I MO A

INTERNATIONAL MOLYBDENUM ASSOCIATION

Membership

Welcome to 3 new members
in 2003.

Barex Resources, Inc.

93 The Circle, Passale Park

NJ 07055, USA

Tel: +1 973 778 6470;

Fax: +1 413 460 7930

Email: nrshapiro@attglobal.net

International trade of
molybdenum concentrates,
oxide, ferro-molybdenum and
molybdenum chemicals.

Metal-Tech Ltd

Ramat Hovav, PO. Box 2412
Beer-Sheva 84874

ISRAEL

Tel: +972 8 6572333;

Fax: +972 8 6572334
E-mail: ran@metal-tech.co.il

Produces and recycles heavy
metals, primarily tungsten and
molybdenum. Its daughter
company, Uzmetal Technology
Ltd in Uzbekistan, produces
about 1000 tons Mo per yeat,
MoO3, Mo Powder and sintered
materials.

Ni-Met Resources Inc.
6130 Tomken Road,
Mississauga

ON L5T 1T6, CANADA
Tel: +1 905 564 1042,
Fax: +1 905 564 2564
E-mail: anil@ni-met.com

Traders of molybdenum
products

Email and website addresses

Please note these have been changed to:

info@imoa.info and
www.imoa.info

NEWSLETTER

JANUARY 2003

AGM in 2003

Jinduicheng Molybdenum Mining Corporation (the biggest
producer in China) has kindly offered to host this event in
Shanghai during the week beginning 20 October.

The programme is under discussion and details will be
announced on IMOA’s website and in the July Newsletter.

New IMOA
Publications
Available

IMOA has recently published four new
brochures geared towards the architecture,
building and construction (ABC) market. The
quide “Which Stainless Steel Should I Specify
for Exterior Applications” gives an overview of
the material selection process for demanding
outdoor applications. Additionally, there are
three case studies that illustrate different
demanding environments and good and bad
material selection.

Hard copies are available from the
Secretariat; an electronic copy can be
downloaded from IMOA's website.
More case studies are planned to be
released approximately every three
months.

INTERNATIONAL MOLYBDENUM ASSOCIATION

2 Baron's Gate, 33 Rothschild Road, London W4 5HT, UK
Tel: +44 20 8742 2274 Fox: + 44 20 8742 7345
email: info@imoa.info and www.imoa.info



Moly Does the Job

Stainless Steel with
6% Mo Improves
Equipment Efficiency
and Eliminates Costly
Repair.

SUMMARY

A major chemical company producing
chemicals for the pulp and paper industry had
been using jacketed process reactor vessels
made from carbon steel on the water side and
clad with 2% molybdenum-containing Type
316L (UNS S31603, EN 1.4404) stainless
steel on the process side. These vessels
required frequent repairs of the carbon steel
cooling/heating jacket and vessel exterior.
Corrosion festing and a cost evaluation resulted
in the replacement of the clad vessel with
solid 6% molybdenum stainless steel vessel.

It is expected to provide years of maintenance-
free service.

THE PROCESS

The process vessel (Figure 1) is used fo heat
and cool a process stream. The chemical is
heated with plant steam to a femperature of
275°F (135°C) and cooled with cooling tower
water to a temperature of 50°F (10°C). The
vessel is cycled through this sequence three
times per day.

Type 316L stainless steel was chosen for the
process side to provide corrosion resistance
against the chemical and to maintain product
cleanliness. Carbon steel was chosen for the
water side to avoid chloride stress corrosion
cracking (CSCC) at elevated temperatures and

at steam and water chloride levels expected to
exceed 150 ppm.

THE CORROSION

General and oxygen cell pitting corrosion
occurred on both the carbon steel half pipe
cooling jacket and the carbon steel exterior
vessel wall. The attack occurred over the entire
surface but was slightly more aggressive in
weld areas where slag inclusions or lack of
penetration was apparent.

Historically, the corrosion caused leaks in the
carbon steel half pipe jacket and thinning of
the carbon steel side of the stainless clad
vessel wall. Frequent repair welding was
required fo stop the leaks and to build back
the lost wall thickness. Eventually the problem
became significant enough o downgrade the
pressure rating for the vessel. A complete
replacement of the vessel was required.

