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Hazards associated with the use of hexavalent chrome compounds in general 
are well documented, prompting the regulation and restriction of their use 
worldwide.  
 
These restrictions are reflected in the metal finishing industry through directives 
such as the ELV for automotive components, and RoHS/WEEE for the 
electronics and electrical industries, and have expanded to most industries. 
These directives are expected to be in full force in 2006 to 2007.  They restrict 
leachable hexavalent chrome (Cr-6), among other compounds, from coated 
surfaces. Leachable Cr(6) is typically found in chromate conversion coatings 
used to protect zinc coated steel, aluminum and other metals.  
 
Cr(6)-free conversion coating technology based on trivalent chrome Cr(3) for zinc 
and zinc alloys reached universal acceptance, but were not initially successful on 
aluminum.  
 
In the meantime, several attempts were made for the development of totally Cr - 
free chemical films. Some produced acceptable adhesion properties, but none 
were viable alternatives for bare corrosion resistance on high copper alloys such 
as 2024 – T3 and 2219 - T 87 in accordance with MIL C-5541 and MIL DTL 
81706. 
 
Recently, a new process based on low levels of trivalent chrome Cr(3), totally 
free of Cr(6), proved to be a total replacement for traditional Cr(6) systems. While 
Cr(6) is carcinogen, trivalent chrome is defined as non hazardous and much 
safer to use by regulatory, environmental and occupational health agencies.  
 
This development was of great importance to the aerospace and marine 
industries, where aluminum is a critical material of construction.     
  
The trivalent chrome process, or TCP, was developed and extensively evaluated 
by researchers at the US Navy and eventually became commercially available. It 



is used as a dip for small components, spray or by brush-on for large surfaces 
such as aircraft frame. The process was designed to be a drop-in or one-to-one 
replacement for conventional chromating conversion coating.  
  
The following data illustrates the most important features of this process, and  
compares its performance with conventional Cr(6) chemical films and Cr-free 
systems based on zirconates, titanates, permanganates, silanes and polymers. 
Evaluations covered pretreatment only, coating or painting,  and anodizing 
applications.  
  
A - Pretreatment applications: 
 
Several applications require the use of bare aluminum with no supplementary 
coatings. In these cases, a conversion coating is used to protect the surface from 
corrosion and provide low electrical contact resistance when necessary. These 
properties are to some extent related to the conversion layer’s coating weight.   
 
Coating weight: 
 
Coating weight is related to film thickness. It influences proportionally resistance 
to corrosion and contact resistance.  
 
Table 1 shows the film coating weight on alloys 2024 and 7075. The TCP system 
is close to that obtained with yellow hexavalent chromates. Although the coating 
weight is slightly lower, it will be shown that its inherent film properties provide its 
high corrosion resistance.  
 
 
 
  
 System  Av. Coating wt, mg/sq.ft  
 
Cr(6)  37.44  
   
Zirconate - Titanate  14.71                                 Table 1 
                           
TCP  22.88  

 
                                              
  
  
Bare corrosion resistance:   
  
This is the corrosion resistance provided by the conversion coating only with no 
further coatings such as paint or primers.  Mil spec 81706 requires bare corrosion 
resistance of 336 hrs and MIL 5541 requires 168 hrs to salt spray for class I 
coatings, tested in accordance to ASTM B-117 or  ISO 3768. Corrosion 
resistance of aluminum depends on the alloy type. Typically, unless a chemical 



conversion film with high protective property is used, alloys high in copper yield 
low corrosion resistance due to the galvanic effect of copper. Alloys 2024 and 
2219 are examples of such alloys and are some of the most challenging to 
process.  These alloys are used extensively in the aerospace industry and must 
be taken into consideration when a new protective coating is evaluated.  
  
Tables 2 and 3 compare the performance of these alloys processed with various 
pretreatment systems. A rating of 1 – 10 was used, with 10 indicating a corrosion 
free surface. In the case of 2219 alloy, the new TCP system produced superior 
result than conventional Cr(6) types. The 5000, 6000, 7000 series alloys easily 
passed the corrosion resistance requirements as well.     
  
 
 
                         Average Rating after Neutral Salt Fog Test 
                Al 2024 T-3 
 
              Rating 0 -10 
 
 System  24 hrs       48 hrs      168 hrs    336 hrs 
 
 Cr(6) 10 10 10 10 
 
 Zirconate 9 8 3 _ 
                                                                                                          Table 2 
 Permanganate  9 8 2 - 
        + Sealer 
 
 TCP 10 10 10 10 
  
 
  
 

Average Rating after Neutral Salt Fog Test 
Al 2219-T87 

 
Rating 0 -10 

 
      System   24 hrs 48 hrs     168 hrs        336 hrs 
 
  Cr(6) 10 10 5.4 5 
 
  Zirconate  0 - - _ 
 Table 3 
  Permanganate   9 8 0 - 
 + Sealer 
 
 TCP 10 10 9 9 



  
 
   
  
Electrical contact resistance:  
 
 
Electrical and electronic equipment often require a low electrical resistance on its  
finished surfaces for uninterrupted contact, grounding and EMF shielding 
purposes.  
 
Conventional Cr(6) passivation meeting 5541 class III provides this property.   
To meet this requirement, contact resistance must be measured on the as 
passivated surface and after 168 hrs of exposure to neutral salt fog. If corrosion 
develops, it increases the contact resistance beyond the allowable limit.  
  
