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My Journey to Toxics Use Reduction 

• 1980s…Process Optimization, Waste Minimization, 
Pollution Prevention (P2) or Toxic Waste Reduction 
(TWR) 

• 1990s…Focus shifts to TUR 
– TUR isn’t synonymous with TWR 
– TUR can increase hazardous waste generation 
– TUR can be a distraction from working the low hanging fruit of 

TWR 
– TUR gets all the money 
– TUR can be a distraction from effective hazard management 

• Present…TUR, Hazard Management (HM) and TWR 
…Lean and Six Sigma 



Hazard Management…the Other 
Side of Green 

Purely Green  

Chemistries/Processes 
 are Currently Not Viable for  

Most Surface Finishing Requirements  
so  

we Must Devote as 
 much Effort to Effectively  

Manage Hazards  

as we do to Seek New Alternatives! 



Regulatory Trends and  
Green Alternatives 
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1. Second and Third Generation Processes may be 

Temporary.  

2. Will we run out of metals? Even greener processes 

need improved management! 

3. Improved Properties Critical for Successful 

Implementation 

4. Easier to implement change on new designs than on 

legacy products 

5. Some New Materials do not require Coatings…CRES, 

Ti, Composites 

 

 

 







Cadmium Plating Alternatives - JSF 



Alumiplate 

• Very Good Coating 

• Limited Availability (one supplier) 

• Expensive 

• Hazardous 

– Toluene Based 

– Pyrophoric 



IVD Al and Sputtering 

• Corrosion Resistance not equal to 
Alumiplate 

– Cleaners & Deicing Fluids 

• Solderability 

• Cost 

• Line-of-Sight (limited ID plating with 
sputtering) 



New Metal Alloys 



Alkaline Zinc Nickel 



Chromate Conversion Coatings 

• Trivalent “Passivates” or “Chromites” are available for 
zinc plating and cadmium plating alternatives 
– Results vary for clear, yellow and black processes and top coats 

may be required to duplicate corrosion resistance and torque 
values with fasteners 

– No self healing with some exceptions 

• Trivalent Processes based on the Navy TCP processes 
are effective on aluminum  
– 2024 alloy has been a greater challenge 
– Chromate/Primer Synergy…you can eliminate the chromate in 

the primer or the “chromate” but not both 
• Chromate primers are 25% by weight strontium chromate and 

relatively thick…chromates are thin films 



Chromate Alternatives 



Tri-Chrome Treatments (ESTCP) 



Chromate/Primer Synergy 



Hard Chromium Plating Options 



Hard Chromium Plating Alternatives 

• HVOF (Various) 

• Nanocrystalline Co/P (Integran) looks 
promising but it has not scaled up well 

• Issues 

– Cost 

– Line-of-Sight 



HVOF 



Decorative Chromium Plating 

• Trivalent Chromium Plating and PVD are the best 
alternatives to Hexavalent Chromium Plating 

• PVD “top coats” provide lifetime finish over nickel plating 
with excellent wear/abrasion resistance…decorative 
hardware and plumbing 
– Capital Costs 
– Process Flow 

• Trivalent Chromium Plating provide a good alternative 
for automotive trim and other similar parts where 
corrosion resistance is primary non-decorative 
requirement 
– Hexavalent Chromium Plating can be Operated in a Closed Loop 
– Color is the only issue to complete conversion 



PVD Coatings 

• Decorative Thin Films Only 

– Synergistic Coating over Electroplated Nickel 



Nickel vs. Cobalt 

• Continued debate regarding which 
element is more toxic 

• Many alternatives to Cadmium Plating 
include Nickel Alloy Coatings or Substrates 

• Most alternatives to Chromium Plating 
include Nickel and/or Cobalt Alloy Coatings  

• Many alternatives to chromates include 
Cobalt in addition to trivalent chromium 



Hazardous Material  
vs. Hazardous Process Perspective 

• Alumiplate…hazardous process produces 
nonhazardous material…pure aluminum 

• Chromium Plating…hazardous process produces 
nonhazardous material…pure chromium 

• Chromate…hazardous process produces 
hazardous material 

• Cadmium….hazardous process produces 
hazardous material 



Hazard Management for Wet Processes 

• Minimize Operator Exposure  
– Automation and Tooling  

– Enclosures 

– Automatic Covers 

– Ventilation System Design 

– Minimize Mist with Agitation Design 

• Spill Prevention & Control – Asset Management 
& Preventative Maintenance 

• PPE 



Abrasive blasting
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Marshalling Area

RAFB AMFF  
Designing for LEED  

Leadership in Energy and Environmental Design 



Robins AFB Process Automation 

Fully Automated Wet 

Process Lines Provide 

Better Quality, 

Productivity and Safety 



Integrated Hazard and Energy Management 

Bulkhead with 

Automated Doors 

Separates Operator 

Setup Area from Wet 

Process Area 

Air in Operator Setup 

Area is Positive Relative 

to Wet and Dry Process 

Areas 



Integrated Hazard and Energy Management 

Air in Operator Setup 

Area can be Cost 

Effectively Comfort 

Cooled due to Reduced 

Ventilation Rate 



Integrated Hazard and Energy Management 

Push/Pull Ventilation is 

Very Efficient with 

Improved Capture due 

to Front and Back 

Shields 



Integrated Hazard and Energy Management 

Obstructions of Push/Pull 

Ventilation System are 

Minimized 



Integrated Hazard and Energy Management 

Sliding Isolation Shields 

Protect Operator from 

Splashes and Fumes 

and Improve Capture 

Efficiency 

Interior Washdown of 

panels and hoods is 

Integrated in Design 

with Spray Manifolds 

and Collection Troughs 



Preventative Maintenance and Asset 
Management 

Facility Design 

facilitates Frequent 

Washdown of Process 

Equipment to Control 

Corrosion 

Robust Corrosion 

Resistant Materials and 

Coatings are Required 

to Minimize PM Costs 

and Protect Assets  



Design for Maintenance 

Efficient Mechanical 

Design and Layout 

Reduces Maintenance 

Time and Cost 



Main Level Maintenance Aisles 

Alternating Operator 

and Maintenance Aisles 

Facilitate Efficient 

Equipment Maintenance 

Instrument Sensors are 

Located for Easy 

Access 



Integrated Spill Prevention/Control and 
Corrosion Management 

Floor Coating 

Penetrations are 

Above Spill 

Zone. 

All Equipment 

Sits on Pads 

Above Spill 

Zone. 



Integrated Spill Prevention/Control and 
Corrosion Management 

The Basement Level 

Floor Slopes to 

Collections System of 

Trenches 



Integrated Spill Prevention/Control and 
Corrosion Management 

Trenches Slopes to 

Collections Sumps 



Integrated Spill Prevention/Control and 
Corrosion Management 

Collections Sump 



Automatic Covers 



Automatic Covers 



Resources 

• NASF Online Data Library 

– www.nasf.org  

• ASETSDefense (HCAT/JCAT) 

– www.hcat.org  

– www.materialoptions.com   

– www.asetsdefense.org  

– www.hazmat-alternatives.com 
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