
L INK ING GLOBAL TECHNOLOG IES WITH MARKETS

1590 S. Milwaukee Ave., Suite 205, Libertyville, IL 60048, U.S.A 847-680-9420 Fax: 847-680-9682
Email: rowan@rowantechnology.com www.rowantechnology.com

R T GOWAN ECHNOLOGY ROUP

Courtesy U.S. Navy.
Photo by Photographer's Mate 2nd Class Shane McCoy

Cadmium Replacement

Alternatives

for the

Joint Strike Fighter

Report to:
William Green
Geo-Centers

Rowan Project #: 3105JSF3

Contract Number: N00173-98-D-2006, D.O. 0002
Subcontract Number: GC-3363-99-004
P.O. Number: 28578MK

Report Number: Final

Date: December 18, 2000

Author: Keith Legg klegg@rowantechnology.com

This document is approved by Kathy Crawford for Distribution Statement A -

Unlimited Distribution under JSF Case Number JSF01-0138 as of 23 Aug 01

mailto:klegg@rowantechnology.com


ACKNOWLEDGEMENTS 
This report would not have been possible without the assistance of a number of people in 
the aerospace industry.  Funding for the work was provided by the Joint Strike Fighter 
Program Office, NADEP Jacksonville, poc Jean Hawkins.  Information has been provided 
by various people and organizations, including the Naval Air Warfare Center (Michael 
Kane), Boeing (Stephen Gaydos), Sikorsky (Robert Guillemette), Liburdi Engineering 
(Vladimir Moravek), QuesTek Innovations LLC (Charles Kuehmann), and Northwestern 
University (Robert Altkorn). 

 
 

Disclaimer 
This document was prepared as a service to the JSF IPT.  Neither the United States 
Government nor any of its employees makes any warranty, expressed or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or usefulness 
of any information, product, or process disclosed, or represents that its use would not 
infringe on privately owned rights. 

Reference herein to any specific materials, products, processes, or services by trade 
name, trademark manufacturer, or otherwise, does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United States Government.  The 
opinions of the authors expressed herein do not necessarily state or reflect those of the 
United States Government and shall not be used for advertising or product endorsement 
purposes. 

 

Rowan Technology Group 
Project # 3150JSF3:   ;  Report #: Final 

This document is approved by Kathy Crawford for Distribution Statement A - Unlimited Distribution under JSF Case 
Number JSF01-0138 as of 23 Aug 01   

Page i



EXECUTIVE SUMMARY 
This report documents our general analysis of the available technologies to 
replace cadmium.  It is the equivalent of our earlier report for ID chrome plating 
replacement.1  We have evaluated the options for replacing cadmium that appear 
to have the most potential, taking into account the degree of development of each 
technology as well as its environmental and performance issues.  This is the first 
step in determining what will make the most sense to replace cadmium on the 
Joint Strike Fighter (JSF). 

Part A – Cadmium Usage and Replacement Programs covers the 
requirements for cadmium performance for the three major types of aircraft items 
–components, fasteners (bolts, etc.), and electrical connectors (shells for multi-
pin plugs, etc.).  We also summarize current cadmium replacement programs in 
the US and overseas and findings of major evaluation projects by Boeing and 
TACOM.  The section concludes with a summary of our findings and 
recommendations from this project. 

Part B - Process Summaries of Cadmium Alternatives analyzes each of the 
technologies in detail.  The technologies evaluated are: 

Zinc-nickel aqueous electroplates Metal-organic CVD aluminum 
(MOCVD Al) 

Tin-zinc aqueous electroplates  Thermal spray aluminum alloys 
(flame and arc) 

Aluminum non-aqueous 
electroplate (AlumiPlate) 

Aluminum-ceramic slurry coatings 
(SermeTels) 

Aluminum-manganese non-
aqueous molten salt bath 
electroplate 

Metal-filled polymers by spray and 
dip-spin 

IVD aluminum (Ivadizing) and 
sputtered aluminum for IDs 

New high strength stainless steel 
landing gear alloy 

There are many other possible options, but we have covered here those that 
appear at the present time to offer the best chance of adoption for JSF use. 

Whatever the technology chosen to succeed cadmium, there are two major issues 
that must be addressed 

• Chromate conversion – An alternative must be found for chromate 
conversion currently required for most of these coatings. 

• Torque-tension – Any option will require the use of some kind of 
lubricant coating if it is to be used on threaded fasteners. 

Our conclusions are that aluminum, with its various methods of deposition, offers 
the best overall near-term replacement option that would be technically capable 
of replacing cadmium most widely.  However, aluminum deposition tends to be 
the highest cost option. 
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IVD aluminum appears to be closest to market for components, but will require 
replacement of chromate conversion and perhaps improvement of the coating 
density through the use of higher plasma densities in the deposition process. 

Aqueous tin-zinc alloys appear to offer the best option for fasteners and electrical 
connectors, pending the outcome of testing currently under way at Boeing and 
NAWC. 

There are some promising technologies that are currently under development 

• Aluminum-manganese alloys, which appear to have the most promise for 
connectors (except heat-sensitive Al alloys) and fasteners – being 
developed at NAWC.  These coatings may also be good options for 
components. 

• Metal-organic CVD aluminum, which may similarly be a good 
technology for steel electrical connectors and fasteners, depending on the 
lowest deposition temperature at which the process will work properly 

• High strength stainless steels, which avoid corrosion resistant coatings 
(unless they are in contact with aluminum parts).  These steels are being 
developed for landing gear (where they would probably eliminate stress 
corrosion cracking, the major cause of landing gear failure), but they 
would also work for other aircraft parts (e.g. actuators) and fasteners.
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