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Figure 1. Robert E. “Bob” Brown receiving a lifetime achievement 
award from the IMA at their 2007 annual meeting in Vancouver, B.C., 
Canada.1
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Introduction  

In a review that was done for Light Metal Age  in February 
2007, it was predicted that “2007 may bring even more 
startling news (for the magnesium industry).” That 
is exactly what happened.  Magnesium has tended to 

be a metal that is largely ignored by the general public 
and media except when a large fi re at a plant makes the 
national news. World interest in magnesium has fl ared 
up, however. The recent rapid increase in magnesium 
prices has forced major users to pay attention. Although 
magnesium production set new production records, the 
price was  still skyrocketing at the end of 2007.

Platts Metals Week sponsored an aluminum seminar at 
Marco Island, Florida in January 2008.1 Susan Slade from 
US Magnesium LLC, the only remaining magnesium 
producer in North America, was invited to speak. 
Although the magnesium presentation was held on the 
last day, near the end of the session when many of the 
attendees are normally making their tee times, a large 
number of the aluminum industry people stayed around 
to attend the session and to ask questions about the 
future, especially with regard to supply and pricing.

An earlier introduction of the problems being caused 
by magnesium for alloying was presented by Bob McHale 
of Alcoa, who pointed out that there are sizeable 
quantities of magnesium used in many aluminum alloys, 
especially can stock alloys, 3004 and 5182. McHale used 
alloy 5182 as an example.2 At 4.5% magnesium the alloy 
is still primarily P1020 aluminum but profi t margins can 
be reduced due to magnesium prices, which have more 
than doubled over the past 18 months. Prices now hover 
around $3 per pound for spot purchases after stalling at 
$1.20 per pound or less as recently as 2006.

McHale said that in January 2006 aluminum was $1.13 
per pound and magnesium just $1.22 per pound. At 
the seminar, McHale used a price of $2.85 per pound 
for magnesium for his calculations while aluminum 
remained at $1.13 per pound. The impact of the rise in 
magnesium price shaved seven cents per pound off the 
margin, or “fabrication spread” as McHale called it, for 
alloy 5182.

Magnesium Production

In spite of the fact that there is no longer any magnesium 
being produced in Canada, Serbia, or the Ukraine, 
total world production of magnesium is estimated to be 
757,500 mt in 2007, an increase of approximately 15% 
from the 707,500 mt produced in 2006. This is a record 
for world magnesium production.

China again produced about 82% of the world 
magnesium, all by thermal reduction of dolomite with 
ferrosilicon (Pidgeon process). In 2007, in other parts of 
the world, operating magnesium plants included: the U.S. 
with a single plant, US Magnesium LLC, at the Great Salt 
Lake in Utah; Israel had one plant, Dead Sea Magnesium; 
Russia had two plants; and Kazakhstan had one. These 
plants used the electrolytic reduction of magnesium 
chloride to produce magnesium metal. Brazil had one 
plant producing magnesium by the use of the modifi ed 
Bolzano (silicothermic) process (Table I).

U.S.:  US Magnesium LLC, Salt Lake City, is in the 
process of ramping up a 9,000 tpy expansion announced 
in September 2007 taking the plant to 52,000 mtpy and 
is considering installing an additional 18,000 mtpy of 

production which would be on-stream in 2010. “We expect 
to be fully on-stream (with the 9,000 tpy expansion) by 
this summer,” a company executive said. The additions 
come after a 2007 that saw the U.S. market lose supply 
sources and spot prices soar to record levels. 

U.S. spot prices, meanwhile, have more than doubled 
to a range of $2.90-3.25 per pound from $1.45-1.55 in 
late January 2007 after languishing between $1.14 and 
$1.50 per pound during 2006 and almost all of 2005. 
One producer reported at the end of 2007 that he had 
concluded spot business at $3.05 per pound and suggested 
prices could go even higher in the short term.

Canada:  For the fi rst time since 1941, there was no 
magnesium production in Canada. Becancour, the 
large 45,000 mtpy electrolytic production plant with 
an additional magnesium recycling plant owned and 
operated by Norsk Hydro in Quebec, was shut down and 
has been sold to the partnership of EDS Decommissioning 
Canada Inc. and Industrial Asset Management LLC, 
USA  of Princeton, New Jersey (Figure 1). The facility 
will be dismantled and sold for relocation by items of 
equipment. The technology is also for sale.  The idled 
63,000 mtpy electrolytic plant, Magnola, that was built by 
Noranda, was put up for sale and has had no buyers. Now 
owned by Xstrata, the plant is going to be dismantled.

Gossan Resources in Canada has announced that they 
have the rights for a new technology for the production 
of magnesium from dolomite. It has been reported 

Unusual Year for World Magnesium in 2007

By Robert E. Brown, Contributing Editor

Table I. Magnesium production for 2007.

sold in 2007.
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Table I. Worldwide magnesium production for 2007 (e = estimated).2
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  US Magnesium LLC, Salt Lake City, is in the 
process of ramping up a 9,000 tpy expansion announced 
in September 2007 taking the plant to 52,000 mtpy and Figure 2. Norsk Hydro’s Bécancour magnesium plant was shut down 

and sold in 2007. 2

Figure 3. Comparison of price variations of magnesium, aluminum, 
and zinc (London Metal Exchange 2007).4

Figure 4. Magnesium gear box and cover for SAIC’s Gol and Santana 
VW models.6

Figure 5. Magnesium air pedal bracket for SAIC’s Buick Regal for 
GM.6

Figure 6. Magnesium instrument panel for SAIC’s Cadillac STS for 
GM.6

opment activity in many areas 
of the automotive die casting 
market. Volkswagen said in 
September 2007 that by 2012 
it would revive the plastic and 
magnesium single-cylinder car 
that would require one liter of 
gas to travel 100 kilometers (the 
equivalent of 238 miles per U.S. 
gallon). The car will only reach a 
maximum speed of 120 kilometer 
per hour (75 mph).

magnesium-aluminum engine 
block developed by BMW was 
available in all BMW cars on 
sale in 2007. It gave excellent 
performance and received many 
good reviews. The engines are 
high tech, with magnesium used 
for the crankcase, bedplate, and 
camshaft cover, together with a 
lightweight crankshaft, all in the 
interests of keeping down engine 
weight. A fully variable Valvetronic 

Table II. World magnesium consumption in metric tons (e = 
estimated).2
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Australian groups researching magnesium face 
considerable challenges with the demise of 
Australian smelter projects and production of 
only small tonnages of local magnesium parts. 

