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ABSTRACT

This paper examines innovation in relation to thailability of a new material,
specifically the metal titanium. The paper aimsighlight the need for the inclusion of
entrepreneurial innovation as a necessary focasiarie development of a titanium metal
value chain. Both the Department of Science andi@ogy (DST) and the Department
of Mineral Resources (DMR) have identified the tiea of titanium metals production
capabilities as a key growth area for South Afrldaing historical literature as a source of
data; the activities of selected innovators whadug@nium metal as a central component
in their success were investigated. The origirhefgrocess innovation behind the titanium
metals industry, and two titanium product innovasio namely, medical implants and
sporting goods were detailed as case studies.dtfaeand that individual innovators were
responsible for the creation and rapid growth ef titkanium industry and responsible for
the development of titanium product applicationkefk is then identified a need to link
the current research and development into theidnametal value chain with individuals
and organisations that actively commercialise iratiee processes and products.
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1. INTRODUCTION

South Africa has several marketable natural regsrand is notably a major exporter of
titanium bearing minerals, and a minor producepraicessed titanium dioxide — used as
pigment. When it comes to high-end titanium produ@outh Africa has no titanium
metals industry and only limited capacity in titami fabrication.

Titanium is a modern metal, commercially availatndy since the 1950s. Titanium has the
strength of the best steels at only half the weighividely resistant against corrosion, and
iIs biocompatible. Titanium is elastic and tough,rdha expands with increasing
temperatures and can withstand cold without becgntwnittle. And important for
processing: it can be rolled, forged and weldeddalotitanium can be associated with
several technological advances in for example, omegli and aerospace and chemicals
industried>.

The establishment of a South African titanium metdustry is a science and technology
priority area, with sustained efforts by governmgnsupport titanium related research and
development. The Department of Mineral Resourcesidaed the Draft Beneficiation
Strategy for The Minerals Industry in South Africa on 31 Ma 2009, viewing the
development of the titanium value chain (i.e. piithn of titanium pigment, metal and
downstream fabrication) as a potential key growt#ador South Africa. Key points of the
strategy aim at the development of a proprietary st titanium metal production
process, and the continued development and comatisation of technologies to compete
cost effectively in international titanium markets

Considering that the national strategy for titaniusnto markedly change existing
technology, and to bring about an industrial retioluin low cost titanium metal and
products at both national and international scilés deemed important to adequately
understand the factors involved in the successidi sxnovations.

An aim of this paper is to introduce and highlighe function of individual innovators,
who may be required to fully exploit new opportigstassociated with the introduction of
a new material, and to ultimately trigger signifit@ositive socio-economic developments.
The aforementioned aim is to be achieved throughidentification and study of the
innovators who, having made use of titanium, eghbt associated markets and rapidly
grew new ventures.

The present article aims to address the followiegdarch Questions:

a) Does history indicate a relationship between thalalility of a new material and
technological advancement?

b) Is there evidence to suggest that individual intorgawere of primary importance
in the establishment of markets for titanium?

c) Can it be reasoned that South African strategytifanium beneficiation should
include efforts to develop and support innovatiord @&ntrepreneurship in this
field?

Findings are presented in the form of distinctdrisal case studies, individually broadly
outlining the emergence of the titanium metals stduand specific markets. This research
Is conducted to build a framework for the underdilag of process and product innovation
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in the establishment of a titanium value chain. Sacframework may serve to assist
decision makers, researchers and innovators inidéastification and exploitation of
opportunities for South African produced titaniundditanium products.

This paper has four parts. Firstly it presentsnigehod used in data gathering and building
of case studies. Then a background section set® @)testablish the relationship between
the availability of a new material and technologigaogress, b) provide a brief overview
of the metal titanium and the efforts towards tleeedopment of a titanium industry in
South Africa, and c) infer the need for innovatard entrepreneurship in the creation of a
new industry and markets for titanium. Thirdly casedies are presented to establish the
relationship between innovators and the developneérithe titanium industry/markets.
Finally conclusions are made and directions foureiresearch suggested.

2. METHOD

For data on the relationship between titanium, wation and entrepreneurship, a literature
search was conducted within peer reviewed journétl@s using combinations of the
keywordsEntrep*, Innova*andTitanium Fewer than 20 relevant articles were found. A
study was then made of publications covering tiséohy of the titanium industry, industry
standard market reports, as well as academic p@tigits covering innovation. Case
studies were compiled from publicly available setany data.