The Type 316L stainless cladding was fully
resistant to the process side environment.

THE SOLUTION

Ideally, a construction material should be
selected that withstands both CSCC on the

steam side and the chemical on the process
side. Type 316L stainless steel does provide
sufficient resistance to the process
environment, but, based on extensive field
experience, cannot be expected fo resist (SCC
on the steam side. Figure 2, which
summarizes field experience in Types 304 /
304L (UNS S30400/30403,

EN 1.4301/1.4307) and 316/316L (UNS
$31600/531603, EN 1.4401/1.4404) and
extrapolates from laboratory tests for higher
alloyed grades, shows that Type 316L will
suffer from (SCC at the heating

temperature of 275°F (135°C) af chloride
levels below approximately 10ppm. Even
duplex stainless steel such as 2205 (UNS
$32205 or S31803,EN 1.4462) which
generally provides much better resistance to
(SCC than Type 316 is expected to stress crack
under the operating conditions. Based on this
figure, the group of super austenitic 6%
molybdenum stainless steels (e.g. UN S31254,
N08926 or NO8367; EN 1.4547, 1.4529),
should provide sufficient resistance to (SCC
under the operating conditions. They should
also be at least as resistant to the process
environment as the lower-alloyed Type 3161
stainless steel and were therefore selected as a
candidate material.

Figure 1: Process vessel constructed in 6% molybdenum stainless steel.



Corrosion coupons of 6% molybdenum stainless
steel were installed in the existing

equipment for a one-year period to determine if
it was a suitable replacement material.

The 6% molybdenum grades showed corrosion
rates of less than 2 mpy (0.05 mmpy) and no
initiation of CSCC.. One of them was therefore
selected as material for the replacement
vessels.

THE COST SAVINGS

Use of the higher strength 6% molybdenum
stainless steel provided a significant reduction
in the required vessel wall thickness. This
resulted in cost savings of almost 30% in
material and fabrication cost compared to a
clad vessel. Additionally, operating advantages
were gained since the reduced wall thickness
results in better heat transfer. The improved
corrosion resistance on the process side, while
not initially required, provides flexibility for
future process changes. Finally, the jacket side
corrosion resistance provides a significant
savings in long-term mainfenance cost. It is
estimated that the repair cost of the carbon
steel exceeded $500,000 every five years.
Note: 254 SMO, AL-6XN, Cronifer 1925hMo —
alloy 926 and INCOLOY alloy 25-6MO are 6%
molybdenum stainless steels. Their names are
registered trademarks of AvestaPolarit, ATI

Properties, ThyssenKrupp VDM and Special Metals,
respectively.

Annual
General

Meeting
2002

The generous and lively

hospitality offered by Molymet and
Grupo Mexico, particularly an evening
at Quinta Napoles hosted by Molymex
and graced by the presence of the
Sonora State Governor where tequila,
music and dancing kept some delegates
up until 3 a.m., was only matched by
the high quality of the presentations
(listed in the last Newsletter) at the
AGM.

Figure 2: Limits for
chloride stress corrosion
cracking in cooling 10,000
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waters as a function of |
chloride content and

water/steam
temperature. The 6%
Mo stainless steel curve
is also valid for super
duplex stainless steels
such as 2507. (UNS
832750, EN 1.4410)
(Adapted from Nickel
Development Institute
Reference Book Series
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Table 1: Typical chemical composition of
stainless steel grades in this article in weight-percent.
Common Name UNS Number | A rﬁxinll)ate Molybdenum | Chromium | Nickel |Nitrogen
umber
Equivalent
Type 304 /304L $30400,/530403 | 1.4301/1.4307 18 9
Type 316/316L $31600,/531603 | 1.4401/1.4404 2 17 11
2205 §32205/531803 | 1.4462 3 22 55 0.16
2507 $32750 1.4410 4 25 7 0.27
254 SM0® §31254 1.4547 6 20 18 0.2
AL-6XN® N08367 6 20 24 0.2
Cronifer®1925hMo —
dloy 926 N08926 1.4529 6 20 24 0.2
INCOLOY®alloy
25:6M0

A Andreas Keller
apparently not satisfied with
just one dancing partner.