However, magnesium research in Australia remains very 
active and there is reasonable potential for long term 
growth in automotive use of magnesium due to its light 
weight and increasing social and regulatory pressures 
for fuel economy. The full value chain from magnesium 
metal production, through alloy development, new 
casting processes (Figure 1), automotive and electronic 
applications, to joining, and surface  nishing is covered. 

industry and government support, a culture of close 
coordination, collaboration, and intermeshing between 
CSIRO, the Australian national research agency of 6,000 
people (www.csiro.au), CAST Cooperative Research 
Centre (cast.crccentric.com.au), AutoCRC (www.autocrc.
com), and the Australian Research Council (ARC) Centre 
of Excellence in Design of Light Metals (CEDLM) (www.
arclightmetals.org.au). Nine universities are involved 
with CAST, AutoCRC, and CEDLM. Magnesium research 
is also conducted at the universities outside these 
institutions on such subjects as magnesium glasses and 
hydrides.

CSIRO launched the Light Metals Flagship (LMF) 
program to develop large scale transformational tech-
nology projects to reduce the cost and environmental 
impact of production and enable new industries in 
Australia. The $A34 million per annum LMF program 
covers aluminum, magnesium($A3.7 million and 14 full 
time equivalent personnel), and titanium production and 
processing. CSIRO plays a crucial role in providing large 
scale casting facilities to conduct alloy development work 
and new casting process development in collaboration 
with the universities, CAST, and CEDLM.

CAST is one of 56 currently operating cooperative 
research centers in Australia funded by the Australian 
federal government under a billion dollar program 
running since 1990. The intent is to strengthen 
collaborative research ties between industry (contributing 

industrial, commercial, and economic growth through 
the development of sustained, user-driven, cooperative 
public-private research centers that achieve high levels 

 i.e. the 
intent is technology transfer for the good of the country. 

CAST has funding of more than $A100 million over 
seven years until 2012. Founded in 1993, CAST like 

 ve universities and 
at the CSIRO laboratories in Victoria and Queensland. 
CSIRO is a founding partner of CAST and conducts 

 ve universities conduct 
the remaining work (Monash University, University of 
Queensland, Deakin University, Swinburne University, and 
Central Queensland University). Australian Magnesium, 
now Advanced Magnesium Technologies (AMT), is a 
founding industry participant in CAST and has supported 
signi  cant magnesium research resulting in AMT licensing 
the CAST developed new alloys AM SC1 , AM-HP2 ,
AM-lite®, and other technologies, such as grain re  ner 
(AM-Cast ) and cover gas (AM-Cover ).

AutoCRC cooperative research center partners GM, 

Deakin University, and CSIRO are conducting research in 
the application of light metals and composites in vehicles 
to reduce weight while improving durability, fuel econ-
omy, and safety performance and has communication 
links to CEDLM, CAST, and CSIRO LMF programs. 

CEDLM opened in April 2006  to investigate the devel-
opment of aluminum, magnesium, and titanium light 
alloys and light hybrid materials. The budget is more than 
$A21 million for the 2006--2010 period, with $A15 million 
from the federal government via ARC, the balance from 
the Victorian government, and the universities (Monash 
University, University of Queensland, Deakin University, 
the University of New South Wales, the University of 
Sydney, and the University of Melbourne).  CEDLM has 
sophisticated analysis equipment including atom probe, 
XPS, ToF-SIMS, and electron microscopy.

well informed by in-depth industry analysis within 
the research institutions but also with assistance from 
Australian
providing the magnesium industry analysis since 1998.

Metal Production

Australia has high quality magnesium ore bodies. 
However, with the closure of many Western magnesium 
producers and winding up of proposed smelter projects, 
due to low cost Pidgeon process production in China, 
CSIRO is looking at developing a new low cost process 
using  carbothermic reduction of magnesium at over 
1600°C that meets stringent environmental conditions. 
The challenge is how to achieve rapid cooling of the 
magnesium vapor without back reaction with the carbon 

The CSIRO team has demonstrated the basic concept for 
the process in the laboratory and is working on improving 
product quality and yield. A magnesium producer is 
partnering with CSIRO in the effort.

Alloy Development

Reduction in power train weight leads to substantial 
improvement in fuel economies and the USCAR coalition 

Magnesium Research in Australia

Figure 1. (L-R) Peter Kean and Daniel East examine twin-toll cast 
AZ31 coils of magnesium sheet (width: 350 mm and thickness: 3 mm) 

 Team Australia
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magnesium powder metallurgy including equal channel 
extrusion of magnesium powders.

