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Since the First International Conference in 1968, we have 
witnessed a great deal of change and contrast in the world scene. 
One change is our own setting, which has shifted from the elegant 
Royal Festival Rall set amidst the traditional and timeless city 
of London, England, to this graceful auditorium situated so 
appropriately amidst the world renowned scientific and educational 
conununity of Cambridge in New England. The choice of two so 
eloquently contrasting settings points up an important truth 
concerning responsible scientific thought--the appreciation and 
use of the best of the world's traditional knowledge even as new 
ideas are being explored and new paths forged. We only have to 
look at the studies conducted on titanium during the early so's 
to realize how significantly they contributed to the later 
developments in the 70's to prove this point. For example, the 
development of low cost and efficient vacuum processing techniques, 
which were necessary to eliminate the early problem of hydrogen 
embrittlement in titanium, paved the way for the routine vacuum 
melting and degassing methods currently practiced in treating 
advanced titanium alloys as well as other high quality metals and 
alloys for aerospace and other similarly demanding applications. 

During these past four years, we have seen wars come and go; 
predictions and prognostications have fallen by the wayside; for 
example, the predicted use of 25 to 30,000 tons of titanium in 
1972 which was made back in 1968 was double the actual production 
of less than 12,000 tons; recessions and inflations have shown 
their presence with concurrent periods of industrial expansion 
and contractions and bright futures have arisen and others have 
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faded away. In recent times, I cannot recall a period where both 
the domestic and internationa.1 scenes have experienced such a degree 
of uncertainty, fluctuation, and general unpredictability. I find 
many similarities in this present world situation and its changes 
over the last four years with that of the titanium industry with 
its fortunes and misfortunes. 

We have indeed entered into an era of uncertainty concerning 
the future prospects of titanium. However, there are steps which 
may be taken to reduce this uncertainty to some extent. 

We need not look any further than the titanium industry itself 
to find obstacles which would tax even the most gifted and ardent 
groups of scientists, technologists, and industrialists. Examining 
the short but eventful history of titanium reveals that since its 
birth as an engineering material in the 40's, major problems have 
arisen and have been resolved through the combined efforts of 
science, industry, and government. 

Dr. Kroll has written about the struggles he encountered in 
convincing his fellow workers of the potential possibilities of using 
titanium as an engineering material. We know that it took Dr. Kroll 
from 1932, when he first brought some bits and pieces of titanium 
to the U.S., until 1940, when the Electrochemical Society met in 
Ottawa, to elicit enough enthusiasm in this metal and his process 
to think about producing it conunercially for industrial applications. 

Even at that, it took almost eight additional years from that 
point in time before the U.S. Bureau of Mines in Salt Lake City 
was able to produce in 1948 a batch size of 230 lbs. of the curious 
new material. For the next ten years, titanium experienced its 
first growing pains as researchers and industrialists were besieged 
with embrittlement problems due to hydrogen, nitrogen, oxygen, 
and carbon contamination. But the production of higher purity 
sponge, utilization of more sophisticated vacuum melting and 
degassing methods and more stringent quality control relegated 
these difficulties to the past. 

In the early 50's, the emergence of Ti-6Al-4V, which was to 
become the 4340 or workhorse of the titanium industry, gave great 
stimulus to the use of titanium and remarkable sales gains up 
until the late 50's were observed. 

The catastropic drop in sales from 6000 tons in '57 to less 
than 3000 tons in '58 as military requirements disappeared, almost 
led to the collapse of the industry. However, further increases 
in the quality of titanium and knowledge of its attributes, especially 
with regard to corrosion resistance and fatigue strength and a 
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concurrent decline in the price structure stimulated a recoyery 
trend. In the 60's the trend of increased sales continued although 
momentary pauses occurred due to the surfacing of problems such as 
omega embrittlement and stress corrosion susceptibility. This 
interruption was overcome to a great degree by concentrated research 
studies by the three communities of science, industry, and government. 
Although we still do not completely understand the conditions which 
cause these phenomena of embrittlement and corrosion, our continuing 
research efforts provided us with sufficient information to avoid 
the actual conditions which might compromise the use of titanium 
and its alloys for specific applications. 

