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Copper properties
- High electrical conductivity Clth

- High thermal conductivity
- High ductility

- Antibiofouling (biostatic)

- Antimicrobial
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By 2014 about 20% of the total
copper in the world is coming from
Recycling, the other 80% from Ore.
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Does Humanity needs Copper?



http://en.wikipedia.org/wiki/File:Tubo_di_rame_-_Foto_Giovanni_Dall%27Orto.jpg
http://en.wikipedia.org/wiki/File:Lautsprecherkabel_Makro_nah.jpg
http://en.wikipedia.org/wiki/File:Microchips.jpg
http://en.wikipedia.org/wiki/File:Kupferfittings_4062.jpg
http://en.wikipedia.org/wiki/File:Silniki_by_Zureks.jpg
http://en.wikipedia.org/wiki/File:Minneapolis_City_Hall.jpg
http://en.wikipedia.org/wiki/File:Copper_utensils_Jerusalem.jpg
http://www.google.cl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fwww.copper.org%2Fapplications%2Farchitecture%2Fawards%2F2012%2FCentennial-College%2F&ei=jH0KVYP0HsamNpCugpgG&psig=AFQjCNHwylJfukXzSCZYlj8j8T0iwxDXtg&ust=1426837256105971
http://en.wikipedia.org/wiki/File:CopperAlloysInAquacultureUR30UnderwaterPuertoMonttChile.jpg
http://www.google.cl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fwww.amazon.com%2FGetzen-Eterna-Series-Cornet-Lacquer%2Fdp%2FB000XZZ2EQ&ei=yYEKVdSAJMeyggSt84HoDQ&psig=AFQjCNFT5DgiLOv9PzsOytXDibzwVrJzvQ&ust=1426838268856524

&)
o
i
o
—
e
(7))
©
Qo
©
N2
)
©
i
pra
)
7))
-]
Y
@
>
-
O
=
§)
=
©
0
®©
Lo
| -
)
o
o
O
O

years old, and estimates of its discovery place it at

9000 BC in the Middle East
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*Increasing demand due to
increased mining production
e competition with other sectors
—management for the
shortage

ENERGY
*High demand for electricity

*Increased energy costs
—National energy strategy

GEOLOGY

INNOVATION - decreasing ore grades

& e *Increasing impurity contents

TECHNOLOGY - deeper mine sites
3 —incentive to exploration

(geological maps,

‘ ‘ specialist staff, etc)



http://www.google.cl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=gqkkh2_FzNwENM&tbnid=QHJI8nqoXskt4M:&ved=0CAUQjRw&url=http://caminomisionero.blogspot.com/2009_06_01_archive.html&ei=i_VeU8XEM8u-sQTKy4GYCg&bvm=bv.65397613,d.aWc&psig=AFQjCNGLatJS_GZFBwh2--TLrF5hDoiNGw&ust=1398818534380179

x — World & Chilean Copper t
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Source: -World Metal Statistics March 2014 and Yearbook 2013.



o Chilean Copper Products 1991-2013
A fefom s PP amlc
(kMT Copper Content) lecaRe i
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Source: COCHILCO / Chilean Copper Commission, based on company reports.



rCfm Chilean Copper Concentrate 1991-2013 Clth
| (kMT Copper Content)
3843 kMT of Copper Concentrate was produced in Chile by 2013
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Source: COCHILCO / Chilean Copper Commission, based on company reports.
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World & Chilean Smelter Copper Clth
Production & Participation (1950 — 2013)
(kMT Copper Content and % of the World)

By 2013 in %
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Source: -World Metal Statistics March 2014 and Yearbook 2013.



Copper Smelters in Chile

There are 7 smelters located in Chile, 5 of them belong to the government.

B: BLISTER A: ANODE C: CATHODE

ANTOFAGASTA PROD. CONCETRATE SUPPLIER PROPERTY
Chuquicamata BAC Chuq.wca.m.ata, Radomiro Codelco, Government of Chile
Tomic, Ministro HALES
Altonorte A [Third parties GlencoreXstrata Copper
PROPERTY

CONCETRATE SUPPLIER
Codelco, Government of Chile

ATACAMA PROD.

Salvador
Paipotes, HVL A [Third parties

PROD. CONCETRATE SUPPLIER

VALPARAISO
B A C|Third parties

Ventanas
Soldado & Los Bronces

A

LA

Chagres

BDO. O°HIGGINS IEBQMDW CONCETRATE SUPPLIER
B A El Teniente, Andina

Caletones

LI ) T

B A C Codelco
|Enami, Government of Chile

PROPERTY

Codelco, Government of Chile

Anglo American plc (50,1%),
JV Codelco-Mitsui (29,5%) & Mitsubishi Corp. (20,4%)

PROPERTY

Codelco, Government of Chile

amilc
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Fugitive Gases, SO,, As amilc

