ROCKHOUND NEWSLETTER
£ R #ER

December 2011 MINING * ENERGY * NATURAL RESOURCES
2011412 MR - fo)E - RAKE

Issue No.: 6

“\ROCKHOUND [

Titanium

Titanium is the ninth most abundant element in the Earth's crust.
It does not occur freely in nature but is always combined with
other elements. Titanium is as strong as steel but much lighter.
It is essentially inert and highly corrosion resistant and can
withstand sea water, aqua regia and
weak acid; it also has a high melting
point and is biocompatible.
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consumed in its oxide form as a white
and opaque pigment. Consequently it can
also be used in the production of white
paper, plastics, food coloring, paint,
cosmetics and in skin products as
protection from UV.
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Sources of Titanium

There are many different types
of titanium minerals such as ari-
zonite, brookite, anatase, leu-
cochene, perovskite, etc. Howev-
er, ilmenite and rutile are the
major sources of commercially
produced fitanium products.

Iimenite (FeTiO3

Ilmenite is a weakly magnetic
iron-titanium oxide although it is
sometimes associated with mag-
nesium and manganese. Ilmenite
is found in metamorphic and ig-
neous rock but is largely recov-
ered from mineral sands (in allu-

vial deposits). The major ilmenite
producers are Australia, South
Africa, Canada, and China. Rock-
hound was involved in an iron-
titanium project in Shanxi, PRC.

Titanium is sometimes added to
iron during steel manufacture,
however only a small percentage

can be used, as a high amount of titanium will have a negative
impact on the steel. Therefore, ilmenite cannot directly be used

in steel manufacturing.
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The new Boeing 787 Dreamliner aircraft
and its Rolls Royce engine used titanium
to reduce its own weight for fuel effi-
ciency purposes
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Rutile (TiO,)

Rutile is a mineral primarily composed of fitanium oxide. It is closely
related to ilmenite but has less impurities; thus, rutile has a higher tita-
nium oxide content than ilmenite and can be directly used to manufacture
titanium metal or titanium dioxide. Major rutile producers are Australia,
South Africa, Sierra Leone and Ukraine.

Like ilmenite, rutile is largely sourced from alluvial deposits which are
referred to as heavy mineral sands and these usually comprise a mixture
of ilmenite, rutile, zircon, leucoxene and other gangue minerals.

Top 5 Ilmenite Producing Countries

(Source: USGS)
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Top 5 Rutile Producing Countries

(Source: USGS)

2009 2010 Reserves 2009 2010 Reserves

South Africa 1,050 1,120 63,000 Australia 266 280 18,000
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Australia 1,020 1,070 100,000 South Africa 127 130 8,300
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Canada 650 700 31,000 Sierra Leone 61 67 3,800
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China 500 600 200,000 Ukraine 57 57 2,500
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India 420 420 85,000 India 20 20 7,400
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Although some fitanium mines are hard rock (mostly mined as open pits . o . v - .
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using conventional drilling and blasting methods), titanium is largely
worked from mineral sand deposits. Some of these deposits are at high
levels in the terrain while others can be coastal or estuarine. Deposits on
higher ground (e.g. hill slopes) are typically mined by high pressure jets
which wash down the mineral sands while those deposited under water or
on the coastal/estuary fringes can be mined by dredger.

To process hard rock titanium minerals, it is necessary to grind the rock
blast products into finer grain sizes. This enables them to be processed in
a similar way to heavy mineral sands by means of magnetic separation (for
weakly magnetic ilmenite), gravity separation, and flotation. Typically the
concentrate has to reach a TiO; concentration level of 40% or more be-
fore further processing.

Processing
Titanium Metal

Producing titanium metal from ilmenite and from rutile involves slightly
different processes. For ilmenite, the processes involve refining to de-
crease iron content and subsequently produces titanium slag. From here
onward, the processes for the two are the same which is a chloride re-
duction (Kroll) process which ultimately produces titanium metal.

Titanium Dioxide

To produce titanium dioxide, sulfate process (use of sulfuric acid) is
employed but it is considered inferior to the chloride process which pro-
duces less waste products and a better quality end-product.

Most Chinese producers adopt the sulfate process still, this is due to the
lack of advanced technology for the chloride process to take place.
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Titanium metal or titanium alloy
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Commercialized Titanium Products

Titanium metal is a relatively new industrial material. At first, it
was expensive to manufacture and was mostly used by the mili-
tary.
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As technology advanced, the manufacturing costs became cheap-
er and it became more widely used. It was advertised as an ad-
vanced and durable space metal. Within the past couple decades,
titanium has become a symbol of premium products. Titanium is
used in our everyday lives, such as, golf clubs, tennis rackets,
watches, glasses and even in jewelries.

Source: ITA

Since the increase of oil price, airline companies have concern in
the operating costs. As a result, aeroplane manufactures, Boeing
and Airbus have therefore increased the use of titanium in their
aircrafts to reduce the weight. This can be seen from the graph
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Disclaimer

The content and comments in this newsletter are provided for educational and
marketing purpose and for general distribution only and cannot apply to any
single set of specific circumstances. We publish this newsletter only for or sub-
scribes in Hong Kong. All care is taken in producing this newsletter; however, we
accept no responsibility for accuracy of info supplied.
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