As the present paper aims at investigating thertsffof individuals and extra-ordinary
innovation leading to the creation of new markeistitanium, some of the major markets
for the metal were not included as case studiespibeAerospace being the single largest
market for titanium, the introduction of titanium this industry was deemed to be obvious,
occurring initially because the savings in weighdd®a up for the relative cost of using
titanium, and almost simultaneously implementedtliy major aircraft companies and
engine manufacturers active in the US in the eB®§0s. For this reason the introduction
of titanium in the aerospace industry was not idetlias an individual case study in the
present article. Similarly the corrosion resistardperties of titanium made it an obvious
choice in what is presently the second largest aetafér titanium — classified as the
Industrial market; in this market titanium is mainised as a material of construction in
e.g. chemical/petrochemical and maritime appliceticAgain no pioneering effort by an
individual, or organisation was identified in threation of this market.

From the initial literature search the origin ofethitanium industry and two well
documented and generally accessible titanium mgrketmely that of medical implants
and sporting goods, were selected for further amlyn each of the two selected markets
details of the most prominent innovators and thespective application of titanium were
compiled as case studies. No distinction was mati&den the unique requirements for
process innovation, as per the first case study,paoduct innovations as discussed in the
final two case studies. Literature searches weneletted in a reverse time wise manner,
starting with the most modern publications and itrgcthe history of titanium-based
innovation to inception.
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3. BACKGROUND

Danish archaeologist and museum curator ChristtammBen in 1816 defined the Stone,
Bronze, and Iron Ages in an attempt to organisenmiseum’s artefacts. So doing he
classified the stages of human development by diiel lof complexity of the materials
employed. The fact that this method of classifaratnas stood the test of time, hints at an
intimate connection between a society’s level ofaatement and the mastery of materials
at its disposal. Thomsen's “Three Age” system can daid to describe prehistoric
variations of periods of technological revolufion

Austrian-born Professor of Economics at Harvardversity, Joseph Schumpeter (1883-
1950) identified cycles of technological advancetmithin modern history (Table 1).
These economic cycles were named after the Ru&tanomist Kondratieff, who first
proposed such cyclical activity. As with ThomsefTaree Age” system, each Kondratieff
cycle can generally be associated with materiadyipg distinctive roles in shaping the
respective technological revolutfbrSimilarly the discovery and utilisation of titami can
be seen to contribute to the characteristics oftbhdern technological age.

Table I. Schumpeter's Kondratieff cycle$

Cycle Description Material(s)

First Kondratieff Industrial Revolution: factory | Cotton
(1780s-1840s) production for textiles

Second Kondratief|{ Age of steam power and Iron / Coal
(1840s—1890s) railways

Third Kondratieff | Age of electricity, chemicals an| Steel
(1890s—-1940s) steel

Fourth Kondratieff | Age of mass production of Oil, Synthetics, Light Metals
(1940s—-1990s) automobiles, petrochemicals af
synthetic materials, Aerospace

Fifth Kondratieff | Age of information, Semiconductors / Silicon
(late 1990s) communication and computer | Chips, Composites and “Spage
networks. Age” Materials

3.1 Titanium

As the fourth most abundant metal in the earthstctitanium ore is plentiful and widely
dispersed over the planet. South Africa is pregetite second largest producer of
titanium-bearing minerals in the world, contribgti@2% of the roughly 6 million tonnes
per annum global outpdit

Titanium has distinct physical and chemical prapsrtwhich allow several industrial
sectors to benefit from its application. Titaniurhigh strength to weight ratio is attractive
to the aerospace and transport industries, itsllextecorrosion resistance makes it an
obvious choice in the chemicals, petrochemicals amdritime industries and
biocompatibility allows for numerous medical apptions™".
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Presently 95% of the titanium bearing minerals min@nnually is used in the
manufacturing of paints (TiOpigment), paper and plasticsind only 5% is converted to
titanium metal. The relatively small size of the titanium metalgustry is primarily due to
the difficulty and cost of commercial extractiondaprocessing of the mefallllustrating
this struggle to isolate the metal is the fact,teaen though titanium was discovered in its
mineral form in 1791 by English Clergyman Williamregor, it was not until 1910 that the
first small amounts of pure titanium metal weredueed. Only as late as 1948 was a
process finally commercialized, allowing limitecate batch-wise production of the métal

Even after six decades since commercial introdocfi@tanium is still not being utilised in
the full range of potential applications, mostlyedts high cost relative to aluminium and
steel. Much of titanium’s cost is due to the expensind sometimes inefficient processes
used in its production. Should production of lowstcotanium become possible, there is
significant opportunity for it to compete with ethe stainless steel mass market in many
application$™’. This potential is also acknowledged in South @i efforts to develop
cost reduction technologies for titanium processing

