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Iron

+ Known to men since 1200BC

* Simple to make:
C+ 0, - CO, + heat
CO,+C - 2CO
3Fe,0, + CO -~ CO, + 2 Fe,0, (Begins at 450°)
Fe;O0, + CO - CO, + 3 FeO (Begins at 600 °C)
FeO + CO - CO, + Fe
or FeO + C - CO + Fe (Begins at 700 °C)

* Key commodity to modern
economy
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Iron ore production
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Ore Extraction and Handling




Mine Site Processing Plant

Port and Shipping
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Limestone sinterpant 1 - Production of Molten Steel

- Sinter Secondary
ﬁ — . Steelmaking
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Offcuts from various processes & scrap
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AIR POLLUTION

* Priority Pollutants
- SO,, NO,, CO, Pb,dphotochemical smog (O,), particulate
matter PM (PM,, and PM, )
« Air toxins
— Metals and metal compounds (As, Cd, Hg, Cré*, Ni, Pb)
— Pesticides

— Polycyclic Aromatic Hydrocarbons  (PAHS)
(Benzo(a)pyrene (BaP))

— Volatile Organic Compounds (VOCSs) (benzene)

— Persistent Organic Pollutants  (POPSs) (aldrin, chlordane,
DDT, dieldrin, dioxins, furans, endrin, hexachlorobenzene,
heptachlor, mirex, polychlorinated biphenyls, toxaphene)

. — Dioxins and Furans (TCDD)
— Asbestos
 Greenhouse gases
- CO,, CH,, N,O, CFCs and HCFs, CF,, SF,

[ronmaking Emissions

MH:, GN-, Phencls, Fe, Zn
GO, GOz, NOy S0 VOC

INPUTS
SINTERING WATER {Scrubber Blowdown, Misc.)
Waste Onides
Ore Fines NHs, CN-, Phencls, Fe, Zn, Az, Ho Ni, P
APC Dust
Wil Scale SOLID WASTE (APC Dust, Wastswster Tr. Sludgs, Misz.)
e

Cake Bresz
PRODUCTS
AIR{Charging, Caking, Pushing and Quenching, Misc) Sintar — AIR [BF Gas Combustion, Cast houss, Misz)
MH., ©N-, Phenals, GO, €0 , NO,, S0, VOC HS, NHz, M-, Phenals, ©O, COy, NC,, S0,
VOC, Fe. Zn. B
3 PRODUCTS
4 FRODUCTS To BOF
INPUTS  —— Cake
COKE-MAKING & CokeBresze (fines) — ™ INPUTS ———™ IELMMAKING liquid Iron ihotmetal) —— ®
Caal BY-PRODUCTS Blast-Fumace BF}
Qlls —BY-PRODUCTS Coka |+ BY-PRODUCTS
Phosphoric Acid Breeza 3
t t Limestane Slag
Tar Iron Ors
Light Ol Sinter WATER {Sarubber Blowdawn, Stag Cadling. Mise.)
Ammania Pellets
Ammania Sulphats Wil Szale NH:. G-, Phancls. Fe. Zn. B
Sulphur Somp

Steel-making Slag
BauitzfAluminum  SOLID WASTE (Cast House APC Dust, Slag. Waste Refractary. Wastawatsr Trastment
Sludge, Misa)
WATER (Flushing Liquar, Quenah Tawsr, By-produsts, Misz)
MHs, CN-, Phenals. Banzane, PAHS NHs. CN-. Phenals. Fa, Zn. Bl

SOLID WASTE {Tar Decanter Sludge, AP Dust, Bioplant Sludge, Misc.)

NHz, CN-, Phancls, Banzens, FAHs Hg note: CEFA-toxic substances are underlined
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Coke Oven Emissions

o f the Environment

Sinter Plant Stack before and after
Energy Recovery System
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Air Pollution and Health

llawarra b

MERCURY

ilawarramercury.com.au

Home | News Sport Opinion Weather Community Classifieds About Us]

WHYALLA NEWS

www.whyallanewsonline.com.au

Home | News Sport Opinion Weather Community Class

News + Local liews - News + General + llawarra ar polution breaches up in 2009

lllawarra air peliution breaches up in 2009

03 a a

The lllawarra repeatedly failed to meet national air quality targets last year, prompting
health concems for children, the elderly and those iing near industrial areas

Figures from the Department of Environment, Climate Change and Water show the
liawarra exceeded acoepted levels of pollution particles on 16 days in 2009

National standards allow for five breaches each year, which lowers the regien’s official
numberta 11

+ EDITORIAL: Air pollution still a major heaith risk

The particles, known as P10, are the result of vehicle and factory emissions and wood-
burning heaters as well as smoke from bushfires and dust storms

Ofthe region's three monitoring stations, Kembla Grange recorded the most breaches
(14) followed by Albion Park (9) and Wollongong (6).