Hans and Gisela Imgrund.  p

Thanks to Dieter Strathmann for the photos




Fifteen Thousand Metric Tons of
Molybdenum for Nuclear Waste Containers

in the US?

Summary

The Yucca Mountain nuclear waste storage
facility in the US State of Nevada is proposed
to become the permanent centralized depository
for all spent nuclear fuel and other high level
radioactive waste in the US. The nuclear waste
will be encapsulated in metallic storage
containers which will be stored underground.
The proposed construction materials for the
storage containers are molybdenum containing,
Type 316L stainless steel (2.2% Mo) for the
inner container and nickel-base Alloy 22
(13.5% Mo) for the outer container.

The molybdenum containing materials were
chosen for their corrosion resistance and
expected longevity in the sforage environment.
As much as 15,000 metric tons of molybdenum
would be necessary to build the 11,000
confainers in the currently proposed material
and design.

Background

The requirements of the Nuclear Waste Policy
Act of 1982 directed the U.S. Department of
Energy (DOE) to locate and develop sites for the
permanent storage of spent nuclear fuel and
high-level radioactive waste. Since 1987 that
effort has been concentrated on Yucca
Mountain, Nevada — a remote area
approximately 100 miles (160 km) outside Las
Vegas.

It is proposed that the spent fuel from nuclear
power plants and other radioactive waste would
be encapsulated in corrosion resistant storage
packages and placed in tunnels under Yucca
Mountain. The waste packages and the natural
barrier of the mountain’s rock formation are
expected to keep the release of radioactive
materials, either through ground water or
atmospheric transport, at minimal levels. The
containment must be functional for 10,000
years and beyond.

Before construction begins, the DOE must
submit a request for licensing. This request will
undergo a multi-year public review to insure all
possible health and safety issues have been
addressed. The DOE must prove that there is a
reasonable expectation for the repository to
maintain the health and safety constraints for
the 10,000-year duration in order to receive a
construction release. If this is accomplished,
the DOE could begin construction on the site.
The Nuclear Regulatory Commission has to
grant a license before the site can receive any
nuclear waste.

Natural

and Man-Made
Barriers to
Leaching

The Yucca Mountain site was chosen for its
geological and climate characteristics. The thick
rock layers and the minimal rainfall would

This article has been contributed by John Grocki of Advantage
Resources (a consultant to IMOA)

prevent any movement of radioactive materials
out of the repository. The DOE has studied these
characteristics with a multitude of test sites and
experiments in and around Yucca Mountain for
over twenty years. This included drilling a
five-mile tunnel through the area where the
repository would be located. Both surface and
underground testing are continuing in order to
validate the area’s suitability for waste storage.

In addition to studying the natural barrier
aspects of Yucca Mountain, the engineered,
man-made barriers have also been extensively
evaluated. A key factor in the design of the
waste packages is the material selection.
Materials were considered based on their
corrosion resistant properties, mechanical
strength, fabricability and commercial
availability. As with the natural barrier, the
man-made barriers must also provide 10,000-
plus -years of protection for health and safety
requirements.

The containers will be used to store a variety of
radioactive waste, such as pressurized water
reactor waste, naval fuel and vitrified high-level
waste. Different size waste packages will be
required for the different waste forms. The
present design calls for the packages to be
approximately 6 feet (1.8 m) in diameter with
lengths ranging from 12 to 19 feet

(3.7 0 5.8 m). An inner barrier will be
constructed of 2-inch (51 mm) thick Type
3161 (UNS S31603) stainless steel.

This barrier is designed to provide strength and
bulk for structural stability. The outer barrier is
presently designed as a 1-inch (25 mm) thick



nickel alloy (UNS N06022/EN 2.4602)
cylinder, which will provide the long-term
corrosion resistance. The two cylinders will be
constructed from rolled and longitudinally
welded plate. The inner UNS S31603 and outer
UNS N06022 lids will be welded in place at
both the top and bottom of the package.

