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PROJECT RATIONALE AND STRATEGY

7.

10.

Project Objective:

The project goal is to extend the lifetime of molten metal containment and submerged hardware
materials by an order of magnitude, while also improving the thermal efficiency of refractory
materials resulting in estimated energy savings of approximately 1.79 trillion BTU/year by 2020.

Technical Barrier(s) Being Addressed:

Corrosion, wear, and abrasion of hardware and refractory used in the aluminum, steel, and meta
casting industries, cause frequent production shutdowns with large energy consumption during
shutdowns. The barrier to industrial energy efficiency addressed by this project is the increased
durability of submerged hardware and refractory lining. The technical challenges are (1) dynamic
erosion/corrosion; (2) dross buildup; and (3) wetting leading to erosion/corrosion.

Project Pathway:

The pathway being used to address the barrier to industrial energy efficiency consists of (1)
identification of physicochemical mechanisms of corrosion, wear, and abrasion; (2) development of
new generation materials, coatings, and deposition processes with potential 10X improvement in
performance; (3) lab-scale evaluation of performance, durability, and thermal conductivity of newly
developed materials;, (4) in-plant evaluation/demonstration of components fabricated with newly
developed materials and processes; and (5) technology commercialization.

Critical Metrics;

Demonstrating 10X life increase of Galvanizing hardware (from 4 days current to 40 days target)
Demonstrating 2X life increase of refractory used in Al production (from 2 years current to 4 years
target)

Demonstrating energy savings of 1.79 trillion BTU/year from the technol ogies devel oped by this
project.

PROJECT PLANS AND PROGRESS

11.

Past Accomplishments:

e Industrial survey on pot hardware materials in galvanizing industry and refractories used
in aluminum melting industry, completed. Provides baseline of current industrial energy
consumption.

e Relationship between dynamic corrosion and dross formation on roll surfaces has been
identified. Laboratory scale corrosion research on current and newly developed materials has led
to an understanding of the dynamic corrosion and dross formation that occurs on steel galvanizing
rolls. See DoE ITP E-bulletin
http://www.eere.energy.gov/industry/imf/pdfs/corrosionresistant.pdf (April 2006)

e New Corrosion and Dross Resistant Overlay has been Developed and Evaluated in
Industrial Setting: A new corrosion, wear, and dross-buildup resistant weld overlay with greater
than 5X lifetime improvements over current stainless steel has been developed and validated



http://www.eere.energy.gov/industry/imf/pdfs/corrosionresistant.pdf
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through the exposure of weld-overlay materia samples for over 81-days in an industrial setting.
Materials are functioning well with little evidence of corrosion.

e Industrial Component Testing of New Overlay is Underway: One galvanizing partner has
donated a stabilizer roll for the trial. The roll has been machined by a component supplier and it
has been shipped to ORNL for weld overlay. Once the overlay isfinished, it will be shipped back
to the galvanizing partner for in-plant production trial.

o New Scraper Blade System in GL Production Has Been Designed: A new scrapper-blade
system that is interchangeable with the existing scrapper part in the CGL line has been designed.
The new scrapper-blade system incorporates a mechanism for interchangeable inserts of newly
developed hard materials.

o New Refractory Materials Are Being Developed: In-kind partners are working in conjunction
with UMR & ORNL to develop new refractory compositions. Three new compositions are being
pursued based on improved raw materials, new materia system alternatives, and novel processing
techniques. Sessile drop testing at ORNL, along with lab-scale corrosion testing at UMR and
ORNL have confirmed the advantage of these materials in comparison with current ones.

o New Anti-Wetting Agents have been Investigated: Materials which thermodynamically show
promise as anti-wetting agents at higher temperature have been identified and acquired. High
purity samples have been prepared for sessile drop testing to determine the anti-wetting ability of
new compositions versus conventional anti-wetting agents.

e A New Thermal Conductivity Technique Was Developed at ORNL for the Measurement of
Thermal Diffusivity of Large Refractory Samples. Instalation was completed of the new
device into the existing infra-red lamp facility at ORNL and thermal diffusivity measurements
were made on full-size refractory samples with known conductivities to validate the method.
Testing will continue on samples with both known and unknown conductivity values in support
of new material development and evaluation.

