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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 Pt Latta
EL31/90 6 km®* S. of Bass Highway 43 67
near Redpa (Sthn part of EL)
32/90 32 © S, of Bass Highway
near Tagari 25
(via Montagu Rd 55
to Mid E.L.)
33/90 62 -~ Between Bass Hwy 27
and Montagu Road Sthn part of EL 55

Previous Exploration (1991-1992)

EL31/90. Diamond, hammer drilling and surface sampling of the Tertiary
limestone and Smithton Dolomite were carried 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 mbhH, APPM and Comalco.

The Terttary- 1imestone was evaluated by Melocco Pty Ltd and
found to take a high polish with an attractive (pink) colour and texture
but was not thick enough in the areas drilled 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 ﬁink limestone sample was overburnt at 1350°C.
A1l pleces remained hard with no tendency to crumble or collapse to
powder.

The limestone is 1inferred to retain 1its physical 1integrity in
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a shaft kiln but with a tendency to overburn.

Colour and brightness tests on the white dolomite indicated 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 dolomite but in 1ts unbeneficiated state was unsuitable for paper
filling or coating.

The dolomite has been tested satisfactorily as a flux in ferrosilicon
and silicomanganese: production by Temco.

EL32/90. Surface sampling but no subsurface investigations carried
out to date.

Most outcropping dolomite occurred either within the Montagu
River Reserve or in a “Caves Reserve” declared by the Tandowner, A.P.P.M.
Thls latter reserve has no official 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 fnvestigations
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

5102 0.25 -
T102 <0.01 -
A1203 0.08 -

Fe203 0.43 -
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-3-

MnO 0.0 -
Mg 20.64 21.7
Ca0 31.44 30.4
Na,0 0.13 _
K,0 0.18

P,0g 0.006 -
S0, 0.05 _
LOI 46.67 47.9
Ca0 1.66 1.4
g0

Current Exploration (1992-1993)

There has been no field work in these 1licence areas during the
current year.

Dolomite samples from the licences have been tested as furnace feed
in furnace trials in U.S.A. for the production of magnesium metal. The
process employed is a modification of the "magnatherm process called the
Silicothermic process by its developer, Dr. A. Cameron of Manchester
University.

The Australian rights to this process are held by Mineral Holdings
Australia Pty Ltd. Expenditure in acquiring these rights, the costs
associated with providing sample material for testing, contributions
to the furnace trials and preparation of the pre-Feasibility 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), 32/90 ¢3.5.94) and 33/90 (7.6.4@).

y
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PROPOSAL FOR A FEASTBILITY STODY INTQ THiE PRODUCTION OF MAGNESTUM

METAY, FROM ORES IN NORTHERN TASMANIA

Al MAGNESIUM METAL

1. INTRODUCTTON

The western world production of magnesium 15 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
spite of the presence of several world class ore
deposits. It hes a consumption of about 5000 tonnes

per annum.

For decades, there have been predicticens that magnesium
"is aboult to take off". The 20 kg of magnesium used by
the Volkswagon "Beetle" for die cast crankcase and
transmission housings was often quoted as "proof" that
the metal had penetrated the automotive industry bul in
fact it had not. There was, however, an increase of
3%% in "the use of magnesium in the U.S5. auto industry
over the past three years (1). '

what has held back the growth of magnesium ceonsumption ?
It has not been

the scarcity of magnesium ores
excessive energy cousumption
AdAifficult casting and fabrication lechnolegies
. flammability problems
environmen%al restrictions
The answer to the questicn is firstly price relativé to

aluminium and secondly (Lo some extent) the structure
of Lthe industry.

The principal object of this Proposal is to suggest
that improved teChﬂOlOgy 39‘_wh1ch MJneral Holdlngs

Rustralia  (MHA) has access, together with the
availability of excellent ores of magnesium  and
silicon in coastal deposits of Northern Tasmania, may
offer a cost compelitive entry into  magnesium

ploduction
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2. THE PRICE REDUCTTON REQUTRED

The principal competitor of magnesium is aluminium and
the early growth of magnesium will depend largely on
its ability to displace some of the aluminium and also
zinc die castings currently used in Lhe automotive

industry. Magnesium has this potential because 1t 15
only 67% of the weight of aluminium for the same volume
and 24% of the weight of zinc. Replacement of ferrous

materials is even more favourable but the cost
differential is of course greater.

A prediction by M. Holland of Ford Motor Co. in 1980
{2) was that magnesium could bhegin 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/kd) hut with a
more realistic fiqure of say $1.50, a price of

$2.55/kg ($1.15/1b.) would be required for magnesium
to satisfy the ratio of 1.7.

The current price of magnesium 1s about $3.15/kg
($1.43/1b.) which is 60 cents/kg or 23.5% above $2.55.
Dr. A.M. Camercn, the inventor of the new technology to
be described, is confident that his improvements to the
conventional Magnetherm process of Societe Francaise
d'Electrometallurgie {(SOFREM) , a subsidiary ot
Pechiney, will yield savings of much more than 20% in
the cost of magnesium production {(see later).

3. ENVIRONMENTAL  PRESSURE  FOR  INCREASED  MAGNESIUM
PRODUCTION

After many years of speculation about the f[future of
magnesium, theye are now positive indications that
governments are moving faster to reduce the weight of
antomebiles for environmental reasons. The Japan
Government now reguires the average weight per car to
be reduced to 1,200 kg by 1995 and 850 kg by 2000. The
Japanese Automotive Association consequently expects
the weight reduction to reguire the amount of magnesium
used per average car to increase by 3900% between 1989
and 2000.

While it has hecome fashionable to predict the western
world consumption of magnesium to be "1 million tonnes

by the year 2000", these forecasts now raise the
prediction to "1.6 million t.p.a. over the next 10
vears" (3}. Be that as it may, there is little doubt

that the consumption of magnesium will grow and that
Australia 1s well placed to play a significant part in
this growth.
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TECHNOLOGY FOR MAGNESIUM REDUCTION

The western world magnesium industry has a relatively
small output of primary metal which is currently wvalued
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 1licence out part of their technelogy 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.S5.I1.R.0 , 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. 1is at WNorthwest 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 agreemént is held by MHA for Australia/New
Zealand and all other countries with the exception of
U.5.A. where the rights are held by Northwest Alloys
Inc.
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i 5. SELECTION OF REDUCTION TECHNOLOGY

The following is an extract from a report commissioned
by the U.S5. DeplL. of Energy (ROE) dated February, 1981
entitled "An Assessment of Magnesium Primary Producticn
Technology" by M.C. Flemings et al. of MIT (4).

"In the opinion of the writers, the current and
potential costs of producing nagnesium by the
electrolysis versus the metallothermic route are
sufficiently close that the optimum magnesium primary
production process depends, not on the intrinsic
technological advantage, but rather site selection with
respect to the availability of raw materials, energy,
tabor and markets for both magnesium and process
by—-products. Given the wvarijation 1in resources in
industrial regions in the United States, electrolytic
and metallothermic magnesium production technologies
can both be expected to remain competitive for at least
the medium term (20 years)."

The small number of producers and the 1low total
production of magnesium have had the effect of limiting
the amcunt of available information about the industry.
The DOE report is probably still the best collective
source even though it is over 12 years old, possibly
because the industry has not changed much and the out-
put has remained fairly constant.

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

TABLE 1: MAGNESIUM INDUSTRY STATISTICS IN 1980

Metallothermic — Flectrolytic
1980 world capacity (tons) 83,000 (27.5%) 218,500 (72.5%)
; Max. plant sizé {tons) 26,000 125,000 |
é¥ hverage plant size (tons) 10,375 54,625

Total energy reguirements 41.1 12.8

{equiv. kwh thermal/lb Mg)

Estimated capital cost 3,500 4,500

(US$/annual ton for a

20,000 tpa plant in 1980)

The proporticns of capacity coming from the two routes
have not changed much over the decade indicating that
the metallothermic or thermal route is stitl viable in
spite of its smalley unit capacity (Table 2.).

AR B ety s TR e AR T e s

b
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TABLE 2: MAGNESTUM PRODUCTION: INSTALLED CAPACITY IN 1991 (5)

Metal}othermié B E}éég;olytic 7
Country o m.t.p.a. Country m.t.p.a. |
Brazil : Brasmag 6,000 Canada : Norsk Hydro 40,000
Canada : Timminco 12,000 Norway : Norsk Hydro 55,000
;ﬁ China (est.) 9,000 U.S3.A. : how Chemn. a0, 000
‘ France : Pechiney 18,000 U.S.A. : Mag. Company 36,000
India : Southern M & C 600 U.5.S.R. {est.)2 plants 90,000
Ttaly =: SIM 12,000
dapan : Japan Met. 5,000
& Chem.
Japan : Ube Industries 9,000
USA : N.W. Alloys 36,000
Yugoslavia: Magnorhom 5,000
Totél - J 112,600" L'H.l,WLJD()Agﬂ
Averé;e plant size __-11,250_ o - H 61,830

Therc are many factors to ke considered in the cheice of the
route to magnesium if a 60,000 tonne per annum plant were to
‘. be contemplated but $for a plant with a final capacity of
I 5,000 to 10,000 t.p.a. the choice would certainly be thermal.
3 That such plants outnumber eleclirolytic 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
selection criteria, low capacity ecconomies of scale and
consequently lower initial investment requirements" (6).

It is prefcrable, when commencing a new venture with a view
to early entry into established world markets, to begin 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 single thermal furnace and increase it in
similar increments when larger local and overseas markets
become available. This would be particularly important in
relation to a commodity like magnesium which has for decades
defied predictions of rapid world growth.

e B R e L. L
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The electrolytic process is not as amenable to low:
tonnage operation as the thermal route, providing
other essential requirements can be satisfied.

THE MAGNETHERM PROCESS

Magnetherm 1is the most modern process for thermal
production of magnesium. Tt is based on the reduction
of magnesium oxide by silicon contained in
ferrosilicon:

2Mg0.Ca0 + (xrFe)} Si + nAl,0,—

2Mg + 2CA0.810,.nAl,0, + xnFe

The slag composition 1is held close to 55% Cald by
weight, 25% Si0,, 14% A1,0, and 6% Mg0 which at the
operating temperature of 15507°C is not fully molten.
The temperature cannct be allowed to go much higher
because the graphite furnace lining will reactr to form
CO which will oxidise the magnesium wvapour produced.
Nor can the silicon level in the residual ferrosilicon
be allowed to go bhelow about 20%.

The Magnetherm process 1is conducted in an AC arc
furnace comprising an upper water-cocled 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
reacticn by which the magnesium is formed and released
as a gas occurs at the surface and 1s strongly
endothermic, requiring heat to be transferred there
from the body of the melt.

Many improvements have been made o the Magnetherm
process over the years but it still has the disability
of operating under vacuum 1in order for the production
of magnesium Lo proceed at an acceptable rate, a
reascnable temperature, and with satisfactory silicon

consumption. . The sub-atmospheric operating pressure
allows some lecakage of air into the condenser and
causes a loss of metal production. Also, it requires

the wvacuum to be broken twice per day to tap slag and .
to change the condenser.

According to Fleming et al: "conversion (of
Magnetherm) to continuous operation at a poesitive
pressure would significantly reduce energy consumption
and labor requirements, substantially increase the
production capacity of the reduction unit and reduce
both capital and operating cost reguirements” (7).
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7. THE CAMERON PROCESS

: 7.1 Introduction

E ‘Several improvements of the Magnetherm process have
been developed by Dr Andrew M. Cameron of UMIST. They
are covered by International Patent WOB9/00613 with
a priority date of 10th 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 history of the development, Cameron
said that he graduated from the Universities of
Strathclyde and London ({Royal School of Mines, Imperial
Colleage) in the mid-seventies and then Jjoined 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 carbothermic reduction of magnesium using
a D.C. plasma arc furnace but he had little confidence

i in this route. Ile took a position with UMIST where he
i had the opportunity to develop his improvement to the
Magnetherm technology o©n “the basis of detailed

chemicai thermodynamic studies.

