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It's not news to those of you who are participating in
this workshop that the United States, as well as Europe and Japan,
are heavily dependent on foreign sources for supplies of many key
metals that are essential to the nation's defense and necessary
vfor the operation of this country's vital industries. For example,
the U.S. imports aimost 100 percent of the strategic metals, chromium,

cobalt, niobium, tantalum, manganese, and the platinum metals.

I should say at the beginning that one objective of this
workshop is to focus on chromium, which must be rated at the top
of the priority list of strategic materials. This country must
address policy, research and development tactics to ward off a
crisis with chromium. The technological search for substitutes,
conservation measures, and displacement materials must be unrelen-
ting, despite the frustration of some attempts to date. Likewise,
it is prudent to have such technologies on the shelf, piloted, and

ready as a contingency plan.

An equally important objective of the workshop is to
focus on critical materials needs of the U.S. Steel Industry. The
emphasis here is on future steels and to seek out the viewpoints of
a panel of steel users on properties of steels needed to meet the
challenges of future applications. Then, based on this information
asséss, to some degree, the potential technological trends in criti-
cal materials required for these steels. Steel mill production
controls and recovery of strategic metals in processing have an

impact on the costs of special alloy steels, and developments in
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these areas are being considered in the workshop program. I believe
we will all agree that steel is a remarkably economical material,

but in its basic form, it would not be very effective for many

purposes. In some of its most simple uses, steel requires special

properties such as mechanical stability, resistance to changes in
temperature and chemical attack, as well as good manufacturing
properties including formability, ductility, and tensile strength.
Because of these requirements, in many instances alloying elements
are needed to enhance steel properties through the control of
microstructure. A number of these alloying elements are included

in the list of critical and strategic metals.

As we all know, when a material is chosen for an application
in design, the choice reflects a combination of effectiveness in
the application considered with the cost of the material. However,
trends indicate that in the future, increased emphasis will be
placed on evaluating total costs in terms of performance, durabili-
ty, and the life cycle of the material, and these trends may influ-

ence the requirements for critical alloys in a variety of ways.

In the area of the specialty steels, reliability and perfor-
mance characteristics are being constantly upgraded, and alloy
conservation is being achieved as well through the latest production
tools including argon oxygen decarburization (AOD), vacuum induction
melting (VIM), vacuum arc remelting (VAR), electro slag remelting

(ESR), and the latest in this series of new processes, powder
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metallurgy (P/M). Powder metallurgy not only improves the perfor-
mance characteristics of specialty steel products, but reduces

critical raw material and energy input as well.

Certainly potential future changes in the cost and avail-
ability of energy and raw materials are of considerable concern in
the specialty steel industry. Recognition of the potential serious-
ness of the critical materials problem may help avoid a future
materials crisis through increased research and development in
areas of substitute alloys, substitute raw material sources, increased

recycling and longer product life cycles.

In the stainless steels, the adoption of the AOD process
into tonnage production has enabled very low carbon contents to be
achieved with a consequent improvement in corrosion resistance.

The process is economically attractive, but in the austenitic
steels more nickel may be required to balance the loss in austenite

stability by the lower carbon content.

In the ferritic stainless steels, the ultra low carbon
contents now available have resulted in the development of “super"
ferritic steels with higher chromium contents and molybdenum to improve

corrosion resistance.




Currently, the duplex ferrite-austenite stainless steels
are gaining much favor as réadi]y castable and weidable high strength
stainless steels with good étress corrosion resistance and potenti-
ally better toughness than the ferritic grades. .A1though these
steels can be produced in relatively inexpensive compositions,
they do contain about 25% chromium (typical composition 25 Cr; 3.5
Mbi 6 Ni). The areas of application are significant in chemical
processing equipment and tubing for o0il and gas we]]s.vahesé |
examples illustrate some trends in alloy fequirements, particularly
increased reliance on éhromium, to produce specialty steels that

are essential for many industries.

The whole issue of critical and strategic materials con-
tinues to be urgent. It is gaining more attention as the complex-

jties of this country's materials vulnerability become known.

We should also note that never before have strategic mater-
jals and minerals received as much attention from the President,
the Congress, and the many federal agencies with materials respon-
sibilities. In April, President Reagan sent a message to the
Congress which emphasized the importance of materials to the econo-
my and security of the United States. This was in response to
National Materials Policy legislation passed almost unanimously in
‘thé House in 1979 and the Senate in 1980. Without passing judgement
on the President's report to Congress, we should note that this is
the first administration in thirty years to issue a key statement

on the importance of materials to the economy and to the nation's
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security.

The next few years will be particularly significant to the
U.S. in the development of national materials policy. Substitutes,
conservation, reclamation, and innovative new materials -- topics
which we are considering in this workshop -- can all help reduce

the country's materials dependency.

The case history information on the potential for substitu-
tion and conservation of chromium in many types of steels, along
with the user's viewpoints on types of steels needed for the future,
and the impact of processing innovations will be a valuable input
to the Department of Commerce report on "Critical Materials Require-
ments of the U.S. Steel Industry”. The information will also be
useful in the compilation of technologies available and those that
show promise for development as the basis for a substitution pre-

paredness initiative for a chromium contingency plan.

Chromium continues to appear more critical than the other
strategic metals. Unless we develop alternative materials technol-
ogies, a cutoff of oil supply and chromium supply would attack

this country on two fronts.

Aside from the fact that without chromium we cannot make an

efficient durable gas turbine engine, the metal has many important
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industrial applications: oil refineries, petro-chemicals, conven-
tional and nuclear power plants, tanker trucks, industrial machin-

ery, transportation, and all stainless steels.

The problem affects U.S. industry overall as much as poten-
tial defense needs. However, until recently there has been all
too 1ittle awareness of our enormous dependence on foreign sources

of critical nonfuel minerals.

The overall theme of the presentations in the workshop is
that technology is among the most viable options for reducing this
country's vulnerability to a cutoff of supply of chromium and other
critical metals. Also, an important‘point of emphasis, is that now
is the time to start to develop these technologies for substitution

and conservation.

As a spokesman for “substitution preparedness" in Congres-
sional testimony, the proposal was made that the United States
should embark on an organized effort to foster and support research
and development programs that will advance the practical application
of substitution and conservation technology to reduce the impact
of supply interruptions in critical metals, particularly chromium.
Likewise, it's evident that a plan should be developed to document

known substitution technologies and "stockpile" this information.
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As R & D programs are developed to plug gaps and create new
options for substituting for critical metals, this technological

information would be added to the information stockpile.

Substitution programs should be an important part of stra-
tegic materials planning for individual manufacturing firms. The
opportunities here will be explored in a workshop on "Materials
Risk Management" being held later this month by the U.S. Department
of Commerce. The objectives of a national initiative on substitu-

tion can be applied to company substitution R & D programs.

An important point is that the essential nature of chromium
and other critical and strategic metals requires that all options
to provide supplies or alternatives must be pursued. On the supply
side, effective steps must be taken to strengthen the strategic
stockpile and develop domestic resources. The development of
alternatives requires that viable materials technology options
derived from substitution, conservation, coating systems, and

reclamation be available at reasonable cost.

Also, I should emphasize in this overview of objectives of
the workshop that although technology for substitution and conser-
vation are an important approach to meeting the challenges of
chfomium and other strategic metals, there is, of course, an
underlying need to understand and develop advanced technological
options which may displace the need for chromium or reduce the

amount required in essential applications. These include processing
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technologies for high performance, netshapes, engineered ceramics,

intermetallics and composite materials, and the application of
existing and developing technology for metallurgical coating systems

~and surface modification techniques.

In fact, in developing the workshop program, I arrived at
the feeling that an entire workshop could be devoted to opportuni-

ties for conservation utilizing surface modification technologies.

For example, hard facing as a method of effective corrosion
control should receive increasing attention to impart essential
surface properties with minimum use of chromium. Likewise, design-
ing with available clad materials can economize on critical mater-

jals compared to use of solid alloy products.

The concept behind surface modification is that properties
of the critical metal are utilized only where they are required.
New techniques are available for surface alloying, as we will hear.
High rate surface fusion provides rapid solidification rates which
give valuable surface properties. Ion implantation with chromium
provides the basis metal with greater corrosion resistance, and

design goals can be achieved with implanted ions.
The future will see advances in composite and ceramic

components to provide displacement technology and these options

will be considered in the workshop.
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As I said earlier, this is a "technology" workshop with
the message that technology can provide answers (some say the best
“answers) for reducing this country's vulnerability to the potential
of cutoff of supplies of critical metals. An important reality,
‘however, is that it takes time and considerable investment to
develop, quantify and establish designer confidence in a new mater-
ial or even a modified alloy, and I feel sure that this point will

be made during the workshop.

In spite of the currently abundant supply situation for
all materials, risks remain for possible future supply disruptions.
Materials such as chromium, cobalt, tantalum, manganese and others
are vital to our national security and economic well-being. We are
dependent upon foreign sources for their supply and are becoming
increasingly dependent for their processing. Import dependence is
not in itself the issue, as normal international commerce will
continue to supply raw materials to us. Vulnerability to disrupted
supply is the issue of concern. The vulnerability issue involves

our preparedness to adapt to any potential supply disruption without

serious consequences to our national security, industry and commerce.

The vulnerability issue must be viewed in terms beyond raw
materials supply because it also involves the vitality of the
prbcessing and manufacturing sectors which convert these materials
into the products we need. A cornerstone of reduced vulnerability
is the National Defense Stockpile which can serve as a source of

supply for vital operations during a disruption.
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There is a need to improve our preparedness for possib]é |
future disruptions through greater knowledge about the technologies

for production, substitution and conservation. Tapping marginal

»deposits, improved beneficiation methods, alternate materials,

manufacturing with lower input of materials, and recycling are all
tools to reduce vulnerability. While materials are readily avail-
able, as they are today, the motivation to pursue such technologies

is limited. Incentive and support for these approaches warrents

consideration.

Let me say that in behalf of the workshop sponsors, the
U.S. Department of Commerce/National Bureau of Standards, the U.S.
Department of the Interior/Bureau of Mines, and the U.S. Department
of Defense/Army Research Office, we sincerely appreciate your
participation in this important program to provide input for mater-
jals policy direction, for the report being prepared by the u.s.
Department of Commerce, and for guidance on future directions for

study and actions.
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INDUSTRIAL LIFE WITHOUT CHROMIUM - TECHNOLOGICAL CHALLENGES

Opening Statement

I am delighted to be invited by Dr. Allen Gray to participate in this workshop
on the trends in chromium conservation and substitution in steel. Thanks to
the foresight and leadership of both Dr. Allen Gray and Professor Robert Nash,
Vanderbilt University has become known as the site for outstanding public
workshops on the major technical, economic, and political issues surrounding
non-fuel critical and strategic materials. I am greatly impressed with the
creative thought that has gone into the content and structure of this
workshop. I believe that by Thursday afternoon everyone here will have been

highly stimulated and informed about the progress being made in this important
field.