Table Il Titanium Time Line ’

Date Event

1790 | Rev Gregor discovers titanium in mineral form

1887 | First preparation of impure titanium (Ti) metal

1910 | Small amounts of Ti metal produced for General tlec

1940s | Kroll develops process to commercially produce Etah

1950s | Ti used mostly in military aircraft / defence agpliions

1970s | Increase in orders for commercial aircraft & Ti k&trexpansior

1980s | Tiincreasingly used in medical implants
1990s | Tiincreasingly used in sports and consumer gopgaations
Presen{ Ti increasingly used in architecture, automotivegroicals, etc.

3.2 Titanium in South Africa

There have been several instances where goverrimahtic enterprise acted as the driver
of innovation, usually in cases of capital inteestevelopments. Notably, initial efforts
towards the commercialization of titanium were magethe US governmehtEven at
present several research projects in the pursuitowf cost titanium production are
supported/funded by the US military, with the gmaproduce e.g. light, corrosion resistant
ships and armoured vehicles.

Similarly in South African, the Advanced Manufadtg Technology Strategy (AMTS) of
the Department of Science and Technology (DST)yasshe possibility and potential of
establishing a South African titanium industry. rther to the AMTS, the DST established
the Advanced Metals Initiative (AMI) and the LigiMetals Development Network
(LMDN). A significant portion of LMDN funding is &ng invested in a coordinated
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program to research and develop various titaniuohnelogies i.e. primary titanium
production, investment casting, powder metallutgger sintering, machining, etc.

There are also increasing interest in the estahksit of a traditional titanium industry,

and the Industrial Development Corporation (IDCYH andustry partners have invested
R40 million in a pre-feasibility study for the esishment of an integrated metals plant
aiming to utilise locally mined minerals to produbtagnesium, Silicon, Titanium and

Zirconium via industry standard processes.

For various reasons, the desirability and posgibdi a competitive titanium industry in
South Africa have also been identified by a nunddenternational companies, including
some of the leading commercial aerospace compahiese companies are however not
directly active in titanium production and mainkyok to support the establishment of a
local titanium industry in order to broaden the@igy base of the metal.

The establishment of South Africa as a leader i fileld of titanium will receive
maximum impetus should a novel technology be dgezlovhich is capable of producing
primary titanium, ideally titanium powder, at a tdswer than that offered by present
industrial processes. There is then mentionablkearek and development being conducted
in South Africa towards the establishment of innosalow cost titanium production
processes, i.e. the industry sponsored South Afritiganium/Peruke process and the
Council for Scientific and Industrial Research’sIRS’i process. Present strategic focus is
on process innovation; however the delivery of st titanium is also expected to unlock
the potential for numerous product innovations apglications in e.g. the architectural
and automotive industries.

The titanium industry strategy and supporting tetbgies have now been developed to
the point where commercialisation is becoming iasnegly important. Whilst
acknowledging the vital role and importance of goweent led innovation, this falls
outside of the scope of the present article whighllghts the contributions of individual
innovators to the commercialization of titanium anobel titanium products.

3.3  The Entrepreneur / Innovator

A key process in economic change, growth and dewedmt is the process of innovation.
Innovation can be defined as the exploiting of mti@ns to enable their trade in a
marketplac® Schumpetéf is credited with being the first to posit that gscof economic
growth and development did not simply occur, bafureed an entrepreneur as the prime
mover, whose function is to innovate, or to carnt oew combinations. Venkaranian
proceeds to quote Schumpeter at length, who sth&gd”...the function of entrepreneurs
is to reform or revolutionize the pattern of protioic by exploiting an invention or, more
generally, an untried technological possibility fproducing a new commodity or
producing an old one in a new way, by opening npwa source of supply of materials or a
new outlet for products, by reorganizing an industnd so on... This kind of activity is
primarily responsible for the recurrent ‘prospesti that revolutionize the economic
organism and the recurrent ‘recessions’ that asetdiuthe disequilibrating impact of new
products or methods”.
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Schumpeter was not alone in identifying entrepremeas a central driving force in
innovation; Herbig, Golden and Dunpfiystated that “Entrepreneurs and innovation go
together like the proverbial horse and carriagetrdpneneurs seek opportunities and
innovations often provide the instrument for them ducceed.” The entrepreneur
“leveraging business and scientific knowledge...hisréfore the linchpin of innovation,
and if a society or locale wishes to generate iation (either low or high technology), it
is in a society’s best interests to create an enwuient conducive to the entry and
maintenance of entrepreneurs and the associatdtdremaventures that they produce®”