Although most Cr-free systems provide the same property on the as passivated 
surface, they fail to perform after 24 – 72 hrs of neutral salt fog, as a result of 
their poor bare corrosion resistance.   
  
Table 4 shows the contact resistance of the TCP system in accordance with Mil 
DTL 81706 (Fig 1). Compared with Cr(6), it shows lower resistance after 168 hrs 
of salt fog exposure, making it an ideal replacement for class III applications.   
 
 

 
             Fig 1 
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Load 200  psi 
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< 5  mohm

s 
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< 10  mohm
s 

psi after NSS 

B  - Electric Contact Resistance 
MIL DTL  - 81706 



 
Electric Contact Resistance 

Alum 6061-T6 
 
              Milliohms/sq.in* 
 
               System As is After 168 hrs salt fog 
   
  TCP                          1.57 3.19                                   Table 4 
 
                Control, Cr(6)  1.48 4.58 
 
                                           * Av. 5 panels-10 spots each 
 
 
  
 
 
B - Coated surfaces:  
  
Many applications in aluminum finishing require coating of primers, paints, 
lacquers etc. The conversion coating layer is designed to provide good adhesion 
to these coatings, as well as protection against creeping under paint corrosion 
resulting from scratched or damaged areas.   
  
Several standard tests were performed to qualify the alternative Cr(6) free 
systems. After application of paint on panels of the various alloys, the surface is 
scribed or cross hatched, and the panels exposed to the following tests and 
evaluated.   
  
   
Dry tape adhesion   
Wet tape adhesion   
Neutral salt fog, 3000 hrs  
SO2 salt fog 500 hrs  
GM 9540 cyclic test 120 cycles  
Filiform corrosion  
Marine exposure, 4, 8, 12 months  
  
In all these tests, the TCP process equaled or exceeded the performance of 
Cr(6) yellow conversion coating.  
 
The filiform corrosion testing is the most significant for painted surfaces. In this 
test, panels of different alloys, coated with various primers and paints, water 
reducible and solvent types, were scribed with an X, and tested as follows:  
  
1 – Exposed to HCl fumes for one hr, then  
2 – Exposed to humidity 80%, 40 deg C, 1000 hrs  



  
The corrosion starting at the exposed scribed X would have the tendency to grow  
under the paint in the form of filaments. Eventually the filaments spread 
sufficiently to lift the paint, expose the base metal to corrosion. The extent of the 
corrosion resulting from the test is measured by stripping the paint from the 
panel, and examining the exposed filaments with a template. Performance is 
evaluated on a scale of 0 – 120. A perfect score is 120   
  
Fig 2 shows a stripped panel after corrosion testing, and a schematic of a 
template measurement. Table 5 compares combined rating of panels tested.  
TCP performed better than Cr(6) and other Cr free systems on 2024-T3 alloy.  
 
 
 
 
 

Template
4X15 squares

Filliform Corrosion

  
  
        Lower half of panel stripped 
         Exposing filiform Corrosion 
  
   

Fig 2 
 
 
 
 
 
 
 



 
 
 

Rating Summary Ð All Primers 2024 T3 Alum Clad 
 

FiliformCorrosion 
 

Rating 120 Ð 0  Template Method 
 
 

System Combined Rating 
  
Cr(6) 39.2 
Zirconate 31.5 
Siloxane/Zirconate 18.5 
Organic Acids/Solvents 26.3 
Permanganate + Sealer 29.3 
Pyrolidone/Solvents 31.8 
TCP 71.9 

 
Table 5 

 
 

  
 
 
Anodized aluminum  
  
The new TCP process can also be used as a low temperature sealer on 
anodized aluminum. It is particularly effective on phosphoric anodized aluminum.  
This process yields anodized coatings that are mote difficult to seal and protect 
due to their limited thickness and absorbance properties. The TCP process 
surpasses the corrosion resistance requirements for this type of coating.  
 
The use of low temperature seal is an economic advantage over conventional 
boiling water seals.   
 
Fig 3, 4, 5 show the performance of various anodizing systems sealed with this 
process.  
 
 



 
 
 

Fig 3 

 
 

Fig 4 
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                                                     Fig 5 
 
 
 
 
 
 
Conclusions: 
  
The new trivalent chrome process is versatile conversion coating, totally free of 
Cr(6). It meets class I for bare corrosion resistance and class III for low corrosion 
resistance simultaneously on alloys tested, including high copper, high silicon 
alloys. It also provides provide an excellent base for paint adhesion, and is 
effective as a low temperature sealer for anodized aluminum. Other applications 
include pretreatment of cadmium, tin-zinc and ion vapor deposited (IVD) 
aluminum.   
  
Fields of application include treatment of aluminum in the following industries:  
  
Aerospace – Aircraft  
Automotive  
Military  
Bicycles frames  
Telecommunication 
Electrical and electronic equipment  
Waveguides   
Marine industry  
Architectural structures  



   
The process is non hazardous and produces stable coatings free of hexavalent 
chrome. It meets the requirements of MIL Spec 81706 and 5541 classes 1 and 3, 
as well as ELV, RoHS, WEEE directives. It is available commercially  
worldwide.    
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