What is so Special About Chromium?
To begin with, I would 1ike to ask you to reflect on the technological
importance of chromium as an element. Just like Joseph's Coat, chromium has a

wide variety of highly "colorful" properties. This attribute is also conveyed
by its name, which is taken from the Greek word “chromos" meaning color and
which was derived from chromium's many-colored compounds.

Chromium's high melting temperature makes it an important alloy addition for
heat resistant steels and superalloys. It is both a ferrite promoter and
austenite stabilizer which in combination with molybdenum, nickel, manganese
and vanadium renders it an important alloying element for a broad spectrum of
heat-resistant, corrosion-resistant, and speciality steels. [ts ability to
form a tight, adherent, passive oxide film makes it indespensible for alloys
subjected to combinations of high temperatures and highly-corrosive
environments. As a bright coating, chromium is a nearly-ideal ref]ectbr. As
a black chrome coating, however, it is a nearly-ideal selective absorber, with
a high absorptivity over the solar spectrum and low emissivity in the
infrared. While chromium has not come into its own as a technically important
metal due to its low ductility at ordinary temperatures, it is indispensible
in providing technical importance to other metals. Consider, for example, how
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many applications of iron-base alloys would remain without the corrosion and
oxidation resistance imparted by chromium. Try to imagine nickel-base alloy
heating elements without the high heat and electrical resistance provided by
chromium. Finally, how useful would cobalt-base alloys be without the
hardness, oxidation, and hot-corrosion resistance imparted by chromium?
Although some possibilities for chromium substitution in these alloy systems
exist, chromium stands alone today as the clear technical and economic
champion.

Moreover, because of chromium's multivalency states and special optical
properties the oxides of chromium are favorites for paint pigments, green
granules in asphault roofing, and camoufliage paints. Finally, with increased
steel production by the electric furnace process and the vacuum-oxygen and
argon-oxygen decarburization processes the demand for chrome-bearing
refractories has increased relative to that for the open hearth process, which
is phasing out.

what Would the Future be Like With Reduced Chromium Availability?
Having quickly reviewed the special properties of chromium, we can now try to

picture the tradeoffs we would have to make in chromium content against
performance, lifetime and maintenance costs for the major engineered systems
we now depend on and will be increasingly dependent upon in the future. A
conservative estimate of the cost to the U.S. economy of corrosion, wear,
fatigue and the inefficient use of energy is $200 billion annua]]y.(]) of
this cost, thé bill to the Department of Defense is about $8 billion. A
reduction in the use of chromium in bridges, propulsion systems, heat engines,
steam plants, petroleum production platforms and other such systems, wolld
surely cause this cost to rise rapidly unless suitable substitute materials or
protection methods were available and could be deployed.

A sustained chromium supply disruption can be expected to have serious
economic consequences to the United States. If we examine the leading
chromium-using industries, (SLIDE 1) we find that nearly half the total
chromiuT consumed in the United States is by industries below the top thirteen
users.(d) Therefore, we find that chromium consumption in the U.S. is
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generally unconcentrated. Of these chromium-using industries the top 32
accounted for 16.1 percent of the gross national product and 9.2 percent of
the U.S. nonagricultural employment in 1979.(2) While it would be erroneous
to infer that these numbers properly reflect the direct economic impact of a
severe chromium supply disruption, they nevertheless indicate that the impact
would be significant and widespread. By comparison, Helmit Schmidt, the
former Chancellor of West Germany, has noted "that if West Germany's supply of
chromium were cut off, 2.5 million of the nation's 60 million would be
unemployed and the West Germany gross national product would drop 25%."(3)

It is especially noteworthy that during World War II the Germans claimed that
a cutoff of oil would have done less damage to their war effort than a cutoff
of chrome. This is largely because it was possible for the Germans to produce
fuel synthetically.

An examination of chromium used by defense-industries reveals a slightly
different pattern, however (SLIDE 2).(2) We find that 15 percent of the

total chromium used by defense industries in 1979 was used for the manufacture
of aircraft engines and engine parts. Moreover, aerospace industries, as
represented by the first three categories, consumed 35 percent of the total.
While the aerospace industry might have to absorb a disproportionate amount of
the price volatility resulting from a supply disruption, one should note that
the amount of chromium used by aerospace industries and all defense industries
in 1979 represented only 2.4 and 6.8 percent, respectively, of total U.S.
consumption. These numbers can be compared to an average chromium recovery
from prompt stainless-steel scrap in the U.S. of 9.0 percent of total

demand. (4) One can also note that approximately 60 percent of the

superalloy scrap generated during aircraft engine production, which represents
about 5.5 pounds for every pound of fly weight, is recovered and reused.(4)
Furthermore, the ratio of scrap weight to fly weight in engine production is
decreasing with time with the greater use of near-net-shape forging and
CAD/CAM technology. Likewise, the percentage of scrap recovery is increasing
with improved scrap sorting and reclamation techniques.

A comparison of chromium usage by end-use categories (SLIDE 3) revea]s that
the transportation sector has the greatest market share at 20 percent followed
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by construction and machinery categories at 17 and 16 percent,
respective]y.(4) Future trends in overall chromium demand in the
transportation sector are uncertain. The development of more efficient heat
engines and the use of broader spectrum fuels could increase the demand for
chromium in this sector. However, there are also trends which show chromium
reductions in airframes and in auto and truck bodies through weight
reductions, increased use of composite materials, and the growing prospects
for the introduction of ceramics and intermetallic compounds in advanced heat
engines. However, some 90 percent of chromium applications in the alloy
materials used by the aerospace industry are irreplaceable at present
technology levels without serious compromises in performance characteristics..

Both conventional and nonconventional energy technologies, which are included
in the construction and machinery categories in Slide 3, are especially
dependent on chromium availability. Chromium is today a critical requirement
for both nuclear and fossil steam supply systems, central power gas turbines,
turbogenerators, and petroleum production and refining operations. Chromium
in the form of corrosion-resistant steels and hard-facing alloys is critical
for well casings, bottom pumps, and fluid-end pumps which must withstand the
agressive errosive and corrosive environments of deep, sour oil wells.
Furthermore, high chromium steels and nickel-base alloys will be indispensable
to the synthetic fuel plants and combined-cycle, energy-conversion power
plants of the future. '

The National Materials Advisory Board has estimated that an average of 19,500
tons per year of chromium will be needed by the energy industry over the next
decade on a "business as usual" basis. An average of 33,700 tons per year
will be required under accelerated development.(5) This usage represents

3.8 percent and 6.5 percent, respectively, of 1979's total U.S. chromium
consumption. For comparision, the General Accounting Office and Lawrence -
Berkeley Laboratory have recently estimated chromium demands out to the year
2000.(6) Their estimates are as high as 20 percent of total U.S. demand for
conventional technologies and 30 percent for alternate technologies, depending
on the specific 0il pricing scenario assumed. Nuclear power, synthetic fuels,
and solar energy represent the high chromium demand sectors in these studies.
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These trends indicate that future energy technologies could be heavily
impacted by sustained descriptions in chromium supply or by preemptive,
denial, or monopolistic trade practices.

What Have Been the Trends in Chromium Supply?

Before examining the specific issues for assuring a stable chromium supply in
the future, we should first review the salient trends in chromium supply over
the past two decades.

During the period 1956-60, the U.S. provided 5-10 percent of its chromium
needs through domestic production subsidized under the Defense Production
Act. With the termination of this Act in 1961 the U.S. became totally
dependent upon imports for chromite ore. Today the U.S. imports chromite ore
primarily from six countries (SLIDE 4) of which The Republic of South Africa
supplies 44 percent and the Soviet Union and Albania together supply 30

percent.(z)

Prior to 1973 the U.S. produced most of the ferrochromium required for its
steel industry and other metallurgical applications domestically. However,
with the advent of OPEC and the dramatic increase in oil prices in 1973,
substantial ferrochromium production shifted of fshore. The major economic
factors for this shift were lower transportation costs, lower differential
energy costs for ore reduction, and the increased cost of domestic
environmental regulations. Whereas, the U.S. produced nearly five times as
much ferrochromium as it imported during the period 1970-72 it now imports 20
percent more than it produces. The U.S. government now finds it necessary to
place a protective tariff on both low-carbon and high-carbon ferrochromium
because of declining prices for imported ferrochromium in the face of
increasing costs of domestic production,

Concurrent with the dramatic rise in energy costs in the early 1970's, the
introduction of the argon-oxygen-decarburization process further encouraged
major chromite producing countries to increase their ferrochromium production
for export. This occurred because the AQD process permitted considerable
interchangeability among various grades of ferrochromium. The Republic of
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South Africa capitalizea on this opportunity for an increasing metallurgical
market for their low-grade ore by dramatically increasing productive capacity
for high-carbon ferrochromium. As a result the combined Scuth African and
7imbabwean ferrochromium share of the world market has increased from 15
‘percent in 1970 to about 37 percent in 1979.(4) Together these two African
countries currently supply nearly 80 percent of total U.S. imported ~
ferrochromium (SLIDE 5).(2) It is important to note that as more of the

U.S. ferrochromium requirements are imported and as these imports become more
concentrated in Southern Africa, the flexibility in chromite ore supply to the
U.S. for metallurgical use, to include the contingent use of our own domestic

sources, will become more and more restricted.

What is the Good News?
In spite of these disturbing trends there is good news in chromium

availability for the future. World chromite production, which was estimated
at 7 million short tons in 1980, has more than doubled over the past 20
years.(4) Substantial new finds of chromite reserves and projects to

increase chromite mining capacity have been announced by Brazil, Greece, the
Philippines, Sudan, USSR, Finland, India, Madagascar, Papua New Guinea, and
Yugos]avia.(4) There is currently an estimated excess chromite production
capacity worldwide, ana this capacity is expected to increase at slightly over
three percent per year over the next 20 years. An excess capacity is expected
to overhang world demand for the foreseeable future. However, there is
concern regarding the continued adequacy of world refractory chromite
production.