4. CASE STUDIES
4.1  The initial attempt at titanium innovation

In 1910 the General Electric Company (GE) was $wagcfor a material to replace the
short lived graphite filaments used in the incandas light bulbs of the day. The
importance of filament materials in GE’s overaltsess cannot be adequately measured,
but according to Friedel and Isrdethere were up to 22 other inventors active infitle

of electric lighting at the time when GE’s foundamd classical entrepreneur, Thomas
Edison achieved a significant competitive advantage

Edison made the discovery that a bamboo filamentiwhad been carbonized could last
up to 1200 hours, and could therefore be commeézethl As the original filament was

patented in the 1880’s, by 1910 GE realized to tamncompetitive advantage, they
needed to lead, or keep up with, research intolliecfitlament$*

Of primary importance to metallic filament constian was the metal’s melting point, and
as titanium had not been extracted in commerciadple metallic form, it had unknown
properties. GE was hoping that titanium metal wowlthstand the operating conditions
required in a long life filament. Titanium was falito melt at 1668°C by metallurgist
Matthew Albert Hunter who extracted the first saegplThe process used by Hunter, using
sodium metal to reduce titanium tetrachloride tanium metdl® still bears his name.

Rather than joining the Third Kondratieff as aicat part of Thomas Edison’s light bulb,
titanium was abandoned for the metal tungsten, lwvinas much higher melting point
(3422°C). It took almost a further three decadeforeetitanium found its primary
innovator. GE can however be mentioned as a pramhpeat of the Third Kondratieff, that
of electricity chemicals and steel, and has growre the 10 largest company in the
world (in terms of market capitalisation) with alished net income in 2007 of 22.2
Billion US dollars?.

4.2 William Kroll, Titanium Process Innovator

In her book, Black Sand: The History of Titaniumatkleen Housléyprovides numerous
facts from history of the development of titaniunetal. The book dedicates a number of
chapters to discuss the work of William Kroll (188973), a Luxembourg metallurgist
who is today known as the father of the metallafjiorocesses for the production of
zirconium and titanium. Kroll was already a sea&sbmetallurgist when he set up his
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private laboratory in 1923 in the city of Luxembguat the age of 34. His own research
noted his first production of titanium via the Henprocess in September 1930. In 1932 he
travelled to America where he attempted to intettestikes of GE and Bell Telephone in
the metal, without success. Steel was widely usaate it was in sufficient supply and
produced commercially at costs that did not warnaterest in the new metal, titanium.

Kroll returned to his laboratory and started workdeveloping a new production method
to replace the Hunter process, which was deemebbsxp and not entirely suitable for
commercialisation. In 1938 Kroll manufactured titan via a process using magnesium to
reduce titanium tetrachlorilfe the patented process still bears his name. Irsahee year
Kroll made another visit to the US in an attempiriterest companies in the metal, but
again failed in attracting support from industrycammercialise his procéss

In 1940, in order to escape the invasion of Luxeunhdoy the advancing German army,
Kroll fled to America. Aged 50 and armed with omigitents to his name and his personal
belongings, Kroll started over in the US. Due tonfWar I, US congress tasked the US
Bureau of Mines to secure and stockpile strategid eritical materials. Among these
materials were titanium and zirconium, both of whicould be produced via Kroll's
patented process. Kroll was approached and offemggloyment by the Bureau of Mines,
which he took up in January 1945. Within two yeiwes bureau had produced two tons of
titanium via the Kroll proceds The Kroll process is widely known to be costlydan
inefficient; however, to date no other process lbesn able to supplant it, and nearly all
international production of titanium metal stillaes via the Kroll proceés.

Since becoming commercially available, the largesiustrial application for titanium
alloy remains the aerospace setiolfo survive in these harsh environments, the rizdsger
from which aerospace components are made must dfestriength, and capable of
surviving high temperatures in an oxidizing envir@nt with severe acoustic loads.
However, the materials should have low density dond,most applications, must be
reusablé&’. Titanium is therefore ideally suited for aerospapplications. It can be argued
that, were it not for Dr. Kroll's push to developdacommercialise a viable process for
titanium production, the aerospace age might havkeld a component critical to its rapid
development.