Casting Process Technology

In cross institute activities, AM-SC1 has been 

developed under the CSIRO LMF program (Figure 5). T-
Mag is a gravity permanent mold low pressure integrated 
magnesium melting and die casting process. The high 
quality, high yield (95%), and low cover gas requirements 
of T-Mag allow opportunities in high integrity auto 
applications such as engine blocks, cross members, and 
motorcycle swing arms. T-Mag needs no applied pressure 
or vacuum to  ll the die. The die  lls smoothly from the 
bottom, minimizing turbulence, oxide generation, and 
gas entrapment in the casting. 

conventional slab casting and rolling limits its application. 
Twin roll casting (TRC) allows sheet to be produced 
close to  nal gauge and the amount of costly rolling 
and reheating, energy, and greenhouse emissions are 
markedly reduced. TRC of magnesium is being pursued 
by a number of groups around the world. The electronics 
sector (cell phones, lap tops, cameras) is already using 
Mg sheet at around a few hundred tonnes per annum 
and this is seen as a fertile area for further Mg sheet 
take up. The automotive use of magnesium sheet has 
commenced with inner door panels being manufactured. 
The growth prospects for automotive sheet are heralded 
in the U.S. by USAMP and USCAR consortia and in 
Europe by individual OEMs and organizations. CSIRO 
material has been supplied for evaluation to one of these 

since 2001 and the pilot plant can produce up to 600 mm 
wide, 3 mm thick sheet in 100 kg coils. Coils have been 
supplied to several market segments for evaluation and 
quali  cation for parts manufacture.

In June 2005, CSIRO signed an exclusive option license 
agreement with Magnesium International Limited (MIL) 
for its magnesium sheet technology production process. 
However, as a result of other company considerations, 
MIL chose not to exercise the option.  CSIRO continues 
to actively pursue commercialization opportunities for its 
patented technology. 

In addition, T-Mag and TRC, CSIRO, and University 
of Queensland researchers in CAST have developed 
AirCAST, a new direct chill hot top casting mold, capable 
of producing magnesium extrusion billets with excellent 
surface quality that do not require scalping (Figure 6). 
The technology has been licensed exclusively to CAST 
industry partner o.d.t. Engineering and is installed at a 
Taiwanese research institute.

Corrosion and Coating Technology

CEDLM is working on basic scienti  c understanding of 
the factors controlling Mg corrosion in intermittent salt 
spray as applicable to auto applications with Mg coupled 
to steel, and development of alloys with controlled 
electrochemical properties for aqueous corrosion re-
sistance.

Under the LMF, CSIRO has allocated $A2.1 million over 
three years for collaboration between CSIRO and CAST, 
and CEDLM to work on automotive lightweighting and 
cost-effective titanium products from powder precursors. 
CAST and CEDLM are making equivalent contributions. 
The lightweighting theme led by CAST covers anti-

Figure 5. T-Mag cast wheel at CSIRO.

T-Mag is being commercialized by a joint venture 
partnership between CSIRO; Alloy Technologies 
International, an automotive industry supplier; FLOTEK, 
a special purpose foundry equipment machinery 
manufacturer; and SAGE Automation, a supplier of 
automated production systems (www.t-magcasting.
com). The 4 kg casting capacity pilot scale equipment 
is being scaled up to 15 kg capacity. The partnership 
received support from the Australian government as a 
$A1.95 million grant awarded through the AusIndustry 
Commercial Ready program in August 2007. When the 
grant was made, the head of the federal government 

this innovative technology is its potential for use in the 
car industry both here and abroad, and the ability to 

that houses twin roll casting, low and high pressure die 
casting, and remelt ingot conveyor casting.

The Australian Die Casting Association is a member of 
CAST and has received technical support on magnesium 
high pressure die casting from CAST for the production 
of magnesium steering wheels and other components.

The high price of magnesium sheet produced by 
Figure 6. As-cast AZ31 direct chill cast extrusion billet surface using 
As-cast hot top mold.
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Editor’s Note: This is a continuation of the review article “2007
China Mg & Automotive Conference, Part I” which appeared in
the October 2007 issue of Light Metal Age.

New Development in China

Although China’s magnesium and automobile in-
dustries started much later compared to North
America, Europe, and Japan, the development
of both industries has been very rapid over the

last 10 to 15 years. Research and development in the ap-
plication of magnesium and its alloys in automobiles has
achieved remarkable progress, and magnesium applica-
tions in automobiles and motorcycles have expanded
steadily.

The Chinese government has supported the applica-
tion of magnesium in the automobile industry for many
years. Starting in 2001, the Ministry of Science and Tech-
nology allocated special funds to support a “research
and development of magnesium alloys and the commer-
cialization of magnesium applications” program. In the
Tenth National Five-Year-Plan (2001-2005), “Magnesium
Alloy Application Development” had been listed as a spe-
cial program by the Chinese government, under which
the “Magnesium Alloy Part Production and Application
for Vehicles” was listed as a sub-program. In China’s New
Eleventh Five-Year-Plan, this sub-program is still the most
important part of the national science and technology
plan.

Industrial Application: China’s magnesium applications
in automobiles began in the 1980s when the Shanghai
Automotive Industry Corporation (SAIC) started using
magnesium die castings for the upper and lower blocks
of transmission cases in its Santana manufactured for VW.
Since then, SAIC has used many magnesium die castings
on different vehicles. For example, the gear box and its
cover for the VW Gol and Santana (Figure 1), air brake
pedal bracket for the GM Buick Regal (Figure 2), and
instrument panel for GM’s Cadillac STS (Figure 3).

same casting properties as AZ91 but much better heat-
creep resistance, to the production of its large power
diesel engines in the engine covers (Figure 4). A high
performance engine, TA1 (1.3L, 50 – 55KW), with three
magnesium alloy parts, was successfully developed by

Conference Review, Part II

2007 China Mg & Automotive Conference
By Dajun Chen, Contributing Editor

Figure 1. Magnesium gear box and cover for  Gol and Santana
for VW.

