Referring to areas at the heart of the mining process that present the most critical technological
challenges for the industry’s evolution.
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CORE CHALLENGE TAILINGS

BACKGROUND

The copper mining industry extracts large volumes of material, of which only a small fraction
corresponds to the element of economic interest that one seeks to recover. Once this material
has been processed and the copper and other elements of value have been extracted, waste
known as tailings is produced (comprised of ground material, water and reagents).
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Tailings are transported via pipelines to places specially conditioned for their deposition, known
as reservoirs or dams depending on the method used to build the retaining wall (a reservoir’s
retaining wall is built with borrow pit material and is waterproofed from the top down the inner
bank. Meanwhile, the retaining wall of a tailings dam is built with the coarser part of the tailings).
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The fine solids settle in the reservoirs and a clear water lagoon is formed on the surface (National
Geological and Mining Service [Sernageomin], 2013.
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The chapter Gravitating Core Challenges of the Mining Road Map was developed based on work
by Enrique Molina, Director of Innovation in Mining at Fundacion Chile, who identified the
sector’s challenges and structured the gravitating core challenges.
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The Core Challenge Tailings section was drafted based on work by the technical commission
created for the core challenge, which was comprised of the following members: Angela Oblasser,
Antonio Videka, Carmen Gloria Duefias, Carolina Soto, Constantino Suazo, Cristian Cifuentes,
Enrigue Roman, Felipe Mujica, Gerard Van Lookeren, Grecia Pérez de Arce, Gullibert Novoa,
Gustavo Tapia, Hernan Cifuentes, Jacques Wiertz, Juan Carlos Alarcén, Juanita Galaz, Julio
Echevarria, Luis Felipe Mujica, Juan Rayo, Marcelo Capone, Miguel Herrera, Patricio Renner, Raul



Espinace, Rodolfo Camacho, Ronald Alvarez, Rosana Brantes, Sebastian Valerio, Sergio Barrera,
Timothy Gardner, Ulrike Broschek and Waldo Vivallo.
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AR OBRE, B LN : Angela Oblasser, Antonio Videka, Carmen, Gloria Duefias,
Carolina Soto, Constantino Suazo, Cristian Cifuentes, Enrique Roman, Felipe Mujica, Gerard Van
Lookeren, Grecia Pérez de Arce, Gullibert Novoa, Gustavo Tapia, Hernan Cifuentes, Jacques
Wiertz, Juan Carlos Alarcon, Juanita Galaz, Julio Echevarria, Luis Felipe Mujica, Juan Rayo,
Marcelo Capone, Miguel Herrera, Patricio Renner, Raul Espinace, Rodolfo Camacho, Ronald
Alvarez, Rosana Brantes, Sebastian Valerio, Sergio Barrera, Timothy Gardner, Ulrike Broschek /1
Waldo Vivallo.

The following team from Fundacion Chile was in charge of drafting this section: Francisco Klima,
Tomds Gonzdlez, Enrique Molina, Philip Wood, Cristébal Arteaga, Manuel Arre, Nicole

Valdebenito y Herndn Araneda.

LR R B R F R &S M T it BEAR LN % Francisco Klima, Tomds Gonzdlez, Enrique
Molina, Philip Wood, Cristobal Arteaga, Manuel Arre, Nicole Valdebenito y Herndn Araneda.

FIGURE/M 9
Composition of a tailings dam
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Due to declining ore grades in mines that are currently operating, and which are part of the
mining firms’ development project portfolio, greater efforts must be made to extract increasing
volumes of material to maintain production levels or to grow in line with market demand, which
will result in a proportional increase in the amount of waste that must be disposed of, either as
sterile material or in the form of tailings.
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It is estimated that there could be an almost twofold increase in the production of tailings by
2035: if today 2.1 million tonnes of tailings are dumped every 36 hours, in 20 years we will do the
same in just 21 hours.
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The following graph presents a projection through 2025 of the relationship between the material
treated and the fine copper contained in the concentrate that is produced. The 5.7% annual
increase in fine copper contained in concentrates means that treatment of the ore must grow at
a rate of 8% annually, increasing from 549 million tons of ore treated in 2013 to 1.389 billion tons
in 2025 (Cochilco, 2014d). That is, the Chilean mining industry will have to extract, transport, and
process increasing volumes of ore, which will have a direct impact on the production of tailings.
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GRAPH/30

Relationship between ore treated and the fine copper contained in the concentrate that is
produced
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This scenario poses a tremendous challenge for the Chilean mining industry. Tailings are currently
a major source of conflict between companies and communities: 47% of the tailings produced in
the country have complaints against them or some sort of conflict with the population (JRI, 2015),
which presents a significant challenge that must be addressed with the participation of all
stakeholders (mining companies, communities and public sector) to make progress in
materializing the vision presented in this document.
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Though no major incidents have been reported in our country over recent times, recent
international experience has shown that one of the main risks associated with tailings dams has
to do with the breaching of containment walls and the consequential flooding of neighboring

areas.
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These events can happen as a consequence of seismic or extreme climatological events and pose
a significant risk to neighboring communities. In addition, 25 01, &5 T2 AR

leakage from tailings dumps, active and inactive, has gained importance in environmental impact
assessment processes. They pose a long term challenge for mining operations, as they can cause
an impact many years after the deposition of tailings. Deficient control and mitigation of leakage
can have negative effects on public health and people’s quality of life, polluting water bodies and
soils, and causing negative impacts on other economic activities such as agriculture and livestock
farming.
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Another important issue to be highlighted has to do with the irregular closure of tailings dams,
which poses a risk of pollution to watersheds, rivers, lakes and coastal areas from leakage; a

risk that the facilities could collapse; particulate matter emissions, aesthetic and landscape
alterations, and acid drainage, among others.
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Lastly, the increasing scarcity of water and space must be considered, critical matters when the
projected increase in tailings is considered. In fact, in the future a significant proportion of mining
production will take place in the central region, where the population density is higher and where
there is more competition over the use of land and water resources.
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Figure/20
Future mining resources in the Central Region

Over 50% of the country’s future copper resources are currently found in Chile’s central region,
from the Coquimbo Region to the O’Higgins Region.
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Table/7 A&7

Recent incidents associated with tailings deposits dumps
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DATE i LOCATION ! COMPANY

Hl. i, AF]
21/NOV/2015 Hpakant, Kachin state, Myanmar No information

20154E11 021, difa e gRiAR, 5 S

i 5/NOV/ 2015 i Germano mine, Bento Rodrigues, distrito de

' Mariana, Regiao Central, Minas Gerais, Brazil : Samarco MineraCao SA.