4.3 Per-Ingvar Branemark, Titanium Product Innovator.

Titanium is well documented as being biologicatrit, primarily due to its resistance to
corrosion, however factors such as being non-alaogand non-toxic also enable the “fit
& forget” attitude to titanium implant3*® Being non-magnetic, titanium also interferes
less with a form of medical scanning called Magn&esonance Imaging (MRI), where
even the low ferromagnetic properties of surgitaélscould lead to distorted imagés

The most important aspect of titanium’s applicatioormedicine was however discovered
by chance. Working at Lund University in the 195@s. Per-Ingvar Branemark used an
ocular piece inserted into a rabbit’s ear to visustudy bone healing. It was found that
after completion of the study that the costly instent, constructed out of titanium, could
not be extracted. Titanium was found to integaatd be structurally accepted by bone,
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leading Dr Branemark to call the discovery “Osstaination”. This property is virtually
unique to titaniurtf.

The use of titanium at the time of the discovergwaincidental, in Dr. Branemark’s own
words: “By coincidence, an orthopaedic surgeomdHEmneus, in Lund, was studying
different metals used for hip joint prosthesestht time | happened to meet him and he
indicated a new metal, titanium, from Russia usecduclear industry, that might be
optimal. | managed to get a sample from Russiavesta Jernverk, Director Gauffin, and
from there on it has been pure titanium. Initiallg tried tantalum, which was too soft.”

Dr Branemark sought to take his discovery to masket approached relevant technology
companies to assist in the commercialising of iian implants. In 1978 Swedish
Chemicals and Defence Company Bofors agreed tograntith Dr Branemark to develop
his implants. Bofors Nobelpharma (later Nobel Bre¢avas founded in 1981. In 2008

Not&% Biocare achieved turnover of 619 million EW@Rd gross profit of 374 million
EUR™.

Considering that NobelBiocare was officially stdrie 1981, but the innovation that the
company is built on had been under developmentesine early 1960%, it took around
20 years for Dr Branemark to commercialise his alisty. Dr Branemark’s mentioned
that a primary reason for this was that osseoiategr was looked upon with mistrust,
which prevented penetration of the itfe&Vithout Dr Brdnemark’s persistence the market
for medical titanium implants might still have bedeminated by less efficient materials.

Dr Branemark’s innovation led to the establishmehvibrant new markets, Sweden is
today known as having one of the leading clustétsamaterials companies in the world,
where Rickn& reported establishment of 25 new companies infigld in the period
1978-1993.

Titanium is also utilised by some of the leading hi@materials companies, such as world
leading spinal implants company AcroMed of Ohiojchhwas founded in 1983 by spine
surgeon A. Steffee, and businessman E. Wagner. Meauts time from invention to
innovation took around two years, however it canabgued that osseointegration was
already well researched at that stAg€ompeting with the Swedish cluster, in the period
1978-1998 the US state of Massachusetts saw tinglifogiof 30 biomaterials companies,
followed by Ohio with 18 companies in the same quéfi

4.4 Ely Callaway, Titanium Product Innovator.

Titanium is 40% less dense (weight per volume attea) steel, yet it possesses a higher
strength to modulus ratio than steel. The comlmnadf titanium’s weight advantage and
its improved impact resistance and spring-backovalhg loading has brought forth
innovations such as titanium bedsprings, tenniguets and fishing rods One of the
largest and fastest growing consumer markets ®nthatal, however, came from its use in
golf clubs.

Ely Callaway, retired president of multinationattikes firm Burlington, founded Callaway
Vineyard and Winery in Southern California, whiaok $old in 1981 for $14 million. Aged
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60, Callaway went on to establish The Callaway Gdtfmpany in 1983. In 1994,
Callaway Golf went to market with a golf club inporating titanium in its construction.
With the Great Big Bertha titanium driver, Ely Gallay promised "a driver that is not
only easier to hit for distance without swingingdex, but significantly more forgiving of
off-center shots™.

Optimal golf club head design requires the use ometal/alloy having the best
combination of high modulus of elasticity and higtrength to density ratio; Dahl,
Novotny and Martifi* asserted that such attributes allows for a lafg®@eet spot" (center
of percussion) without adding unacceptable weighe combination of an enlarged center
of percussion and increased energy transfer enéiidegolfer to drive the ball a greater
distance and straighter, without swinging harder.

The use of lighter weight titanium is also saidhtove opened up the market for female
golfers, who were reported to have problems wite kteavier stainless steel clébs
Froe$® noted that by 1999, in the driver and woods segroéthe market 40% of the
clubs produced were made of titanium, 59% of stamisteel, and 1% other materials; and
amongst producers in this segment, Callaway hadewasth market leadership (42%)
followed by Taylor Made (35%).