All three recorded up to 500 times the usual pollution level on September 23 last year,
when a red dust storm blanketed the region

Small-particle pollution has been known to cause cardiovascular and respiratory
problems and can lead to premature death

The lilawarra has recarded a higher number of particle pollution breaches than Sydney
every year since 2006

Greens MP Lee Rhiannan said lllawarra residents bore the brunt of systemic
government failures te reduce air pollution to acceptable levels.

“The lllawarra is shouldering the burden of poor air quality created by its heavy industry
base and being located downwind from a very polluted Sydney,” Ms Rhiannon said

University of Wallongong atmospheric chemistry expert Stephen Wilson confirmed much

Hews + Local News = News + General + Lung cancer concemns fo be investigated

Lung cancer concerns to be investigated

ARNA

H S A A
Concerns have been raised on a recent Department of Health report that revealed that
32 more cases of lung cancer were recorded in Whyalla between 1999 and 2004 than
‘would be expected compared to industrial communities of a similar size.

While health officials could not confirm that red dust and ather emissions from OneSteel
had caused the increase, Mayor Jim Pollock has called for more studies and a detailed
report.

OneStesl Whyalla Steelworks executive general manager Mark Parry said the report was
inconclusive and the company had extensive health regulations with workers
undergoing medical tests annually.

He said some workers have been with the company for more than 10 years and no
single employee has been diagnosed with lung cancer or any other form of disease.

Wir Parry said the company was also interested in the report and ifthere was any
indication that OneSteel was causing health threats in Whyalla necessary action would
be taken

Mr Pollock said the health report was alarming and worrying.

“A detailed reportis needed and to find out what is causing the increase because the
figures are worrying and the cause must be identified and dealtwith,” Mr Pollock said.

“There is definitely 2 dirt problem in Whyalla and work is being done with OneStee|
which is a major employer in the city to address it

Every communily faces some health problems and unless something concrete is
available to point towards a cause nothing much can be done apart from leading a

*  PM,; are, in general,
combustion-derived
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Fine Particles ( pg m )

Source: Dockery et al., NEJM, 329, 1753, 1993
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ofthe llawarra's air pollution biew in from the north, but said recent breaches were not heaithyifestne” —
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Particle Formation Mechanism

during lronmaking
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Volumetric Expansion and Volatile
Evolution of Iron Ores during Heating
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Particle Formation during Thermal
Processing of Iron Ores

mechanical and J
the'rma! reduction O\ Qa °
deterioration degradation o o °
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Source: Strezov et al., Int. J. Mineral Processing, 100 (2011) 2
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Emissions from Direct Ironmaking
Process
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Material

Feeder
N
Air
N2
H 950 °C|
other—»

Secondary
Cyclone

Cyclone dust

Emissions from Direct Ironmaking

To Scrubber

Baghouse
CFB Reactor Condenser
Preheater
Bagh!!use
dust
Bed Discharge Condensate
L S
! Impinger Ice Bath i
"""" Ontario-Hydro sampling train
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Operating Parameters
Mass fed T Other
: Feed K0) | Fuyidising| ' Caed| Gas
Experiment material 9 Flows
s | Coal| ron gas rates | (N.)
Ore (L/mln) (L/nﬁn)
1 IronOre| O 4 N 60 40
2 lronOre| O 4 HIN, 30/40 40
Iron Ore
3 + 2 | 2 N, 60 40
Coal
Iron Ore
4 + 2 2 H,/N, 30/40 20
Coal
5 Coal | 4| 0 | CQN, | 20/40 20
6 Coal 4 0 AIrN, 5/55 40
7 Coal 4 0 | Air/N, 20/40 40
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Iron ore

w

Exp2 B

Exp2 BD

Expl CY,

Transmittance

4
-+

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm %)

4
-+

4
-+

4
-+

4
-+

4
-+

e
-+

Transmittance

Iron ore with coal

FTIR Spectra of Particles Collected from the
Fluidised Bed Reactor

Coal

Exp4 CYN

Exp4 BGH

W

Exp3 CYN

Exp3 BGH

Exp3 BD

4 4 4 I

Transmittance

Exp7 CYN

Exp6 CY.