A third barrier, drip shields, will be installed
over the cylinders when they are placed in the
tunnels. The drip shields will keep seeping
ground water away from the canisters. Titanium
— Grade 7 (UNS R52400) is being evaluated for
this application.

Evaluation of
Construction
Materials

Testing programs to evaluate the long-term
corrosion resistance and metallurgical stability of
the materials have been ongoing for fen years.
Corrosion testing fo evaluate general resistance
to reposifory environments will have been run for
at least five years and some will continue for
much longer time. Some of the initial testing
was done for up to 60,000 hours. Tests to
evaluate susceptibility to localized attack, stress
corrosion cracking and
microbiologically-influenced corrosion have been
and continue fo be conducted. Short term testing
to establish predictive corrosion

susceptibilities are being compared to the longer
term tests o help develop corrosion models for
the 10,000-year extrapolation. While much of
the testing is being done on base metal
samples, weldments are also being fested.

As the waste decays, the temperature of the
packages may over time increase to 350°F
(177° () and then return to near ambient
temperature. To insure long term metallurgical
stability of the candidate materials evaluations
have been done on samples aged up to 40,000
hours. Exposure at temperatures up to and
exceeding the 350°F (177° C) limit has been

studied for effects on phase precipitations, long
range ordering and the passive film oxide layer
on the material’s surface.

The testing completed to date has shown that
the exterior barrier material UNS N06022 will
provide excellent corrosion protection, maintain
thermal stability and has suitable welding and
fabrication characteristics. Other materials
included in the test programs may also prove to
be acceptable candidate materials.

Additional work is being done to develop the
most appropriate fabrication techniques. This
includes studying standard and advanced
welding techniques such as vacuum electron
beam welding. Surface enhancement
treatments such as induction post weld heat
treatments, laser peening and burnishing are
being considered to remove residual stresses
after welding. Finally, an inspection procedure
will be developed to ensure the highest quality
waste package assemblies are provided.
Procurement documents for a fest package will
be issued in early 2003 with the first prototype
unif to be completed in 2004.

Amount and
Type of Material
Required

Timeline

The preliminary schedule for the Yucca Mountain
Project as of the end of 2002 is as follows:

If the project goes ahead as planned the
delivery of some 11,000 wasfe packages would
begin in 2010 and continue through 2035. The
present plan is that 55% of the canisters will be
the 21 Pressurized Water Reactor package type
and 32% will be the 44 Boiling Water Reactor
package type. These are the largest size waste
packages. The remaining 13% of the packages
will be smaller. If the construction materials
remain as presently planned, UNS S31603
(17% Ni, 12% Cr and 2.2% Mo) and UNS
N06022 (57% Ni, 22% Cr, 3% W and 13.5%
Mo), the project will require

approximately 180,000 and 92,000 tons
(163,000 and 83,000 metric tons),
respectively, of each alloy. This would translate
into a requirement of 16 — 17,000 tons
(14,500—15,400 metric tons) of molybdenum.

The UNS S31603 has already established itself
for the inner barrier due to its superior corrosion
resistance in the expected environment
compared to the alternative UNS S30403, Type
304L stainless steel. While it is conceivable that
additional materials will be qualified for the
outer barrier, those potential materials will have

moderately higher molybdenum contents than
the UNS N06022.

NRC license application 2003
NRC construction authorization 2006
NRC license approval 2010
Begin acceptance of waste 2010
Complete waste storage 2035
Site closure 2119




Final Word...

Literature

The continuing research and development effort
should ensure that this planned combination of
natural and man made barriers will supply a
safe nuclear waste storage solution for the
thousands of years to follow.

This article has been compiled from the following
documents:

Office of Civilian Radioactive Waste
Management publications:

Overview: Yucca Mountain Project.
DOE/YMP-0026, July 2002

What is nuclear fuel and waste?
DOE/YMP-0338, Oct. 2001

Nature and engineering working
together for a safe repository.
DOE/YMP-0208, Oct. 2001

Providing a scientific and technical
basis for repository decisions.
DOE/YMP-0202, April 2001

Volcanoes and Yucca Mountain.
DOE/YMP-0341, Oct. 2001

Studying the movement of rock and
earthquakes.
DOE/YMP-0344, July 2002

The Exploratory Studies Facility.
DOE/YMP-0395, Oct 2001

Scientists look to nature for insight into
how a repository would perform.
DOE/YMP-0205, June 2001

Matthew V. Veazey, November 2001.
"Nuclear Waste Storage Plan Under
Review", Materials Performance, Volume
40, Number 11, 14-16.