The technology was subsequently piloted continuously at
: Billiton in a D.C. plasma arc furnace which had an input
ﬁ‘ of 0.6 Mw. Enough information was obtained to prove
o the thelmodynamics and kinetics of the technology
i although further work is required to confirm the
engineering, equipment and operational aspects (8).

The DC plasma transferred arc generator is constructed
of graphite and is not water-cooled. Such equipment
has so far only been ‘used for melting and other
'unsophisticated' applications such as vaporising zinc
from steel plant dusts. Intensities of 40 MW are
possible with this type of eguipment(9).The Cameron
process would be the first to make full use of its
unigue characteristics for a metallurgical reduction

LT el e

pProcess
ITncidentally, the Council for Mineral Téchnology
(Mintek), South Africa has patented the use of a BC

plasma arc using the Magnetherm slag conditions but
Cameron believes this is pot practicable and thal low
silicon use and poor condensation efficiencies would
result. ‘

7-2  Basis of the Cameron Technology

Ideal conditions for the silicothermal reduction of
magnesium according to the reaction:

2 mMyo - S —— ey 510 + 2Mg (q)
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inciude the following:
a slay saturated with Mg0
a slag with a low activity éf 510,
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 MgqQ,
Cal, AQED], 510, system indicates that the required
conditions can be found in the periclase (MgD) region.

The conditions provide a strong thermodynamic driving
force at temperatures of the order of 1600-~1650°C
which permits the reaction to proceed at a
satigsfactory rate at atmospheric pressure.
Furthermore, it enables the silicon reductant to be
used efficiently allowing the silicon in the residual
ferrosilicon to be reduced to a very 1low level
(provided a graphite 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 1lining 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 in the Cameron patent
indicates that the 1level of Mg0 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 1invariant 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.




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 1in 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%

005016

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 avoeiding
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.

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 inforpation on the cost of magnesium
production 1is rare but -a 1992 paper by Foley of
Commodities Research Unit (CRU) and Gilbert of
British 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.
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8. RAW MATERTALS FOR CAMERON PROCESS MAGNESIUM PRODUCTION

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:

— -
For 5,000 t.p.a. Magnesium production
Option A: Aluminium Scrap Option B: Bauxite
Calcined dolomite 20,400 tonnes 29,400 tonnes
Calcined magnesite 3,000 - 620
Aluminium metal 1,140 ' -
Alumina in bauxite - 3,120
75% éi ferrosilicon 3,020 _ 4,360
27,560 37,500

The nature of +the raw materials can be changed
depending on local economics provided the specified
Mg0, Ca0, al,0 and $i0, contents of the slag were
maintained. For example, dolomite could be replaced
by a mixture of magnesia, lime or magnesia-enriched
lime.
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B. MAGNESIUM AND CALCIUM ORE RESQURCES

1. INTRODUCTION

MHA's mineral exploration in N.W.Tasmania has been

conducted for over 18 vyears. Exploration, testing,
consulting and drilling costs have been substantial on
a number of minerals. Tt 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 MHA and others for some time but the
available markets to date have not provided the

necessary opportunity for their c¢loser examination or
development.

Recent fuyrther 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.

MHA has mineral leases in the following areas:

EL.25/89 : Dolomite south of Smithton adjoining an
existing small quarry (see map in Appendix]).

EL.31/90, : Limestone, magnesium-rich limestone,

EL.32/%0, dolomite in three locations being

EL.33/90 west of Smithton near Redpa, Togari and
Montagu.

High grade quartzite rock at the Thomas
Mountain Mine in the Dip Range.

EL.25/88

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

In addition, CRA Limited (75%) and MHA ({25%) hold very
extensive magnesite leases near Arthur River and Lyons
River west of Hellyer Gorge (RL.8717 and RL.8718).

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 gquantity. Somg details are given in the
Appendix,
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2. LOCATION/INFRASTRUCTURE

The location of the depcosits is excellent being on flat
undulating cleared land with much of the deposit being
mainly on private 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
area at Burnie Port. A full infrastructure exists nearby,
including 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 from the Gippsland Basin field. MHA is hopeful that
natural gas will become available on site at Port Latta

- being the nearest on-shore site to Yolla - for
calcining. These energy factors will enhance the
viability 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 - TASMANTA AND MAINLAND AUSTRALIA

The existing local rail and road infrastructure will be
uwtilised for Tasmanian industries. The Federal
Government Freight Interstate Equalisation Scheme is
proving of benefit to Tasmanian industry by subsidising
exports 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
maintand industry, ie. basically it allows Tasmanian
industry to transport its product at much the sane

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

Hopefully reform on the waterfront will greatly
reduce bulk transport costs to the mainland and
overseas.
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C. THE PROPOSAILS

1. INTRODUCTION

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 t© pass over the management and 50% of the -joint
venture to the partner following a positive conclusion of
a Feasibility Study.

The Feasibility Study will include a trial of the Cameron
Process in a full-size, commercial furnace. As mentioned
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 plant at
Addy, Washington.

Because of the downturn in the worid commodity markets
several of the NWA furnaces are currently shut down.
During wvisits 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

cperate it in 1993 for a period of 6 months. They
invited MHA to participate and to share the cost of the
trial.

2. PROPOSAL FOR FEASIBILITY STUDY FOR MAGNESIUM PRODUCTION

The following steps are proposed:

2.1 Stage 1: Preliminary Study -
June, 1993 to March, 1994,

MHA will organize and manage a Feasibility Study with the
assistance of geological, mining, engineering and
metallurgical .wonsultants in association with the 7joint
venture partner, MIST and the other licence holder of
the UMIST technology. '

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

The costs will include further detailed mapping,
drilling, assaying and testing of the mineral deposits;

consulting fees; part of UMIST ticence fees; part
reimbursement of former MHA exploration c¢osts; MHA
administration; preliminary environmental studies, etc.

Cost: US$1 miilion.
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2.2 Stage 2; Construction and Operation of Cameron Process -
June, 1993 - March, 1994.

Concurrently with Stage 1, one 4 MW Magnetherm furnace at
the Addy smelter will be converted to the Cameron process
and cperated 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 transformer-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 : US$7.0 million
Contingency: US$1.0 million

2.3 Stage 3: Final Feasibility Study, Cost Estimates and
Infrastructure Preparation =~ April, 1994 to December 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
ceo-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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3. RIGHTS EARNED BY JOINT VENTURE PARTNER

As mentioned above, MHA's Jjoint venture partner (JVP)
will have earned, during Stage 3 of the Feasibility Study
a 50% share 1in the information generated. This 1is
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 MHA 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 MHA 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 MHA, MHA will claim royalties as follows:

{a) if JVP decides notto purchase a 50% share in MHA,
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 MHA Pty
Ltd., MHA will be entitled to a rovalty 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 J.C. Nixon
Chairman Consulting Metallurgist

Mineral Holdings Australia Pty Ltd

26 April, 1993,
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APPENDIX

NOTES ON MINERAL HOLDINGS AUSTRALIA'S TASMANIAN LEASES DBASED

ON A REPORT BY MR V. THREADER, CONSULTING GEOLOGLST, HOBART.

DOLOMITIE

1.

Smithton Basin

Carey & Scott (1952) correlated all carbonate sequences in
the Smithton Basin with the Smithton Dolomite, in +the
belief that there was only one carbonate succession in the
Basin. More recent mapping and geophysical data has
provided evidence that this original correlation is not
valid. This work indicates that there are two carbonate
sequences: an upper onhe - Smithton Dolomite of the Duck
River and Montagu River drainage systems and a lower one -
Black River Dolomite (a dominantly silicified carbonate
sequence) . 'These two carbonates are separated by the

- Crimson Creek Formation or its correlates (a sequence of

volcaniclastics). For more detailed information see Brown
A.V. in Burrett C.F. and Martin E.L. (eds) (1989) Geology
and Mineral Resources in Tasmania Spec. Publ. Geol. Soc.

Auskt. 15.

The dolomite resource within the tenements EL.25/89
(Smithton), TL.31/90 (Redpa), EL.32/90 (Montagu Plains)
and EIL.33/90 (Britlons Swamp) are stratigraphically within
the Smithton Dolomite.

EL.25/89

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 thearea now occupied
by the Circular Head Dolomite Company.

The area drilled was 100,000m? and the depth of drilling
was 10m, i.e. 1,000,000m? or 2.4 million tonnes (mt).

The licence area covers about 2km? south of Bass Illighway

which 1is small holdings farm land and has not been
examined and would not be unless a mining venture could
gain approval. N similar area, i.e. 2kmZ, of high

prospectivity lies to the west of 102m/71 (237 ha) held by
the Circular Head Dolomite Company.

EL.31/90

The (Precambrian) Smithton Dolomite is over 1000m thick
and covers lkm? (outcropping sporadically through the
areca). There is therefore 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, from hammer drill and diamond
drill samples is high, and in places is pure dolomite.

Analysis of surface samples gives around 20% Mg0 and in
borehole samples the range is MgQ 18.98-21.89% Ca0 28. 45-
32.48% and 1T.0T 41.97-46.91%.
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(APPENDIX  Cont. 2)

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 dolomilte there is a
rock type which has been described as dolomitic limestone
or magnesium limestone (which could be the result of de-
dolomiltisation). This occurs in the eastern portion of
the licence and its precvise stratigraphic position is not
clear but it appears to be lower in the sequence (perhaps
on the vcontact with the underlying Caroline Creek
Formation). The composition of this rock is:

L

can 35.80-47.0%
Mg 0 4.77-16.4%
LOT 43.67-46.43%
Fe, 05 “0.03- 0.1%
Si0, 4 Al 0y 0.19- 1.89%

This was examined in outcrop and borehole but more data
is required Lo idenkify a resource.

EL's. 32/90 & 33/90 CARBONATE NILLS

These licence areas lie to the east of EL.30/90. The
Smithton Dolomite is flatter dipping here than it is in
FL.30/90 (which lies on the steeply dipping western limb
of a syncline).

There has been no drilling in these areas as yet but the
rock quality of surface samples indicates that it is
consistently of high quality e.g. Montagu (32/90) -
average of 4 samples.

Mg0 20.64%; Ca0 31.44%; Si0, 0.25%; Al,0, 0.083; Fe,0,0.43%.

A scout drilling is proposed for these areas when the
most suitable areas have been identified (on Lthe lines of
Jandowner agreements, and environmental considerations).

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

The flormer consulbtant of M.H.A., a one time Chief
Government Geologist in Tasmania (and later Director of
the Bureau of Mineral Resources for Australia until his
rebirement), Mr. P.B. Nye, long held the belief that the
Smithton Dolomite was a huge resource of high quality and
from the recent mapping by the Geological Survey of
Tasmania and the exploration by M.H.A., this would appear
to be bLhe case.

The maximum suggested by R. Glenie for these licences:

31/90 - 200mt, 32/90 - 300mt, 33/90¢ - 1600mt, 25/89 - 200mt.
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presont ol assuaming a greater doplh of resource Lhan 20m although
Lhe greater polential is indicated by sbtating it as 204. _

in aboul the right order of magnitude. Thore is o point ak

MAGNESL: RLLB7LZ & RL.B71S

The magnersile yesource (1402 Mg0) at Lyons (30mt) and Keith
Rivers (30mt})  has boen estimalbed ko A nominal depth of 100m.
Diamond drvilling has established conlinuiby of the deposit to
much grealor depth and so the reserves ol magnesile would be
corraspondingly qgreater. There arn also considerable tonnages
of low grade magnesite - dolomile which could be beneficiated.