2015511 A5 H, Huhik Fl A 5] 4 3R (to keep the original address and name, same as below )

| 10/SEP/2014

i Herculano mine, Itabirito, Regido central, Minas Gerais, Brazil i Hercules MineraCao Ltda.
201449 H10H,
i TIAUG/2014 i Buenavista del cobre mine, Cananea, Sonora, Mexico i Southern Copper Corp.
201448 H7H,
E 4/ AUG/2014 : Mount Polley mine, near Likely, British Columbia, Canada : Imperial Metals Corp
201448 H4H,

15/NOV/ 2013 i Zageur Eoppgr Moly_bdenum Conjbine,
' Kajaran Synuik Province, Armenia

Cronimet Mining AG
2013411H15H,

Sherrit International

' Obed Mountain Coal Mine, northeast
SuocTzoTs ! of Hinton, Alberta, Canada

20134F10H31H

: 17/DIC/2012 : Former Gullbridge mine site, Newfoundland, Canada : No information
20124712 H17H

é L4INQV/ 2012 i Sotkamo, Kainuu Province, Finland i Talvivara Mining Company PLC
20124F11H4H,

E 21/JuL/20m i Mianyang City, Songpan Country, Sichuan Province, China i Xi::;gnh:isnéi;Enflectrotytic
201147 H21H

oo | koowarbengrs | WAL Magyar Aminiom
2010410 H4H,

I 25/ JUN/2010 I Huancavelica, Peru I Unidad Minera Caudalosa Chica :

201046 A 25

Karamken Minerals

H
29/AUG/2009 i Karemken, Magadan regian, Russia i Processing Plant
200948 H29H

Huayuan country, Xiangxi Autonomus
Prefecture, Hunan province, China

14/MAY/2009 !



200945 H14H

22/DIC/2008 i Kingston fassil plant, Harriman, Tennessee, USA i Tennsesse Valley Authority
2008412 H22H

i 8/SEP/2008 i Taoshi, Linfen City, Xiangfen county, Shanxi province, China i Tashan mining company
20089 H8H

i i i

1 | ) ) . . 1 Mine 3o Rio P )

110/ JAN/2007 1 Mirai, Minas Gerais, Brazil ! 1|r_:-raufa3 l P_amt;l
! ! ! Cataguases Lida
200741 10H

&/NOV/2006 E Nchanga, Chingola, Zambia E plc (KCM) Konkela Copper Mines

____________________________________________________________________________________________________

———————————————————————————————————————————————————————————————————————————————————————————————

Zhen'an county Gold

Mining Co. Ltd
200644 H30H
i 14/APR/2005 i Bangs Lake, Jackson Country, Mississippi, USA i Mississippi Phosphates Corp
2005%F4 H14H

In the face of this reality, the state has defined an institutional framework and adopted a series of
rules aimed at regulating this activity, especially with regard to the risks associated with the
management of tailings. The main regulations governing mine waste dumps are:
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* Supreme Decree (SD) 248, which regulates the design, construction, operation and closure of
tailings dumps.
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* SD 132, Mine Safety Regulation, which establishes the general regulatory framework that
National Mining Extractive Industry operations must comply with.
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* Law 19,300 on General Environmental Regulations. Organic Law of the Environment
Superintendence.
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* Law 20,819, enacted in early 2015 to amend Law 20,551, regulating the closure of mine
operations and facilities and introducing other legal changes.
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* Law 3,525, Organic Law of the Sernageomin (National Geological and Mining Service).
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Despite the fact that progress has been made with the regulatory framework to protect people
and the environment, pending issues remain that must be addressed together with the



authorities, such as leakage, for example.
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The expected growth in production, together with a scarcity of land for deposition and doubts
they produce in the community, suggest the need to review current deposition procedures,
evaluate the design methodology for new dumps and seek alternatives to mitigate the impact
that could be caused by dams currently in operation.
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REGISTRY OF TAILINGS DUMPS IN CHILE

Sernageomin regularly updates its registry of the tailings dumps in the country. According to that
information, there were 718 tailings dumps throughout the country in 2015, of which 119 are
active, 443 are inactive, 124 are abandoned, and 32 are lacking information. The following figure
shows the status of the dumps registered and their distribution in the different regions of the
country.
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Figure/21

Status of tailings dumps

in Chile by region
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Non active: [HE abandoned: JEFH N/I: LEILER

The registry establishes the existence of 124 dumps classified as abandoned, a condition to
classify all dumps with no known owner or certificate of origin, or where there is official or
reliable information to indicate that no closure measures were taken. This situation forces the
state to take responsibility for evaluating the structural risk and leakage of polluted water, in
addition to the means for capturing and neutralizing them.
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For their part, the Atacama and the Coquimbo Regions concentrate the largest number of

active dumps, with 37 and 36, respectively. The Valparaiso and the Antofagasta regions trail far
behind, with 20 and 12 dumps, respectively.
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Of the total number of active dumps, 63 are for copper mine tailings. However, when dumps
whose source ore includes copper and another mineral are considered, this number increases to
87.
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The main tailings-producing mine operations are those belonging to the large-scale mining
category. The remaining tailings are produced by medium and small scale mines. Codelco is the
main producer with 28% of the total tailings produced in the country. It is followed by the
company Antofagasta Minerals (AMSA) with 16% and BHP Billiton with 13% (JRI, 2015).

FEA R B LS T RBRE— 28 HARET RE /MUY . CodelcofZ
B AR RN, [EN28%HEN K H Codelco. H: /i f&Antofagasta Minerals (AMSA), 16%,
BHP Billiton, 13%(JRI, 2015).

Current production of tailings is concentrated mainly in the northern regions, with 62% of the
total. The central region produces 37% of mine tailings, while production of tailings in the

southern region is practically nonexistent (1%).
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The main tailings producing mine operations in northern Chile are Escondida, Chuquicamata,
Collahuasi, Caserones, Centinela, Candelaria, Ministro Hales and Salvador. Regarding central Chile,
the main tailings producing operations are Los Pelambres, El Teniente, Andina, Los Bronces and El
Soldado.

AR AL B A = HAE MV /& Escondida.  Chuquicamata. Collahuasi~ Caserones.



Centinela. Candelaria. Ministro Hales 1 Salvado.

The largest operational tailings dumps in Chile are El Mauro, Minera Los Pelambres; Las Tortolas,
Los Bronces; Talabre, Chuquicamata and Minstro Hales, Pampa Pabellén, Collahuasi,and Ovejeria
de Andina; Carén, El Teniente; and Laguna Seca, Escondida.

BH e K EE R B 3% /& El Mauro. Minera Los Pelambres; Las Tortolas- Los Bronces; Talabre.
Chuquicamata F1 Minstro Hales. Pampa Pabellén. Collahuasi, #1Ovejeria de Andina; Carén.
El Teniente; #lLaguna Seca. Escondidas

VISION OF CORE CHALLENGE %0k T 18 5t

“To attain global technological leadership that, when applied to the design, operation, and
environmental closure of tailings dumps, facilitates obtaining the social license to operate and
ensures the mining industry’s development.”
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Tailings dams according to metal produced
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CHALLENGES, SOLUTIONS AND R&D LINES

The group of experts that participated in the technical workshops defined four challenges, based
on the background information evaluated and the vision established for the Core Challenge:
Tailings. Potential solutions and R&D lines were identified for each of these.
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Challenge No. 1: Dealing with increasing shortages in water and space.

