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Would readers note our change of address and
phone and fax numbers. Our e-mail and website
addresses remain the same.

Michael Maby, Secretary-General of IMOA,
apologises for not publishing the January issue. Some
readers even noticed! Pressure of work occasioned by
the departure, after 7 years’ service, of my secretary
and a decision to find a new office meant that | had
to miss the first issue in 11 years. IMOA (and ITIA) is
now happily re-located and Kumi Patel has sacrificed
an easy life to work for me.

12th Annual
General Meeting

15-17 November
Hotel Royal Monceau, Paris

The meeting has been scheduled to precede Metal Bulletin’s
Ferroalloys Conference, 19-21 November, in Paris but at a
different hotel.

Details of the programme have still to be finalised, but an

outline follows:
Wednesday, 15 November:

14.00 - 17.00 Meeting of the HSE Committee

Thursday, 16 November:

14.00 - 17.00 Meeting of the Executive Committee

Friday, 17 November:
1030-16.00  AGM

19.00 - 22.30 Cocktails and dinner in the hotel

Presentations will include:

* An update on IMOA’s activities in relation to the Market
Development Programme

* Areport by H Pariser on the Market Survey

* Reports on work of the HSE and Sampling & Assaying
Committees

* A paper by a guest speaker on a general topic, perhaps

€-commerce

Companies which are not members of IMOA should

contact the Secretariat for information about

participation.

This Newsletter contains articles of

interest, including:

» IMOATs activities regarding market development

*  Moly does the job in nuclear power applications

*  Summaries of four papers at recent Stainless Steel
Conferences which dealt with successful applications of

duplex in various industries.

Membership

It is a pleasure to announce the
membership of :

Teledyne Advanced Materials,
a powder and alloy stock supplier; and

Liaoning Chaoyang Dongfeng Ferroalloy Plant,

a producer of tech oxide and FeMo.

On the other hand, the resignation of the following
companies is mentioned with regret:
Montana Resources
North Metal & Chemical Co
Sekom Handelsges. MbH

Moly does the Job

A North American nuclear power plant originally had a lined
carbon steel service water piping system. The system began to
deteriorate within a few years of installation, especially at the
welded joints of the carbon steel piping. In a first repair phase,
the lined carbon steel piping was relined or replaced with Type
304 and Type 316 stainless steel. However, neither the relining
nor the lower alloy stainless steels performed adequately. In
1986, small quantities of 6% molybdenum stainless steel
piping began to be installed. On the basis of initial trouble-
free performance, many thousands of feet of this piping have
since been installed. Inspection cycles can now be extended to
twice the normal time, and could potentially even be extended
to three to four times the normal time, because of the great
performance of this highly corrosion resistant stainless steel.
The plant is now saving over $1,200,000 in maintenance and
inspection costs and over 1200 staff-hours every cycle of

eighteen months.
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A service water system at a nuclear power plant is a piping
system that carries cooling water to various heat exchangers.
It removes the heat from such auxiliary systems as component
cooling heat exchangers, emergency diesel generators,
containment coolers, lube oil coolers, room coolers and

chiller condensers.

Typically, a system consists of an intake system for the
cooling water, a distribution system within the plant and an

outlet structure.

In this case the service water system is open loop and is fed
by high chloride brackish water which can range in
temperature from 32°F (0°C) to 85°F (29°C). Part of the

service water system is above ground and some is buried.

Most of the original service water system was constructed of
lined carbon steel pipe. Various linings were used including
coal tar epoxy, epoxy enamel and cement lining for the larger
diameter pipe sizes, cement lining for smaller diameter sizes,
and some polyethylene lining. Minor portions of the original

piping were Type 316 stainless steel.

Extensive weld metal and heat affected zone corrosion was

observed on the carbon steel piping where the cement lining
had cracked at the welds. Polyethylene linings failed due to
erosion, which lead to subsequent erosion and corrosion of the
underlying carbon steel base material. The Type 316 stainless
steel failed due to through-wall pitting corrosion in areas of
stagnant water within three years of operation. Galvanic
corrosion was observed in joints where carbon steel and
stainless steel were welded together. Mating surfaces of Type
316 stainless steel and of rubber lined carbon steel valves
showed pitting and crevice corrosion. Finally, extensive
exterior corrosion was observed on carbon steel piping under
insulation where condensation water was kept in contact with

the (unlined) carbon steel.