The challenges of obtaining improved fracture toughness, high 
temperature use at the 1000°F level and above and demands for 
improved corrosion resistance and stability were challenged in the 
late 60's and early 70's and are currently being resolved as is 
evident by many of the papers presented at this congress. In 
Sessions VII, XI, and XIII of the conference, which are concerned 
specifically with "Deformation and Fracture", "High Temperature 
Alloys", and "General Corrosion", respectively, we find no less 
than 59 papers from 6 countries addressing these critical areas. 
In other sessions we see reference to new e-type alloys with 
improved fracture toughness at high strength levels and formability 
taking over where the a and e alloys left off. We find coatings, 
further improving corrosion resistance, and high temperature 
performance are emphasized in Session XIII. 

On a more somber note, perhaps one of the great blows to the 
titanium industry was the cancellation of the American SST Program, 
which took an indecisive titanium industry which was totering on 
a sales plateau during the 1966-70 period and placed it on a 
definite downturn for '71 and into '72. Production has fallen 
from 14,000 tons, which was stabilized between 1966 and 70, to 
less than 12,000 tons in '71 and an even more disturbing projection 
of 10,000 tons in 1972. Currently, there is only limited production 
of sponge in this country and, in fact, the use of imported sponge 
has increased from a few thousand tons per year in the 60's to 
more than 6,000 tons per year in the 70's, this about one-third 
of the U.S. requirements. The R&D labs of the American titanium 
industry are either closed or operating with a skeleton crew. 
T.W. Lippert in his 1968 speech at the First International Conference 
on Titanium stated, "It probably is little news to this conference 
that U.S. titanium production is dropping and downward pricing is 
reflecting the predictable reactions of the industrial infra
structure." This statement accurately describes the activities as 
of today, with one major difference. This downward trend has 
existed essentially for five years, rather than one, as was the 
case in '68, and the slip is becoming more precipitous. 
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If we examine the problems previously given as examples, and 
many more not elucidated here, we find the challenge to overcome 
them was taken up and met by the combined efforts of the technical 
community. New applications from aerospace components to chemical 
plant reactors helped to lift an ailing industry to new heights, 
or at least maintain a respectable level of production in the 60's. 
R&D was initiated by goverrunent and industry to solve immediate and 
long-range problems. During this period of challenge, the industry 
and technical community responded whole-heartedly, permitting its 
most talented people to work on these problems concerning corrosion 
resistance, embrittlement, strength, toughness, formability, and 
weldability. In its search to expand the industrial base, we have 
seen the titanium industry reduce the composite price of titanium 
from $17/lb. in 1954 to $4/lb. in 1972. In addition to the 
aerospace potential, three general applications have recently 
provided new and expanded potentials for titanium; equipment and 
devices for brine solutions for processing or cooling; as a 
substrate for permanent electrodes for copper electrolysis and for 
various waste treatment processes, especially where acidic 
environments are encountered. These uses were added to the in
creasing needs of the chemical and petroleum industries and 
oceanographic applications. We find the number of applications 
have increased from a few dozen in 1954 to hundreds in 1972, from 
jet engine vanes to surgical implants. 

We can recall at the First International Conference, the SST 
was still a major hope. It was conceived with an exclusively 
titanium airframe and was prognosticated as the basis of growth 
for the titanium industry for decades to come. Two hundred SST's 
would require 130,000,000 lbs. of titanium. Over 30% of the mill 
product sales during the mid 70's would be required to satisfy the 
needs of the SST. But one of the main deterents, namely, overall 
cost, was not being significantly alleviated. Our Congress 
declared it was too expensive to fund as compared with other high 
priority needs of the nation. However, it is noted that when our 
government required increased production or improved materials 
for aerospace needs, the industry responded. In the case of the 
SST, they probably responded too well. World and national 
uncertainties certainly wreak havoc with predictions and 
prognostications. 

