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Executive Summary
The North American magnesium casting
industry is at a pivotal juncture. Society is
growing increasingly mobile, affluent, and
environmentally aware. Tremendous technological advances continuously raise consumer
expectations for better products and services
at ever lower costs. To survive and prosper
in these intensely competitive and challenging times, the magnesium casting industry is
transforming itself.

2.

Information Management & Sharing
– Accelerate technological innovation by
increasing information sharing and technology transfer to attain market growth.

3.

Infrastructure Development – Stimulate
industry-wide advancement by building
shared resources in R&D, auxiliary support, and people.

The American Foundry Society (AFS) Magnesium Division 6 has sponsored a collaborative
effort to examine the future of the magnesium
casting industry, determine the highest priority needs to overcome important challenges,
and chart a course for successful growth in
the next 15 years. At the heart of this effort is a desire to build a consensus among
industry and key suppliers, customers, product manufacturers, and researchers about the
actions needed to defend existing markets and
capitalize on new opportunities. The Magnesium Casting Industry Technology Roadmap
outlines the strategic technology agenda for
achieving the needs and expectations of the
industry and its customers.

These three components are closely intertwined and each is critical to ensuring success.
Information management and sharing and infrastructure development must occur together
to support developments in process technology. The industry is committed to pursuing a
robust R&D agenda that recognizes the need
for a balance of near-term and long-term
research, new technology development and
related training, education, and collaboration.
The specific R&D needs for each of the above
technology strategies are presented in separate
sections of this roadmap. An overview of the
Roadmap is presented on the following page.

The technology strategy of the magnesium
casting industry has three principal components:
1.



Process Technology – Develop advanced
process technologies to improve affordability and competitiveness of magnesium
cast components in all markets that value
lightweight performance metals.

The financial and intellectual resources needed
to accomplish the objectives of this Roadmap
are beyond the reach of individual companies
and even the industry as a whole. Successful
technology development usually benefits from
a coordinated strategy that engages key suppliers, manufactures, and customers to accomplish mutual technology goals. Government,
universities, and nonprofit organizations can
also contribute to these goals, provided there
are clear public benefits and the activities are
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appropriate to their missions. As this document demonstrates, plentiful benefits are to
be found in expanding the use of magnesium
castings.
The magnesium casting industry looks to the
future with great optimism and determination.
New applications in lightweight components,
clean transportation and electromagnetic protection are opening up large new markets for
magnesium castings that did not exist a decade

iii

ago. At the same time, intense competition
from alternative metal castings and materials will force the magnesium casting industry
to provide exceptional products and services
while containing costs. Magnesium foundries must aggressively pursue innovations in
technology. By doing so, the magnesium casting industry can seize new opportunities and
bring increased value to the changing materials
market.
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1. Magnesium Casting
Industry Today
Magnesium Castings: HighPerformance Components for
Automotive, Aerospace, and other
Lightweight Applications

magnesium-bearing minerals, which are globally widespread and virtually unlimited. In 2004,
U.S. magnesium imports were about 18 percent higher than 2003, with Russia (60%) and
Israel (26%) as the principal sources.1 Exports
for 2004 were 42 percent lower than in 2003.1
Currently, U.S. magnesium metal production
consists of a single company in Utah, using an
electrolytic process that recovers magnesium
from the Great Salt Lake.

