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Introduction

The three exploration licences are held by Mineral Holdings Australia

Pty Ltd for their potential resources of Smithton Dolomite. In the

case of EL 31/90 there is also a resource of Tertiary limestone which

has already been investigated (A.R. 1992).

These tenements are situated in northwest Tasmania as shown on

the locality map:

No. Area Location Rd Distance Smithton

EL31/90 6 knf S. of Bass Highway 43
near Redpa (Sthn part of ELl

32190 32 • S. of Bass Highway
near Tagari 25

(vi a Montagu Rd
to Mid LL.)

33/90 62 . Between Bass Hwy 27
and Montagu Road Sthn part of EL

Previous Exploration (1991-1992)

Pt Latta

67

55

55

EL31/90. Diamond, hammer drilling and surface sampling of the Tertiary

1imestone and Smithton Dolomite were carri ed out in 1991 and reported

in April 1992. This report contains drill logs and chemical analyses

and physical tests by David Mitchell Ltd, Herbert Lange, Vertriebs

gesellschaft mbH, APPM and Comalco.

The Tertiary·· limestone was evaluated by Melocco Pty Ltd and

found to take a high polish with an attractive (pink) colour and texture

but was not thi ck enough in the areas dri 11 ed to produce blocks of

the required size (1 x 2 x 2).

Two samples of white limestone were calcined satisfactorily at 1150·C

and 1250·C and a pink limestone sample was overburnt at 1350·C.

All pieces remained hard with no tendency to crumble or collapse to

powder.

The limestone is inferred to retain its physical integrity in



Surface sampling but no subsurface investigations carried
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a shaft kiln but with a tendency to overburn.

Colour and bri ghtness tests on the white dolomite i ndfcated that

the white dolomite was unsuitable as a paper filler or coating medium.

It was suggested that fine milling and ozone leaching may improve

the dol omi te but in its unbenefi ci ated state was unsuitable for paper

filling or coating.

The dolomite has been tested satisfactorily as a flux in ferroslHcon

and sil1c'lmanganese production by Temco.

EL32190.

out to date.

Most outcropping dolomite occurred either within the Montagu

River Reserve or in a ~Caves Reserve· declared by the landowner, A.P.P.H.

Thi slatter reserve has no offi ci a1 status but was made to protect

a deposit of megafaunal remains which are thought to be of zoological

significance. <Murray P and Geode (1976] 47th ANZAAS Congr. Hbt Aust) ­

see Appendix A.R.1992.

EL33/90. Surface sampling but no subsurface investigations

have been carried out to date.

The samples were taken from exposures along Montagu River and

tributary drains.

The results of chemical analyses give an average composition

combining both 32 and 33/90.

Theoretical dolomite

Si02

Ti02

A1 203

Fe
2
0

3

0.25

<0.01

0.08

0.43
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MnO 0.01

MgO ZO.64

CaO 31.44

NaZO 0.13

KZO 0.18

PZ05 0.006

S03 0.05

LOI 46.67

CaO 1.66
fo1gO

Z1.7

30.4

47.9

1.4

Current Exploration (199Z-1993>

There has been no fi e1d work in these 11 cence areas duri ng the

current year.

Oolomite samples from the licences have been tested as furnace feed

in furnace trials fn U.S.A. for the production of magnesium metal. The

process employed is a modification of the 'magnatherm process called the

S11 fcothermi c process by its developer, Dr. A. Cameron of Manchester

University.

The Australian rights to this process are held by Mineral Holdings

Austra11 a Pty Ltd. Expenditure in acqui ri ng these ri ghts, the costs

associated with provfding sample material for testing, contributions

to the furnace trials and preparation of the pre-Feasibi1ity study by

consulting metallurgist Dr J. Nixon (appendix> represent the holding

company's exploration activity for the current year.

Proposed Exploration (1993-1994>

A moratorium on active field work has been granted until the

renewal dates of ELs 31/90 (3.4.94>, 3Z/90 (3.5.94> and 33/90 (7.6.~.

41
.
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PROPOSAL FOR A FEASIBILITY STUDY INTO TUE PRODUCTION Of' MAGNESIUM

METAL FROM onES IN NORTHERN TASMANIA

A. MAGNESIUM METAL

1. INTRODUCTION

The wes tern world production of magnesiufu is about
250,000 tonnes per annum and there is maybe another
70,000 tonnes production in the former Communist
countries. Australia does not produce any magnesium in
spi te of the presence of several world cJ ass ore
deposi ts. IL has a consumption of abouL 5000 tonnes
per annum.

For decades, there have been predictions that rttagnesium
"is about to take off". The 20 kg of magnesium used by
the Vo 1 kswagon "Beetl e" for die cas t crankcase and
transmissiofl housings was often quoted as "proof" that
the Inetal had penetrated the automotive industry but in
fact it had not. There was, however, an increase of
3:)% in "t.he use of magnesium in the U.S. auto industry
over the past three years (1). -

What l,as held back the growth of magnesium consumption?
It has not been

ti,e scarcity of magnesium ores

excessive energy conSllmption

difficult casting and fabrication technologies

flammability problems

erlvironmental r"estrictions

The answer to the quesLion is firstly price relative to
alulni.niuLn and secondly {t.o some extenTTthe structure
of the indus try.

The principal obje_c~L. t.his Proposal is to suggest
thaT-lii\pr-()-ve21~echflology to wliIchMi ne-r:at-H'oldings
JlLlstra iii', (MIlA)-has------access-,- togefl;er- wi th the
aVdllabiLi ty 'ofexce llent ores of 'magnes'ium-- ----arid
sn icon ir1Coasta-ldeposl ts----oJ'-Northern Tasma[lia, ....':'.':1'
offer-a-- cost competitIve. entry_ into -.-"'ilgll"'-".'-l'.rn
proell! ct fi) 11. ------- ...-.
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The principal competitor of magnesiuln is aluminium and
the early growth of magnesium will de[Jend largely on
its ability to displace some of the alulninium and also
zinc die castings currently used in the automotive
industry. Magnesium has this [Jotential because it is
only 67% of the weight of aluminium for the same volume
and 24% of the weight of zinc. l<eplacement of ferrous
materials is even more favourable but the cost
differential is of course greater.

3.

A prediction by M. Holland of Ford Motor Co. in 1980
(2) was tha t magnesi urn could begin to displace
aluminium in minor automotive applications when the
Mg/Al price ratio was 1. 7, a figure related to the
difference in density. The aluminium price is
depressed at present (US$1.15 - 1.20/k'l) but with a
more realistic figure of say $1.50, a price of
$2.55/kg ($1.15/lb.) would be required for magnesium
to satisfy the ratio of 1.7.

The current price of magnesium is about $3.15/kg
($1.43/1b.1 which is 60 cents/kg or 23.5% above $2.55.
Dr. A.~. Cameron, the inventor of tile new technology to
be described, is confident that his improvelllents to the
convent_lanai Magnethcrm process of Societe I·':rancaj.se
d'E:lectrometallurgic (SOFRE:M), a SUbsidiary of
Pechiney, will yield savings of much more than 20% in
the cost of magnesium production (see later).

r:;N_V_l_'R_O~~_E_'N'l'I\~_~!'BE_SS_'U}{E_.~ E_OR I_N_C~E_:"_S_E_'D~-,Mc=I\.G_N_E_·SIU_M

PRODUCTION

After many years of speculat.ion about the future of
magnesium, there are now positive indications that
governments are moving faster to reduce the weight of
automobiles for environmental reasons. The Japan
Government now reqllJreS the average weIght [Jer car to
be reduced La 1,200 kg by 1995 and 850 kg by 2000. The
Japallese Automotive Association cOflsequelltly expects
the weight reduction to require the amount of magnesium
used per average car Lo increase by 3900% between 1989
and 200ll.

While it has become faslLionable to predicl: the western
wor ld consurnptjon of magnesium to be "1 m:i 11 iorl tonnes
by the year 2000", these forecasts now raise the
prediction to "1.6 million 1.p.a. over the next 10
years" (3). De Lllat as it may, there is little doubt
that the consumption of magnesium will grow and that
Australia is well placed to playa significant part In
this growth.
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4. TECHNOLOGY FOR MAGNESIUM REDUCTION

005010

The western world magnesium industry has a relatively
small output of primary metal which is currently valued
at about US$0.8 billion p.a. It consists of some
large producers using the chloride electrolysis route
technology and a larger number of smaller producers
using the thermal route. Most of the magnesium
producers are also producers of aluminium and over
half of the magnesium produced is later alloyed with
aluminium. In most cases, the amount of magnesium in
the alloy is small, being only one or two percent.

The chloride route technology is tightly held by those
companies using it. This technology involves two
distinct parts - the preparation of magnesium chloride
from sea water, brine, dolomite or magnesite followed
by its electrolysis and the recycling of chlorine. The
producers will licence out part of their technology but
not all of it. For example, Queensland Metals Corporation
is reported to have an option to use an existing
electrolysis cell but is developing its own anhydrous
magnesium-chloride preparation technology which it is
doing with the assistance of C.S.I.R.O, the government
research organisation in Australia.

The thermal route technology can readily be purchased
and is operated in 10 countries. The largest instal-
lation of 36,000 40,000 t.p.a. is at Northwest Alloys
Inc., Washington, U.S.A., a subsidiary of ALCOA and
consists of nine 4 MW Magnetherm units.

The improved technology that is the subject of this
Proposal is a thermal process owned by the University
of Manchester Institute of Science and Technology
(UMIST). (There is a royalty arrangement with Royal
Dutch Shell.)

An option agreement is held by MHA for Australia/New
Zealand and all other countries with the exception of
U.S.A. where the rights are held by Northwest Alloys
Inc.
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s. SELECTION OF REDUCTION TECHNOLOGY

The following is an extract from a report commissioned
by the u.s. Dept. of Energy (DOE) dated February, 1981
entitled "An Assessment of Magnesium Primary Productioll
Technology" by M.C. Flemings et al. of MIT (4).

"I n the opini.on of the writers, the curren t and
potential costs of producing magnesium by the
electrolysis versus the metallothermic route are
sufficiently close that the opt.lmum magnesium primary
production process depends, not on the intrinsic
technological advalltage, but rather site selection with
respect to l.he availabilit.y of raw materials, energy,
labor atld ntarkets for both magnesium and process
by-products. Given the variation in resources in
industrial regions in the United States, electrolytic
and metallothcrmic magnesium production technologies
can both bc expected to remain competitive for at least
the medium term (20 years)."

The small number of producers and the low total
production of magnesium have had the effect of limiting
the amount of available information about the industry.
The DO.E report j.s probably still the best collective
source even though it is over 12 years old, possibly
because the industry has .lot changed much and the out­
put lIas remained filir] y constant..

Some figures quoted in the report are given in Table 1.

TABLE 1: MAGNESIUM INDUSTRY STATISTICS IN 1980

-----_. --- ._- --_.---------
Meta llot.hermic Electrolyti c

1980 world capacity (tons) 83,000 (27.5%) 218,500 (72.5%)

Max. plant size

Average plant size

(tons)

(tons)

26,000

10,375

125,000

51,625

------

Total energy reqllircments

(eqlliv. kwh thermal/Jb Mg)

Estimated capital cost

'

I (US$/annual ton for a

20,000 tpa plant in 1980)

I
f...-------.. - -

1 1 . 1

3,500

12.8

4,500

The proportions of capacity coming from tlte two rou tes
have not changcd much over the decade indica ting tha t
the metalloLlwrmic or thermal route is sti] I viable 1n
spite of its smaller unit capacity ('l'able 2.).
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TABLE 2: MAGNESIUM PRODUCTION: INSTALLED CAPACITY IN 1991 (5)

Metallothermic Electrolytic

China (est.)

France Pechi.ney

India Southern M & C

Italy SIM

Japan Japan Met.
& Chern.

,Japan Ube Industries

USA N.W. Alloys

Country. m.t.p.a.

Canada Norsk Hydro 40,000

Norway Norsk lIydro 55,000

U.S.l\. Ilow Chem. 90,000

U.S.71. May_ Company 36,000

5,000

600 U.~;.S.R.(est.)2 plants 90,000

9,000

9,000

6,000

12,000

36,000

12,000

18,000

m. t. P . =a,-,''-+===---::=

'l'immj.nco

IlrasrnagBrazil

Canada

Yugoslavia: Magnorhorn 5,000

-_ ..._--_.- ....._---

Total

Average plant sjze

.---.J----~.
112,600 I-----1

11,260
----

Jl1,LJOO

51 , 83 0

There are many factors to be considered in the choice of the
route to magnesium if a 60,000 tonne per anClum planL were to
be contemplated but ,for a plant with a final capacit.y of
5,000 to 10,000 t.p.a. the choice would certainly be thermal.
That such plants outnumber electrolytic plants at low
tonnages is "attributable to the simplicity of thermic
reduction equipment design and ease of operation. Thermic
facilities also have the advantages of less restrictive site
selcctj.on criteria, low capacity economies of scale alld
consequently lower lnj.tial investmenL requjrements" (61.

I
I

It is preferable, when commencing a new venture with a view
to early entry into established world markets, to beg in on
a small scale and increase gradually. An acceptable
procedure would be to start with a production of 5,000
t. p. a. from a sing Ie thermal furnace and increase it in
similar increments when larger local and overseas markets
become available. This would be par ticularly important in
relation to a commodity like magnesium which has for decades
defied predictions of rapid world growth.

I
~
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modern process for thermal
It is based on the reduction

by silicon contained in

The electrolytic process is not as amenable to low'
tonnage operation as the thermal route, providing
other essential requirements can be satisfied.

6. THE MAGNETHERM PROCESS

Magnetherm is the most
production of magnesium.
of magnesium oxide
ferrosilicon:

2MgO.Cao + (xFe) Si + nA1203~

2Mg + 2C?O.Si02 .nA1 2 0 3 ~ J:Fe

The slag composition is held close to 55% CaO by
weight, 25% SiO" 14 96 AI, 0 J and 6% MgO which at the
operating temperature of 1550 0 C is not fully molten.
The temperature cannot be allowed to go much higher
beciluse the graphite furnace lining will reactt to form
CO which will oxidise the magnesium vapour produced.
Nor Ciln the silicon level in the residual ferrosilicon
be allowed to go below about 20%.

The Magnetherm process is conducted in an AC arc
furnace comprising an upper water-cooled electrode
with current flow through the bath to the carbon
hearth. The slag has to be electrically conducting
so that the passage of current heats the bath. The
reaction by which the magnesium is formed and released
as a gas occurs at the surface and 1S strongly
endothermic, requ1ring heat to be transferred there
from tile body of the melt.

Many improven,ents have been made to the Magnetherm
process over the yeilrs but it still has the disability
of operating under vacuum in order for the production
of magnesium to proceed at an acceptable rate, a
reasonable temperature, and with satisfactory silicon
cons umption. ,The sub-a tmospher 1c opera ting pressu re
allows some leakage of air into the condenser and
causes a loss of metal production. Also, it requires
the vacuum to be broken twice per day to tap s lag and
to change the condenser.

Accordinq to Fleming et al: "conversion (of
Magnetherm) to continuous operation at a positive
pressure would significantly reduce energy consumption
aI,d labor requirements, substantially increase the
procluc1:ion capacity of the reducti on uni t and reduce
both capital and operating cost requirements" (7).
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7. TUE CAMERON PROCESS

7.1 Introduction
-----._~_._-

Several improvements of the Magnetherm process have
been developed by Dr Andrew M. Cameron of UMIST. They
are covered by International Patent W089/006l3 with
a priority date of lOth July, 1987 and the following
with the same content and priority date:

Granted: USA 5090 996
South African 88/4985
Australian Acceptance No. 618272;

Pending South Korean Application No. 775/89.

In discussing the hi story of the development, Cameron
said that he graduated from the Universities of
Strathclyde and London (Royal School of Mines, Imperial
Colleoe) in the mid-seventies and then joined the
Thornton Research Centre, Chester of Shell Research
Ltd. After several years he was transferred to
Shell's Billiton laboratories in the Netherlands as
officer-in-charge of pilot plant operations. He
worked on the carbo thermic reduction of magnesium using
a D.C. plasma arc furnace but he had little confidence
in this'route. lIe took a positio!, with UMIST where he
Ilad the opportunity to develop his improvement to the
Magnetherm technology on the basis of detailed
chemical thermodynamic studies.

The technology was subsequently piloted continuously at
BilJiton in a D.C. plasma arc furnace which had cnin[lut
of 0.6 MW. Enough informa tion Was obtained to prove
the thermodynamics and kinetics of the technOlogy
although further work is required to confirm the
engineerlng, equipment and operational aspects (8).

The DC plasma trallsferred arc generator is constructed
of graphite and is not. water-cooled. Such equipment
has so far only been 'Ised for melting and other
'unsophisticated' applications such as vaporising zinc
from steel plant dusts. Intensities of 40 ~lW are
possible with this type of equi.pment(9). The Cameron
process would be the fi rst to make full use of its
unique characteristics for a metallurgical reduction
process

Inc; rlentally, t.he Council for Mineral TechnOlogy
IMintek), South Afuca has patented the use of a DC

plilsTIiCl arc lLsing the Hagnetherm slag conditions but
Cameron beli.eves Uns is not practicable and tha l 10\./
silicon use and poor condensation effj,ciencies would
resul t.

Ideal cond.l t.i.ons for the silicothermal reduction of
magrlesj_um accordillg to the reaction:

2 My 0 1· 5 J -'"--~ SiO, , 2Mg(g)
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include the following:

a slay saturated with MgO

a slag with a low activity of SiO,

molten reactants in the reaction zone

the reaction zone located at the surface of
the slag for ready Mg gas evolution

a high temperature in the reaction zone.

Careful examination of the phase diagrams of the MgO,
CaO, A~,O), SiD, system indicates that the required
conditions can be found in the periclase (MgOI region.

The condi Lions provide a strong thermodynamic driving
force at temperatures of the order of 1600-1650·C
which permits Lhe reaction to proceed at a
satis"factory rate at atmospheric pressure.
Furthermore, it enables the silicon reductant to be
used efficiently allowing the silicon in the resldual
ferrosilicon to be reduced to a very low level
(provided a graplljte furnace lining is not used as in
Magnetherm) .

.The DC transferred arc operation does not require·
the bath composition to be governed by its ohmic
resistance in order to generate heat as in
Magnetherm. Most of the heat transfer from arc to
bath is by convection and radiation. A magnesite
refractory brick bonded with dicalcium silicate
could be used as the furnace lining instead of
carbon and it could be similar in composition to
the bath and have a frozen wall. Only the area under
the arc needs to be fully molten.

Reference to the phase diagram rn the Cameron patent
indicates that the level of MgO in the slag at
operating temperature could be held at 13% or above
compared with 6 to 8% in Magnetherm. The volume of
slag produced per unit weight of magnesium produced
will be 15% lower than the Magnetherm. It would be
the ultimate objective that the process would
operate with an invariant slag composition which
would minimise refractory wear with continuous
feeding and maybe continuous tapping of slag and
continuous condensation. No maximum furnace size
is indicated at the present time.
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7.3 Improved Efficiencies and Cost of Production

UMIST claims that the successful 0.6 MW pilot plant
trial in the Netherlands confirmed several predicted
improvements to the Magnetherm process. Although
magnesium was not actually condensed during the
trial, analysis of the off-gas indicated that the
efficiency of condensation of magnesium vapour to
metal would improve because of the substantial
reduction in the production of magnesium oxide and
nitride. Ingress of air to the condenser was much
reduced as the operation was under slightly positive
rather than substantially negative pressure. The
saving was believed to be equivalent to a 25%
increase in magnesium production at no extra cost
compared with Magnetherm.

The second source of saving resulting from
atmospheric pressure operation was due to not having
to break the vacuum to tap slag from the furnace and
to replace the condenser. This will reduce daily
downtime from 15% to 10%. Of course there would also
be capital and operating cost savings by avoiding
the need for vacuum pumps and related equipment.

Cameron estimates that the operating cost for the
production of magnesium metal would be reduced from
US$2.60 to less than US$2.00 per kg. Continuous
operation would reduce this further.

7.4 Return on Investment

MHA is not able to make an estimate of the return
on investment of the Cameron Process at this time
because a detailed estimate of capital and operating
costs cannot be made until after the proposed semi­
commercial trial.

