
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Salt Fog Corrosion


