APPOINTMENT
OF TECHNICAL
DIRECTOR TO
IMOA

The International Molybdenum
Association (IMOA) has
appointed Dr Nicole Kinsman
as Technical Director from

1 January 2002.

Since its formation in 1989,
IMOA has vigorously extended
the scope of its activities and
the need for a technical expert
to take charge of its market
development programme is
realised by this appointment.

Nicole has worked for IMOA
for several years in her
capacity as an employee of
Technical Marketing Resources,
the firm of US consultants

which has been largely
responsible for promoting
IMOA’s image as a recognised
worldwide organisation with
technical expertise.

Nicole has a PhD in Metallurgy
from the Swiss Federal Institute
of Technology and an MBA
from Carnegie Mellon
University and is fluent in
German, English and French.
Her expertise lies in the
stainless steel industry (where
some 30-35% of moly is
consumed) and she is the
author of numerous technical
papers.

IMOA and Nicole look forward
to working together on an
ambitious market development
programme.
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13th Annual General
Meeting, 2001

The Association’s AGM was hosted by AvestaPolarit in the Nordic Hotel, Stockholm, with various
meetings held over 10-13 September and a visit to AvestaPolarit’s plant on 14 September. Nearly 60
delegates attended, to listen to expert papers at the AGM as follows:

B Report on the work of Weighing,
Sampling & Assaying Committee
(Sandra Carey)

B Report on the work of the Health,
Safety & Environment Committee
(Carmen Venezia, Osram Sylvania
Products) presented by Sandra
Carey

B "The use of LCI" by Camilla
Kaplin (R&D Centre Avesta,
AvestaPolarit)

John Graell, President of Molymet, was elected as
the new IMOA President in succession to Richard
De Cesare (Vice President of Thompson Creek
Metals) and Skip Sullivan, Director of Kennecott
Sales America was elected as Vice President. The
existing members of the Executive Committee
were re-elected. The normal period of office as
President is two years but, due to unforeseen
circumstances in the carefully planned succession

B "Stainless Steel Consolidation
and Growth" by John Newborn,
Executive Vice President,
AvestaPolarit

B "Supply and Demand" by Terry
Adams (Adams Metals)

B IMOA Market Development
by Hans Imgrund (Climax
Molybdenum)

back in 1999, De Cesare kindly agreed to serve
for an extra two years. In recognition of this
burden, Graell made a presentation, observing
that a four-year term of office had involved a
considerable amount of work and dedication to
IMOAs interests. De Cesare had co-ordinated and
implemented a highly successful work
programme during his Presidency and IMOA
owed him a big vote of thanks.

14th Annual General Meeting, 2002

This year’s AGM will be held in Hermosillo, Mexico at the kind invitation of

Molymet and Grupo Mexico with a provisional programme as follows:

Monday 21 October - Sub-Committee Meetings

Tuesday 22 October - Executive Committee Meeting

Wednesday 23 October - AGM

Thursday 24 October - Works’ visit to the La Caridad mine and Molymex

INTERNATIONAL MOLYBDENUM ASSOCIATION

2 Baron’s Gate, 33 Rothschild Road, London W4 5HT, UK
Tel: +44 20 8742 2274 Fax: + 44 20 8742 7345
email: TIA_IMOA@compuserve.com web: www.imoa.org.uk




Moly Does the Job

Molybdenum Keeps
Street Handrails Safe
and AHtractive

Summary

Handrails are expected to meet both
structural safety and aesthetic requirements.
Traditional carbon steel, cast iron, and
aluminum handrails can deteriorate quickly
in exterior or industrial installations with
aggressive pollution and/or chloride
exposure. In these environments,
molybdenum-free Type 304 stainless steel
handrails provide longer service life, but
reqular cleaning and/or coatings are
required to maintain an attractive
appearance.

More corrosion resistant Type 316 stainless
steel handrails, which contain 2%
molybdenum, are the most cost effective
choice in demanding environments. They
require minimal maintenance, no paint or
coating and provide safety and an aftractive

appearance. In stainless steel, molybdenum

improves resistance to pitting and crevice
corrosion and is particularly helpful in
preventing chloride damage.

The growth potential for Type 316 stainless
sfeel in aggressive exterior applications is
significant and is not limited to handrails.

