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Iron

Ironis the commonest element and mostly occurs in the inner and
outer core of our planet. It forms about 5% of the Earth's crust
where it is the 4™ most frequently occurring element. Because of
its ability to rust (rapidly oxidize) it rarely occurs in the natural
state. It frequently forms with silicates, sulphides and as rusty
oxides, the latter account for the red colour of so many of our
soils, sands and rocks. The common sulphide variety (iron pyrite) is
also known as Fools Gold.

Iron is naturally soft and requires the addition of carbon and
other minerals such as chromium and vanadium to produce dif-
ferent types of steel with wide ranging strength and durability
performance characteristics. In ancient times, iron was used to
make weapons since it was much harder and more durable than
bronze. Eventually, with the advance of iron-working techniques,
it largely replaced bronze (around 1300—1000 BC) resulting in
what is known as the Iron Age. .

Nowadays, iron is the most widely used metal due to its low cost,
high strength and adaptable design. It is mainly used fo manu-
facture various types of steel for machinery, automobiles and to
reinforce construction.

Practically all iron produced commercially is consumed by the
steel industry and made using a blast furnace. In essence, iron
oxide, Fe,0s3, is reduced with carbon (as coke) which reacts with
oxygen in the air blast to produce carbon monoxide:

2C+0,—~>2CO

The carbon monoxide reduces the iron ore to molten iron, be-
coming carbon dioxide in the process:

Fe,O;+3 CO — 2 Fe + 3 CO;
This process is one of the most significant industrial processes
in history.
Geological deposition

Although iron is common on the Earth's surface, it mainly occurs
in the combined form of iron silicate minerals: considerable en-
ergy would be required fto extract iron from silicates. Hence,
only certain iron minerals, mostly iron oxides, such as magnetite
and hematite, where extraction is relatively easy, are economi-
cally viable.

Iron Ore

" Iron Ore" refers to rocks or minerals containing iron that can
be readily extracted and three major sources exist:

Banded Iron Formation (BIF):

BIF's are believed to have originated under water. Alternate
layers of iron and silica (i.e. quartz) minerals, which were depos-
ited as sediments and were compressed and heated by geological
processes, give the characteristic banding. This type of deposit
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is often enormous and forms a substantial part of some countries econo-
mies. Taconite, a variation of BIF, is mined in the United States and
Brazil. BIF's exist through the world. . ) .

Magmatic Magnetite:

This type of deposit is associated with volcan-
ic eruption and contains significant amounts
of the mineral magnetite. Some of these 7=
rocks were weathered, then transported by
river and finally concentrated and deposited
by waves as beach deposits. These iron sands
are called black sands and examples exist in
the west coast of New Zealand and in the

Philippines.

Sometimes, these magmatic magnetite rocks will be deposited along with
titanium and, maybe, vanadium. This special deposit is called titanomag-
netite, and specialized smelters can recover these supplementary miner-
als as well as the iron ore.

Hematite:

Most of the hematite originates from BIF's where hot underground flu-
ids react with the BIF altering the iron minerals into hematite.

Mining and Processing

Unlike precious metals or base metals, iron has much lower value. Moreo-
ver, the capital investment in infrastructure for transportation and ben-
eficiation is huge. Thus, iron ore mining is a low margin business and it
can only be economical if mined in large scale.

Iron ore mining is mostly done on the surface because of the cost issue.
Since most of the raw mined iron ores have low iron content, they will be
concentrated on site or near the mine site, in order to reduce franspor-
tation cost. For example the industrial cut-off grade in China is typically
an iron content of 25% which, after concentration and beneficiation, can
be substantially increased. The mined ore will be crushed and ground into
fine grains to separate the iron minerals. If the iron minerals are mag-
netic, they can be extracted by magnetic separation. Otherwise, gravita-
tional process or flotation process might be used depending on the char-
acteristics of the original ore. The concentrated ore typically has a
grade of at least 50% iron by weight.