The brackish, silt-containing water caused the corrosion and
erosion on the lined carbon steel in places where the lining
was flawed or eroded. Carbon steel has no inherent corrosion
resistance under these conditions if the lining fails for any

reason.

Type 316 stainless steel is usually resistant to water containing
up to 1000-ppm chlorides as long as a sufficient flow rate
(approximately > 3-ft. (1m)/ sec.) is maintained. The chloride
content of the brackish water at this site varies from 85 to
7,200-ppm, and the flow rate is as low as 0 for extended
periods of time in the areas where Type 316 piping was
installed. These severe conditions lead to the relatively rapid

pitting corrosion failure in some of the stainless steel piping.

About ten years into the operation of the power plant, it
became apparent that the replacement of some of the lined
carbon steel with Types 304 and 316 stainless steel was not a
permanent solution. In 1986 the power plant started to install
small amounts of highly corrosion resistant 6% molybdenum
containing stainless steel. More of the high performance
stainless steel was installed at every refuelling outage and thus
all of the above ground service water system was gradually
replaced. Today only a few spool pieces of lined carbon steel
remain in the system. Figure 1 shows one of these remaining
pieces that is exhibiting extensive corrosion. These pieces are
very difficult to replace because they penetrate concrete walls
and are anchored to these walls. Nevertheless, the engineering
staff is in the process of finding ways to replace these last

pieces of carbon steel in the system.

The majority of the Type 316 valves and the rubber lined
carbon steel valves have also been replaced with

6% molybdenum stainless steel or with aluminum bronze.

The plant has been extremely pleased with the performance of
the 6% molybdenum stainless steel. The piping hardly
requires any maintenance and no longer needs to be inspected
during each outage. All of it remains in perfect condition.
Figure 2 shows the interior of the pump discharge distribution
header made of 6% molybdenum stainless steel. The stainless
steel has been in continuous service for 30 months and had
not been cleaned before this picture was taken. The total time

in service for this part of the piping has been six years.

The Cost Savings

In the early eighties, before the 6% molybdenum stainless
steel replacement, maintenance and repair of the lined carbon
steel service water system were about 40% of the annual
maintenance budget of the plant. In those days the pitting
corrosion had to be ground out and repair welded wherever
the pipe wall had thinned excessively, and then extensive
relining was required. These repair expenses are no longer

incurred with the new system.

Other cost savings are related to inspection and maintenance
of the system. The old system had to be inspected during each
refuelling outage, which is about every eighteen months. This
inspection alone cost the power plant $1,200,000 and 1200
staff-hours without any repair being performed. Today the 6%
molybdenum stainless steel system allows the plant to skip
every other cycle and perform the inspection only every 36
months. Because the piping remained in perfect condition
after over thirty month of operation, it is estimated that the
maintenance cycle can be extended even further, to every third

or fourth outage.



In addition to the direct cost of materials, contractors and in- dollars. To become more cost competitive, nuclear power

house labour, the repair of the lined steel service water system plants have to continually reduce their outage times. This
also took much time. One day of lost electricity production became only possible for this plant because the new 6%
can cost a nuclear power plant several hundred thousand molybdenum stainless steel piping does not require any repair.

“Once again — Moly does the Job.”

Table 1: Typical Chemical Compositions of the Stainless Steel Grades in this Article. Note: 254 SMO, AL-6XN, INCO alloy
25-6MO and Cronifer 1925 hMo are all 6% molybdenum stainless steels.

UNS No. Molybdenum | Chromium Nickel Nitrogen Other
Type 304 S30400 - 18 9 -
Type 316 S31600 2 17 11 -
254 SMO* S31254 6 20 18 0.2 0.75 Cu
AL-6XN" NO08367 6 20 24 0.2
INCO® alloy 25-6MO N08926 6 20 24 0.2 0.75 Cu
Cronifer® 1925 hMo N08926 6 20 24 0.2 0.75 Cu

The 6% molybdenum stainless steel names are protected trademarks of the following companies:
254 SMO Avesta Sheffield AL-6XN Allegheny Ludlum
INCO alloy 25-6MO Special Metals Cronifer 1925 hMo Krupp VDM

Figure 1: Lined carbon steel spool piece from intake
structure. Significant corrosion can be observed on the
edges of the pipe, where the lining has imperfections.