Published infor~ation on the cost of magnesium
production is rare but a 1992 paper by Foley of
Commodities Research Unit (CRU) and Gilbert of
Br i tish Sulphur Consultants on the structural use
of magnesium contains some interesting estimates
of both capital and operating costs (10). These
refer to a hypothetical 60,000 tpa chloride-route
magnesium plant but MHA would expect that a plant
such as the 40,000 tpa Magnetherm plant (such as
that of Northwest Alloys Inc., Addy) when converted
to the Cameron Process could well have comparable
costs. (Note that future interest costs will be less
than the 20% predicted in this article.)

MHA is particularly encouraged by the interest and
enthusiasm for the Cameron Process by Northwest
Alloys which operates the largest and most modern
Magnetherm plant in the world and must be well aware
of its position on the world cost curves.

005016



8. RAW MATERIALS FOR CAMERON PROCESS MAGNESIUM PRODUCTION

The nature of the raw materials can be changed
depending on local economics provided the specified
MgO, CaO, AR.,O and SiO, contents of the slag were
maintained. For example, dOlomite could be replaced
by a mixture of magnesia, lime or magnesia-enriched
lime.

The raw materials required for a 4 MW single furnace
operation of the Cameron process producing 5,000 t.p.a.
magnesium metal would depend on whether aluminium scrap
was available at a suitable price to replace portion of
the silicon reductant and to provide alumina to achieve
the appropriate slag characteristics. Otherwise some
calcined bauxite would be required. Two possible
situations would be as follows:

005017

3, 120

620

29,400 tonnes

4,360
37,500

Option B: Bauxite

10.

Aluminium Scrap

For 5,000 t.p.a. Magnesium production

Option A:

Calcined dolomite 20,400 tonnes

Calcined magnesite 3,000

Aluminium metal 1, 140

Alumina in bauxite

75% Si ferrosilicon 3,020
27,560
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B. MAGNESIUM AND CALCIUM ORE RESOURCES

1. INTRODUCTION

MBA's mineral exploration in N.W.Tasmania has been
conducted for over 18 years. Exploration, testing,
consulting and drilling costs have been substantial on
a number of minerals. It is believed that these Tertiary
and Precambrian prospects have indications on the surface
of very large mineral bodies which will be economically
mined as open-cut mines with little overburden.

Consideration of the establishment of a magnesium metal
industry in northwest Tasmania provided an added incentive
to evaluate deposits of high grade carbonate and silicate
minerals which are likely to be of international signi­
ficance for a number of markets. The potential of the
magnesite, dolomite, limestone and silica has been
recognized by MBA and others for some time but the
available markets to date have not provided the
necessary opportunity for their closer examination or
development.

MBA has mineral leases in the following areas:

Recent fqrther drilling programmes have delineated high
grade metamorphosed carbonates and quartzites at depth.

The non-fragility of these ores ensures minimum dust
and recent calcination tests have indicated that the
ore would have excellent furnace performance with
minimum decrepitation.

Dolomite south of Smithton adjoining an
existing small quarry (see map in Appendix).

EL.25/89

EL.25/88

EL.31/90,
EL.32/90,
EL.33/90

Limestone, magnesium-rich limestone,
dolomite in three locations being
west of Smithton near Redpa, Togari and
Montagu.
High grade quartzite rock at the Thomas
Mountain Mine in the Dip Range.

N.B. The quartzite, with very low Al 0 has been success-> 3 .
fully run in B.B.P. furnaces at Bell Bay, wlth low
decrepitation and very low energy costs for the
production of ferrosilicon.

f
f,,
!

In adclition, CRA Limited (75%) and MBA (25%) hold very
extensive mugnesite leases near Arthur River and Lyons
River west of Hellyer Gorge (RL.8717 and RL.87181.

It has not yet been possible to make detailed estimates
of the tonnages available but the surface expressions and
drilling already conducted leave no doubt that the
exploration licences cover a huge carbonate resource which
could support major export operations both in respect to
quality and quantity. Some details are given in the
Appendix.
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The location of the deposits is excellent being on flat
undulatlng c~eared land with much of the deposit being
malnly on prlvate land with some Crown land. The near­
seaboard carbonate deposit locations shown in the
Appendix are serviced by the ports of Stanley (30,000
tonne vessels), Port Latta (110,000 tonne vessels) and
Burnie (45,000 tonne vessels) with established bulk
loading facilities. All ports have much free time. MHA
has an option for rights to a non-metallic bulk storage
~rea a~ Burnie Port. A full infrastructure exists nearby,
lncludlng water, airport, labour, roads, railways, hydro­
power and ready accommodation, as many employees would
be resident at Smithton. These existing infrastructures
should greatly enhance the viability of a mine with
minimum capital costs.

3. ENERGY

The existing energy sources are generated by the
State's low cost hydro-electricity plants.

A possible alternative for energy could be Amoco's
recent Yolla discovery of natural gas, about 100 km
offshore in shallow water in the Bass Basin, or B.H.P.
gas frofu the Gippsland Basin field. MHA is hopeful that
natural gas wi.ll become available on site at Port Latta
_ being the nearest on-shore site to Yolla for
calcining. These energy factors will enhance the
viabi lity of a substantial industrial development in
this area. MHA has an assurance of an allocation of
hydro-power from the Tasmanian Government and also of a
site and some assurance of assistance with other
development costs.

4. TRANSPORT - TASMANIA AND MAINLAND AUSTRALIA

The existing lo~al rail and road infrastructure will be
u l i 1 i sed for Tasma n ian indus tr ies . The Federa 1
Government Freight Interstate Equalisation Scheme is
proving of benefit to Tasmanian industry by subsidising
export.s to all States on the mainland. This scheme
covers any containerised materials and some bulk
shipments with substantial subsidies ensuring that a
Tasmanian industry is not at a disadvantage to a
mainland induslry, ie. basically it allows Tasmanian
industry to transport its product at much the same

road freight cost that exists between States, ie.
Victoria to New SOllth Wales, Queensland or Western
Australia.

HopefUlly
reduce bulk
overseas.

reform on
transport

the waterfront
costs to the

will greatly
mainland and
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2.

2.1

MHA wishes to find a joint venture partner to collaborate
in the further evaluation in a step-wise manner of the
economic potential of the Cameron Process and of the
dolomite, limestone and silica deposits in its
exploration leases.

MHA plans to pass over the management and 50% of the -joint
venture to the partner following a posi tive conclusion of
a Feasibility Study.

The Feasibility Study will include a trial of the Cameron
Process in a full-size, commercial furnace. As ment'ioned
earlier, the rights for the Process in USA are held by
Northwest Alloys Inc. (NWA) , a subsidiary of ALCOA, which
operates nine 4 MW Magnetherm furnaces in its plan't at
Addy, Washington.

Because of the downturn in the world commodiJty markets
seve ra 1 of the NWA furnaces a re current 1y shu t down.
During visits to Addy by N.M. Thomas and J.C. Nixon in
May and August, 1992, NWA advised that they were keen to
convert an idle furnace to the Cameron technology and
operate it in 1993 for a pertod of 6 months. They
tnvited MHA to partictpate and to share the cost of the
trial.

PROPOSAL FOR FEASIBILITY STUDY FOR MAGNESIUM PRODUCTION

The followtng steps are proposed:

Stage 1: Preltminary Study ­
June, 1993 to March, 1994.

MHA will organtze and manage a Feastbiltty Study wtth the
assistance of geologtcal, mining, engineering and
metallurgical ,consultants tn association with the -jotnt
venture partner, llMIST and the other licence holder of
the UMIST technology.

The Study wtll consist of further explorattonal drilling
and will recommend the preferred mtning and smelting
sites, taking account of the available existing
infrastructures. Some experimental work on calcination
and other aspects is envisaged.

The costs wlll include further detailed mapping,
drilling, assaying and testing of the mineral deposits;
consul ting fees; part of UMIST licence fees; part
reimbursement of former MHA exploration costs; MHA
admini.stration; preliminary environmental studies, etc.

Cost: US$l million.
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2.2 Stage
June,

2: Construction and Operation of Cameron Process -
1993 - March, 1994.

Concurrently with Stage 1, one 4 MW Magnetherm furnace at
the Addy smelter will be converted to the Cameron process
and operated to produce over 2000 tonnes of refined mag­
nesium for sale. MHA's own materials will be used for
prolonged tests.

Costs will include extensive alterations to an existing
furnace including provision of new electric cabling and
a trans former-rectifier, training of the metallurgical
and engineering staff of MHA and partner and preparation
of drawings sufficient for orders to be placed for smelt­
ing equipment.

Net Cost
Contingency:

US$7.0
US$1.0

million
million

2.3 Stage 3: Final Feasibility Study, Cost Estimates
Infrastructure Preparation - April, 1994 to December

and
1994

Sufficient information should be available after 3 months
operation of the Cameron furnace to enable a decision
to be made whether to proceed with a smelter project.
(The actual timing of Stages 3 and 4 will depend on when
the transformer-rectifier can be ordered and delivered
to the Northwest Alloys plant.)

Stage 3 will include the planning and selection of the
smelter site; design of roads, storage and loading
facilities for smelter feed; environmental studies; MHA
co-ordination and administration.

The joint venture partner would have earned 50% equity
in the project in this stage and would have the option
of taking over the management.

Cost: US$ 1.5 million

2.4 Stage 4: Construction of Cameron Smelter
January, 1995 to December, 1995.

Stage 4 will include the construction and completion of
all facilities for calcination, smelting,
refining, storage, shipping and administration.

Cost: not available
until Stage 3.
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15.

3. RIGIITS EARNED BY JOINT VENTURE PARTNER

As mentioned above, MHA' s joint venture partner (JVP)
will have earned, during Stage 3 of the Feasibility Study
a 50% share in the information generated. This is
expected to yield:

(a) sufficient information to construct a Cameron
magnesium smelter;

(b) a 50% ownership of the Cameron technology in GCC
countries;

(c) an assurance that MilA would be able to supply
Tasmanian feed materials for the Cameron Process
delivered to international ports at competitive
prices;

(d) sufficient information for JVP to decide whether to
purchase a 50% share in the ownership of MilA Pty Ltd.

Note that all of the above have been agreed in
principle with the particular owners but the details are
subject to final confirmation.

4. PRODUCTION ROYALTIES

In consideration of past performance and expenditure,
and the availability of substantial tax losses available
to MilA, MilA will claim royalties as follows:

(a) if JVP decides not to purchase a 50% share in MilA,
royalty charges on MHA's ores will be included in
the sale price of ores to JVP but JVP will not be
obliged to purchase same;

(b) if JVP decides to take 50% ownership of MilA Pty
Ltd., MilA will be entitled to a royalty of 3.5% of
the indexed sale price of any ore and 1% of the
price of any processed product (except magnesium
metal) arising from the current exploration leases;

(c) we believe that UMIST will charge a royalty of not
more than 3.0% of the value of Cameron Process metal
and MHA will charge an additional 1%.

N.M. Thomas
Chairman
Mineral Holdings Australia Pty Ltd

26 April, 1993.

J.C. Nixon
Consulting Metallurgist
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~Q'l'!'S ON Ml!1ERlI.L HOLDINGS AUSTRALIA' S TASMANIAN LEASES Bl\SED
ON 11. REPORT BY MR V. TIiRElI.DEJJJ CONSULTING GEOLOGIS'r. HOBART.

DOLOMITE

]. smithton Basin

Car~y & Scott (1952) correlated all carbonate sequences in
the Smithton Basin with the Smithton Dolomite, in the
belief that tl,ere was only one carbonate succession in the
Basin. More recenl: mapping and g~ophysical data has
provided evidence that tid s original correlation is not
val id. This work indicates that there are two carbonate
sequences: an upper one Smithton Dolomite of the Duck
River and Montagu River drai.,age systems and a lower Olle ­
Black !liver Dolomite (a dominantly silicified carbonate
sequcnc~). Tllesc two carbonates are separat~d by the
Crimson Creek Formation or its correlates (a sequence of
volcaniclastics). For mor~ detailc0 inforlnation see Brown
lI.V. in Hllrrett C-F. and Martin E:L. (cds) (1989) Geology
and Mineral Resources in Tasmania Spec. Publ. Geol. Soc.
lIust. 15.

The dolomi te resource within the tenements ET..25/89
(Smithton), EL. J1/90 (!l~dpa), EL.32/90 (Montagll Plains)
and EL.JJ/90 (Hrittons Swamp) are stratigraphically within
the Smithton Dolomite.

Twenty hammer holes were drilled in this tenement and 8
surface samples taken. The results indicated continuity of
the high grade dolomite which was located by B.H.P. in ten
diamond drill holes to the north of the area now occupied
by the Circular Head Dolomite Company.

The area drilled was 100,000m' and the depth of drilling
was 10111, i.e. 1,000,OOOm 3 or 2.4 million tonnes (mt).

The licence area covers about 2km' south of Bass Highway
which is smi'lll holdings farm land and hi'ls not been
examined and would not be unless i'l mining venture could
gain approval. 1\ similar area, i. e. 2km', of high
prospectivity lies to the west of 102m/71 (237 hal h~ld by
the Circular Head Dolomite Company.

3. EL. 31/90

The (Precambrian) Smithton Dolomite is over 100010 thick
and covers 1km 2 (outcropping sporadically through the
area). There is therefor~ a potential 2 million tonnes per
metre depth in the licence and the depth would appear to
be limited only by the practicalities of mining.

The quality of dolomite,
drill samples is high, and

from hammer
in places is

drill and diamond
pure dolomite.

lInalysis of surface samples gives around 20% MgO and in
borehole samples tile range is MgO 18.98-21.89% CaO 28.45­
32.48% and Lor 41.97-46.91%.
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The degree of solution cavity is unknown and could only
be established by more drilling. Pattern drilling at say
100m centres for a start is required with a mix of open
holing for sampling and core drilling for prevalence of
voids (recovery).

In addition to pure or nearly pure dolomite there is a
rock type whi.ch has been described as dolomitic limestone
or magnesium limestone (which could be the result of de­
clololllit:isation). This occurs in the eastern portion of
the licence and its precise stratigraphic position is not
clear but it appears to be lower in the sequence (perhaps
on the contact with the uI,derlying Caroline Creek
Formation). The composition of jehis rock is:

CaO
MgO
1,01
Fe 2 OJ
Si0 2 + Ill; OJ

35.80-47.0%
4.77-16.4%

P . (, 7 - 46 . 4 3%
·0.03- o.n

0.19- 1. 89%

4.

1'his w~s examilled in outcrop and horehole but more data
is required to identify a resource.

'I'hcse licence Areas
Smithton Dolomite is
EL.30/90 (which lies
of a syncline).

lie to the east of Et..30/90. The
flatter dipping here than it is in

on the steeply dipping western limb

yet but the
that it is

(32/90)

There has been 1'0 drilling in these areas as
rock quali ty of sur face samples indicates
consistently of high quality e.g. Montagu
average of 4 samples.

MgO 20.64%; CaO 31.44%; Si0 2 0.25%; 1\1 2 °, 0.08%; Fe 2 0,0.43%.

II scout drilling is proposed for these areas when the
most srlitable areas have been identified (on the lines of
lalldowner agreements, and environmental considerations).

These two areas combined cover some tens of square
kilometres and have a very large potential resource.

5. DOLOMITE GENERIIL

'1'he former consultant of M.II.II., a one time Chief
Government Geologist in Tasmania (and later Director of
the Bureau of Mineral Resources for lIustralia until his
ret irement), Me. P.B. Nye, long held the belief that the
Smith tall Ilolomite was a huge resource of high quality and
from the recent mapping by the Geological Survey of
Tasmania and the exploration by M.Il.II., this would appear
to be I:he case.

Ti,e maximu", suggested by R. Glenie for these licences:

31/90 - JOOmt, 32/90 - 300mt, 33/90 - 1600mt, 25/89 - 200mt.
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i_!> ,"lll()lll t~llf' r i.fllll nnlr"ly or Illf"lqnjLudp. Tll~rp tS no pCJj III at
PI-f-'SPlll (.If ;'SSllllli IHJ ,I yr(~<~b"?t" eJ0pLh or rpsol11~ce lh,lll lOm all:hollgh
I-.Il(e' Cjl-c,l!pr prJI.PIII-l;:11 iFi illdjr;aCed by sf-.<1t:iny il- Arc: 201.

'1'110 lll.-lqll('.r; i Lr JnSOlln~0 (' -109; MgO) ;11": r.ycHl.r::; (](JIl1L) and J{pith
niVf?-L-[i (301IlL).__ IJc"l.s 11C~1l p~_~L5_'lIElI-.r"d l:() ,"1 nUlllill<ll dl?pl:.1J of 100m.
lJi,-\1I1ol1(1 dr j Jljllq ll(ls ('stal,] islJc'cl cOliLinui Ly of lhe dppos Lt to
1I111(.'J1 91'"0,,1.('1- d~ptll ':111(1 su t:li~ TP.sel"VPS oC n1vs-!IlPsitr would be
c()rrf:sp()lldill~11y (JIJ';l!f>t 'J'llPt~r ilJ:-~ illsr) cOIlSidP[nbJe (-.l)nnag05
of -low qJ~"ldp ll1'lqllPS.LI~.0 - dololldLe whic-..h could be hpllefici<?1t.ed.

An 1.IHJj(·;Jtpd r(~Sollrc('" o[ .1/11 l\1il1iJ)1I LOIlIIPS i_s e:,t:ihl'-lh·~c1 Jp.ss
80]111-. .10.11 (-·"vil:.i0S which lll.-·lY iJ~ a s·igniri.cilnl: propor{:ion jUdging
,l,y pallc.i.Ly or OIILcl-OP ,:111C1 I.lel-:: of l.illlPstollP. Jnter~ecliolls (open
!1()lpr;) dl-·iJ.lr~d b0LwPc~1l OIII.CTOpS.

l\ Lllickllf'::::S or- ':"llil (lilly Wil~~ i'pplied in t-.his pst:1.lIlal:.p. bJ allow
[or- soft- roc;k J,,,.l.ow tile (10pUl ClS ill nDS ("lnd G.

l\ sUr./qpsLi_o/1 by n. (~IF'lljp Lllr':ll-. the lilllf'?sl"_nnt:' is t.hickp."t than
illdicCl!:. ... (l m,ly be Llle C,lSP if tile l..i.l11PsLoIl0 WC1S dpposiLed on
,Jll UrlPVprl 1."1001- bIll: tilt; (-:f~oJo(.J"i.C'ClI Survey geologisL who mapped
I-lIP ,11-(CI,1 (lops nol: sur.lport Lbo vi.~w I-.hal:_ the J.imr;sl:.one extends
lJ(~low plnill.r::; 1.pveJ.

'J'l1r q\l(lJi_ly of tlie /lIrl.lll l-j.IJIf~sl:one rp.sourc:p 18 high:

C, fI 51 - r, 'j ~; /,'c 0 () . 01- () . 7 ~; ~1q 0 O. 5 - 1. 7 5 ~; 5 i 0 2

2: ~

/1['0' O.5-2.9'L

'.l'IIP sl:.:lLus or LlJp !PSO{{I"Cf' 11l1l,r:;1: rcmai_IJ "t_ an in[errp(] level
(luc \·_0 til\' ];::lcl: (IC i_Il[()ulli1.Ljon between ouLc:rops.

This (',,!iI<ICllc ,crc,s oilly 10 Michelels and Coffeys [Iills. Outlying
;11HI pJ.-cH::pf:cl~ivr nre,:'lS llavr::' '-he pot-.AntiaJ. 1-.0 double l.::.llis reserve
hut· 11101(' "Ii 1 J i IHJ is rpqui red l.o psl:F1b I ish I:his alltl close pattern
"lid lh:'c~IH~L c1[.iJJiIHJ is JJ~(l\lired to i.llIpr-ov(-::. Lile sL,\.::us of the
es 1_i.jll''l.I:P.

Hprorc <lIlY [tll-tlle'l" ell-j 1.1 i.II<J Ls (lnne, i1 la,tqer sca]p- lopogruphic
1I1ilp .is lc~qUjlCd [01- morp Flccur(llp plolt.i_/lq of data.