At indicaled resource of 3/4 willion Lonnes is estimatbted lesgs
solulbion cavities which may be a significanlt proportion judging
by padcibty of onberop and lack of limestone intersections (open
holes)t drilled belween oulorops. "

A Lhicknoess ol S only was applied in Ehis estimabe to allow
Tor solft rock balow Lhe depbth as in DDS and 6.

A sudggestion by R, Glenie Lhat the liwmestone is thicker Ehan
indicaled wmay be Lhe case if the limeslone was deposited on
Lhe Geological Survey geologist who mapped

an unoevett 1o hulk
that the limestone extends

Lhe area does nol support the viow
bolow plaing level.

The gquality of the wain limestone resource is high:
Cal) 53-55%; e O 0.03-0.7%; Myl 0.5-1.75%%; Si02 + AL?203 0.5-2.9%.

The staltus of the regsource musl remain at an inferred level
due ko Lhe Jack of informalion betweoen oularops.

This estimate refers only Lo Michaels and Coffeys Dills. Outlying
and prospoctive areas have the polential to double Lhis reserve
but more <drilling is required Lo establish Lhis and close pattern

and decoper drilling is required to improve the status of the

eslimale.
.

Belore any Turbher drilling is done, a larger scale topographic
wap is yegquired for mote acourate plotbting of data.

Sihich

Fervosilicon is requitred as a yeductant for magnesium oxide
in Lhe Cameron process. 10 was formerly manufactured by the
P sabsidiary TEMCO al Bell lay on the north-east coast of
Tasmania which is connected bo the Smithbon area by road and

Al

Substantial deposits of high grade gquartzilte rock are held by
MHA aC Thomas Mountain in Lhe Dip Rangens, soubh of Rocky Cap
about 8 km east of Smithton. This material would he suitable
for the manulacture of ferrosilicon and silicon wmetal.



¥

005027

(APPENDIX Cont.d)

CASSITERITE

In the north-east of Tasmania, MHA holds two Retention Leases
8715 (6km?) and 8723 (7km?) which have been explored for
alluvial +tipn in the TFosters Marsh area and a reserve of
45000m* of grade 450 grams per m3?® have been estimated. There
is an area of higher grade cassiterite (tin) at "Bowlers
Lagoon® in Lhis licence with B850 grams per m? that would be
"ideal" to commence dredging. A contiguous off-shore area
which represents a northerly extension of this deposit into

‘Ringarooma Bay has also been examined and reserves of 3300-

4500t of tin metal (grade 80g per m?) were estimated at depth
of 20-40 mektres. Associated rutile, =zircon, gold and minor

monazite were found which added approximately 20% to the

resource value.

" Ihis prospect would be included in the ‘50% equity sale should

the partner sc desire.

28/5/793.
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Magnesium Production by

Plasma-Powered Processing

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

A new process has been developed 1o ex-
fract magnesitem from aluminosilicate slags
which have high basicity ratios. The process
is dependent on the effective utitization of the
characteristics of bansferyed-are gas plas-
mas and has important advantages over al-
ternative pyromelalinrgical methods of
‘magnesinm production. The need for careful
controf of an invariant slag composition is
elinitnated, as is the requirement of a vac-
i condenser or complex gas quenich tech-
nology. Significandly improved magnesiim
yields, wihen combined with highty efficient

“usage of the reductamt, will greatly enlance
the econtomiics of the pyrowelatlirrgical ronte
lo magnesium.

INTRODUCTION

Magnesium markets are currently
dominated by a small nuinber of high
tonnage produocers. This reflects Lhe ex-
isting prefercnce for electrolytic ex-
traction from MgCl, over Lthe allernative
pyrometallurgical processes such as the
Magnetherm or carbothermic Lechnolo-
gies.' Nevertheless, pyrometallurgy of-
fers many potenlial advantages, includ-
ing higher space-time yiclds (as meas-
ured in lonnes - m™ hr.”") and lower
capilal investments than lhose associ-
ated with electrolytic plants. Further-
more, Lhe ability to make use of rela-
tively inexpensive and abundant ores
such as magnesile or dolomite avoids
the technological difficullies inherent in
the recovery and subsequenl dehy-
drationof magnesiumchloride from vast
(uantities of scawater or wasle brines.
For these reasons the Magnetherm proc-

es5 accounts for some 20% of magne-
sium production capacity. If the eifi-

ciency of such a process could be sub-
stantinlly improved, il would have
important repercussions for the eco-
nomic viabilily ol pyromelallurgical
magnesium production.

It has been suggested that the high
energy densities atthinable in plasma
systems (Egﬂs cuthalpies of 3-8 kWh per
normal m*) could usefully be harnessed
for the production of metals from their
oxides when the reduction reactions
involved are highly endothermic? A new
process has been developed which suc-
ceeds in combining the use of dotomitic

feedstock with effective utilization of a _

transferred arc plasma furnace. The new
process has significantadvantages when

compared with existing methods of
magnesium production. For compari-
son, more conventional allernalive lech-
nologies are described in the sidebar.

THE PLASMA PROCESS

The objectiveofa plasma process must
be to obviate the shortcomings of the
traditional pyromeltallurgical technolo-
gies. Hence, the basic requirements are
operation at atmospheric pressure, effi-
cientuseof the reductant, and the ability
lo employ a simple condenser rather
lhan a gas quench. The desire to avoid a
gas quench has led to Lhe retention of fer-
rosilicon as Lhe reductant for the new
process and hence the overall reaction
may againbeapproximaled tathat given
by Equation Cin the sidebar. The condi-
lions necessary to enable atmospheric
operation can therefore be considered
on the basis of Equation |

2
(PMH) “A5,

AG=AG "+ RTIn (i

2
(dMgn) T

From this equation, it is clear that for
a constant slag composilion and tem-
perature, increased magnesiunt pres-
sures arc only possible al the expense of
the efficiency of silicon consunption.
This has been the main obstacle Lo high-
pressure uperation of the Magnetherm
process. LU is also obvivus, since AG®
decreases willi lemperature in accor-
dance with the entropy increase associ-
aled willi the reaction, that atimospheric
operalion should eventually be possible
atelevated temperatures, even with low
values of silicon activity in the reduc-
tant. The two main problems 1o be ad-
dressed in developing an atmospheric
process wete, therefore, the attainment
and containment of the high teinpera-
tures required and delineation of appro-
priale slag compaosilion{s). These can be
solved via an appreciation of the charac-
leristics of translerred-arc plasma reac-
tors and Ihe thermodynainics of slags in
the quatemary CaO-Mg0O-A1,0,-Si0,
syslem. :

PLASMA HEATING

Plasma heating is now a well-estab-
lished technelogy, and the principles of
industrial plasmasyslems have beenthe
subject of many excellent reviews.'"12
The main features of interest to the proc-

ess melallurgistare, arguably, the ability
io generate extremes of temperalure
(temperalures of ~12(X¥K have been
ascribed to the core uf the ionized gas
colusnn) and the fact that power genera-
tion within the column is independent
of theelectrical conductivity of the mate-
rial processed. This allows slag com-
positions to be chosen which do not
compromise lhe process thermodynam-

-ics al the expense of the required physi-

cal properlies. In spite of this, plasma
heating has, to date, only found appli-
cation in areas such as tundish healing,
melling or blast augmentation, since few
smelting operalions have been depend-
enton, orbenefited sufficiently from, the

~ unique characteristics of plasma power.

[t is recognized that Lthe magnesium-
producing reactions of both the Mag-
netherm and more récent carbothermic
processes take place at the surface of the
slag systems employed.” This was the
motivation for pilot-scale trials of the
slag bath carbolliermic process in a
plasma reactor. The configuration of the
plasma reactor used is shown in Fi-gure
1. This confliguration enables power (o
be delivered directly to the surface slag
layer where the endothermic reduction
reaction takes place, and avoids heat-
transfer limitations which may other-
wise arise from the use of submerged-
arc resistance heating. Temperature
profiles were measured for both modes
of heating during the development of
Lthe carbothennic process (Figure 2).

‘Plasma Gas

Temperaturg
Measuremenl

Figure 1. The plasma reactor configuration
used during pilol Irials of Ihe slag bath car-
bolhermic process.
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The profitesindicate thal plasmicheal
ing is potentially copahle ol prneraling
high snrbace termperatines swhich could
suslain an ghivospheric/stheotheymie
reaction, while relaining buth slag tm
peratires To allow the vse ol conven
tional vefractory materinls,

SLAG COMPOSITIONS

Asurable slay system must result in
the oflicient use of the ferrosilicon e
dictint and allow the peneration ol a
igh puority magnesinm vapor. Vheseres
quirements are el by sclecting an ini-
tial slay, composition which: will iain-
trin ke silica activilics, in spite of an
increasing silica conlent resulting from
the reduction reaction, remains at, or
close to, inngm-ﬂn sattnation through
oul the process; and s clleclivan passi
valing olher axides which may be mitro-
duced ag fecdstock impuortties and could
reasct lo contaminate the vapor phase

This preciudesa plasig process based
on the nse ol the Magnetherny process
slag, Becavse the Magnethenn sl s
only safirated with respect Lo MO al
lermperatires helow aboul FB23K it can
Conobrelain anit activily mapnesii to the
highertemperalires needed foreffechive
almospheric operation. A consequence

of simply replacing the raditional Mag -
nelhern panver sonrce by A s sy s
tenvas proposed by Barcea " must, there-
fore, e areduction i the alveady poor
silivon constmplion, as wituessed by
Evuation |

by contrast, the necessary conditions
can besatisticd by employing slag vom
posilioms swhich lie entively within he
periclase privary recrystallization ficld
of the Mg CaO- ALO SSI0), phase dia-
gram (it il(ailnml(snl llw:u tivilies of
the componeit oxidey of suclustags can
be obliined by reference o the meas-
ured data for the ternary Ca()-AlL ()
L)I() syshe T by the simple tI(\Iﬁ( l)]-
lr(nl:nbf\1‘;,()m\d( aOusasingleconmip-
nent. This s juslilicd by observations
that, onaweight percent basis, and epto
concentrations of al leash 10%, {he ¢fleel
of MpOron sdicaaclivily s approximately
cquivalent to that of Cal in the qunster-
nary systent™1% Those estimates sup
port the viesw that silica activilios e
suitalily Tow Gver awide range of com-
positions in the periclase region. It g
then o sinple task o seleet lmagnesia
conlents which ensure slag saluration o
the desired reaction temperature of
2,173 2,273,

Astatistical thermodynamicmedel of

2 23
©
2050 /
[ =
& s
o Paxs:
[rag 0.75 |- // - Plasina
- / A - Subrneyged Arc
1] | 1 1 1 1}
1,500 1,700 1.900 2,100

lemperature ()
figure 2. A companisan of slay lemperature
preliles resulling hom convenlional arc re
sistance heating and lransterred aic plasma
hicating.

stag systems sehich has been shown Lo
accurately predict relevant sections of
the plise (Iingmm”’ Lias also been one
ployed inurder tovalishati the prredicled
activilies. T hwresults are in broad apree-
manl wilh the inilinl estimates.