Figure 2: Interior of the pump
discharge distribution header made of
6% molybdenum stainless steel before
cleaning. After 30 months of operation
no corrosion or other build up has
formed on the pipe walls.




IMOA’s Duplex Project

Entering its third year, this project has excited the Stainless
Steel industry as evidenced by messages of congratulations on
the technical content of the brochure “Practical Guidelines for
the Fabrication of Duplex Stainless Steels” written for IMOA
by Technical Marketing Resources and published last year.
The brochure was supplemented by IMOA training seminars
on the fabrication and welding of duplex (reviewed in the July
1999 Newsletter). Several of these seminars have since taken
place in the USA and Europe and clients have included
Phoenix, Freeport Welding, FMC, Curtis Kelly, Clausthal-
Zellerfeld Technical University, Dupont Chemicals, The Steel
Plate Fabricators Association and Hicks Equipment (and some
of these companies brought along delegates from their own
customers). Further seminars are planned in Europe in
conjunction with the Stainless Steel Development
Associations in Germany, Italy and the UK and interest has
been expressed in a co-operative programme by the Stainless

Steel Development Associations of Australia and Brazil.

Time will tell about the effect on duplex usage in tonnage
terms (and moly consumption), but if IMOA had done nothing
to promote duplex and help educate engineers to overcome
technical problems, and to encourage those responsible for
alloy selection by the provision of information, it is certain

that progress would have been slower.

Act or do nothing...IMOA is in no doubt about the choice and
will continue vigorously to promote moly, based on expert
technical advice, and consult with all sectors of the industry,
including not only consumers and end-users of products but
also IMOA’s counterparts, NiDI and ICDA.

Now read on regarding IMOA's ambitious plans for the future...

MARKET DEVELOPMENT PROGRAMME

The Association is in the process of exploring the main

potential areas for increasing moly consumption. As these

areas are identified, the programme will be expanded to

develop ways and means to promote moly usage therein. A

summary of the programme’s main points follows:

¢ The success of the duplex project, by providing
consumers with technical information on fabrication and
welding, is evidence that IMOA should focus on other
end-uses and supply similar expertise

* A market survey will be conducted by the consulting
firm, Heinz Pariser in Germany, to identify new
opportunities for moly consumption. Past and current
trends will be analysed and the main potential areas to
develop consumption will be suggested

*« How best to take advantage of the potential will be
examined and a programme implemented, which will
include the employment of a full-time IMOA technical

officer

The commitment to this ambitious and exciting programme
by the major producers and converters of moly provides a
focus to the Association’s activities for several years to come.
The commitment is also to consumers of moly, by providing
technical expertise about its unique properties and usage, and
a continual flow of information about moly in relation to

health, safety and the environment.

IMOA’s Involvement in Stainless Steel /

Duplex Conferences

As part of IMOAs thrust to promote and explain the technical
and environmental benefits of using moly in the Stainless
Steel industry, the Association has sponsored, and participated
in (papers, session chairpersons), two recent conferences. A
further aim was to expose and publicise the name of IMOA
and its activities to worldwide audience and no company
using moly can now claim never to have heard of the

Association.

Heike Helfen (Climax Molybdenum GmbH) attended both
conferences and wrote this report for IMOA, summarising the
conclusions of four papers which deal with successful

applications of duplex in various industries.

“Stainless Steel World 1999”

16-18 November 1999, The Hague,
The Netherlands (organised by
Stainless Steel World)

(1) Some duplex applications — Test results and practical
experience

Authors:

Jacques Charles, Michel Verneau, Jean-Pierre Audouard and
Sophie Demars (Creusot-Loire Industrie — FAFER)

In recent years, the use of duplex stainless steel has grown
dramatically, particularly in the oil and gas, pulp and paper
and chemical industries as well as for chemical tankers.
However, the high strength of this material makes it also

suitable for numerous other applications.
Pulp and Paper:

In the pulp and paper industry, duplex stainless steels have
been used for at least 30 years. Applications include chip
preparation, chemical pulping, bleaching, paper machines,
recovery and steam plant equipment. The emergence of
duplex applications in this area results from their superior
mechanical strength, wear and cavitation resistance, fatigue
strength, stress corrosion cracking resistance and corrosion

resistance.