The research and application of magnesium at First Au-
tomobile Works (FAW) started in 1998. During the Tenth
National Five-Year-Plan, FAW undertook various projects
including “Application of Magnesium in FAW Vehicles,”
“Expanded Application of Magnesium in FAW Vehicles,”
and conducted a lot of research on magnesium materi-
als, processes, and applications. FAW founded a magne-
sium die casting base with an annual production capacity
of 1,500 mtpy. It also applied a new magnesium alloy with
the addition of RE (rare earth) elements, which has the

Figure 2. Magnesium air pedal bracket for  Buick Regal for
GM.

Figure 3. Magnesium instrument panel for  Cadillac STS for
GM.

Figure 4. Mg-RE magnesium engine cover on FAW large power diesel
engine.

FAW (Figure 5) and has been installed in its Tianjin-FAW
passenger car. Since then, a number of magnesium cast-
ings, such as engine cylinder cover cap, steering wheel,
shift retainer, gear box cover (Figure 6), seat rest and seat
base, wheels, as well as motorcycle body and motorcycle
rear fork, and so on, have been used on its different vehi-
cles. FAW has laid a solid foundation for the larger scale
application of magnesium in automobiles for the future.

Dong Feng Motor (DFM) is one of the three largest au-
tomobile manufacturers in China. It was founded in 1969
as the backbone enterprise of China’s automobile indus-

106398_LMA_DEC_2007.indd  36 11/21/07  1:50:37 PM

Figure 7. Mg-RE die cast engine cover for FAW’s high performance 
diesel engine.6

Figure 8. Samples of WINCA’s AX31 extrusion billet and rolled sheet 
made from cast slab.8

Figure 9. Twin-roll cast AZ31 coils of magnesium sheet (350 mm wide 
and 3 mm thick) being examined at CSIRO’s pilot plant.9

Figure 10. T-Mag cast magnesium wheel at CSIRO.9



5

61 LIGHT METAL AGE, FEBRUARY 2006

Sadkov.  The design and use of magnesium in Tupolev
aircraft was thoroughly explored.  Use of magnesium in
civilian aircraft production has decreased over the past
30 years (Table I).  Corrosion has been a big problem.
Castings were the main magnesium products used in the
aircraft. Tupolev is working at improving alloys, casting
methods, and other methods of producing parts from
magnesium sheet.  The goal is to increase the use of
magnesium to 5% of the aircraft weight.  Charts were
presented covering both civil and military aircraft.

competitive material costs (including recycling costs and
the recycling of as many residual materials as possible).
It is an urgent task of the magnesium industry and all
involved need to work to close the material cycle as much
as possible.

The paper pointed out that the Mg die casting process
has a typical return rate of 80-100%, that recycling
of materials from used cars will become a statutory
requirement, and that the chemical composition and
purity of the recycled material must be of the same
standard of quality as primary alloys.

The many problems inherent in the recycling industry
were reviewed.  Presently, Class 1 scrap (clean gates,
runners, and biscuits from the die casting process) is
the main source for magnesium recycling via melting
and refi ning in order to produce material with the same
properties as the original alloy.  The main problem in
recycling material other than Class 1 is detrimental
impurities that cannot be eliminated during melting and
have to be diluted by adding clean primary magnesium,
which is expensive.

As recycling laws become more comprehensive, the
goal will be to recycle 95% of the materials used in cars
by 2015.  Recycling of magnesium chips, turnings, and
other types of scrap is much more diffi cult if the original
alloy composition must be met.  In any of the existing
refi ning processes, both dross and sludge are created.
While dross blocks can be recycled, the process is slow and
the product does not always meet specifi cations for die
casting, thus it is used in aluminum alloying or production
of desulfurization material.  Sludge is much more
diffi cult to recycle and there are no facilities in Germany
that do this.  Magnesium sludge is extensively disposed of
at dumping grounds—if possible—and partially even in
dumping sites below ground at considerable expense.

Norsk Hydro, Almamet, and GSES have formed a joint

Automotive Magnesium Recycling by Gunter Franke
of Norsk Hydro Magnesiumgesellschaft GmbH, Bottrop,
Germany, was presented by Christoph Schendera of
Norsk Hydro.  It was pointed out in the introduction
that magnesium recycling today is a complex issue.
Recycling involves everybody. Society wants a safe
and clean environment, consumers want inexpensive
products of reasonable durability and re-usability (Life
Cycle Economics), and customers, the die casters, need

Table I.  Magnesium usage in Tupolev aircraft.

A free educational seminar
for the automotive industry
on designing light weight

with magnesium.  Learn the
latest magnesium advances,
design trends,manufacturing

trends, and more.

Free Exhibits
Free Social Hour & Reception

Visit intlmag.org or contact IMA
at info@intlmag.org for details!

Sponsored by the International
Magnesium Association

www.intlmag.org

Table III. Magnesium usage in Tupolev civilian and military aircraft.11
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in the front and back suspension, cast aluminum block
and head in the new 6.0-L V-8 L52 engine, magnesium
castings used for the steering wheel, pedals, and master
cylinder support, and the lightweight convertible top
frame and hardware made of Thixomolded® magne-
sium. There are 14 structural and cosmetic thixomolded
magnesium parts incorporated into the Z06 convertible
roof top system made by Car Top Systems. During SAE
2005, Thixomat hosted an open house at its Ann Arbor
Technical Development Center showing these and other
developments in automotive applications of its Thixo-
molding technology.

Morning and afternoon sessions held at the forum
included presentations on the technical aspects and
development of the Z06 from the standpoint of power-
train and drivetrain design and, of special interest to the
light metals industry, its new all-aluminum spaceframe
chassis and cast magnesium front crossmember. All the
papers presented at SAE 2005 on the Corvette Z06, along
with papers on the history of the Corvette, were pub-
lished in a Corvette retrospective book.1 Individual SAE
2005 papers on the Z06 aluminum spaceframe and mag-
nesium front crossmember are also available, as refer-
enced.