Doors, canopies, store fronts, street fumiture,

bus shelters, trash cans, bicycle racks,

security barriers, gates, fences, wall panels
and column covers, all face the same
corrosion challenges in salty or polluted
environments.

The Application

In new or existing applications, stainless
steel is increasingly replacing carbon steel
and aluminum handrails because of concern
about safety, long-term maintenance and
replacement costs, and because of fashion.
Growth in stainless steel handrail use has
been greatest in areas where coastal or
deicing salts are present and/or where
pollution levels are high. In some sectors of

the North American exterior handrail
market, stainless steel has close to a 30%
market share. Industrial applications are a
small but rapidly growing market for
stainless steel, particularly in corrosive plant
environments.

Fabricators and specifiers are often unaware
of the benefits of using a molybdenum-
containing stainless steel. The stainless steel
most commonly specified is Type 304 with a
polished finish. Type 316 is most likely to
be specified in industrial applications or
within a few hundred feet of a saltwater
body. It is rarely used in locations with
deicing salt exposure.
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The Corrosion

Deicing salt can create a more aggressive
environment than what is found in most
coastal applications. It is not unusual fo see
piles of salt crystals around exterior handrails.
Even with regular maintenance, traditional
carbon steel and aluminum handrails may
have to be replaced in as little s five fo fen
years.

Type 304 handrails are increasingly being
selected for locations where deicing salt is
used because building owners and architects
assume it will remain "stainless". They
usually become very unhappy when finding
red rust on Type 304 after the first winter as
in photos A, B and C. Corrosion is particularly
severe when rough surface finishes are used,
the handrails are sheltered, the design
encourages salt accumulation, or piles of salt
are left around the handrail base. Conditions
are often made worse by lack of maintenance.

Moly does the job
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Photos A, B and C: These
Type 304 handrails have a

o ;wfﬁg.ﬁ%: Ao : rough polished finish.

o [ ol ' The building owner does
e E -.?'?: : not use deicing salt.

The chloride source is
road salt mist from a busy

highway about 300 yards
. . . downhill from the
Deicing salt is not a seasonal corrosion .
problem. Salt accumulates in soil near
roadways and salt-containing dust can be The handrails were
blown onfo surfaces during the warmer installed in the fall and

had no signs of corrosion
prior to winter. Heavy
staining was visible the
following spring.

months. Salt particles remain on surfaces
unless they are washed off by hand or heavy
rain. An aggressive slurry is formed when
salt combines with the humidity in the air.
This can occur once femperatures are above

0°C and humidity levels exceed 45%. This
salt slurry can form without the presence of
rain or other sources of liquid water.

Type 304 handrails, which are exposed to
deicing salt, must be cleaned at least once a
year in the spring fo restore their appearance.
When pitting becomes visible, refinishing may
be required or handrails have to be replaced.
Either option is expensive. In an effort fo
prevent corrosion, building owners often have
cleaning companies apply clear polyurethane
or wax coatings. To be effective, these
coatings must be stripped and reapplied
annually making mainfenance costs high.
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The Solution

The fabricators of stainless steel handrails
and the architects and building owners who
specify handrails must be informed so that
they understand that all stainless steels are
not alike. In most installations with deicing
or marine salt exposure, Type 316 handrails
will remain attractive and safe with little or
no mainfenance as photo D shows.
Designers must be warned to avoid crevices
and designs that allow the accumulation of
salt, and encouraged to use smooth finishes
and the right grade of stainless steel.

The Cost Savings

Type 316 handrails provide significant life
cycle cost savings when compared to

traditional carbon steel, iron or aluminum
handrails which need regular maintenance

little as five to ten years of service.

The service life of carbon steel and
aluminum is typically limited by corrosion
damage which reduces structural integrity
and appearance. An important aspect of
structural integrity is the perceived ability
of a handrail to withstand the load
associated with one or more large persons
or individuals accidentally falling against
or climbing on it. In comparison, Type 316

and, in aggressive locations, may provide as

Photo D: This Type 316 handrail on a coastal pier is exposed
to a much more aggressive environment than the Type 304
handrail (Photos A,B,&C). This handkrail is exposed to coastal
and deicing salt. However, it shows no signs of corrosion.

For maximum performance, a very smooth polished finish was
selected and joint crevices were sealed after installation.