5JI.IC/I

Fprl~o~i Licon i ,C;

III L-11p C-:"1ln0'·()ll

!lIlP Sllb~;i('iclt·y

'1'r"lSIn,lni.,l whi.c,ll
rnil.

r0qll.i.n?d -lS <l rpdltcl.::-al'lt for magnesium oxi.c1e
["·oec.s,,. II WA" fnrlll0rly 1lI,1nllfac!:uled hy the
'\"i':MU) ,"I lJell n,"y on tll0 llorl:h-cFlsl: cOFlsl: of
Ls r::OllJH?cl-r~d L-.o the smit_hloll ilrea by rOil.d and

SIli>stilllUCiI (10pos; I:s or hiql1 g1',1<1e qllilrLzH:e rock Cin, hf'ld by
~111/1 eli '1'11<'"1,'" Mounl:,"in in 1:1lt' pj r RFlnge", south of Rocky Cap
Cihoul n km 0'1,,1. of Sill; LlltOIl, 'I'ltis 1l1"I-.0rlill would he sui.tilble
rOI~ 1:11P. 1l1'-·1IlUf,:-,(:f,-urr", o[ r0'l:-tnsiJ.i,cun <J1Ir.1 sJlicotl tllcLilJ..
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CASSITF.RI'l'E

In the llorth-east of Tasmania, MilA holds two Retention Leases
8715 (6km') and 8723 (7km') which have been explored for
al.luvial tin 1n the Fosters Marsh area and a reserve of
450UOm 3 of grade 450 grams per 10 3 have been estimat.ed. There
is an area of higher grade cassiterite (tin) at "Bowlers
Lagoon" in this licence with 850 grams per m3 that would be
"ideal" to commence dredging. A contiguous of f~shore area
which represents a northerly extension of this deposit into
Ringarooma Buy has also been examined und reserves of 3300­
4500t of tin metal (grade 80g per m') were estimated at depth
of 20-40 wetres. Associated rutile, zircon, gold and minor
monazite were found which added approximately 20% to the
reso·Urce value.

irhis prospect. would be included in the' ~O% equi ty sale should
the partner so desire.

28/5/93.
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UMISrrVENrrUI1ES LIMI1]~D
Marketing of Research and Consullancy

Technology Transfer Through Campus Enterprises & Licensing

Magnesium Production by
Plasma-Powered Processing
______ A.M. Came",n, D.L. Canham and V.G. Aurich

Reprinted from JOM, Vol. 42, Nu. 4, April, 1990, p. 46-48
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1990 Review 01 Exlraclive Melallurgy

Magnesium Production by
Plasma-Powered Processing

A.M. Cameron, D.L Canham and V.G. Aurich

.;:
I

A /lew flrnces~ has uct!J1 dt!velopt'd 10 ex­
tract maglles;/I", from alrlll/i/lo:;i!it:ale slags
which llalJe lug" lJtl:;icily mlios. nil! process
is dependclJl 011 lite effective IIlifiZJ.ltioll of Ille
{'hamclnisl;cs o[lmns[crredarc gas plas­
lIlas alld Ims impurlllll' advl/lllages Oller al­
tenlnlive 1Jyromeillflurg;cal mel/lOris of

.magnesiuIII lJrod/lcl iOIl. Tile /Iud lor cnreflll
cOIr/wl af till il/varia"t slag COIIIIlUsitiml IS

eli/H;lIa/ed, as is ,f,c rCfluiremell1 of a vac­
'!1I1t1 COl/d!!lIser or complex gas que/lc" It!ch­
lIology. Sigllifica/ll1y improved rnngllcsiuIII
yields, whelf wllli1;l/ed with highly efficiel/I
"sag!! of ,lte redllcla"I, will grclIlly ClJllll1lCe

·the eC01lotl/;CS of Iht' pyrol/ldliliurgicni route
10 magnesium.

INTRODUCTION

Magnesium llIarkets are currently
dominaled by a small number of high
tonnage producers. This reflects Ihe ex­
isting preference for elet..:trol ytic ex­
traction from MgCI

2
over the allerniltive

pyrolhetidlurgical proce6ses such as the
Magnethern\ or cilrboillennic kchnolo­
gies I Nevt'l"thdess, pynlllrdaJlursy of­
fers Inilny pUlelltinl advantages, includ­
ing higher SpiKe-time yields (as meas­
ured in Lonnes m--:l hr. I) ;:llld lower
capital investments thi-lll those associ­
ated with e1ecLrolytic plilnb Further­
mOle, the ability 10 Illilke Ilse of n.'la~

tively inexpensive <lIlJ abundant ore!:i
!:illch ilS magnesite or dolomite avoids
the technological difficulties inherent in
the recovery and SUh!:ieljllcnt dehy­
dralionofmagllesillm c1lloridefrom vast
(itlalliities of seawater ur Wilsie brines.
Forthese reasons (he Magnelherm proc­
ess aCCOlints for some 20% of Illilgne­
sium production cClpacily. If the effi- I

ciem:y of such iI process could he tiuh­
stanli,dly improved, il wOlllcJ have
important repercussiolls for the eco­
nomic viilhiliLy of pyromelallurgkal
magnesium production.

/{ has been suggested Ihal tIle high
energy densities ilililillilule in plasma
systems (~ilS cl\thalpies of 3·-8 kWh per
normal nr) could usefully ue Ilill'lIcssed
for the proJuclioll or metals from their
oxides whcn the reduction reactions
involved are highly endothermic.2 A new
process Ims been developed which suc­
('ceds in combining the use of dolomitic
feedstock with effective lltilizalioll of a
transferred <Ire plasma fllrnao.'.) ·llle new
process hits significant advCllltilges when

46

con~pared y.;ith existing methuds of
magnesiulll production. For compari­
son, moreconventionilJ alternative tech~

nologies are described in the sidebar.

THE PLASMA PROCESS

Theobjeclivl.'ofa plasllla process must
be to obviate the shortcomings of the
traditiollill pyromelallllrgiCilI te(hnolo­
gies. I knee, the basic requirements are
0peralioll at atmospheric pressure, effi­
CIent lise of the reductant, and the ability
to employ a simple condenser rather
Ihan a gas quench. The desire to avoid a
gas quench has led to the retention of fer­
rosilicoll as the reductant for the new
process and lienee the overnn reaction
lllily againbeapproximaled tothatgiven
by Equillion C in the sidebar. Thecondi­
lions necessilry 10 ennule atmospheric
operalion Ciln therefore be considered
011 the bilsis of Equation I:

"'G~"'Go. RTIIl(lP",l':s,o,) ())
(d Mg.) . il Si

From this equation, il is deilr that for
a constant Slilg composilion and tem­
perature, increased magnesiulll pres­
sures ilrc only possible iltl1le expense of
the efficiency of silicon consulIlption.
This hilS been the main obstacle Lo high­
pressure operation of the Magnethenn
process. Ll is illso obviuus, since dGc
decreases with (emperature, ill accor­
dance with th€ entropy increase i.1ssoci­
alet! wilh the reaction, that atmospheric
opera lion should eventually be possible
at elevated temperatures, even with low
values of silicon aCLivity in the reduc­
t~mt. The two main prohlems to be ad­
dressed ill developing an atmospheric
process were, therefore, the altilimnent
nnd containment of lhe high telllpela­
tllfes required and delillciltion of appro­
priille slag Clllnposilion(s). These can be
solved via an appreciatiull of thecharac­
Leristics of fransferred·-rlrc plasma reac­
(ors and Ihe thermodynillnics of slags in
the quatelllary CaO--MgO-AI10J-SiO

Z
syslem.

PLASMA HEATING

Plasma heating is now a well-estab­
lished technology, and lhe principles of
induslli,,1 plasma systems have been the
subject of lllilny excellenl reviews. 11.12

The lila in ledturcs of interest to the proc-

ess meLallurgist are, arguilbly, the ability
to generate extremes of temperaLure
(temperaLures of -12,(lOOK have been
ascribed to the core uf the ionized gas
column) and the filcllhal power genera­
tion within the column is independent
of Ihe elec!ricfll conductivity of the mate­
rial processed. This allows slag com­
positions to be chosen which do not
compromise the process thermodynam~

. ics al the expense of the required physi­
cal properties. In spite of this, plasma
heating has, to date, only found appli~

cation in areas such as tllndish healing,
mel Ling or blast augmentation, since few
smelting operations h,we been depend­
ent on, or benefited sufficiently from, the
uni<lue characteristics of plasma power.

It is recognized thM the magnesium­
producing reactions of both the Mag­
nethenn and more recent carbothermic
processes tilke place at lhesurfClce of the
slag systems employed.1

,Y This was the
motivation for pilot-scale trials o( the
slag b<llh carbothermk process in a
pJasl1li1leacior. The configuration of the
plnsmil reactor used is shown in Fi-gure
1. This configuriltion enables power (0

be delivered dircctly (0 the surface slag
layer where Ihe endolhernlit' reduction
reactioll takes place, and avoids heat~

trallsfer limitations which may other­
wise arise ffom the usc of submerged­
arc resistililce heating. Temperature
profiles were measured for Doth modes
of heating during the development of
Lhe cal"bothcrmlc process (Figure 2),

'"lJfJ
Temperature Plasma f
Measulemenl Torch rt ,,,---POJJj -=

-'"'i~~~
~

Anodtt
Figure 1 The plasma reactor configuration
used during pilot trials of Ihe slag bath car­
bothermic process.
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sence of other gases stich <IS Glfbon
monoxide, the prodllctlosscs i'.5sociated
with Vi'lcuum condensers Of grts quench
technolugies ate circumvented by the
pl;'l5111<1 prClcess. Tllis adVi111tage, coupled
with the Ileilr-99o/n silicon consumption,
will dr<1m<lticaJly enh<tll(p Ihe economic
com petiliveness of the pyromefa llurgkill
route 10 ITlllgncsiurn production.

fI I, aillidpated that th. process will
besui~eJ looperation in plasma re<lclors
currently being installed to tre~t waste
s~eel r'Il"1 dush" Sincf" magnesium is
Increasingly employed by the steel in­
dtlstl-y as i\ desulfuri7:lng ilgenL the
process mrty be attraclive for low tOIl­

nagp exploitation by the ferrous indus­
hie,,;. Thesimplidtyoflhe process should
also ensu re its sllitability for scale-up by
primary magnesium ptoducers.

Rel.rences

Q

EJ(c~l'l~ nai'll!
((tom Eq. 2)
_.__._-

09.3
0.92
0.92
092
091

SiOI

o
13/;
18.8
21.5
22.1

pilOT TRIAlS

1,R23K and would illcreF\se at higher
femperatures. The 1Jew process should,
therefore, make hlore effective use of the
silicon conteht of thE;> redlld<111t.

(nilii'll triats have been concluded in
Billiton Reserltch's 600 kVA tfi1llsferred­
rlrc plaSlnil reactQr. The rE'ildorissimiiar
La lhatshown ill FigUre 1, The hillis were
carried out in two stages.

))urin~ Ihe fi<S1 ,Io~., 150 kg of slag
h"villg i1 composition 2.5 wt.% MgO, 42
tvt.% 1\1

2
0 and JJ wt.% CilO was

chiuged and' tnelted. Subsequently, 65.2
k~ of ferrosilicon (75 wf.% SiU R9 kg of
c..kined dolomite and R3 kg (Ii calcined
m<1gnesite were added. The Rurface
temperalure of the slag Was heJd <It
approximately 2,2231< which corre­
sponded to bulk slilg lemperahires of
1,973-2,053K. No attenlpt WilS made to
condem:e thE' magnesium vapor which
Was combusted. The dust Was colleded
in i\ lJilghouse where it was sampled to
ennble determination of its niilgnesiil
content. The sli'lg was also sampled to
follow the progress of the ptocess. At ~he
end of this slage, the silk" conlent of the
slog was determined fo he 27 8%: which
compares with a iheordical 27% for
cornplf>le cohsumption of Ihe silicon
red uctant. Anrllysis of lhe tesidu<l1 tneti11
indicated a sitkon content of 1.2%. This
data strongly supports the cohtenUon
thal tilt" plasma process is vilstly SlJ­
perior to the M;;.gnetherm process wah
respecllo utilization of the.redudant.

The secotid s!ag-e of the trials wa,q
condtlch"d with smface-slag tempera­
fure, of opproxill'olely 2:123 and 2,023K
in order 10 assess the feilsibilily of lower
temperature operation, Atmospheric
prf'ssure magJJesium ptodUdioll wa~

df'monslt<1ted to take place with silicon
('onlents of as low as 9% ih the mel<11
pho,e. Analysis of Ihe combu,ted mag:
nesiUtn v;ipor collected during both
stages of ~he frii1ls indicates thi1t m<1gne­
siurn havinga purity greater Lilah 98% is
ohtainable. Since this figure will have
been influenced by entrainmeltt of dusts
from the feedstock malerials/1t Is antici·
pilted that the process is ultimalely ca­
pable of beller than 99% pUrity.

coNclUSiONS

Since magile,lum ""por is produced
<1t atmospheric pressure i1hd ih the ab-

MgO

25
24.7
246
215
245

o
10
AD

120
1(,0

Tabl@ I. TyplcBI Compoililon ChBnge9 Re9tJlllhg 'rom Pl9,tns-Powered ProducUon ot
____--'M"'a"gn••'um from" Uq'!'d S"'c:",,g _

Slag Composilion (wl.%~

Call AIJO,

.11 12
38.6 23 I
407 159
41 A 12.1
12.1 10.A

Mg J>roducl!ll
(kg)

Excess Base = nC"O ~- nMgO-
(2/3)nAI,o, - nSiO, (2)

where h is the number of moles of lhe
oxides in 100 g equivalent of slag.

For example, the ilddition of MgO,
enG and Si (<1S ferro!;lilicon) 10200 kg of
sl"8 in the ralio 4.'d2:t would result in
the composi(ion<tl cI"tnges shown in
Ti\ble I. By referellce to the appropriate
sectiuns of the phase diagram, i~ is re<1d­
i1y confirmed fhill lhpse slag.c; have a
ne<lrconst.,n( liquidus temper<llute (and
hence magnesia adivily) which may be
approxim.,ted to 2,223K.

Predidiom, of tile other sl.1gactlvitifJs,
as previollsly uullined, reve-al th;1I the
activity coefficients of the slags listed in
Table I are Iiltle changed during the
proce~s.H C<111 be shown that the process
thermod yllillnics may, to Il first approxi­
mation' he analY7.ed 011 Ihe basis of the
following vi\hles of activity coefficient
"(MgO - 2.8; "(coo - 06; "'(Alp) - 1 X 10. 2

; and
Y,.o - 5 X 10-]., ,

The po~itive deviation from idetllily
exhihHed by MgO in these sl<lgs is in
marked conlra..,l 10 the negiltive devi­
"tions of the reom<:tining components
(p;lI1icuJrtrly'SiO/ This favor.f:i the pro­
duction of high-purity magnesium ~nd

low silicon contents.
The ;Ktivity coefficient dab may be

used in conjunction with the ndivities
reported for !lIp Magnelherlll Slilg9 to
compare the eCJuilibrium silicon levels
aS50dilted with the spf'1l1 redlldant of
the two processes. Assuming that the
plasma gellertttes a temperature of
2,273Kat the re<-ldion site,ilnd Inking the
fillal sl<lg composition of T"'ble I flS rep­
resentative, a silinl1\ activity uf] x 1OJ is
predicted from E<1uil(ion 1. The equiva­
lenl vlllue for the Mf1gnelherm process is
0.01 at (he operating lemperattlte of

hilS a liquidus temperature of "'rrroxi­
m(ltely 2,15JK and, since it lies in the
periditse region of the rhilSC di<lgram,
hilS unitadivity or MgO ill this tempem­
fure. Variations in the adivHies of the
component oxides tlTe to be expected <1S

thesJag composition ch<l.nges ilS a resull
of milgnesium production. The changes
in adivHy of m<lgnesia "nd silica are
extrelllely small, provided thilldolomite,
milgnesia and (errosilicoll are charged
soas to mi'lintilin II nearcunstilul vrtlueo(
;'excess base" defined <lS:
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r..lagllesill111 is Iised both ;IS :1 .<;11111"1111":11 Jll:ll('rial ;lIld a
chclnical, hUI in J('(TIlI ye:lls IH11I \'III("llllal U';fS I1:II'C

1
'ledolllill:I.ICd. F;1I1y efroll" 10 develop 111,1"'"<7<;111111 111:\1 kcIs
'l'g;1I1 ill (ifflll;1I1Y in Ill(' 19JOs :lIld rn\llsed 1111 "tlll(llllal

:Ip\,lic:l'iclIlS ,in trlC~ IIcdglil,g :Il11lll1l0livc ,I lid ~ICI()Sp;a"('

Illcll,<.;IrlcS 11Ie ('fllll;lIl-" kltl SIIIlIC "II c('('s<; III sclll"/'
lIlaglicsllllIl ,11ll1 111;'gIICSIIIIII illlll)'>: til l!le :lllllllll;tkcl<; ,11I,r
dlld ..g lhl' JlJJOs Ill:ll',IH'silllll ;dlny die c;lslillg<; \\'('IC Il<.cd in
nil plllllp Itllll~lllg<;, cngi'll' COOllllg r;III';. hlo\\'c', ill1pcllcl<;. ilnd
~('alho~cs, Ailn:lft 11};lll1d:ldIIICIS lIsn! 111;lglll'.silllll ;lIlIlys ill
lail \\'hc('I~, 11I;lkl' :-.l1ocs, IH;,kc 1(:\'(' IS. ;11 It! 111~i()II<;.

j\-L~gnc.sjlll,lI ;dloy die C:1Slillg<; \I'CIC ;lIsn 11>,'d.111 :I rllllldwr or
lllllc(' eqll'l'lllelli :111<1 c1edrlc IlInlnl apl'll(;1I1011S

MAGNESIUM AS A STRUCTURAL METAL:
CAN TIlE DREAM COME TIWE?

SIIPPty/l)EMIINI> CONIIITIONS NECESSIIIlV TO ENCOUIlIlGE
TIlE S IIlUC JUIlIlL liSE or MlIl;NESIlJM

I"lIis paper Inob ;11 Ih" tlClllilJul ;11111 ~lll'ply WIHlitiollS
llCU.'SS;lIY 10 cllClHlIagc Ille stll1(lllIalll~(' of 111;lgllC"iIl111 We
cOllsider Ihe ll<;t' of 1I1:1glll'sitlllt ;r!Ioys ill die C:ISlillg
:lpplic:llillIlS alld 1111' prirc :111(1 otl1rr (OlldilillllS lIecded In

('l1COlHllge dClll;lIld ,glol'-'Ilt Wc e)(;IIIIIIIC 111(' IIHhl<;lr\' ('(;<,1

('IIISC ;lIul rite prin' rlceder! rll <;lIl'IHHI slIpply glOlVll1 WI'
(,,,;IIII;IIf: Ihe g,lp hCI\\,('CII Ihe 1!c111;lIld ;lIld slIl'ply I'II('CS In
IIse-ess w!lclll('r rllt' l!Ie;11I1 Llll !J{'COIIIC' a Icalll\'

(';Ul Ihe c!rcillll Clllll(' lltle"! (,HI rtlagll('~in'll alloy p:H Is
he Illodllred:II:1 cos, cOlllpar,l!lk III Slc!'1 ca:;lillg-", 0111111111111111
c;lS1ill!!S :llUIIlI<lSS I'lfltlllCcd pl""tks" And if tll(' III ice is 1 ighl,
ale IIl:1~I1('silllll producels [nHI die CI"!cI" a lIe In II1CC[
dellland!

r'lllll/ill T Filley
Cnllllllndillcs 1~(':,(,;"Irch IIllil

~J7 \Jlli('1I Ill,lCC SlIilr' ){rl, SIJIIlillit NllIl\}(}1

illld

KrII Cillll'"
nrill~;h StJlphll1 ClHlSlII1,ll11s

) I MOllllt r'li-~;IC;;HI'. Loudnll, Fll~l;lIJd W( I X Ol\f)

To .,i'e lhe widesplrad lIse of IIWgll('sill111 ill ,;11 .. LllIl:d
i1 Jl \dicalinIlS <lppC;lf<i III tH~ lite coll(,clj~,(' dlc;lIn of tile
ill( lIsrry, alrhnl1gl, 1101 C\"C1PH1(~ ,,11:11\'0:; lliis vision.
l\b~lIesilllll ;dloys \\,('1(' widely lIsed ill slllllllllal ;Ippliralions
dl1l11lg lhe secolld wOlld W:ll ;lIld intll(' Vnlk<;\\';lgclIllccllc III

Ihe r!Joo" ;111(1 l')llls. hili OVCI t!lclla,sl derade, SOIlIC ~f1-(l(I'?(,

(If rllagllcsillill IIS;lgC II:lS h("Cll ill C lClltic;l! :IPldic:llinll<" 1I1llSI

illllllJlI:lIllly alll1l1irHllll ;lIlnyil1g Ilow(:VCI, "Ilurlw:d 11lal his
rile seCll as Ihe IIH1SI irlll'olla .. ' alea of fllliliC glolV[1I
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DUling Ihe sccnrll! \volld IV;II III;IgIH:SIlIIII W:IS IIsed itS ;1
~lrllc'II/;11 11/('/:11 01/ :I I:I/j!,c .s(ale III ;uldlllllll III il~ me "'
;lIlC1;dl 1:lIldillg gC:lr :llId enginc COIHjllIIlCrLIS, i[ \\,:1<; ll<;cd III
;] ('Cllll::111 iccp, Ihe flllCllIllllCl' nf rhc Volksw;Igcll IIct~ne.

