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PROJECT RATIONALE AND STRATEGY

7.

Project Objective:

The objective of this project is to establish a framework for future commercialization of a new class
of ultra-hard materials based on AIMgB,4. This framework is based on fundamental research into
the compositional and processing variables that affect performance and efficiency in a wide range of
wear-intensive applications in the mining, forest products (e.g., mechanical pulping), metalcasting,
and agriculture industries. By developing improved monolithic wear-resistant tooling materials,
advanced high-strength, high-ductility binder phase alloys, and related ultra-hard thin film coatings,
these new materials have the potential to reduce energy usage in cutting, grinding, and drilling
operations. It is estimated that a 10% market penetration of ultra-hard borides in the metalcasting,
mining, forest products, and agriculture industries would result in an energy saving of 5.5 trillion
BTUs per year, while reducing CO, emissions by at least 2 million metric tons.

Technical Barrier(s) Being Addressed:

Existing technical barriers facing metal removal, grinding, chopping, and milling operations involve
deleterious chemical reactivity and poor mechanical integrity of the tool under the severe



Project Summary Form (CPS 1789) FY 2004 Materials, Sensors, & Automation Project Review

environments encountered during normal use. The issues associated with wear contribute to high
energy consumption and increased cost.

Specific technical barriers directly addressed by this project include:

* Inadequacy of existing technology for producing fully dense ceramic-based tooling materials

* Lack of a cost-effective manufacturing technology to uniformly distribute a nanophase
strengthening reinforcement material (e.g., TiB,) within a ceramic, cermet, or intermetallic
matrix

* Absence of an advanced binder material to improve fracture toughness of existing tooling and
grinding materials

»  Difficulty in obtaining high-hardness, low friction thin film coatings for wear applications

* Lack of a material combining high hardness and good oxidation resistance at high
temperatures.

* Paucity of efficient routes for scale-up

9. Project Pathway:

Significant increases in the efficiency of industrial machining and cutting operations are needed to
reduce domestic energy consumption. The best approach to this objective is to increase machining
speeds, which requires development of new materials capable of tolerating more severe
environments. The specific roadmap to achieving this objective with materials based on icosahedral
borides involves the following tasks, which were directly addressed by this project and its

collaborators:

1. scale-up processing of high-hardness boride materials

2. optimization of production methods to reduce variability in hardness and to control deleterious
oxygen contamination

3. implementation of laboratory cutting and grinding tests to quantify AIMgB,4-based cutting tool
performance in controlled comparisons to other commercially available cutting tools (e.g. CBN,
diamond, and WC-Co cermets) on a variety of workpiece materials

4. development of a metal binder phase to allow production of BAM cermet composite cutting tools
similar to the widely used carbide cermets

5. field trials of BAM tools, coatings, and abrasive grits to be performed by cooperating industry
partners

6. development and characterization of AlMgB,, films prepared by pulsed laser deposition,
including lathe cutting test comparisons with un-coated cemented carbide tools.

7. Compositional research to develop a more oxidation-resistant ultra-hard material than the

baseline AlMgB ;. (There currently exists no material possessing a combination of high hardness
at elevated temperature plus oxidation resistance.)

10. Critical Technical Metrics:
Baseline metrics:

Current metal removal max. machining speed ~ 61 m/min
Current annual electricity usage with existing tooling materials: 35.2 bkWh
Current annual NO, emission: 4.78x10'° metric tons

Project metrics:

Projected metal removal max. machining speed ~ 120 m/min
Projected annual electricity usage with 10% mkt penetration: 25.0 bkWh
Projected annual NO, emission (10% mkt. penetration): 3.40x10' metric tons
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PROJECT PLANS AND PROGRESS
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Past Accomplishments:
Since the beginning of this program, the following milestones have been accomplished:

¢ Establishment of powder processing scale-up technology
* Incorporation of processing science advances into nanophase microstructures
*  Development of a new, high-strength, high-ductility binder composition
*  Preparation and characterization of high-hardness, low friction thin film coatings
¢ Evaluation of high-speed cutting potential of boride tools with various metal alloys
¢ Identification of new chemical compounds based on icosahedral borides
¢ Establishment of a commercialization entity and business plan
e Advancement of the science of “extrinsic” hardness

Future Plans:.
Note: FY 2004 was the last year slated for funding under the IMF program. However, because of
the diversity of topics emerging as a result of this research, a number of spin-off projects and
milestones are worthy of consideration for future support. These include:
¢ Development of improved WC alloys using the new, patented binder composition
¢ Incorporation of thin films of the boride into MEMS components to reduce wear
¢ Fundamental studies of the new compositions AlCrB,4, Mg,B,4, and LiFeB,, and
examination of possible applications
e Theoretical modeling of extrinsic hardness in complex, multi-phase systems such as
AlMgB|4+TlB2

Project Changes:

As a result of the development of a very promising new binder phase alloy, some project resources
were diverted toward studies of its incorporation into an AIMgB,, matrix. In addition, at the request
of our industrial partners, we embarked on a study of possible oxidation-resistant hard materials, a
topic not discussed in the original proposal.

Commercialization Potential, Plans, and Activities:.

The commercialization of all technologies developed at Iowa State University falls under the
jurisdiction of the Iowa State University Research Foundataion (ISURF). ISURF’s
commercialization roadmap for this material involved defining the nature and scope of the license,
identifying potential licensees, and initiating contact between the scientific investigators and the
licensees. As of May, 2004, an option agreement for an exclusive license to manufacture ultra-hard
AlMgB,s-based materials was executed with Viable Technologies, LLC. Viable has been working
in conjunction with the IMF industrial partners and has assumed the responsibility of providing
sample material to them for evaluation. Preparation of a formal business plan is currently in
progress and the final version of this document is expected to be available in the August-
September, 2004 timeframe.
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