Z06 Aluminum Spaceframe: In designing the Z06 alu-
minum spaceframe, the design team at GM was chal-
lenged to maintain the structural performance of the
Corvette C5, the predecessor of the Z06 built with a steel
spaceframe, while reducing the spaceframe weight by at
least 30%. This was accomplished with the Z06 alu-
minum spaceframe.1-3

The Z06 aluminum spaceframe design (Figure 3) was
a collaborative effort consisting of design engineers from
GM, Alcoa, and Dana Corporation. Dana Corporation
leveraged Alcoa’s experience and proven capabilities in
aluminum spaceframe design with the Audi A8 and
other aluminum intensive automobiles while adding new
MIG welding technology, laser welding, self-pierce rivet-
ing (SPR), and full spaceframe machining (Figure 4 a, b,
c) to assemble and fabricate the Z06 aluminum space-
frame from 6xxx extrusions, 5xxx sheet panels, and A356
permanent mold castings. The longitudinal rails sup-
plied to Dana for fabrication were hydroformed and
hydropierced at GM’s Metal Fabrication Division.

The Z06 represents a milestone in the history of the
Corvette, as it is the first Corvette built on an all-alu-
minum body structure. The annual requirement for the
Corvette Z06 is estimated at 7,000 units. The aluminum
spaceframe utilizes 6061-T6 and 6063-T6 and -T5 alu-
minum extrusions (54 wt.%), 5754-O sheet stampings
(36 wt.%), and A356-T6 permanent mold castings (10
wt.%). To assemble these components, Dana utilizes new
TransSynergic MIG welding equipment with SynchroPuls
technology to join most of the components together,
although laser welding is used to improve structural
integrity and sealing in the tunnel subassembly, while
self-piercing rivets join many of the aluminum stamp-
ings. These joining techniques compare with spot weld-
ing that was used exclusively on the C5 steel construc-
tion. The completed Z06 assembly is then machined to
finished tolerances on an SMT Tricept AB machining
cell to mill surfaces, drill holes, and roll form threads.

According to GM’s Brent Deep and Edward Moss, the
all-aluminum Z06 spaceframe meets all the stiffness,
strength, durability, and dimensional tolerance require-
ments that were established for the Corvette while reduc-

a.

b.

c.
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Figure 11. GM’s Mike Meloeny and Lisabeth Riopelle (Hydro) showing 
the Corvette Z06 engine cradle that was high pressure die cast by 
Meridian Technologies from Hydro alloy AE44 at a 35% weight saving 
over the aluminum casting.4
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• Reduces heat-up 

 time without overheating coil edges

• Reduces local cracking of residual surface oil

• Enhances effi cient oil evaporation

• Reduces the variation in the material 

 properties of processed coils

• Reduces discoloration of strip edges in 

 5xxx and 7xxx alloys

• Produces higher volume jet fl ows with 

 reduced fan motor power using 

 comparatively lower fan speeds

• Improves temperature uniformity throughout 

 the coil during the heating cycle

SECO/WARWICK Ltd.
Sobieskiego 8

66-200 Swiebodzin, Poland
Phone: +48 68-3820-500

Fax: +48 68-3820-555
E-mail: info@secowarwick.com.pl

www.secowarwick.com.pl

SECO/WARWICK Corp.
PO Box 908 180 Mercer Street
Meadville, PA 16335-6908 USA
Phone: +1 814-332-8400
Fax: +1 814-724-1407
E-mail: info@secowarwick.com
www.secowarwick.com

Plans for the recently formed project AMD 601 – High
Integrity Magnesium Automotive Components (HIMAC)
– were presented by Bruce Cox of DCX. The goal of this
project is to make Al casting methods, including low-pres-
sure permanent mold, squeeze casting, and ablation cast-
ing (a newly-developed, high-integrity sand casting process)
suitable for Mg and to cast several Mg alloy control arms.
Enabling technologies to control mold filling, optimize
metallurgical structure and performance, and reduce cost
will be investigated.

Automotive Aluminum Project Review: Eric McCarty of DCX
presented the results obtained on project AMD 405 – Im-
proved Automotive Suspension Components Cast with B206
Alloy. The B206 alloy is a new Al-Cu casting alloy with tensile
properties in appropriate tempers that match those of fer-
ritic ductile iron, commonly used in these components.

Other automotive aluminum projects are applicable to
both aluminum and magnesium automotive components:
project AMD 406 – Ultra-Large Casting for Lightweight
Vehicle Structures – and project AMD 407 – Die Cast Net-
Shaped Hole Process Development in Aluminum and Mag-
nesium (for Thread Forming Fasteners).

Automotive Titanium Project Review: Due to the high cost of
titanium, two titanium projects are directed at lowering the
cost of automotive titanium components:

•Project AMD 310 – Low Cost Powder Metallurgy Tech-
nology for Particle Reinforced Ti Components, aimed at
production of high performance connecting rods

•Pacific Northwest National Laboratory (PNNL) project
– Low Cost Titanium Powder for Feedstock, aimed at using
TiCl4 feedstock

Editor’s Note: Additional information on USCAR, USAMP,
and the FreedomCAR and Fuel Partnership is available on the
USCAR website, www.uscar.org.

Figure 4. Joy A. Hines of Ford (left) and Bob Powell of GM (right) dis-
playing magnesium powertrain components.

Figure 5. Bob Powell and Joy A. Hines display the magnesium cylinder
block developed on Project AMD 304.
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Figure 12. Magnesium powertrain components for the Duratec 2.5 L/
V6 engine developed for the USCAR FreedomCAR program displayed 
by Joy A. Hines of Ford and Bob Powell of GM.13

http://www.uscar.org
http://www.uscar.org
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Request for Proposal: Magnesium and/or Aluminum Casting Demonstration

The United States Automotive Materials Partnership (USAMP), a consortium of the United States Council for 
Automotive Research (USCAR) composed of DaimlerChrysler AG, Ford Motor Company, and General Motors 
Corporation, is seeking preliminary proposals for processes capable of producing ultra-large casting (ULC) 
components for automotive use.