The quality of iron ore depends on the three main factors:

1. Chemical composition: the higher the iron content with lesser impu-
rities the better the ore;

2. Physical characteristics: the particle size, lumpy ore needs to be
crushed and very fine ore needs to be pelletized for further pro-
cessing;

3. Metallurgical performance: any factors that might affect the steel
making productivity.

Smelting
Blast Furnace:

Iron concentrates are mixed with coking coal and fed into a
reducing environment (lacking oxygen) in the blast furnace.
The carbon from the coking coal will react with the iron ox-
ides in the iron concentrates.The end product of this process
is pig iron or cast iron. Meanwhile, the flux, which is usually
limestone, added to remove the impurities, namely silicates,
from iron concentrates will also form a slag by-product which
can be used as a supplementary cementitious material
(6GBFS: Ground Granulated Blast Furnace Slag) and for road
construction.

www.rockhoundasia.com

A modern steel work blast furnace
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Direct Reduction: iR

?Ir‘on concentrate can fxlso be p.r‘ocessed by direct reduction: ng'rur'al 90S s e FR B S T AR T L B e A
is used to react with iron ore in a furnace to produce sponge iron. Both

pig iron and sponge iron can be used to make cast iron, wrought, and EfFH - SR - EEAUBRET T GRE. PRI -

steel. i
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Currently. China i 1h e | . . » HAT > T EVE e AN E R > DU R RV 42
urrently, China is the world's largest iron ore consumer and the world's o1 o Bl h L 2
largest steel producer. Despite the fact that China is the largest iron Elements Content i{&““qﬂﬂzifﬁzﬁiﬁ
ore producer in the world, China is also a major importer of iron ore Bty ==k (ISR A2 > (HIEIRER
(China imported almost two-thirds of the world's total iron ore exports. . e PR T A 1] (P
The world's largest iron ore producer is a Brazilian mining company Vale, |1T0n Fe>60% ARl e
which produced 308 million tonnes of iron ore in 2010, followed by Rio | qufur S <0.1% s s — o
Tinto and BHP Billiton which produced 184 and 128 million fonnes of iron . E/]j(“‘/j*ﬁz_eéﬁzﬂ%
ore in 2010 respectively. It is thought that in total China produced al- |Phosphorus [P <0.1% KA A EE R R P PR
most 900 million tonnes of crude ore in 2010 while the second and third - &/ =] Vale » H 2010 &£

. . e Arsenic As <0.1% . "
largest producers, Australia and Brazil, produced almost 400 million FrEEEE I 3 [ 8 E
fonnes and 300 million tonnes of usable ore respectively. India was the |gilica Si0, < 10% ME S Rio

4™ |argest producer in 2010, at almost 250 million tonnes.
Copper Cu<0.2% Tinto & BHP Billiton -
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While some of the high-end products use aluminum alloy or titanium alloy
to replace the use of steel in order to reduce the weight while achieving | Aluminum Al,O3 < 6%

similar strength, there is no substitute for iron at this moment. Other o 8T 4EmmR1{E2T
than mining, iron can also be obtained from recycling. Lead Pb <0.1% 8 HEN - ) HEHER
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General criteria for commonly traded iron ore
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production production Crude ore  Iron content Yy o EIFEAE 2010 2550
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estimated
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Australia 394 420 24,000 15,000 MEEH gﬁﬂﬂﬁ@unu‘%::rj‘:ﬁﬁi::rj‘:}_gﬁxiﬁéﬁﬁﬁﬁ\gﬂx
S 200 70 2,000 16000 WSy B AR AU > (HIZ SRR A (Tl o] DU (88 - B
razi A A — N . v 4
TR > BN e -
*China 880 900 23,000 7,200
; - 260 000 4500 AR > R —(E A E AR TERERE X
India A , 7
B BRAK
Kazakhstan 22 22 8,300 3,300 ;‘%ﬁf%%ﬂé%
Russia 92 100 25,000 14,000 JEHVIFM -
Ukraine 66 72 30,000 9,000
World fotal 2,240 2,400 180,000 87,000

Data are in million metric tonnes of usable ore, except China.
* The mine production estimate for China is based on crude ore, rather than usable ore.