Magnesium castings are light, abundant, and
recyclable. The lightest of all commonly used
metal castings, magnesium castings dampen
noise and vibration, are highly impact and
dent resistant, and are easily machined. PerMagnesium metal is primarily used as an alhaps the most important advantage of magloying element to impart strength and rigidity
nesium castings is found in the environmental
in alloys used in aluminum applications, such
performance gains in automotive applications.
as packaging, transportation, and others. The
Lightweight magnesium components have
second largest use of magnesium is in the
better strength-to-weight ratio than alumicasting of components for product manufacnum or steel castings, thereby reducing the
turing. As shown in Figure 1-1, the largest and
total vehicle weight and leading to improved
fastest growing market for magnesium castfuel economy, increased safety and handling,
ings is in the automotive market, due largely to
significantly lower emissions, and increased
increased interest for lightweight components
recyclability. In addition, there are many other
that can improve fuel efficiency.2
applications for cast components ranging from
aerospace, power
tools, sporting goods,
Figure 1-1. U.S. Magnesium Casting Markets Based on Tons Shipped
and computer and
electronic products.
Remarkably abundant, magnesium
constitutes about two
percent of the Earth’s
crust and is the third
most plentiful element dissolved in
seawater. Magnesium
metal is produced
from seawater, well
and lake brines, and
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Since the 1980’s, the aerospace industry has
used magnesium castings in stiffness-critical
air frames and related drive train structures.
The aerospace market has long recognized
the benefits of increased fuel efficiency and
reduced noise, vibration, and pollution resulting from the use of lightweight magnesium
components. The sophisticated and complex
needs of the aerospace market demand suitably high performance components, resulting
in the highest cost-per-ton of all magnesium
markets. Accordingly, while aerospace applications account for less than five percent of
annual magnesium casting shipments, those
applications generate over 10 percent of total
magnesium casting sales.2
The second largest market in volume for magnesium castings is in power tools, particularly
chainsaws. As a hand-held and potentially
dangerous power tool, minimizing chainsaw
weight is essential for improved operator
safety and handling. While magnesium gear
cases and cutting arms are primarily selected
for light weight and strength properties, the
ease in which these components are assembled
is increasingly important. Chainsaw manufactures benefit by using tight tolerance magnesium components that do not require secondary machining.
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Sporting goods, such as fishing poles and reel
parts, has been a significant market for magnesium castings. A magnesium cast fishing
reel frame is lightweight and comfortable,
yet durable enough to handle difficult fishing
maneuvers. Fishing reel manufacturers use
magnesium castings for its excellent surface
finish and its ability to achieve tight tolerances
of bores and surfaces, enabling fast and simple
component assembly. Magnesium castings
that improve product appearance and performance and increase manufacturing speeds
will continue to foster growth in the sporting
goods market.
Magnesium castings are also used in the computer and electronic products market. One
of the most critical physical property requirements of an electronic device enclosure is the
ability to act as a shield against electromagnetic
interference (EMI). EMI impairs the performance of an electronic system through unwanted electromagnetic disturbance which can
come from any circuit or device that carries
an electrical current. Cast magnesium alloy
enclosures for EMI shielding provide significant advantages in weight savings, raw material
costs, structural strength, and durability over
both plastic and alternative metal housings.5
As consumer demand for computers and electronic equipment continues to grow along with
continued pressures to reduce size, weight, and
cost and increase recyclability, magnesium is
well positioned to meet these demands.



2. Key Trends and Drivers
Wide Application, Great Potential
In 2004, the U.S. magnesium casting industry
culminated ten years of remarkable growth
by shipping nearly 100,000 tons of castings (Figure 2-1). Prior to 1995 the previous
market high was just over 40,000 tons, reached
in 1945.2 Central to this expansion has been
the growing use of magnesium die cast components in automobiles, which more than
doubled between 1990 and 2000. Components in which magnesium alloy replaced steel
or aluminum includes brake and clutch pedal
brackets, instrument panels, cylinder head covers, transfer case housings, intake manifolds,
and seat components.
Auto manufacturers initially incorporated
magnesium alloys as a means to reduce weight
and meet Corporate Average Fuel Economy
Standards (CAFÉ) mandated by the U.S.
government. Once magnesium castings came
into use, however, many other advantages
became apparent. For example, parts that
had to be made by welding together several
stamped steel pieces could be produced as a
one- or two-piece magnesium casting, significantly reducing the cost of the finished part.
Outstanding fluidity in the molten state allows
magnesium components to be cast in thinwalled near-net-shapes, subsequently reducing
the amount of material used. Further, magnesium is easily machined, significantly increasing
tool life and reducing production time, decreasing costs, and increasing productivity.



