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ABSTRACT – MIL-A-8625 is the anodizing model specified for military and aerospace products, covering six types and two classes of anodizing. 
The TriPlex process is described toenhance the anodizing process, working with certified anodizing lines and exceeding MIL-A-8625 specifications: im-
pact resistant – parabolic impact test in excess of 150PSI without fracture; corrosion resistant – 16,000 hours in salt spray chamber; abrasion resistant 
– 94,000 cycles, Taber Abrasion test; malleable – bend 180 degrees without fracturing; and acid resistant – 48 hourswithout failure in Hydrochloric 
Acid test. This process works on all aluminum, from casting/forging to 8xxx-series grade, and is used commercially in the LED and aerospace industries.

TriPlex - An Aluminum Oxide Thermal 

INTRODUCTION
The TriPlex process is a revolutionary system that has applications in anodizing and in chem film processing. For years, there has been little forward 
movement or innovations in the aluminum anodizing market, until this process. This process changes the molecular structure of anodized surfaces, 
resulting in enhanced properties. These enhanced properties include: abrasion resista nce measured with method 6192 of FED-STD-141, using CS-17 
wheels with 1000g load at 70rpm. The Taber abrasion test failed at 94,200 cycles.
Corrosion resistance was measured using neutral salt spray per MIL-A-8625F and ASTM-B-117-11.
These 4in x 10in 6061 alloy test panels were subjected to separate tests.  The panel on the left was exposed to 336 hours of salt 
spray, while the panel on the right was placed in the chamber on April 1, 2011.  The panel was pulled February 8, 2013, after having 
been exposed for 16,296 hours (679 days) with no signs of failure.

Figure 2.  Panel at left exposed to 336 hours salt spray; panel at right 
exposed for 679 days with no failure.

Figure 1.      Taber Abrasion failure at 94,200 cycles
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Impact testing did not fracture at the point of impact, or show any signs of micro-cracking at the tear when failure was achieved at 140PSI. 
Note how the process is lighter at the top of the impact zone. The aluminum has thinned as it is stretched, but the process does not fracture.
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Figure 3.      Parabolic Impact Testing stretched aluminum without damaging coating.

Under magnification the coating does not separate, fracture, or pop off.  The entire area matches precisely.  What is happening?
This is an anodizing process, so the coating is applied using the standard athode/anode process.  The coating is applied with standard MIL-A-8625F 
specifications.  Half of the oating is on the aluminum, and half is in the aluminum

Figure 4.      Parabolic Impact Test split aluminum but did not fracture coating.
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Malleability is demonstrated by bending panels after processing, then exposing them to the salt spray
chamber.  Panels were bent at 45 degrees, 90 degrees, 135 degrees, and 180 degrees without micro- fracturing.  These pan-
els were subjected to the neutral salt spray, per MIL-A-8625F and ASTM-B-117-11 salt spray chamber for 16,296 hours (679 days).

Figure 5.      From flat panel to 180 degree bend, coating does not micro-fracture.

The author was hoping to use this process on flak jackets to benefit police and 
military.  As you can see, the penetration was not impaired.  The aluminum 
was split and stretched during penetration, but ballistics testing also showed no 
micro-cracking or coating tears at the point of entry or exit for the bullet holes.  
You can see where the aluminum was stretched beyond the coverage area, but 
none of the coating separated from the aluminum.

Figure 6. Ballistics show stretching and tearing of aluminum 
to the point of exposure of aluminum, but coating does not 
separate from aluminum.



Page 3

Another independent lab performed a 48-hour HCl acid test on three 
separate panels for competitive comparison. The bright panel was bare 
aluminum. The bare aluminum failed in three to five hours. The center 
panel was a competitive process, which failed between 10 to 15 hours. 
This was exactly the time that was specified by the competition. The 
aluminum oxide variable thermal process panel, on the far right, had 
not failed by the end of the 48-hour test.

Figure 7.  Three separate panels:  bare aluminum (left); competitive pro-
cess (center); and aluminum oxide thermal variable process (right).

Figure 8.  This is the bare aluminum panel.

Figure 9.  This is the competition’s panel.

Figure 10.  This is the aluminum oxide thermal variable process panel.

 BACKGROUND (NUCLEAR)

Both Al and Zn are Amphoteric Metals
This means that they will react with either strong acids or strong bases to 
produce hydrogen gas as one of the reaction products.  Following a LOCA 
(loss of coolant accident), the metals would be exposed to the containment 
spray chemical solution, which is a 31 weight percent solution of sodium 
hydroxide (NaOH).  The containment spray is used to combine chemically 
with the iodine, which is expected to be released into the containment atmo-
sphere and other surfaces during such an event.

Why was the author concerned about the HCl test?  This process was 
originally developed exclusivelyfor use in nuclear utilities. 
The following are concerns of the Nuclear Regulatory Commission…

The NaOH Solution Readily and Rapidly Attacks Aluminum (Al)
The rate of attack on Al is more than 10 times faster than on zinc (Zn). The reaction is exothermic and does not depend upon the surrounding temperature 
to proceed to completion. The production of hydrogen gas is as discussed in the UFSAR is based largely on the contribution of the Al to the overall hydrogen 
gas concentration when considered in combination with the other sources of hydrogen generation as, for example – radiolysis of water molecules, and the 
attack of water on zirconium.