The mining industry has gradually reduced its water consumption, thanks to technologies that
have allowed the deposition of thickened tailings, in paste and filtered. However, this has not
been implemented in a cross-cutting way throughout the industry, as additional conditions are
required for this type of application to be implemented on a larger scale. Furthermore, in
addition to the intensive water consumption by the copper concentrate line of production using
sulfide ores, the gradual exhaustion of oxide resources and their replacement with sulfides will
cause a significant increase in water consumption for this purpose. Currently net freshwater
consumption by copper mining is between 0.5 and 0.7 cubic meters per tonne of ore processed,
with evaporation and water retention in tailings dams the main reasons behind said
consumption.
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In addition, the lack of space and the conflicts it produces means there is a need for new
technologies and methods to be developed that could in the future allow the mining industry to
do without tailings.
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table /8 4%8
Solutions and R&D Lines. Challenge: 7 A &K 2k, #hik:
dealing with the increasing scarcity of water and space

JSEF H fa 7708 PR 7K B 5RN 22 [ BEHIEAS 2

! ' ! ' &R W%
Efficient and high-capacity separation of solids from liquids
AR REEBIAERIA BEAE
Minimize evaporation.
AR Z S IME
Water recirculation 7K ) F{E
Optimal operational management.fx {4 /& B
Use of seawater or lower quality water for flotation process and its impact on transportation,
both of water as well as tailings, and for the management of dumps.
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Improving and developing cost-efficient methods for separating solids from liquids on a large
scale: filtering, HD thickeners.
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Development of different compacting methods to increase dump capacity: electro-separation,
agitation, parcellation, others.

HRAFRI RS T B R A R & Bk, 2315

Tailings transportation: rheology modifiers, others.

W Hisk: A AE .

Improvement/conversion of conventional deposition methods into new deposition methods for
existing dams.

XYEUE A I A% Gt AR 7 At

Improvement and development of operational, physical, chemical or biological methods to
reduce evaporation from dump.
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Development of new pumping systems. J &5 iz &4t

Development of technologies to facilitate parcellation of central lagoon, among others.
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Effects of seawater on dump’s operation and stability in short-, medium- and long terms.
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Dry processes for mineral recovery.

PSRk BEAT 1A IR

Prediction and monitoring of the socioenvironmental footprint of tailings dumps (Mining
Footprint type).
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Management of water resources based on their availability and use on a watershed level.
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Comparison of sands and crushed ores.

XSRS

Mining without tailings dumps.

TR A HIRAT

Development and improvement of new methods or dry processes for mineral recovery.
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Development and improvement of new methods for predicting and monitoring of the

socioenvironmental footprint of a tailings dump.
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Development and improvement of methods for managing water resources based on their

availability and use on a watershed level.
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Improvement and development of compacting technologies like electro-separation, agitation,
parcellation, vibration and others to increase the amount of water recovered from the dump and
to expand its capacity.
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Development of new methods that do without tailings dumps.

TR TiE, LT R R

Challenge No. 2: Minimizing the impact of
leakage and ensuring the stability of dumps.
Phik2: mAREERRET MRS EE, RERY SRR E

Leakage, and its impact on the environment and people, represents an ongoing challenge for



operating tailings dumps and the future sustainability of the mining business. In this sense,
developing and improving technologies that can neutralize the tailings before their deposition is
indispensable, as is characterizing deposition sites and sealing them to prevent any contact with
surface waters. As a complement, existing legislation needs to be strengthened to ensure that
future tailings dumps are designed and operated under the “zero effective discharge” concept.
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The physical stability of dumps is a critical issue. A recent review of catastrophic failings at major
tailings dumps internationally reveals that the flaws correspond to overtopping (erosion),
instability in walls and the impact of a major earthquake. These flaws are normally caused by a
combination of things, among which defective design and construction, lax control in operation
and mistaken calculation of natural events, among others, stand out.
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Lastly, the geochemical stability of dumps is normally associated with the potential production of
acid through a chemical reaction in the tailings with water and atmospheric oxygen. In this
context, a distinction must be made between dumps that are abandoned, in operation, and those
which are to be built in the future, so strategies can be created to adequately control and/or
neutralize each of the aforementioned situations.
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TABLE/9 #H#9
Solutions and R&D Lines. Challenge: 77 RN &K 2k, Hhfiki:
Minimizing the impact of leakage and ensuring the stability of dumps.
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Zero discharge through capture and treatment of leakage and contact waters.
T T of RS B KR VR B, SEERAE FE B0

Treatment and neutralization of tailings for deposition.

REUURR B R B FRUAL B AT A

Waterproofing of future dumps.

AR A I K

Localization and monitoring of leakage.

Tt FX) 5 SR

New techniques for characterizing deposition sites.
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Control of particulate matter.

ETERRLY)

Sealing of tailings dump

AT

Improvement and development of passive, active and combined methods. Technologies to avoid
the occurrence of post-closure leakage, including the management of surface waters and their
interaction with the dump, in addition to the waterproofing (coating or sealing) of dumps.
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Improvement and development of low-cost, simple, efficient and scalable technologies for the
treatment (neutralization) of tailings prior to deposition (pyrite, arsenic, others).
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Development of technologies for waterproofing the base of future deposits, such as bio-sealing,
polymers, among others.

TR H AR R AR PTG B K TAE, WAEMEE . SaTREWE.
Improvement and development of low-cost technologies for the localization and monitoring of
leakage.

FETEANTF RAR A i [l 1 BRI B A BEAT TG 4 78 (R M1 1 0

Improvement and development of low-cost technologies for characterizing sites.

FETE AT RAR A e [l 4 R B B

Improvement of existing technologies, such as phytostabilizers, suppressors, soil bio-feeders,
granular covers, bio-sealing, among others. Improvement and development of predictive models.
Development of plotters. Development of new control technologies.

RIPIAEAR, oeiaesm]. sl HIEAY SO BRIE o5 AWE RS /IR
TR . TR BN JEARET IR AR .

Improvement and development of new technologies for sealing tailings dumps

SETHAUT AT BB E B A I

Challenge No. 3: Promote conversion of a liability into an asset

Phik3: EHFHAH NG

The concept of an Environmental Liability (EL) can be interpreted as abandoned or paralyzed
mine operations, including their wastes, posing a significant risk to life, public health or the
environment (Sernageomin, 2008). Abandoned or paralyzed tailings dumps fit with this
definition.

M55 (EL) X — M ] DR IR FE B RS B AL, B FEIREHEN, #2xt ATHY
i AME AR A ORI G (Sernageomin, 2008). J& F BUREBCIRZS 1 B 1776 3L
25,

The conversion of tailings dumps into assets is aimed at using the tailings, or part of them, as a
source of value. While the recovery of elements of commercial value constitutes a contribution, it
does not fully resolve the problem. Alternative uses need to be found that involve a significant
proportion of tailings produced and to just those elements like copper, gold, molybdenum, iron
or others that might be present and subjected to reprocessing. The adequate management of



environmental liabilities would directly benefit communities and contribute to the future
sustainability of the mining industry.
R o5, RIERE R A E . XA B E 1) 7o 2 247 RIWOR A 2 — Pl
Jit, A IR AR BEMR R I . FATLAMN R TR K ER B, 50E NIA €& Pk
—EESER U A BHL SR, T SOIN T 7 BT IR B 5 2 H G AR AL X e 4y,
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TABLE/10 #*#%10
Solutions and R&D Lines: J7 ZFIF /x £&:
promoting conversion from a liability to an asset.

S B

Investigate industrial uses for tailings

WAAT XS T AT AL

Recovery of valuable elements

FSCE BRI TR

Use of dump surface for other purposes.

A RON A

Develop industrial uses for tailings

TER R B A A A 55X

Waterproofing and filling of mine excavations

W A2 I8 B K AR RIS 7S LA

Improvement and development of low-cost technologies for characterizing tailings for the
recovery of valuable elements.