Chemical and Petrochemical:

In the chemical and petrochemical industries, high
temperatures and the presence of chlorides at high or
intermediate concentrations characterise the corrosive
environments. In combination with applied stresses, these
media generally induce stress corrosion cracking. So far,
applications for duplex or superduplex in these areas have
been PVC stripper columns and heat exchangers, pressure
vessels for organic products or reactors for the oxo-alcohol

production.
Phosphoric Acid Plant:

Other examples for the successful use of, notably, superduplex
stainless steels are phosphoric acid plants, including agitators.
More than 95% of phosphoric acid is produced using wet
processes, where natural phosphate rocks are attacked by
sulphuric acid. The corrosion is enhanced by temperature,
impurities (fluorides, chlorides) and erosion corrosion
phenomena. The slurry contains up to 40% particles in
suspension, mainly gypsum and silica. As a consequence,
parts of the equipment (mainly agitators and pumps) are
submitted to very severe erosion corrosion processes. And in

the past some pumps or agitators had to be replaced each year!
Flue gas desulphurisation:

In 1986, the industrial application of superduplex for
scrubbers in flue gas desulphurisation units started. The most
common technology consists of scrubbing the SO2 containing
gas with slurry of lime or limestone in water. In certain areas
of the scrubber, where the reaction between polluted gas and
the solution is not complete, acidic condensation may occur
and, combined with temperature, chlorides and/or fluorides
lead to very aggressive conditions. Since 1986, other
installations and equipment, including internal structure and
lining in the FGD units (e.g. centrifugal fans, absorbers,
expansion joints and dampers and heat exchangers), have

been realised using duplex or superduplex stainless steels.
Cargo tanks for chemical tankers:

In order to avoid contamination of the cargo as well as damage
to the tank itself the steel used for cargo tanks for marine
chemical tankers has to be resistant to different corrosion
mechanisms. In the past, austenitic stainless steels were
selected for most marine cargo tanks. Now, duplex stainless

steels are more and more specified.
Onshore / Offshore:

In the onshore/offshore area, duplex and superduplex stainless
steels have been used successfully for vessels, separators,
risers, flow-lines, process pipes and seawater systems. The
high corrosion resistance, including sour gas conditions, as
well as the high mechanical properties, explain this popularity

in the on/offshore business.

Art and Architecture:

Due to its high strength and corrosion resistance, duplex
stainless steel has been successfully used in several
architectural applications. One example is the Grande Arche
in Paris La Défense.

(2) Welding of stainless cargo tanks for chemical carriers
Author: Jorgen Stromberg, ESAB AB, Sweden

Today, the majority of chemical tankers are constructed to be
able to carry a variety of chemicals, even different ones at the
same time in separate tanks. The implication for hazardous or
toxic material and more aggressive chemicals in the future is
a major issue to be considered during design, construction
and, especially, material selection. Some of the main criteria

for selecting the correct steel grade are:

Corrosion resistance (against various chemical media to be
shipped)

» Life cycle

*  Maintenance

*  Material cost

*  Mechanical strength

*  Weldability

+  Fabrication costs (forming, cutting, welding)

*  Cleanability (to avoid contamination)

The types of corrosion that can be found in marine chemical
tankers are general corrosion, pitting and crevice corrosion.
The most serious corrosion damage is normally associated
with phosphoric acid, sulphuric acid or cargoes containing
halogen ions as chlorides. One particular problem can be the
dilution of seawater when cleaning the tanks in order to avoid

any contamination of the different cargoes.

Due to its good corrosion resistance against a variety of
different chemicals duplex stainless steel (2205) has been
used to manufacture almost all cargo tanks for new chemical
tankers within the last decade. As the cargo tanks directly
contribute to the strength of the hull structure, another benefit
is derived from the excellent mechanical properties of duplex
stainless steel. Because of its high strength the plate thickness
could be reduced, leading to a reduction of the payload. Using
duplex instead of austenitic stainless steel can reduce the
weight of a tank by 10-15%.

Welding is an essential part not only of fabricating the tanks
but also of building the whole vessel. Modern nitrogen
containing duplex stainless steels have a very good
metallurgical weldability. The addition of nitrogen sufficiently
broadens the range of acceptable welding parameters to
permit practical fabrication. Duplex weld metals are not
sensitive to hot cracking and, due to their lower thermal
expansion, duplex steels show less deformation than
austenitic steels during welding. Experience has shown that
following established welding procedures causes few
problems. However, the training of welders and foremen is

very important, especially before launching new projects.