Dr. Jenkins of the British Institute of Metals perhaps made 
the most introspective assessment of the future of titanium in 
his very well put analogy concerning the rebellion of the Titans 
against Zeus, and their subsequent defeat and imprisonment in the 
underworld. He indicated how those of us associated with titanium 
have been digging up these Titans and transporting them to their 
heavenly home, that is, concentrating on space applications for 
titanium. Dr. Jenkins reminded us that the Titans also had an 
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earthly parent. Perhaps the title of this talk should be, 
"Let Us Corne Down to Earth", and see what we can do for this 
earthly parent, as Dr. Jenkins has suggested. If the titanium 
industry is to stabilize, it must obviously develop a broad 
industrial base, such as found with most other metal industries. 
And I believe this must be accomplished through developing 
extensive general peace-time uses for titanium. 
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T.W. Lippert,.in his presentation on "Titanium in the USA", 
states "In fact, today, it is the jet engine which creates such 
tonnage demands as to make the American titanium industry more 
viable than the combined titanium activities of all other countries 
in this world." And, P. Hodgkinson in his presentation on 
"Titanium in Europe" re-emphasized this fact stating, "Whatever 
uses are developed for titanium in other fields, the titanium 
industry will remain identified with aircraft and space." There 
is no question that their prognostications of 1968 are valid in 
'72. If we look at the major users of titanium today, we find 
aerospace applications and consumption almost a mirror imageof 
the condition in 1968, but well below the predictions made at 
that time for 1972. We find no appreciable shift in type of 
application or industrial usage. Unfortunately, there are all 
too few of the "earthly" type applications, such as pollution 
control devices, industrial brine and sea water service, chemical 
milling equipment, and so on. Even more disappointing we see no 
real consumer oriented products, such as kitchen utensils, commemo
rative coins, jewelry, serving plates, lamp bases, art objects, 
tennis racket frames, golf clubs, or even skis. We see no 
building materials, such as composites and honeycornbe structures, 
for functional as well as aesthetic purposes. Architectural 
applications are virtually non-existant. Agreed, space is still 
new, dramatic, exciting--and necessary to satisfy man's curiosity 
about the unknown. Yet, a sense of balance and continuity with 
the historic past demands orientation towards earthly needs -
people - the improvement of the majority of lives. There is 
great opporunity to fill this need in a way mutually productive 
to the growth of the titanium industry. Governments can furnish 
impetus for the development and exploitation of new products for 
civilian as well as national defense application. For example, our 
government has expressed the opinion that the U.S. titanium industry 
should be capable of producing high quality titanium sponge and 
mill products on a competitive basis--to meet not only the needs 
of defense, but to satisfy our daily domestic needs as well. As 
many of you have recently read in the March "Metalworking News", 
our government proposes to purchase 14 million pounds of titanium 
sponge during.the next two years. Inquiries in Washington 
indicate nothing has been signed as yet. This could provide the 
needed "shot in the arm", but certainly not enough. 
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If it is true that titanium must be mainly dependent on aircraft 
and space applications, I fear its fortunes will continue to be 
cyclic and unstable, and all future conferences, such as this one, 
will be discussing, as a prime subject, "What can be done to re
vitalize the ailing titanium industry?" We can attempt to stabilize 
the needs of aircraft and space. No doubt they periodically will 
be large. There may yet be an American SST; we know there will be 
a space shuttle and interplanetary explorations will continue for 
the foreseeable future. We can show projections to indicate new 
requirements based on such projects as the Bl, Fl4 and FlS, and 
civilian aircraft, HLH type helicopters, space shuttle, and deep 
diving submersibles. But we must recall our predictions of the 
past--really not very good--and so highly dependent on the world 
political and economic situation which can change at a pace faster 
than our predictions can follow. 