FEFEANTE RAR A i IR I BEAR S AT AT, ASRAS AT IR ) (B e %
Improvement and development of sampling techniques to achieve high recovery level.
FTEAT R IESOAR,  ASRAS = |3

Analytical progression: rare earths, other elements of interest.

SRt R LR AR ME TR

Development and improvement of technologies for recovering elements of interest.
TERAMETHCAR, PLRICHIMET R

Industrial, recreational purposes.

A7k H B AR A H Y

Challenge No. 4: Fostering community inclusion and acceptance

As has already been noted, a significant proportion of currently operating tailings dumps have
difficulties with neighboring communities, which is translated into complaints addressed to the
anchorites and legal action taken by the population.

£ S WP O AN 2

TATZ AT RS, RK I £ B R I FEE X R EK, SEURZ HIE A
BF, HXERERBSRTEEN RN 7.

Resolving this challenge requires fulfilling the basic condition of giving communities access to
clear and understandable information on neighboring tailings dumps, a matter that can be



addressed by developing special technologies for this purpose. As a complement, the creation of
spaces for participation must be fostered to involve communities and effectively communicate
the progress made in the handling and treatment of tailings.

6 T CRAX A i P R 2 2 IR o5 Ak D B, AT & A TR LS B b, X W] LIS R
PRIE AR F BBl Ak, BATBATFRE— &bt X 2 5ikk, (2t Atk X 2 )
A R, LA XE R R AL BRSO .

TABLE/11 £A%11

Solutions and R&D Lines. Challenge: J7 ZAIWE & 2k, #hik:

fostering community inclusion and acceptance. {i& 4 X [f) R 1444
Real-time registration and communication of variables critical to the dump and its vicinity.
SERPEIC R HE B, RN AR DX A X R R R B A A
Development of shared-value products. ¥ & £7 & 3 [FEAMEWE A 7= d
Definition of safe standards for implementing local/operational networks

€ SR ARRIE, RIS AEAT 21 R R TR

Development of operator-community-process communications interface.

] PIVR ML, ERZ R A X

Improvement and development of phenomenological models.
FRFEAFF R I G A

Development of sensors for online monitoring of critical variables.
TERIERLES, @A MINER, Wl EY 17 HE 24k

Energy generation from tailings transportation.

RN i s REUE AR

Waters for different uses as a function of their quality.

AR BT 7K 8 FH 83 A T

CORE CHALLENGE
TAILINGS

4 CHALLENGES

22 SOLUTIONS
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RESOURCES i

INFRASTRUCTURE 37t 4 it

* Fiber optic networks for telecommunications HL{5 't £F /¥ 4%
LEGAL INSTITUTIONAL 2 HL 1

*+ Promote R&D&i ecosystem L HEHF K AL A R 4E

* Personnel Development Policy A 1% T K BUER

+ Regulation to take responsibility for leakagesittt #& )& ¥ T.1F




(non-circumstantial sources) and contact waters. (FEMET/KIF) Fl4EflzK
* Decisions on existing liabilities. A ] 45t ) AL B 58
* Promoting reprocessing of tailings in operation. JIRIA 1 EN 1) A3

CAPACITIES RE1E#

* Specialized human resources for inspecting dumps. ZE 246 25 B0 17 Rk N S 80058 N\ B
* Specialized human resources for operating dumps. ZE 37 8:4F B 7 IRk N J1 505 A\ B
* Specialized human resources for R&D ZE 7 Aiff & /N,

SUPPLIERS 5% i
« Strengthen local suppliers in instrumentation/representation. R4t 243 {H 5 75 76 K6l /22 1A
J7 T NG RE

ALLIANCES Bk

* Alliances Projects FIE Codelco, AMSA and Enami £ i H FIE Codelco, AMSA F1 Enami
» Alliances between industries and Technical Training Centers, training of operators

A7 BOREE G R RS O T R

» Alliances between research centers, Universities, Industries, State, Suppliers.
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CORE CHALLENGE: SMELTING AND REFINING
BACKGROUND



Smelting is the pyrometallurgical treatment of copper concentrate. The purpose is to separate
the mineral from other substances contained in the concentrates, of which iron and sulfur are the
most abundant. This is achieved in successive stages through which blister copper, copper anodes
or FR (Fire-refined) copper can be produced. These products differ from copper cathodes
because they contain a higher proportion of impurities, which can be eliminated in a subsequent
stage, known as electrolytic refining.

otk 1Ak

db =L
H 35X

WS HRE T IR A B RS  H RN TIET Y B ok, #ksl oSG et i, ik
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Electrolytic Refining is an electrochemical process aimed at “refining” the anodic copper obtained
from smelting to produce high-purity copper cathodes, which are then sold.

FEL AR RS IR A — LAY, PR “ TR BRI o BHBI AR A2 Joi I L0 >R FH A A= 77 v 4 i g 40
P AR A P4 D e i L S

Smelting and refining is considered a business with tight margins, in which revenues mainly come
from treatment and refining charges, TC/RC, the sale of sulfuric acid, location factors (freight
savings, or Freight Allowance), penalizations for the quality of concentrate and anodes and
bonuses from the recovery of valuable metals, the majority of these being variable.

A RRAPEA 2 — FR M 7o sk A X YR RSO 32 2K E ADRL AL B 2 AR 46 3% 11, TC/RC.
IR BN MERR (AR E R Izt HD . R0 AR5 E AL R
W, AN IEA St E G Jm SR S 40 Herp RES A I AR E

For their part, the most significant costs are associated with energy (mainly electricity), labor,
maintenance and supplies, all of these with a high fixed cost component. Smelters “charge” the
companies that produce concentrate according to the following mechanisms (Parra, 2011):
F—JiH, NSRRI (EELRRAEHFE) . Wal . ety . XA RER
AR EAE — AU B R BT . 16 ARYE DL AR HE A AR PR R A R WO 97T (Parra,
2011):

Treatment Charges (TC): Corresponds to the cost of smelting the concentrate, which is charged
based on the tonnage of concentrate to be treated.

MR (TO: SIEERT R AR, R

» Refining Charges (RC): Charged based on pounds of copper “refined.”

FERDE (ROY: MR “42207 J5 M HE R

* Price Sharing (PS): Used in replacement of TC and RC, it corresponds to a percentage of the
sales price.

k3L (PS): BARTCHIRCIITT R, S8 5 LA %

* Price Participation (PP): Corresponds to the commercial cost paid/charged complementary to
TC and RC, equivalent to a percentage of the sales price of fine copper when it surpasses a base
value (normally 10%).

k25 (PP): HUHEIE L SAA K, TENTCHIRCHIANTE, MM THEIE RS (—fek
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TCs are mainly defined in two ways:

FH MR 2l 32 2 b 7 3K

1. Setting the price in long-term contracts between smelters and the companies that produce
concentrate, which allows the former to ensure the supplies needed to operate. This has
prompted smelters to invest in the development and operation of mining projects, thus
gaining greater control over the fate of the concentrate produced.