The derved activity dala have been
vscd 1o show that the desired process
conditions are met by cnploying an
milial slag comprising 25 wl % M3, 33
wi % CaO and 42 w4 /\.lz()j This slay

2 il rrm:maﬁnmfameaa;m‘abra's A
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Table I. Typical Compositien Changes Resulting from Plasma-Powered Production of
Magnesium from a Liquld Slag

Mg Produced

Slag Composilion {wl.%}

Excess ase

(kg) MgO Cal)
0 25 33
10 4.7 8.6
80 246 407
120 245 418
161 245 421

AlLO, Si0, {from Eq. )
12 0 093
231 13.6 092
159 18.8 092
12.1 205 092
10.8 224 091

has a liquidus temperature of approxi-
mately 2,15IK and, since it lies in the
periclase region of the phase diagram,
hag unitactivity of MgO at this tempera-
ture. Variations in the activities of the
component oxides are to be expected as
the slag composition changes as a result
of magnesium production, The changes
in activity of magnesia and silica are
extremely small, provided thatdolomite,
magnesia and ferrosilicon are charged
50 as tt maintain a near constant vatue of
“excess base” defined as:

Excess Base = nCaQ + nMgO -
(2/3nALO, - nSi0, (2)

where n is the number of moles of the
oxides in 11N} g equivalent of slag.

For example, the addilion of Mg(,
Ca0 and Si {(as ferrosilicon) lo 200 kg of
slag in the ralio 4.6:3.2:1 would resultin
the compositional changes shown in
Table [. By reference o the appropriate
sectivns of lhe phase diagram, it is read -
ily confirmed that these slags have a
near canstant liquidus temperature (and
lhence magnesia aclivily) which may be
approximated to 2,223K.

Predictions of the other slag activities,
as previously oullined, reveal that the
activity coefficients of Lhe slags listed in
Table 1 are little changed during the
process. It can be shown that Lhe process
thermodynamics may, toa lirst approxi-
mation, be analyzed on lhe basis of the
following values of activity coelficient:
Tuago ™ 28 Voo~ 06 Ya,0,” 1> 1% and
Yoo, ™ 5x 107

The positive deviation from idealily
exhibited by MgQ in these slags is in
marked contrast to the negative devi-
ations of the remaining compaonenls
(particulacly SiO). This {avors the pro-
duction of high-purity magnesium and
low silicon contents.

The activity coefficient dala may be
used in conjunction with the activities
reported for the Magnetherm slag® to
compare the equilibrium silicon levels
associated with the spend reductant of
the two processes. Assuming that the
plasma generates a temperature of
2,273K at the reaction site, and taking the
final slag composition of Table I as rep-
resentative, a silicon activity of 3x 107z
predicted from Equation 1. The equiva-
lent value for the Magnetherm process is
0.0} at the operating temperatute of
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1,823K and would increase at higher
ternperatures. The new process should,
therefore, make more eflective use of the
silicon content of the reductant.

PILOT TRIALS

[nitial trials have been conducted in
Billiton Researcly's 600 kV A transferred-
arc plasma reactor. The reactor is simitar
tothatshowninFigure }. The trials were
carried out in two stages.

During the first stage, 150 kg of slag

having a composition 25 wi.% MgQ, 42

wt.% ALO, and 33 wt.% CaQ was
charged and melted. Subsequently, 65.2
kg of lerrosilicon (75 wt.% 5i), 189 kg of
calcined dolomite and 83 kg of calcined
magnesite were added. The surface
temperalure of the slag was held at
approximately 2,223K which corre-
sponded 1o bulk slag lemperahires of
1,973-2,053K. No attempl wag made to
condense the magnesium vapor which
was combusted. The dust was collected
in a baghousé where il was sampled to
enable determination of its magnesia
content. The slag was also sampled to
follow the progress of the process. Atthe
end of this slage, the silica content of the
slag was determined to be 27 8%, which
campares with a theorelical 27% for
complete consumption of the silicon
reduclant. Analysis of the residual metal
indicated a sificon content of 1.2%. This
data strongly supports the contention
that the plasma process is vastly su-
perior to the Magnetherm pracess with
respect to ulilization of the reductant.

The secotid stage of the lrials was
conducted with suiface-slag tempera-
tires of approximately 2,123 and 2,023K
in order to assess the feastbilily of lower
temperature operation. Atmospheric
pressure maghesium produclion was
demonstrated to take place with silicon
contents of 45 low as 9% in the thetal
phase. Analysis of the combusted mag-
nesittm vapor collected during both
stages of the trials indicates that maghe-
sium having a putity greater than 98% is
obtainable. Since this figure will have
been influenced by entrainment of dusts
from the feedstock malerials, It is antici-
pated that the process is ultimalely ca-
pable of beller than 39% purity.

CONCLUSIONS

Since magiestum vapor is proddced
at atimospheric pressure aind in the ab-

sence of other gases such as carbon
monoxide, the prodtict lasses 2ssaciated
with vacuum condensers ur gas quench
technologies are circumvented by the
plasma process. Thisadvantage, coupled
with the hear-99% silicon consumption,
will dramatically enhance the economic
competiliveness of the pyrometatiurgical
route lo magnesium production.

It Is anticipated that the process will
besuited to operationin plasma reactors
currently being installed to treat waste
steel plant dusts. Since magnesium is
Increasingly employed by the steel in-
dustly as a desulfurizing agent, the
process may be attraclive for low ton-
nage exploitation by the ferrous indus-
tries. Thesimplicity of the process should
also ensure its suitability for scale-up by
primary maghesium producers.
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MAGNESIUM AS A STRUCTURAL METAL:
CAN THE DREAM COME TRUE?

SUPPLYIDEMANLD CONDITIONS NECESSARY TO ENCOURAGE
THE STRUCTURAL USE OF MAGNESIUM
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To see the widesprewd nse of magnezinm in stinctural
Hp\ﬂic:ll’fnllﬁ appeirs ta he the collective dieiim ol the
industry, althouph oot everyone  shares  [his  visioa.
Magnesinnn alloys were widely nsed in stractuead applications
during the second warld wad el in the Volkswapen Beetle in
the 1900s s 19705, but aver the past decade, soae 800076
of magnesivin nsage has been in chewical applications, mosl
impan tantly aliionm alloying. However, stouctiral mankets
dre seen as the mast imporiant area of fvlure growth

Can the dream come trne?  Can magnesionn alloy jrarrls
he produced ara cost comparable to steel caslings, aluaningm
castings and mass peodaced plastics? And if 1hie {uitc is tight,
e |||:|gn('.siu||| producers mad die casters able womeel
demand?

This paper looks ol the denand sud supply conditions
necessary o enconage the structhural nse of mapnesiom. We
consider the wse of magnesinne ablays in alie casting
applications and the price and other canditions necded o
coconrape denund giowth. We exmrnne the industry cesd
curve and the price necded to suppodt sapply growth. We
evaluate the gap bepween the dennud e sapply prices (o
assess whether the deeim can hecome @oreality,

Structurid Vses of Magnesium

hMagnesivm is nsed Lol as o straetoral material and «
chieical, but in recent yeas non structiral vses have
wedominated. Tnly eflons 1o develop magnesium markets
l\t'g:lll in Germany i the 19205 and Tocused on stiuctural
applications in the fledgling automonive wnid aciospace
inlustries. The Germpns had some suceess in selling
magnesinm and magnesnnm alloys to the minanakers aie
dining the 1930s maguesiom alloy die castings were nsed in
oil iy hoosings, capine cooling Lins blowere ipellers, and
peinboxes. Ancrall nimualactoners vsed magne s slloys i
il wheels,” brake  shoes, beake  levers, ol pusions,
Maganesinm alloy die enstings were also psed i nmmber of
ollice equipmnent amd electrie maton applications

Duving the scoond world war msgnesionn wis used as o
structucad metal an o larpe scide. T addiion 10 1s wse
avcralt Tanding gear ad engine components, it was used in
a Cicoman jeep, the furcronner of the Volkswagen Hectle,

i the F950s, 19605, amd 1970, Volkswagen was i major
consimer of magnesimm and magnesium alloys atits casting
shiops in Germany, Brazil, wd Mexico, In 971 the company
consumed 42000 ronnes of prinary magnesivm - one quinler
of western world production ot the time and moe tham s
nsedd today inoall shoocnal appdications. Oves the 1905-81
petiod. VW used some 409 ol Norsh Hydre's antpat, aad in
soune veurs his Tignre was as high as 0%

However, a new penerativn of Volkswagen cars was
introduced i the mid 19705 At the same thine, magnesiim
prices increased  shaply  and - Vaolkswagen's  Gievnan
consmnplion fell o S 000 oanes by 1975 Twday, Volkswagen
still oses mapnesivm allays Tor replacement piots aod othe
applicattons, hut i consymes very moch less thinvin e 1960
and carly 19705

LIS magnesiom development elloats prior 1o the war had
1M pmg;f‘.s,'acd as L oas the German wink; _Imw(‘vvl, S
magnesaan and  nvgnesion alloy  usopge o strenneal
applications increased slinply in the 194045 perrod only 1o
f:nl\ hack 1o pre war fevels incthe Tate 1880 As gopesult of
Lupe amonnt of technical development wark done m the
19505 and 19605, magnesione was adaopred o struchinal
applications  incloding naterials handling eqnlfmmnt,
mfomotive uses, hiwmmower decks, chamn shws, and ather

power tools,

From 1960 to 1974, demand Tor magnesinm in non-
slructural sypplications, in pavticular, almiimnm ean stack,
grow rapidly.  Althongh demaned in stiucturil ases also
increased, by the mied- [970s sales to non structoral manrkets
began to ondsieip sales for structural applications,

Stinctural wses vepresented 449 ol weslern wnrld
constumplion in 1970, hut anly 162 in 1991 While imost of
thie declive in Westeru Furope aned Liin America was doe 1o
decisions made by Volkswagen, shipments in the Norrh
Ameican market alsa fell by 5090 hetween 19700 amd 1985,
Althongh shipinents of magnesin and magnestum alloys ol
siructural applications were lower in 1990 than in 1980 (sec
Figure 1}, by 983 the downward trend el stopped,

Sh'rpmenls ol M;:gnesium for
Sthruclural Uses T
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Stnctial magnesivm and negnesiom alloy pronducts
melirde e castings, wavily custingy ﬁi e sid,investment,
and  perniineit muuhi castinps}, i wropght vems (e,
extrnsions, Torgings, ,ﬂ:m-. cte) Die eastings dooonante this
catepory accounting for oves 157 of shipmenls,

Dig Casting Applicalions

Primary magnesiun shipments o the die casting markel
totalled some 3000 tones i 1990 and acconnted Tor jusy
4% of western world dewand, Althonpli e cashing
(‘uncmly rqnw«‘nlﬁ nnl_v il _~;|H.‘1|I p(‘icvnlngu ol 1he tara
market, i is one of the few areas where magmesinm procucers
cin alfect consumption

Fagie 2 shows the pullein of western worhl g nesinm
consmmption in ie castig applications. Althorgeh the Na_ulll
Americnn ket grew apitly over the B/E- petiod,
Western Fappean and il Ameiican consmuption declined
sharply  This reflects hoth strong pomotion el in the
United States and the demise of the Volkswapen Heetle.