Prospects are now good for a modest decentralization in world chromite supply
over the next one or two decades. However, a recentralization of supply
toward South Africa and Zimbabwe, where over 90 percent of the estimated world
chromite reserves are located is expected after the turn of the century. Some
also suspect that chromite reserves in the Soviet Union are actually
uneconomic to produce at current world prices and that the Soviet Union will
begin to retreat from being a net chromite exporter.
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Even though domestic chromium availability is limited, the U.S. Bureau of
Mines has recently evaluated 34 domestic deposits that contain chromite
/minera]ization (SLIDE 6).(7) Results of this evaluation show that
demonstrated resources of chromite contain about 4.6 million tons of chromite
concentrates that could be used in the chemical and metallurgical industhiesﬁ
However, the price of concentrates from currently demonstrated deposits wou]d"
be about double the current market price for metallurgical-grade chromite. At
a price slightly greater than the current market price for chemical-grade
chromite an estimated 1.6 million metric tons are potentially recoverable at
the identified resource level. Finally, at a price about 33 percent above the
current market price for metallurgical-grade chromite about 3.8 million metric
tons are potentially recoverable. If these chromite resources were processed
into ferrochromium as much as 21.1 metric tons of identified resources are
potentially recoverable at the current price of low-carbon ferrochromium and 4
miliion metric tons are potentially recoverable at the current price of
high-carbon ferrochromium.

Thesé‘domestic chromium resources could provide an important economic ceiling
on the price the U.S. will have to pay for imported ferrochromium in the
future, but only if our domestic ferrochromium production capacity is
protected and if these indicated resources are further developed for potential
extraction and processing.

A major category of good news is the major efforts currently underway to
reduce chromium consumption in the U.S. by a number of technical strategies
(SLIDE 7) to include:

0 Substitution and displacement

0 Conservation through design and processing

0 Reclamation and

0 Life extension

There are a number of advanced materials which can displace critical materials
(SLIDE 8) where high-temperature strength, erosion and corrosion resistance,
and low maintenance costs are key design parameters. The substitution of many
of these advanced materials for chromium-bearing alloys will be described in
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several papers at this conference. More specifically, the U.S. Bureau of
Mines is exploring a series of iron-base alloys which have molybdenium,
titanium, aluminium and silicon additions in place of chromium for
applications requiring high temperature, oxidation resistant

(7) Candidate iron-base alloys containing various combinations

performance.
of aluminum, molybdenum, tungsten, columbium, nickel and silicon are being
actively explored by others. One such alloy containing manganese, silicon,
and copper is being developed as a replacement for chromium-bearing spring

stee]s.(4)

Rapid solidification technology looks particularly promising for improving
surface hardness and corrosion resistance through compositional homogenization
and microstructural refinement. An iron-aluminum alloy containing a
finely-dispersed titanium diboride phase has already been commercially
introduced for producing wire drawing dies. The Department of Defense is
actively pursuing a variety of rapid solidification technologies to develop
new families of alloys which will permit less use of chromium, cobalt, and
other critical and strategic materials.

Near-net shape technologies (SLIDE 9) are already providing dramatic
improvements in chromium conservation through reduced scrap generation and ‘
recycle. Examples of where dramatic savings in chromium use are already being
realized are the use of hot-die, superplastic forgings to reduce grihding and
machining losses in the manufacture of superalloy jet engine disks and the
increasing use of powder metallurgy in the manufacture of high-alloy bearings,
tools and dies.

Aavanced surface modification technologies (SLIDE 10) are also displacing
chromium in both coating and base alloy compositions. These new surface
modification processes are not only reducing the strategic metal content in
the coatings applied but are also greatly extending the life of the tool or
part.

Many other examples can be given of technological trends which have the

potential of leveling out or even reducing chromium demands. A few additional
exanples will suffice:

P2-9




The U.S. Bureau of Mines is developing processing technologies for
recovering chromium from slags, furnace dusts, and other particulate
wastes; for reducing chromium losses in electroplating operations
through the recycle of waste chromic acid solutions; and for reducing
the chromite additions to refractories by improving the magnesia
grains used in these refractories.(7)

The aircraft industry has increased the use of titanium and
composites to replace corrosion-resistant steels in the interest of
weight reduction for some applications.

The automotive industry is replacing chromium used in exterior trim,
wheel covers, seat belts, windshield wipers, suspension springs, iron
castings, engine components, gears, bearings and other parts through
selective material substitutions. There is the potential of reducing
3 pounds of chromium of the 5.5 pounds used in the average 1980 U.S.

car. (4)

Moreover, with the development of stratified-charge diesel
engines the approximately two pounds of chromium currently used per

car for catalytic converters could be eliminated.

Adding up all of the potential chromium savings from technology now
in hand, the U.S. Commerce Department has estimated that
approximately 150,000 short tons of chromium per year could be saved,
which represents about 29 percent of current demand.(q) This would
be equivalent to the chromium used in over one million F-100 jet
engines or in over 150 thousand Boeing 767 aircraft on the basis of
fly weight. As dramatic as these numbers appear they represent less
than half the savings in chromium consumption that are projected as
possible following 10 years of research and development. Therefore,
research and development can be a very important factor in curbing
our future import dependence on chromium, and can also help contain
future chromium costs when leveraged with our current 26 percent
world share in chromium demand.
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‘ What Then Are The Issues?
' With all of this apparent good news, what are the key concerns or issues?

These can be summarized as follows:

0 The growing concentration of chromite and ferrochromium supply in
Just two countries, namely South Africa and Zimbabwe, should be a
major concern to our long-term strategic interests. The potential
for establishing a monopoly that could be many-fold more effective
than OPEC will increase with time.

0 The declining ability of the Soviet Union to supply its chromium
needs from its own reserves is a concern with respect to the future
political stability and independence of South Africa and Zimbabwe
(SLIDE 11).(8) Although the current production of chromite ore in
the USSR is currently a large fraction of South African production,
the future chromite reserves in the USSR are very small relative to
those for South Africa.

0 The continued viablity of domestic ferrochromium production in the
face of foreign competition is a key issue that impacts both our
commercial and defense industrial base. It is important to establish
appropriate policy tools to provide the assistance needed to protect
this vital element to our national security.

0 The composition of our strategic stockpile is not aligned to current
technology or future national needs. Current stockpile goals for
metallurgical and chemical grade chromite ores are about 15 times
larger than those for high- and low-carbon ferrochromium. This high
ratio is inappropriate considering the fact that we now import more
than we produce domestically. The goals for ferrochromium need to be
raised relative to chromite to reflect the decline in domestic
ferrochromium capacity over the past decade. Also those lots of
ferrochromium in the strategic stockpile which contain sulfur levels
higher than current steelmaking practice would accept need to be
rotated.
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0 Research and development into technical strategies for substitution
preparedness and in finding ways to use chromium more effectively
need to be given sustained federal support.

It is encouraging to note, however, at a time when there is little economic
incentive to reduce chromium éonsumption that so much is being attempted, as
reflected by the titles of the papers in this workshop. It seems clear to me
in following the actions of the U.S. Congress, that the need for new process
technologies and for alternative materials to prepare the U.S. for dealing
with reduced supply availability of chromium and other critical and strategic
materials is gaining in acceptance.

The contributions that you as technologists and publiic administrators can make
in keeping the technical, economic and political issues surrounding strategic
materials in both balance and perspective will be of enormous national value
as the countries of the world continue to contend for available natural

resources.

8285A

P2-12




REFERENCES

A. L. Bement, Jr. and E. C. Van Reuth, "QUO Vadis-RSR", Rapid
Solidification Processing, Claitor's Publishing Division, Baton Rouge,

Louisana, 1980, p. 405.

U.S. Economic Dependence on Six Imported Strategic Non-fuel Materials,

Congressional Research Service, The Library of Congress, July 2, 1982, pp.
27-33.

Robert J. Buckley, "Critical-Materials Predicament Nears State of Resource
War," Financier, March 1981, p. 34.

Identification of Materials Problems and Issues: Chromium, Department of

Commerce, International Trade Administration Policy, September 1, 1981.

Contingency Plans for Chromium Utilization, National Materials Advisory

Board: National Academy of Sciences, 1978, p. 116.

Minerals Critical to Developing Future Energy Technologies, Their

Availability and Projected Demand (EMD-81-104), Memorandum B-203767 from

the U.S. General Accounting Office to Senator Henry M. Jackson, June 25,
1981.

Bureau of Mines Research 1981, U.S. Department of the Interior, U.S.

Government Printing Office, 1981-0-357-261/9964.

Alert Letter on the Availability of Raw Mater1a]s, Issue No. 1, McLean,

Virginia, May 1981, p. I1I.

P2-13

~—a




T 3017S

eojues ._o.oo-oz .uco_ua!wcoo Kq vo__nEoo 1624N05
maav« PR -szgvs ..oﬁo
| COLRE e zo.,.v,e.- czouz 3!8¢323Su
om0 uewdinby Bujjesy ¢=o=!oo_=-z
B susdeuBug gt
T mai__

" sjuswdiys Ansnput §o_
| UOLK 1§ Jod Posn SuoL

mmZmumn mO..._ mm.c.-.m:nz_ Gz_m.._..E:_EOm:O DNIGVaT




¢ 34178

®dJAI0S :o._aoacfwco_n_uo_..o_cc_o £q pojjdwod :e2.n0s

--  _ores

W .,.._...._oo.z

YN
TRy
TR 1- O
. sg0.
s s8't bi)
S WN T ore g.sﬁm&?:.& w:ot&coz,,, _
s '§90 . 8TE. . 80JISSIN POPIND 818jdwod
N e NQ.P g . SOEQ_SUm‘wn.-N& ﬂwﬂuuu_<, _
S _ov.r,. . 2._2_ osmcmd mo&u:m :22.4._
._ sjuowdiyg o»caon . \SUBJO! R Y .Sm:ns |

. 3:05_5-»3& vooa acohtocm
~ esuajeq 10} uou: a:o._. -o avcngoﬁ.

9..2 Ni S&bo mmzuuma mE mm_Emaoz_ cz_m?s_a_zom:o cz.oﬁ.. |







o wamos

. emeqy
0§ jo'olgndey -




~ edies yauzosey jeuojsseiBuog Aq pelidiod (e0inos

So.v«om

" jejol jo esied a___,_,__‘_uotoae_. E:.Eozco:ou
T o unowy

E:o._. ss04p uo mvcwmaog .: R
omm- z. :z_:om_._oommmn. uo m.an:_ .m :




9 3d17S

3
3

.aoc_z_ .o :u&:m ‘SN .@Sncm

wmomnowmm..o_hmmioo ,_s_




B ,.,ec_!._zxoo:.. ° ,.
S ..o:uEu_ooc o

i J.vx»>

u:_muooo..n v—_o :a_nov ..u:o..: =o=utoo=oo o
| ~=¢Eoou_na_v v_.u :o_ﬁs_nma:m o.,._”__

wm_wm._.s..:.m -_<0_z_._0mh.