III lllc 19)()s. IW,()o.;, ,HId ItJllls, Vlllbw;IgCJI lVas a rll;qrll
UlI1Sll1l1cr of IIl;lg11C,SillIH ;Illd Illagllc ..... illlll alloys ill ilS C;ISlillg
sllop ..... il1 t;ernl:11IY. 1l1;l7il, ;1l1t11\1fXil"{l. 111 lin I, Ihc COlllP:HlY
(0l1s11ll1('d '11,000 InlHH'S or plilll:lIY rll;lJ~"l'.,illl1l nile \111:11'11:1
or wcstrlll world Pilltllld;nn :11 Ihe lil11e alld 111111c' 111;111 is
11<;1't! lod"" ill ;111 "IIIIrllll,1I :q1Itlir;llillllS ()\,Cl Ihe' I%,".-KI
pelioll, vw llsed "Ollie' I\O';;'l1f Nnrsk 11~'dtll'S (111'11111, ;ltld ill
,~r)!llC \,C;II<; 'hi,s f;I~,,!r II';),'; ;1.<; llil~" iI,<; )W;~
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I,,,,,,,," 10'1/'01 .,1 I" 1"',11 V""\/,,,,.1,,,,,
}f1 .

r] []

C~r 1',,,.h,,,II,,,,

NOlth !\1l1CIit";1I1 (':11 I'rndllctiol\ ;1I1d M:lgI11'~illlll

::';hipllll'lIls for DII' (';tS(illl-!-

Nor til 1\111[" iCc1ll e;n Prnc!llclioll ;:llld

M;'\qllesiwlI SllIlllllPnls for Die Caslillq

" ..",I,,,, ", V..rolf.!,,~ 10111'1

,

'"

The de\'chllllIH~1l1 of hoi ch;lIl1!lel die Clqillg ;llltl il~

:Il'plicllioll 10 11l:l1..!IICsiulll ,dlny'" 11;,<; Icdllfed Ih" CIl\1 or
IIICH!llfil1g <;lIwll ;111([ IlwdilllllSill~d r;,,,Iillg" !lolh in ah\l1ll1ll'
1('1111\ :11,;1 \'1<; :1 vj~ ;dllillilllllll. Fill I!lCI IIllllt', lip' Ch;llllhcI
(';lstillg is \ ....'('11 ... lliled II) pllll!wilig rllill,w;l1kd 11:11 IS IIt;11 la\.;('
cHlv:llll:'gc I)f Ille good GI\l;lhilily of IH:'gIH'-"illlll allllYs. All
illllllHI:1I11 ;1(1\,,111(,(, ill (I)ld dl;ltllllCl Cl\lllIg ill rhe ,,,id I(IXO,
W;IS Illc dc\'cllljllllcllI /If ;1 gl;II'illH'llic 111<'l:r'.lf;IIlSk, e;v<,[c II I

whicl1 clilllill:I!('d Ill(' IIced rill h;llltll;ldlilig I IllS :11"0 ;dlnwcd
IlIlIIe c~"l-"isl(,Il(Y ill ulld cl1:l,nll('l c;lQing"i. hnrll ill ICIIII\ of
ICIIlj!cralllll: ;rlld .-yllt' tilllC, II illllllfl\'t'd yield ... ;11111 p.ovided

[01 11101(' Icli:lhlc caslill!'.S

IIlcrals ill IC11I1" \If Ic,;iq:III(I' III ~t:llt',:d "IIILlcl' nllillsioll
Ille high dl1Crilily :11111)''' allnw Illil\'.I1("silllll rn he IIsrd ill

<Jpplic,lliolls Ilral I('llldl(~ a l,iglr (1'/"('(' Ilf IICIl.dillJ! ,lIld
flc)(ibilily dtllil1g fl ';,i lilt' 11Iod(' II'JlIll~ [II ('llC.;,rioll

(hl(' 1(':'\1)11 Ilrat tIle high 1'111 ily alloys 11;,\'(' beell
.slIi'Ce.ssflll is Ihe use of 1111.'\lns ",c1rilll' :11 Irllllilliics 111
additioll, ;II.!V:lIlrl'" ill h011l Itlll :llld co d .!l;III1I1('1 ClqUlg
Il'('hll0lngv h:I\IC iIlClt':lsrt!lhc nlrlll'("lil'I'CIH'~Sor IIl;lgll('\1111i1

allp)'.s alld IOlVeled Illlal j1lodllcl rnsL~.

f,o\"ve~ W;",le ""l"lIlollvll Ycalbook 11.1"

III IlNI, Ihe sin' of Ihe N'HIII AIW"i'Glll IlIarkcl fIll
111:lgll('silllll ;~llll)''' ill dic c:lsrilll! ;'pplil":IlillllS. \l'as Sllll.lt~ 211,(!OO
I rtll IIC-S. c;,[clIlarcd nil :1 glPs,,,, ' ....'('Ighl h:1SIS, ;llId 1I1dllding
~('cflllllalY ,te; \....·cJ[ as IllllJI<ll}' 111:lgll('Sllllll alloye;. The IIlarkcl
grt'w ;,1 :lll IUi% rare dUlillg 111(' II/XOs, willi Ililrliculady

Slltlllg glowll1 ill Ihe 19X'1 IINO I"CI illd

/\urolllPtivc l"lldl1('ls is rll(' lalgl'st IIl:lIkel (1l11ll:1gllcsilllll
,1Iloy dic cl"rit1gs, ;uHI ill Nllltil AlliClicil ir :IUIllllll\ lor <;Ollle
(l';--'W;(, of Illc 101:11. J hi ... 111:llkcl IlIdkd (lie: 1;lpid gIO\\'lh ill
11l;lglI{,SIIIII1 sllip1I1CIItS In die c:lqCI.S III !II(' I;IIC IllKfls, ;IS thf'

Nlnlh AIW'licl., car 11l;1I11ILIIIIII{'I" -- led hy rOld -­
illlilldllccd new pall" ;1I1c1lllllgl;HlI\ 111,11 lllilil(~d Jllagllcsill/ll

;,IIt)y~

N/llih !\lIwlic:llI (";[1 plllllllt'lillll peaked ill I'l,'i~ ;H 9,1
I!lilholl lilli,s, htll kll by ,1.(1':;-, In (1'\ Illillioll llllilS ill Ill')!.

l)lIl'ing Ihis IH'li\ld 1"111.1'111 tn:lj',I1CSIIIIlI shill,ncnh to die
clqel.s gl(,w l)' IIC:1I y 11{)~('. [10111 (I.IJOO (OIiIlC' III 1'1."l'\ In
I \RllO [llIlIH',S III IINO :llld Oldy dcd;lH'd hy (11ll) If,lIllC\ ill II)" I

(see hglllC .1).

hlld 11lIHhl(f't! ~Illll{' 2.7 Illilli\lll (";II", VillI", :1I1c1 It,d II
1111("ks ill II)f/O :lll" Cllll\lllllCd Sill/if: 1.J.e.,()(J 1lliltICS Ilf

Illagll{'sill1l1 :dlo)'-" AVCI :1)''<: ll<;;tgC per vcllidc IV:IS \j k~,

l' """",",,,1: .. '0".- """"~,,,p""a

I ,al'" a,o .. k.

I)H~,C,lSlillg AIJplicllinns

Sllllt'llll<ll IIl:11',11CsiltIl1 ;llId 111;tl~ll('silllll :1I1r,y plodllCls

IIlclude:. die (';l',tillgo;., ,""",vil.Y(:I~,ljllg'i lie" ":11111, Illt,('qlll~'tlr,
:lIld 11('1111:111('111 !ll\1l1ld I':lsllllg<;), alll 1\I.Ollgll\ ltelll', {Ie,

nllllsinllS, f(1lg,,~g~, IILlte, ('I\'.)n, 1)1(' 1';.ISll1lgs d.flllllll;IIC IIIIS
(all'~IlI)' ;H'Cllllllltllg (II 0\,("1 Ie., ~{1 or ~lllplll(,III'

l'lilll:lry Ill;lgllcsill'll Sl1il'llIl'II('; 10 tlte dH~ (:,qi,,~ 1l1;lIkcl
lolalled SIlIII/' .1,1,0110 Iflllllt'S ill lC)lll :lIld ,1«(lIlIlllet! rOI JII<;I
1\'.O, flf wcqcln \\,olld IIl,ItI;lllll. i\tllt(l\1!~11 die l:lo.;IIIII'
ClIII('lIl1y ICplt'St'llIS nIdI' :l sllI;1I1 I'C1Cclll;Ige o[ IIIC Inr:11
111~lIl<ct, il IS 011(' or tile few ;11 (';IS wl1ere 111;IgIlCSHIIl! PlfldlllTI'i

CIII aHc(! (011"llIllI11ioll

Shipmpnls of M(I~J!1e8iulll

fm Die Cilstinq

(lill 'OC;lI('11 Il'\'(':l1cd IlllIHlfl;\l\1 llrlklCIHC" III Ill('
111:II\;.cl ;11\(1 appll(:llllll'S fOI ,11I:lgll(''-'11I111 "lillY dlC' I':I~dil'J!S.ill
NOllh /\111('11(",1, Wr\klll 1~ll1nl'(', alltl I;IP:III. :dUllg \1'1111
\,;lll:lriow. ill hllllldlv PI:lllll"{'<' :lIld «(1\1\, lilt' ;t!lllYs ;111.1

Pll 1dllrll'lItlL\ 'I'cd, !he ';!IIIIIIII{' 'If Il1l' dl(' \;\';tlll)', II It I11'\ I I V

:lIld lecycling pl;,~'Il(T~;

III rll(' ,,,id ;lIld L,le 11))(1\. ITly lillie III;I!!III'\111I11 :dJ"y I\':i'
lI<;cd by Nnltl1 AIIICli~i1" ;1I1l"11I;l!,CI\, hllr ~lY [11(,'Il.ill Iq.,\(~\
11I:tgIH'_"'111l' ;dlll)"; hej.!:lll In III!lke '1ILlll 11I1/l:I~h t1lto 1111\
111:11kel as ;, leslIll !Jf !Cdlrlll:r1 :I.I\,:II\('S !lolll III IIIC ;dllly
((lllll'/l'ii!i~Hl ;11111 111 flllll1dll' jll:I('IICCS (\11)1(1'1'1'1,

:1I111/l111l({'Ill('IlI~of II('IV prrHlllclHlll (:ll':lnl)" .ill !II(' I:llt: I'J,'i(J.,
l';lv'd Cllrl~HII1CIs' ft.;IIS CllllU'IIIIIIj! ;II':lIl;dllIJlY :llld I'IH(' ;Hld

hlllllef ('I'("fllll :Iged dClIl;\I111

1!'ln l'll'l I!HH'Il'lflr l"fl2 1'1Il11'l1l1"IWi 1'lI,r, 1'J1l1 'fJflfll'J/I'llfJfJ(lI"'l'

hg111C ::' silO\\''' !hc l"alle~ll or \\'cSIl"" HOltd 111:lglll'~:illlll

Cllll'illtlll'lioll ill die r;lsllllg dl1plll'illinlls, AlllilHlgllltll' N/."rh
!\11H:11c;l11 ItI;lIkct glew 1:l[lldty ql'CI IIi(' Iq/~,I'1 l,c,.'od,
\Vc~lcI II 1_lJJtll'C;UI :111<1 1;1I111 (\111CII(":111(011(,llIllpIUI11 dc~II"cd
,,11:111"1)' IIlis ,dice!". Ilolh ~llillig l'IOlllotloll dr'lIl" 111 Ihe
I )Ilikd SI:lICS :ll1d lilt' dClIlI';c ~If IIle Vlllk<,I\;lgell Ikelle.

('ul,(:II[ly, SDllle 50'~;) 01 111(' JlllllI.IIY Illdellc,",IIH"
(l1I1SlllIlclI III die (';lslillg "111'[il';liiollS 1<' 11',( d ill r-.Jllllll
AlIlclic, \Ve<;[elll r'II'llpe 1;lkcs OI'CI ;)'?;, ()f Illc tlll:d,
;'gail,sl 1lJ','" III I.;liill 1\111('11\';[ ;llld ;dlflllt ';O(l III

/\"i;,!( kC;1I1i;1

()n lilt' It'(hllic:1I side, III(' fil';1 ;llld IWlh:'jls Illll"t
11111'011 ,Ill ,1t!\I.1I1( I" 1\ .IS lhe lli-vch 'I III It' II I ;lIltl dc 111,IIISI I ;,t 1011
lIr lIew :lIlo\'s 111(',( Illdudc Ill' Iligll 1IIIIily cnll n :;illil
le"i"l;lIl! :III(\\'s (ie, A/~III) :Illd A/q 1,1') tlr;,IIV('1 t' l!l'q'lnpcd
ill Illl' (';111)' alltl,llid llmo~ <lIld tlte II,gh dlillililV ;1I11I\'s (IX ..

;\fI,I}O ;lIl1l-,i\fI,l.'\(I) 111;1l 1\'1'11' tklllllll::rl;II/,d ill Ihe l<tll' IlJ::\l';,

11I;lild~' ii, \\I(,,,terll hlltlIH"111(' high pllli!\' ;dhl\,'-' :r1ltl\\'
111;1)'11('''111111 caSlin¥'; In I't'l rlllill ;\S well ;1\ \11 hell(,1 111:111 DtlWI

1\
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r.",1aglltsilllll Alloy Palls lJscd hy I\lllillllnllik
MOlI1I1L!CIlIICI'i

The l':lIlClIl of IlLilgllc"illlll idlny IISdgC til ;lU!tllIHJ[IVl'
ill,!lIil:illitllls is velY i1lfl'clelll III WCSI":fH hllnp...: III;lIl III NOllll

AlllClicl Altllllligh fnl: 1IIIIIly yt:illS Volbw;lgl':ll was hy 1',11
Ihe liu/iL.:sl t:OllSllllh..:r 01 111,lglkSilllll allll)'s, hHLI)' Ihere IS 1111
1e,ldcllll Illc 1:11111jl"':dll III;llI-Cl, Svvcl;d If! LlIgl' ;lIlh1l111111l1..:
Illalllll"l"llllCIS coll.Slllll": I,OOOl,()(IO llllflY til 111:lgll":"1l111l

alllf)'s, hili fiJI lIlllSl nllllilililivs IIIILI lIs<lge pCI' vellidc is ';lil!
Jess Ihan I kg Allh(lllg I rvlcn.cdl's Iklll, 1It\'IW, aud Alldi

h;lve al/ ht..:clI illIlIlV,I!OIS illIIH_: hlrtJjh..:alllllillj.;CI,\l:lIIlCtlLldy

ill lei IllS 01 lhe II':iC or lalge IIlilgllL'Sllllll ;dllly C;I~llllg_~ ill Ii':\\,

i1IJplicdliIJlIS, [Ilest..: cOI11[I<lllic'i :!rClIlllll fOI u,d)';, slll.1I1 pOlliul1

01 Ihc hllOJlCilll COlI' 111,11 kcl

!\llllllllnlivt.: 1lllJdllcl'i Is L1le LlIgc .... t 1I1;11!-d:lllll 11I;lglll:o.,llIlll
,dIll)' tile I:ils[illg'i ill \Ve slt.. I II I":,lrlll'c, ;IIHI ;ICL(JlIIIIS flll SII Illc'

lWllllli,d", 01111(: 1(lI;d IIi/wl'vcI,II11like Ille Nnlill !\lllCI!t';1I1

Illillh:l, Wllidl \ILIlW(~d a "llollg iJli:ICiISr ill COII';lIIIIP"IHI ill [he
1;1\<': limOs, lire Wcslcm I:IIIOpt:.lll Illillhel IkdlllL'd slL~,'clil)'

IllIouglllllll Ille IHid :lud lillL: IlJHOs, hcflllC iIICl"'~,L'illlg hy il

slIlpristllg .ll% III I'NO Allllc Sallie lillie.: ito., 11I;lgllcsilllll ,lIloy

lise WdS declilllng, I":'llLIII'CiLli vehlclc jlllfl1lll1loll wa'i g,owillg,
idhcll qlllll: slowl)' ('iCl: l'lgllll~ :1)

Tilt: flfllllCI Wt..:SI (it..:IIII;IIIY is IJy LIII!lt'ldlgcSI 1::IIIIII't:illl
(llllSIJlllCl III' IlI00gllC:silllll ,dloy 1111 dic t:aslltlg i1Plllicillillll", OIS
IIlllS1 of [lie illqHII!;1I11 die cil'>lcrS SL:lvillg lilt..: ,llllollllllLV(:
JIl;1I kel 011(: lO("ilkti tllere SWt:dCII I'; ,11(" 'iCClllltl lill~eSI

((llI'illlllCr, illld hCle 1:ln:llulllx is a 111:1/'111' IIS(:I o[ 111;lgIL':'-1l1111
allllYs (01 dld[1l saw palts (lllisidl' nr 111'o.,C IIV!) UIIHIIIIt:".lIIC

ILldl kt:l\ ;Hi.: Sillidl ililtl II dgllll'llkti

;\'> 'Lddc I show,>, 1111: 1l1;lg11CSIlIIII alloy pall'> llsccl hy lilt.:

1I1,Ijof 1:'111 ClJlC;lIl ;IUllllllllhlle.: 111;1111 d.-Willi <:1 S :tIC !jIll! L' iii ItCI L"1l
1111111 [hll~;C lIsed by 11l~~11 NIlIIII Allll~li""dll Uflllllc~ll'allS

i\llho'lgli 1Il,I!:Ilcsillill idhJ)' (,ISlllIg" dlC lI'icd by s...~\'t:ral
lillftlPl:,lIlllldJlIILICIIIICIS f()r <..:ylIIHIc:I hcad IOV(;I" ,111l! \'iIlIOIl"

1Il'ld.:ls :11111 SIIJlJlllIIS, III 1:IIIOp':, IlIdglli:SlIlIll ,lIltl)'S ;lIL' ;11'>0
used lit Jill~L S/111;-IlIl,C/ UIIII/J/I/lCIiIS such <I', llie !\1I11l

ill"llllllICIII p;llId IIlld I\klccdcs IICIlI_S\:illll:lIIlI..:S. BMW u'-,cs
1Il;lglll~silllll ;dlo)' caslillgs ill cllginl: P~IIIS slldl ,IS oil plIlIlJl'i

111111..: 11IHlb, lhe hll()pCall vdrick 11\,IIIIII,I(lIII(':IS dlllllll!

face the salllC IHesslllc 10 PllldllCt~ ligl1h:1 LIIS [11.11 wilS
L.:vidclil ill NCJllll'\IIICl'Il:il To '-,1;111 willi, 11Ilhi hllllp..::in ~;IIS

welt.: alleady rtlllsidclalJl~' ligillcl 1110111 l!Ieir liS (lllllllelp;llIS

tlWillg 10 hlgll petrllklHll priLc" tllHJllgholll 1".UIIlllc. Secondly,
Ihclt: \l'CIC 11(1 ('/\1:1: SIOlIHlclllb 01 nilici gOVt.:llllIl(;111
Iq~1I1'lIlllll.S 11l<lllilallllg ftld dfll:it:IlCY 1:III(1peilli plodllcers
welc nol ill the 11Iill kel In "bIlY" WL'lgltl IcdllUillll, ;11 [ell'll 1101
10 111e salllL:: exlclil as Nonll AlllClicdll 11IilllllbLllIICIS

SIl'CI illg COhllllll

<i'i'iL:lllhly
SIl'(;1 illl,; wheel

COles

Vidvc CflvelS
('ylrlld(;1 h~';ld

ClIVCI S

1II'IIdni 1011 (,O\"{~I

llllll;llri CIl;llllhcr
i\lllllllcydc

\I' 11l~ L:I 'i

(;car 1111:<

IllSlllllllCfll I'illiel

'ilq'IHlI [ h~;lIt1

('ylillder he,ld

CliVI.: 1S

Se;1I (lilltlC.'i

('i1111 UIVl:IS

Oil I'IJlllllS
(lil ]Jilll HIltolllS

Whec h/~Y'ilL'III'i

II <ltl'illll'>sioll
11011 ... llIg

('IU J

Steering collll1ln
lod 1I01lSillg

CIIlIl:h lllJlISillg

I\::ILII SlIpplll\
bradeh

Scal .\\l11POlls

Tr:uLsl"e1 case

Annrc.;sl Sll[lpllil
An:l'ssory drive

hr;l<.:kcIS

Filgilic ilcce"silly
hrackets

Vidvc <..:Oyei

Slecling cllllIlllll
hlilckcb

Induelioll systelll

hllllSllIg
Carn cover

Oil filter ildaplol

Sourcc:

;dlllnugll sUllie prodliCls, slich as 111l: rScries IIIICk';, II'icd

cOllsidclilbly IllOre. Chryskl's lIV":I"~C untl t1sage ill !IJi)O WilS
abolLI 1,(; kg/Yelilde while (ji\'11Isl:t1less I Ita II 05 ~g/\'clliLie.