BER) RS AR T — MG, SFRBBREN, RIS AR Ry k. A

W) A BN AR TS D RAR B AR I WisfE, TR I ORI B a5 A FERE

2. Through spot loads, where charges for treatment and refining are defined “load by load.”

WP TR, MRS R L “BR7 i1

The section Core Challenge X —#143 A% Co Bk ik

Smelting and Refining was drafted based on work by the technical commission created for the
core challenge, which was comprised of the following members:

TR IHAREER” T TR DR IR T A S B BGER . SORZZ A& 5T iAok
ARz OB, B BLR A
Alejandro Dagnino, Andrés Secco, Antonio Luraschi, Benjamin Martinich, Carolina Aguila, Cristian
Martinez, Daniel Smith, Domingo Fuenzalida, Emilio Castillo, Enrique Roman, Fernando
Herndndez, Francisca Dominguez, Froildn Vergara, Gabriel Riveros, Gerardo Cifuentes, German
Richter, Ignacio Moreno, Igor Wilkomirsky, Jonathan Castillo, Jorge Cantallopts, Jorge Zuiiga
Aguirre, José Urrutia, Juan Carlos Torres, Leandro Voisin, Leonel Contreras, Luis Felipe Mujica,
Manuel Cabrera, Marco Rosales, Orlando Rojas, Pedro Reyes, Rene Bustamante, Ricardo Bonifaz,
Ricardo Parada, Roberto Parra, Rodrigo Abel, Victor Garay Lucero, Victor Paredes, Yanko
Gonzalez.

This section was drafted thanks to contributions from Cristébal Arteaga, Enrique Molina,
Francisco Klima, Manuel Arre, Philip Wood and Tomas Gonzalez.

J& i Cristébal Arteaga, Enrique Molina, Francisco Klima, Manuel Arre, Philip Wood #lI Tomas
Gonzélez X A SR H I Hp )

China has currently become the leading actor in copper smelter production, with over 5 million
tonnes of fine copper per year, followed very far behind by Chile and Japan with approximately
1.5 million each (Cochilco, 20153), thus gaining a predominant position in the determination of
treatment charges (TC).

HE H T RO ERIR REE S U R 2, AR AR SR R 9500 75, Gt 4 TR S
FFIRTE AR, 5 B4 43 121150 /3 (Cochilco, 20153). A EAEALER R (TC) 550
1 e K o

This is of particular relevance when one considers that China is the main destination for copper
concentrate produced in Chile.

PRLE, A [ A A ) R H R



Close to one third of exports are sent to that country, for a total of 887,000 tonnes of fine copper
(content)14 in 2014 (Cochilco 2015f).
JUELBIHE DR EP), 20144454 5 51588.7 5 (45 ) (Cochilco 2015f)

China is expected to attain a share of close to 60% of the global concentrates market, which
would translate into even greater power to determine prices (TC/RC, penalizations, PP, others),
exposing the Chilean mining industry to a high-risk scenario.

Hh [ A RS R R K60% M A, X IRAL T EXHARE (TC/RC, 1<, PPEE) IRE
B TR0 B RRAT AT b — g o

In addition to this, it must be noted that the future trend Chilean copper production is
increasingly inclined toward a majority production of concentrates, thanks to the gradual
exhaustion of copper oxide deposits. This will impose major challenges in terms of the
infrastructure for transporting this product, a significant portion of which consists in gangue or
material without commercial value (Cochilco, 2015d). On top of the scenario described, where
significant concentration in the smelting and refining business can be observed, the sale of
copper could face difficulties due to the impurities it contains, which could be catalogued as
hazardous or even cancerous materials.

BRULCAAE, FRATTA AR B AR R — AN s, BRI A P ORI T K2 s, TR
Fe AT PRI H 2 AR o IR 403 i ) R ATt T SR AR KR g, T IS 3k () B 5 A koA Bk
A DL A 1 J5EH Cochileo, 2015d) . et B EE 12, H5 FATTILER BT B BT MV 6 KR 73
FEO™HOAC RSO0, B s, WA EH LIRS, rE RS R EEH
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This would be translated into discounts in the sales price associated with the cleaning of ships, in
addition to treatment costs.

ReFBUHBEMEEIR, MUSABEBAER K, IFEIEHER X,

Eventually, smelters could even reject “complex” concentrates like those with high arsenic
contents, which account for a significant proportion of Chilean production, in that way reducing
the possibilities for selling them.

wa, ) EESEL “ZER7 B, WEA KEMEREY . TR B R ET 58S
A PR RIRRET R B OUEA R R .

For our country, which currently exports 2.5 million tons of copper as cathodes (both refined as
well as electrowon) and 2.7 million tons in concentrates (Cochilco 2015g), it is fundamental to
anticipate the risks associated with concentrate markets and, based on that, strengthen its
position in the cathodes market.

B H i 250 5 TR AR (BRalivi Al gL ) 127075 MikEfT (Cochilco 2015g). AT
e AR T 2 B XU, AT L] AT T B AR 5 T 47 B Ao

However, the current situation in Chilean smelters and refineries poses significant challenges that
must be overcome to foster the development of the national mining industry.

SR, BRI MRS R A IO REAS ] AT W M ROR Bk, FRATT e 208 I AR e il
A, ARBER AL R

14 Corresponds to fine copper content in bulk, of which copper concentrates are almost



100% of Chilean exports.
14 R KERRE LD BRI O RS (R .

CURRENT SITUATION IN CHILEAN SMELTERS AND REFINERIES
BRNER RS B
There are currently seven copper smelters in Chile: five are state-owned (Caletones, Potrerillos,
Hernan Videla Lira, Chuguicamata and Ventanas) and two are private (Chagres and Altonorte).
They use the technologies Flash (flame fusion), Teniente Converter (TC) and Noranda Converter
(NC) (bath fusion) for the fusion of concentrates, in both cases with Pierce Smith converters, a
situation that has remained unchanged for almost three decades. Fusion capacity using Flash
Furnace technology for fusion of concentrates accounts for 25% of total national capacity
(Chuquicamata Flash Furnace and Chagres smelter). The remaining 75% of national smelting
capacity, including the TC in Chuquicamata, operate with TC or Noranda technology.
BRMETFRE GG 5K ZEE A (Caletones, Potrerillos,
Hernan Videla Lira, ChuquicamatafllVentanas), 2ZZ&#A 1> (Chagres fl Altonorte). i1
FFlash (&)%), Teniente #J5 (TC) FINoranda®% ¥/ (NC) UJEMIAE) HARMERIEN . &
B = RFE— AL K Pierce Smithi %4y {5 F flash 2B ASE RS A (1 L 81 o 4% F 1) 25%
(Chuquicamata Flash ##47F1 Chagresifi/é:) D. HR75% 2 FHTCH ABNorandafi AR, flFE
ChuquicamatafJTC.
This is detailed in the following graph. Smelters’ performance can be evaluated as a function of
direct operating costs, revenues and the level of capture and sequestering of metallurgical gases.
Chilean smelters are in an unfavorable position with regard to other global actors in all of these
categories, which is explained by low revenues and high labor and energy costs. Low levels of
metallurgical recovery also have an impact, as they reduce Bonus Metal revenues. In addition to
this is the obsolescence and small scale of the operations (in the case of Potrerillos, Chagres,
Paipote and Ventanas, with fusion levels of between 340,000 and 720,000 KTPA of concentrate).
RPN . w08 ST PUE Y B RGEE A IO SR RIRR B h R ) 2R
PREZEVIY . BANEME 5 HAMERFERG ST ML, k@2, M. AT
AR REVR A o 16 B PICRAR N IR IR BN RN o T3 A1 25 A A EBOR BRI AT
FAR %k /N (Potrerillos, Chagres, Paipote Al Ventanas, ¥ 44 it 7K - 7£ 34000041 720000KTPA
Z[6])
When the gross margin is analyzed15, the numbers indicate that of the seven smelters, four are
in the last decile in terms of global competitiveness in the business and register negative margins.
In the case of refineries the situation is even worse, as all of them (3) have negative margins.
AR — T A5, WEEBHFATTUAE R, 750606 BAAF AL GHHE R RRF R
Ja, RITUE. K RITEOUE AR, BRI R UE.