8 3aITS

mmc:.mo,o uuu:m>u< °

“sesse|B peoueApy ..o,
o::nw._m vaucou o

siowkjod leinjonns e N

. .mu__:onﬁoo o.=3a=:2=_ o,
~ sowesed [einjonnS @
~ siejows peyipiios Ajpidey o |
 £9}180dW03 PEUBAPY @

 STVIHILV TVOLLIYO 30VdSIa
z<o_._o_,_._sm._smm..k:nmuz_<>a<.




6 30115

9._::8 u:»u.n..on:m o,.

. sonbjuyos) Bupepjos
_2.-.V,,,n_._._.o—ﬁw.u.._u.al, er0iduy] o

u..:auo sv eo_m_oo.a !.w ucogmo»:_ .

mm_wo._ozzom._. mm<:m ._.mz..m<mz




0T 3a171S

ONILVO) OdY 0

ONI¥ILINS NOYLINOV) NOILOVIY 0]

ONILYd NOI 0

(39YVHOSIJ MOT9) ONICQIYMLIN NOI 0

NOILVINVIdWI NOI 0

NOILISOd3Q ¥OdVA IVIIW3IH) 3IAILOVIY 0

S3190TONHIIL NOILYIT4IA0W 3IY4¥NS QIINVATY

P2-23




IT 30178

18

8L

6y
s
,_ SL

_w~0h yssn wo_.c<
p_u:ow

 s3A¥3SIH

LS

69
0
e mm

4

6¢
- 6T

T a:o._m E:.Em_a i
_80._. mwm: no_=< | S

e
oz

-

c—:ow

| zo_honnomn_ A
W..—<EWZ—= <O_m—n_< _.—._.Som m u_n_ mwm.._

010 Bwoiy)
. e10 eseuebuepy
i E:..uw:u’A

 pIOD

m_mamE ._




KEYNOTE TALK
BY GORDON GEIGER *
AT
WORKSHOP /CONFERENCE ON CRITICAL MATERIALS ISSUES
~yUANDERBILT UNIVERSITY/US DEPARTMENT OF COMMERCE

OCTOBER 3-7, 1982

POTENTIAL FOR CRITICAL MATERIAL CONSERVATION IN THE

INTEGRATED STEEL INDUSTRY

The topic for this Workshop is the potential for continuing
output by the steel industry of metallurgical products in the
event of a disruption in the supply of critical raw materials.

There are several questions that have to be addressed when
attempting to establish the potential for critical material
conservation:

1. What are "critical materials" for steel?

2. What raw materials are involved?

3. What are the factors ﬁhat influence consumption of

critical materials per ton of product?

Beyond these, the question of policy recommendations for
present and future government actions and the strategy to be
followed by govefnment and industry in the event of a supply
disruption need to be addressed, because technological
solutions to the problems posed are not necessarily the best

solutions.

* Gordon Geiger is Vice President and Technical Director,
Chase Manhattan Bank
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I will attempt to give some answers to the questions posed,

and then to raise some further questions for this Workshop to

ponder.

I. What are the critical materials for steels?

In my opinion, they are the materials whose supply we
believe could be curtailed or cut off, and whose use is

absolutely necessary. Consider the various elements:

Manganese is 100% imported and used all steels.
Chromium is 100% imported and vital for stainless steels.
Molybdenum is domestically available in adequate quantities.
Nickel is domestically available or obtainable from Canada.
Tungsten is domestically available (at a price).
Niobium has been obtained domestically in the past and could be
again (at a

price).
Boron is domestically available.
Silicon is domestically available.
Vanadium is domestically available, to some degree
Aluminum is domestically available (at a price).

Titanium is domestically available.

It would appear that, of these, only manganese and chromium

are really critical. This assumes, of course, that a period of
short supply of other elements could be tolerated while some
old processing plants or mines are restarted. It also assumes

that several of the above elements are cut off simul taneously.
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Reflecting on this latter point, the only way in which that
could or would happen is as the result of major worldwide
conflict or concerted action by Third World countries as a
result of significant political events. 1In either case, the
length of time involved in disruption is open to debate.

Either event would probably result in intense diplomatic
efforts arriving at a solution, or military action with unknown
results. The majority of manganese and chromium come from
South Arica, chromium from Zimbabwe, and manganese from Brazil
and Gabon. Other supplies of chromium come from the USSR,
Albania, Greece, Finland the Philippines, and Turkey. The
potential for supply disruption clearly exists, yet it would
probably require World‘War at sea to cut off supply entirely.

II. What raw materials are involved in manganese and chromium

supply?

Manganese is obtainable from imported ferromanganese, from
imported manganese-rich ores smelted in the U.S., from iron ore
concentrates and pellets that are high in manganese, from
low-grade domestic ores, from slag, from scrap, from fume and
dust, and from deep sea nodules.

Chromium is obtainable from imported ferrochromium, from
imported ores, from scrap, from slags, from fume and dust, and
from low-grade domestic ores.

I have listed these in the order of increasing cost and

difficulty of recovery. Presumably only a cutoff of supply

lasting a long time would result in the necessary investment of
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capital to obtain either element from domestic ores, slags,

wastes, or fume and dust. Several processes for separation and

recovery of chromium, nickel, molybdenum and tungsten from
complex waste materials exist, but have not been invested in
because of the continued availability of virgin materials,
making their economics marginal. Investment in mines and
processing facilities takes a long time and they must be
continually operated, once built, to keep them available in
times of crisis, which may never come.

With regard to deep sea mining, in my opinion, mining of
nodules for their elements is a 2lst century project, if then,
because of the capital cost/risk situation and the continued
availability of land-based minerals.

ITI. What are the factors that influence consumption of

critical materials per ton of product?

There are only two:
--Yield in processing raw materials to product.

~-Specification in product.

1V. Potential for Conservation via Specifications

Specifications are usually the result of compromise between
producer and consumer. They are both technical and economic in
nature. They are often the result of historic patterns of raw
material supply and technological limitations, e.g., sulfur was
allowed to be as high or higher than 0.050% in many steel

products when only acid steelmaking was prevalent. For many
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products, as basic steelmaking was introduced, consumers
requested, and got maximum sulfur levels of 0.025%. However,
AISI specifications for many steel products did not decrease in
maximum sulfur.

Beciuse of hot working problems, manganese had to be added
to tie up the sulfur in less troublesome form. Therefore, the
amount of manganese in the specifications was made to cover all
allowable sulfur levels under the specifications.

While it is necessary to maintain the Mn/S ratio for hot
working reasons, (10/1 is the usual ratio) the specifications
for S itself are continually decreasing. Today, about 10% of
flat-rolled steel calls for 0.010% S, and perhaps another 10%
calls for 0.015% S. These levels, in turn, do not need as
much Mn for hot working control, and so Mn levels of 0.20% are
adequate, whereas Mn levels of +0,3% are more common when
sulfur levels of 0.025% are encountered. The net result of the
decrease of S specification levels will also be a decrease in
Mn consumption, érovided the opportunity is recognized and
implemented.

The specifications for Mn are often very broad, e.g., 0.25
to 0.6%. There are reasons for including Mn beyond hot
workability aspects which only benefit the producer, such as
for strengthening weldability or hardenability. Yet
specifications do not differentiate between these reasons.
Since many decisions of materials specifications are made by
persons that do not recognize these factors, a tremendous

educational effort will be needed to educate purchasing agents
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and others that where they specify, e.g., AISI 1010 steel for a
non-stressed part, they are going to get average Mn levels,
e.g. 0.45%, (the Spec. is 0.3 to 0.6%) yet for property reasons
they may not need any Mn, and all that a producer need put in
is enough to counteract the effect of sulfur, e.g., 0.25% Mn

may be enough. The total of manganese over-consumed each year

because of purchasing/specification synergisms may be as much

as 25% of consumption.

In recent years, AISI and SAE have moved to lower the Mn
limits on 1005 and 1006 steels, to correspond to lower sulfur
levels, but have done nothing on 1010 and higher steels. Much

more needs to be done along these lines. Customers need to be

able to specify only properties needed. Chemistry needed to

meet those properties should be the responsibility of

producers. This would also allow producers to make better use

of residual elements in scrap. Scrap each year accounts for

larger proportiohs of the steel made, and this will continue to
grow. However, the elements in scrap must be better utilized. !
There are quite a few relationships available now between
chemistry and mechanical properties. It is entirely possible
to use linear programming and other computational techniques to
project the least expensive composition to achieve the desired
mechanical properties, including the effects of residual
elements. The necessary constraints to meet various
applications can be incorpérated. If the goal is to minimize
the use of a particular element, its "price" can be made very

high and the programs will automatically minimize its use.

P3-6




LRSS
...’7_

Fig. 1 is an example of the differences in alloying cost needed

to meet various levels of strength and/or chemistry for one

steel. Fig. 2 shows that meeting minimum chemistry for var ious

steels can result in mechanical properties both failing to meet

and excéééing minimum strength requirements. Clearly, the

relationship between chemistry and properties, in

specifications, needs to be readdressed.

With regard to chromium, development of substitute alloys,

to be discussed throughout the conference, is proceeding.
However, a number of questions need to be raised in this regard.
- Is a product made with a lower-grade material going to be
competitive on the world market? Many countries making
stainless products do not compromise on alloy and will
not be likely to do so unless actually cut off from

supply. Therefore, for U.S. firms to use less than

optimal materials, for the sake of conservation, will put
them at a competitive disadvantage and they are not
likely to do so, and should not be required to do so.

- Is development of such alloys going to increase the use

of another critical material, for example, Mn? If so,

does it make sense as a substitute?

- How much high-chromium steel is really needed in the
event of a siege?

- Could any country, for long, afford not to export
manganese or chromium to one of its largest customers?
Certainly not Brazil or most African countries, probably

including South Africa.
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V. Opportunities for Conservation by Improved Yield

The most obvious opportunity for yield improvements that

will conserve alloying elements is the installation of

continuous casters. U.S capacity for continuous casting is

only about 25% of its capacity for raw steel production. Most
of the bar and rod production in the country is continuous cast
today, but not the large structural and the flat products.

Many companies are constructing or engineering new slab and
bloom casters at the present time, but much remains to be

done. The major obstacle is simple: money. Every steel

company is having to conserve cash, and none have made much
money in recent years, partly as a result of not having casters

in the first place. The global competition has a much higher

percentage of continuous casting, and at today's operating

levels is producing essentially everything via this route.