“Duplex America 2000”

29 February — 1 March 2000,
Houston, Texas
(organised by Stainless Steel World)
(1) Life cycle cost evaluation of carbon steels, austenitic and
duplex stainless steels for storage tanks
Authors:

Jean-Pierre Audouard, CLI-FAFER, France
Christophe Dernoncourt, CLI-FAFER, France

For the last decades, carbon steel has been used extensively to
build storage tanks, especially for the petrochemical industry,
food industry, water treatment units and parachemical
industry. Although painting and coating have to be applied to
protect this material against corrosion, even in the
atmosphere, the use of coated carbon steel remains routine
practice due to its availability, low cost and ease of

fabrication.

However, detailed analysis of capital investment costs, as well
as life cycle costs, is available to demonstrate clearly that

stainless steels are cost-competitive. Especially duplex grades

due to their higher mechanical strength appear to be less
expensive than coated carbon steel although not all national
pressure vessel codes permit full advantage to be taken of

these properties.

The selection of a high strength material like duplex stainless
steel allows a reduction of the wall thickness. The related cost
savings are significant, not only for the material and for
forming costs, but also for welding operation costs (less weld
material, reduced welding time). In addition, the weight
indirect costs such as

reduction decreases several

transportation or erection costs.

Furthermore, due to their higher corrosion resistance,
stainless steels do not need to be painted or coated. With
respect to a lack of corrosion resistance in many
environments, the necessary coating and painting of carbon
steel imply heavy additional costs, especially when labour
costs are important. Moreover, coatings often need regular
maintenance operations, which lead to a further increase of
cost. Based on their evaluations the authors were able to

summarise the different cost-factors for comparison (Table 1).

Table 1: Sum-up of the main costs for four different materials (Remarks: #2304, **2205)

Costs in 1.000 US$ A 516 gr. 60 316L (austenitic) UR 35N* UR 45N**
(carbon steel) (2.5%Mo) (duplex) (duplex)

Material 79 290 241 321
Forming 29 34 35 35
Welding 241 252 243 240
Pickling 0 45 57 57
Coating & Painting 333 0 0 0
Total Investment 682 620 576 653
Maintenance 450 0 0 0
Total Life cycle 1132 620 576 653

During recent years, numerous storage tanks made of duplex
stainless steel were used to replace carbon steel tanks in the
pulp and paper as well as in the chemical industry. In general,
the cost analysis conducted by end users confirmed the cost
benefits induced by using duplex. It turned out, that after 2-3
years in service, the duplex tanks proved to be much cheaper
than carbon steel tanks because maintenance operations could
be avoided completely.

(2) Increased usage of duplex materials in manufacturing of
pulping equipment

Authors:

Alpo Tuomi, Valmet Engineering Pulping Oy, Finland

Alldn Lofstrand, Valmet Engineering Pty Ltd., S.Africa
Mikko Harju, Santasalo Engineering Oy, Pori Finland

In many industrial areas, e.g. the pulp and paper industry, the

chemical processes are intensified and tightened.

Consequently, materials that are more corrosion resistant have

to be used to manufacture the pulping equipment.

Today, almost all pressure vessels used in the pulp and paper
industry are made of duplex stainless steels. These vessels
include mainly digesters used for the cooking of chips in
alkali conditions, as well as reactors in the oxygen
delignification and bleaching processes, which work in both

alkali and acid process conditions.

The main reason for the increased usage of duplex in the pulp
and paper industry is obviously the economic benefit resulting
from material savings due to the favourable strength
properties of this material. The following table shows the
relative prices of different materials used for the fabrication of

pulping equipment.



A typical pulping process consists of various process steps:

Material % Mo Price Factor
(European) pulp digesting, washing and screening, oxygen delignification
304L - 1 and bleaching. Moreover, the prediction is that duplex
316L 2.5 1.3 materials will be able eventually to replace most austenitic
2304 - 1.5 materials in the pulp and paper industry with a few exceptions
232]25 g ;g in the bleaching process. In particular, the molybdenum
2507 4 30 containing 2205 duplex grade is gaining more and more
904L 4.5 3.4 popularity within the pulp and paper community, not only
254 SMO 6 4.7 654 because of its high strength and excellent corrosion and
SMO 7 7.5 erosion properties, but also on a cost basis. Hence, it is now

used not only for pressurised vessels (e.g. batch digesters or

It is interesting to note that, compared to 904L, the 2205 reactors), but also for filter drums, pulp conveyor screws,

duplex material shows a very good “pitting resistance against wash presses, storage tanks and some bleach filters.
price” value. Although both materials have the same pitting
resistance equivalent (PRE), the price of 904L is twice as
high. However, as impurities, acid concentrations and other
issues can have enormous effects on the corrosion resistance

of a material, this comparison should be used with caution.