Exp6 BGH

Exp5 CYN
Exp5 BGH

Exp5 BD,

€ € 4 € "

-+ -+ ELEN — S

T T ELER E— T T

4000 3500 3000 2500 2000 1500 1000 SOOI 4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm %) 1

Wavenumber (cm %)

Trace Element Analysis
Experiments SaRrr?p os Iron Oreunder N, Iron Oreun I(:E)%rl] l?’rl:(feFr
2
Experiment 2 Experim 3
TraceElements Units | ‘ove Coal | BD BGH CYN| BD BGH CYN| BD BGH
Antimony (Sb) mg/kg| <05 <05| <05 061 1.2 | 058 051 26 | <05 <05
Arsenic (As)  mglkg <05| 2 59 24| 23 46 53| 13 44
Berylum (Be) mgkg| 05 25| 057 083 14 | 091 15 38 082 1.1
Boron (B) mghkg| 093 16| 23 43 68| 44 98 25 | 27 51
Cadmium (Cd) mgkg| <05 <05 <05 077 33 |<05 086 93 |<05 <05
Chromium (Cr) mgkg| 11 7.8 | 89 14 34 | 12 17 36 | 82 20
Cobalt (Co)  mgikg| 2.6 @ 27 33 67|36 32 52| 34 52
Copper (Cu) mgkg| 6 54| 71 25 49 | 11 13 30 | 48 15
Lead (Pb) mg/kg 8.9 22 16 63 | 11 13
Manganese (Mn) mg/kg [ 750) 1.7 | 1260 940 1370| 1380 1200 2090| 55 930
Nickel (Ni) mg/kg| 5.2 17 46 200| 14 23 53 | 84 82
.Selenium (Se) mg/kg| <05 059|<05 <05 17 | <05 <05 4 |<05 071
Thorium (Th) mgkg| 11 26| 1 15 34| 13 16 35| 14 15
Uranium (U)  mgkg| 0.64 054| 05 073 13 | 075 086 16 | 05 0.69
| zinc (zn) mg/kg| 8.4 @ 98 30 190 | 65 74 180 | 14 82
| Total Solids % | 99.6 80.4




Mercury Analysis
Exp. Total Elemental Mercury Oxidised Mercury Particle Bound
Mercury | H28(O) Hg(I) Mercury Hg(P)
ng/Nm' | pg/Nm' | % ug/Nm' | % ng/Nm' | %
1 3.25 32 98.7 0 0 0.04 1.3
2 2.3 1.9 822 0 0 0.4 17.8
3 0.45 0.3 71.5 0.1 26.2 0.01 2.3
4 4.21 4.1 97.3 0.01 0.4 0.1 2.3
5 33 2.4 72.7 0 0 0.9 273
6 7.40 7.3 98.1 0 0 0.1 1.9

NUMBER OF SERVES OF DIFFERENT TYPES OF FISH THAT CAN BE SAFELY CONSUMED

Pregnant women and women Children Rest of the
planning pregnancy (up to 6 years) population

1serve equals 150 grams* 1 serve equals 75 grams* 1 serve equals 150 grams’

2 -3 serves per week of any fish and seafood 7 -3 serves per week of any fish and seafood
not listed in the calumn below not listed in the column below

1serve per week of Orange Roughy (Deep Sea Perch) 1 serve per week of Shark (Flake) or Billfish {Swordfish/
or Catfish and no other fish that week Broadbill, and Marlin) and no other fish that week

1 serve per fortnight of Shark (Flake) or
Billfish (Swordfish/Broadbill, and Marlin)
and no other fish that fortnight

| JReIS




Atmospheric Particle Sampling

Sampling details

A stivess”
Background site

North Ryde, NSW
TR

f

Eight staged MOUDI sampler




Air particulates distribution

EAF site Background site
Min Max Mean Min Max Mean
TSP, ug/m3 19.1 50.8 37.1 8.3 17.8 12.4
PM,,, ug/m? 15.3 44.9 31.4 7.7 16.0 115
PM, 5, ug/m? 7.5 26.4 17.5 5.0 9.3 75
PM,, ug/m3 4.7 19.8 12.8 3.8 8.3 5.8
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Elemental concentration, ng/m3
EAF site Background site
TSP Min Max Mean Min Max Mean
Na nd nd - nd 4774.3 832.1
Al 507.8 1353.8 859.2 344 182.0 121.0
Si 1989.5 5445.2 3412.1 3295 843.3 607.4
P nd nd - nd nd -
125.3 7375 409.7 136.7 1130.4 529.7
Cl 122.7 1921.2 759.9 86.3 4945.7 2170.6
K 112.9 517.3 296.3 89.6 2229 144.2
Ca 3531.7 7418.4 5727.0 75.7 414.2 183.9
Ti 57.4 222.8 127.2 3.3 24.9 12.7
\% nd nd - nd nd -
Cr 10.5 96.2 53.4 nd nd --
Mn 2315 647.5 477.7 25 19.9 7.3
Fe 4169.6 24415.2 11791.3 251.4 586.7 400.2
Co nd nd - nd nd -
Ni 0.0 290.3 107.1 0.0 193.0 73.4
21.2 2395 94.4 3.9 119 8.6
3685.5 1438.0 4.8 335 20.4
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SEM-EDS analysis