They have, in many cases, not earned the money to invest, but
have received government assistance, either in the form of
outright subsidies or subsidized financing, to carry out this
modernization. U.S. industry is investing only $1B, this year,
when $4B+ is needed for modernization. It is imperative that
this investment be carried out as soon as possible.

Other opportunities for savings in the melt shop include:

- improved addition techniques, such as submerged injection

technology and furnace additions using smaller particle
size ferroalloys which allow more rapid melting and
mixing of alloying elements out of contact with slag or

air. Yields should be improvable by 20%.
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Use of bottom tapping systems in arc furnaces to minimize

tapping stream oxidation.

Improved systems for weighing heats in process, in order

to minimize overcompensation for uncertainty in weights

at the time of addition.

Recycling of fume and dust. The manganese to iron ratio

in fume is 100 times greater than in the metal bath from
which it comes. Systems exist for compacting and
recycling this material and it should be done.

Recycling of BOF slag through blast furnaces or using it

as EAF slag making material, to recover manganese.

Improved melting practices for Cr containing heats. AOD

processing has increased yields for Cr, but not to the
extent it should have and further improvements in control
are possible.

Increased use of melt control by computer. Dynamic

control systems available today for BOF control and used

in every plant I have visited overseas and practically

never here.need to be installed to minimize excess
oxidation of metallic elements. The use of linear
programming techniques to optimize alloy additions is

increasing, but should be extended.

In the area of hot and cold working there are a number of
technologies that need to be implemented. They include:

- Increased hot connection of slabs -and blooms to reheating

furnaces in order to minimize scale loss.

- Improved drafting sequences to minimize end crop losses

on account of width changes near ends of plates and coils.
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= Improved gauge control to minimize end losses on account

of out of gauge material for considerable length into
coils.

- Improved shape control on cold mills. This will require

investment in new mills.

- Increased use of thermo mechanical processing for

property enhancement. This requires investment in
continuous annealing and quenching lines, controlled
cooling lines on hot strip mills, and rebuilding or
replacement of older mills to increase their stiffness.

- Improved segregation of scrap to allow better recovery of

alloying elements.

- Improved in-process corrosion protection to minimize

downgrading of material from prime to secondary.

= Improved corrosion protection at customers' manufacturing
facilities. Significant losses of material occur at this
stage.

- Improved coating systems to protect material in service.

Most metallic systems do not fail for mechanical reasons,
but do so because they have corroded away.

While decreases in crop losses due to continuous casting
replacing ingot casting and slab rolling do not decrease
requirements for raw melting stock, they do result in several
percent less loss in slag, scale, and fume, because less of
each of these unrecovered items is made per ton of products.
Furthermore, in the case of low alloy steel (not stainless) the

chromium and other alloy elements are not recycled for recovery
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because of a lack of scrap segregation and so the virgin alloy
requirements are actually decreased by the full increased yield
savings of 10% or more.

VIi. Implementation

Some of the above opportunities for conservation can be
implemented by technologists, but many of them will require
capital investment, and all require management commi tment.
Unfortunately, the steel industry generally is presently in a
serious financial situation and its future prospects are poor.
If the dollar continues strong, as many believe it will, the
competitiveness of the domestic industry vis-a-vis foreign
competition will be poor, and its arguments for dumping will be
invalid. On the other hand, subsidization of foreign industry
has occurred, and has resulted in substantial modernization and
restructuring for more efficient operation, making future
competition tougher.

As a result, it is difficult for management to make the

_ commitment to investment in modernization of facilities when

the return on investment is not there. Thus, both the

availability of capital and management commitment are

questionable at this time. The question then becomes not

conservation of critical materials, but conservation of the

industry itself! The first question I pose for policy debate

is, therefore:
1. Should the U.S. government give outright grants to

steel companies to invest in continuous casters and other

needed capital equipment?
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- It may be the only way to quickly get U.S. industry
into competitive conditions in flat products. The
market mill segment is competitive in bar products,
but the flat product producers are not.

- The U.S. is the only country that does not give
outright or indirect financial support to its steel
industry.

- Without an injection of capital for investment in
thie technology, U.S. industry will continue to be
at & significant cost disadvantage when economic

recovery occurs, and may never be able to earn

enough to reinvest in it and become profitable.

Other policy questions for discussion are:

ZQ

In the event of a supply disruption, how much of the

consumption of (element) is really critical?

- Is it critical from a military standpoint?

= Is it inconvenient from a consumer stahdpoint?

- 1& there a reasonable substitute alloy?

How many elements can be cut off for long by exporting
countries? (How well does an embargo work?!)

~ What proportion of their net exports does it

represent? Often a large part.

- Can they cut off supply to only one customer nation

effectively? Not very well,

= Are they self-sufficient themselves? Usually not.

Should specifications be reviewed with an aim of
alloving more freedom to use residual elements to meet

mechanical property requirements? Yes.
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Can specifications for alloying elements, including
manganese, be more specifically oriented towards their
function, so that when not needed for specific

properties, but only for processing reasons, they may

“be eliminated by suitable alterations in processing?

Yes.

What price are we willing to pay for domestic supply?

- Should or will the government subsidize development
and operation of otherwise uneconomic domestic

mines, smelters and refineries? It seems unlikely.

- If not the government. who would do so?

- How can the use of more expensive but less
strategically critical alloy material be justified,
or paid for, in times of non-crisis? It cénnot.

How can better manufacturing techniques and rolling

technologies be introduced, when the American

engineering education system has practically ignored
these subjects?

- What can be done to improve the teaching of
macro-mechanical processing in universities?

- What\can be done to improve the teaching of
manufacturing?

- What can be done to improve the teaching of
engineering?

Since many critical materials are not necessarily the

most expensive materials, their use is economic today.

Chromium and manganese are the least expensive alloying
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elements in steel. Without changing their cost, how
does a plan to implement changes, in the event of a
supply crisis, get designed and implemented?
- Is it done by artificially adjusting price?
- The plan will have to be organized and on the shelf
to be of any use.

CONCLUSIONS

The major problem is not necessarily methods or
technologies to save chromium or manganese, or to replace
them. Technologies exist and substitute alloys exist.
Implementation of the substitute alloys will often result in
inferior products. Implementation of technology requires
massive capital spending that the integrated steel indhstry
cannot afford.

Therefore, the problem is really the preservation of the
steel industry in some form and at some reasonable level of
capacity. This will require injection of capital from sources
outside the industry. Otherwise, there will be no competitive
industry to use chromium or manganese and the critical

materials problem will have disappeared.

4858D/ jc
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Potential Areas for Chromium Conservation in Stainless Steels

R. A. Lula, Consultant

During the past five to ten years the critical metallic materials have
been the subject of numerous conferences, committee meetings or other kind
of activities which can be categorized as public debate within the technical
community. In many respects'this has been a successful and fruitful endeavor:
it certainly has awakened the public awareness, it has defined the problem and
has yielded contingency p]annihg to be used in case of sudden disruptions that
might make it imbossible to produce essential equipment for our national defense.
It has also resulted in legislative action by the enactment of the National
Materials and Minerals Policy, Research ahd Development Act of 1980. This public
debate has yielded, however, only a modicum of positive action and commitments
to imp]ementlthe.necessary steps to alleviate the short and long range critical
materials problem. |

My assignment at this workshop deals with chromium conservation in stainless
steel, a narrow but vital portion of the critical materials debate. The most
pértinent research on chromium conservation in government and industry will be

reviewed and some possibilities of chromium conservation will be discussed.

The Role of Chromium in Stainless Steel

A pertinent discussion of chromium conservation in stainless steel has to be
made in the context of the various functions provided by chromium when added to
stainless steels.

The first function of chromium is to provide corrosion resistance. No
other element is known to perform this function and none are expected to be
discovered in the future. If chromium cannot be replaced it can, however, be

reduced in certain applications for which some stainless steels might be overdesigned.
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A reduction of the chromium content in ferritic and martensitic stainless
steels does not appear appropriate. The situation is different with the
austenitic stainless steels which are locked to 18 percent minimum chromium
by tradition and the low cost of chromium. A reduction of chromium should

be feasible since in many of the applications in which these steels are being
used a lower content could be adequate.

The second function of chromium is to impart resistance to oxidation.
Partial or even complete replacement by aluminum is considered feasible in
certain applications especially in the absence of corrosive compounds such as
H,S.

The third function of chromium is to stabilize the austenite in austenitic

stainless steels by depressing the M temperature. Since all the common elements

used in steelmaking lower the Mg temperature, replacement of chromium is feasible.

Short and Long Range iHaterials Criticality

Among the many issues clarified by the public debate is the division of the
materials criticality problem into short and long range. A sudden disruption of
supply is, of course, short range while the possibility of gradual erosion of
world resources is a long range possibility. For the long range critica]ity
at Teast in regard to chromium in stainless steel, I am inclined to discount the
need to advocate any R & D on chromium substitution or conservation at this time.
The gradualism that characterizes the long range situation will permit to solve
the chromium problem, in case it ever materializes, in concert with the economic
and technological factors prevalent at that time. Indeed who can predict, for
instance at this time, the impact of the surface modification technology and
economics on the utilization of stainless steel, ten, twenty or thirty years

from now?
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For this reason this presentation will deal only with the sudden cessation
or disruption of chromium supply as it might affect the national defense and
military security as well as the national economic and industrial strength and

well-being.

Review of Activities on Chromium Conservation

A review of the studies and the R & D on chromium conservation has to start
with the report "Contingency Plans for Chromium Utilization" - MNAB-335, published
in 1978. This is a comprehensive and detailed study made by a committee with
broad representation from government industry and academia. The data, con-
clusions and recommendations of this report can easily form the basis for all
subsequent work on chromium conservation.

The basic assumption adopted in this study is the worst possible supply
situation, that of a total embargo of all foreign sources of chromium ore or
ferrochromium. Among the conclusions and recommendations the following are worth
citing:

® A drastic curtailment of chromium supply would have
serious short and long-term effects.

e The location of chromium deposits are such that in 25
to 50 years the world will depend completely on South
African and Zimbabwe deposits.

e No substitutes exist or are likely to be developed for
chromium in high-strength steels, high temperature
alloys and corrosion resistant alloys that are essential
for jet engines, gas turbines, power plant equipment,
petro-chemical and various other critical products.

e It is very unlikely that corrosion resistant iron or

nickel-base alloys without chromium will be developed.
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e The optimum response to the increasing vulnerability
to a disruption of the chromium supply would involve
a combination of four approaches: stockpiling, con-
servation, substitution and exploration for new deposits.

