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Results

Characterization of the AlMgB14-based coatings revealed their semi-crystalline nature; as a single phase, AlMgB14 appears amorphous. Combining this material with TiB2 through comminution of very fine-scale powders (~100 nm), produces a bulk solid that exceeds the hardness of its respective constituent phases. Through physical vapor deposition processing, the resulting nanocomposite coating combines the wear resistance characteristic of hard materials (e.g. the AlMgB14) with a regenerating lubricant. Within the top layers (10-20 nm) of the nanocomposite coating, the same TiB2 phase used to enhance the strength and provide ductility to the otherwise brittle AlMgB14 material reacts with available oxygen to form boron oxide. As the atoms of TiB2 continue to react, layers of boric acid begin to form at the surface. This affords an exceptionally low coefficient of friction (as low as 0.02) to the coating.  Physical vapor deposition processing parameters were evaluated and optimized during the project to minimize the difficulties common to transitioning a laboratory-scale process or technology to a salable product. Coating process times and temperatures, process gas flows and ramp rates, and a number of other adjustable parameters were optimized based on the results of testing and coating characterization. The overriding goal of all of these efforts was a repeatable coating process that yields the benefits observed in the laboratory, independent of the intended product or market.

From the perspective of industrial hydraulics, the AlMgB14 nanocoatings technology progressed beyond baseline laboratory efficiency tests into measurable energy savings and enhancements to product durability. Eaton Corporation identified three key markets that would benefit from implementation:  industrial vane pumps, orbiting valve-in-star hydraulic motors, and variable displacement piston pumps. In the vane pump application, the overall product efficiency was improved by as much as 11%. Similar results were observed with the hydraulic motors tested, whereby efficiency gains of over 10% were noted. For the variable displacement piston pump line, the overall efficiency was improved by 5%. 

In the high-performance tooling sector, the most significant gains in productivity (and, according, the efficiency of the machining process as a whole) were associated with the roughing and finishing of titanium components for aerospace systems. Use of the AlMgB14 nanocoating in customer field tests clearly demonstrated that the coated tools were able to withstand machining rates as high as 500sfm (limited only by the substrate material), with relatively low flank wear when compared to other industrial offerings. 

Primary highlights and observations from the research conducted during this project include the following:

1. A 97% reduction in the coefficient of friction was achieved between the AlMgB14-based nanocoating and steel counterface materials, while running in a water glycol lubricant (known to exhibit higher pressure-viscosity values than standard mineral oil-based fluids).

1. A 40% lower coefficient of sliding friction was observed compared with the industry’s lowest friction offerings in the noted mineral oil lubricant.

1. Extensive performance testing of industrial hydraulic systems showed measurable efficiency gains when the AlMgB14-based coatings were applied to the sub-components - some exceeding 12 percent above baseline. 

1. A 38 percent improvement in tool life was shown for tungsten carbide-based cutting tools when using the AlMgB14-based nanocoatings. 

1. Coefficients of sliding friction ranging between 0.02-0.04 were observed over a distance of 32,400 meters in pin-on-disk tribological tests using mineral oil in a lubricant-starved environment. 

[bookmark: _GoBack]Full implementation of the nanocoataings technology into the industrial hydraulic and cutting tool markets equates to a worldwide energy savings of 46 trillion BTU/year by 2030. U.S.-based GHG emissions associated with the markets identified would fall accordingly, dropping by as much as 50,000 tonnes annually.


Other Pertinent Information

The primary deliverable for this project, DE-FG36-06GO16054, was the final report titled “Nanocoatings for High-Efficiency Industrial Hydraulic and Tooling Systems,” which was submitted on time (December 31, 2010) to the DOE EERE Golden Field Office.  

A follow-on project titled “Ultracoatings: Enabling Energy and Power Solutions in High Contact Stress Environments“ (DE-EE0003490) was initiated on October 1, 2010 and runs through September 30, 2011. Major participants include Eaton Corporation, Borg-Warner, Pratt & Whitney, Oak Ridge National Lab, and Ames Laboratory.
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