15 Gross Margin is an economic parameter that to a great degree reflects a business’s
competitiveness and is defined as Total Revenues minus Net Cash Cost. (Excludes localization
factor, as it does not come from efficiency factors, but rather from the specific location)
EBRNEN—IRR B Z2HL, IR RRRE b T M 5e g /. BRI THE S SNk 2515 00 4
A (NfEBEA ERER, BOVEANE T AR, & TR EE)



GRAPH/32
Capacities and technologies
of Chilean smelters
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Smelter Gross Margin eI AR
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Source: Ftudy "State of the Art and Vision of Future in Smeling-Refining,” Alta Ley Program, Auwgust 2015
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TABLE/13
Gross Margin Refineries

EIx13 5 EF
On top of the low level of competitiveness that Chilean smelters show, there is also the
determination of new limits for sulfur emissions (sulfur dioxide, SO2, and arsenic, As)16, a
standard that was implemented on OECD recommendations that regulations be drafted to
reduce SO2 and toxic pollutants.
B VAR SRR, BRI AR R R R ok ) (RGBT 16.0X
MIRAEE B2 G U E SRS, DLRRAR — AR 254 F Y B AR
In the case of existing smelters, the regulation establishes a freeze on SO2 emissions and imposes
maximum SO2 emissions (in tons per year) and 95% capture and sequestration, setting a
five-year deadline for compliance. A more demanding emissions limit is established for new
smelters, equivalent to the capture of 98% of SO2 and 99.976% of As emissions. In addition, they
must capture and sequester 95% or more of sulfur and arsenic.
WA R R T SRR B8 S, FUE T BRI LR CREE R — L
B AR5, ECER AR B 95% M — A0 m, SN G R. Brab i) B PRSIk
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Chilean refineries (Chuquicamata, Potrerillos and Ventanas) contribute 6.8% of global installed
capacity and 6.6% of global production of electro-refined copper cathodes (Amec Foster Wheeler,
2015). With 1.3 billion tons of anodes produced per year, Chile could use 100% of its refineries’
capacity, which totals 1.12 billion tons of cathodes.

BFIKE%) T (Chuquicamata, Potrerillos il Ventanas) ZENLA5 & (54 ER16.8%, HfFE [H A% 4R
i 4=3Kk6.6% (Amec Foster Wheeler, 2015). 2 FIEF=FAAR13M20E, Fra Rk 585,
AT AE 211 242 B AR o

The electrodeposition technologies currently in use are: ¥ H BRI HE AR &

* Permanent cathode 7k A F#%

* Starter sheetsUith

On average, permanent cathode technology uses denser current than starter sheets (278 and 260
A/m2, respectively). Efficiency of electrical current is an important operational parameter and, as
can be seen in graphs 33 and 34, no correlation can be observed between the current density
used and the current efficiency. That is, there are no major differences in the average current
efficiency values for each of the technologies.

HH AR, K ABAREA EEAR I A B2 LR IR (0l 227881260 A/m2) . HLTRALR &
— U ERAE S, EIER33MI34 R, HIE AR Z AR . B, AR
A1 R AR LT 2200 o

16 S.D. No. 28, published in the Official Gazette on 12 December 2013.
S.D.No.28, 20134F12H, B JjGazette KK
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Electrodeposition technology
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However, when productivity is analyzed one can see that permanent cathode technology is far
superior when compared to starter sheets (see graphs 35 and 36), though, it is important to
highlight that there is a significant number of modern starter sheet refineries with very strong
productivity (mechanization and automation).

SRIMT, b — T AR IA T BURIL, AR A BRI T 4Rk (33581360, ANl ATy
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Refining technology versus productivity (Man Hours per ton of cathode, MH/t cath) (permanent
cathode)
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GRAPH/36
Refining technology versus productivity (HH/t cath) (starter sheets)
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Chilean refineries in an uncompetitive position: in 2013 they were in the last decile of the
industry in terms of gross margin, which registered negative numbers. This is because their costs
are higher than those of the rest of the industry (Amec Foster Wheeler, 2015). The year 2013 was
particularly negative for Chilean smelters and refineries due to very high mining activity, a low
dollar exchange rate and high electricity costs.

BAREE) sh=Z 5405 20134F, BARE) HBA T B bR FEAT LIS S KE, BRI
o RUONEFIREIER) B siA LE HAh b XRS5 2% (Amec Foster Wheeler, 2015). 20134F
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As the world’s biggest copper producer, Chile must defend its position in the global market by
selling cathodes. This has its advantages compared to the sale of concentrate, due to:

VRN A ERE R AR A K, B R0y T CAE ARV A R AL, BT DU 25 & A 5
WA LLRRAERT, HERmrLEE, HREET:

* Possible restrictions on concentrate exports (maritime transport).

FEO B H AR REI R Gz

* Possible increases in treatment and refining charges due to Asian smelters’ negotiation power.
WM ERABIE N, AT R S BB AR RRE 1 2 HI 35 0

* Possible reward from the quality of cathodes, rather than penalizations and additional costs
from shipping concentrates.

HHEC B HAS I B e M AR AN T 5 e o 2 R B AR A ] s R [l 41

* Additional revenues from the recovery and sale of valuable metals contained in the
concentrates.

R P £ 5 2 < J 14 [ AR 65 217 R A MR

To make progress in the aforementioned direction requires lifting existing operations out of the



state of technological obsolescence they are in, upgrading and/or replacing facilities to make
them world-class operations with low operating costs and high levels of sequestration that
comply with current and future environmental regulations.

N T AE IR LT RS f , FRAT 2R I IRAT B AR AR BIFR IH | 5 A1 /B R 1H it
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In particular, we must aspire to all smelters possessing an electrolytic refinery, something normal
and desirable worldwide, which would allow the operational synergies (treatment of anode scrap
and byproducts) to be taken advantage of in a better way and for savings to be made on shipping.
JUHE, AT ZRE SR B A 16 ) AT AH S ) FERRRS M), SR A Byl A 40, ) 320l
2B VRO RIS, (PR BRI AN RN 5D AT se - MR, & ot KT A .

In addition, treatment of anode sludge would be more efficient with just a single noble metals
plant in the country (for economy of scale and because it is a highly specialized technology),
something that Codelco has already considered in the Noble Metals Plant Project in Mejillones.
Fhh, T A BCERAC AR, N H R B XA i s ) (TR SRS
K58, HFHXFHEARAEF LD AHEFERYE. Codelcot# T FE1E Mejillones EE V7. 1X il i i
& .

Inspired in technologies developed in Chile for the Teniente Converter, China has been promoting
an explosive development of efficient smelting technologies that are currently setting global
standards because of their cost advantages.