Figure 2-1. U.S. Magnesium Casting
Shipments 1945-2004

Source: AFS 2004

Automotive Opportunities
During the past decade alone, use of magnesium castings in light vehicles has grown an
average of 16% per year and is predicted to
continue growing at an annual rate of 11.5%
for the next decade.2
Automakers are expected to continue to rely
on magnesium to reduce the weight of vehicles; the consumption of magnesium castings
per light vehicle is forecast to triple by 2014
(Figure 2-2).2 New applications of magnesium
castings are expected to include increased use
in instrument panels and brackets, seat frames,
steering column components, transmission
cases, cylinder head covers, radiator support,
and intake manifolds. Magnesium concepts in
prototype development include roof panels,
structural supports, rear deck lids, reinforcement panels, inner doorframes, engine heads,
engine blocks, engine cradles, oil pans, and grill
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Figure 2-2. Consumption of Magnesium
Castings per Light Vehicle

magnesium usage will help the auto industry
meet future Federal CAFÉ targets and reduce
exposure to CAFÉ penalties. Cast magnesium
structures have the potential to reduce vehicle
mass by 100 kg, which could reduce emissions
and fuel consumption by approximately five
percent.3

Innovative Process Technologies

Source: AFS 2004

reinforcements. Such technologies can reduce
U.S. dependence on imported oil, further decrease vehicle emissions, and serve as a bridge
from today’s conventional powertrains and
fuels to tomorrow’s hydrogen-powered hybrid
fuel cell vehicles.

The magnesium casting industry has relied
heavily on the die casting process for market
expansion. The industry has enjoyed enormous growth through the production of die
cast components in automotive applications,
and many opportunities still exist due to casting process limitations. For example, current
investment casting techniques have inhibited
magnesium’s growth in markets that could
consume nearly 300 million additional tons
annually.4 Novel technologies that improve
structural integrity of magnesium components
for aerospace applications offer the greatest potential in volume and margin for sand
cast magnesium components.2 New uses for
magnesium increasingly require properties or
cast geometries that are beyond the capabilities
of the industry. Expanding the capabilities of
the magnesium casting process will help the
industry reap the full potential of these opportunities.

Aiding these development efforts are the
Automotive Lightweighting Materials (ALM)
activities of the U.S. Department of Energy’s
(DOE’s) FreedomCAR and Vehicle Technologies (FCVT) Program, which focuses on
development and validation of cost-effective lightweighting materials technologies to
significantly reduce automobile weight without compromising vehicle cost, performance,
safety, or recyclability.
The ALM Fiscal Year
While magnesium castings
Expand
industry
2004 Progress Report
offer plentiful benefits,
indicated that magnesium
capabilities to reap the full costs must be contained
projects will be emphato stay competitive with
potential of new market alternative metal castings
sized over the next few
years because they offer
and materials. Reducopportunities.
the greatest weight-reing manufacturing costs
duction potential. Magby improving recycling
nesium components are
capabilities, is one strategy that could make
envisioned to replace an equivalent volume of
magnesium components less expensive. For
ferrous material with a mass reduction of 70example, scrap generated during die-casting
75 percent and aluminum with a reduction of
can exceed the final component weight. In
25-35 percent,3 and two projects are currently
fact, metal losses during the casting process
underway: the Structural Cast Magnesium
can be as high as 60%.7 In North America,
Development (SCMD) project and the Magthe high cost of recycling magnesium scrap
nesium Powertrain Cast Components (MPCC)
can be attributed to expensive quality assurproject. The ability to significantly increase
ance procedures and lack of sufficient volume
Magnesium Casting Industry Technology Roadmap



(about 70,000 tons in 2003)6 to substantiate a
secondary market for magnesium. However,
the volume of magnesium recyclables is predicted to grow enough over the next decade to
achieve economies of scale and significantly
impact the affordability of magnesium castings.