Conently, somc 509 of the  prinky  nagnesiom
consmped in die casting applications s nsed i MNorth
Americn. Western Farope 1akes over 27% of the total,
aatinst TS0 Latin Ameoea and  abant 5% o
Asia/Oceania,

Om reseineh revealed wapartant ditferences in the
mcket and applicativns for mapnesione afley die castings in
Month Amenici, Western Tanope, and Japan, along with
variations o Toradey prctives amd costs, the athiys il
proddnet fstns nsed, the stinctuee ol the die easting sy,
and reoycling praciaes '

I the el sl Tare 19705 very lintle magnesionm alloy swas
uscal by Notth American aatoniikens, Dt By thie mid 192808
magnesivm alloys hepin 1o pake sl inraads inde this
matket as a1 resall of technical advances hoth i the alloy
composition  and - in Tomnchry pracnces, pMareover,
anneunectents of new production eapacity in the e HISi
casetl consumers Tears concening avinlabitity sl price aml
further encoutaped demandd

On the technieal side, the finsl ol perhaps ol
mpon tnt advance wirs the developerent and demensittion
af mew alloys These melede 1he hiph prnity corrosion
pesistant abloys (e, AZO T and AZ9TE) thabwere deveboped
i the carly wnd mid 19805 ad (e Tagh ductiliey alloys {i.e.,
AR and ANSI) that were deronstoated o the e (RIS
naindy Western Foope, 1hie hiphy |||||it)' allows albine
magnesnin castiangs to perfornas wellas or heties i ofliey
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metals in fcnms of aesistance Ao gencoal sudace corrosion,
The high «rerility afoys allow mapnesinm 1o be nsed in
applications thid vequire o ligh c_ic_'yr('c of hending and
flexilsility doaing o failine mode while i aperation.

One reason that the high puity alloys have  been
siecessful is the use of Hoxless melting ot Toondries, In
additon, advances e both bt o Lt:ﬁ(l climmber casting
lechnodopy hirve increased the competinveness ol maguesinm
alloys and lowered total produet costs,

The developrent of hot chamber die casting and i
application to mapnesimn allogs has aedaced the enst of
prococing somall-and medivaesized castings hoth in absalnre
terms ol vis oo vis alvmdinom. Puthermore, et clamiber
easting is well saited o proaducing thiteswalled pans thal ke
advaniage of the good castability of mapnesinm alloys. An
impertant advance in cold cliaber easting in the mid 19805
wiis he development ol o pravimetic metal ransfer system
which elimninated the necd for hand Tadbing Thes also allowed
e consistency i cold chamber castings, hoth in tenns of
lemperalnre :|m|y<‘ytlc* time. L improved yiclds and provided
for more relinble castings,

The North Angrican Marked

In 1991, ahe size of the Notth Aaerican market Ton
tagnesione alloys indie casting applicitions was sonme 20,000
tomnes, caleilated o o gross weight basis, and including
secomlmy as well as ey wapnesivn alloys. The market
grew al an 11676 rate during the [980s, with particubiily
strong growth in the L9814 1900 period.

Automodive praducis is the Tngest nackel for nagucsimn
alloy die castings, and in North Apterica itaccounils for sone
65-707% of thie total, This nkaker Tueled the rapid goowtlin
mignesinn shipments to die casters m the L 19405, as the
Morth American car nenuefactmers - led by Foud -
intradieed new parts and proprams that ulikized imapnesinin
alloys. :

Niwihe American e produciion pesked in T8 a0 93
millian anits, hat feli by 2096 j0 6.5 il unils e 1994,
During this period ’mm;lr' wapgnesion shipments o die
casfers prew hy uerly 1307 Tram (A0 tonnes 185 10
15800 tonnes in FO0 and ooly dechined by 600 Tonnes in 1991
(see Fipie 1),

Ford produced soone 27 million cis, vanes, gl lipht
nucks in 1990 and  comsmmed  seme BA000 tonnes of
mapnesinny aklloys, Averape wsage per veliicke was 3.5 kp.

Motth American Car Produclion and

Magnoesivin Shippwenis Tor Die Casling
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Table 1 Magnesiome Alloy Pars Used by Anomabile
Manufactorers

Notth Anierica Lutope Japan

Steerig column
asseinbly

Steering wheel
cores

Valve covers

Seinl franes Cylmter head

Cun covers cavers

O3l |1um,n. [nnani ey conver

O pan bodiodns Tomani clinber

Crear bux
[nstrument panel
suppart bheam
Cylinder head

covers

Steering colmun
lock honsing
Chuch hiousing
Pedal suppon
brackets
Sual Ssupporls
Fransfer case
Armrest suppoarg
Accessory drive

brackets Whecls/systens Muotoreyele
Lngine accessiny Fransinissron wheels
brickets licnistng

Vilve cover

SStecring colinnn

brackes
Iuduclion system
liousing
Cam covet
Oil lilter adapto
Sonrce:  CRU)
although some prodocts, such as the Foseries hucks, nsed
cansiderably more. Chrysier’s average vt asage in 1990 was
abont 1.6 kgfvehicte while GM osed less 1han 65 kg/vehicle,
Al three companies incieased their i osage in T and
have plans for additional apphications,

Table Ilists sume of the magnesion alloy ot ased by
the nuijor Nonh Amcrican imtomaobile ngmalactnners. MMaost
of the current wses Gl int e citepories of supposts,
Drackers, Tousiigs, or cowvers. These e applicwions where
the automakers can take wvantage of nagnesiom’s low
density, high stifiness-to-weight catio, and good castabiliy. T
the Novth Americi marker, magacsinmialloys have not minde
inroisds into moving pants or the engie wsell, excepl in high
petformance o racing ns, lo dite, North American
npnnfactiers have not used magoesiom allays o fuge
stivehral vonipuonents, stich a8 esteniment p.‘lncl\ uroseal
frames, although hey e stdying these applications
M;ignc‘iiunl alloy wheels ofteir ane speciticd on perlonnnee
vehicles, bl lave livted applications in the mass paoduetian
tsr ket

An tmportant Gictor behind the inceiped  wse ol
mipgnesinm alloys in VIS automobiles has been the CALE
regutations, which require awlonakars 10 meet certain
corpute averape fucl econvmy standards o0 Tace penaltics
Tighter UAERE standiuds will certainly enconage ihe fuethes
use ol niagnesivin loys in amamotive application, but the
alone will not make the manket grow. O the oiher ||;||It{
provided there are no adverse chages nn the availabilitg or
price ol mugnesiom altoys i the Haited Stanes and that the
magnesann alloy suppdy sdustty, e priney prodacers and
fhe cisters, continmes we suppore techaival amd ot
developnient work, mapnesivi alleys will continee (o be an
attracive mraterial for atinponve applivations even il weigh
savings do not steicly “puy”

The nopean Make

In 1991, the size ol the Western Vonopean o her Tor
magnesivm alloys i die citsting i !|1|R'.‘llil|||,\ wals sotne 12 S0
tmnes on i pross weight bisds ad ieclnding seeomtioy ay well
s vy magneston alboys. The man ket declbaed o 7 47%

vade during the VUK
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The Tormer West Gieonginy is Dy Lo thie fasgest Enropean
consunetr ol magnesivm alloy Ton tric casting applications, s -
most ol the importang die casters seeving the atomative
kel e locided there. Sweden s the sceomd Logest
consumecr, and here Vlecnaln is s magor nser ol ivagnesinm
allays for chan s pants. Ontside ot '#ll'\t', b connitiies, 1he

st kets e smadl and Teaganearel,

Antomative producrs is the Brigest narkel ia napnesnnm
alloy die castings in Westeon Furope, and acconms for some
Lwo thivds of the wtal owever, nahike the Nootle Amenicin
markel, wlhiich showed aosbrong inerease in constimpiion in the
Pate TRUs, (he Westeen Binopean ket dechined steacdily
thioughout the wid sud late 19808, before increasing by a
surprising 3% i 1990 Av e simie tie as kg nesinm alloy
HSC Wils ﬁm:linlng, Fuvopean vehicle production was powing,
allbeit quiie stowly (see Figioe ).

The partcin of tagiesinm alloy usage o aatoimolive
applications is very dillerent in Westers Hurope tioin Noh
America Alhongh for nimy yeins Volkswigen wis by Lo
the Lirgest conswmer of mapnesina alloys, 1oilay there s no
leadker o the Burapean nriher Several ol Lge sutomolnle
uinlaciirery consuine OO 20000 nopy ol magnesiom
alloys, but for most companics unil wsage per vehicke is suld
less than | kg Although Mercedes Beor, BMW, aad Andi
have sl heen nanovatons fu the Ducopean ainker, particofurly
i tens ol the sse of frge miagnesim oy casings w new
applications, these conpries account o only icsmall portion
ol the Fmopean o man ket

As Taubile 1 shows, the mapnesivm adloy pints sed by 1he
witjar Furopean antomobiale imanolaciaers are gune dilterent
Do those osed by their Nooth Amenican coueruins,
Although magaesivin alloy castings e ascd by several |
Faropesn nanlactnners for eylinder Tiead covers amd viion
Brackets amd snppeats, in Docape, magnesiom alloys are ibse
used i large sttectal components suchoay he A
instivnenl panel and Mercedes Benz sean linnes, BANW ases
nagaesinm altoy castings in cogine pants suchs as anl poopss

[nothe T9B0s, the Fivopean velicle mannlactoress did not
fice the smme pressure to prodoce lighier cios thar was
evident n Nortle Amenca. To st with, miost Fovapean cns
weie shready considerably hgloes tha their VIS conenterpans
owing to bigh petrolemmn prices theonphout Lurope. Sceondly,
there wore no CAFE standands or other povenment
regalations mandating (oel efficiency. Furopean producers
were not in the ninker o "huy” weight reduction, st least no
1o dhe sine extent as Mool Amedican manslactugers

Furopean: Car Mroduclion and
Magnesium Shipments for [He Casling
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Daring the 199205, Luopean produacess have hegnn to feel
more pressire loreduce the weight of theic vehicles, This is
evident in the loxoy i niuket, where consimenrs now wani
lighter cars with hetrer Bandling. T respanse, the fuxury car
prodfucers, such s Meecades Hegpe, /\luli. BMW, fnd Vilva,
are Jooking al ways o reduee weipht, Bmission control
standands, improvenents e liel ellicency, wnd e
consemer comnfort featimes are the ppnn forees hehuul the
move 1o even Hphter mass nurker cas, such as Volkswapens,
Fons, and Penpot/Curoens. In Buwrope, it s Tikely thin
napnesiom afloy pacts will be fetredneed fist in e F;n e,
Beavicr, “ligh end” cns, aad B0 they prove eost elleclive, I?u‘y
wtli he u-‘uzi Mrther down the product line

Lhe Tipanese Mumka

I 1L, e siee ol the Asian/Oeanic nuukel tin
magnesinn alloys o dic casiing applicagion wis e 210
terers o i gross weipht basis and meluding sevondary as well
as primmy magnesimn afloys. Most ol this nno ket 1% in
Japrinn, b there was Ditle prowth g shipnaens dunng 1he
141,

As v Morth America and Western Darope, anfimuolive
praducts is e begest market o magnesinne alloy dic
casting; linvever, in #:u v, 1t acconnts for only ahoat 5076 of
the 1otal. Average unf us:c!)'_(' al aguesim oy in Lyrin
was only 01 kg/velicle in 190, against L1 kg /vehicle inthe
Vindted States and 06 kp/vehicle in Westernn Carogpe

Crnently, Toyola is the only Tapanese canmaker il s
using magnesinm alloys to any sipnifecant extent. o e nd
aned date TUR0s, Ponda included migmesiom alloy panis inog
migss kel Accords med Civies, hat today the campanmy nses
mapnesinn anly in il fosevnfome N8N Gparts cit

lapanese canakers ale nel cconomy, LS CARL
stanebartds, sl the need ta |nt1t|'ut‘v.‘ Ipeliter cavs as e annin
teasans Tor considering magnesimn alloys Althoupd sighter
CAFL standineds mizy pol he an issue e 1992 1he Lapanese
atonmkers imticipade thal u-(rlilc'lncur}. will e tiphitened in
the e Jor fte 199050 Asthie Bapasese prodincers nove iy
from simadl cins 100 iy midelds, CALE equitements
heeome mine of o concern, Mageover, as andonakers add
miere combort, convenience, and salety leatines to their cars,
they immst redice the weipht of corrent paotsamd components

In addinnan 1o US CAFE stimdands, the Tapanese have
domestic goals Tor dinproved fuel econmuy amf edieed
enissions. Fhie Fapinese tagel s o inguove lael ceonomy
by reducing vehicle sweight by 3% hy the year 2061 Many
Fapanese canakers are foaking first 1o alwmmnn for their
weipht rednetion progosm, bt st belicve 1 nEgnesinm
alloys alsa Tiave o pobe 1o play,

Fhe Lating Amernican Mairket

tn 1991, the size of the Lo American nukced {1
mapnesinm alloys e die cast applicitions was some 0,500
tonies on i gross weight hasis and inelading see oniclinry as well
as princoy nsapnesue Hiee kel declined ot 7.2% oamal
rage g the 19805 alihouph shipments ebonnded fran
3000 tannes in 1987 0 870 tnnnes i [0 hefaie J.(”in;_r) 1n
SR tannes b (W91

Nealy 90% of the magnesinn atluy castings shipped i
Ryazil wre for cantonmlive castings, Apticollial products,
neinly clein saw pals, acconntesd [y some 89 of 1he
markel witl porlahle cugines making ug e rewiindes

Antoliing, a4 joint ventne hetween Valkswagen and
Condis the e Bazilian eonsner of armgacsinm alloy Tor
die casting, Antolaning and Valkswapen Mexico use

10
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magnesinm alloy engine blocks and fransmission cases in
several models. The averape use of m.‘(r,ncsimn wlloy per
velicle i 1E7 kp, but this vines by indel.

