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Titanium is sometimes inaccurately portrayed as an ‘exotic’ or ‘difficult’ material, but like all
metallic alloys, it can be easily fabricated and formed if there is an adequate knowledge of its
properties. The name ‘Titanium’ is often used as a generic term, but just like steel, several
alloys exist that are commercially available. These include the high strength grade 5 (alloyed
with aluminium and vanadium) and the commercially pure grades 1 and 2, the latter two being
of most interest to the architect. It is available in sheet, strip and coil, plate, composite steel
plate, bar, extrusions and castings. Typical sheet sizes are 1220mm in width.

Production

Commercially available titanium metal is
produced via the Kroll process, which relies on a
chemical reaction of the ore, Rutile or Iliminite,
with chlorine gas and carbon at high
temperatures to produce titanium sponge. This
sponge is then melted under vacuum to produce
a commercially pure grade or an alloy. Worldwide
production of titanium is currently about 100k
metric tons per annum, with estimates that it will
exceed 150k metric tons by 2010. The main
sources of sponge are Russia, Ukraine, Japan
and the USA.

* Titanium sponge
Properties

Titanium is in some respects aesthetically similar to 304 or 316 stainless steel, being a silvery
grey colour and is non magnetic. Mechanical and physical properties of titanium compared to
stainless steel are noted in the table below.

Grade 1 Ti Grade 2 Ti Grade 5 Ti 304 stainless

steel

Ll\jlltglr;]ate tensile strength, 345 485 1100 515

0.2% proof stress, MPa 220 345 1050 205

Elongation, % 35 28 10 40

Density, g/cm® 4,51 4,51 4.42 7.9

Coefficient of thermal

expansion (20-100C), 8.6 x 10° 8.6 x 10° 9.0x10° 16.6 x 10°

cm/cm/T

;r_‘legﬂa' conductivity, W | 51 g7 21.79 6.6 16.3

Young's modulus, GPa 110 110 115 200




The density of titanium is approximately 2/3
that of steel, which means that even large
areas of roofing can be carried on less
massive structural members, with
corresponding cost savings. The
Guggenheim Museum (right) for example is
clad with 32,000 m” Grade 1 titanium sheet,
manufactured to the architect’s specification
with a deliberately introduced ripple and soft
textured finish. Roofing and cladding sheet
thicknesses are typically 0.3-0.4mm, weighing
1.35 to 1.8 kg/m°. This compares to 4.6 to
7.7 kg/m? for 0.6-1.0mm stainless steel sheet
and 4.5 to 9.0 kg/m® for 0.5 -1.0mm copper
sheet.

The low coefficient of thermal expansion of
titanium is virtually equal to that of glass and
granite and close to that of concrete.
Consequently, the thermal stress on titanium
is very small. Longer lengths of roofing sheet
can be laid in titanium than in other metals,
thus reducing installation cost.

Titanium, with a melting point of 1660C, has been certified as a ‘non-combustible material’
for roofing and cladding by the Japanese Ministry of Construction. Un-insulated titanium can
withstand fire tests in which the metal temperature is sustained at 1100C. As with all metals
however, tensile strength decreases rapidly at elevated temperatures. Titanium is also 100%
recyclable.

Corrosion resistance

Titanium has excellent corrosion resistance similar to stainless steel, which results from the
presence of an oxide layer on the surface of the metal. Unlike stainless steel, it is immune
from pitting corrosion in saline environments and is highly resistant to oxidising media such as
acids. Some manufacturers offer a 100 year warranty on titanium exposed to marine
atmospheres. Its lack of corrosion also means that there is no run-off of harmful corrosion
product into the environment.

Problems may occur if titanium is coupled to a less noble material, such as carbon steel,
particularly if the ratio of the surface area of the titanium to the other material is large. This
may result in galvanic corrosion, whereby steel bolts embedded in titanium for example may
corrode at an accelerated rate. Where the use of dissimilar metals cannot be avoided, it is
best to either isolate the titanium using rubber or use a metal of intermediate nobility, such as
304 stainless steel.