Increasingly Environmentally
Friendly
In 1999, the U.S. Environmental Protection
Agency and the U.S. magnesium industry, with
the support of the International Magnesium
Association (IMA), launched a voluntary
partnership to promote technically feasible
and economically attractive actions aimed at
minimizing emissions of sulfur hexafluoride
(SF6), a greenhouse gas with a strong global
warming potential. Magnesium producers,
casters, and recycling companies use a cover
gas of dilute SF6 in dry air and/or carbon dioxide (CO2) to protect the molten metal from
oxidation. Without protection, molten magnesium will oxidize in the presence of air and
form magnesium oxide (MgO) inclusions that
greatly reduce the quality and strength of the
final product. In contrast, an effective cover



gas, such as SF6, modifies and stabilizes the
MgO surface film to form a protective layer
that prevents further oxidation.
In just a few short years, EPA and its magnesium industry partners have made tremendous
progress, reducing emissions intensity by more
than 40% between 1999 and 2002. Cost-effective pollution prevention is being realized
through optimized equipment designs and
operation and improving SF6 gas management
practices. These activities and technological innovations have directly contributed to
the partnership’s success and provided both
economic and environmental benefits. In
February 2003, EPA’s partners and the IMA
added their support to the President’s Climate
VISION initiative by establishing a goal to
eliminate SF6 emissions by the end of 2010.
To meet this technically aggressive commitment, the industry will need to further evaluate
and implement alternative cover gases.
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3. Technology Strategy
Never before has the magnesium casting
industry faced such a wealth of opportunities
and challenges, and now is entering a period
of transformation. Economic globalization,
environmental issues and new technologies
have forced magnesium foundries to reevaluate their existing business strategies and identify new business models for future success. To
ensure future viability, the magnesium casting
industry is forging strategic alliances, providing innovative products and services, offering
unique technology solutions, delivering superior value to customers, setting new standards
of safety and environmental protection, and
maintaining competition and profitability.
New technologies and practices will bring innovative products and services to customers
and improve the productivity and profitability
of the industry. However, technology alone
is insufficient to fully ensure industry-wide
growth. A well-grounded research and technology agenda is the cornerstone for future
success. The industry is committed to pursuing a robust research and development agenda
and recognizes
the need for a
mix of nearand long-term
research, new
technology development and
related training,
education, and
collaboration. The technology strategy of the
magnesium casting industry has three principal
components:


•

Process Technology – Improved productivity, efficiency, and operational
environment while delivering consistent,
high-quality castings at competitive costs
has long been a pursuit of the industry.
Progress in advanced process technologies to increase the range of cast geometries and properties and related enabling
technologies that support them is essential
in increasingly competitive lightweight
components markets.

•

Information Management & Sharing
- Accelerating technological innovation
requires that information be shared and
technology transferred. Effective sharing allows industry to more readily adopt
developing technologies in the near term
and maintain a sustainable competitive advantage of the industry in the long term.

•

Infrastructure Development - The small
size of the industry limits its ability
to allocate major capital for unproven
technologies, grow a network of auxiliary support,
and attract a
viable workforce. As a
result, only
incremental
improvements
to alloys and
processes
have been made. Infrastructure development must include major research and
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development investments in manufacturing process and casting techniques and
influence auxiliary groups and potential
employees to become more involved in
magnesium in order to ensure the viability
of the industry for years to come.

While process technology developments lead
the R&D agenda, coordinated improvements
in information management & sharing, and
infrastructure development are fundamental
to supporting progress in the process technology area and crucial to achieving the technology goals of the industry. The specific R&D
needs for each area are detailed in the following pages.
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3a. Process Technology
The magnesium casting industry must improve
productivity, efficiency and operational environment while delivering consistent, highquality castings at competitive costs. As such,
advanced process technologies are essential
to the continued success of the industry in
increasingly competitive markets. The process technology area is extremely diverse and
includes die casting, sand casting, semisolid
processes, permanent mold casting, low pressure casting, lost foam casting, squeeze casting,
and investment casting.
In order to fully realize emerging market opportunities, alternative metal casting methods
must be developed. The demand for magnesium die castings has risen significantly in
automotive applications, and current die-cast
methods alone cannot meet future demands;
applications increasingly require properties or
cast geometries that cannot be produced using
current magnesium casting techniques. For
example, the aluminum industry has exploited
the investment casting process to capture
almost $390 million in annual sales,4 while application in the magnesium industry has been
limited due to current capabilities. The development of new magnesium casting process
technologies and related enabling technologies
are essential to encouraging new magnesium
component applications in all markets.