Table Ill. U.S. Titanium-Metal Woods Sale$®

Year Clubs Sold (Millions)

1994 ~500 clubs
1995 0.19
1996 1.16
1997 1.72

The reason for titanium drivers not completely doating the market was price; titanium
drivers were sold for prices upward of $500 in te and in the range of $600-$1800 in
Japan, which was comparable to an entire set nflatd golf club®. The popularity and
cost of the drivers were such that in 1998 an argahgang of robbers started to target
golf stores, specifically stealing Callaway Greag BBerthas and Biggest Big Bertha
drivers. In two months the gang had broken intogd8§ stores and stolen an estimated
1,500 Callaway drivers and other woBtls

In 2000, the US Golf Association (USGA) which owsss golfing competition in the
United States banned one of the Callaway club dssithe ERC club, based on their
evaluation that its titanium head provided unfaivantagé’.

In an interview with Engladd Ely Callaway said: "We went from the smallestfgol
company in the country in 1983 to the largest i85L9. It all was done on product. We
make products that are the most rewarding in thedwproducts that are demonstrably
superior to and pleasingly different from our comitpes”. In 1997, Ely Callaway was
inducted into Babson College’s Academy of Distirsneid Entreprenetffs Callaway Golf
declared a $1.117 billion turnover and a grossipodf486.8 million in 2008’

Page 10



Advanced Metals Initiative  Light Metals Confere264.0
SJ Oosthuizen

In what has been dubbed the Starbucks Effeitthas been observed that a trendy product
can benefit the greater market segment. The 199@segquently saw rapid growth in the
overall use of titanium in the field of sport anecreation. Beech, Cook and Mratfic
reported on the trend favouring titanium sportinggipment, observing that:

* The Mongoose Pro RX 10.7 bicycle’s titanium frameigihed only three pounds,
the high resilience imparted by the titanium frawees said to absorb shock better
than other materials in use at the time.

* Merlin VI SL titanium skis from K2 were both lighteight and claimed to produce
less “chatter” at speed than standard fiberglagsvaosoden skis, due to resiliency
and durability of titanium.

* Wilson's titanium line of golf balls reportedly m@sed ball sales by 50%. Wilson
claimed that the titanium core offered a larger etwspot, decreasing hooks and
slices by three to four yards.

* In October 1997 sporting company Head brought toketahe titanium/graphite
Ti.S2, which became the top-selling tennis racketidwide.

5. CONCLUSIONS

The article investigated individual innovators dhdir use of a new material, specifically
titanium, to establish new industries and markets.

History points to a relationship between availépilof a new material, and increased
potential for technological and economic developmehis relationship also proves to be
accurate for the history of the development andmenaialisation of titanium metal and

subsequent technological advances. Theory of inf@mvanakes note of the entrepreneur,
seen to be a driving force behind innovation. Epregaeurs can be observed to e.g.
innovatively use new materials, thereby causindirtetogical change and economic
growth.

It was found that individual innovators were resgible for the creation and rapid growth
of the titanium industry, and to have been respgmador the development of new markets
for titanium. It can be argued that without themdividuals the requisite process and
product innovations may not have occurred, and ttiataerospace, medical implant and
sporting goods markets may not have undergoneethtlisation and rapid growth set off
by the introduction of titanium. As can be seeihi& case studies there is a time lag in the
development of new processes and products, anddbeimercialisation. As titanium is
now widely accepted in many applications this cyfoben development to market can be
seen to have accelerated.

The basic capability to produce titanium and tamiproducts did not automatically lead
biomedical and sports applications and marketgifanium. As in these instances, it is
expected that innovative and entrepreneurial effiartild be required for the successful
commercialisation of technologies and products kgesl in the drive to beneficiate
titanium resources and the creation of a titaniuetainvalue chain in South Africa. It is
then concluded that the local strategy for theteyraof a titanium value chain should also
include efforts to develop and support innovatiow &ntrepreneurship in this field. A
suggested area of focus would be the preparatidrdamelopment of the relatively small
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number of local experts, technicians and compawigsable of capitalising on the
introduction of locally produced titanium metal.

The study is limited by the inclusion of only threaccessful and popularly published
instances of innovation in titanium, and therefoemnot be considered conclusive. An
investigation into the workings and potential imeggon of structures and systems for the
development and support of entrepreneurship andvation in advanced metals within
South Africa is perceived to be a valuable direcfar further research.
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