1\11 ,lllce LOllljl,lItil"'i illt'ICOlscd tlrL·if IIllil lIsagc jll 11)1)1 OIlltl

have 111'111.\ for atltlillllliid ;lppli\atiIJIIS

Ld.de I Jr\l'i SIJlIlt: 01 Ih..:: 1I1;lgllC;;IIlIll ,dill)' IJalh w;cd Ity
Ill..:: 1IlilJOI NUllh '\I1lelll,111 ;lllIOlllOI,lk lllilllilLII:IIII{:IS /'I.llhl

of 11l~ Dlllcni lI'it~S Ldl Illll) ,Ihe cOilegolico; (Jr Slqljl/ll1.S,
IHiHh':I':i, froll.'illlgs, 01 CllvelS. 1111:'>1: ;tIl" ,'flpliciHiollS whele

Ille illlllllllilkcr') call Idh' ;l/lVillll:lgc or IlldtllCsilllll\ low
tlell.\ity, high sliff'lt::ss-[()\.,.eight I~ilio, ;11It1 g(lpd cdslahilll)'_ III
I Ill: NOIIIlArlll:liC;llt Illdlhc[, Illdgllc';illill ;dlllyS h"I.'l~ 1l011l1;ldt:
iJIIUill!.s. 111[0 1I10VIII1; p,lIl'i 01 tile Lilgine IIsell, exccpl til Illgll

pcrfolllldilce 01 lilling (OILS 10 d;lIe, NtIIlll i\IIICli(:lll

1l1;t1llllaclllll.:15 have 1IIII ll.~cd Illdgtlesillill ,dl(lys ill l;lIge

Sllllllllrirl ulIlljlllllCllh, ')tlcll ;1'; itlSl111111C111 1',luels iJ' SC,II

fl,II11CS, illthough Ihey ,Ill.: stlldyillg, ,tllese ;lflp,lil:i1Iioll"
I\LI~llc\i"l1l ,dloy wheels urleH i11l.: "11t'cdIL'd on pCIIIlIIII:IIICL'
vchrc-Ics, hill h.. vl' llllli!cd dppIIC;IlIIlII ... ill lILt: IlldSS IHndl'l'litlll

1ll'lIke!.

[uropeClIl' Car P,odllClioll -and
MdUllPsill1U SlliplIlellls lor Die C,lslillg

All llH/Hlllillil Lldur bchilld [II(~ IrlCIC;jhCd lise id

IIWglU..:silllll ~dlllrs ill liS, dlllnllllllJllt:s II00s hc{~Jl [Ire ('I\I',I~

ICglllillllJIIS, Wilidl ICljllllC dllIl1111,1" ...'IS lei IIlccl ((:11;1111
ClJl\l()I:lIC aV<.:I'lgt: 1110.:1 CCOllllIIlY SIOIlld,lHls 01 l;ln' Ih'n,dli..:s
rig IICI CI\I-I: 'i1;llId;lIlh wrlllTllallrly l'tlClllllOlgC Ihe 11Idllcl

lise nf 1l.I'lgIIC~hllll ;rllo)'-" ill ,llIloIIIOli\"(: <ll'l'lIc;II.IOll, htl[ they
aloll!.' Will IInl IllHkc Ihe Illal kd glOw ()U Ihl' olher 11;lIld.
jlltJvided Ihelc ,Ire Illl ildw:I'iL' changes III llie dv,lIl,I!,ililY 01
pI icc ilf lI1:tglll'silJllI ,dl()y~ ill lltl: I Jnllcd Sl,lles ,lIld 111:1( lll(~

111;lgIH:~lltlll ,dill)' sliplol)'llldll"tly, il.' 1141111:11)' [Jllld(f"'l~IS alld
dlt: C:lSIt.:IS, C!lllllllllCS Itf o.,lIl1lHll1 rct'i)IlII.;l! <Il1d 111:lILd
devdlfl'llIelll \\'llIk" ItlOlgllC:.illill ,dlnys will ClllllillljC 10 111~ ,III

;11I'il(_.:IIVI: IUiIlCli:1! 101 dlllllllllJllve ;'flplll',IIIIIIIS t:Vl:11 if w(:tglll
savIIlgs do 1101 \11 iCily "p;ty"

'","
'"

tl.""IJ~1 01 V~I.lo;lc~ (000/ 1""11":1 WOOl
'0

,"
I 10

"
"
'",

" 1!J11O I~llll 11)02 I!JILI I,)I:I~ 1')115 1')l:\1i I~JlJI EJIlIl l'lU'j 1')\.10 1'.191

:>OOIL<:B, ,.f,jrll. '''-fA
tICh>: . l"d,,,I~e lOG ",,<I 1:::1' IA

111 _~IJ9I, lire sill.' 01 Ihe \VDlcl,11 LlIllJjll:illl Ilhll kVI Ilil
11l;lglll.:SIUIIl .dloy ... ill die t:.ISIHlg ,11'11ItCdlillll.\ I\':IS SlIllle 12,''iOO
101l"e~ llll II gliIS" Wl.:l~llllta"ls alii 1Ilrilldlllg "C~()lltblY ilS \\'ell
,b plllll:llY 1lI,lgllt'"flllli ;11111)''' I flc 111;11 Lcl ckdllll.'lj ;11 ;1 1,1(:1)
,;lIe dining llie II/NOs

I'igllle'l EllIOPC:'lIl elr 1'l(l(llidiOIi iliid

Sillplilelll'i for )Ie ('"o.,lillg

'I
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III ll)l}{l, IlLIgllcsillln :lllqy~ wc'c lI'~cd ill t'ng;JIf~ hJIJt:ks for
lJ)e d""wslit:dly plodllccd V\V (oillh; ;HHI ill engillc hInd"
11,,11 \veli: cxpOllctiln t\1cxico In he lIscd ill VW Ike-tics I he
l!ccllc ll:ls Ilol h~~ell Jlr()du~:cd III 1l,;!",J :jnn' I {jl-/(J, :drllnll!!h
;1 1;1I~~~ 1lIIIH!Jl',1 of lI'pLl(ClllClll Cll[!.lIH'S ;lIC p,n<!ll(.nl
BIOl/iliilll t"tlll<;llrtlplioll nl 11lilgncsill1l' aHoys is C~Il('n,ed 1.0
tit-dille, ilnd llt(' I"IuIC 1,( dlt' VW HCCllt' HI t>-lc:'tlco I"
III1CClljlll1 ;1" plO(\IIClillll h:l~ il!t(';ldy cnnlilHlcd IH'Y~~lld i:s
expel'II'd dc;ltllilH' III Iq()l. VW Mrxl(i! hl'l,!,alll'ltHlllnllg fll('
(;/llf, ;lIul (his is (,,~p('I'II'd 10 k,ql'lI lht' t!t'l11i<.c III tIle Ikcl!e
Ihe hl~", (It Illis 1I1:lIkt:1 could IH..~ palli:tlly flfls('! hy Ill('
Illil7ili:1I1 PllIlhlflitll\ of \t;lIlslni~~ioll C:l\l'<' {or VW's (;('1111;111

(';IIS, ll1re Ill,'.; i,'.; ul/llkely hd,,!(" 1t}11.';

I)urillg \11(' IlNOs, I;lllope'lrl.llflldlll"(',,,.h;\\'e hcgllll,l() !e~'l

11101(" pl('SS'lIC In IcdllCt' die wC'lf!.h{ (If ,hell vchlC'(~_s. J IllS Is

{'v;delll in IJH~ 11lXllIY (al 111:11kcl, where (011<'1 II11C 1\ 1I0W walll

lighter (;11" wHII !leLler 11~.llldlillg_11l l(,sl!~lIts(,", llle IlIxury (,II

pl"(1IIIIC('I", sud. ;\" "-lcll'cdn 1l~'III, -:'Ul I, n~l\.v, "lIltl V(lI\'I).
;1)(' looking :\1 W,ly" III 'CI1II("(" W('I)',hL ,!",llIl\q'H' cnnllnl
q:lll(]dld" illqHllvCIII('lllS fli Illcl l'lfIUCllty, :H,d IlItH("'

C\lnSlllllfr condor! !c;IIIfIO .-lIe llw II1il')) 1(l'Cf~S \)cll'1I11 l!l('

/llllVl' III ('V('II liglilci 111:'\<; Ill,lIk('1 <'<~lS, c,IIeh ~l'i Vnl.ks\\,;'gCll\
h;lls, ;\Ild I'ellglll/< "ilI0('11S .111 hHlll'C .. 1l 1,0.; I,kdy Ch:ll
111;'I~I~(,\;I.t.ll~ ,dIn}' 1,,':11 IS will h~'_ 11I1,lOlIu('(·,.' fWd III I ~I~' I,ill gC,I,
11(';1\,1('1, 111\,,11 rlld ';11", ;"ul 111111 Y11HII't (o<.! ellt,( 11\'(,!lH V
will he ll',n fllllll("l dow II IIii' 11iOillli\ lill('

11l:1p,lIcsilllll :dloy
<;('\'CI;.1 IHodeh
vellide is J I 1 k~,

Cllglll{~ blocks ;1I1d II'lIl'\lIli.'\<;inn e;lSC" ill
1'11(' ;1\:('1 i1~',~ USt~ ,If rff;'I~n('.<;illlll ,/IIIlY PCI
hill IIIIS 1':111(''', hy Illode.

IIlCy CIted f0111 111;1111 illll't,t1illll~IlI~, In (1111('01 ""agc

illtlll{lillg:

• 1;1I\, Illillc,i:d ((",to.;;

o 1:IW lllall'l i:d ;l\':tilalti/ily;

• plller"\III!! Cll'ds: :1I1d
e Illc die (,'<,ling sllpply h:\~c

111111id and laic flJIII, we illlefV;CH'cd P/ill/il'Y llli)gJlcsilllll
flfnl!lI('cl,,>. die (';lSlt:IS, alld ;UIIIIlllakclS ill NOll11 AI11CliC;l,
\VCSICIII 1:.ll'OP(', bp:lIl, ;IlHllalill Aillelica :thOlll 1I,II:~ Ill:'!"
illll'cdilll.CIIIS II! l~l(' iU(f(";r:<;el~, ll,se of Ill:'l~nes.lIllll. III
;1l1!f1!lltJ!IV(' :I\'I)1IrI":I1I(III.", I he IIHIt\'ldll:t1S wc ~I'ukc wllhnlcd
lwn IYIW'i of 11I,lil:lltOtlS: Ihos\' :llketil1g lhe (1St' or (Ilirelllly
;lV;lIliiltlc alllJYs II' /q1(JWff i'l'pl,C':II;O/l.'i :tlld f;\l:HJI~ 111:11 "leVt'lll
1)):lgllcsiutll flonl e'~II:llldillV, 11110 lll~w :lppliC:lliOll'i.

rltel

<10.; (01 Hl~I'1I1

1(,llqH~I,llll1e

physlc:d lIlId

kdlllic:d COfl(elll,~ ,",!Ie"
PIOlcrllfHl :llltl devillt'd
I'lnp(,IIl(~'i, ;1\';,iLlbllily of
Illt'cllillllCI/ d:lI;l;
CArT III ollw, <;1:llltl:l11l Icg.lIdlllg

('COIIOIII}', \Vei~hl, (II Clll''>'ilnll<" .lIlll

dcvdllplll(,lIl<; III ti,e ,SClill' )Jt:llkcl

•

•
•

As ill NOllh !\1l1cri(:1 :Hld WCQCII1 L~II(1JH'. ;llllnJlltlli\'l~

IJI/ldlld~ i... Ihe l:11.gC"! ,n:1I ki'l fIll 111:lgll(:~;illlll :dlpj die
ca~ilillg; IUlwevc,I, in J:IV:III, 1\ :I('COIl11lS tnl.oldy :1[l01l~ .10';;, (lr

Ihe lot;d A\'('r:q~(' lind IIS;I\',(' of 1I1:'gllC"~'!JlH ;tlhIY. ,111.I.\p:1I1
"';lS /lnly 0.1 k~/\'('ll1(lc ill ]I 110, <l~~:lIll'il I I ~gjvel1l( Ie 111111('
1 Illilcd Slales :lIld 0(1 kgjvcllielc III Weste'll I'u,n!!t'

('111 ,cnlIY,loVt11:' IS t!lc o,d/ J.tl,.1I1CSt c.lt Ill,d 1"1 111:11 .1\
IISillg 'll:lg11(":;illlll al1t)y~ tn :IIIY S,~,IlI(H ,.. ~f f Xlt'lll III 1I1{~ /llnl
;111«1 ';'11' 11},~fJs, "1111(/;1 ;"l'ludcd 1l1iL~~Il('SIlIIlI :.110)' 1';11 1<. III 110.;
11101';0.; rr',ltkel Anllltis :Illtl ('Ivies, hllllPl!ay Ihe ((llllp;1I1y IIS("o.;
111;II',ll('S;llll1 nnly ill ils hllv \In/lillIe NSX <;lliJf Is (;1/

1;'p:llWSC ClIlll<lh'I'i rtlc- fllt'l CcnllljlllV, IJS (/\\'-.1:
SLllld;lId~, ;1I1d (he Ilccd III Illot.llI('r '!I~lili:r (':110.; ;1<; !It!·.lJJiIlJl

1(':10.;011,\ fill lnn-"idr:)jJJ~ Ill;'~~t\C\I""1 ;11 Ilyo.;, 1\1111l'lIl~lllll-!-lllfl
('Ar!: o.;"IIHt:lll\<. 111:1)' pol II(' :11l io.;o.;llC III IqIJl, Ih~· 1:IP:lllfSC

,1111111H;d:CIS :lllliciJI:ll.(' lIl:iI '1."I"iICIIIl't!h u'dl b,-"!!~ld(,lIcd III
lite !rrld 101,,/(' I()f)/),> ;\s lhe. ,lp;llI/:o.;(' pltldl'U'I\ 1110\'C :1\1''')'
fin", sllIali l"il!~ iii lU'illly 11llJdds. ('AII: 1"tl'lil('llll'IlI~;

])C((\III(' 111111(' of:1 (011(('111 r-..hHCfII"('/, ;1\ ;In!rll));dd'l,o.; ;\tld
IItUI(' cnllllllli. C(JIII'('IIICI1«', :llld ~;:,r('ly fc:l!llll"i tn their (;\lS,
Ihey IllllS! I tdll{/' Ill(' I'.'ci~hl nl (It, 1('111 Il;lI1S ;llltl ('llllllllltl('IIIS

In IlIlII, lIlt' SIll' ,11 IlLe ASI;1IIj()U';\I1IC lIl:lIkCl lill
l1':lgl1eSIIIIII ;dloys ill dit, C:l'illllg :111Idicl(HIIl \\':1\ ,',illll/" J.lon
1(H1f1(".~ 0I1;r /!,"''i~ ',I'(:;l~Jll !J;lsi" ;lIHlllldlldll11l St:\lllltLI')' ~ls.\\'r:l1

;,<:. prilll:lIy 1!l:l~!\C~,illlll alhly'i f\1(l~;t 01 lhls 111:Llke! 's It,

J;l[l:1I1, ,\ltd tbel(' \'.';l" Il1l1i' 1~,oWfli HI SlllflllH'IlIS dill II)},'. 11)('
,9>1/},\.

In ;,(ltlillllll III IJS ('I\IT SI,tnd:lIt!s, 111(' bl';IIH'<,C l1:1 v ('

d(l1l1l'~lic f.!.uills fIll ililplPvcd fl.lel ('.COIl/IIIl\, ;11111 H.'dllccd
rlll'~S'Oll<; Ill(' r:1p:lIll'Se l;tf~CI IS III 1!1I!J)l!Vl' fuel ('('I)lHlIIlY
by l('dIICiJl~ \I('!llck weight I,.V, .\V;~. hy 111/' yc:'.' 21101 f\1:'1I'y
IaP:IIIC<,C r"IIIl;lk(,l~ ;Hc IOllhlllg 111.<:'1 lu. ;11\111111111111 rOI 1I.lell
weigh' ,ed"flillil plng';!III, /luI rllH~r 1)('))("\1(' 111:1\ ""lglll'':;llIlll
:lIlp)'.... ;11,<;0 h:I\'C ;, Ifdt, 10 p1:ty

IIli~ p"pi:l (OIlCl..:tltl:ltC<; Otl llle ~:1l'1("~1 ill1pcdilllCtlfS In
1I('lll:llld ;1<;, Illilll)' II( !l1(' lIi/t(' I 1I'(',\('III;)II011S ,11 Ihe 1fl.1A
/I)ccling ;\Ie (Ollcc,uc:d willL lhe f:1\'IIIlS :lrr(,Cllll~ [llIIH(' "'>:lge

Ibw 111:11("11:11 ((l<;l'i and tIle I:O<.t 01 prilll:lly 11I:'~l\e"illll'

COlllp;lIel! 10 ;d1l1l1l11l1l1l :LIt' UrICH ritcd as S!lIndilillg Illoch In
Ille ('tilltn 11s;rge fir /fI:'~IIC,";lIll1 alloys. Ilowevcl', over lht'
11:1.<.1 h~'ll {car~, Illi,gIlC<,illll.' \lri.((~S dcclillcd hy 2.'; .. '10?,~ hilin
't I (l(l .. IH( Ill', ill 1()H() til ~ I 1)( . I 20(1l1 ;11 lale rfll/' ., Ill." ,,11;1.. ' jl
declillc i,s r('Ikc/cd ill r;~IIIC .\ wlli('ll \ltows Ihe v:dllc of
illlpmls illln Ille Ullilell Slales, (iellll:!II}', Illc Nen,cll,lllth,
and Japilll. Al1llollg11 prien h:lvc illnc;lscd sinu: !aIC li)l)l.
10.:(' dll I/nl e .... IJed ''':11 1119 will Ichllll 1(1 pIC· P}HIJ I~vch ill
lht' Ilc ..xl livc 01 so /'(':11.,\. Thi<, is 11:1<;(,\1 (HI 0111' analysio.; of

Ilrodll(,tiou cosl<. '1I1!: .SH 1l(1\llal flVClClfI;wily, ;lI1d i,s discII"scd
,elOI\, III !l!(lIC dl'l;ltI

NC:lIly ()(I% of tIlt' 11I:1!~1It'<;11I111 :dlrl.V (:;lq;l!g,~\I,jJlpt'd ill
11I,t:,i! :lIC ror :1I1/IJ)lh)Ijl'(' t'""lllIgs, . Agtlfldllll;dl"odllCI';,
11I:,ild)' ell:I;ll <:';,1\' \1:111<;, ;\((1)11111('.<1 Ill, SUIII(' H·q.I~{. o[ l!1e
111:11 krl \\,;Ih 1'1l11:lIl e CllgilH.'S 11l:d:lllf:', till 11((' /('III:IIIIIII'!