SRR Teniente P HAR TR &, I O SRBEMEHIIT & HH m SORE B, T b AR 4L
I, X AMHEORAE FE bR _E Ao 9 [ BRbr it .

The northern part of the country (especially the Antofagasta Region) has a need to deal with
complex concentrates that face restrictions or which cannot be exported, especially if one
considers the tremendous volume that will come from Underground Chuquicamata. This scenario
opens up the opportunity to transform smelters into specialized centers for the treatment of this
type of concentrate.

BAILH JuHZEAntofagastalti X ) TEALB 2 G IRFEH, XA ARZIRG], =270
I, R A RS B RO & A X PR T2 K H Underground Chuquicamata. X Ff{f i /i
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VISION OF CORE CHALLENGE % 0ok 2 5t

“To attain global technological leadership that, when applied to the industrial design and
operation, facilitates obtaining the community’s acceptance to operate to high performance
standards that guarantee an economic margin in the second quartile at a bare minimum.”

“B ) TR IR R Syt R A Dk AR TR R SR, RS
RS R (SN A% T R RS (Ve B N EW L RE VR A Lo SN

CHALLENGES, SOLUTIONS AND R&D LINES #kiik+ J5 R K £k
The group of experts that participated in the technical workshops defined four challenges, based



on the background information evaluated and the vision established for the Core Challenge:
Smelting and Refining. . All of the solutions identified, with their respective R&D lines, apply to
more than one challenge. There are cases in which R&D lines are added in consideration of the
challenge at hand. For example: the solution “High level of capture and treatment of complex
concentrates” is pertinent to Challenges 1, 2 and 3. This solution contains three R&D lines for
Challenge No. 1, which a line of R&D is added when the solution is proposed in the context of
Challenge No. 2 and two lines of R&D when the solution is proposed in the context of Challenge
No. 3.

ZH5EAR TN ZETHERE RNz 0P B RS, fali 7 I0FHkik: A
HARE . . FTEHROHIA, A TIINIERL, WERMBREHIT TR, £
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The solutions and R&D lines identified for each of the challenges presented are detailed below:
Challenge No. 1: Increasing efficiency of smelting and refining processes Chilean smelters show
important deficiencies that can be explained by a low fusion capacity, low copper recovery rates
and nonexistent recovery of byproducts and energy. This, together with the process’s high unit
cost, creates a scenario in which one of the main challenges is to make smelters more efficient.
The table below compares the parameters of Chilean smelters with those of other countries to
identify the productivity gaps.
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TABLE/14 F*i%14
Productivity gaps of Chilean smelters
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TABLE/15 F#A%15
Solutions and R&D Lines. Challenge: J7 ZAIWE & 2k, $hik:
increasing the efficiency of smelting and refining processes

S AR IR AR

E Minimal loss of copper and
! other metals of value.

High-capacity processing
equipment and long campaigns.

Minimum processes and
unit operations,

High level of capture and
treatment of complex
concentrates.

A A 5 5 S R I BURBE Bl D KA IR B AR Jy; TR AN AL R AT
Z e BRI R ISR A AR B

Continuous conversion with solid white metal.

Molten layer technology

FF 2 [ R 3 84 8 i A A 2R AN B SRR 2 45 1] R G | BS IS - I v T e K6 W) 1 B
ik, FUAL FIRLZR k-7 A B B (Mo, Re, U, Ge) -1 2 =1 FAF I8 1 [l U1 4%
TV TR Ao FH v Pt s - Rk A 2 R

Continuous conversion with solid white metal.

pom——

E Continuous conversion with solid white metal.

! Packed-bed technology
FF 8 FH [ 1 €0 4 8 T A - T 8 FH 1R (3 €0 45 J % A - 10 s v Je 0 o e FH v I P EE -
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Intensive mechanization,
autornation, robotization.

1
1
1
1
1
1
:
1 Continuous processes.
1
1
1
1
1
1
1
1

Minimum waste produced and
other byproducts gained.

Good labor conditions and
Advanced Human Capital

%%@mm\ B S RIHLE AR SRR — BRORLRT I 7 i e D R B AR A A S itk
NS5 A

Continuous corversion with solid white metal.

New continual electro-refining process.

Frak B4R B (8 8 F A - A3 A L o LA I ) RGe hIBSI - A5 M) 1 B sh Ak HLAL
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Challenge No. 2: Reducing the environmental impact.

There are significant gaps in terms of sulfur and arsenic sequestration, which constitutes a major
environmental challenge for Chilean smelters. The need to raise the standards of these
parameters to equal those implemented in other countries has resulted in a new regulation
(Decree No. 28 of 2013) establishing a new sequestration level of 98% (SO2 and As) for future
facilities.

Podk2: 930X R HG) G
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No. 28 of 2013), A KNI T AU EI98% 1 FH B % ( LA AL Bi A

TABLE /16 #1%16
Solutions and R&D Lines. Challenge: reducing the environmental impact.

MBI AL PRt JBl/b 2 AT 1A 5 5

Minimal less of copper and
ather metals of value.

--;1 capacity processing
aquipment |'|d NG Campaigns.

Minim urm waste produced and
ather byproducts gainad.

Good labor conditions and
Advanced Human Capita

FEAAN AR 5% 5 R AR B B N KR B IRAR i AR IIBE )2 & R0 10 = KT
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Continuous corversion with ‘-l:l|l:|-'.'hI|E"'l:"|ZI
Instrumen Iall 1 and expart control system for BS

T ary 'nrlalsl‘v'n He, U, Ga)
d anode sludge

Autemation, mechanization and robotization of refinerias
Malten layer technology
Use of High Pressure Nozzles in bath smelting furnacas

FREE I A o e SR AR AL ARG S ALZ fI R G fBSIE I ST EEJE I (Mo, Re, U,
Ge); {AMRATAPRIEHIR; WEHTEVE: AT M ESE. HUMALAPLEAL; i E3
A5 TSI AR b A P o s I A

Continuous corversion with solid white meta il%éiﬂa 1'2'; E@é%%’f&

n and expert control systemn for BS furnaces.
an, mechanization and robotization of refinaries.
Yached-bed technalogy

Ise of High Pressure Nozzles in bath smelting furnaces
Traatment o f high As concentrates in BBF.

AL AL RGP HIBSIE I KSR BB 36 HUBALAIPLARAL s SHFEREAR: £
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Challenge No. 3: Improving labor conditions. Pk k3. o3& T N TAEI 35
The incorporation of new technologies in smelting and refining processes will not just have an



impact on the aforementioned challenges, but will also contribute to improving the labor
conditions for people working at operations.

B AR BRAAR T 45 G B BOR A BB IR PR, TRABIEAE L) R L, SEgEL TN TTAE
W5

Manipulation of molten material poses a risk to the workers involved in the process, meaning
that eliminating the current gap in the accident rate, mainly explained by the existence of
multiple non-continuous processes in operations, constitutes a major challenge to be addressed.
A ERFACAA B TN TAER ok e A fa i . $eFh e b, PRRSEMUR AR ZR, TR IRAT A
O AL HAT, ZRhiE ER A iR A A T I A — KHE AL

TABLE/17 FA%17
Solutions and R&D Lines. Challenge: 77 EAF R 2. Hhik:
improving labor conditions 2§3% T. N\ TAEM 35

Minimum processes
and unit operations

ntensive mechaniz ation
automation, robodization

Minimal loss of copper and
other metals of v alue.

