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Copper properties

- High electrical conductivity 

- High thermal conductivity

- High ductility

- Antibiofouling (biostatic)

- Antimicrobial

Copper is an essential trace element in plants and 

animals. The human body contains copper at a 

level of about 1.4 to 2.1 mg per kg of body mass.

By 2014 about 20% of the total 

copper in the world is coming from 

Recycling, the other 80% from Ore.

1. Introduction
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Some important properties
of Copper

- High electrical conductivity 

- High thermal conductivity

- High ductility

- Antibiofouling (biostatic)

- Antimicrobial

Copper is an essential trace element in plants and 

animals. The human body contains copper at a 

level of about 1.4 to 2.1 mg per kg of body mass.

By 2014 about 20% of the total 

copper in the world is coming from 

Recycling.

Miners at the Tamarack Mine in the Copper Country of Michigan in 1905

Copper has a history of use that is at least 10,000

years old, and estimates of its discovery place it at

9000 BC in the Middle East

2. World and Chilean Copper

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.dunnrecycling.com%2Fheber-utah-copper-recycling%2F&ei=kYgKVdC9FcyWgwSdyoHIBQ&bvm=bv.88528373,d.eXY&psig=AFQjCNGH76DLh9lgrzkngQOHFFiys51Wdw&ust=1426840030269261
http://ourhealthydiet.com/wp-content/uploads/2014/10/copper.jpg


6The biggest open pit copper mine in the world, Photo of Chuquicamata

Chilean Copper



Major Challenges 
for Copper Mining Production
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INNOVATION

&

TECHNOLOGY

GEOLOGY

•decreasing ore grades

• Increasing impurity contents

•deeper mine sites

→incentive to exploration

(geological maps, 

specialist staff, etc)

WATER

• Increasing demand due to 

increased mining production

•competition with other sectors

→management for the 

shortage

ENERGY

•High demand for electricity

• Increased energy costs

→National energy strategy
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18322

5776

1792

31.5

9.8

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

 83 % Pyrometallurgy

 17 % Hydrometallurgy

By 2013 in %
Chile 31,5

China 9,6

Peru 7,5

USA 6,9

Australia 5,2
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CONCENTRATES
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67% 
Pyro

33% 
Hydro



Processed Exported to Japan Exported to Others

kMT 1309 703 1831

% 34,1 18,3 47,6
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Source: COCHILCO / Chilean Copper Commission, based on company reports.

Exported to Others

Processed in Chile

3843 kMT of Copper Concentrate was produced in Chile by 2013
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0,25 % 
As

5,6 % 
As



2. Copper Smelters Located in Chile
11Photo of Caletones Copper Smelter
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14515

1358

9.4

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

China 20,9

Japón 10,8

Chile 9,4

Rusia 5,9

India 4,4

By 2013 in %

0

2

4

6

8

10

12

14

16

0

2000

4000

6000

8000

10000

12000

14000

16000

World Production Chilean Production Chilean Participation



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

Copper Smelters in Chile

B: BLISTER A: ANODE C: CATHODE R: FIRE REFINING
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ANTOFAGASTA PROD. CONCETRATE SUPPLIER PROPERTY

Chuquicamata B  A C
Chuquicamata, Radomiro 

Tomic, Ministro HALES
Codelco, Government of Chile

Altonorte A Third parties GlencoreXstrata Copper

ATACAMA PROD. CONCETRATE SUPPLIER PROPERTY
Salvador B  A C Codelco Codelco, Government of Chile

Paipotes, HVL A Third parties Enami, Government of Chile

VALPARAISO PROD. CONCETRATE SUPPLIER PROPERTY
Ventanas B  A C Third parties Codelco, Government of Chile

Chagres A Soldado & Los Bronces
Anglo American plc (50,1%),                                        

JV Codelco-Mitsui (29,5%) & Mitsubishi Corp. (20,4%)

BDO. O´HIGGINS PROD. CONCETRATE SUPPLIER PROPERTY
Caletones B  A El Teniente, Andina Codelco, Government of Chile



FLOTATION

COMMINUTION

Sulphide Ores

SLAG

CLEANING

Recovered matte

slag

slag

Air + O2

Air

Air

Flux

Reductant

gas,dust

ACID PLANT

Reverts

discard slag
slagReverts

gas, chimney

I PM

gas,dust

I PM

I PM

SMELTING

CONVERTING

REFINING

Copper

anodes

Copper matte

Blister copper

Copper

concentrates

Demand for more complex 
ores with higher contents of 
As and Sb has generally 
been high

Amounts of As and Sb in 
produced metals have far 
exceeded the demand

Some ores high in As and Sb have 
in fact faced a cost penalty at the 
smelter, or are deliberately 
avoided during mining

Elimination of these elements before

final refining stage is required

Fugitive Gases, SO2, As
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Copper Smelters Technologies in Chile
& their Capacities for Treating Concentrate

Chuquicamata
26%

Caletones
22%

Potrerillos
11%

Paipotes, 5%

Ventanas, 7%

Altonorte
20%

Chagres, 9%

Participation (%)
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CODELCO GXT CODELCO ENAMI CODELCO (1) ACMM CODELCO

Chuquicamata Altonorte Potrerillos Paipotes Ventanas Chagres Caletones

STARTED YEAR 1952 1993 1927 1952 1965 1960 1922

SMELTING 1 CT + 1 F N 1 CT 1 CT 1 CT 1 F 2 CT

SIZE, L x D (m) 23 x 5 26.4 x 5.3 22 x 5 14.9 x 3.8 14 x 5 - 22 x 5

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 6 A + 2 SC 3 A 2 A 1 A 1 A + 2 R 2 A 3 A + 3 R