T 1990, magnesiuin alloys were gsed qeengine blocks for
the dpmestically produced VW Combd and i engine Bocks
Ut were exported o Mexico (o he vsed in VW Hectles. The
Heetle has not been produaced an Brazid since 1986, ihthough
A lmge nmnber n!J tepliccement engines e produced.
Brazilian consumplion of magnesivm wlfoys s expected o
decline, and the Tutine of the VW Deetle in Mexico s
ppcerta as production has already continued heyond s
expucted deadline. T 1991 VW Mexico began prodicing the
Golf, anud this is expected o basien the demice ol the Beetle.
Vhe loss of this marker could be paniially oflset by the
Braziliann production of twansmission cases for VWS German
cans, bt thes is aehkely befooe 195

Dhinpediments 1 Magnesim Adloy Usape

Lo midd andd Tale 199 we inletvicwed prinvry imagncsinm
wodueers, die easters, and automakers in Norh America,
Vestern Farape, Japimn, and Latin America about the main
impediments ta the  fucicased  ose of mapnesiumin
anlomnbive “H'.J,“(.”li““q' e individunls we spoke with cited
fwor types of Yimitatons: these affecting the use of carrently
availadile altoys i kaow appheations ol Factins that prevent
magnesiuin from expartiding snto new applications.

They oifed Tonr pai impediments to ol asipe

inchuding:

raw el costs;

o alenial avindabviliy:
processing cosls: and

the dlie casting sopply base,

s e 0e

Addirionad Factons (s will adfect linme wsage mclnde:

copcerns  such as  eorresion
jrrotectinn and elevated lr‘ll||1(!l:|1llrt!
properties, availalility ol physicalaod
echanicad dida;

) CAULL or other standard  regarding Tuel
econny, weight, m emissions; and

e developiicuts e the scrap nrnkel

. technicad

This paper concentiates on e cnrent impedinenis (o
denved s wmany of the ather presentalions al the IMA
mieeting ae coneerned with the Tacrors affecting futore wsape,

Raw, Material Costs

Raw patedn) costs and the cost ol primary magnesinim
compared o o we often cited as stianbling blacks 1o
the Lmllcr usage of mapnesinm alloys, However, over the
sl lwo {'c:us, magnesinm prices declinedd h(y 25-A0% [rom
FLO0-T RO/ in 1980 10 $|.I](ll- L2080 o Bae 1900 This shag
decling is reflected in Tigire 5 which shows the valie of
imports imo the United States, Genmany, the Netherlands,
and Japan. Althouple prices have increased since Lite 1991,
wo da nol expect D they will tetur 1o pie- 1980 levels in
the nesl five or so [yc.'n.‘.. This is hased on our analysis of
wodiction costs am stocturad overciapacty, and is disenssed
whnw iniore detail,

Although alloy prices declined in the past twe years, the
falt Bas ot heen as sharp as that Tor pore magnesinm, - Press
reporty inddicate that AZ91E prices fell Trone B1A0/ 1L, in [0
o K E25/10in te 1991, although they tog bave yehopmled in
1902 The important poind o oole ahout alboy prices is that
i the bite 19805 alloys sold at shoat o 1049 disconm Lo pure
mapnesinny onacontined et hasiss owever, by e 1991
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Wil imagnesimu prices iy the 3125 to $1LA0 vinge wnd
alloys scllinF at about o 5 10% discount rellecting the metal

value, we do not expect raw material cost o be aomajor
impediment 1o demsand growth i stoactural applicitions,

o Material Aviatubitity

Fundamenval chiimpes e priniey magnesiun ivailabsibiy
and the stincinre of the s nalerial sopply base s behind
the driamatic fall in arpnesium prices. lnporient changes
wichirdesl:

“the opening of Bew capactly,
new owneeship ar Magoony,
increased wermmomal compenion,
ioswing i bast-West nade;
prowing merchan Zisder involvements and
strong peossth potential in prive sensitive
e kers

The vpening ol the 45,0000y Becancom plant rinsed
tatal industry capaciry by more than 1596 i also fncreased
the compeiition among esisting producers Tor sales and
marken share, The North Amenica ninken wis the natral
outlel o metal Doy Becaneonr, aad Nosk sieppod ap s
winketing effors i Nosth Awmerica even belore the plin
opened. lin the late TUROs, this was not o clifficolt sk as the
marhet was velbatively tght and consnmcrs welconed o new
supplier. However, when the sanken eased m 1990, producers
began 1o compete mase vigorausly for sates, amd soon this
commpetition ok the torn of lower prices

Al the same time that the Becimaeow plant was buing
buill, Annix decided  to withdiiow (oo the nignesiom
business and sell fs Rowley, Uhah, plant. - Alter mneh
wrangling, the plann was soltl toe Renco, aninveshiment gronp
Lhe parchise was iamaed Bogely By debi A i Ir{\':i(‘;lllly
g metids and poe nateeials canpany and Bmolkoa by eom
view of the mapnesiom maker, Pn the id OB, A
devoted cmmch:lulJIc elfore v ket slevelopmen,
However, with (he sale o Renen and the estaldisliment ol
Mageorp as the aperating campany, 1he cn|||p.n|r'\. [rosition
el stittepy chanped Magoorp is now aorelitively high cost
procucer with i Lo debr beden and s owned by o
tnvestment group.  The comprny Is ina positioawhere 1 has
1o keep its poodietion and sales Biph o pedoi cash flow
and service qs debe This s been difficall i the oven
supplied Norie Amcrican magnesiom i ket

Tiailale
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In view of Norsk's inercased presence tn the Noath
Amcrican maiket i severe price comnpetition there o cinly
TO91 Dow annonnced that it wis stieagthening ins markening
eftonrs i Western Fwrope and Lapan where 10 was alieindy
compeling actively with Norsk Tydro. The presence off it
{east bwo strong suppliers o the thice main makers has
served to bing regional prices closer wopethier (sce Ligure 3).

Over e 1B o 1991 period, the Eastern Bloc has
shiftcd from 0 net wpeter ol about 33000 wnmes of
magnesiim 1o net CRpula of about 2,600 lonnes. T 194
the tncreased avilability of matesial Teon the former Soviet
Union: brought more wraders mito the nnoket, thas giving
constners an additiomad sonrce of supply. Generally, raders
olfer more flesible puiving teoms thing priminy prodicens,
Thuir concern is wastmizing the niogin berween the price a
which they cin buy msnerial and gherr sales prce, and hus
thiey cire very tittle about the costs ol producing niagnesiaim
or the profitability of lnim:uy production. The Tow I)riccl;
gquoted by teders in 1991 were wadely reponted anmd i o
SUEanE megillive inpact on pin kel sentient prices,

As the capacity of the indusiry bas grown, the mijor
producers have become more inlerested e expanding the
i kets for mapoesionn. Tradinonal nmkers, secly as
alimnn alloying and chemical applications, are not very
exciting as there 65 linle the producers can do o alteer
coansumpiton. lustead, the prodocers have focused on the
mote price-sensitive nikers, such as magnesinn alloy dic
cistings and toaclesser extent desalphuiization, as asonree of
fotuce prowthe Price competitiveness iond pricing Nexibility is
an important consideration of awtomakers evaluaning e use
ol mapnesiom atloy die castings.

We helicve that these Tictons will contnue 1o hiave a
strong npact oo the manket in the 19%0s, and than they will
keep constant dollar prices below the devels of Tare 19805

Progessing Cayls

Raw maerind casts are only one compoocl of 1otal pirts
cost, albeit an inporant one. Towever, when  design
engincers evaluate the use ol magnesiom ina spectlic
applivation, i is the cost ol the purt varhier than the
waterial that is critical. Processing cosis vidy by pat
depending on the size und complexity ol the pant, the jnonm
of muchintng thatis needed, ere o gera congh idew of the
importance of processing costs, we asked die casters what
percentipe of their lulnf cost wils sy oateentls and whin
PEICCITIEC was processing. Amonp expencnccd sagiesiom
dic casters i North Aaperica sond Foarope, s nnerials
represent 3 604% of 1the toral, depending oo the product s,

L Lapan, sond suonog less experiencad die casters, processing

conty are o larger peccentage of the total (see Table 2),

One wiy 1o wcrease the compatrtiveness ol magnesinm
alloy pavnis 05 (o lowes per it processing costs vis G vis
ahundnatn ek adhicr meciils. Some ol 1the Loper sod more
exputtenced die casters are working on couipment design and
rechnical advapces 10 mindoize costs al then operition.

2 Processing Costs for Magnesiom Alloy Pagt

Typival
roge

$2.H)-300/10
§250 4,20/ 1
$1.50-7.60/10

A0 (5%
50 7000
60 80

Morth Arnericn
Western Lnrope
Fapan

Source:  CRLUL
Noe: * AN A percent of totad cosly
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[hese die casters st conttinne 10 seek the hest aperaling
prractices ol all stpes of the prodeciion process - Al The sinne
time, the less experienced amd weakey }llllllllli(‘.‘- IHsL sIrve
to futroduce hestpractice at thedr apeciations. o addibion (o
lowe i AVELIEe PLOCessig cosls Seross the ndustry, this
wonld serve o ncrense e mumber of Wigh quality, low cost
die casters.