Critical Challenges
Critical process technology challenges, as highlighted in the following chart, can be divided
among three key issues:



•

Process optimization – Magnesium casting companies must be efficient and agile
to respond to customer expectations and
market changes. The magnesium casting
industry must continue its efforts to costeffectively develop and produce castings
faster while improving casting quality and
consistency. While reducing lead times
and increasing productivity are essential to
the financial success of the industry, continued progress in effectively increasing
the range of magnesium cast geometries
and properties is paramount to determining how competitive the industry will be
in the future.

•

Product quality – Lightweight components of the future will be revolutionized
by new materials as technological breakthroughs improve component manufacturability and environmental friendliness.
New product applications are driving process developments that enable lightweight
materials to consistently meet desired
component performance characteristics.
However, competitive materials, such as
steel, cast iron, aluminum, and plastics
have made great strides in this regard
while magnesium’s progress has been slow
due to its limited capability to predict casting properties.

•

Environmental and safety performance
– Magnesium castings produced in North
America compete in the international
market with castings produced in countries with less demanding environmental
Magnesium Casting Industry Technology Roadmap

standards and where the cost of environmental control is significantly lower. To
stay competitive and cope with the rising
cost of environmental compliance, the
industry must examine ways to reduce
or reuse waste during processing as well
as methods to increase the reuse of old
consumer components. Technologies that
reduce or eliminate waste and improve
performance will greatly enhance the future success and world-wide competitiveness of the industry.
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Research and Development Needs

•

New Casting Technologies – Current
magnesium casting capabilities limit the
range of geometries and properties that
can be used in new applications. The
development of new magnesium casting process technologies and the related
enabling technologies are essential to
encouraging the use of magnesium in new
component applications.

•

Molten Metal Handling – Due to the
high global warming potential of SF6, the
industry recognizes the need to develop
and implement alternative melt protection technologies that prevent metal losses
and oxide contamination prior to casting.
Also, improved methods of transferring
liquid metal must be developed to reduce
dross and improve operator handling.

•

Data Generation – Despite the increases
in available data on the mechanical, physical, performance, and design properties
of magnesium castings, wide variation in
data and numerous information gaps still
exist. For example, low confidence in test
bar databases requires thicker than necessary component sections to ensure in-service safety. An improved understanding
of test specimens is needed to improve
the accuracy of property databases, allow
components to be designed with thinner
walls without compromising component
function and durability, and reduce costs.

•

Recycling – Recycling of high quality
magnesium scrap from the casting process
demands only five percent of the energy
required to manufacture the primary
metal. As such, recycling is a key element
in increasing the affordability of magnesium cast components. Because magnesium oxidizes so readily, new recycling
technologies that can minimize oxidation
of in-house scrap are needed to reduce
metal losses and contamination.

To meet the process technology demands of
the next fifteen years, the magnesium casting
industry must undertake near-term (0-5 years),
mid-term (5-8 years), and long-term (>8 years)
research and development activities. These
activities can be divided among seven areas of
research:
•

•

•

Alloy Optimization – Understanding
magnesium quality and consistency issues
is paramount to increasing the use of
magnesium castings. Alloy property and
defect data availability and access must be
improved to enable the design and development of new magnesium components.
Notably, improved understanding of heat
treatment methods and their effects on
alloy properties will allow magnesium
casters to develop alloys that exploit
magnesium’s advantages as a lightweight
structural material.
Corrosion Mitigation – Affordable and reliable corrosion prevention strategies must
be developed to maintain magnesium’s favorable position in aerospace applications
and to increase the use of magnesium in
all markets. Components designed for exterior and harsh environment applications
must display corrosion resistance, particularly in the aerospace industry where
concerns about structural degradation in
airplane and helicopter components due
to in-service corrosion are highest.
Modeling – Developing modeling and
prototyping capabilities will allow the
industry to rapidly design new components, control final product properties and
reduce scrap and rework. A growing trend
toward product customization, low-volume
production, and quick turnaround time has
boosted the importance of rapid prototyping. Although several rapid prototyping
technologies already exist, these systems
need to become more affordable to encourage wide spread use in the industry.