The U. S. Bureau of Mines has several projects dealing with chromium con-
servation and substitution in stainless steels. An Fe- 8 A1-6 Mo alloy (Table 1)
is being investigated as a chromium-free substitute for high-chromium heat-
resistant alloy. More research is needed to optimize the composition and
mechanical properties of this alloy but it is important to note that it has
already demonstrated that a chromium-free iron-base alloy can achieve high-
temperature oxidation resistance in air superior to that of Type 304 stainless
steel.

In another project funded by the Bureau of Mines and carried out at Inter-
national Nickel Company's Research Center, the aim is to determine if other elements
could replace part of the chromium in stainless steels in corrosive environments.
Based on the conclusions of this work, it appears feasible to develop an austenitic
stainless steel containing on the order of 9 percentnchromium with addition of
molybdenum and possibly copper and vanadium (Table 1) that would have corrosion
resistance comparable to 18-8 grades of stainless steel in less severe environ-
ments but would be inadequate in most severe environments, for example, in
boiling nitric acid. This steel, according to S. Floreen, could be used in
decorative, aqueous and some industrial applications.

NASA - Lewis Research Center also has a program to determine the feasibility
of substituting less critical elements for chromium in Type 304 stainless steel.
After an extensive evaluation of various alloying elements an optimized compo-
sition was selected containing 12 percent Cr plus Si, Al, Ni addition as shown

in Table 1. Based on anodic polarization tests, this alloy has corrosion
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resistance in aqueous environment superior to that of Type 304. The oxidation
resistance in air of this alloy is also superior to that of Type 304, undoubtedly
due to the presence of aluminum.

The Specialty Steel Industry whose well-being depends on the availability
of raw materials at a reasonable cost has experienced in the past some crises
which were weathered successfully. In mid-nineteen fifties, during the Korean
war, the industry overcame a nickel shortage by promptly devé]oping high man-
ganese-nitrogen-bearing austenitic stainless steels with 1 percent max. nickel
content. These steels did not survive when nickel became readily available but
they were the precursor to the AISI 200 Series stainless steels in which half
of the nickel content of the 300 Series is replaced by manganese and nitrogen.
These steels have found a permanent niche in the family of austenitic stainless
steels.

In 1974-75 we experienced a self-inflicted surge in the price of chromium
as a result of the U. S. embargo of Rhodesia. This was followed shortly by the
intense public debate on critical materials. The Specialty Steel Industry reacted
to this by researching ways of saving chromium and other critical metallic elements.
One example pf this type of work done at Allegheny Ludlum Steel Corporation's
Research Center will be described here.

More than 50 percent of all the chromium used in this country is for
stainless steels. Of the total stainless steels, production Type 304 and other
18 Co-8 Ni represent over 75 percent. For this reason the main thrust on any
chromium-saving effort should be aimed first at Type 304. The immense popularity
of Type 304 is based not only on its resistance to corrosion but also on its
outstanding versatility as illustrated by ease of fabrication and good mechanical
properties. It is interesting to note that all austenitic stainless steels have
at least 17-18 percent chromium content when it is well-known that passivity can
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be achieved with only 12 percent chromium. This has to be undoubtedly credited
to the Tow and constant cost of chromium over the years. It is believed that
with the exception of some chemical industry application, in most other uses an
austenitic stainless steelwith lTower chromium content will have adequate cor-
rosion resistance. Lowering the chromium in an austenitic stainless steel
demands replacement by other elements since its role is not only to provide
corrosion resistance but also to stabilize the austenite. Otherwise the
austenite becomes unstable upon cooling or cold working.

With these considerations in mind, Allegheny Ludium Steel Corporation has
proceeded to devise a theoretical method to develop new austenitic steel compo-
sitions with an austenite stability, and hence general mechanical properties
characteristics, equivalent to that of Type 304 stainless steel. The austenite
stability, expressed as Mg or M, temperatures, was the quantitative criterion
for chromium replacement. Three empirical formulas shown in Table 1 were used
to determine the M¢ and Mp temperatures.

The average Type 304 composition used as model for stability is shown in
Table 2, together with its calculated stability factors. The Mn and N, levels
of the new compositions were calculated assuming Cr levels of 12, 14 and 16 per-
cent. Austenite stability contours were calculated with all three stability
formulas and were plotted on a Mn versus N2 graph as shown in Figure 1. Examples
of compositions selected from the three graphs in which the Mn and N2 were averaged
are shown in Table 3. This approach can be extended to 10, 8 or even lower
chromium content and other elements can be brought into the picture.

This method fits well in the concept of stored information to be used in
case an emergency arises. The practical value would be considerably enhanced if
the theorefica] work would be followed by an experimental phase in which several

composition with chromium content from 6 to 16 percent will be made and evaluated.
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The processing, mechanical properties, the corrosion and especially long-time

exposure corrosion should be evaluated.

Table 1

Fe-Base Compositions of Cr-Savings Alloys

- Composition
Sponsor Objective 3 Ni Si Cr Mo Al Other
U.S. Bureau Oxidation A - - - 6.0 8.0 .8 Ir
Mines resistance
U.S. Bureau Corrosion .011 23.5 2.3 9.3 1.0 - 2.2 Cu, 1.9V
Mines (INCO) resistance
NASA Corrosion .06 10.0 1.65 12.0 2.0 1.0 1.1 Mn
and
oxidation
Table 2

1. Eichelman

Mg = 75

2. Angell

Formulas for Austenite Stability

and Hull

(14.6 - Cr) + 110 (8.9 - Ni) + 60 (1.33 - Mn) + 50 (.47 - Si)

+ 3000 [.068-(C & N)]

Mp = 413-462 (C + N) - 9.2 (Si) - 8.1 (Mn) - 13.7 (Cr)

3. Monkman

- 9.5 (Ni) - 18.5 (Mo)

Mg = 2160 - 66 (Cr) - 102 (Ni) - 2620 (C + N)
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.07
.07
.07
.07

Table 3

Average Type 304 Composition

Mn si cr Ni Mo cr
1.70 .50 18.50  8.75 .20 45
= -461 2 - Mg = +.6 3-Mg = -414
Table 4

Selected Compositions with Stability Equivalent to

Type 304
Mn si cr Ni Mo Cu
4.75 .50 12.0 8.75 .20 .45
2.20 .50 14.0 8.75 .20 .45
5.30 .50 14.0 8.75 .20 .45
3.10 50 16.0 8.75 .20 .45
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Conclusions
In closing I would like to reiterate that in this rapidly changing world
we should leave the long range materials availability problems be solved
gradually as they occur, probably in the form of cost escalations, by the

technological and economic means prevalent at that respective time.

The short range problems such as would be a sudden cut-off of all chromium
supply need extensive advanced preparation in the form of research and development
to act as stored know-how ready to be implemented on a production scale at the
onset of an emergency. This is now termed substitution preparedness. The work
done so far has indicated promising possibilities of chromium saving. Con-
siderably more research is, however, needed and this work should not be confined
in the ivory tower of the laboratories but should be broadened to encompass
processing, fabrication and evaluation of the materials or methods that have
been developed. The traditional producing, fabricating and users industries
should be brought into the picture in order to gain their eventual acceptance.

There is little justification for the industry to put their R & D monies
in new materials or new methods designed for very specific and not very likely
to occur circumstances and, hence, are not economically viable in present day

conditions. For this reason, this should be funded by the government.
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The Value of a Generic Technology Base:
" Substitution Based on Hardenability

It is a pleasure to be a part of this important and timely
workshop. Being a keynoter I find is no small challenge as I
have spent considerable time just con51der1ng what might be an
appropriate contribution. Certainly to give you information on
the importance of chromium as an alloy or statistics on how
much we import is not necessary as these factors have already
been well established. Chromium certainly has a very positive
impact on our lifestyle. 1Its attractive properties as a metal
and as an alloying agent are well known to engineers and
metallurgists interested in the performance of machinery and
appearance and performance of structures. There are very few
elements that have as attractive cost/benefit ratio as
chromium.,

I finally settled on trying to use one aspect of the technology
related to hardenability, chromium and substituteion to make a
broader point for the position of technology in contemporary
society.

"Substitution technology," as a descriptive phrase, has
recently moved to the forefront. 1I'm not a critic of it, I
enjoy it, but I would like to point out that substitution is a
normal ongoing engineering activity and has been for many
years. It would be difficult to pinpoint the origin of
substitution technology. 1Its roots go into antiquity. Of
industrial significance though mayby a century ago would be a
place to start. About that time cast irons, wrought iron and
crucible steel were the essential metallic materials of
construction, Cast irons are still with us and their
associated technology has been expanded greatly. Wrought iron
and crucible steel were however rendered non-competitive by new
developments. Substitution of Bessemer steel as a material of
construction took place on a large scale in the 1870's. It is
interesting to note though that it occurred was some 15 years
after Bessemer read his famous paper to the British Association
of Advancement of Science (). wWilliam Leslie gives an
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interesting historical documentation concerning developments in
the steel industry in the December 1971 issue of the Journal of
Metals. In my comments I have drawn freely from his work.

There are no components on which materials are specified that
the specified material isn't in jeapordy from a competitor
material. Improvements in processing, performance and cost are
perpetually. in demand. Harry McQuaid once said in his own
inimitable style that, "I was once told that the ideal design
is one that is just good enough; that anything better than good
enough was wasting someones money; and that anythin? not good
enough means you wouldn't have a job very long." (2

That is a very succinct and on target statement. It has two
elements, one, components must perform and two, their costs
must be optimized. The implications of this are, however,
profound. This implies that we must have comprehensive
technical knowledge concerning what the performance criteria
are in terms of loads, their frequency and variations, the
states of stress they induce, invironmental conditions, and so
on. In addition, we must quantitatively understand properties
of materials of construction in terms of fatigue and fracture
resistance and the influence of the myriad environments
components are exposed to and thirdly, we must have
comprehensive knowledge concerning producing the complex shapes
required, including costs and sensitivity to capital equipment
reqguirements. This is common knowledge to the insightful
technologist. I just wanted to bring it into focus.

The simple challenge expressed by McQuaid and an understanding
of the complex technical nature of our varied disciplines
provides the starting point to map future strategies and
emphasizes the necessity for expanded knowledge and

interdisciplinary cooperation.

In the first portion of my remarks I'd like to dwell on
substitution technology related to applications where
hardenability is the major requirement. This discussion will
provide background for the work on chromium substitution to be
reported by C.J. Kieth on Wednesday. I think it will be of
value to dwell a bit more in the past and briefly review some
of the milestone events in the surrounding technology that
provided us the tools that allow our current accomplishments.