The design allows salt to be easily washed off by rain.
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In corrosive locations with aggressive
pollution and/or chloride exposure, Type 316
also provides a maintenance cost savings
over Type 304 stainless steel.

handrails often receive little or no
maintenance and could remain structurally
sound for hundreds of years.

Type 304 must be cleaned regularly in these
environments to remove salt accumulation
and corrosion staining. When staining is
severe, refinishing or replacement may be
required.

Photos are courtesy of Technical Marketing Resources Inc.



New, High-Molybdenum Ferritic Stainless Steel

Replaces Aluminum Brass Condenser Tubing in
Japanese Power Planis

IMOA is grateful to Kiyosha
Fujiwara of Sumitomo Metal
Technology Inc, Hyogo, Japan
for the following article which
focuses on a new application
for moly-containing stainless
steel as a replacement for an
existing moly-free material.
This is the kind of good news
which the moly industry
needs and towards which
IMOA’s market development
efforts are directed.

Traditionally, aluminum brass tubing has
been used extensively in seawater cooled
condensers in Japan because of its great heat
transfer properties and its moderate cost.
However, this tubing is susceptible to erosion
and corrosion from the inside and fo ammonia
attack from the outside. Because of this, the
tubing has to be replaced af regular infervals.

To reduce the cost of frequent re-tubing of
condensers, a Japanese stainless steel
producer has developed a high-molybdenum
fenitic stainless steel which resists both
erosion and corrosion in seawater service.
This new stainless steel grade (ASTM
A268/A268M, UNS S44800) with the

proprietary name Sumitomo FS10 contains
4% molybdenum, 29% chromium and 2%
nickel.

The new grade has first been installed as
thin-walled tube at the 500-MW Buzen
thermal power plant, operated by Kyushu
Electric Power of Japan. Forty test pieces have
been in service since 1993 without problems.
Because of the great performance of these
tubes, the power company went on to replace
over 1000 (out of a total of 23,300)
aluminum brass tubes with FST0 af another
Buzen plant in 1997.

The most important physical property for a
power plant condenser tubing material s its
thermal conductivity. With increasing thermal
conductivity, the heat transfer increases and
yield losses of power generation decrease. A
small improvement in thermal conductivity
and therefore in the thermal efficiency of a
power plant can have a huge impact on its
profifability.

The mechanical and physical properties of
different condenser materials are listed in
table 1. The thermal conductivity of
aluminum brass is much higher than the one
for FST0.

However, because of its higher strength, its
higher modulus of elasticity and ifs resistance
fo corrosion and erosion tubing of FST0 can
be much thinner than aluminum brass tubing
(0.5 mm versus 1.24 mm for brass). The
consequence of thinner tubes is an improved
heat transfer coefficient.

Figure 1 shows the heat transfer coefficients
for aluminum brass and high performance
stainless steel tubes in three states:

1. new, 2. after 3.5 years of service and 3.
same as 2. but affer cleaning with a tubing
brush.

The aluminum brass tubes yield a better
thermal performance than the stainless steel
tubes when they are brand new. However,
after a few months of operation, scale forms
on the interior walls of the tubing. The scale
that forms on aluminum brass is thicker and
harder than the one on stainless steel. This
may be related fo the corrosion suffered on
the interior surface of the brass tubing.

Figure 2 shows the cross sections of the two
types of tubing and the difference in scale
build-up. The scale acts as an insulator and
reduces the heat transfer coefficient of both
aluminum brass and stainless steel tubing.

Table 1: Physical and Mechanical Properties of Condenser Tube Material

Material Densi Thermal Thermal Elastic Yield Strength | TensileStrength
(g/cm’) Conductivity | Expansion Modulus
(20-100°C) Coefficient (20°C)
W/m°C) | (20-100°C) | (x10‘MPq) (MPa) (MPa)
(10¢/°C)
FS10 7.7 17 9 205 415 550
Aluminum
brass 8.3 90 18 110 125 345
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Figure 2: Deposits on the inner surfaces of
the FS10 and aluminum brass tubes. Note how
much thicker the scale on the aluminum brass
tube is than the scale on the stainless steel tube.

Figure 1: Heat Transfer coefficient for
ferritic stainless steel FS10 and aluminum
brass tubing in three states: new, pulled out
after 3.5 years of service, and pulled out

after 3.5 years and subsequent cleaning with

a brush.