Magnesium Casting Industry Technology Roadmap

Specific research and development needs for
each area are presented on the following page.
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3b. Information Management & Sharing
Advancing scientific research and development
into technological innovation require that
information be shared, knowledge exchanged,
and technology transferred. Despite a wealth
of new information management tools created by progressive computer technologies, the
magnesium casting industry has yet to fully engage their potential for disseminating information about magnesium alloy quality and performance, research and development programs,
and industry news. Computer-based information tools could lower design costs by linking designers and foundries together, thereby
increasing the accuracy of new component
construction. Improved communication from
design to production would allow product
designers to better understand the process
capabilities of a foundry, and foundries to
develop processes to meet the performance
requirements of a design.

Critical Challenges
Critical challenges to information management
and sharing, as highlighted in the following
chart, can be divided among three key issues:
•

Knowledge Exchange – Limitations in the
accuracy and availability of data on material and design properties have hindered
demand for cast magnesium components.
Coordination within the magnesium casting industry, with other industries, and
internationally must occur to facilitate
knowledge and technology transfer as well
as accelerate technology development and
deployment.

•

Technical Resources – In spite of the
increases in available data on the mechanical, physical, performance, and design
properties of magnesium castings, there
remains a wide variation in the data and
few sources of information exist. The
development of a solid base of technical resources will help improve existing
products and develop new applications
to better compete with alternative materials, metal-forming techniques and
foreign castings. Further enhancement
and increased availability of the industry
knowledge base is needed to increase user
confidence and help magnesium castings
penetrate new markets.

•

Public Perception – The magnesium casting industry must position itself as a safe,
user friendly, reliable and affordable mate-

A culture change to facilitate the sharing of
information among equipment manufacturers,
foundries, national laboratories, consultants,
universities, and government will help the
industry develop magnesium casting technologies for market growth in the near term and
ensure viability of the industry for years to
come.

15
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rial for a variety of applications. Consumer choices for competing lightweight
materials continue to expand as government regulations tighten and cost pressures increase. Consumer and producer
education about the uses and advantages
of magnesium castings for a variety of
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applications will ensure existing and
potential customers consider magnesium
when evaluating component materials.
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Research and Development Needs

•

Knowledge Exchange – Mechanisms
that encourage knowledge sharing and
transfer are crucial to fostering innovation
and commercialization. The magnesium
casting research network is complex and
expanding. To facilitate technology transfer, communication among researchers,
government and industry must increase
dramatically. Companies, both large and
small, must gain a better understanding
of funding resources, such as government
programs, and how to work together toward building the research foundation for
the magnesium casting industry.

•

Outreach – The general public and student population lack an understanding of
emerging magnesium casting technologies and their potential benefits to society
and the economy. Steps must be taken
to ensure that consumers and future
workers are informed about magnesium
casting technology and magnesium cast
components. For example, a road show
of presentations targeted at end users
and college students is needed to increase
interest in magnesium and drive the future
advancement of R&D programs. Effective communication of magnesium
information will foster confidence in the
use of magnesium cast components.

To meet the information management and
sharing demands of the next fifteen years, the
magnesium casting industry must undertake
near-term (0-5 years), mid-term (6-8 years),
and long-term (>8 years) research and development activities. These activities can be
divided among four areas of research:
•

•

17

Technical Resources – Mechanisms for
information exchange will foster reproducibility, allow quantitative comparisons
of experimental and production methods,
promote communication between process
and design communities, and facilitate
the development of a comprehensive
database of magnesium casting alloys
and processes. Given the breadth of the
research and development challenges, numerous technical resources are needed so
researchers, casters and designers can collaborate, improve the lessons learned by
others, and improve the cost effectiveness
of research. Results from all pre-competitive, government-funded research will
be the primary information source, which
must be easily accessible to the research
and development community, and require
data sharing from basic research through
full-scale manufacturing.
Benchmarking – Benchmarking industry
performance is critical to successful development of magnesium casting technology. Collection and analysis of data about
magnesium components, the aluminum
casting industry and other competitors,
and magnesium casting processes will provide industry benchmarks and set performance metrics.

Specific research and development needs for
each area are presented on the following page.