Die Casting SyyyHy Dase

Almoat all the produocers, die casters, and mtomohile
mamnfactirers we spoke willl doring the conise of ol sty
cited concern abont thie die caster supply base as o ol
ipedinent to the fiqare e ol nagnesinn alloys, Flos was
v ticulatly tine in Fapan, but siimikar commes were piven
wy North Amencan and Fnropean s

{n ow ficldwork, we identified 35 Nocth Amcercin die
casters Hhat work with pragnesiun, and we were able tn olitiin
sales figes for 25 comprnics. Of these 25, 21 Tk sl
sales helow $50 million. O the four with sales above o
tevel, anly one depends on mappesinu alloy casting, fin

larpe pantion of its Disiness

We consider Tive ol the 35 to he impurtant supplices uf
magnesmm alloy castings 1o 1hc amtomodive ket (see
Table 3), and in addition e are another 3o 5 smabler
We identitied Tony companies that focas om

supplicis
dicatvons and

Conmumeidonn, cotrputer, aml ariispiioe apy
fonr eaplive die casters

e renuining 17 compaiies we considercd e he
“dabblers” Theiv niain tocus 15 cihed slanzinng ol zine, bt
Cwith iagiesiom atloys. Sonre of
argee and very expericneed in their

' i Illny casting as the

they are capable ol wor I-;irll
these CONMPELIMCE are ||||+|(.‘
own e and eonld move mlo mapnesivm a
market proses and they g CxPeHence

The magnesiug alloy die casting, fndusiny i percerved by
boaly the autonikers and the primary magnesium supplices s
a risky, low mangin hosiness. The e caslers e ;_;('u('t;n'l_v
sialt, and they produce only a limited mnnher o parts
Hecanse of their soall sze and nariow focus sy of the die
rasters sne Dighly susceptible to changes i the desipn wid
lun(lm-tiun program by the antomiakers or othey consumcts.
Uhe cancelliation of @ major part or progran can live severe
connequences for e die casters. Asa vesult, the dic casters
aften pa theough pedinds of financial instabality.  This
instahility and tormoil often limis the die casters’ aceess 1o
visk capital for developroent programms.

The ddie enster tonks 1o hode the prinvey magnesum
the automakers Tor assistance in product
This Taes gt fmplicayions for Turth
brooimplies that development
¢ oty siprpeeried

producers and
developuent.
frumding, and desige wok,
Proprans forr new nepnesinin peo s st b
by the :ll!l(nlla.\kC|~;, the chic casters. andd the by
magnesiom alloy sapplicrs,

th Mot Amernca, the anromakers will supply fwnds far
the (die casters wodesipn, lest and alten protulype s new parl
This hos the advantape of biinging the die casters into the
desigir process it cinly stage and helps 1o insure castability
andd Lo mininize provessing cosls Also, when the amtomakers
work closely with potential supphers, they e Tew relnetant
to “single souree” @ specilic parl s v Goon leaads 1o helter
minehine meilizations and loveer costs ol the die casters,

The privgary wapnesiono alloy produeers e catled an 1o
assist 0 lloy developent and evaluion and provide brsis
dantan on afloy chacacterization sund properiies, Altlenp this
syslem s wvorked well o many canses, the VS e
impanies sill hemaan the Tack ol suitable supply base Tor
magesione alloy die castngs,
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e Custer Supply Base - Main Amioinoiive Die
Casters

Fable 3 :

Furope Japan

Nonls America

Mipnesiomn Prodlocts Stilil Tokat Rika
L. Mahie (‘Foayora)

Ine Makers Volkswapen Tased

v hielustiies Chiliers Teisan

Spantan Nippon Light
I unt Metal
tMhers Nippon Kinzoku

(Mhers

Somice;  CRLE

We identified abont 19 Finepenn die casters g work
with magnesion abloys, inainly in Wesl Genmany, the UK, and
Sweden, vvever, there may he other sinall livms in France,
Haly, Switzerthind, Avspiia, and clsewhere. The Largest die
caslers in Western Lurape are Still and Mahle, Both are big
compraies with sales of more than 300 pallion

The relatonship between the carmakers and die casters
in Westeon Purope appears to be more distant than in Nodth
Anerici wnd Japan estern Furopean die custers pencrally
are not involved with the anlomakers in the design process
Rather, the tar praccers will come t them with a pant
already  desi nc:l aml ask for bhidss "Castabiliy” sd
“marmfacturalility” Dom the die casters jmint ol view
penerally are not comsidedcd before the design is final. As o
vesull the antomakers may nen take Dull subvantage of the
prhysical and meclinical praperties of mapgnesinm :||1uyt;, il
may pay more thinn they have to far o magesinm alloy part.

The Tapaiese magnesinn alloy die casting indosiry is Jess
developed than those in North Aanediea and Poeeape. We
idemined 13 Tapanese die casters that wioik willi pagnesium
alloys, b additien 1o the main cie casters listed in l1.’|I:Ic' 3,
severad of the Loge alnmmn die casters hive hegun usiog,
maghesinm ona sl huses,

It addition (o the velnively saall nnmber of die casters
in J:n{nm most of the existing producers have siadl machines,
which limits the size aud complexity of the pargs they ¢
produgce, Marcover, Japan has few die casters with
expericnce i colidb chamber casting of nagnesivin alloy parts,
There are a oge mmber of alominnm dic casters and
adeguate colil chimnber capacity, hut these producers e still
neir the botlam of the tearning enrve Tor magnesivm alloy
castinps

Often, Japimese chie casters e associated with Tape
t‘nmp:lnivs thiat Stl|1|l|y Hneny auionnolive COnpanenls, }ill
contrast, North Ameddean die casters e penerally sngll,
independent finms, T Tapan, the e castens e hetter aldlde
to nndertake  their own developmenl progrinms, hajer
conyrinies have their own abaratories and reseanch ceners,
andd are able and willing to Avud d('\-‘c‘lnlnucul wink d 1o
hear  soane ol the  visk o wapnesiomy alloy - naker
developiment.

Cunrently, Japanese conpinies arce instialling new die
casting equipnnent withowt fiom orders for pas. - These
investments e hased on promsed Dilure prosth, rather tham
contiacts abready in hand and are w good indication of hikely
ket geowth for magpesinn alloys. Despite The cinrent
Lack of Jie casting eapacity in L, anmd ilie sneall size uf the
machines and equipient, Fipanese ihe casters e confdent
that they can meetany increase i the demand for megnesinm

alloy castings
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Futwre Demind e Stractural Applications

Unlike aluminum, copper, vickel, amd other matnre
metals where demand 15 determined mainly by economic
activity in impartanid end-use miukets, Tuture demand Lo
magnesinm alloys will be determined primanily by actions
tiken by miignesivm producers and die casters. We believe
that work devoted 1o overcoming the minn impediments 1o
mugnesinm usage along with overall strong prosnotion ellons
euur attrictive priving wall be main derenminamts of Tutnre
consumpion in strachural applicitions

Producers aand adie casters minst work to lower processing
costs and tmprove the global die casting Sopply bise, and all
interested pariies, including amtamobile manufactrers, must
work together to imprave indusiy praciices ad 10 ensure
optimal design amd mimimum cosl ulj magnesim alloy pints,

In addiion 1o addressing the corrent fimpediments 1o
maguesiug alloy nsage, supply indusiry must find or develop
"across-the-hoard®  applications for magnesimn alloys.
Cuorrently, magnesiuim alloys are selected on a parl hy-lmrl
basis, and there is no 5inglc apphication that “belongs” 1o
nugnesinm. o par, tas resalts from the fiagmented
strocture of autormobile mamilacturers, but it is also @ resall
uf the small size of the onent ket for wagnesivm alloy
dic castings and the lack of resources winong the magnesiom
alloy supply industry, especially when conyrned (o sappliers
of competing maledfals such as alwminam or plisiics.

When alnmminum castiogs began o be nsed inantamaotive
applications in the mid- 19705, they 100 were inroduced
sradually onoa pant-by-part basis. Yoday, however, alumimn
fns virtaally 100% of the marker for patis such as pistons,
transmission cases, inlake wanifulds, elc

The magnesinm alloy supply industry necds 1o emuoliane
this hehavior by sclecting o part or somber of pary - for
anple, valve covers, steenmg Inck Tosing, cluieh hoosing,
mshiment panels, wheels, ewe - and then developy these panty
to the pount where wagnesiom lloys are used acvass the.
bouard. Soch development propianms would mcude perfecting
casting technigues, coaing techinalogy, ad othier produoction
relared factors as well as Inding ways 1o mininize costs

Much of the literanire reginding magnesiinn allo nﬁuF,c
refers 1o magoesinm Lo alaminmn price ratios tather than the
absolute levels of magnesivm alloy prices. Toopare, this is due
o Jear of US antidrust violiations., The magnesiom business is
still s small, oligopolistic industry with only a few Lirge sellers.
Mignesivn s not traded on o Toteres ket sund antil kupe
scale Soviet cxports bhepan by 19940, there wetl lew noders
active i this market. fn addidion, the miapnesim business
tends o be very secrctive. Priice iformanon s not widely
repornied

We e not convineed that the indosty is well served by
a continued relinnce on the inagnesinm o alominum price
vt as o measure of magnesivay's competitiveness, Tirstly,
nagnestm competes with materinks other b alabmnm.
Sceandly, the price ranio measmes raw matenial costs, and riw
materials nake up oy A0-00% af 1The o] cost of o die cast
il Focosing o changes i the raw maerial cost datios
overtime nasks the wdvaoces nide o lowering processimg
costs. Thandly, alinuinum prices are o moving tager, but
magnesinm prices ive becn more stible. Tomay not be in
the Best dmerest of the magnesinn alloy indasiry Lo bave
comsemers  continally - cvaloate the  competitiveness ol
mapnesiun i ferms ol alnom prices. Favicalunly now
(hat secondiny abiminum will be teaded on the London Metal
Uxchange. Finadly, the reliimec onaprice ratio assuwimes thig
the two aterials hive coqual properties. This makes it more
difticaly for a porentid consnmer W weigh lully the propernies
of each muwenal and  the overall advaniiges and
disiidvaniages,
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~ Ranher than focusing on the magnesiim 1o aluminum
price ratio, the indesty needs 10 consider the substitntion
posstbitities and the demand for magnesivm alloys andifferen
Ericc levels. For exiunple, it annual average alloy prices were

A0/ rather than $I 25716 would demand e Jll!,(}ﬂﬂ nipy,
60,000 mipy, or 90,000 nupy, and wha i prices were $0.90-
1.00/1b, whit elfect woukld this have on demand?  This is
difficull guestion to answer, but it is o crucial question for
enrrent magnesinm alloy suppliers as they seu pricing policy
and decide on e appropriate fevel of marker developmen
fding. e is also an inportant question for potetial new
suppliers as they compare their production ;uu\ Gitpital costs
with the price needed (o stinmtate demand i the Jic casting
SCCIOL.

We huve not stadied this aspect of demand in preal
detail, ot dndications are that nagnesion alloys are
cumk:etilivc with ahiminem, steel, and plastics al prices in the
$1.25-0.35 range o0 aboul corrent levels.

Since the mid 19705, much emphasis bas been placed on
weight reduction awd el clliciency and the role that
nuagnesing gould play in hielping aniomakers achieve these
poals. White il is certainly tne it miagnesium alloys offer
weight savings and thi in some instince car companies are
willing 10 "pay” for weight reduction, we do nat believe the
need lor weight savings, or fnel elliciency is going (o drive
futire magnesiun dem:nd

Internnnterial competition in the weight reduction game
iy fierce, amd some kinds of substitution == for example, the
use of aluminumy cather than sicel body pancls - will have a
far preater ellect on antomohile weight than the use of
magnesionm alloys in small pacts. e addition, aanerial
substitution comnpetes with body and engine design changes as
away ol improving overall Tuel elficiency.