However, I believe I can safely state that our helicopters and 
military and civilian aircraft of the present and future will 
certainly use titanium in many of its large rotating components, 
engines, and airframes, respectively, or if an SST is built in 
America, there will be relatively large quantities of titanium 
required. But this is not really news. You've heard it all before 
and probably will continue to hear it in the future. 

However, I would much prefer to hear our next keynote speaker 
inform you that a recent decision has been made to use high-strength 
light-weight titanium cable exclusively for suspension bridge and 
crane lifting applications, or that titanium composite structures 
have been shown to be an unqualified success as architectural and 
building face materials, or perhaps even that the coin to commemorate 
the Third International Titanium Conference has been struck from 
titanium. 

The need to stabilize the titanium industry and broaden its 
base in order to make it less susceptible to fluctuations in 
economic and political conditions has long been recognized. 
Unfortunately, we have been less effective in dealing with the 
stability of the industry, than the technical community has been 
in meeting the objectives presented to them. 

Historically, we have solved and are still solving the con
sumption problems by stockpiling or so to speak creating a need 
related to the national requirement or injecting R&D funds for specific 
needs on a periodic basis. We chose not to meet the long-range 
problem head on as we have done in some of the technical areas. 
In the early SO's when an all purpose alloy was needed to satisfy 
the general strength, toughness, and stability of a number of 
important military and civilian applications from engines to 
armor, a concerted effort was initiated and culminated in the 
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development of the 6%Al-4%V alloy which by design or accident has 
turned out to be the major titanium alloy used in the U.S. and for 
that matter the world for hundred of applications. The production 
of Ti-6Al-4V alone represents over 50% of world-wide titanium 
production. We recognized the long-term need for such a material 
and set out to satisfy the need. 

Our foreign visitors will have to forgive my constant reference 
to the American scene. We are all aware of the major technical 
and industrial contributions made by our friends overseas and how 
they have_influenced our own thinking and frame of reference. The 
basic studies in titanium metallurgy and the extraordinary creep 
resistant alloys developed by IMI in England; the pioneering 
accomplishments in the area of electron microscopy in France; the 
continually referenced phase equilibria work conducted at the 
Max-Planck Institute in Germany; the remarkable sponge production 
and purification techniques developed in Japan; the extensive and 
continuing studies on refining and electrolysis by the Soviet Union; 
and the potential cost reduction processes involving the converting 
of ilmenite to Ti0 2 being conducted in Australia and Canada; just 
to scratch the surface of the accomplishments achieved by our 
associates throughout the world. Of the almost 200 papers 
presented at this conference, a remarkable 40% are contributed from 
abroad. But we must also be aware that the titanium industry is 
basically an American phenomena and at present, its survival and 
growth is mainly our challenge. 

The obvious answer to this current and recurring challenge 
to the titanium industry is to develop non-aerospace and consumer 
oriented applications. Let us look at the attributes we have, the 
problems and challenges we face and the choices which will influence 
and possibly decide the ultimate outcome. 

As we all know, titanium is only 60% of the weight of steel, 
has extraordinary corrosion resistance, can be used at relatively 
high and low temperatures, is readily formed, machined, coated, 
and manufactured into almost any shape desired. We have the 
technical capabilities and the scientific and industrial oriented 
personnel for solving or alleviating most difficulties which might 
arise as has been done in the past. 

Technology transfer is a key phrase we are hearing more and 
more often in government and industrial circles as the fin~l link 
in more efficiently utilizing our creativity and innovativeness to 
improve upon our way of life. The metals industries, as well as 
other technology oriented industries can look to titanium as the 
prime example of "instant technology transfer". Certainly, the 
combined efforts of academia, industry, and government produced 
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this "instantaneous transfer" in the use of titanium in jet engines, 
which would not exist today without the use of this metal. 