Nearly three years ago, USAMP launched a project to demonstrate that lightweight cast automotive and light 
truck structures can be produced at manufacturing costs competitive with heavier assemblies of steel stampings.  
A two-phase project was created to conduct this demonstration.  Conducted in tandem, one phase is designed to 
demonstrate a process that is capable of producing a structural ULC component at a size consistent with existing 
casting equipment, yet requiring a die of modest cost.  The other phase is focused on designing, analyzing and 

Currently, two processes are under development and demonstration.  The ULC team of USAMP is expanding its 
search for other processes capable of producing structural components with a nominal thickness in the 2 to 3 mm 
range.  Those that can produce quality components with major areas thinner than 2 mm are especially welcomed.  

risk/opportunity bene

For more information and to view the ULC request for proposal information, visit the USCAR website at 
http://www.uscar.org/commands/  les_download.php?  les_id=128. Founded in 1992, USCAR is the umbrella 
organization for collaborative research among DaimlerChrysler AG, Ford Motor Company, and General Motors 
Corporation.  The goal of USCAR is to further strengthen the technology base of the domestic auto industry 
through cooperative research and development.

USAMP is an industry partnership of DaimlerChrysler, 
Ford and GM (established in 1993) focused on developing 
materials and processes that enable the high volume 

vehicles are: half the mass, as affordable, more recyclable, 
and of equal or better quality and durability.

Figure 4. Shotgun structural member produced by a modi  ed thixo-
molding process.

Process Award

Product: “Shotgun” structural member which connects 
the A-pillar (fi rewall) to the radiator support structure 
on a Ford F-150 truck

Submitted by: G-Mag International, Inc. and Ford Motor 
Company

Award received by: Mike Maj, Ford Motor Company

The shotgun structural member was produced by 
an enhanced thixomolding process with AM60 alloy. 
Research for this demonstration part was sponsored 
by the United States Automotive Materials Partnership 
(USAMP) under the United States Council for 
Automotive Research (USCAR) with funding from the 
U.S. Department of energy as part of their Ultra-Large 
Castings for Lightweight Vehicle Structures project 
(AMD406).

Building on the success of the F-150 magnesium radiator 
support (an IMA award winner in 2003), Ford in the U.S. 

and G-Mag International Ontario, Canada, endeavored to 
replace the conventional multi-piece steel structure that 
forms the inner front fender (the shotgun) with a single 
magnesium casting. The existing F-150 radiator support is 
manufactured by the High Pressure Die-Casting (HPDC) 
process. HPDC is a desirable manufacturing process 
from an industry perspective but has shortcomings when 
used to produce certain parts. The main problem is the 
presence of porosity in HPDCs, which have a detrimental 
effect on mechanical properties. Thixomolding is an 
alternative to HPDC that offers higher ductility with high 
strength and low wall thickness in magnesium castings. 
Historically, thixomolding has been limited to relatively 
small parts. However, by incorporating multiple drop 
hot runner technology developed by Husky Injection 
Molding Systems, the thixomolding process was adapted 
to produce larger automotive structure parts, such as the 
shotgun (Figure 4). Certain critical areas achieved less 
than 1% porosity. The shotgun is integrated in the body 
structure where it contributes to stiffness and plays a role 
in conducting and absorbing crash energy.

When the shotgun is combined with the F-150’s 
magnesium radiator support, it further demonstrates the 
potential to have signifi cant portions of an automobile’s 
basic structure consist of a few large magnesium castings 
as an alternative to many stamped steel or aluminum 
components. If this demonstration part is adopted by 
the auto industry, it has the potential to use well over 
5,000 additional tons of magnesium per year. With its 
lightweight and superior crashworthiness it is hoped that 
the shotgun will inspire the development of many new 
magnesium applications in the automotive industry.
Editor’s Note: For more information on the winning entries and 
the magnesium information resources, go to the IMA website: 
www.intlmag.org. All photos by John Lyon.
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Figure 13. The “shotgun” structural AM60 magnesium member 
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the same time, the North American automotive industry
has established several automotive magnesium R&D pro-
grams supported by the U.S. Council for Automotive
Research (USCAR), the U.S. Automotive Materials
Partnership (USAMP), and the U.S. Department of
Energy. USCAR and USAMP are umbrella organizations
of DaimlerChrysler Corporation, Ford Motor Company,
and General Motors that were formed in the early 1990s
to further strengthen the technology base of the U.S.
automotive industry through cooperative, precompeti-
tive research.

These magnesium casting programs involve teams of
researchers from these auto makers and various North
American companies and organizations, which have as
their overall objective the determination of the technical
feasibility and cost-benefit ratio of potential innovations
in light weight magnesium chassis, interior, and body
components.

Magnesium has proven to be up to the task. A magne-
sium engine cradle, developed by Meridian Technolo-
gies in Ontario, Canada, was on display at the Hydro
Magnesium booth. The component is in production for
the new Corvette Z06 (Figure 2).  Production of magne-

sium intensive engines is gaining, as evidenced by BMW’s
new six-cylinder magnesium/aluminum composite
crankcase used as part of its NG6 inline six-cylinder
engine (Figure 3).