Alll11!:Jlillil, ailltHI vClll111(" llC1W\:t"1l v()n:SW:,!~Cll ;lIld
'(lld ;s the 111:1111 Itl:l/ili:ll1 nlll':\1IIIU (If fll:lgltor01l1 ;illr,y lor

lilt' ~':l',lirtg 1\Il!O);lllJt:l ;lIld Vtllk<;\\':II~clI r-,"Iuit:ll liS"

Allhllllgfl .dloy plien (/ct!rl1('(J ill 111(' p;'-" !WII }'('(l!\ fhe
l:dlll:lS 1)01 been .'~ ... 1t;lIP it':; 11.:11 fOI PIIIt' Illagtlc<.illill. l'le ... s
1(' plll h indifalc 111<11 /\ 1 ( 111) 1'1 ire ... ft'li fI WIl ,; 1,<10/111, f tj I (IXII
III ~I.Yi/rh in I:lle llJI)I, ;d{ltougl, flrey lun kll'c 'C!JllIllld('1! ill
)I,i)) llie jOI!J(l11:1I11 pilil1l 10 link :tlHlIII ;t1ln,' prices is Illat
ill lhe 1:tIC !(11Ws alloy::, ,>(lId ill :l!loul ;, lor;,(, discOlllll In plilT
tllilgl\f:"illill (\l':I Cllll(':IiIlCd 111l'I;tllJ;ISis: iloll'CI'l'I,I,y hI(' IlJlll

III
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Import VallH'!s for Primary M~I~I)CsiIJlII
III vit:w ol NlJlsk\ iIICl(~il\(~d IHe.:"Cllce III lin: Nol\lI

I\IIICl iean 111<11 kCl dlld severe pi ilo.: llltllPClilioll IhL're, III cally
1<)1)1 I)nw illlllOllllLCd Illill il was sllenglhelling liS Illalkclillg

clllllis ill \VeslClll LlIlOPC illHllilp;lIl whcfe il WilS allc'1I1y

(Olllpclillg ilClivl:ly wilh Notsk IlydlO. Tilt: IlleSCllCl~ of ,II

leilSI two S[lOlIg suppliels ill lhe llllee Illilill Illillkels hilS

selved HI llling rt:giollill pticl:s close I l(lgLlher' (sec ligure S)

As Illc .capOlcily III IILI~ illd~I';II'Y hilS glowlI, Ihe. lllajllr
plodllCCIS 1I;\\'c bL'CIlIIlC 11101'1..' IltlL'1t:sl(~d III c>;palldllig Illl:
11I;H hCh lor {ll;r~'J(:\illlll Tr;u/illOl/iIJ JJl:Jfkcl'i,'iIJdJ ilS

.. 1,111111114111 alloying atld ChClllil,d ilppliralillJI.S, ill'/: Ilot VCIY
l')(Cilillj; as thele is lillie 111(; IllUdllCCIS call do [0 .. Heci
ClHl~lIl1lpll(1I1 IIISIL'iH!, lhe pltllhlCe.:IS II:Lve l(l('ll~ed (Ill [he
t\lllle pr iCL'-sensitivL'" rll;11 kt~IS, Slit'll ,IS llldl:jllnilllli allo)' IhL'"
r;lslllIgs iLlId 10;1 lesser cxlelll IksltlpllllllZillllUl, il'i il SIILII..:C of

(I II Ill'!: growth PI ice Cllllllh:lllivl'11CSS alld pricillg Ikxihilily is

illl illll'(III'llll (ollSidl.'l;IIIOII (If <Il1hllllilhel" CV;dll;lIl1lg IhL'" liSe

01 1I1;lgIIC.',illJlI ,dilly die c;l.s1illg,;

()VI~I Ille IljHH 10 !l)l) I period, 11LL'" LIS[(;1'1l IIloc Itas

sllilled Ilcnn il Ilel illlPOflcl of alJllllI 1,:100 !t)lIlIe:S of
11I;lbIH~,,,illlll [0 il lid I'liJllllkl of .1I111L11, 2,(100 1(lllIll~S III 11)1)1

[he illnc;l:,\cd ilvailahijlly of 1l1'IIl.'ti;tI IHIIlI Ihe (urmer SOVle!

llilioll hroltghl IllflrL'" 1I,ltklS 11110 IhL' Illdl he[, lhlls givltlg

l'OIlSI1J1IL'rS ill' ;Iddllillliid Sc)ll'tl' lJfslIJlply. (lcilcrillfy,lrildel's
ulTl'l IIIOle.: lIc:(lhk Illi~'illg klillS [!I,lIl prilllalY /ll'oduu.'IS
Illcil (1iIlCl:lll is 1I1;LXlllli,illg 11lL' t1ldlgiJ1 he.:l\\'et:ll I ll: pike ill

which Ihey (jill hlly 1I1;lIer;;1I ;11It! Ihelr saks pnn:, ;lIld rhlls

Illey l'.1I1' Vl'ly little allolll the Cllsls 01 pltldllcrllg 11Iilgllcsillill

Ill' the prllfllalJilily Ilf lllilll;IIY plndllclioll, The lIllY j)fll:LS
qlloled by Iladeis 1111)1)1 wetI.' widely rqJllllCd illHl 1;1(1:­

SIIOlIg Ih~g;tllVC illlllill.l nil Illal ~CI sl.'lIlilllt.'11l plices

,I lInll ... S ..I"I fJ."",,,.".I"~"."~'

'"
1.0

"
·t

I til " "" " ,',

" "
", I, , J , J ,

I lflfl9 I':I!J(J l~EIl

SourCbB '1~lllJlldl T'd(l~ ~ldll&IIG& UHI

alit! even ill lnday\ 11IdlkCI, lhal discnlllli 11;ls IICl"llilie a
Plt.'llIllllll O( SOlllt.' JO I 51};,

Willi lIl<lgllcsilllll pricl's III lhe ~ II'l 10 11t111 1':lllgt ;tllt!
alloys selling ill ;!lUllI[ ;, )·10% dtscillll1l relkclillg lhl' IlIcl,,1

v<lllIe, we do 1101 C.(PCCI I'aw III;llL'lijL! OJ',! 10 Ill' II IIljlJlI1

irnpedlilicilt In delll.tlirl gll)WIlllll .Slll1~'IIIt;lI ;'IJpliGllilltlS

hlllll,llllelll:d (:11:ln~t::s til pl'llll:l!y III:LgIIL';illlll ,tv;liLlhillly
<llId Ihe: )llllcllne IJf !JJCI;jW Jll;JJCJI;!l'>llp,d y 11;ISo.:: IS ht:lJilld

llie dl;lIlljlric LIII ill 111:1[;111.:',111111 prices IlilpOII'tlll rli;1I1g('S
Illt.:llttlcd:

\Ve h(;licvt: [!lit[ Ihesl~ l:lellllS will lllllllilltl~ 10 have a
srlllll~ illljl;lCI Oil tIle Illal"l~1 ill 1111: !l)i)(Js, ilnd rll'll Illcy will
keep (1)11'\1;1111 doll"r plin:s ItdlllV Itle Icve.:b ll( 1;l1(~ lImOs

1!.llJ~lhlJ/11l

12)lJ 'I ilJ/11l
11)O~71J1'/11l

'Ill (l~%
SO 70%
fI(\ ~or;"J

TYl'h:il!
J'H~q:~:i!I[l; !!~l:.i·

( 1<1 I
• As it percCll1 01101,11 (IISIS

ILl\\' 11I;lkl jjd cll."I~ illL' lJltly lille 1I111l11lHll:1l1 flf IIlI,t1 pallS

CO'll, alhL'il illl illiJILIII:Llll (Hie IlowL'\'er, IVheli design
cllglll~:crs ev;dll<Lk Ihe ll'-il.' 01 11IdgrtL'S111I1I III ;1 specIfic
:lllpliliIIHHI, il IS the.: coS! III lire pall 1411111:1 lililil Ihe.: law
tllillerial 111,11 is 1:lilllal 1'lOces"ing CIISIS vary hy p;1I1
dqH';lldlll~ 011 Ille sill.' L1lltllOllll'lcxily 01 lite: 1l;1J I, lite illllOlllll
o( IlI;H:llIllitig 1Il,It is Ilceded, e(c To ge.:l iI mllgll Idei' (If IIH~

111l1HHldllCL' of 1)I(HT~iSillg COSIS, \n~ asked die, c:Lslel" \.... !lill
1'L'"ICCIII;tgc 01 lheir I!lt.d UISI W.IS law IIldlcllals ill\(1 Wllill

1'l:ICl71l1<lgc W;l" PltlCl.'SSIIIg AlllOllg (',\pcllellu:tll~"lgllc'\illlll

dit.' cilsll~''j ill NOllh 1\111e11C:I illld hlropc, 'dW IlIill(';I"I;l1-;

11'jllL'SI.'IlI JO 6\Jl./~J of lh(~ IOlal, dCjll'lllllllj; !HI Ille.: plodllCI 1111.\
IllbJ1illl, alld ;lllll11lg 11.:';:\ ("\jll' I il~II('t..:t1 die ('<lSkl\, jllllcesslllg
CIISI\ ;He ;1 1;lIgCl PCI(L'"III;lge nlili/: l(ll,d ( ...ecl ;lh117 2)

()IIt..: way 10 11IU(.';ISl: Illl' (·nI1l11uillvellc,;s Ill' 1l];lglle~1111ll

idlllY pal IS is 10 IIJIVt:1 pn 11;111 Ilfl1(eS\1111; CU\lS vis it ViS
ail/nlil/ill" ;lIl1ln,JII.:r 1J,:ill;jjah SfIlIJC' oj Jllc Ja'J-:cr ;!IHII110Jl:
(~Xpl~lielln:d dlL' r;1,,11'1'" ;lle \\'llikilfg UII t:llltljJlll":lll design ;JlIII

Iccllnic;t1 adV:JlHi:S 10 lllillillll/t: UI~'S ill Ihell 0l'l71;tlillll

f'Jollll I\lIlt7rica

\Vt'SJCIJJ [I)fope

J;tP;lIl

Sow ct':
Nllh::

The upening 01 ljl(; ./''i,()(l!)IIlIPY flec.III\'O!lI pl:1I1[ rili~;c:d

lol;t1 j'HIU~I't c;lpjlliry Ily 11l1l1C 111;111 l'i~;:!, ;tlill jll:;o inn(~;hl'd

Ihe COlll/)\'III.ioll illlHlllg C>iiS!!llp 1"1lc!IICC:IS [Ill Silks ;llld
11I;lIkel.S 1;1IL'" TIH~ Nolth I\nll"IIC;t11 111;tl1-;CI \YilS Iltl~ Iljl[II,al
oullet hll IIll'lid rmlll 1\(:{itlICllllI, ;and Nlli \1, SIl'ppcd lip ils

llljllkclillg efforts III NIHI" 1\1\1I,.'llrjl C\'clI.lldnll: the pldlll
0pcll\:d. III Ille 1;lIe 1~Ji'Ws, Illis H':lS llil[ ;I dlfllutll lil',h ;IS IIIC

11lillkcl W,IS ll'Lltively Ilgltl ;llId 'OnSlltllClS IVcknll,cd d II(:W

Slipplier Illlwcvel, WhCIlIIIl' ItI,likel c:ls~'d III 11)4)0, plndllCClS

hq;:Lll In UllllpL'"le IllOle VlgIJl(III~I)' In' s;dcs, ;llld :,11011 Illis
(Olllptlilillll lonk Illc 101111 III IOIVel pllces

• [he (\I'Clllllg of IIl'W (:jljljIClly:

• IIt:W 0\~'lll:I"IIII"1I 1\,1;lgcIIIII:
• Illclc;lsed Illklll:llilliLd (llIIIPClt1irlll;
• ,\ swing ill l.jlSI-\V..:s[ I'<llk,
• gllJ\villg IIIClCII;IIII!II:t(kl tll\lllv(;ltICIII: dllli
• SI"()I1j~ L',HI\\'111 plllcHll,t1 III j111\'l' S(IISIIIVL'"

IIljlll-;(:I:\

AI Ihe S;lllll' lillie: 111,1( lilc Ilcc<lIICI)IH pLt11l \Vjl~ hcillg
hllill, !\l1ljlX decidcd tn willHllillV (.Illll Iltl~ 111:tgIH:silllli
hllSilltS'; ,11](1 sell ilS I{ll\vky, lJI,dl, plilll! /\ll\.'1 11I11i:11

WI;lIlgl;llg, 111\; I'Llll! WitS s"ld III Hcrwn, ;111 ill\'ollllCIII ~Iqll\'

I he plllChilSC W,I" !I11;111c<.'d btgcly I,y d\'ht /\111;1>, "; hd':ic;lI y
il lllclals ;lIld law 1Jl;I!Clldh Illll\j!dJ1/' :11111 il InnL jl 1'1l11.~ ktltl

"iL'w III llie 11I;11:11l.'~1l1!1l 1I1.:llh'l 11 lllL' Illid !lJ;;O'" 1\111:1'\
do.:volci.! CilIISI( cl,,!Jk ('lrull It I tlldrl;cl II.:\'clllJllll":lll.
Ilowcvl:l", wil" lilt.' .~;t1(" III HCIII'rl ;llId IIii' cSI:i1IJi',llltlCIII Iii

f\L'gcorp ;tS Ille t111cr:llillg ~'nllqLll\y, till" Cllllll'dl\Y\ pllSiliflll
jtlld Sllillt!:y c!l;tllgl'd i\1:lgUIIJlIS IIOIV;. Ic);llivcly hi);!,l, cO.q
producer willi ;t LII!:',t' del!1 IIlltdctl ;11111 is 11\\'IICd hy illl

illvCSlJllClll gro1lp 111e CUIIII';IIIY Is ill .1 I'milillil wllele il hilS

III kcep il~ PIIHltlClifll1 ,ltld .... d(:s hiljll Iflll.I;lilll:llIl c:l"h lIow
illHJ SCI vice ils dell! I"IIIS hd'; IJCCH dllllUlil til lhe IIVel

sllpplled NOllh AtllCl iC1t1 111;lgll(~'iilllli 111;11 h:1

II
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I'okai I~ika

(!"oyola)
Tor,c i
Tel";111
Nip!'OII l,igllt

r\-'kl;tI
Nippon Kllli'ohll
( )!lwrs

f\1:Iill All\(lliiolivc Die

Slilt1
i\faldc
VI,lI,,,w;IgCII
( Ithels

rllropc.

1)IC ('aslci
(:lslel S

lahle "

Slllllce:

M:lgllCSill1l1 I'lllilllels
lit I.

Ihc l\,bkt'IS
Ilalv;lld IlldllSllics

SP;III:111
Ilillt
( )1 her",

(Jf(CIl, .!;lp'llICSC die (";IS(CIS ;lIe ;lsso(i;llt't1 wilh l;ll!le

rOllll':lllics that "llllplX 111:II1V :LlIIPllIlIliv(' COllqIlHICIIIS, In
~1It1!l;1<:'1, NOll.h !\ll Il' II r;1I 1 IIii' t':l'>l('I<; 'lIe /l.CI1CI:dlr <;111;d!.
111l!cIH'lldclll rlllll~. III /"p:ll!. fht' til(' (;I<;I('/S ;11(' /'('1/1'1 ablc
In 1111l1t-;llakt, IhCII.4)\\'1I t!c\TlnpIIlCIlI plng';lllI\ 1\Ldllr
unlll':lI11CS II;lVe Ihclr own Iahnl:lIIHI('S ;lIld 1{'SI::IICh ('('111(:1'>
"lid :11(' altk ;llltl \Villill!~ 1(1 hllHl I!c\'clnplllClil Will k :IIHI I';
he:lI <;11111(' III IIle LISk III 1ll;lgllt'SIUIIl :"Il)y Illarke!

dc\'(: Ie lJllllC rtl

, Tile 1f~11l.llllIlSllip belwcen Ihc c:Hl1lakCl'.'; and die (':lsICIS
'" We.slcl JJ JIJHJ1)C appears 10 ~H~ IIHHC IlIslalil 111;111 ill Norlh
!\llleIIC:! ;Llld l;q"Lll. Wnklll 1·,11I11Iw;l11 die C;I'iI('I<; gCller;dly
:IIC IHII III\'ol:c41 willi I1le :1U1~lllIakcrs ill lite design l\lo('e<;<,

I{:llher, the .car jllodll(('IS Will COllie Itl IIH.'III wilh " /';111
:.df('";rdy dCS/gH~(" ;lml ;l.sh lor. hid" "(';lslaIJillly"' alit!
1l1:1I111facIlIl;lhilJly fl.1I11l thc tllC CI.S!CI'i I'0inl 01 \licw

BCllCr;dly alC lIlIl ('oml<!clcd helol(' lllc design is f1l1al, AS:I
H'<:'lIlt Ihe :l1Il~)ll1akc!'i 1I1:1y llt/I I:,kc fldl :ldv;lIllagc of Ihe
phySLC;tl lllld 111('( /1:IIl/C;tllllillw,'ie.s nI 1I1:'J,:,"CS!I!!!J ;t1lo)'s, alld
111;IY P:lY 111111(' llt;1I1 Ihey h:ll'c hi rIll :I IIl:tgllcsilllll ;dllly !l,IH

rhe !;lpall('SC lll;lgr~csilllll allo)' die clslillg illdll'iHr is !t:ss
~kvel(lflt'i1 tl1:111 r"u~c III NIHII1 AlIICIfC;! ,/lid 1:111011('. We
rdclllir lcd L1 ,l;qJ;ltlCc;,C ,ILe (':Islu" 111;'1 wOI.k \\'llh Ill;lgncsiulil
;dlllYs III ;Iddlllllll to Illc '11:1111 die (":lSIeI'; lislt:'d III I able'
<;cv('lal.o( Illc la,g~ ,lIt1lllllltllll die ClslCIS II;lv(' hCgUll lISill~
Ill:lglleslllllI 1111 a 111:11 hasi" '

. \\1(' idclllified :11111111 1-') hIIO[IC;l1I ihe r;l<;tcls IIl:lI WOI~

1~'IlIlIIli1glll'SllllIl:dloys, 1II:llidy III Wl'SI (;CIIII:llly, (l1e I JI<, alld
.)111('(kll 111/\\'c\'(,1 l!tcle III;Iy he l,thCI slIlal1 fillll<; ill !'t;IIlCC

1~;l_ly, S~"'illClblld, AIISIII,I, ,lilt]. ~Is('wllt'le. I he 1.1Igcst llld
r,IslCIS 1.'1 WC.S1ern LWlljle ;lIt' SIIIlI <Jlld I\bhle. lJolh aI(' hig
('011111;1111('<; wl\!L 'i:d('.<; of 11101(' 111:111 t1()(lIlIlIlIOIl

.('Ullelll!y, l:tP;III~S(' ClflllJ':lIll('S ,IIC inslal1illg nl'\\' III{'
~;lslllig ('l[nlllllll'lll wlllllllll fllill Illdl'IS fill pall<; Thes('
111V('sllllCllts :lIt' ha<,ed lllll)fllllli\t'd flllllie v,11l\\'11t. r:ttl1cr 111:111
fllllllac!s alle:ldy ill 1t,II1d :lIlil :ltc ;l J!,nnt! lllilic;lIi(lIl of Ilhel\'

1II:lIb'/ WIIII'!)/. fllr !l1;11~IH'Sj1JJll aJ1n}'s. Ikspilc Ille ((IIIClII
Llrk l~r Ihe CL"llllg.C'p'H'ily illbp:lll. ;1,1111111(' slll;dl sin: of lltc
111.1\ lillie" ;IIHI ('qlltI'IIlCIIl, 1:11';111(""1' IltC (a<;lcl\ :llC Clll1lld('III
111,,1 Ihe), ~"nlll('el <lily iIIClC;I'i(' III tIle' ,klll:lIlil fnr Illaglli'sillill

:1floy Clo.;lll1!',';

. III ;ltldililHl (0 111C Il'l;llively slIl;lIl JlllIllhrr of die (;lSlers

11,' J:,'11;1I.1, '.11(10.;1 flll~l(, C\iSlIllg prf)dll~'el,<; lIav(' SIII;dllllilChiIICS,
Hllll I 1111111S Illc <;17.C ;lIld t'IHlql!i'.\lly .(If Ilw I'''I\S Ihe)' elll
I'lodll.ce . fV!Olcovcr, .1a1':111 1I,Is lew die ("astfl~ willi
C:~P(,I 1('11('(' III enid cl1:1II1I1('[ casting of 111:lgllcsilHII alloy pailS
IIwlt' :IIC (l IaJ~C IlJIlIll\('1 of all1lllll1l1ll1 die t;l<;1crS ililil

adcqlldk cold cll:lIt1hcr clll:lCll)', 1)111 Ibesc IHodllrt~l<;' ,(Ie "Iill
IlCal. Ill(' holllllll of III(' ICllllillg i'tll\'C rOI III;Igllr:'siurll ;dllly

C\Sllllg"

III (llll fieldwolK. wc llklllificd ,1S Nnilli Arllellew die
CI:-,k,S tllalll!{llk willllllagllc"illlll, ;UII! \\'l' were ;Ihk' In 011\;1111
s;des figUIC<:' [llr 'J.') ('Olllllanies. (If lhese 2\ )1 ],;1<1 ;\111111:11
:-,;de'i lICIt'\\' $';0 1l1illiott (H Iltc 111111 with s;dcs ;dll)vC IIlis

level, onlX OILC d~'IH·llds llil Ill;q~'Il'Sllllll allny r;lslillg fIll ;L

lar~c pOIIl011 of ils hlt<,iIlC~''i

1\111111',1 :111 the producers, tllr r:lslcIS, :lIld ;llIlllll l llhik
11.1;I"l1r:l(~[III('rs we spoke ".i.lll t1llling 111(' l"(llilSe of 0111 <;l11lly

~lI('d ~lIlj('(,lll :dH)11l lIlC IIII' c"qcl SI'l'll1y b;I~C ;IS _:1 III:lin!

ll11pcdlll]('lll 10 rill' (ulllfe ffV' 01 lI/aglle.slll/lI :d1rll''>, I Jlis W;lS

1

1:lIllf111;ltly IIII{: in 1;1I1~1I1~ 11111 :-,illlil~1I ("\fIlIlIWIlIS W('I(' )',IVt'11

I)' NOIth Al1let'C:1I1 <HId 1'lltllpCall [11111<:.