The challenge therefore, as I see it, is not really a technical 
one, but mainly economic in nature. The price of titanium mill 
products must be reduced to expand applications or applications 
must be expanded in order to reduce the price. To accomplish this, 
as a first step, I suggest a five point program to assess the 
potential uses of titanium. 

• A complete analysis of potential applications from spoons 
to reactors and from coins to building materials should 
be conducted and systematically tabulated. 

• The selling price of each of the above items, which 
would make it competitive on a performance and life 
basis with the currently used material, should be 
established. 

• For applications where the pricing of titanium is in 
excess of current costs, plausible reasons for sub
stituting titanium at a slightly higher cost should 
be developed. 

• New applications designed around the sole use of 
titanium should be established. 

• An advertising and marketing scheme should be developed 
to expose titanium to the public eye, show its benefits, 
and sell it as a prestige item at a moderate cost. 
(The major potential is in flat rolled products for 
forming and stamping which currently account for only 
15% of titanium mill production.) 

Once these things have been done, and the effects ascertained 
as beneficial, industry can then move in two directions: 

(1) Use of government or industrial R&D funds to further 
develop technical alloys to expand usage for higher 
temperature applications (above 1000°F), improve 
formability at low temperatures, reduce corrosion 
and oxidation susceptibility especially at high temp
eratures, improve toughness at higher strength levels, 
and improve weldability. This type of effort will 
assure continual applications in aircraft, chemical 
plant reactors, aerospace structures, submersible 
vehicles, gas turbine engines, sea water and 
desalination applications, etc. This would hopefully 
stabilize use of titanium to a certain degree and 
the industrial base might broaden to a limited extent. 
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(2) The expansion into a wider variety of industrial and 
consumer oriented product?, as previously determined 
in the five-point program. This will require 
considerable initial investment by government and 
industry and its success will be dependent on 
innovation, salesmanship, cooper a t·ion, and perseverance. 
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In achieving this kind of market, we should address ourselves 
to several goals essentially aimed at cost reduction and increased 
sales. 

A long-term production goal of 25,000 tons per year with a 
composite price of $2.00 per lb. might be reasonable, and some 
possibilities for aiding in realizing this goal could be things 
that have all been considered and many worked on, such as: 

• The development of a process for direct conversion 
of rutile or ilmenite to metal 

• Improved ingot making techniques 

e Techniques for recycling scrap for powder production, 
or remelt in its entirety 

• Continuous sponge production process 

• Improved mill product production techniques 

• Improve the formability and performance of commercially 
pure titanium 

• Develop low-cost industrial grades of CP and alloy 
compositions for consumer oriented applications, 
especially using recycled scrap. 

In line with some of these suggestions, it appears that the 
government is interested in funding some research to insure a 
viable defense industry. It is not clear yet which direction 
the research will go. A recent NMAB committee considering rutile 
substitutes has indicated that a proven commercial technology 
exists for the production of sponge from domestic raw materials. 
There seems little doubt that the present titanium tetrachloride 
production now existing for pigment manufacturing could be diverted 
to metal. This remains to be demonstrated. We should know in the 
near future what will be done by the government. 

I have also just recently learned that the Speedwell Gear 
Case Company near Birmingham in England is producing bicycles and 
motor bikes from titanium so maybe a change is in progress. 
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In conclusion, I would observe that I do not know of any 
industry that could amass the technical, industrial, and adminis
trative talent that we have gathered here today, that could produce 
the quality, creativeness, and scope of coverage evident in the 
technical papers we will hear of during this week, and surround 
itself with the distinctive personalities who will honor this 
field of study for years to come. But, most important, the 
enthusiasm, dedication, and perserverance of those of you who 
have been personally involved with this metal for ag!neration or 
more is sufficient to insure the continued technical and industrial 
growth of this material which was so prophetically named almost 
two centuries ago as a giant among metals. 