Co pper OIS0,
((FLOTATION) > concentratesdoRgePR
T Air + O, Reverts
( COMMINUTION Flux v
t gas,dust +—— SMELTING ) > slag

\

| \
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. I \\\

/o Ar -

Demand for more complex v ) v N
ores with higher contents of gas,dusIt — CONVERTING] > slag
As and Sb has generally l < l
been high v

[ACID PLANT] Blister copper SLAG

Air )y CLEANING
\/ Reductapt A 4 !
REFINING} : discard sla

Amounts of As and Sb in Reverts slag / , | g
produced metals have far _ R R g
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~_

Some ores high in As and Sb have
in fact faced a cost penalty at the .. .
penalty |:> [El|m|nat|on of these elements before ]

smelter, or are deliberately _ e _ _
final refining stage is required 14

avoided during mining




Copper Smelters Technologies in Chile m.
& their Capacities for Treating Concentrate @

Jfcfm

STARTED YEAR 1952 1993 1927 1952 1965 1960 1922
SMELTING 1CT+1F N 1CT 1CT 1CT 1F 2CT
SIZE, Lx D (m) 23 x5 26.4x5.3 22x5 149x3.8 14x5 - 22 x5
CAPACITY
design (TPD) 2500 (2400) - 2200 - 1200 - 2600
nominal (TPD) 2200 (2650) 2800 2000 1050 1400 1890 2300
annual (TPY) 748000 (902000) 950000 680000 357000 450000 610000 1600000
CONVERTING 4 CPS 3 CPS 3 CPS 1 CPS 3 CPS 4 CPS 3 CPS
FIRE REFINING 6A+2SC 3A 2A 1A 1A+2R 2A 3A+3R
SLAG CLEANING Flotation Flotation  Flotation 1 ESC 1 ESC 1 Cylind. 4 SC
CASTING WHEEL 3 Out 2 Out 2 Demag 10ut 1Walker 1Out 2 Out

(1) ACMM: Anglo American, Codelco, Mitsui & Mitsubishi
Chagres, 9%

F: Outokumpu Flash Furnace I

CT: Teniente Converter
Altonorte

20%

CPS: Peirce Smith Converter

A: Anode Furnace
ESC: Electric Slag Cleaning Furnace

SC: Slag Cleaning Furnace

Ventanas, 7% __§

Participation (%)
Paipotes, 5%




fcfm Arsenic and the Problematic amilc

Bodies exhumed to investigate cause of death of
Enami-Codelco Ventanas workers

By Business News Americas staff reporter - Tuesday, June 11, 2013

Authorities in Chile's Valparaiso region were to exhume six bodies on Tuesday as
part of a court order mandating the investigation into the cause of death of 28
former workers at the region's Ventanas copper smelter and refinery, local press
reported.

"So far, the medical examiner's office of Santiago has not handed over the
results from the forensics on the skeletal remains of these exhumations,
however, the exams performed on Oscar Albornoz when he was alive showed
the presence of arsenic and selenium ..., which could explain the cause of death
of neuropathy and irreversible neurological damage.
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fefn Arsenic and the Problematic amtc

- DMH Concentrates contains large amounts of arsenic causing serious

problems during the smelter operation.
- Formation of Speiss even at the Flash Furnace
- Large emission of arsenic gases to the air and bad quality of copper anodes

In 2012, 26 days for maintenance




CPS Converting of copper matte qmtc

Charging Blowing Skimming

Capacity Products Operation Gas T of Gases | SO, in Gas Operation
[Tpd] [Tpd] Time [h] [Nm3/h] [° C] AL under Hood [%]

200~600 Blister

300~700
Cu,S-FeS . 40.000 -
(Matte, White 250~900 Slag 7-10 s0.000  550-700 8-12 70-80

(2Fe0-Si0,, Fe,0,,

MiEEl), {8~12%Cu})



4. Environmental Regulations
for SO, & As air emissions in Chile
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New Environmental Standard for Clmtc
SO, & As emitted by smelters in Chile

e A
=
1% Ingenieria de Minas
S e T WINES e
Tl FISICAS

= IMIVERSI Il

In 2005, the assessment of environmental L _
Organisation for Economic

performance of Chile prepared for the OECD Co-operation and Development
(OECD)

concluded that “Smelting activities are still
responsible for the highest emission and
should reduce even more“ recommending
developing emission standards for reducing
sulfur dioxide and toxic pollutants.

On July 3, 2012, the Ministry of Environment

of Chile, established the new policy which

legislate the emissions SO, and pollutants

generated by the copper smelters which
objective is to protect the health of people and ﬁ
the environment around the country.

As a result of its implementation will
o . .FnunderStatES('IQEi“lj
reduce emissions air of PM, SO,, As and Hg. [ ottt Member States

20



New Environmental Standard for Clth

SO, & As emitted by smelters in Chile

Global, measured by year (%)

(*) Existing Sources New Sources (from July 3, 2012)
SO, >95 > 98
As > 95 >99.9

(*) Existing 7 Copper smelters + the new roasting plant of Ministro Hales Mine, Codelco.