Thomas W. Doering and V. Pasupathi,
January 2002. "Waste Package and
Material Testing for the Proposed
Yucca Mountain High-Level Waste
Repository", INMM Spent Fuel
Management Seminar XIX, January
2002, Washington, D.C.

Proceedings from "Workshop #5 On the
Fabrication, Welding and Corrosion of
Nickel Alloys and Other Materials for
Radioactive Waste Containers." The
Nickel Development Institute, October
16-17, 2002, Las Vegas, Nevada.

Reference for Artwork:

Jeff Williams, Office of Civilian Waste
Management, January 2002. "Program
Briefing" INMM Spent Fuel Management
Seminar XIX, January 2002, Washington,
D.C.

Current Facility Design and Concepts Are
Flexible to Meet Societal Needs

Long-term ventilation can remove heat and humidity

Ability to remain open and monitored indefinitely

Long-term retrievability option available indefinitely (hundreds of years)
Operates as active or passive long-term storage or disposal facility

-
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Total System Performance Assessment Is the Foundation
for Site Recommendation and License Application

Reference Waste Package Design Concept
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AUSTRIA

Interalloys Trading & Business Consulting GmbH
Floragasse 7,A-1040 Vienna, AUSTRIA

Tel: + 431504 6138; Fox. + 431504 6192

E-mail: interal @ycn.com

Treibacher Industrie AG

A-9330 Althofen, AUSTRIA

Tel: + 43 4262 5050; Fax. + 43 4262 2813
E-mail: tam@treibacher.at  http//www.treibacher.at

BELGIUM

Ugine & ALZ Belgium NV

Swinnenwijerweg 5, Genk-Zuid: Zone 6A, B-3600 Genk, BELGIUM
Tel: + 32 89 302 401; Fax: + 32 89 302 106

E-mail: info@ugine-alz.arcelor.com  http://www.ugine-alz.com

Sadaci NV

Langerbruggekaai 13, B-9000 Gent, BELGIUM.

Tel: 4 32 92 540 511; Fax: + 32 92 540 571
E-mail: msmeets@sadaci.be  http://www.sodaci.be

CANADA

Highland Valley Copper

# 500 — 200 Burrard Street, Vancouver BC, V6C 3L7, CANADA
Tel: +1 604 685 3042; Fax: +1 604 685 3046

E-mail: bruce.mulleny@teckcominco.com

Ni-Met Resources Inc.

6130 Tomken Road, Mississauga, ON L5T 176, CANADA
Tel: +1 905 564 1042; Fax: +1 905 564 2564
E-mail: anil@ni-met.com

CHILE

Codelco Chile

Huerfanos 1270, Santiago, CHILE

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

Molibdenos y Metales S.A.

Huaerfanos 812, éth Floor, Santiago, CHILE

Tel: + 56 2 368 3600; Fox: + 56 2 368 3653
E-mail: info@molymet.cl  http://www.molymet.c|

CHINA

Chaoyang Jinda Molybdenum Co., Ltd

8 Nanda Strest, Chaoyang, Lidoning, 122000, P R CHINA
Tel: + 864212651 117 Fax: + 86 421 2651 887
E-mail: cymoly@mail.cyptt.In.cn

Tang Jia Se, The Northern Suburbs of Dongta,i Jiangsu, CHINA
Tel: + 86 515523 1237; Fox: + 86 5155231237
E-mail: y5231237@pub.yc jsinfo.net

Jinduicheng Molybdenum Mining Corporation
17th Floor, Jie Rui Mansion,

No. 5 West section of the second south Ring Road,

Xian Shaanxi, Province, P.C. 710068, PR. CHINA

Tel: +86 29837 8676 Fax. -+86 29 837 8771
E-mail: jck@jdemme.com  http://www.jdemme.com

