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Abstract 
In this project, we will develop aluminum ultra-conductors with graphene additives 
demonstrating enhanced electrical conductivity at 90 °C compared to electric grade aluminum 
alloy AA1100 (43% IACS at 90 °C). While ultra-conductivity has been developed in copper and 
copper alloys, it is yet to be reported extensively in aluminum-based materials. This project will 
scale initial work done at PNNL on aluminum ultra-conductors using shear-assisted processing 
and extrusion (ShAPETM), a novel solid phase processing technique. Ultra-conductors are an 
emerging class of composites, comprised of a metal substrate with small quantities of 
nanocrystalline additives such as graphene or carbon nanotubes that demonstrate enhanced 
conductivity at relevant operating temperatures. Aluminum ultra-conductors can improve 
efficiency and power density while reducing the demand for copper in a wide range of 
applications, such as power transmission cables and electric motors. 

Busbars are an important component in aerospace systems that require lightweight and high-
current power distribution including both future electric vertical take-off and landing (eVTOL) 
aircrafts and current aircraft electrical systems. We will accelerate aluminum ultra-conductor 
composite formulation development using combinatorial synthesis and testing methods aided by 
process/microstructure modeling, developed previously at PNNL. Eaton will test the properties 
of the ShAPE aluminum ultra-conductor feedstock (used to make the busbars) in relevant 
operating conditions (20 – 90 °C), predict the improvement in busbar performance when 
manufactured with ultra-conductors over commercial conductors (such as AA1100), and 
perform technoeconomic analysis to evaluate the potential for commercialization of ShAPE 
aluminum ultra-conductors. The project is expected to have a budget of $375K, with $300K in 
federal funding and $75K in-kind cost-share contribution from Eaton over a period of 
performance of 24 months. Of the $300K of federal funds, $140K is allocated for CRADA 
activities that generate intellectual property (IP), and the remaining $160K is reserved for 
modeling, material testing, characterization, travel, and reporting-related activities. 
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