e Analysis of Potential Energy Savings Due To Improvements in Refractory Materials Were
Performed: These analyses were performed using the DOE software tools PHAST and 3E-Plus,
along with basic heat transfer theory. Analyses assumed a hypothetical reverberatory furnace in
an Aluminum plant with improvements made in wall losses through better insulation,
improvements in net and gross heat required by the furnace, energy used by the furnace, and
thermal efficiency. Thermal conductivity measurement on new materials using the newly
developed large-sample | R-based technique will be used to make further energy predictions.

e Galvanizing Energy Profiler and Decision Support System (GEPDSS) Was Developed: a
New Decision Support System identifies opportunities for energy savingsin steel coating lines
based on improvements in pot hardware characteristics and energy consuming equipment on the
galvanizing lines. A multilayered engineering-based energy evaluation model was devel oped.
This model quantitatively determines energy and productivity benefits resulting from the
implementation of new pot hardware materias in galvanizing lines. The model has been validated
and demonstrated to report estimated galvanizing line energy consumption accurate within 5% of
actual energy consumption in several galvanizing lines of industrial partners and accurately
estimates in variances in production and energy consumption with respect to changing line
equipment characteristics. See DoE I TP E-bulletin
http://www.eere.doe.gov/industry/imf/pdfs/multi_func_mats.pdf (July 2006)

12. FuturePlans;

Date Milestone/Deliverable L ead Partner

12/06 New Refractory Devel opment UMR & ORNL

03/07 Lab-scale of Metallic Overlay WVU (Lab), ORNL (in-plant)

03/07 Lab-scale of new refractory UMR & ORNL (Lab), EIO (in-plant)
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13.

14.

15.

Date Milestone/Deliverable L ead Partner
09/07 Industrial in-plant Evaluation of Metallic | WVU (Coordinating & post mortem
Overlay during actual production analysis); ORNL (coating), Duraoy (roll
machining), Steel companies (testing)
09/07 Industrial in-plant Evaluation of New ElIO and SECAT (two independent
Refractory during actual production evaluations)
11/07 Final Report WVU

Project Changes:

The project objectives have been more tightly focused to overcome the main barriers and to
demonstrate the technology on a set of industrial process that are representative and cross-cutting
among the aluminum, steel, and metal casting industries.

Commer cialization Potential, Plans, and Activities: (Describe the end-use application and market
potential for the project, and the plans, progress, and partners for commercial application/adoption,
where appropriate; identify the product of the project and how this product will be introduced and
disseminated to industry.)

This project represents a technology-pull from industry as opposed to a technology-push from
academia. The project team includes all the components required for successful commercialization of
the technology developed by the research, including hardware and refractory suppliers, galvanizers
and aluminum producers, and industrial organizations. All the partners have been involved from the
beginning of the research and it has been decided that at the end of the project, the industrial
organizations (SECAT, EIO, and ILZRO) will take the lead on commerciaization of the
technologies.

Patents, Publications, Presentations;

X. Liu et a., “Progress Report: Minimizing Dross Buildup on Rotating Galvanizing Bath Hardware”,
ILZRO-GAP 2006, (May 2006), Cleveland, OH

X. Liu, C. Irwin, E. Barbero, B. Kang: “Minimizing Dross Buildup on Rotating Galvanizing Bath
Hardware”, ILZRO-GAP 2005, (October 2005) Lexington, KY

X. Liu, E. Barbero, C. Irwin, V. Sikka, J. Hemrick, W. Headrick & F. Goodwin: “Development of
Next Generation of Metallic and Refractory Materials for Molten Metals Handling”, AlSTech 2005
Iron & Steel Technology Conference and Exposition, Charlotte, NC

X. Liu et a.: “Progress Report: Minimizing Dross Buildup on Rotating Galvanizing Bath Hardware”,
ILZRO-GAP 2005, (May 2005), Charlotte, NC

E. Barbero, X. Liu et al.: “Current Research on Zinc Pot Hardware and Molten Metal Containment”
in Galvanizers Association Annual Meeting 2004, Charleston, SC.

J.G. Hemrick: “New Therma Conductivity Technigue Development at ORNL” presented at
American Petroleum Institute Meeting in Dallas, TX (May 2006).

J.G. Hemrick, V. Sikka, and W. Headrick: “Multifunctional Refractory Materials for Molten Metal
Contact Applications” — (Paper UN-GS-7-2005), UNITECR' 05 Meeting in Orlando Florida,
November 2005.

J.G. Hemrick and E. Loveland: “Technique Development for Large Sample Thermal Conductivity
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