. 11.ll' I'lilll:IlY Hl:q',tlcsillill :dh,y P!Odll(CIS :11(' t:dkd \111 III
as"lsl III :dloy I1c\'('lnfllllCIII :IIHI ('V:l!\l;l!lnn :lIHI\lltll'lik h;ISIS

il:lI:I 011 ,dillY C!l:II;lC!cli/:llioll :1,,11 prill'('f!tCS. AI/It(ll/}'.'l Ulis
SV"h'I1l 11,1" Winked 1\'1"11 ill In;IIIY (";l~;n, Ilw IJS ;\11111

t'111l1p:t1L.ic<, "lill l'crnn:1I1 1,IIC !:lck llf slIil:lhh: slll'ldy 11:1"(' flll
11l:1~ll('<,11111I :dln\' dlc (':ISllllj',S

III NIHlh AlllCIIC:" 1111' ;1IJ1nlll:lke1'" will -"lIl'ld)' f\llids ((If
.lll(' ~1l{' (,Islcrs Illlksi g ll. Ic<.1, ;1I1d nllcll ['IOIIII),I'/':l n('w 1'~111

I hi~, !l;IS 111e adv:lll!:I~~,c ur hi illt-ill)! lilc dl(, (';I',ICI<:' illl1l Ihe

desi/;:" pl.!J~CS;s ;11;111 filiI; sl:'gc ;IIHI help<, 10 iIIS\I!(' (w;t;dJility
,1I1l1III 1I111llLll17l' PIIH'CS<,lllg ('(lSIS Abn. whell IIIC :11I1(llll~lkt'l<'
\~o,k <I(1<,cly wilh l'oll'I'II:d SIII'I,I'clo.;, lilfy ;\le 1c,~~; lelllll;1I11
III "Sillj,~lc \')\lICC·' ;l SllI'(lrll" p:1t I 111'1~ ill (11111 It;\(ls III l'cll{'[

11l;1cllirtf fflilil:lliftll ;11111 l/lwel C(ls!.e,;JI III(' die 1',,\Il.~IS

" I hc "I('~,,;til.,jllg .1) (,(lll1(';'IIIt'S w(' n!Il~;id(,ICd. III he
d .. lddl'IS. I 'WII 111;1111 1(I(IIS IS (',1I1e1 :tllIlIlIJJIlJJJ (lJ lin\" hIlI

Ihey ,H(' c:'p,dl!c ld I\'lll ,kllll; wilh 1I1;lgll.('silllll .;d.lo)'.<,. Sllll'le llr

t!lc.s(' (fl1l1P:ll"C~ ;lIt' ~pl!te :lIgc ,lIld vClr ('\\'CIICIHTd III Ihclr
own :lIe;l and enldol IIl(l\T illin Ill:lgl'{'SlI1I11;1 10-" clqillg:ls thl'

IIl;lIkc! glows ;lIld Illc)' j!,llll npCI;('ll(,(,

III(,~~ die ClslclS IIIIISI ClllllillllC 10 <,cck III(' .l,nl (I\Wr:llillg
I~r;lcll(,('~ :11. ;i11 SI:tW'," (if Ille pr()dll('IIOIII'J(l('(''''~ .'" r IC.<;;III1('

llll~(,. 11K Il "S expCllCll(Td ;111\1 II'C"kt'l {IHIIIlIII("~ Itlll<;1 "llin"
10 t~lIIOdll(C Il("SI pr;II'f[(C :l( (h~'il flf'('f;rli(Ji!\ Irl :,ddll,{l{! lu

l(lwf'lill~ :1\'CI;I~I' [J'O('(S'dllg e(i';!" :11"10<'\ 111(' illdllslry. lllis
\\',llllld .'d'-I\'(' [n 111(1(';1'>(' III!'. 111111111('1 (If hi~h qll;\liIY, IIII\' ("Iisl

tllf' C:Lslcl:;

We (llIlSidcl IJVf' n/ Ihe l'; III he illl)Hfll:lIlt snlll,lle,s tlf

.".l:l!'.IH'SIIIIIl ;dlny CISlilll'.\ III 111(' ;llilnllllltl\'I' 1l1:lIhi'! (scc

.l:lhlcl), ;Hld in :Hldlll'lil IlIcl(' :Hi' :llltll!lCI ,lOI 'i .SlIl:dlcl
'i1.lJlpliel.... \Ve idclililit'd fllill (llllll';lIlics I1LII 10('11\ I111
(llllHlIlIllIl:IIHIf!, (·OIl'llUICI. :llId ;Ji'JtJ,<:'/I;lII' OlppliC:lIi'JllS :lIld

fOil I (":'l'llve dic (.,sh'l'i

IIIC die I';l<'h' I hlllKs 10 b(llli 111(' flllIlI;IIV /II;l/-:II(",lIllIl
pl~l(llIU'lS ;lntl 111(' ;l\llnllldkcl\ [01 :IS:iisl;lIl('(' ill 1'1111111('1
I.kvt:'lnpilicill Ihi.; 1J:I'i IllqHIII;lILI IlllpiICLIII)ll<:' I'll I 1,II1h
fUlldi",~ alul deSIgn lUll k II Illll'li/· ... 111;11 i!cw'It)1111ICll1
1"(J1~1;1I11'; ror 11CW 111:1~:IICS;11l11 pal 1<:. Illll~~! Ill' jtr1l1dy ...11l'I,qllf·1l
h)' Ihe ~\UI()IlI;".J'lS, llle die CI<.1CIS. :11111 rhe 1"I'Il;lly

Ill:lg!lcsilll11 ;dllly <'1'lll'licl S

rhc Illagllesiulll ;lIll'y die c,tsliltJ-', ill.lll\IIY IS Ilf'II't'IVI:d by
hOI." til(' :lIllf)lll:tkcIS :1111.1 Ihe pi inl:II\'III:lgllcslIllll slqIIJliC1~ ~IS
" I 1'.. k)'. Itl"" 111;lIglll 1111°,lI1('S<' I h(' die {;Islns :ll(' gctlC'I;IHy
~11l:t11. ;ltlll IIIL} pi Odlill', Oldy ;1 hllli!cd 11111111)('1 01 1';1I1S
Ik('ansc nf llll'll SII1:1I1 o;,I/C :llld 11;1I10\\' fn(IIS, 111;\11)' of I Itt' (he
r;l.sl('/" ;11t' Ilighly Slls{('plihle In ('11;IJlgCS III III(" dc<:.i).!11 :(lid
prlldllt:lilln l"ng';llll h)' Ihc ;tll!nlll;lkCIS Ot 0111('1 ll,II'ilItIICIS
I hc CIlIt:t'll:llioll or :1 Itl:lltlJ' p;1I1 01 pi ogl :IHI (;111 [I;IVC s{'vnc

ClJWoCqlll'IIC('S 101 IIIC die I':lSt('IS As il IC-"Idl, fhe die (';lSleIS

~,fICfl ./-?J Illloul!.l/ p.Clllllh of .fill:lllCl:d ilLS1:!Ililily Ihis
1I1sl:1hllllY ;llld 11111111111 often lilHIlS Ill(' die r:I'ilclo.;' :H('('S'; to

risk c;llltt:d lin dn'clfl\llllCIII 1'1tJ~.~"1I11"
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LJI,like ilhllllilltllll, (npp~r. lIi(kcl, lind olher lIlallllC

mCI:ds whcle dl:llland IS dcll:llllilltd lIlilillly hy ec:ollol1lic
aclivily ill ill1\HlIl;lIll t:llll-lI'1c 111al kCI"" rlllllrt IIcl11arl(\ fIll

11lagllt::silllll ,II I)ys will be delellllillcd prilllillily hy aCliolls
laken lIy IIIilgllnill1l1 PlOtllICCIS illlli die (lIslCIS, We htlievc
Ih,1I wn.I''' dL'vtllt~d 10 llvc,rLollling Ihe Illilill 1lIll'cdillli':IIIS 10
11IilgIlCSIlIlIl.1I\ilgt.;I.lollg \~lIh (wcra!1 sHOllg P~(IIIHllioll errolts
,lilt I i1ll1adlve pfl(llIg will he Inalll t1UCIllllllilIlIS of fllimc
lI11ISlIllIplioll ill stillchllid ;Ipl'll(illioll'i

PlOdllcefS lIl1d die C;I.S1cl:-> IUIISI Willk 10 lower I'lllccssillg
LOSIS alltl lI11plOve Ihe gloh,d ille caslillg slIpply !l;1 S..:: , ilrld all
inlcresled parlit:s, illrilldtllg illilillllOhilc Ill:llllJraCIlIICIS. 1I11ISI
work togelhel 10 ilJlpltlvl: illdllSllY !lr;lclires illld 1'0 ensule
0lllilllal dcsign ,lIlll 1I1111illllJIII cosIo lIlagllcsllllll i1llll)' poll IS

III addition 10 addressing the wHenl illlpcdtll'l'lllS III
IlIagllcsiulll ,dIllY IISilgr.:, slipply illdll"ilry I1I1ISI hlld or tkvclnl'
"across-lite-hoard" :ljlplic;1IHU1"i ftll Ill;lgllcsillill illloys
CllI.rclllly, Inilgllt~jllJll al)oys ale 'i:Ie(~cd Oil it l',lrl bY-p:HI
hit\ls, and tllClt' IS IIlI .stll~le ;Ipp!lcillloll Ihat 'hdollgs [0
mjlgllc.r,irJlII. III pall, litiS leslIlIs flOlll 'he fl;lglllL'll[cd
~Irllclure. of alilolllohile lIl;llllllilcllllers, hilt it is also a lesllit
Ilf Ihe stnal! sin of lite (ltllcnl rllalkel for IllaglleSiUtll illloy
die GI.slillgs illld the lack of lesourn.::s al1l0llg Ihe 1I1aglicsilllll
alloy .o::,upply industry, eSl'ecj;dly when wlllp:llcd 10 slIppliers
flf cflIllpeling 1I1alcriills ~L1ch itS illl1l11il1l1l11 or pl;lslics.

WIIL'1l i1hllllillltlll <:lISlings hegilll 10 he "setl ill allllllllillivc
ill'pltCiltiollS in lile IIlid-1970s, lll(;y 100 wtrc illlrodllcl:d
griulu.ally 011 a 1);111 hy-pal I hasis TOILly, however, ;t1lllllilllllll
has vlJllI.dJy 100% ol tllc IIIi\Jhl fm p;ItIS slieh ilS pi ... tolls.
IrallSllllssioll <:i1ses, Illl;lke Ill;lllifl,ld ... , Cll

The Illagnc:silll11 ;I!l(ly "'lIpply IIHltlslry Ilceds In elllltlale
IlLis hehilvior lIy selecting il pMI (II lllllllhL'f of 1':IItS fnl
~_~alllplL:, valvl: Ulvt::rs, sleellng Jilek 111111sing, cilltcll hOllsing,
1I1.'illlllllt:1l1 1',11I(;ls, wllL'!.:I", tiC -- dlld IIlLll dl'vdol,ll'l:se p,1I Is
10 llie pOilU wIlen; IllagllL· .... illtll alloy.s ;Ire USC( i'l'ItJ'jsI11l:
hoard SIlLII dc\'clnpillcril IIIOgI,tlllS wOlild IIIClildl: p~rkctillg

casllug tl'(lllliqllcs, (Uallng lL:Lhlll,hlgy. ;llltl OIlier IJlfldllLlioll
rclaled filelors ;,s well ,IS rliiding w;lys to Illillillllie costs

1\llIcll of lite lilcralllr..: r~galtlill~ Illagl~~"'IIII" ,dloy IlS<lgC
rerelS III 11l;'gIlCSIIIIIl In allllllllllllll IlrlCe 1,ll10S 1;1111(;1 11,;1lI the
a!Jslllllle level,.;, of nl;lgll~\illlll alluy Illices In l!illl, tltis is d,lc
to kill of lJS ,111111111... 1 Ylol;IlII)II~. III": lllagllL'SllIllI IlllSltlCSS IS
sllll :t sll.'all, ~,lig()ptllisljc Itldllslry wllll Ollly a few IMgl' scllus.
~bglleslllll\ IS IlIll llilded Oil a flllltleS 11I,IIkei ;!IIl! llillillalgc
':'(itle Sllvid L:lIpolb hegill' III lIN/), Ihclt wdl: lew 11;llk,s
.ILlivl: ill Ihis Illillkel III adJHioll, llle lI'jl~Ill:\111l1I IHl'iIIH:SS
tends 10 lIt: vcry sendlvc. I'llce 11Iftlrlll;lllllll is II1It wilk:ly
r l:[lolletl

\V~ ,lie IliJl.convlllu.:t1 lh,t! the ilHhlSllY is well s....~rvcd l,y
;1 t.IlI11llllled rCII<lIl((': Oil Ille IlIagllesitllll Itl ,dlllllillllfll plice
ralHI <IS ;1 rllt:OlSlllc of IIl;II;flL''1llIlll'S (IJtltpclilivClll'SS, Fils!ly,
11l;lgllesl1Illl Cllllll'e(CS wilb 11l;llcl iab olhcr 111;(11 :dllllllllllfll
Sccondly.lhe pi In:: rill In tllc""llle':' I;I\V 11l;lIellil! ClISIS, ;lIld '-;IW
III;lll'll"b 1110lkc up Oldy :1060% Id' IIIL' IO,,,lctlsl or it the C;lSI
p;HI , h'UISillg Illl C!Jilllt:es ill Ille I;IW 111;11(:11;11 (o... r 1;lli(J'i
llVCI!llll~, 1~las.ks Ihe ;.ld\';llICC'1 Illililc III lo\Vc',i,\g PIlH:CSSlllg
(OSls_ ,I 1111 dIy, ;,]1111111111111 pliccs all~ Ol Il\1lVltlg la'gCt, 11111
11l;lgl\esllI~1l I'IIC(:S hot\'c IllTH llHl'l Sl:lllk. II 111;IY 11t)1 he ill
thc ht:'~iI llllel'e:·d or Ill c lllil~lll'SIIIIII alloy illtlilSllY 10 !t;IVl'
COllSlllll~rS CoIIIIII(l;lIly evalu;11t: till: ulll'l'uilivCIIL'SS III
nlOlgncslIIlll III ,erlll·.; ill ;dl~lllllllIJlI III irL's 1';11 lielll,ll Iy lliJ\V
11.';11 SI.:(llllll;!.'y alllilltlllllll wJlI he Ilildetlolllht.: I ,PillIon r-.'11~I,d

I:.xdlallge hl.lidl)', 1111' rcllallCL nll;1 )11 ILl.: ,rlllio ;IS"UIIll.'S thili
II~c_,IWtl IlIitlt.:lliils h;l\'L cq'I;1I prl111i:IIICS 11I1 ... llldkcs II ill/tit.:

dlflH:lIl1 for il POlclllial t"\lIISIIIIlC' III WL'iblllllll y llie Illnpt:'IICS
of (';lclI Illall'llid ;llld I ilL' flvt:r;dl iltlv;lIl1;II;i:'1 illid
t1ISildv;llllilgC:-'
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· ltalli.er tllall. focusing Oil Ihe lIlagllc'1lIlllI 10 ahllllilllllll
Prl~.~ ~i~l~O, the Illdll.~liy lIeeds. In nHl.sitler lhe slIhslillltioll
pO.SSIIHltllcs i111<l_thc demand for lIl;lgncsilllll alloyS;1I diffclclIl
prtl.:e levels £-01 ('.x;ulIllle, II allllllill ;IVl.'l ;Igc allny pr it:cs welc
$110/111 lillheltltall $2S/lh WOliid dClll<-llld he 10,000 IlIlpy,
60,000 mlpy. 01 1)0,000 IIIIIIY, alltl wllill if prices \Vere ~Ol)O­

!.OU/lh, whill clfecl wOllld tillS havc 011 tklll,lIltl? This 1'1 il
tliffic\1l1 qlleslion 10 ilnSWer, Illn it is a ("I!H.:ial qlttstilJlI fllr
(1II1elll ~llagllesilltll alloy s~lppli\~rs as. lhey set pncillg pnlil"Y
illlli ~leclilc 1!1I illl ilppl'l)pllatc level or Illal kel t1cvdOplllClll
rlllldll,lg .. II tS also an Illqltll'l,~nl (I1H.::sli(.'ll fill' \)OI ..... llIiill new.
s'~ppllcls .. ~ they l:OIllp<lH': Illell I'lOtlU ..... IIOII <lilt l:;\\)ilill (Osl'"
wllh the pllCC ll ..... cdcd If) slilllld,llL' d(~llIillld III Ille l ie (il'iling
seclOl.

Y'c have. 1l1!1 s.llIdied lids aspcl.:l of Iklllillltl ill grcal
detail, ,l~lll 1.lltllcalln~ls arc Illal Illagllesllllli alloys ;ne
(ollipellllvc Willi illlllllllllllll, slccl, and \,la ... tics al pi iLCS ill Ihe
$1.25-I_JS I allge or ahlllli ulnelll levc s

· Siul.:c the '.Hid 1970s, IIlllch cillpltasis has ht;ell placed 011
weight ,Iedllclloll Lllld. fllel cllil:lelll.."y ilnd the lOll.' lhat
liIi1glleslllll~ <;t~ld~l_ pLlY ~Il hclpillg ;1I11(llllil~ers achieve these
go,.lb WIt.ile II IS (ell;tll.tl y IIl1e 1.11;11 1I1;t~lIeSllllll alloys olfel
wcr~ht SilvlllgS nlld Ihal III SOllie Instance Cill l.:olnp'lllies <Ire
willlllg 10 "I':IY" fOl ~vcighl ICtillCliOl~, .we tlo 1101 helieve Ihe
need for welgl,.1 s.wlngs, or flld cfllcll~l\C:y is gOillg to t1l1ve
futule lIIaglle~\II111 delll;lIld

· hllennaleliill I.:Olllpl:lilioll ill lhc weighlledllclion gallIc
IS flelce, i111~1 SOllie kill\l.s or SUhSlIllllioli ,-- for eX;II11ple, tlte
1"-'1e (If aluIIlIllUIll ralher thall slcel body 11;\IIclo:, -- will have II
f.1I grcillel dlcu 1111 1llllllillOlllle wug II Ihall 111(; IISC of
Illilgnesilllll illloys ill Sillall /)aIlS. III illldililJn, fll;llcliill
SlJhSlilllll~lllCOlilpt.:les willi \JO( y aliI! ellgille dl'Sign challgcs as
a way or 1t1ilHOVllig overall hid dlicielll'Y

While Ihe 1~1;lgl\esi~1ll !1~dllSllysllollltlstand IC;ldy 10 lake
illlv'IlII.;lge of 1I1ll1le .( ,I\I·I~ rcq~IIlCIJlCllb or oilier weigh!
ICtllJl:IIl)1I tl',_f~'d S;,vllIg'" leglllalllllls, Ihe llltillsl,r)' lI11rSI nul
UIIIIlI tlll.lllI~ .IS II sOllr~t: of flllllrc gro.... lh II IS \lP 10 lite
prodIH:el:-' to creal~ lhelf OWII fllllllt: hy workillg 10 relHove
the nll.lel1t Illlpcdllllellis 10 alloy IIsage, hy desiglling <lIHI
pr~lll,olll.'g p.alls Ihal lilke adv,llllilgc tl/ magllcsllIlll properties
.. ~llLllfd'lIg \IS Iilw dl.:lI~jly -- ;llIti hy flrkllng its PlOilllCIS ill il
I'rll:L' levellhitl Slll'IHllIS fHlllle t1clll;t1ld gl(JWIIt.