Welding

Titanium can only be welded to titanium, but this can be done using conventional gas
shielded techniques such as TIG. The advantages of TIG welding are that is can be a manual
or mechanised process, it allows all positional capability and can produce high quality welds
with no weld spatter. Care must be taken to use proper argon gas shielding with a gas shroud
to ensure that no oxygen comes into contact with the weld pool, as this can cause brittleness
of the weld. Equipment used for stainless steel seam welding can be used to weld titanium
and as it is a resistance weld, the welding can be performed without an inert gas. Studs for
mounting can be capacitance discharge welded on to the back of 0.04 or 0.6mm sheet with
little panel distortion and no read-though.



Forming

Titanium grades 1 and 2 can be formed on equipment used for stainless steel. The lower
Young’'s modulus of titanium compared to stainless steel means that there is a greater degree
of spring-back that has to be taken into account. The room temperature ductility of titanium is
generally less than that of other common structural metals, which means that titanium may
require more generous bend radii and has lower stretch formability.

Aesthetics

In architectural applications,

the aesthetic appearance of

titanium is a very important

factor and has led to it being

used in many high profile

projects such as the

Guggenheim  Museum in

Bilboa, the National Scottish

Science Center in Glasgow,

the Scheepvaart Museum in

Amsterdam and the Vinos

Herederos del Marques de

Riscal winery in the Rioja

region of Spain (right). The

oxide layer on the surface of

the titanium is colourless at its

normal thickness, but thickening by anodising can produce a range of spectacular refractive

colours, whose attractiveness can be enhanced by pre treating the metal surface. Effects

from a soft matte finish to bright, near gleaming reflectivity are possible. The colours are

inherent in the material and do not alter or fade unless subjected to physical abuse. In

applications where the titanium will be in repeated contact with people’s hands for example, a
sol-gel coating can be applied which confers
improved abrasion resistance but also
makes the titanium surface ‘fingerprint’
proof. These coatings can be sprayed on
and heated to a moderate temperature for
curing, to produce a hard, ceramic like
transparent surface, so application must be
carried out prior to installation. Mill finishes
and embossed finishes similar to those
obtained with stainless steel are readily
available, in addition to more customised
finishes such as Crystal®.

Crystal®. finish on Titanium

Maintenance

Like all materials exposed to the environment, titanium can accumulate residue from the
atmosphere and from rain, thereby altering the refractive properties of the oxide layer and
altering the colour of the titanium. In order to maintain the original appearance, it is advisable
to plan a cleaning programme with the help of the titanium supplier. This could be in the form
of a simple power-wash using standard window cleaning services, following the customary
protocol of wash, rinse and squeegee/wipe dry.



Where incorrect installation takes place, for example, by removing the protective PVC film
before other trades are finished in the area, this may result in scratching or contamination of
the surface. A more aggressive cleaning procedure may then be required, in which the oxide
layer is chemically removed to restore the clean titanium surface. Proprietary cleaning agents
are available but care should be taken in their use as they may contain aggressive chemicals.
It is advisable to treat each project on a case by case basis in order to first ascertain the
cause of any discolouration prior to any treatment.

Cost

The structural weight reductions that can be achieved when titanium is used, coupled with
very low maintenance costs and over 100 years corrosion free service, can, with appropriate
design, give a lower overall building cost. In competition with stainless steel and copper,
titanium has on occasions been the lowest first cost option. A study by the Japanese Titanium
Society compared the lifetime cost of PVDF coated stainless steel to titanium and titanium
was seen to be the lower cost option over the longer term, as is illustrated below.
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The attractive aesthetics and long and trouble free service life of titanium roofs, cladding and
other architectural applications therefore make titanium a viable option for the architect and
engineer.
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The data and other information contained in this Data sheet are derived from a variety of
sources which the Titanium Information Group believes to be reliable. Because it is not
possible to anticipate every use or operating condition, you are urged, if in doubt, to consult
with appropriate personnel of the supplier company.