Fi?ure #1, embellished somewhat from its first appearance,
(3) shows how our usage of individual alloying elements has
changed through the years since the turn of the century.
Technology during this early period was developing rapidly.
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Alloying was in its infancy, although chromium was added to
crucible steel as far back as 1865. A 0.60 chromium containing
steel was used in a complex tubular structure in the
construction of the Eads bridge at St. Louis in 1871 (4)., 1In
these steels chrome ore was added to the steel. The alloying
was successful in the crucible process because of the highly
reducing conditions associated with the process. The approach
didn't work though with the open hearth process and it wasn't
until ferro-alloys became available, around 1880-1890 that
alloying was practiced on a large scale. Even so, alloying was
done principally for solution strengthening. As for the most
part only tool steel were heat treated in this period.

Nickel was the major alloying element in the 1900's. Chromium
was used in combination with nickel and by itself but in very
small tonnages. In contrast, by 1970, chromium was used by
itself and in combination with nickel and molybdenum in very
high tonnages. I would like to get two the concepts across
using this chart. One being, these steels throughout this
seventy, now 82 years, have been used principally in the
production of machinery and structures. Steels of varying
alloy types can be and have been replacements one for another
over the years. The most notable substitution based on
hardenability, occured in the early 40's during World War II
when nickel was in short supply. The Ni-Cr-Mo system, i.e. the
now popular 8600 series steels were developed. These were
known early on as NE (National Emergency) Steels. The switch
to these steels was made with fear and trepidation but with
very little difficulity considering the level of technology
existing at the time. Note also, that many of our changes are

motivated by necessity.

¥or my second point on this graph, I'd like to use the
horizontal axis as a technological time line about
hardenability developments and thus help define the current
state of the art. Building complex efficient machinery would
be a cumbersome task indeed if it were not for technical
advancements in materials. Heat treatment of steel can be
listed as one of the very important contributors to our current
advanced lifestyles. An understanding of hardenability
concepts is essential to providing an appreciation for this
contribution.

Hardenability is defined as the capacity of a steel to
transform partially or completely from austenite to some
percentage of martensite at a given depth when cooled under
some given condition. Another definition, from the ASM
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handbook, is the property that determines the depth and
distribution of hardness induced by quenching. These two
definitions are different in that in the first the criteria is
microstructure, whereas in the latter the criteria is
hardness. The first is preferred, however, it is sufficient
for our purpose to recognize that hardenability is the capacity:
of a steel which allows it to develop strengthening in
components by heat treatment and the higher the hardenability
the larger the component which can be adequately strengthed.
Hardenability is dependent on nucleation and growth of
non-martensitic products, the austenite grain size which
affects nucleation sites, and the effect of alloying elements
on nucleation and growth.

Technology surrounding this phenomenon was slow in developing.
A great deal was known about advanced stress calculations as
far back as the mid 1800's, however, the factors involved in
the development and control of strengths weren't understood
until much later. Around the turn of the century, as indicated
earlier, only tool steels were regularly receiving heat
treatment. Most early tests where depth hardening was observed
had to do with testing for toughness. Bars were heated to a
"good cherry red", gquenched in water, then broken to examine
the fracture texture. A rough surface would indicate
brittleness, a fine texture surface would indicate toughness.
The texture was generally controlled by grain size. During the
course of this test, however, effects were observed in terms of
depth of hardening. However, it wasn't until about 1926 that
any standardization of hardenability testing began to occur.
The test, which evolved from the grain size work, was known as |
the P-F test sponsored by Shephard (3), 1t was in this same
period that McQuaid and Ehn (®) developed the grain size
measuring method which is a standard today. Not much happened
after that related to measurement of hardenability for almost a
decade. However, during this period Bain (7) began to shed
important knowledge about phase transformations and developed
the TTT diagram. Our understanding of microstructural
development and control through heat treatment was advancing
rapidly. Shortly after this several hardenability tests were
developed. The "end-quench" test by Jominy has turned out to
be the most significant, and what a contribution it has turned
out to be. Data from this test are the basis for the
description of standard H steels. Heat treatable steels are
purchased to these standards world-wide. It even, in many
respects, overcomes language barriers. But most importantly,
the data can be used to effect rational metallurgical design of
heat treated components. The test was first developed to
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measure carburized hardenability, but quickly was extended to
measuring hardenability of a whole broad class of heat
treatable steels. Publications (8) related to this
development are dated in the 1938-39 period. There was a flury
of work related to hardenability during this period and many
important contributions were made. It does not match my
intent, however, to dwell in detail. The next important
generic type development followed soon after. Now that
hardenability was accurately quantifiable and knowledge of
transformation kinetics was becoming more sophisticated, it was
logical that hardenability prediction based on chemistry and
cooling conditions should follow. Grossman (9) lead off in
this technological area followed by many others such as Kramer
et al (10) Crafts and Lamont (11) and others, to provide a
means of calculating hardenability based on the contribution of
individual alloys. Again there was much work from many
sources. The technical meetings of that day were exciting.
Technical papers were given in detail, not 15 minute summaries,
and prepared discussions provided the public challenge
necessary to affect quality of the work. To hasten- along
though, other lmportant work took place related to usin
hardenab111t¥ data in metallurglcal design. Boeghold )
Grossman carney (14) and others made significant
contributions durlng the period 1940-54 and in 1957 Jatzak and
Girardi (15) published their classical work on multiplying
factors for high carbon and the case carburizing steels. From
that time, things were somewhat dormant until the start of the
70's when the computer was utilized in computlng hardenability
?f%?g the regresiig? analysis approach. Just » Kirkaldy
ourselves and others had been working in this
area during this period. CCT diagrams became common place and
improved multiplying factors were developed by de Retana and
Doane (19), our work on cost optimization through computer
aided design was also started in this period. My colleagues,
Walter, Sponzilli and Keith (20) were very instrumental in
this work.

Well, this has been quite a dissertation on the history of
alloying and hardenability. Recognition of this technological
area is very important however. Close to ten million tons of
alloy heat treatable steels are produced in the U.S. annually.
There are about 90 different standard alloy systems. Since
1952, 70 systems have been deleted and there are about 42
systems known as SAE EX steels awaiting their turn to become
standard steels. Some, of course, won't make the tonnage
requirements to qualify for the standard category. Figure (2)
is a typical hardenability band and should be kept in mind as
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we discuss additional substitution concepts. The dark area
defines the limits for EX-6 and/or 8620 H steel. These limits
are based on experience. Comments related to calculation of H-
bands appear later in this paper.

In that respect, I would like to give a brief on the CHAT
system. CHAT is an acronym for Computer Harmonized Application
Tailored. This system is being utilized to develop chrome-free
steels to replace the 8600 and 4100 steels as a contingency
plan. This work, sponsored by Bureau of Mines, will be '
reported on fully by C.J. Keith on Wednesday. The CHAT system
has been used extensively at International Harvester to develop
cost optimized replacement and alternate steels for over a
decade. The CHAT process is comprised of two parts. They may
be done independently or in combination. When done together,
the AT part of CHAT, i.e. Application Tailoring is done first.
I'll not go into detail but it is the engineering work that is
necessary to quantify hardenability requirements in terms of

Dr for a given application. Djp (base chemistry

hardenability) is required for through hardening application.
Both Dyp and Dyc (case hardenability) is required for
carburized applications such as gears and shafts.

Once hardenability requirements are qguantified the CH, i.e.
computer harmonizing is done. The job of the computer is to
provide a least cost chemistry combination which will meet the
hardenability requirements. To show the principles involved
refer to figure (3) thru (7). Figure (3) is a photo of the
end-guench test in progress. Figure (4) is a plot of hardness
vs. distance from the qguenched end. Although not completely
accurate Dy can be thought of as a single number which
describes the fall off rate of the hardness vs. distance
curve. This figure also indicates the ability to use
multiplying factors to calculate Dy. Figure (5) indicates

the relation between Dy and a series of hardenability

curves. Deeper hardening steels have higher Dy's. This
curve also shows the major role of carbon on initial hardness.

Carbon content is the limiting factor in developing maximum
hardness in the fast cooled area where 100% martensite is
formed. It also makes a significant contribution to
hardenability. Figure (6) and (7) show the key to the CH
system. The contribution of each alloying element, i.e.
multiplying factor divided by cost, is known as hardenability
efficiency. The computer is programmed to use this type of
data to build chemistry combinations which will simultaneously
meet Dyp and Dyc requirements at minimum cost. Incremental
hardenability efficiency, 4 log (mf) divided by Alog (cost),
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also plays an important role. I have rushed through this
rapidly but I believe with sufficient detail to provide the
gist. One quick demonstration will suffice to show how it
works. Figure (8) shows a carburized rear axle hypoid pinion.
This application was targeted to develop an alternate steel to
replace the 3.5% nickel steel being used because of cost
considerations. An extensive review of the design, its field
per formance history and some innovative experimental stress
analysis work during the AT portion of the program resulted in
the understanding that a strength gradient (expressed as
hardness) as shown in Figure (9) would provide adequate
 performance. Cooling conditions were defined in terms of
Jominy equivalent conditions (Jec's) and the case and core
Dy's derived, Figure (10). This information along with

1imits on carbon were the basis for Computer Harmonizing (CH).
The least cost computer designed analysis is shown in Table I.
Sample heats were made and tested to verify the accuracy of the
computations (refer to Figure (11). Parts were produced and
subjected to engineering and manufacturing tests. A program
such as this never goes without a hitch, but after some
innovative work by some of the people at the factory the bottom
line was major savings, as summarized in Table II.