IMOA will also be sponsoring the 6th World Conference “Duplex 2000 organised
by the Associazione Italiana di Metallurgia in Venice from 17-20 October and
already a total of 113 papers from fabricators, researchers, end-users, engineering
and service companies from 29 countries, have been selected.

AIM has commented that past conferences focused on The peculiar characteristics of these materials already make
fundamental aspects: structural stability, weldability, duplex stainless steel a strategic choice in many

resistance to corrosion, specific applications and cost- applications. It is now time for a global analysis of duplex
benefit analysis. Recently, the production and use of duplex stainless steel metallurgy in order to obtain an overview of
stainless steel has grown as a result of the development of the achievements of research in fabrication, development of
technologies which have enabled an increase in quality and new products, their characterisation and utilisation.

reduction in fabrication and transformation costs.

Other forthcoming conferences to be noted are:

Stainless Steel World Conference and Expo on corrosion resistant alloys
13-15 November 2001 in The Hague

British Stainless Steel Association Conference and Exhibition
9 November 2000, Birmingham

Designing and Building with Stainless Steel

20 November 2000, Milan — organised by Centro Inox in collaboration with Euro Inox

Correction:

In the July 1999 edition, in an article entitled * Investigation of Corrosion Resistance of Duplex and 4-6% Mo-containing
Stainless Steels in FGD-Scrubber Absorber Slurry Environments” an error occurred in paragraph 3, second sentence, regarding
the temperature. The sentence should have read “The slurry pH was typically around 5.5 and the temperature in the 120° to
154°F (~ 49° - 68°C) range”. Apologies to all, especially to NiDI which initiated the project and to LaQue Corrosion Services
which wrote the report from which abstracts were quoted.
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LIST OF

AUSTRIA

ITALY

Interalloys Trading & Business Consulting GmbH
Floragasse 7, A-1040 Vienna, AUSTRIA
Tel: +43 1504 6138; Fax: +43 1504 6192

Treibacher Industrie AG

A-9330 Treibach - Althofen, AUSTRIA
Tel: +43 4262 5050; Fax: + 43 4262 2813
E-mail: tam@treibacher.at

BELGIUM

ALZ NV

Genk-Zuid: Zone 6A, B-3600 Genk, BELGIUM
Tel: + 32 89 302 401; Fax: + 32 89 302 106
E-mail: info@alz.be

Sadaci NV

Langerbruggekaai 13, B-9000 Gent, BELGIUM.
Tel: +32 92 540 511; Fax: + 32 92 540 571
E-mail: psheridan@sadaci.be

CANADA

Highland Valley Copper

Suite 330, 200 Burrard Street,

Vancouver, BC V6C 3L6, CANADA

Tel: +1 604 688 2211; Fax: +1 604 688 0646

CHILE

Codelco Chile

Huerfanos 1270, Santiago, CHILE

Tel: + 56 2 690 3406; Fax: + 56 2 690 3366
E-mail: jleibbra@stgo.codelco.cl

Molibdenos y Metales S.A.