USAMP MPCC Project: The most critical program in this
industry, one that can lead to a revolution in the use of
magnesium in the automotive industry, is the USAMP
magnesium powertrain cast components (MPCC) pro-
gram. Bob Powell, leader of the MPCC project for the
USAMP and staff scientist in the materials and processes
laboratory at the General Motors research and develop-

ment center, reviewed the status of the USAMP MPCC
project in his lead presentation for the IMA automotive
seminar, The USAMP Magnesium Powertrain Cast
Components Project. Tremendous progress has taken
place since Powell presented the case for magnesium in
his earlier presentation at the IMA 2003 meeting in
Stuttgart. The readiness of magnesium to be a structural
material for powertrain applications appears at hand.
Powell indicated that sometime in 2005 the USAMP
MPCC project team will assemble and conduct dyna-
mometer tests on magnesium intensive Duratec 2.5L V6
engines running with a traditional ethylene glycol base
coolant. The magnesium industry has a lot riding on the
outcome.

Creep Resistant Magnesium Alloys: To withstand the high
operating temperatures (150-175°C) in these powertrain
applications, alternatives have been developed by mag-
nesium and automotive companies to the commercial
AM60, AM50, and AZ91 magnesium alloys. Two presen-
tations on creep resistant magnesium alloys were made at
the IMA automotive seminar: DaimlerChrysler’s High
Temperature (Creep Resistant) Magnesium Alloy
Development by Randy Beales of DaimlerChrysler, and
Optimization of Die Casting Process and Performance of
Creep Resistant Alloys MRI153M and MRI1230D by Nick
Fantetti of Dead Sea Magnesium. Like some of the other
automobile companies, DaimlerChrysler is developing
their version of a creep resistant magnesium alloy, called
DCX, mainly to control cost, as rare earths and alkaline
earth elements are often used in alloying magnesium to
impart creep resistance. The DCX alloy of Daimler-
Chrysler contains aluminum and calcium as alloying ele-
ments. The MRI153M and MRI1230D alloys of Dead Sea
Magnesium have moderate and high heat resistance,
respectively, and have found applications in production
of automotive gearboxes, oil pans, oil pumps, and
crankcases. In his presentation, Fantetti addressed the
importance of tailoring die casting parameters (molten
metal and die temperatures, injection profile, filling and
dwell time, and lubrication) to these new alloys to opti-
mize properties.

Wrought Magnesium in Automotive Applications

As in previous IMA automotive seminars, it appears that
wrought magnesium is taking a back seat to cast magne-
sium within the automotive industry, not only in North
America but also in Europe and Asia. This did not stop
Magnesium Elektron in their exhibition booth from pro-
moting the benefits of wrought magnesium in such auto-
motive applications as forged wheels made of ZK60A,
superplastic formed AZ31B sheet in integrated mono-
coque construction, and extruded bars and sections from
their WE54, WE43, ZW3, AZM, and AZ80 magnesium
alloys. Superform USA, which has provided the automo-
bile industry with various superplastically formed alu-
minum parts, is now working with Magnesium Elektron
to promote superplastically formed magnesium parts.

Magnesium at SAE 2005

Automotive magnesium seems to be a hot topic not
only with IMA members but also with automotive engi-
neers. Magnesium sessions were prominently featured
and well attended at SAE 2005, the annual conference of
the Society of Automotive Engineers (SAE), held April
11-14 in Detroit. This event was sandwiched between the
IMA automotive seminar in March and the IMA Annual
World Conference in June in Berlin. The aluminum and
magnesium sessions at SAE 2005 and the IMA World
Conference in Berlin will both be covered in depth later
this year in Light Metal Age.

Figure 2. Magnesium engine cradle in production for the new Corvette
Z06.

Figure 3. Mg/Al composite crankcase for the BMW NG6 engine (cour-
tesy: BMW Group).
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cars are expected to set the standard in terms of excel-
lent performance, driving comfort, and low fuel con-
sumption. To satisfy these requirements in the best possi-
ble way, it was necessary to design a completely new
engine to replace the existing inline six-cylinder spark-
ignition engine, which had been in production for about
15 years.  To achieve the project’s goals, a development
containing a large number of trend-setting innovations
was started – solely maintaining the inline six-cylinder
construction principle. BMW’s proven VALVETRONIC
system was developed further as a technology for reduc-
ing fuel consumption. Fundamentally new technologies,
such as the composite magnesium-aluminum crankcase
and the electric coolant pump help to achieve the attrib-
utes of low weight and efficiency. As before, production
of the new inline six-cylinder engine will take place at
two engine plants.

Cylinder Block and Crankcase: The world’s first composite
Mg/Al crankcase is a fundamentally new technology and
the basis for a significant reduction in weight, namely
24% compared with the equivalent aluminum crankcase.
Due to the properties of magnesium, it is not possible to
consider a simple substitution of materials. With about
30% less density, its modulus of elasticity is also smaller by
about the same percentage. Furthermore, magnesium is
not suitable for use as a material for running surfaces or
for channeling coolant. Another limitation to freedom of
design is magnesium’s low creep resistance, especially at
temperatures above 120°C which simply cannot be avoid-
ed in the cylinder block and crankcase.

Alloy Selection and Development: The standard magne-
sium HPDC alloy AZ91HP does not exhibit sufficient
creep strength in the target design temperature range of
up to 150°C.  It was therefore necessary to select and
develop an alloy to compromise between the required
mechanical properties, in particular, resistance to creep,
fatigue, and castability. At the beginning of the project,
commercial alloys from different material suppliers were
investigated with regard to their mechanical properties
and castability. The focus was on static, endurance, and
creep properties in the target temperature range. The
creep properties were assessed using multilevel tensile
tests with variation in both load and temperature form-
ing the basis for simple creep models used in the numer-
ical FE analysis of the structure. In addition, bolt load
retention (BLR) tests were performed on components.
Castability was evaluated on the basis of casting defects,
hot cracking, and die sticking tendency. From this initial
alloy screening the potential of the different alloy sys-
tems was evaluated, with the AJ (Mg-Al- Sr) ternary alloy
system of Noranda showing the most promising potential
with regard to design and manufacturing requirements.
The initial AJ52x alloy was further developed with regard
to improved castability.