Jinzhou Sing Horn Enterprise Co., Ltd

No.56, Shangdali, Taihe District,

Jinzhou Liaoning 121004, CHINA

Tel: + 86 416 517 1930; Fax: + 86 416 517 1928
E-mail: jzlhshs@mail.jzptt.In.cn~ http;//www.singhorn.com

FRANCE

Jiangsu Fengfeng Tungsten & Molybdenum Products Co., Ltd

AMPERE Alloys

12 Mail Joliot Curie, Saint Ouen L Aumbne (95),
95310 FRANCE

Tel: +33134324007; Fax: + 3313037 0584
E-mail: f.celerier@amperealloys.com

GERMANY

F W Hempel Metallurgical GmbH

Leopoldstr. 16, D-40211 Diisseldorf GERMANY

Tel: 4 49 211 168 060; Fax: + 49 211 168 0644
E-mail: f.-w.hempel@fwhempel.com
https//www.fwhempel.de
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Metherma GmbH

Arnheimer Str. 103, D-40489 Diisseldorf, GERMANY
Tel: + 49 211 40 80 840; Fax: + 49 2114071 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 5321751192

E-mail: georg.nietfeld. gn@hestarck.de ~ http://www.hestarck.com

ISRAEL

Metal-Tech Ltd

Ramat Hovav, P.0. Box 2412, Beer-Sheva 84874, ISRAEL
Tel: +972 8 6572333; Fox: +972 8 6572334
E-mail: ran@metal-fech.co.il

JAPAN

Kohsei Co., Ltd

Marukashiwa Building, 6F 1-6-1 Honcho Nihonbashi Chuo-ku,
103-0023 Tokyo, JAPAN

Tel: + 81 3 3270 0303; Fox: + 81 3 3270 7504

E-mail: furuta@kohsei.co.jp

Nissho Iwai Corp

Tradepia Odaiba

3-1, Daiba 2-chome, Minato-ku, Tokyo 135-8655, JAPAN
Tel: + 81 3 5520 3529; Fox: + 81 35520 3517
E-mail: matsumura.hiroshi@nisshoiwai.co.jp

Taiyo Koko Co., Ltd

3-1, 3-chome Marunouchi, Chiyoda-ku, Tokyo 100-0005, JAPAN.
Tel: + 813 3216 6041; Fax: + 81 3 3216 6045

E-mail: frade@taiyokoko.co.jp

LUXEMBOURG

Considar Evrope SA

3 1ue Pletzer, Centre Helfent, L-8080 Bertrange LUXEMBOURG.
Tel: + 3524599 99 1; Fox: + 352 4599 99 223
E-mail: heinz.duechting@considar.lu

MEXICO

Mexicana de Cobre SA de CV

Av. Baja California 200, Col. Roma Sur, 06760 Mexico DF, MEXICO
Tel: + 525264 7775; Fax. + 52 5 264 7769

E-mail: adenekeng@gmexico.com.mx  http://www.gmexico.com

PERU

Southern Peru Copper Corporation

Av. Caminos del Inca 171, Chacarilla del Estanque, Surco, Lima 33, PERU
Tel: + 511372 1414; Fox. + 5113720237

E-mail: jdlheros@southernperu.com.pe  http://www.southernperu.com

SWEDEN

AvestaPolarit Oyj Abp

S-774 80 Avesta, SWEDEN

Tel: + 46 226 810 00; Fax. + 46 226 813 05
E-moil: marie.lovise.falkland @avestapolarit.com

Scandinavian Steel AB

Birger Jarlsgatan 15, SE 111 45 Stockholm, SWEDEN
Tel: + 46 8 614 2850; Fax. + 46 8 611 6434
E-mail: metals@scandinaviansteel.se

UK
Adams Metals Ltd

Norwich House, 14 North Street, Guildford,

Surrey GUT 4AF, UK

Tel: + 44 1483 577900; Fox: + 44 1483 578008

Toll Free/ USA—Tel: +1 800 473 8427; Fax: +1 800 473 8428
E-mail: adamsmetals@btinternet.com ~ http://www.adamsmetals.com