Magnesium Casting Industry Technology Roadmap
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3c. Infrastructure Development
The relatively small size of the magnesium
for magnesium has increased significantly for
casting industry limits its ability to allocate mathe production of cast components. These
jor capital for unproven technologies. Small
supply/demand issues have created uncertainfoundries seldom have the resources to impleties about the reliability of magnesium metal
ment new technologies that support the castsupply.
ing process, such as improvements in molding
Critical Challenges
or core making, which has hampered the rate
of change in the industry. As a result, increCritical infrastructure development challenges,
mental improvements to alloys and processes
as highlighted in the following chart, can be
have been seen rather than revolutionary new
divided among two key issues:
technologies. Additionally, a smaller pool of
• Industry Size – The relatively small size
employees at all levels makes attracting skilled
of the industry creates numerous chalemployees very important; engineers, chemlenges with R&D, auxiliary support, and
ists, metallurgists, technicians, and craftsmen
workforce viability. For example, lack of
are needed throughout the industry to meet
strategic direction and limited resources
the challenges presented by advanced equipfor research and development has conment, new processes, and the production of
strained technology development and
complex cast parts. Affordability will continue
inhibited growth. The perception that
to put major pressure on magnesium casters,
other larger industries provide higher
especially when competing with regions of
returns on investment
the world where labor is
have constrained developinexpensive.
Auxiliary support
ments in auxiliary support
Since 1990, the supply of
organizations provide
in supply, production,
magnesium metal imports
marketing, engineering,
engineering, information
to U.S. foundries has been
distribution, and waste
increasing, while U.S.
issues. Finally, the untechnology, and supply
ingot production capacimage of
chain products and services sophisticated
ity has decreased. At the
the industry has hurt its
end of 1998, The Dow
throughout the magnesium ability to attract young
Chemical Co. closed its
people.
60,000 t/yr plant, and in
cast component life cycle,
2001, Northwest Alloys
• Environmental and
from raw materials
closed its 43,000 t/yr
Safety Issues – While
plant, leaving the U.S. with
extraction to final reuse or individual companies
one supplier with a 2003
continue to strive to imdisposal.
capacity of 45,000 t/yr.1
prove process efficiencies
Meanwhile, the demand
19
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and reduce waste, the industry as a whole
must unify itself to improve its image as
an environmentally friendly and safety
conscience community. Even with safe
handling procedures in place, the industry
realizes it must continue to improve safety.
Safety concerns, both real and perceived,
present a real challenge for magnesium
foundries as they expand their markets
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about these programs is essential
to expediting progress in all market
areas.

Research and Development Needs
To meet the infrastructure development
demands of the next fifteen years, the magnesium casting industry must undertake nearterm (0-5 years), mid-term (6-8 years), and
long-term (>8 years) research and development activities. These activities can be divided
among three areas of research:
•

•

Research Development and Demonstration Capabilities – The lack of research
facilities focused on magnesium casting
applications limits the industry’s ability to
demonstrate feasibility and affordability
of new technologies. In order to ensure
industry growth, new research centers are
needed to evaluate new, potentially lowcost magnesium alloys; design several precompetitive components for the best alloy
properties; and cast and test magnesium
components in assembled products. To
complement these, a central location for
magnesium alloy and process information
is needed, along with education resources
that promote the commercialization of
improved magnesium alloys and casting
processes.
Strategic R&D Planning – To assure U.S.
magnesium industry competitiveness and
future growth, strategic planning for R&D
investment is needed in the following
areas:
o			 Application-Driven Support - Magnesium cast components must be
incorporated into more diverse
materials, products, and systems
while retaining their novel attributes.
A key challenge is to develop application-driven support, especially
in markets where aluminum cast
components have achieved great
success. Several programs are already in progress for the promotion
of magnesium cast components.
Increasing access to information

21

o			 Recyclability – Life-cycle assessments are needed to promote the
environmental benefits of magnesium. Reliable and affordable separation and identification techniques
are needed to easily sort materials
into the appropriate recycling process, thereby improving the overall
efficiency of recycling magnesium.
o			 Safety – Magnesium casting companies are tied together by their
collective safety performance and
all benefit from improvements in
industry safety. The expertise and
resources of all segments of the
magnesium community – foundries,
associations, universities, national
labs, regulators, trainers, federal,
state, and local governments, and
equipment manufacturers – are
required to accomplish safety initiatives. Safety programs must be
enhanced to increase consumer and
producer confidence in magnesium
cast components.
•