EAF site: RT02

Stage 2

003 VFES = 1350 count 004 VFS = 1350 count
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Sustainability of Iron and Steelmaking
Operations
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Sustainability of Industrial Operations

Preserving — Coal, oil and natural gas

/ Resources Iron ore

SJggTs;rﬁllt Preserving GHG Emissions
y Environment ——— /| Air Pollution

Waste Management
\ Improvin Economic Parameters
i ﬁ:’> Social Considerations
Liveability

Quality of Life
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Sustainability of Ironmaking

Case studies selected as examples:

» BF/BOF — Wollongong, Australia

» EAF — Rooty Hill, Australia

» DRI — MIDREX plant in Contrecoeur, Canada
Consumption parameters used:

» Energy consumption, water consumption and land use
Emission parameters:

» Greenhouse gas emissions

» Priority pollutants (NO,, SO,, CO, Pb, PM,, and PM, ;)
> Priority metals (Pb, As, Cré*, Hg, Ni, Cd)
Pollutant inventory databases used for emission estimates:
» Australian National Pollutant Inventory
Canadian National Release Pollutant Inventory
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Sustainability parameters, expressed in metric
tonne of steel (BF/BOF and EAF) or iron (DRI)
BF/BOF EAF DRI
Energy consumption (GJ/t) 22 5.8 10
CO, emissions (tCO,/t) 21 0.7 0.4
Water consumption (m/t) 26 0.6 0.8
Land use (m?t) 1.7 0.5 0.4
Emissions to air (kg/t)
NO, 1 0.04 0.2
SO, 1 7.4x10*
CO 56 9.8
PMyo 0.15 0.14 0.13
PM; 5 1.4x10% 0.3x107? 7.7x10%
Pb 2.6x10*  1.4x10*
Hg 9.8x10° 0.1x10°
As 6.2x10° 6.6x10°
cré* 45x10°
Ni 3.5x10° 1.6x10°
0.5x10°
AJQ%%%AI\_IHF 0)), FACULTY OF .
SCIENCE
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Sustainability parameters Ironmaking and Steelmaking | ¢ fired
. Electricity Wheat
expressed in product $ value BEIBOF  EAF DRI | Production | Production
5 year increase in
global production rate | 20.6% 3.9% 24.1% 12.9% 15.3%
Product value ($/t or
$/MWh) 715 650 510 265 276
Energy consumption
(MJ/$) 31 9 20 14 9
COze emissions
(kgCOpe/$) 3 1.1 0.8 35 1.1
Water consumption
(/%) 3.6 0.9 1.7 290 5400
Land use (f/$) 2.4x10°  0.7x10°  0.7x10° 1.8x10° 5x10°
Emissions to aifg/$)
NOx 1.3 0.06 045 2695
S0, 1.4 0.001 3930
co 80 15 93
PMio 0.2 0.2 0.25 23
PMa5 0.02 0.004 0.15 11
Pb 4x10 2x10* 45x10*
Hg 1x10°  0.01x10° 33x10°
As 0.9x10°  1x10° 67x10°
cr’ 0.6x10° 22x10°
Ni 5x10°  25x10° 719x10°
1x10°  0.08x10° 562x10°
AJQ%%%AI\_IHF 0)), FACULTY OF .
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Normalised sustainability index and technology rank ing

Ironmaking and Steelmaking

Coal fired
Electricity Wheat
BF/BOF | EAF | DRI Midrex | Production Production

Normalised
overall
sustainability
index 0.25 0.85 0.8 0.08 1
Technology
ranking 4 2 3 5 1
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Recycling Steel

i When You Buy A Car, You Buy Recycled

Source: Szekely, ISIJ Int, 1996

» High demand for scrap steel
» Developed market

* 50-67% recycling rate

GHG reduction
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Iron ore reserves and availability of
scrap steel for recycling
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Iron Ore Reduction with Biomass

—~ 6E+6
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Strezov, Renewable Energy, 31, 1892-1905, 2006
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Towards Sustainable Metallurgy

Energy Sources

Renewable energy sources Fossil fuels:

- wood - thermal coal
- bagasse - coking coal
- agricultural waste - lignite

- weeds - anthracite

- municipal waste

}

Charcoal Cokemaking
conversion

l

Feeds -

- metal ores Sustainable

- fluxes Metallurgical Operations
- wastes
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Energy efficiency Productivity Quality

Strezov, Renewable Energy, 31, 1892-1905, 2006
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