Huerfanos 812, Santiago, CHILE

Tel: + 56 2 638 4526; Fax: + 56 2 633 4429
E-mail: molymet@entelchile.net

CHINA

China Molybdenum Producers Association
Room 1028 Sino Pearl Hotel,

No. 8 South Section, Huan Cheng East Road, Xian,
Shaanxi,

PR CHINA 710048

Tel: + 86 29 249 3536; Fax: + 86 29 248 2535

Linghai Sing Horn Enterprise Co., Ltd

No.56, Shangdali, Taihe District, Jinzhou, Liaoning,
CHINA

Tel: + 86 416 517 1930; Fax: + 86 416 517 1944
E-mail: jzlhshs@mail.jzptt.In.cn

Liaoning Chaoyang Dongfeng Ferroalloy Plant
8 Nanda Street, Chaoyang, Liaoning,

122000, P R CHINA

Tel: + 86 421 261 7887; Fax: + 86 421 261 7997
E-mail: cymoly@mail.cyptt.In.cn

Sinomoly Ltd

Unit 3101, Office Tower, Convention Plaza,

1 Harbour Road, Wanchai, Hong Kong , CHINA
Tel: + 852 2588 1858; Fax: + 852 2588 1545
E-mail: jdemoly@sinomoly.com.hk

FINLAND

Outokumpu Polarit Oy

FIN-95400 Tornio, FINLAND

Tel: + 358 16 4521; Fax: + 358 16 452 603
E-mail: jorma.kovalainen@outokumpu.com

GERMANY

Eisenlegierungen Handelsges. mbH
Kremerskamp 16, D-47138 Duisburg, GERMANY
Tel: +49 203 450 1112; Fax: + 49 203 450 1250

F W Hempel & Co

Leopoldstr. 16, D-40211 Diisseldorf, GERMANY
Tel: +49 211 168 060; Fax: +49 211 168 0644
E-mail: f.w.hempel@t-online.de

Metherma GmbH

Arnheimer Str. 103,

D-40489 Diisseldorf, GERMANY

Tel: +49 211 40 80 840; Fax: +49 211 40 71 26
E-mail: metherma.molybdenum@t-online.de

H C Starck GmbH & Co KG

Im Schleeke 78 - 91, Postfach 25 40,
D-38615 Goslar, GERMANY

Tel: +49 5321 751 0; Fax: + 49 5321 751 192
E-mail: georg.nietfeld.gn@hcstarck.de

Gerli Metalli SpA

Piazza S. Maria Beltrade 1, -20123 Milan, ITALY
Tel: +39 02 809 511; Fax: + 39 02 890 0714
E-mail: gerlimetalli@mail.mdsnet.it

Italchimici SpA

Via M. D’Azeglio 62, 1-25067 Lumezzane, ITALY
Tel: + 39 030 892 2255; Fax: + 39 030 892 0661
E-mail: italchim@lumetel.it

JAPAN

Kohsei Co., Ltd

Marukashiwa Building, 6F 1-6-1 Honcho Nihonbashi
Chuo-ku,

103 Tokyo, JAPAN

Tel: + 81 3 3270 0303; Fax: + 81 3 3270 7504
E-mail: watanabe@kohsei.co.jp

Nissho Iwai Corp

4-5, Akasaka 2-chome, Minato-ku,

Tokyo 107, JAPAN

Tel: + 81 3 3588 2403; Fax: + 81 3 3588 4816
E-mail: matsumura.hiroshi@nisshoiwai.co.jp
Taiyo Koko Co., Ltd

3-1, 3-chome Marunouchi, Chiyoda-ku,
Tokyo 100-0005, JAPAN.

Tel: + 81 3 3216 6041; Fax: + 81 3 3216 6045
E-mail: trade@taiyokoko.co.jp

LUXEMBOURG

Considar Europe SA

3 rue Pletzer, Centre Helfent, L-8080 Bertrange,
LUXEMBOURG.

Tel: + 352 45 99 99 1; Fax: + 352 45 99 99 223
E-mail: sergeweber@usa.net

MEXICO

Mexicana de Cobre SA de CV

Av. Baja California 200, Col. Roma Sur,
06760 Mexico DF, MEXICO

Tel: + 52 5264 7775; Fax: + 52 5 264 7769
E-mail: ggmmve@infosel.net.mx

PERU

Southern Peru Ltd

Av. Caminos del Inca 171, Chacarilla del Estanque,
Surco,

Lima 33, PERU

Tel: + 51 1 372 1414; Fax: + 51 1 372 0237
E-mail: RMaeshiro@southernperu.com.pe

SWEDEN

Avesta Sheffield AB

SE-774 80 Avesta, SWEDEN

Tel: + 46 226 81000; Fax: + 46 226 81305

E-mail: marie.louise.falkland@avestasheffield.com

Scandinavian Steel AB

Birger Jarlsgatan 15, S-11145 Stockholm, SWEDEN
Tel: + 46 8 614 2850; Fax: + 46 8 611 6434