Collaborative Partnerships - Success in the
race to implement light weight materials
requires a large highly integrated, multidisciplinary, national effort focused on highly
interwoven activities oriented toward
commercialization. Bringing all of these
resources together necessitates unprecedented levels of integration of multidisciplinary expertise. The R&D effort must
coordinate developments in magnesium
cast properties, new casting technologies,
and new modeling and prototyping tools
while improving understanding of product performance, safety, environmental
impact, and costs.
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4. Top Priority Activities &
Action Plans
The magnesium casting industry is pursuing
a balanced portfolio of research, development, and demonstration (RD&D), education,
information management, and other activities to support its efforts to promote industry
growth. Process technology activities that are
central to the R&D agenda must have simultaneous efforts in information management
and sharing and infrastructure development to
support the success of the industry technology strategy. The portfolio will be comprehensive and robust to take advantage of rapid
changes in markets, technologies, and environmental regulations, though limited resources
require that the portfolio focus on the most
critical technology priorities to propel growth
over the next 15 years. This chapter identifies
the most important research and development priorities and indicates how they can be
implemented. The following information is
examined for each priority listed in the following pages:
•
•
•
•
•
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By emphasizing the top-priority activities
described in this chapter, the industry will
focus on those areas of the magnesium casting
market where the opportunities to increase
consumption and production are the greatest.
The top priority activities for the magnesium
casting industry are listed on the next page;
those marked with  are described in detail in
the following pages.

Description of the need
Key challenges to be addressed
Time frame
Potential benefits
Implementation steps
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5. Portfolio Development
Uncertainties in markets, regulations, technology advancement, and competition require
that the magnesium casting industry maintain
a robust portfolio that can respond effectively
to a variety of futures. As the industry funds
R&D projects and pursues the strategies
contained in this roadmap, it will continually
review and assess the mix of projects that will
lead to success both today and in the future.
In addition, the magnesium casting industry
will work with partners in industry, government, and other organizations to ensure that
funded activities are complementary and contribute to a balanced North American magnesium casting portfolio. The initial portfolio
includes a mix of R&D investments by time
frame and by strategic emphasis.

Time Frame Analysis
The magnesium casting industry portfolio
should contain a mix of R&D projects that
will come to fruition in the near (0-5 years),
mid (5-8 years), and long term (over 8 years).
Near-term activities are needed to infuse the

industry with technologies that immediately
improve productivity and expand new applications. Mid-term activities ensure that
the technical and cost challenges of emerging
technologies are resolved so these technologies
can be deployed within eight years. Long-term
technologies usually have the potential for big
payoffs but are higher risk. These technologies help position the industry for long-term
growth in existing and new market areas.

Strategic Emphasis
The most important technology strategy for
the magnesium casting industry is to develop
process technologies that improve the value
of magnesium cast components and thereby
expand markets and generate new magnesium
casting sales. As such, about 42% of the
magnesium casting industry R&D portfolio
should consist of process technologies and
information management and sharing investFigure 5-2 Technology Strategic Areas

Figure 5-1 Time Frame Portfolio Mix
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ments should comprise 35% of the portfolio.
Research that develops industry infrastructure
should make up about 23% of the investments.
This investment strategy should be used as a
general guide for initial investments but not as
a strict formula. The relative benefits and cost
of specific R&D projects must be used as the
most important criteria for investment.

Magnesium Casting Industry Technology Roadmap

Implementation
The magnesium casting industry will use this
Roadmap to ensure industry investments address the most strategically important needs as
it seeks to improve its position as the choice
material for components in automotive,
aerospace, power tools, sporting goods, and
computer and electronic equipment. Through
active, engaged partnerships within the industry, the individual magnesium casters and the
industry as a whole will achieve mutual gain.
Extending this coordination to suppliers, universities, and government agencies will allow
the industry to leverage its investments with
additional financial and technical resources,
stimulating even greater innovation and progress towards achieving industry growth.
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