The first BMW crankcase article gives a very complete
and detailed discussion of the alloy casting developments
and its metallurgy.  Production details and methods used
to produce a dual-metal engine block along with pictures
are included in the discussion.  The authors concluded:
“A careful balancing of the mechanical properties with
emphasis on both creep and fatigue material properties
next to the castability process capability was achieved with
the alloy optimization as described above. With the intro-
duction of the Mg-Al composite crankcase design in the
new I6 engine, it is demonstrated that the AJ62A alloy has
the capability to sustain such a severe application. With
arc spraying as surface treatment and an optimized tem-
perature controlling during the HPDC-casting process
(Figure 9), it was possible to achieve stable bonding
between aluminum and magnesium over a lifetime. A
new testing methodology has been adapted for quality
check purposes. With this ultrasonic lock-in thermogra-
phy, the processes in production can be controlled.”

The second paper on the engine was titled The BMW
Magnesium-Aluminum Crankcase—A Challenge for
State-of-the-Art Light Metal Casting by Johann Wolf and
Wolfram Wagener of BMW AG, Munich, Germany.  This
paper contained details on the actual production of the
engines with descriptions of the melting and casting
facility and the recycling of clean scrap.  In part the
paper discussed the design method which enabled the
company to produce magnesium which had an alu-
minum insert (AlSi17) for cylinders and cooling water
passages.  The computer program and actual production
methods on a 4,000 ton HPDC die casting are discussed.
“With the proof of the concept’s quality, both by means
of simulation and by means of testing,” the authors
wrote, “BMW has succeeded in making use of the mate-
rial magnesium for the crankcases of modern engines
with high specific performance. The set objective of a
considerable reduction in the crankcase’s weight has
thus been achieved. The breakthrough was made with
the design of the composite crankcase based on an
AlSi17 insert in a AJ62 magnesium housing (Figure 10).
The basis of this successful development was an inten-
sive, interdisciplinary cooperation along the process
chain between specialists and experts from a variety of
BMW’s development units, external material suppliers
and the BMW light metal foundry in Landshut.

“The use of correct material data determined by
means of intensive testing in the computer simulation
enabled a virtual concept selection and an optimization
of the construction at a very early stage. The results of
the computer simulations have been verified in compre-
hensive tests. This has also made it possible to realize a

Figure 9.  Inlaying of the insert in the HPDC-die with robot.

Figure 10.  Closed-deck aluminum cylinder insert (AlSi17Cu4).
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Figure 14. Composite Mg/Al crankcase for the BMW NG6 inline 6-
cylinder engine.15

Figure 15. BMW NG6 engine (courtesy BMW AG).20

Figure 16. Robotic inlaying of the AlSi17Cu4 aluminum alloy insert into 
magnesium high pressure die casting die chamber.19

Figure 17. Dead Sea Magnesium displayed the VW 4-cylinder engine 
block cast from MRI 153M at the 18th Annual Magnesium in Automotive 
Seminar.7
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Figure 18. Earle Canavan holding a magnesium wheel preform 
above samples of other automotive magnesium parts made by the 
Magnesium Automotive Group. 

Figure 19. AM60B magnesium alloy wheel manufactured by Mg 12 

the 2004 Annual Award of Excellence at the 2004 IMA meeting in New 
Orleans.22

Figure 20. The DaimlerChrysler 2003 Viper used a fully integrated 
magnesium front dash structure made of a one-piece magnesium die 
casting.23
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Figure 21. One-piece die cast magnesium automotive instrument 
panel that replaces many welded steel fabrications at a 50% weight 
reduction.29
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Figure 22. Potential magnesium components in an automobile and 
characteristics needed in these parts as of 1997 (courtesy Volkswagen 
AG). 37

Figure 23. Volkswagen B80 manual gearbox housing for the Audi A4 
and A6 and Passat  1997 models (courtesy Volkswagen AG).[37]

Figure 24. Automotive magnesium castings on display at IMA-53 in 
Ube City, Japan.41
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Figure 25. Design Award winner at IMA-53 for the six-piece Porsche 
Cabrio roof system die cast in AM50 alloy and the Application Award 
winner at IMA-53 for the cross beam/dashboard support die cast in 
AM60B alloy.41

Table IV. Projections made in 1995 at IMA-52 for use of magnesium 
die castings in vehicles produced in North America through 1998.42

Figure 26. The 400-ton “Thixomolder” built by HPM Corporation.43
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Figure 27. Cast magnesium bomber wheels being ‘Wheelabrator’ 
cleaned at American Foundry.46

Figure 28. The magnesium intensive “Flying Wing” aircraft proposed 
during WWII.47
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Figure 29. Magnesium Association luncheon at the 1st Annual Meeting in New York on October 3-4, 1944.
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Figure 29. Magnesium Association luncheon at the 1st Annual Meeting in New York on October 3-4, 1944.
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Figure 30. The 8000 pounds of magnesium distributed in the airframe 
of the B-36 bomber, saving 1900 pounds of dead weight in the empty 
craft.60

Figure 31.  American Stores panel truck bodies of magnesium 
(supplied by Revere Copper and Brass Inc.) weighing 2100 pounds 
against 3600 pounds in steel.61

Figure 32. The U.S. Army “Mechanical Mule” magnesium vehicle 
negotiating rough terrain.63

Minuteman missile shipping container in order to keep the shipment 
within highway load limits.65
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Figure 34. The six-cylinder die cast magnesium crankcase in production 
for the 1968 Porsche 911 series.66

Table V. Primary magnesium consumption in the Western world by 
region and markets (1000 mt).[69]
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Figure 35. The experimental Volvo LCP 2000 at the 1985 SAE 
Congress had 7% of its body weight as magnesium castings that 
included a three-cylinder direct injected diesel engine block.71
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