Eastlink Ferro Alloys Ltd

Surrey Street, Glossop, Derbyshire SK13 7AL UK

Tel: + 44 1457 852333; Fax: + 44 1457 855655

E-mail: dovid.I@seastlinklanker.com - http://www.ferroalloys.demon.co.uk

Alfred H Knight International Ltd

Eccleston Grange, Prescot Road

St Helens, Merseyside WA10 3BQ, UK

Tel: + 441744 733757; Fax: + 441744 27062
E-mail: st-helens@alfred-h-knight.co.uk

Derek Raphael & Co Ltd

2nd Floor, 6 York Street, London WIU 6PL, UK

Tel: + 4420 7535 1690; Fax: + 44 20 7535 1691

E-mail: DRaphael@derek-raphael.co.uk  http://www.derek-raphael.co.uk

Alex Stewart (Assayers) Ltd

Caddick Road, Knowsley Industrial Estate Merseyside LL34 9ER, UK.
Tel: + 44151 548 7777; Fax: + 44151 548 0714

E-mail: enquiries@ alexstewart.com

Wogen Resources Ltd

4 The Sanctuary, Westminster, London SW1P 3JS, UK.
Tel: + 4420 7222 2171; Fax: + 44 20 7222 5862
E-mail: akerr@wogen.co.uk  http;//www.wogen.com

USA

American Flux & Metal

P 0 Box 74 - Fleming Pike, Winslow, NJ 08095, USA

Tel: + 1609 561 7500; Fax: + 1609 561 3724

E-mail: flux@bellatlantic.net  http://www.americanflux.thomastegister.com

Barex Resources, Inc.

93 The Circle, Passale Park, NJ 07055, USA

Tel: 41973 778 6470; Fax: +1 413 460 7930
Email: nishapiro@attglobal.net

Bear Metallurgical Company

679 East Butler Road, Butler, PA 16001, USA

Tel: + 1724 283 6800; Fax: + 1724 283 6078
E-mail: kjones@bearmet.com

The Chem-Met Co

P 0 Box 819, Clinfon, MD 207350819, USA

Tel: + 1301 868 3355; Fax: + 1301 868 8946
E-mail: afox@chem-metco.com

Climax Molybdenum Company

One North Central, Phoenix, AZ 85004, USA

Tel: + 1602 366 8100; Fax: + 1602 366 7329
E-mail: dit @phelpsdodge.com http://www.p

p

helpsdodge.com
Comsup Commodities Inc

1 Bridge Plaza North, Fort Lee, NJ 07024, USA

Tel: + 1201 947 9400; Fax: + 1201 461 7577

E-mail: comsup@earthlink.net

Kennecott Molybdenum Company

8315 West 3595 South, P 0 Box 6001, Magna Utah 84044-6001, USA
Tel: + 1801 252 3000; Fax: + 1801 252 3292

E-mail: sullivas@kennecott.com

Molycorp Inc

376 S. Valencia Avenue, Brea, California 92823, USA
Tel: + 17145771757 ; Fax: + 1714 577 2779
E-mail: jcynor@unocal.com

Osram Sylvania Products Inc

Hawes Street, Towanda, PA 18848, USA.

Tel: 4+ 1570 268 5000; Fax: 4 1570 268 5113
E-mail: susan.dunn@sylvania.com

Powmet Inc

P 0 Box 5086, 2625 Sewell Street

Rockford, IL 61125, USA.

Tel: + 1815 398 6900; Fax: + 1815 398 6907
E-mail: wet@powmet.com

H. C. Starck

460 Jay Street, Coldwater, MI 49036, USA

Tel: + 1517279 9511; Fax: + 1517 279 9512
E-mail: pete.calfo.b@bayer.com

Shangxiang Minmetals Inc.

150 N. Santa Anita Ave. Suite 500, Arcadia, CA 91006, USA
Tel: + 1626 445 8946; Fax: + 1626 445 6943
E-mail: georgesong@se-mefalmarket.com

Thompson Creek Metal Company

945 West Kenyon Avenue, Englewood, CO 80110-3469, USA
Tel: + 1303 761 8801; Fax: + 1303 761 7420

E-mail: marionc@tcrk.com