Be.cause flll~lI~ tI~lI~il!1\1 ikpl::llds he;,vl1y Oil ;H:lloIlS lakClI
hy lhe Illdustry, illS dlffilltlilo hllC'GlSI 11ilsed Ull disl'llssillll'"
willi producels, tile GISlerS, a'l~l Hllllltll.Oli\'1.: Clllllpililies, :\~'e
llilVl' assumed Iltill lhe ClIlrCli1 lllleltSI 111 IIwgnt:Sllllll I~ 1\:;11
ilnd tkll produccrs ,1I111 olhers will conlinlle 10 SUppilfi
Ilevel0llIIlC~l\ dfolls illid lllailll,!ill illllill:live 1)1 ~l"t~S ill leaSl
IlIltlllg I lht; !lilt! 19('Os. 1l;I~cd (III lltl'se ChSCIISSlllIlS, we Me
fillecilsting delllillid gltl\'dh ill ille ~as~ill~ ;lpphc<ltiClIlS oI12'1~)
per illHllllll 1I1l01l!?1L 11t~ 11)90s. I hIs liliplit:'s CJtpilll,:>inn of
we ... I..:: I II wOlld slllPlllClilS Ilillll HI,OOIl IOIIlIt:S ill P)lJ{) 10
101,000 III :WOO, hilt aVelill.;C wolldwide CIlIl\IIIII[lIl'lf' ... Iilllt.:s';
Ihal.' _~ .hgjvetlick Figulc (i '1IIIIIIIIOHil:l.'\ Ollf Il.:gitllldlgrowlll
l"flJcctlollS for Ihe SIIlILlIJI';1! 1l1;II!.;cl

()Ilr .dl:I~lillHl j111;t1Y~IS jJldt~;lIcS hCidlliy g.o\\'111 ill
CI IIl ... IIIHjlIHlllllI slll1c1l1lal ;lppIIC:l.IIIIII;1I dL'II\;lIld IJlin:s IIIIJlc
$J25-1"J')/lh range: Is !lyL' p(lsslhk? Is Illc supply plin: of
III;Igllesllllll CCllllPilllblc: willi Ille t1elllantl "lice?

,_III i111alyr.-illg 1l1~lal~.i1lld 1l1illcri;ds, Ille shon-flllI slIpply
pll<.e of d ((~IIIIlHHllly IS gerll'l:dly dl.:linctl ;IS lht~ llpcrallllg
((lsi al lite 1I.lghcsl (0'>1 producc! Illill /lIlISl operille III lllL'cl
dC.lIla.lld Ihe 11IIlg·11I1I supply pi in~ is lite 101;11 CO'.I or
hflllgllig new Cjll';t(:ily oll-sIICillIl.
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Source:

Ope,el;ng Cosl Cu, ve ~ 1991

rile (OSI clirve floc" Iwl directly I:lke into accolJlIl c1o<;l1rc
cosls Slillle cOlllpnllics will inctll .. !Jnllterlll lo'i.scs if Illey
helicvc pi ices will SOOIl recovn and the losses 511slaiurd arc
k~s 111<111 llle co.st~ of ~hllllillg ;lllll re51.;l~ ling (1)c.ra,IiIII1S.
Allhollgll the cosl CllrVr. I~ a ""dill forecasting too, II IS 110t
[oollHoof ;/lld h<ls III he illierplcled ('lllliollSly.

(icllelally spe:lkillg, ill 1II:llkf'IS whele Ihere is s!rucillral
overcapacity fllc:lIlitlg capaci,)' in eXfC,~.S of ,IIal /leeded iJi
the IIc:'!l cyclit'al IIpllllll fhc tail of the (OSl curve. ilHlk.. ICS
tlte floor price f(ll il II1Clal, allhollgh acrllal prices lllay
f1uclll<1le around lids level.

We have ll"cd OlH Illagllc<;illill cosl d:llahase In foree"sl
operating cosl~ ill 11)<15 ali(I draw Ihe IW)"i cosl clllve. III
doinS!. ..... , w,e IImde nSSlIlllptiollS :dlOlJl ~I,cl11aIlJ, npcr:llillg
fales, IIJfl;1110Il, alld cxdwlI,gc 1;lles As I'Igure R sbows. our
IHojet'liollS indicatc that Ille cosl Clirve will he nailer ill I'J9')
111:111 ill 1991 I\S high COS I opcr<11inm; close alld lower COS I
sfllcl'e.-.~ ;IlCf('i1SC rheil opcr:llillg r;Jles. This i'llplic.-, Ih:\l the
nom p,ice fOI llIagncsiuIll will he IOWN in Iq9) Ihall ill jWII.

Haw Materi:ds
llIagnesHllll chloride
Ilwg'lc~jte

dn!onlile
ilhlllli nil
chll)rinc
hytllodlloric acid
fcrrosilicllll
coke

1'1 ocessing chelldc:d'i
lJlilities

clerllicily
ga."
sle,lIlt
0111(:1

UCCllodc'i
BYj'IOdlJf:l"i

c dorillc
olher

Table .\
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{ouo 101",('111

Sourc&,It.1A ClllJ I\),ot:,nh

I'hc: (0<;1 (l1l\'C in rigllll' '1 ",bows tlilerl ()pC'~lIll1g al
Irl;lgllesllllll 51t1ellclS ,11:lt (ll'cl;II('1I in 1f)t)I, II<lSt'd 011 (lll'

~~lilll;IIC or Illci, flxcd ;lIld val iabk cosls :IIHI o.l'c.raling '<lies..
lilt, Clll\'C sllll\ ...'s [hat ;illlHlI half (If ,he 1'1011111'<.'10;, had dilcd

npcl:llinIJ,.((lSIS below. $100/111 III /941 alld welt' I'lolil:lhie Oil
illl npcl:lllllg (PsI h:''''I\ al1hllugh Illest' 1'1~1I11.c; 1I1i'Y !l;IVt" ~II()IVII
Inssc<; Oil a 101;11 CCisI hasi~, i,c, wllcll .. ,,10 ;"tlld ritl<Hl(i~d
c!l;lIgC5 wCle «(ll1sidc-lfd n,e ClIIV(' sllo\'!,; Ih',ll ;IIJfllli )0,000
tOllllCS (If pl'OdUClinll, lll' IOll~hly '.(llft, of Ihc Illlal, had (lIslS
:l!nlvc $1.2SjJlJ and wele Ill(}h~,hly lIot IHnfililhlc ill 1('91, evell
(HI ;111 o!lcr<nil1g (osl Il,I<;IS

Ulldt'ISI~lIld l'lodllrtillll I',o(:('s<.;
C:l!('l!l;,[C ,Illil Injlu[s
Ct1('1r1:lle I (lcal 111Illii (·o"!,,
elll,vell 10 I JS Do 1;11 <;
(·;lIntlalc Fixe'l! and ViHiid)le()l'cralill,~('osts

al l>ifkrClli ['rodllclioll IClies
(',,/olblc Juwl ('o,,/.<;

SOllICC:

To dC1Cr1l1inc 111C ~Ilpply price of IIlagllf'siu/II, \\Ie
calndalctl lhe fixed, v:lliOlh1e, ~lIId IlIlal opet'illing t'1lS1~ al
ClIi;;;\illg nJlclalillll~ We then ('5Iilllal('d Cllilelli pi (11111<:1 iOIl 011
<1 P ~1I1t·bypl;l111 Ita;;;,s alld flllecasl rullHe (1IIIP"I, We
caklll:ltctl 01ll'1 al;llg rales and thell lIscd lltesc In cstilliale
aeillal 0l'cralillg ctlsls ill Il)() I alld foreclsi (os!s ill 11)1)-'';. We
Ihcll ranked [I,ll.' producel's flOlII lowcsl-~IlSI III highesl-nisl
and drew all 1IIIIuslry cosl ClIrve (sec [·i!!rlllc ). rnllle 4
5lJJI"lIa.liz(~s [he basic lllCII1(ld(~logy,we Ilsed III c~tilllalillg cosls
and I ahle ~ shows Ihe IIHlivlllllal co'" Clt'IIlClltS we
cOllSiticled

Talde -1

'~Irc I,ig"-('{I.<;/ Clld (If 'lie. ('II/\lf' , illcJr1dC5/HOdllt:1l01l Ih:1I
has Slllce 11('('11 dosed 01 ("1I11,nled -- I.e., SAlt'. :1lJd N(IIIl1w{'SI
Alloys, :1':. \\'t'll as slllt'ltn'i 111:'1 nprr:lle 1'01' rr;lq1llS Ullin 111;'11
:tCCOlllllitig plOrit;IhilHr 101 (','(:1111/,/(" 111/ ,~nIllC n''''I':III;e<;
i'lliploylnt'lIl, ftJIcigll (''(cl1:lllge (,~Hllil1/ls, (}I d(lWll"IIt~;1I11

illlq~I~llil)1I rll~lY jllstiry (l1'("~lIit1g losses

SIlipmellls 01 MannesjuHI
for Slruclwal Uses

rile cosl WIve i.s a 10(11 ClUJ lIses ill :l1wlvzillg ~Ilpply :IIItJ
plic('~ iii lIw :lIlIllliIlUIII, (Oppel, le~HI, 7inc, fcno,dlo)', :1Iul
otllel l1ltlal indusil jes

rigllll' fl Sltiplllclirs of Magllcsiltlll fill SllllCllIlal (Jscs
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. We have l:aklllalcd Lapllill ctlsb fl(lIl1 ;1 han~er's point of
"'ew We assulIled 11'''1 IOlal c;I\lilal ("OSI~ wonld he \:170
million and Ihal the Il10jeCl wnult have 10 offer iI 20% real
rale of IC!UflI (lVCI a IO-yeM period This ilHlicllCS ciJpiwl
~I.li~rges u~ $1 ,00/1" (I( 1II,lgIICS;1I111 lind It/lill co:\IS ()f $ 1.76/11).
1 Ills tll~l IS ~ar 'lhove tile, $1 ,25-I.JS/lh d~IIJ;lIHllllice, alld if
lIIagncslIllII IS 10 he <':Oll'\ltkrl.'d tOlllpclllivc ill I It:: loug lilli,

ways IIlllst he (oLllld III dliSC tile gap

. Shurl of d~i1IJlaljc new developllll..'IIIS III processing, we
hdte ..·~ lllal llltle call hI: dOllc 10 r,:t!lIce Ihe Villl<lhlc"I ll: I il!lUg LostS. We have as.sIlJlH:d Iltal a lIew greellfidd
p alii .w<llIld he able 10 lIcglltiale f"vol'ahlc enelgy alit! Jaw
1IIC1lcrt!d. u!llllacl~, ellll'loy loWCIIl'fgy Ulst cell Icthnology,
alit! Illllllllllle llIillll!cllilllt..:e COSIS.

Table "I Co':)llj ill a ()(),OO(J-lIIlpy (ilt~cllflt:~ltI ElccllOlylil.'
Mill::lll.'sillll) Pial II

PCI pOllnd fixcd costs valY willi Ille sizl.:: (If Ihc plant, and
Ii.lrgcrylilllis gl.'llelally IHeilll lower tOSIS; Illlwever, Ihe SlIl,tll
sIZe ill Ihe 1Il.!,kCl 11I1IIIs tile illlhllllli of lIew cilparlly lililt call
he ;dlsclIhctl HI illly onc yt:ar Wilhollt lIp~;eltlllg prices

TIle Illmf Pllilllj~I"~ ;lIe;, fllr IIllprovelJleUI is flnancc
thiLlgCS. II III;l)' hc IIllwlse,lo rewH.:e Cilpil;tI <.:lIstS, sinq~ IIiIS
(;(llll~l Illell ll'illlSl;llc il1to IlIghel' opl'l'i1l1ng co."ls, hili 1lrl.:I'C Is
conSldCl'i,hk scopc {or ncgnllilCillg CI'/I'iKli~'efill;",ciid ChillgeS

Althollgll Ille availahilily 01 govcl rllllClll spollsmcd
('Olll.·CSSHllliHY fillilllCillg 1I1;IY lie IIttlICcd, lOllStllller (1I1.1II<.lIIg
01 gll<.lralll~'cd offl;t"e ctJlIll'ilcls lI',1~ Illovlde ollici W.I~'S (If
IcthKlllg Jisk If Ihe dkLlIV(' leal 1.IlC Ilf IcllIll1 (,III hc
lowcled 10 .IOo/v ilnd Ille InvcSIIIlCIl[ pl:liod ex[clldel'l 10 20
years, Ihe f111i111n: ch;lIgt: wOllld f,dl III \O.. IIJl:/lh (see Tahle
X) Will! /(>I;d (!I_~h of 11.2)/Jh for lIew capilcity, lite Illllg­
1~111i ollllnlJ~ for Ihc 11I;lgllesiullI illtlllslry loob 1l11lclllJriglllcl

Tile sllort- IIl1d IIIc(/iHUI-/(:f111 (1(11100" lor /II;Il:;JIl:SJllIII
i111(lY~ ~ll strllCllllill ,lpl'li(lIlioll':i is Inighl, provided Illc
IIlagllcsllllll alltlY supply illll.l.'\IlY, i.c. [Ill.' 11I'IHlucels ;lnd <.lic
~~aslers" WOI k togcI11CI both 10 OV(:IT0I11"': dlt: flliliu
~l1\pcd~lIle,nts 10 ~ICII~i~lId illHlltllllOIIlOh.: rlliH.hl dt..:vclo!'1I 1CIlI
til k~y ,lledS. 11I.,t1dlllOll, PIO<!LLccIS IlHI~lllIaliltalll rC;lsoJlalde

I
I/king. polici~s alltl di~_ GlslCrS IIl1lSt wOIk agglcss.ively 10
owel \lroCCSSllIg coSb I II it large nll.'lll. sbon· ;llltl Jlli..:dilllll­

IClIll I ClllilJlll depends Oil Ihe auiOIi 1;lkl'1l by [Ire illdllslry.

III our cosl eSlilllilles, we havc COl1sidcICd il ncw 60110l)·
IIIlpy g~ccllfield clcctlo.lylic 11l;lgllc:siulII slIll.::llcr locate'd ill
Australia Wc l\jIve assLlIlIt::t1tllal \Hodll{;(lnli would he hased
011 locally i1vailahlc llIaglle.-;ilt illIl thaI il wOllld il1tOlIHlriitc
l~e~1 i~val.L~"_I~ 'tCdllIO~O&Y, 0111 fixcl!. variahk, 'JlId lond ClISI
eS,ltllI.lles ,lie shO~1l III J ahk 7. II IS h~e1y Ihill a Ilew plal\1
wl~1 .have opcr,dtllg t..:osl~ cOlllp;lIahlc 10 Ihe IOWCSI-Co:-i1
l.'XI~lIllg llpcraltOIl; howe vcr. ill Oul iJlI,dysi~ capilill CI1:11W..'S fOI
iI IICW plalll rcprescllt ovel 50% of Illlill (lISI',
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Operalinu Cost Curves

As a result of Ihis cOSI and sllllply ilSscssIllelll, we believe
1/i.C m;1811es11I1I1 1,lliH~el. w.ill he all.lply Sltl'Pli.Cd through II~e
IlItd-1990.;, illld p"ce,> wl1l11lll:tllilIC III tIll': $1.2) 1,10 1;t11~e (Ill

UJI1~.ralll JI)I)n dollars) Illcsc'iolipply piKes alc (llIISlSlcll[
wi, Ii 1111: l!cvell)IHllellt of Ihe Illill ket flll 1I1aglll'Silllll illinys in
strllt.:lllfal ;lpplirilliolls Ilow/.;\'cr, hy Ille 1;L[e 19(j(J'i , if lhe.
tlelllilllJ glOWS as we l!;lVC ilSSlllned, lite indllslly will tllll:C

ilgalll he fiICl:d wid, c;q)<lclly (OIlSlI'ailll'i New cap;luly will he
IIct..:t!ed 10 StlppOl1 flllllln tklH<IIHI g'"Wlh. The illqlOlt,\II\

qucslioll thell hl.'l:llllICS, wh;11 is IhL' ((lSI tlf new C;lP;l(_"Y, ie"
(';111 if he added ill pliL"C.'i l'jJlJSJSlelll willi Illilgncsiulll alloy IISC
;11 ~HlJclllr;11 ;lPI'IiCilIlOll~?

100

S~)IIJe 90,000 IOllllCS tlllllagllcsilllll cil!)adIY was shuttelcd
III Iht 19W)-9l period (')cc Tabk 0), hili we helieve 111;11 II

large pOllioll oIl/lis C,llliH:lIy GlJl In: !)//)l!gIJl had ill pricC'. ill
lile $1 25-1. 11O/lb Iilngc. All ,uhhlioll:ll <10,OOO-HO,llOO Illlpy of
plOdliLtion is aViliiahle fl'OllI iUlIlIovetl 0IH~ralillg lalCS illHI
Illnemcnlal CXP;IIISi(Jll~ III cxisrillg (;l('iliue~_ J( delll<llld is
sleatly and illVClllol ics ,lie under cOlllfnl IlIosl of [his
plOtlut.:ll(lll is also CCOIHlIlliL ill plices helow $ I AU/Ill Tile
availahilily Clf 130,OIlO J70,noO l!ltpy of addiliollil'l'flUlu("/ijJll
(il!mve fil~1 baH 19/)2 kvcls of SOllie 22:0,000 11111'Y) al \:IiSIS
hdow $1.<10/11> will plovide all IIpper lilllil 011 pllrcs.

fuul 01>61i111"0 C0616 11'J~O C.flUI
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Figme R Oper<Jlillg ('1)-;1 CIJJvn

although thi~ <.loes nol Ilcct ....sarl1y lIleall tllill l)lofllilhilily ill
tlrt: low <:051 rl<llll,~ will .sllffer, Ollf projCl:II(J1lS illdiGllt, il
floor vrice (I a!loul $1.25/111 ill 11)1)) ACllial 11liLes \\'111
depend 011 Ihe alliouni of excesS GlpilCilY in the induSlry anti
Ille prin~s lIc<:essary /0 II/jug Ihis PlIltillClioll ol1SlIt~"l1\.
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III tile longer IClll1, '1H.'lt' is Ill(' qllCSlioll III c:q),ll"ilY
cOII,;llaillls and nle ('o<;f 1)( ,Hklillg new C;tl';Kily. 'lefc 'lie
1l1l}",1 illllHIII:lIll is<;lIc ;lllpcilis III he Ihe availahllity alltl ('osl
or capital (or lIew plll( llclillrl, ,wI! ;rgaill its "I' 10 1'/llclllial
lIew pllHllIccrS ,lIltl iIlICr(.'"led (OI1SIIlIlt'IS 10 seck
,UIV;JIII,lgCfllIS 1If! <ll1ge frrefll',

C;\II 'he clrcalll nHIIC /lIIC'! We Iwlievc il is pO'isihle, btll
1101 inevitable II depclIds nol ollly 011 CXOgClltlllS (artOIs likt~
CA.FE lcqui/elllellls 0' ill/crc..,. laic.; hili 011 acliolls ["kell hy
illdividu:d OllllP;\Ilit'<; and the illd\lslry \\IOl killg !ogetl1cr 10
.lilwflt.' 'lIe;r O\V/I flllilf/'
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