Source: U.S. Geological Survey, Mineral Commodity Summaries, January 2011

Rio Tinto's Pilbara Operation (Source: AFP)
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Industry snapshot

TOP TEN IRON ORE SUPPLIERS (2008) €3 Ranking @ Quantity (mionifgas) €3 Valve (mion U5S)
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Taiyuan lron & Steel (Group) Co Ltd [N 93
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World's top ten iron ore supplying countries and China's top ten steel makers in 2008
2008 5~ B (4 8 B s R+ A RS

ZE TR (3788) BIIRE & L
China Hanking Holdings Ltd. (3788) Successfully Listed in HK
ZE FAZERE 2011959 H 30 H e Ih s B &

BONRHBCE TR

Australia Going to Charge Resource Tax

BONEUR A R A T HREE R IDAR R » THRME R e g

i o AR B BN B R RS B B A BRI TE
PRI ER P ERE 267)

Iron Resource in China

Tron, chromium and manganese are the fundamental to steel
manufacture. Steel is frequently used in the construction of
infrastructure. Thus, iron ore price usually fluctuates with eco-
nomic cycles. The recent high iron ore price is mainly sustained
by the economic growth of China.

China has a poor iron reserve compared to its population and its
demand for iron. Although there are some large iron mines in
China, the ore grade is relatively low. According to US Geological
Survey's 2011 Mineral Commodity Summaries, China has crude
iron ore which yields a grade of about 31.30%, compared to the
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world's reserve which generally yields a grade of 48.33%.
In order to utilize its iron reserve, China has spent many
years in developing technologies o separate titanium and
iron from titanomagnetite deposits. Although expensive to
develop and operate, such technologies allow utilization of
certain large titanomagnetite deposits in the area of Panzi-
hua, Sichuan.

B EER(0893) 30192011 <ZTHREGEZ>
20104 LAARIE N RAE R (S H BROR M 05k - o BUEER(0893) 84 B 1Y
i KRR IE201 1 E-F PRI S B (EIR £ 1,138 > SR E R
BER100% LA L - SREHERAE A SIS A AT EEEE E A R
2.6% LT+ 2E8.8% - 12X E] B Al S i SR BRAY R A & Fs4007T/8
A HEBEFZEREEEORL L - BATE R RS ER,
201 S SRR & AT 22 1 1B THET20124E R R 2
ISEEMALL L - T BN kA H A2 Hli (B EGR - F(ER R 4ERS
FrEm ALETHIRRES - SRR Ry & SIRACH Y B A0S R -

FRRERTGR SORIREATR - IRy AlE Lk 22 e
FABAFTEL - BB SR M B A3 S0 - FL k1A S fir
SRRFHRE200BEME - R 158 ) ISR IR (S R Y R SRR R B B Y
30%7EA o AR BUFER 2011456 H EARRAE201 1 R4E H o

BURYEAAEIR L T » iEEeE AR K TP BB A B R RSB IR 25

BROD - JIARE - AT SRAE TR RS/ LA B B RATATRE > &

BREAM 7 85 1) R B AR B4 0 H I SAORE R T RE It (K = PRIBEFR

IR RAEARARL-3EN BN SRFF IR LB (RS - SRREIR(ERSE
SRIFA S -

AFIFRESHERA TSR - SRERRENES - AFHE
B SR B BRI - S R U ) | e e 3 G S 3 - ELPT
Fa TS SRR > (ERE ERZ @ISR TSR G E - 20114F
JEEESHPE B B 5 iR R A RS - % H H SE T s

REA00 M - TG TRF 7S S50 1 SEAB R 600 ME /5 » SRS AR I E
{EREAEIEI00EME - FLERI00FEMERH (CHE & M T S s LRk -
SEFRATRE R 201 1 R e 1% B (8 Y R pth e B o (PRI - 2 F58
RO EER AR ST -

AEIEL: S HifE

(EE")
ISk 893 2,801 0.70
HEER 1231 3,840 0.00
T 1029 3,396 0.82

BRI SCHREIRSE (BUEAEE 30/9/2011)

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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