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ADMINISTRATIVE INFORMATION

1. Project Name: Advanced Nanoporous Composite Materials for Industrial
Heat Applications
2. Lead Organization: Lawrence Berkeley National Laboratory
70-108
Berkeley, California
94720
3. Principal Investigator: Arlon Hunt
510486 5370, FAX 510 486 7303, ajhunt@]bl.gov
4. Project Partners: Applied Sciences Laboratory, Inc. Dr. Siu-Chun Lee
5. Date Project Initiated 8/1/2001,

6. Expected Completion Date: 9/30/2005

PROJECT RATONALE AND STRATEGY

7. Project Objective:

This project focuses on the development of new advanced nanoporous materials for industrial
heating applications based on sol-gel processing, supercritical drying and advanced processing
techniques. Aerogel-based composites made in this way are well placed to provide a new class
of materials for industrial heating applications. New nanoporous ceramics based on alumina,
mullite, zirconia, chromia, silica and others are being prepared from single and mixed metal
alkoxides and other lower cost approaches. High temperature infrared opacification is achieved
by use of fiber and powder additions and other materials. These new nanoporous materials will
provide better insulation in high temperature furnaces and other industrial applications that will
substantially reduce energy loss and enhance equipment life and operation.

8. Technical Barriers Being Addressed:

This project involves the evaluation of various nanostructured materials for their suitability for
use in the insulation panels and refractory blocks used by several industries in the IMF program,
and physical characterization of the most promising candidates. Particular attention is placed on
materials that can be processed using currently available production methods, and, especially,
could be prepared from low-cost raw materials. After an extensive survey of various materials,
an A1203/Cr203 powder derived from a CO2-dried acrogel precursor appeared to meet these
criteria. This composition showed an excellent resistance to high temperatures, maintaining a
surface area of up to 170 m2/g after heating at 1000 °C. However, the original preparations
involved using alkoxide precursors. One of the most important technical barriers involves
finding novel chemistry pathways that avoid the high costs associated with these alkoxide
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precursors. We have been successful in finding preparations that made use of only commodity
feedstocks, specifically, AI(OH)3 and CrO3. Once this preparation technique was discovered it
must be scaled up from gram to kilogram quantities for thermal testing and evaluation. This
proved to be a more difficult task than was anticipated. We have developed the first large scale
methods but need further research to optimize the preparation. The next step after initial thermal
testing is to evaluate the usefulness of radiation opacifing agents and work out techniques to
distribute them within the material.

9. Project Pathway:

In conjunction with our project partners, we are evaluating the efficacy of new nanostructured
materials for high temperature insulation and refractories. Continued thermal testing and
modeling will determine the best high temperature industrial applications to focus upon leading
to a program of testing in industry.

10. Critical Technical Metrics:

® Materials must withstand temperatures of 700-1000 °C

e Must display good chemical inertness

e Thermal conduct ivies of 0.01 to 0.2W/m-K for insulation and < 0.5W/m-K for refractories
e Must be affordable, target is $5-20 per board foot

PROJECT PLANS AND PROGRESS

11. Past Accomplishments:

e Several candidate materials were identified that were compatible with glass melting and
other high temperature industrial insulation and refractory applications. They included
Cr,03; various stoichiometries of Cr,03 and Al,Os. and Cr,O3 and Al,0; with silica as
stabilizer.

e Gels were produced using a variety of chemical pathways, initially using
alkoxides of aluminum and chromium. Alcogels were formulated successfully using
these starting compounds exhibited microstructured properties after prolonged
exposures to high temperatures. The gels were successfully dried using both carbon
dioxide and heavy alcohols as solvents.

e An unexpected benefit came from the discovery of a non-conventional route to the
chromia/alumina gels. This allowed the use of inexpensive commodity chemicals instead
of expensive alkoxide precursors. Preliminary calculations showed that the raw
material costs dropped from $118 per pound to slightly over $2 per pound.

e We evaluated the preparation of advanced materials that were produced in monolithic
and powdered forms as well as using them for additions into existing refractory materials.
The monoliths were sufficiently low in density but material handling problems led to the
choice of powdered materials that were then compressed into pellets. The powder process



Project Summary Form (CPS 1796) FY 2003 IMF Project Review

appears to be the best choice but further efforts are needed to reduce their density for use
as high temperature insulation.

12. Future Plans:

e High temperature thermal conductivity measurements are currently being performed by
Applied Science Laboratories, Inc. Conductivity measurements using the heat flow method
will be performed up to 1000 C to determine whether the thermal performance is
comparable or superior to existing products in the same price range. The result of these
measurements will also determine whether or how much thermal opacification agents will

be used.

e Porous insulating materials at high temperatures exhibit significant radiant heat transfer
due to their partial near infrared transparency. We will develop and test opacifying agents to
reduce the radiant heat transfer if thermal testing indicates the need. In addition to
improving thermal behavior through opacifiers, research will continue to evaluate methods
to achieve lower density for improved thermal performance. In addition, we will evaluate
alternative denser materials with sufficient strength to withstand direct mechanical use

but are still much better insulators than conventional refractory lining materials. Further
industrial partners will be sought to test new materials in real applications.

e The near term emphasis will be on tailoring the materials and processes developed to date
to industry specific applications in thermal insulation and low conductivity refractory

liners and boundaries. Applied Science Laboratories, Inc. has developed powerful analysis
programs to enable the simulation of various insulation and refractory configurations.
Refractory and insulation manufacturers and end users will be solicited for direct testing

of these new microporous materials and for the incorporation of these materials into existing
refractories.

13. Project Changes:

We do not expect any changes from our earlier project plans.

14. Commercialization Potential, Plans, and Activities:

The materials will be tested directly in high temperature industrial process heat applications.

With successful tests in hand, the preparation processes for advanced
microstructured materials will be licensed to the refractory manufacturing industry.

15. Patents, Publications, Presentations:
Publications -

Michael R. Ayers, Ashley A. White, Xanyoun Song, and Arlon J. Hunt "Preparation and
Characterization of Aerogels Derived from AI(OH)3 and CrO3 . J. Non-Crystalline Solids, 15
December 2003, pp. 173-184.
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Presentations
Michael R. Ayers and Arlon J. Hunt “Advanced Nanoporous Composite Materials for Industrial
Heating Applications” DOE/IHEA Materials Forum, Oak Ridge, Tennessee, February 5-6, 2003.