When one is involved with substitution on the basis of
hardenability the guestion invariably comes up as to the
influence of individual alloys per se on performance. There
are some areas where we feel very comfortable in this respect.
Iin many instances we can safely subscribe to the notion that
performance is related to carbon level, microstructure and
residual stress, all other things such as presence of
non-metallics and grain size being equal. We are, of course
addressing a multitude of applications when considering heat
treated components. Springs, shafts, gears, wheel spindles and
fasteners are but a few of many. Carbon levels vary
significantly from very low to very high carbons so it would bg
difficult to cover the subject adequately but it should be
discussed with the warning that there are exceptions to the
rules. Fatigue and toughness are two of the §rime performance
criteria. Figure (12) from Garwood et al,(21 demonstrates
some principles about fatigue that have become pretty well
accepted. There is a linear relationship between hardness and
fatigue strength for martensites up to 40 HRC fairly
independent of alloy content in these medium carbon steels.
Above that hardness the relation deviates from linearity,
seemingly dependent on carbon content. Carbon, however, is in
an intermediate role here, because of its affect on .
temperability. Because response to tempering is dependent on
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carbon and alloy levels, it was necessary for samples of the
different grades shown to be tempered at different temperatures
to achieve the same hardness; consequently, a variety of
residual-stress conditions resulted. The tempering
temperatures were necessarily sufficiently high to obtain 40
HRC; the residual stresses were reduced to a very low level,
making all samples similar in that respect at 40 HRC and

below. Above that hardness, however, tempering temperatures
were such that residual stresses from heat treating were of
sufficient magnitude to affect fatigue strength. It can be
surmised, on considering the samples used in the study, that
the groups having higher resistance to tempering (groups
‘tempered at the highest temperatures) had better per formance.
This leads to the conclusion that, in general, the specimens
initially contained detrimental residual stresses, which were
relieved in differing amounts by tempering. This is consistent
with the theory of development of residual stress in heat
treatment, which considers specimen size, hardenability and
carbon level. In principle, the level of residual stress in
through-hardened as-guenched steel is usually tensile for small
sections such as used in this study and decreases with
increasing section size and/or decreasing hardenability to
compressive values. The sequence of transformation from
surface to center and the temperature gradients govern the
outcome.

Very low carbon steel and very high carbon steels are more
sensitive to alloying variations. Case carburized applications
should be considered carefully, however, there is considerable
evidence that in lower alloy steels, alloying effects per se
are not significant. 1In high alloy steels complications arise
which sould be considered separately. That is not the intent
of this writing.

Effects of alloy per se on toughness have not been studied
extensively. Figures (13 and 14) summarizes the work of
Vishnevsky and Steigerwald did on medium carbon martensites.
Most alloys, including chromium, causes a shift to higher
transition temperatures. Nickel lowers the transition
temperature. Diesburg (23) using a simulated gear specimen has
recently started building a technical base in this area for
carburized steels. Much more needs to be accomplished.

Substitution through hardenability is not a panacea, however,
competent technologists should be able to discern trouble spots
and accomplish much using the technological principles just
described.
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Some discussion on the value of this technology is, I believe,
appropriate, before I try to make my point regarding technology
in general. The, what now appears to be a simple test, the
end-quench test - how valuable was this technological
development? Look what it does for commerce. Steels are
bought and sold based on the response to the test. Standards
are developed.  Plant inspectors use the test to see if the
material they purchased meets the specified "end-quench"
hardenability. As I've just demonstrated parts are provided
with optimum metallurgical design on the basis of it. This
influences both size and cost. This discussion could be longer
but I believe it's time to ask "what was the ROI on Jominy's
work? A silly question perhaps, but it must be astronomical.
And this is my point, generic technology base-building GTBB
type effort is so essential, yet it is difficult for it to be
supported because of the way industry is currently structured.
Few executives would overlook an opportunity to support high
technology efforts to develop new products where the promised
ROI was lucrative or even reasonable. Many communities vie for
high technology research companies on the hope that their
developments will create employment opportunities. Support for
GTBB type effort in industry though can be found only in
isolated spots and frequently even that is being bootlegged.
Most GTBB effort is being conducted in a university setting.

In recent years universities have been criticized, and partly
justifiable, for not being coupled to the needs of industry.
Their GTBB work was not on target. Our competitors abroad seem
to have a more effective link between industry and academia.
Industrialists, not understanding the importance of generic
technology base-building research, were not willing to support
it in their own laboratories nor at the universities.
Certainly there are exceptions and some of them have made
fantastic contributions. Well, things are changing but much to
slowly. We must see the big picture. What is the role of
GTBB? How do we promote entrepreneuring with the technology
base to develop superior products? How should GTBB be
financed? How can we effect cooperation among our various
technological resources, how can we inhance the understanding
of executives and legislators as to what industrial technology
is about, that it is more than patents, and, the impact that
technological activities have in our society? How can we
assure a growing supply of technical professionals for
industry. How can we assure that industry will use them? An
article appeared in our local newspaper not long ago entit}ed
"Don't Wait on the Invisible Hand to Save Us." It was partially
politically motivated and hence in its entirety not proper for
this presentation, however, it described the Japanese
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situation, their constancy of purpose (ala Demming),
willingness to sacrifice and emphasis on technology as has been
done in many other publications. It pondered on the woes of
industries such as, automotive, steel, electronics, garments,
etc. and asked - why? It implied that our faith was in some
unstable, vague force. Well, certainly nothing will be
accomplished by an invisible hand. The strong implication then
is that we, the technologists who have and are earning our
livelihood in the technical arena, are probably the minority
who can develop an appreciation of the situation and thus are
saddled with the responsibility to be more active in setting
policy, educating, and just simply effectively asserting our
‘understanding.

Certainly this has been a very superficial coverage of an
important question (What can be done to improve our lot?) The
root causes go very deep. If you haven't read about the recent
convocation of educators, scientists, legislators, etc.,
organized by the National Academy of Science, you should. 1It's
reviewed in the May 24 issue of Chemical and Engineering News.
It focuses on the problems of our educational systems. High
school science problems gained the spotlight. International
comparisons were made and we come off second best on a regular
basis. Why? Are our technical people held in high enough
esteem? Are they paid in proportion to their real
contribution? And so on.

I have used the very old but important technology, substitution
technology to make a couple of important points. One, of
course, being that it can be used to help conserve chromium.
Another that it can be used as an ongoing means of operating at
optimum costs, but most important that it demonstrates the
value of generic technology base building efforts.

In closing, with regard to the situation with chromium here are
a couple of excerpts from a document produced by the National
Materials Advisory Board entitled Contingency Plans for
Chromium Utilization (23). "The CHAT procedure could be used
to maintain steel production efficiency in the face of
potential chromium shortages by permitting increased
flexibility in alloy substitution based on available elements
and by broadening the standard chemical analysis range limits
(while maintaining hardenability within the required range) to
new range limits established by CHAT analysis."

"To provide a basis for minimum chromium use in the tonnage
.alloy steels without sacrificing properties, a system such as

P5-10




- 11 =~

International Harvester's CHAT should be advanced on a national
basis and incorporated into design handbooks and
specifications. This system requires considerable data to be
developed on the effect of carbide formers other than chromium
-- tungsten, vanadium, titanium, and columbium ~-- upon
properties such as hardenability, resistance to intergranular
cracking, and resistance to hydrogen environments."

These insightful statements properly assess the situation in
that they not only recognize value but point out that
additional technology base-building efforts are reguired even
in this technology, one which we consider mature.

Entrepreneurship is well understood by the business world. It
should be an acceptable term for the technological world even
applicable to TBB. Not the slick Madison avenue concept of
entreprenuership but the activities of substance where
interdiscipline and intradiscipline knowledge is coupled to
advance the state of the art and subséquently to enhance
performance, productivity and cost. Technological
entreprenuership should be understood by the technical
community and all importantly the business community. An
understanding of the way technology is developed, how it is
used, and its ultimate impact on society should be second
nature to our business leaders. It's so important. Education
about it should start at a very early age for most citizens.
Not just those events that are newsworthy and are rewarded by
Nobel Prizes but everyday bread and butter technology should be
given its appropriate position in our 1lives and the lives of
our children.

Tt would be hard to imagine a more dismal state of affairs for
our industry. The statistics related to sale of foreign cars
are overwhelming. For a decade the economy has suffered set
back after set back. Re nown economists are in disagreement as
to the cause. A combination of rising oil prices, slumping
productivity, soaring labor costs, declining capitol
investments, and stiff, even sometimes unfair, competition from
abroad have shook the very foundations of great corporations
that were once considered as institutional.

The economic news continues to be pessimistic, sagging profits,
unemployment and increased deficit spending by government are
difficult to digest even when interest rates appear to be on
the way down. Corporate per formance is from bad to mediocre in
practically every industry. Please don't get the impression:
that I think GTBB is the cure for our nations ills, but I do
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think there is enough historical and contemporary evidence to
allow the conclusion that it is a factor. We need to develop a
more comprehensive technology base in every technological arena
and we need to train engineers to entreprenuer with it for the
betterment of our economy and society. 1I've heard it said that
the U.S. is fated to become a country of nothing but rock

groups, video games, junk food restaurants, marginal movies and

immature TV programming. We need to reasses our values and
effectively promote activities of substance.
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TRENDS AND NEEDS FOR FUTURE STEELS IN BUILDINGS AND BRIDGES
AMERICAN INSTITUTE OF STEEL CONSTRUCTION

by Lewis Brunner

Today 1 report to you not as an expert in metallurgy or steel making,
and certainly not as a scientist or scientific researcher, but as a long-
time observer of the commercial scene and the competitive factors at work
in the construction marketplace. As an observer of this industry and
the changes that have taken place--as well as the changes that have not
taken place--during the past thirty years, I hope to be of assistance
in helping this conference develop answers to the question of future needs
for critical minerals. As I understand it, my personal assignment is to
report to you on the subject of steel for buildings and bridges, and
during the next few minutes I'11 confine my remarks to those major areas
of the construction industry, more specifically to the structural materials
that become an integral part of the supporting frame, and let others deal
with the machinery and equipment used to make, fabricate and erect the
finished members, so when you get right down to it, we are talking about
a rather narrow band of steel grades, despite the fact that the size and
shape of the products vary widely and the work performed on the base
material can be simple or complex and the total tonnage rather substantial.

At the American Institute of Steel Construction, we have for years
kept records about the size and nature of the fabricated structural
steel market.

Over the past decade it has varied from 3.5 million tons per year to
almost 6 million tons, depending upon the economic conditions of the
country and the nature of the construction market. However, for the most
part we generally agree that the normal market is just under 5 million
tons per year. Less than one-fifth is used for the support structure for
bridges, almost all of that being carbon and low alloy plates, while the
four-fifths is used for a wide variety of non-residential building frames.
The building market is satisfied primarily with structural shapes, nearly
all of which are wide flange plus some plates. For statistical purposes
we subdivide this area into 11 building types, such as industrial buildings,
utilities, commerical, office, parking, assembly, residential, medical,
public, bridges and transportation. To give you some idea of magnitude:
in 1981 the building market used 1.4 million tons for the frames of
industrial building, while offices and commercial buildings consumed 2.25
million tons. Again, most were wide-flanged shapes in the full range
from 8 inches to 36 inches deep. Most of these two segments of the con-
struction business--bridges and buildings--are satisfied by three grades
of construction steels--the common carbon grade, ASTM A36, which is
considered acceptable for riveted, bolted or welded construction, ASTM
A572 and ASTM A588, both considered to be High Strength Low Alloy o