SLAG CLEANING Flotation Flotation Flotation 1 ESC 1 ESC 1 Cylind. 4 SC

CASTING WHEEL 3 Out 2 Out 2 Demag 1 Out 1 Walker 1 Out 2 Out

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

F: Outokumpu Flash Furnace

CT: Teniente Converter

CPS: Peirce Smith Converter 

A: Anode Furnace

ESC: Electric Slag Cleaning Furnace

SC: Slag Cleaning Furnace

OPERATION UNIT



Authorities in Chile's Valparaíso 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 Óscar 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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Bodies exhumed to investigate cause of death of 

Enami-Codelco Ventanas workers
By Business News Americas staff reporter - Tuesday, June 11, 2013 

Arsenic and the Problematic 

http://www.bnamericas.com/company-profile/en/codelco-division-ventanas-codelco-division-ventanasdivision


- 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

17

Arsenic and the Problematic 

In 2012, 26 days for maintenance



Capacity
[Tpd]

Products 
[Tpd]

Operation 
Time [h]

Gas 
[Nm3/h]

T  of Gases
[°C]

SO2 in Gas
[%vol]

Operation 
under Hood [%]

300~700 
Cu2S-FeS

(Matte, White 
Metal)

200~600 Blister

250~900 Slag 
(2FeO-SiO2, Fe3O4, 

{8~12%Cu})

7-10
40.000 –
90.000

550 - 700 8-12 70-80

CPS Converting Stage

CPS Converting of copper matte



4. Environmental Regulations 
for SO2 & As air emissions in Chile 
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On July 3, 2012, the Ministry of Environment
of Chile, established the new policy which
legislate the emissions SO2 and pollutants
generated by the copper smelters which
objective is to protect the health of people and
the environment around the country.

New Environmental Standard for 
SO2 & As emitted by smelters  in Chile 

In 2005, the assessment of environmental
performance of Chile prepared for the 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.

As a result of its implementation will
reduce emissions air of PM, SO2, As and Hg.

20



New Environmental Standard for 
SO2 & As emitted by smelters  in Chile 
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Global, measured by year (%)
(*) Existing Sources

SO2 > 95
As > 95
(*) Existing 7 Copper smelters + the new roasting plant of Ministro Hales Mine, Codelco.

New Sources (from July 3, 2012)
> 98
> 99.9

Per Unit Operation, measured by mass balance mg/Nm3:

Smelting ConvertingDrying
Slag 
Cleaning

Fire 
Refining

Acid
Plant

MP = 50 (30)

Fugitive Emissions

MP = 50 (30)
As = 1 (1)

SO2 = 2080 (520)
As = 1 (1)
Hg   = - (0.1)



New Environmental Standard for 
SO2 & As emitted by smelters  in Chile 

 In 2010, 391950 TPY of SO2 and 2344 TPY of As, were emitted to the air
by the copper smelter located in Chile.

 According to the new environmental policy, the captures of SO2 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.

 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.

 By 2017, the emissions of SO2 and As will be reduced to 187808 and 987
TPY or 52 and 58% , respectively, compared to the base line.

SO2 (%) As (%)

Codelco 84.1 88.5

Enami 6.3 1.5

Privetes 9.7 10.0
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Continuous Converting of Copper Matte 
in Packed Bed Reactor.

Universidad de Chile - ENAMI

1
Oxidation of copper matte with a 

upstream flow of gas reaction.

2
Refractory packed bed which increases

reaction area dispersion of gas

3
Higher converting rates of 

copper matte in relation to CPS.

4
Easier gas collection

allowing a better control of fugitive gases.

5
Simple design, easier operation

and lower CAPEX y OPEX.

http://www.google.cl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=abS5L3GN_PRc4M&tbnid=w5Aj32BM1YtUiM:&ved=0CAUQjRw&url=http%3A%2F%2Fspanishpmo.com%2Findex.php%2Flos-principios-juridicos-de-la-proteccion-de-datos%2F&ei=OPxeU7CyFvjMsQTtjIKQBw&bvm=bv.65397613,d.aWc&psig=AFQjCNHGTs0Hk_ZnjxuXdV9aJBDlXRCrJg&ust=1398820035141580
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ENAMI, Hernán Videla Lira Copper Smelter



Smelting Furnace

Fluxing System

CCE Furnace

Blister Copper 

Samplin Crucible

CCE Furnace

Laboratory Test

CFD Modeling

Industrial 
Pilot Plant

Smelting Furnace

CURRENTLY
- Market assessment
- IP 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

Applied R&D Project TECHNOLOGICAL INNOVATION

5 Continuous Converting of copper matte by 
using a packed bed reactor
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Refractory ladge to
receive liquid matte

Refractory ladge for
distribution of matte

Gas (SO2) + dust

Gas (SO2) + dust

Flux          

BURNER        BURNER        

BURNER     

Load measuring cells

Packed bed refratories
(Cr2O3 – MgO [2»f])

TUYERS       TUYERS       

Air/O2 Air/O2

PACKED BED REACTOR FOR 
CONTINUOUS CONVERTING

Slag receptor Blister 
receptor

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



Higher treatment capacity [Capacity to treat 5 tph in one pilot reactor of 1.8 x 1.2 m (h x f)
compared to a 20 tph processed by the current industrial plant using 2 CPS reactors of
12 x 4 m (l x f)].

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
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5 ENAMI Continuous Converting of copper 
matte by using a packed bed reactor
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Continuous Converting of copper matte by 
using a packed bed reactor
March 19th, 2015
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