The remaining heat transfer coefficient of
stainless steel is larger than that of aluminum
brass after a few years of service (FigureT).

After brush cleaning of the interior of the
tubes, the heat transfer through the stainless
steel tubes can be restored to almost its
original value while the one through the
aluminum brass tubes remains relatively low.
The scale on the aluminum brass is much

more tenacious and cannot be removed easily.

The pulled-out high-molybdenum stainless
sfeel tubes were also inspected for corrosion,
erosion and possible degradation of
mechanical properties after several years of
service. No degradation of any kind was
found.

As a consequence of this great performance
Kyushu Electric Power Company replaced
another 650 aluminum brass tubes at their
Shinkokura thermal plant Unit 3 (600 MW)
with FSTO high performance stainless steel
fubes.

FS10, a high molybdenum super ferrific
stainless steel, has been found to improve
plant performance because of its better
thermal properties over time and to reduce
maintenance and replacement costs
because of its resistance to corrosion and
degradation.




IMOA’s
Training
Seminars on

the Fabrication
of Duplex
Stainless Steel

Avid readers of these
Newsletters will have read
about this programme, which
was extended in October to
cover China, Malaysia,
Singapore, Thailand and
Australia.

First China. Jinduicheng Molybdenum Mining Corp.
(JDC) and IMOA initiated this series of seminars in
co-operation with the Nickel Development
Institute (NiDI) Beiing, the International Chrome
Development Association (ICDA) and the Stainless
Steel Council of China Special Steel Enterprises
Association (SSC). JDC asked IMOA to present
their seminar on Fabrication of Duplex Stainless
Steels. The proposed series of seminars in three
Chinese cities (Beijing, Nanjing, Shanghai) was
aimed as a first step of a market development
programme fo increase the use of molybdenum
and moly-containing  stainless steel in China.

XIS
NLESS STEELS

IMOA’s usual consultants, Nicole Kinsman

and Heike Helfen, were joined as speakers by
Chang-Ching Sun (the China Manager and Chief
Metallurgist of AvestaPolarti Asia Pacific)

- see photo - and Professor Wu Jin (SSC)
introduced the seminars and chaired the question /
answer sessions.

The programme covered the following main
headings:
Introduction to IMOA and
to duplex stainless steels
The duplex family
The benefits of duplex
Applications of duplex stainless
steel

Metallurgy of duplex stainless
steels.
Microstructure
Phase stability
Implications for fabricating
duplex

Standards for duplex stainless
steels.

FEuropean

US

Chinese

Welding of duplex stainless
steels.
Difference to standard stainless
steel
Microstructural changes
Tests for welding procedure
qualification
Post weld clean-up

Saving cost with duplex
stainless steels.

Questionnaires were completed by delegates (190
in all) and 95% voted on the excellence of the
presentations (the remaining 5% said ‘0K'!)
Professor Wu expressed concern that the seminars
did not cover production of duplex, but this is
beyond the scope of IMOA.

Our thanks to all involved, especially at JDC, SSC,
NiDI and ICDA for their support and organisation of
a successful joint venture. IMOA hopes that this
project will be a stepping-stone to further activities
fo promote the domestic usage of moly-containing
stainless steel in China.

Our team then moved on to Malaysia, Singapore,
Thailand and Australia in an exhausting 7 day tour
co-ordinated by NiDI (and particularly by David
Jenkinson, the Director of NiDI Australasia). These
seminars followed much the same pattern although
there was an added paper on the application of
duplex stainless steel by Pierre Soulignac (Chief
Metallurgist Usinor Industeel, Le Creuset, France).

Apart from NiDI, also involved were the Institute of
Materials in Malaysia; the Thai Stainless Steel
Development Association; the Singapore Welding
Society; and the Australian Stainless Steel
Development Association.

There were lively discussions and many questions
at each location, which indicated that there is sfill
a lack of understanding in this region of how to
select, specify & fabricate stainless steels correctly.
NiDI'is now focusing its market development
efforts on developing countries because they see
the greatest potential for growth and need for
information there.

IMOA is grateful to NiDI for this chance fo present
its seminars and hopes fo explore further
opportunities to pursue its market development
programme in the region with NiDI and other
interested parties, especially local Stainless Steel
Development Associations. Again, thanks to all
involved.

Photo courtesy of JDC
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