While the magnesium industry shoild stand ready 1 lake
advantapge of futme CAFE requivements or other weight
reduction ar fucl savings regulations, the tnchastry must m
connl oy this as a source nFlulnrc growih e is up to the
producers o create thelr own e by working 1o remove
the coment unpediments 1o alloy usage, by desipming and
promoting pants that toke advantage ol magnesinm properties
-- including i1s ow densily - awd by oflfering its products af a
price level that suppons funre densned prowih,

Because future demand depends heavily onactions Laiken
by the indusuy, iCis difficn |t to forecast, Based un discussions
with producers, die casters, and antomotive compinies, we
have assumed that the current interest in magnestuu iy rgal
andl that producers and others will continne (o suppon
ulevulurmcnl elfuns and mainain altroctive prices o least
through the ud 19905, Based on these discussinns, we are -
fnecasting demiined growth in die castiog applecations ol 129
pes anenn through the 19905 This Tplies expansion of
western world shupinents Trom 36,000 tonnes in 199 10
10,000 1w 2000, but average worldwide consmnption siill less
than 3 kp/vehicle. Figue 6 sunmmarizes one regionad growih
projections fac the steeciaral kel

Ouordemind amalysis indicaies healthy growth in
commnnplion in strnetmad applicuion andemaned prices i e
$L25 135/l range. bs the possible? Is e supply price of

niagnesivm computible with the demaand price?

o anadyzing metals and userials, the shon-pm supply
price of a commostity is genernlly defined s the operating
cost b the highest cost producer thal muost operate 10 meel
demined. The long-onm supply price is the 1wl cost of
bringing new capacily on-stream.
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Fignre 6 @ Shipments of Magoesium for Stinctal Uses

To determiine the supply  price of anaguesiunt, we
caleulated the fixed, viniable, awd tonal operaling costs ot
cxi_'iliing aperalions. We then estimated crnent plmlrnuinn O
a plant-by plane basis anl fmecast future outpui.  We
calculited operating rales amed then uscd these 10 estinale
~ actual upending costs in 1991 and foreeast custs in 1995, We
then ranked the producers from lowest-cost to highest-cost
and drew an industey cosl curve (see Fignre 7). Iable 4
sommarizes the basic 1nc1hm|uluf,)w we tsed nestimating costs
and Iahle 5 shows the imdividoal  cost elements  we

considered.

Interpreting the Shoet-Itun Co

The eost enrve is a too! CIUU wses in analyzing sapply and
prices in the aluiniinnn, copper, leadl, zine, Terroalloy, and
ellier melad induosfrics,

e cost corve in Fignre 7 shows duect opeianng at
ragnesiinng sielters e operited in 1991 hased oo our
estimaie of their Tised and variabde costs and nper;uinf, rates.
The enrve stiows that about hadl of the produeers bad direa
pperiting costs bekow $1.00/Th in [991 ambweie proditale on
an operating cost basis, althongh these phnts may ave shown
losses on i tolal cost hasis, e, when sales aml [inancinl
clirges were considered The cirve sliows that abont SO0
yommes of production, or toughly 209 of the total, iad costs
above $1.25/1b and weic pmlmhly net pm[ilnhlc in 19, even
ol an opreraling cnst [xsis.

The high-cosd end of the cnrve inclpdes woduction thal
lias since heen closed or enitailed e, SAl M, and Noitlnvest
Allays, a5 well as smelters that eperate Tor reasons olher than
aceannting profitabifity.  For exanple, for some COpEIcs
ciployment, foreign exchange carnings, or downstiein
pntepation iy justify operating losses,

Table 4 Cost Methodolopy

Understand Production Process

Calenlate Ui Tnputs

Calenlaie [ocal Input Costs

Cenverd to VIS DPollas

abenlite Fixed and Yariable Operating, Cosls
al Pifferenmt Procluction Rates

werdate Totald Cosits

—

o~

Sonpree:  CRU
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, Fixe

Table 5 Flemews of Variable

o, and Total Cosls

Yariable Iixed loulal

Iaw Materinls I abion Variahle
magnesivn chtoride Maintenance Fixed
magiesite Plant overheads Caphial cosls
dotomite Depreciation
alumina Capital chages

chlorine I cian payteenis

bydrochtoric acid
ferrosilicon
coke
Iy ocessing chemicals
Utilities
electricily
Eas
sleam
other
Elcetrodes
Byproducts
chlorine
other

Source:

CRU

Ihe cost curve does not directly take into account closure
eosls. Shime companies will incur shott term losses il they
helieve prices will soon recover aid the losses sustaiited are
less than the costs of shatting and restaiing operations.
Although the cost curve is a uselnl forecasting tool, it is nol
faclprool ad has te be imerpeled cantiously.

Generally speaking, in minkels where there is stractarit
overcapacity - mcintng capntcity i excess of thien peeded in
the next eyclical upturiy - the il of the cost curve indicates
the Tloor price for a metal, although actual prices may
Muciuate aroumd this level.

Cosls in 1993

We have used our magnesion cost database to forecisy
aperating costs in 1995 and draw the 1495 cost cmive. I
doing o we miade assumptions about demand, operating
rates, inflation, and exchange rates  As Figure 8 shows, our
projections indicate that the cost curve will he fatter in (995
than i 1991 as high cost eperations close and Jower cosl
sreliers increase their operaling rates, This implies that the
floor price Tor magnesinm will he lower in F995 than in j991,

| B 6peraling Cosl Curve - 1991

Folal Opedating Coats {1990 c/ibl . .
200 . - ‘ :

150 . {
125 Jf

!
1 :
I ,
o ———————— l‘"’ V N
5
&N
L1

26 =— IRA1 Opreraling Nalaa

O PEEEEI N | ' ' '
4] 50 B0 50 200 250 00 350
Cumstatles Fiodieclon (Tonnes)

Sowce: Ch

l-"igul'c 1 (7)perniiug Cost Curve - 1991



hperaiing Cost Curves

futal Oparatlng Loars {1950 (i
200 DU . .
175
140 l
126 ff
|0[) » “_“-l._..._.j
e —— JI
75 .
60
25 . —— - WU Qperating Halew - IBRS Operating Haled
L1} ' ' ' ' ] '
1] &0 wo 160 200 2560 ano 330
Camulallve Praductlon (tanneel
Scuice: CHU

l';igme 8: (-);ner;:rii.:é Ciast ..(__“,jvc)

although this does not necessartly inean that profitability
the low-cost prants will snlfer. Onr %nujccuuns indicate @
Noor price of about $1.25/1h in 1095 Actual prices will
depend on the amount ol excess capacity in the industry aml
the prices necessary (o brimg this produchon on-siein.

Some 90,000 tonnes of nagnesiin cirprrcity wits shutiered
in the 1989-02 perind (sce Table 6), hut we belicve than
farge portion of this capacity he bronght back al prices in
thie $1.25-1A0/1 range. An additional 40.000-80.000 mipy of
poductjon is available from improved operaling riles and
merementitl expansions at cxl'alin'g facilities. 10 demand s
sleindy and inventories are shwder contral nost uf  1his
production is wlso cconotnic al prices helow $ 14071, [he
availability of 130,000 170,000 mipy of additional productian
(ahove (irst hadl 1992 levels of some 220,000 mlpy) al custs

hetow $1.40/1h will provide an upper limil on poces.

As a result of this cost and suppy assessnienf, we believe
the magnesium aaiker will be amply su licd through the
mid-1990s wnel prices will Ductuate i the T!I_'ZS LAt vange (in
constint 1990 dallars). These supply prices are consisient
with the development of the markel for mignesinin altoys i
strnetural applications. Flowever, by the bate 19905, 00 the
denmind prows as we have assnmed, the industry will onee
agait be Taced with capacity constraints, New cipacity will he
necded 1w support funihier denkand growth. The impartant
question then becones, wlitt is the cost of new capacny, 1.€.,
ittt it he aelded ar prives consistent with magnesian oy use
in structural applicanons?

Table 6 0 Annonnced Cuathacks

Lime Periodd Siles Aol
{1onaes)

1989 - 211 Naorsk Parsgromm 15,000

1991 - 1t Magroluen, Magean 16,018
Tihinmminco

0ol - 211 Norsk Porsgnmm, 30t
Becimcour

w92 - 1 Nosthwest Aloys, 26,4
SAIM

Torl K700

Source:  CRU)
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Table 7: Costs o 6U000-mtpy Gieenfield Flecvolytic
Maugnesinm Pl

Cost Blemeni Cost/Popnl
(1990 LIS%)

Variable Costs 0440

Fixed Costs £0.36

Capital Charges* $1.00

Tolal $1.76

Sonrce;  CRU

Male: * Rused on total capital costs of 3070 million, 209
real interest rites, 1) year loan
= \//5;2,;33 f.M th'w‘-‘-
Long:Run Costy Vo

In our cost estimates, we have considered it new 6t O00-
mipy greenfield electrolytic magnesinm smelier located in
Austradin, We have assamed diat production watld be hased
on locally available magnesite and 1hat il wondd ncorporate
best availuble technology. Our fixed, variale, and toral cost
estimates are shown in '{'nhlc 7. liis likely that @ new phant
will have operaling cosls compatalde o the fowest-cost
existing aperation; however, in ou analysis ciupital charges fu
a new plant represent over 50% of wotal cosis.

We hinve calenlated capital costs fiona banker's paint of
view  We asspmed it horad capital costs wonld be 3470
million and that the project wuul:‘ hive 1o aflfer o 209 real
rate of requrn over o 10-year period This indicines capital
churges uf $1L.00/0 of uraguestum and toral costs of SI.Y}:/H).
This cusl is far above the $1.251.35/1b demand price, and if
magaesium is 1o be consulered compelitive i the long ron,
watys must be Tound 1o close the gap

Sharl of dramatic new developments In processing, we
Believe that linke can be done 1w reduce the varlibic
operaling costs.  We have assiuned that @ new greenfield
plant wouldd he able 1o negotiake favorable encirgy and raw
materiad contracts, employ Tow-cnergy cost cell technaology,
and aninimize nainlenance costs.

Per pound fixed costs vary with the size of the plant and
larger planis penerally mein lower costs; however, the simall
size of the marken limits the mmount of new capaetly thit can
be absothed in any one year without apseltig prices,

The st prnuising area Tor improvement is hoance
chinges. 1 may be unwise 1o reduce capilal costs, since (His
conld When trustate into higher uperating costs, but there s
comsiderable scope fur negatiating attractive financial charges

Althougl  the availability of  governnient sponsored
concessionary liancing may he limited, consorver Ttiincing
or guaranteed off luke contracts iy paovide other wiys of
redncing tisk I the effective real rate of retarn gy e
loweied 1o 109 and the investment period extended 20
years, the finance charge waould Talb 1o $0-19¢/1b (see Table
&) With total costs of $125/1b Tor new cupacity, the long-
terin ontlouk for the magnesiunt indostrey looks much brightes.

Can jhe Dream Come Tioe?

The short- ansd miedimi-teem outlook for anagnesinm
alloys in stenctural applications s bright, prtwiﬁcd the
magnesium alloy supply industiy, i.e the prodocers and dic
caslers, work together  both 1o overcome  the  fiain
ill\,:(:(“lllt:lli"- 1o denmand and to pramote maker developinem
i key areas. Inaddition, producers mis madtatin reasonnhle
sricing policies and die casters nst work appressively 1o
OWer |vrm‘,cssi||g cosls. T a liarge extent, shart - mwd medinm-
e depind depends on the action taken by the industry.



Table 8 : Financing Charges at Yarious Real Interest Iales
and Paylack Periods
Inteiest Rate 10 Year Loan 20 _Year Loan
(37113} (3/10)
3% 0.51 0.34
109 0.68 0.49
15% 0.8} 0.67
0% 1.00 0.86
LG

25% .17

Source:  CR

tn the longer tesm, there is the guestion of capacily
constraints and (he cost ol adding new capacity. Here the
mosl o iant issie appeis o e the availalitlity awd cost
of capitat for new production, amd aain its ufy Lo paseniiol
new  producers and inlerested  consumers 1o scek
advantapcons argafgenrents.

Can the dream conte une? We betieve it is possible, but
nol inevitable. 1t depends not only on exogenons factois like
CAFIY pequitenients or inteies) rles hul on actions taken by
indivislual companies amd the industry working together 1o
shape their pwn Tomre.

16
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