E-mail: metals@scandinaviansteel.se

SWITZERLAND

Glencore International AG

Baarermattstrasse 3, PO. Box 555, CH-6341 Baar,
SWITZERLAND

Tel: + 41 41 709 2000; Fax: + 41 41 709 3000
E-mail: isaac.levy@ch.glencore.com

UK

Adams Metals Ltd

Norwich House, 14 North Street, Guildford, Surrey
GUI 4AF, UK

Tel:+ 44 1483 577900; Fax:+ 44 1483 578008
E-mail: adamsmetals@btinternet.com

Brandeis Ltd

Pechiney House, The Grove, Slough, Berkshire SL1
1QF

Tel:+ 44 1753 522 800; Fax:+ 44 1753 825 033
E-mail: Christian_Masson-Brandeis@Pechiney.com

Ferro Alloys & Metals Ltd

Surrey Street, Glossop, Derbyshire SK13 7AL, UK
Tel: + 44 1457 852333; Fax: + 44 1457 855655
E-mail: david@ferroalloys.co.uk

Alfred H Knight International Ltd
Eccleston Grange, Prescot Road,

St Helens, Merseyside WA10 3BQ, UK

Tel: + 44 1744 733757, Fax: + 44 1744 27062
E-mail: st-helens@alfred-h-knight.co.uk

Derek Raphael & Co Ltd

5th Floor Watson House, 54 Baker Street, London
WIM 1DJ, UK

Tel: +44 171 616 3100; Fax: +44 171 616 3101
E-mail: DRaphael@derek-raphael.co.uk

Alex Stewart (Assayers) Ltd

Caddick Road, Knowsley Industrial Estate,
Merseyside LL34 9ER, UK.

Tel: + 44 151 548 7777; Fax: + 44 151 548 0714
E-mail: 101610,3052@compuserve.com

‘Wogen Resources Ltd

4 The Sanctuary, Westminster, London SW1P 3JS,
UK.

Tel: +44 171 222 2171; Fax: + 44 171 222 5862
E-mail: wogen@wogen.co.uk

USA

American Flux & Metal

P O Box 74 - Fleming Pike, Winslow, NJ 08095, USA
Tel: +1 609 561 7500; Fax: + 1 609 561 3724
E-mail: flux@bellatlantic.net

The Chem-Met Co

P O Box 819, Clinton, MD 20735-0819, USA
Tel: +1 301 868 3355; Fax: + 1 301 868 8946
E-mail: foxa@mindspring.com

Comsup Commodities Inc

1 Bridge Plaza North, Fort Lee, NJ 07024, USA
Tel: + 1 201 947 9400; Fax: + 1 201 461 7577
E-mail: comsupsb@silcom.com

CSM Industries Inc

21801 Tungsten Road, Cleveland, Ohio 44117, USA
Tel: + 1216 692 4452; Fax: + 1 216 692 0031
E-mail: jedurham@worldnet.att.net

Climax Molybdenum Marketing Corporation
1501 West Fountainhead Parkway, P O Box 22015
Tempe, AZ85285-2015, USA

Tel: +1 602 929 4400; Fax: +1 602 929 4410

Kennecott Utah Copper Corp

8315 West 3595 South, P O Box 6001, Magna, Utah
84044-6001, USA

Tel: + 1 801 252 3000; Fax: + 1 801 252 3292
E-mail: sullivas@kennecott.com

Molycorp Inc

P O Box 469, Questa, NM 87556, USA

Tel: + 1 505 586 7606; Fax: + 1 505 586 0811
E-mail: jrstark@questa.unocal.com

Network Resources Inc

93 The Circle, Passaic Park, NJ 07055, USA.
Tel: + 1 973 778 6470; Fax: + 1 973 778 2788
E-mail: nshapiro@ibm.net

Osram Sylvania Products Inc

Hawes Street, Towanda, PA 18848, USA.

Tel: + 1 570 268 5000; Fax: + 1 570 268 5113
E-mail : susan.dunn@sylvania.com

Powmet Inc

P O Box 5086, 2625 Sewell Street, Rockford, IL
61125, USA.

Tel: + 1 815 398 6900; Fax: + 1 815 398 6907
E-mail: wet@powmet.com

Teledyne Advanced Materials

7300 Hiway 20 West

Huntsville

Ala 35806, USA

Tel: + 1256 837 1311; Fax: 1 256 722 2283
E-mail: jjohnson@alldyne.com

Thompson Creek Metals Co LLC

945 West Kenyon Avenue, Englewood,

CO 80110-3469, USA Tel: + 1 303 761 8801;
Fax: + 1303 761 7420