The Conservative Assumption 
Assumes that the entire inventory of Al will react with the containment spray containing the NaOH solution to produce hydrogen gas. In addition, the 
assumption is based on the premise that there is sufficient caustic to react with all of these metals to produce hydrogen.

Another Concern for Al inside the Reactor Containment  
During the recirculation phase of a LOCA, the Al reacts with sodium hydroxide to form aluminum oxhydroxide and with silica to form sodium aluminum 
silicate.  These chemical precipitants have an adverse impact on the containment sump screen that affects the NPSH of the RHR pumps (References 7.11 & 
7.13).As you can see, the concern of the nuclear industry has propelled the potential advantages of our”
“process to exponential proportions in real-world applications.  Even the ability of our process to remain functional at higher temperatures works to the 
advantage of the nuclear industry.
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Figure 7.  Three separate panels:  bare aluminum (left); competitive pro-
cess (center); and aluminum oxide thermal variable process (right).

Figure 10.  This is the aluminum oxide thermal variable process panel.
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The heat resistance was demonstrated by the first set of pistons that were 
processed.  As one can see,not all processes work as expected.  The manu-
facture failed to take into consideration the added diameter created by the 
process.

Figure 11.  The result of the oversized piston was galling.

Figure 12.    Piston temperatures exceed 2,000 degrees F. without failure.

Figure 13. Per MIL-A-9625 Type III Class 2 TriPlex process provides color stability.

Once corrected, the results were spectacular! The surfaces that were processed 
have enhanced durability, and have not broken down due to the heat.
The reduction of dye fade is important for colors that typically fade when ex-
posed to the sun or chemicals such as chlorine.

This advanced process allows for better coating adhesion.  It is possible to pow-
der coat during the process and the powder coat also becomes 
malleable due to the process.

The properties appear to be improved not incrementally, but on an order of 
magnitude.  This enhance process encompasses anodizing Type II and Type III, 
dyed or un-dyed per MIL-A-8625F, magnesium anodizing per Anomag, Keronite 
Magoxid, microarc oxidation and Tagnite, as well as processes using different 
Dow chemicals, chem film per MIL-FDTL-5541, Type I and Type II.

Figure 14. Magnesium using Dow 7 process prior to the Aluminum Oxide Thermal Variable Process

This is a sample of magnesium that has been processed, and then it was bent 
around a mandrel. The processed magnesium does not flake and is smooth to 
the touch.
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IN SUMMARY

Any anodizing process can be converted to utilize this enhanced process, whether it be chromic acid
anodizing, boric-sulfuric acid anodizing, or sulfuric acid anodizing.  This enhanced process is impacting how aluminum parts are 
processed for corrosive environments, impact resistance, abrasion resistance, anti- scale buildup, anti-ice buildup, micro-fracturing, 
etc.  Areas of market potential include: automotive, architectural, military and defense, sports equipment, general industries, 
aerospace, electronics, turbine blades/housings, and cooking/baking.

Independent testing has been done at accredited laboratories.  The tests have been replicated by the
aerospace industry to validate our findings, to make sure there were no “smoke and mirrors.”  Test results for residual stress have 
showed negative 17.9ksi ±2.2ksi on the edge of a hole, circumferential direction. This is a unique property, because it is indepen-
dent of hot or cold environments.  There is no internal stress to the metal; it remains unchanged even in adverse conditions.

Requirements are minimal.  The process is the same as standard anodizing and sealing.  An additional
seal tank may be required at some facilities that do not have a nickel seal, a sodium dichromate seal, and/or a hot water seal 
tank.  The refrigerated post-treatment is required.

All of this is impressive, but how is it achieved?  How is it possible that in the last 85 years all sorts of
processes have been derived to make anodizing better, but it has never really gotten the results that were anticipated?  The answer 
was more than simple… it was to start over.  It appeared from our research that when anodizing was developed in the early 1900s, 
it worked and they moved forward, not really asking if what had been developed was as good as it could be.  It was close, but just 
a little tweaking has taken it to a whole new level… plus a Cryogenic process has been added.  Even that took some tweaking, to 
obtain the current results.

Now, the author will add one more finding that was unveiled. Typically when a coated piece of metal is bent, the coating thins at 
the top of the bend and sort of bunches on the bottom side of the bend. This process does not thin or bunch… it re-flows.

In order to get a better understanding, an electron microscope was used to view what was happening. This process lines up the cell 
structure sort of like the grain on a piece of wood. When one begins the bend, the cells at the bend rotate 90 degrees. The author 
does not have an explanation as to how or why this happens. It was also noted that when the panel was straightened, the cells 
rotated back to their original linear orientation.

Questions will be happily addressed, to provide answers that do not directly delve into the proprietary processes used.
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