Per Unit Operation, measured by mass balance mg/Nm?3:

SO, = 2080 (520)
MP =50 (30) As=1(1)
As=1 (1) Hg =- (0.1)

| 11

N
| _ . Slag Fire Acid
Drying Smelting Converting Cleaning Refining Plant

MP = 50 (30)




rCfm New Environmental Standard for amlic
SO, & As emitted by smelters in Chile

v" In 2010, 391950 TPY of SO, and 2344 TPY of As, were emitted to the air

by the copper smelter located in Chile.
SO, (%) As (%)

Codelco 84.1 88.5
Enami 6.3 1.5
Privetes 9.7 10.0

v" According to the new environmental policy, the captures of SO, and As
have to be at least 95% each one for the existing sources. In the case of
new sources those values must fulfill at least 98% and 99.98%,
respectively.

v' Chuquicamata, Potrerillos, Paipotes and Caletones must reach the
standard in 5 years while the other 3 smelters in 3 years because they
have system of double absorption contact in their acid plants.

v' By 2017, the emissions of SO, and As will be reduced to 187808 and 987
TPY or 52 and 58% , respectively, compared to the base line.
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Chuquicamata Smelter
March 3, 2011
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Altonorte Smelter
January 5, 2011

Chuquicamata Smelter
March 3, 2011

Altonorte Smelter
January 5, 2011




Caletones Smelter Caletones Smelter
March 17, 2011 March 17, 2011

Potrerillos Smelter
May 31, 2011

Potrerillos Smelter
May 31, 2011




Continuous Converting of Copper Matte
in Packed Bed Reactor.
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Universidad de Chile - ENAMI

ESCORIA : COBRE
BLISTER

Oxidation of copper matte with a

1 upstream flow of gas reaction.

5 Refractory packed bed which increases
reaction area dispersion of gas

3 Higher converting rates of

copper matte in relation to CPS.
Easier gas collection

allowing a better control of fugitive gases.

5 Simple design, easier operation
and lower CAPEX y OPEX.
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ENAMI, Hernan Videla Lira Copper Smelter

Aire Enriquecido

CONVERTIDOR
PEIRCE-5MITH

CONVERTIDOR TEMIENTE

Concentrado Hamedo
CarbsSn + Sllica GasCT

PRECIPITADOR
ELECTROSTATICO

Gas(Ta
planta de dcido

Imyesccibn
Concentrado Seco

PRECIPITADOR
ELECTROSTATICO

Escoria descarte

HORNO ANGDIED

Anodos

e Sy

LRIV
A frods
—* } Comerciales
Anddos

amilc
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=== 5 Continuous Converting of copper matte by amlc
using a packed bed reactor N

Applied R&D Project TECHNOLOGICAL INNOVATION

CFD Modeling

copper flow lines oxygen concentration
4

Conversion Continua Laboratory Test
ENApMI

CURRENTLY
- Market assessment
- |P status and assessments

SUPPORT

- ENAMI and AMTC funding by 2012-2014:
- Laboratory experiments
- CFD modeling

- Setup of an Industrial-Pilot plant

RESEARCH
- Current work (2015):
(U. of Chile and ENAMI)
- Process Optimization
- Pilot-Plant tests
- R&D Packaging and Transfer Smeling Fumace g8

Industrial
Pilot Plant CCE Furnace



5 Continuous Converting of copper matte by amlc
using a packed bed reactor S

Refractory ladge for

Refractory ladge to SR
distribution of matte

receive liquid matte

l

Gas (SO,) + dust

BURNER
/ Gas (SO,) + dust

Conversion Continua

ENAMI

BURNER

Packed bed refratories

) _~ (Cry05—MgO0 [27¢])
Load measuring cells g

TUYERS TUYERS

] «— Air/O, ,

Air/O, ==0 2o

PACKED BED REACTOR FOR E]
CONTINUOUS CONVERTING
Slag receptor Blister

receptor
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5 ENAMI Continuous Converting of copper
matte by using a packed bed reactor

L.
LarANry
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Higher treatment capacity [Capacity to treat 5 tph in one pilot reactor of 1.8 x 1.2 m (h x ¢)
compared to a 20 tph processed by the current industrial plant using 2 CPS reactors of
12 x4 m (I x ¢)].

Continuous production of blister copper in one steep in comparison to the batch current
process which considers two steeps of slag-forming and copper-making, respectively.

Reduction of fugitive gases emissions.(High environmental impact) and also reduction of
refractory consumption.

Higher converting efficiency and decreasing of process time.

Main advantages

Conversion Continua

ENAMI
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Continuous Converting of copper matte by

using a packed bed reactor
March 19 2015

ooperation
ptimism
erseverance
articipation
ffort
esearch
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Conversion Continua

ENAMI




