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Outotec In Brief

Sales EUR 2,078 million (2012)

Over 5,745 national patents or applications,
630 patent families and 70 trademarks

Ranked Globally 12" most sustainable corporation
http://corporateknights.com/report/9th-annual-global-100

) _ Grinding mills
Knowledge in the processing of >60 elements LKAB Sweden

>130 Non-ferrous smelters (58 Flash, 56 TSLs, 17 Kaldo)
2013 Flash Milestones (Tongling>400,000tpa & Fanchenguang>400,000tpa)

ca. 50% Cu, >30% Sn in TSL, close to 40% PGM matte converting
Ca. 70% Cu in China through Outotec

650 sulfuric acid plants World's largest

, . . . , pellet plant *
World’s largest metallurgical based, Zambia and largest in Ma’aden (7.5 million tpy)

Minerals Processing / Hydrometallurgy Samarco; Brazil |
1100 grinding mills (28MW worlds’ largest saving around 15% energy)
>10000 flotation units (reaching 500m3)
1800 thickeners / >3500 filters Xiangguang Copper highest
environmental award

Ironmaking and Ferroalloys Chinese Government.
20 pelletizing and sintering plants for chromites (ferroalloys),
13 ferroalloy smelters
340 iron ore sintering plants / 93 iron ore pelletizing plants

Light metals / Roasting / Waste to Energy

290 fluidized bed roasting plants / alumina calcining
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Copper production (million tonnes/a) @

Outotec world leading technology provider for copper production a
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Geological vis-a-vis Urban Mine “Minerals”

“Mineral Centric” from classical mining equivalent to “Product Centric” in Urban Mining

Geologial Minerals
Chalcopyrite CuFeS,

and
>15 minors
e.g. Au, Ag, PGMs, Se etc.
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Material combinations and Material Joined
Designed Consumer “Minerals” connections Materials

Designer “Minerals”
>40 elements complexly linked

Ovutotec



Dowa Mining Kosaka, Japan Ausmelt TSL 150,000
Korea Zinc Onsan, ROK Ausmelt TSL 70,000

Global Resources & Materials Danyang, ROK Ausmelt TSL 120,000

.
|

-

Boliden — Ronnskar Smelter

E-Waste and Copper Recycling Dowa Kaldo (Sweden)
TSL (Japan)

Lead Battery Recycling
Recylex TSL (Germany)

Copper Recycling GRM Danyang | Xiangguang Yanggu Smelter
Smelter TSL (S. Korea) Kaldo (China)
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Smelting Processes for Combined Recycling
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Steel, which predominantly consists of iron along with some other alloying elements, is

the metal with the largest global volumes and its recycling infrastructure has been estab-
lished for centuries. Today up to 90% of the steel reaching its end-of-life is recycled. How-
ever, other metals which enter the steel recycling route are not recoverable. While in some
cases they still contribute to the functionality of the recycled steel as alloying elements [e.g.
silicium, molybdenum, niobium, manganese) other elements (e.g. copper or platinum-group
metals) are lost and even detrimental to the quality of the recycled product.

In very specific PM recycling processes iron can serve as a solvent and then be sent to the
copper route in which the precious metals are recovered and the small quantity of iron used
is lost to slag.

AN N I
Copper recycling route

The physico-chemical properties of copper make it act as a collector for many precious metals
le.g. gold, silver, platinum, palladium, rhodium) during pyro-metallurgical processing (met-

al smelting). These metals, e.g. present in printed wiring boards and electronic components,
which have high value but in commercial products generally occur in trace quantities only, are
concentrated in the copper phase and can subsequently be recovered. Also nickel can be won
back this way. Aluminium, rare earths or lithium accumulate as oxides in the slag and are gen-
erally not recovered due to the high related effort. Slags are generated in pyro-metallurgical
proces's’es in large volumes and today are mainly used as low-grade products e.g. in road con-

struction. Metal phase: Dissolves mainly in Carrier Metal if Metallic
(Mainly yrometallurgy). Mainly element in Alloy or
recovered separately, but not de
Compounds mainly recovered from Dust, Slime, Speiss, Slag functionality.
(Mainly to Hydrometallurgy).

. Essential Carrier Metals Mainly Recovered Element

Mainly Element Lost, not a! compatible with Carrier
Compounds not recovered from Slime, Sp Slag, but Metal or Product.
mainly to Benign Low Value Product:

M.A. Reuter et al., “UNEP Metal Recycling: Opportunities, Limits, Infrastructure”,
United Nations Environmental Programme 2013

30/08/2013 NVMP http://www.unep.org/resourcepanel/Publications/MetalRecycling/tabid/106143/Default. OUtOtc
aspx.
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TSL Furnace
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Intense Agitiation

= The intense mixing promotes
rapid reaction kinetics and
high specific smelting rates

Chemical and combustion
reactions take place in slag
layer

Feed System

Wet, agglomerated or
shredded feed materials can
be added directly

Simple feed delivery system

e 4
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Controlling the Furnace
Controlling the slag...

% Slag Liquid: Fe/SiO,=1.4: %Ca0=5: log(p0,)=-10

1075
1050

Temperature (°C)

1025

FACT Sage 6.2/Reuter

% Ligiuid Slag
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Simulation results for 1% & 8% Al on PCB

At 1150, 1200 and 1250°C

Distribution of Elements to Cu-Phase
(Ce present in feed then CeAu(g) formed - if Cl in feed then AuCl(g) formed etc.)
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Metal Recycling UNEP

Launched April 24th 2013 by
UNEP via Bundesministerium
fur Umwelt, Naturschutz und
Reaktorsicherheit (BMU) in
Berlin in the presence of the
German Federal Minister of
Environment.

Lead Author: Markus A. Reuter
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Sustainable use of Earth’s natural resources

WWW.outotec.com
WWW.outotec.com/sustainability
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