High-capacity processing
aguipment and long campaigns.

AR AL B0 BRI . BB MIFLER AL 2R R RS B MK A A 2E
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KIiRE

Recovery of valuable metals (Ma, Rie, U Ge).

Rer from smelting dust and anode sludges.
Slag o ]

puritias
b and Bi in refineries.

STE B (Mo, Re, U, Ge); 1GHRA L AMIBAMNE HIIRIW; JEETEYE: ApidEh]; Kbk Sb
ANBi )42 1)

Continuous corversion with solid white meta
Instru n and expart contro m for BS CEs.
MAutomation, mechanization and robotization of refineries
Fra A A O a4, AGER L R LA H R G HIBSIE Y KM I E 3L, Pt
HIFLERAL

Instrumentation and expert control system for BS furnaces.
an, mechanization and ro zation of refineries
bed technalogy
ligh Pressure Nozzles in bath smelting furnaces
Treatment of high As concentrates in BEF.
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Automation, mechaniz ation and robotization of refinarias.
Control of impurities
Control of Sb and Bi in refineries.

RS BB B0 FUBALAIRL &34k 28 BTl KSR SbAIBIff2

Continuous conversion with solid white metal.

Instrumentation and expeart control system for BS

furnaces. Recowvery of valuzble metals (Mo, Re, U, Ga)l

Recovery from smelting dust and anode sludges. Slag cleaning
Automation, mechanization and robotization of refinarias.
Malten layer technology

Uise of High Pressure Mozzles in bath smelting furnaces.

R I i B g Jm AL DU ZL A H RGHEHIBSIEY: ST E GBI (Mo, Re, U,
Ge); IfAMRA LA R IRl JAETEDE: R B . HUMILAIBLEL; IR
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Continuous cormeersion with solid white metal T#éiﬁﬁ ﬁi E é%ﬁ%%

CORE CHALLENGE:
SMELTING AND REFINING

3 CHALLENGES

79 R&D & | LINES

3RBRAR; 19Fh TR 79 RIZ

OBk REAR

INFRASTRUCTURE 37t 4 i

* Pilot tests (China/Chile) #¥JFiR56 (/& F])D

* Laboratory tests. SZ36 = 146

CAPACITIES fi&

* Research in basic sciences. FEAHF} A 7T

* Universities contribute to research, instrumentation and control.

PAFHE 2 KPR A B S HF

* Advanced human capital with specialty: fluid dynamics, transport phenomena, reaction
kinetics, thermodynamics, electrochemistry, materials science, process modeling, optoelectronics,
mineral chemistry, digital technology and mechatronics.
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* Training of technical workers in operation and maintenance skills at Technical Training Centers
FEBAREL Y OSSR TN EAEFN4ES B I

* Center specialized in arsenic. fHifffiff 73 H 0y

* Organization and transparency. 2H 2R BN R B i

* Technology think tank for mining. B\l i A% ZE[4]

SUPPLIERSHHE B 7

* Strengthen the development of local suppliers of instrumentation, expert control,
mechanization, automation, robotization, information management, optimization software, data
transmission, engineering design and specialized support services.

IR AN R, I g o il B3k, Flasth. 5 883, Baiiik.
Al e, TAERTHANHA b ST S HF

* System structured to accompany local companies with technological capacities.

AN BRSNS b IVAIN OE s % NG VAL oy

ALLIANCES Bk

* China - Chile cooperation agreement.

o - R S A P

* Alliances with national and international universities and centers of excellence.
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INFOGRAPHIC/3 15 5 EIFK3
Technological surveillance smelting (Patents)

BRBEIMGE CERD

TOTAL PATENTS
2010-2015

PAT E N T S 2010-2015 A 119511 L F|

MOST-CITED PATENTS 5| F it % )& F|

EP1148295B1

Gasification melting furnace for wastes and gasification melting method

PR SAE A A Rl 7 2

US7771666B2

Method of producing nanoparticles using an evaporation-condensation process with a reaction
chamber plasma reactor system

M ZER-BEEEAE, 0 VR 55 1 1A S L R G825 7 K AL

US8052774B2

Method for concentration of gold in copper sulfide minerals



BRAL R B e e R & AR5 1%
EP1811821B1
Method of recycling waste printed circuit boards
[l WA FH I 7 BT A P B AR T vk
EP1964936B1
Process for recovering noble metals from electric and electronic wastes
NEEL SR R ARk o [ S B < i FR VA
US8173086B2
Process of recovery of base metals from oxide ores
NERALH™ r B ST A < s ) SR
US2010275730A1
Method for recycling precious metal from used printed circuit boards
AN TH ERT TR e AR o [l i Bt < s ) 7V
US7776135B2
Method for the recovery of gold
B Ve IPIRrS
Us8800775B2
Method for recovering metals from electronic waste containing plastics materials
A BERDRE T L R R Bl W< S 10 U7 ik
US7815706B2
Method and apparatus for recovering platinum group elements
EW%%%%@ﬁ%ﬁ%E
MAIN

TECHNOLOGICAL
TRENDS

- Mitigation of climate
change from production.
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IMAIN UNIVERSITIES

- Central South University. China

- Mational Technology Institute of Japan

- Beijing University of Science and Technology
- Espirito Santo Federal University

- diangxi University of Science and Technology
- Mortheastern University of China

- University of Tokyo

- University of Utah Research Foundation

FE R
HEF R RS HAREREARBIFI AR M i BB P TR
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MAIN COMPANIES
AND/OR R&D CENTERS

- Qutotec OY

- Tamaka Precious Metal IND

-Dowa Metals & Mining CO LTD

- J¥ Nippon Mining & Metals Corp

- Precious Metals Recovery PTY LTD
- Mitsubishi Materials Corp
-Kosaka Smelting & Refining CO

- Nippon PGM CO LTD

- Qutokumpu OY

-Umicore AG & CO KG T B F /SR T

INFOGRAPHIC/4 {5 5. %4
Technology Watch: Smelting (Publications) i R @i fik: 6% (HERYD

SCIENTIFIC PUBLICATIONS

2010-2015
Bl HihR12010-2015
MAIN RESEARCH TRENDS N=
Metallurgy fMetallurgic engineering 63
Engineering 51
Ecology and environmental sciences 49
Materials sciencas 29
Ore processing 9
Mineralogy 26
Chemistry 18
Geology 15
Water resources 0

FEH UGS
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MOST-CITED
PUBLICATION

Low grades ores - Smelt,
leach or concentrate?

Authors:
Morgate, T

Jahanshahi, 5 B 5 T
RELH A —1akk. SIEIE R RiL?
1E#

PRINCIPALES INSTITUCIONES DE INVESTIGACION

Russian Academy of Science

University of Belgrade

Central South University, China

University of Prague

Chinese Academy of Science

Czech Geological Service

Shahid Bahonar University of Kerman

Minnig and Metallurgy Institute Bor

Polytechnic University of Silesia

University de Tohoku
F R T«
R R VURKE SRR, B g K5 Ahids R, ERFA B 3 ot ik 55
HL#J. Shahid Bahonar University of Kerman. Mining and Metallurgy Institute Bor. 74 B 74 . 1
TR HARILKR

COUNTRIES WITH SCIENTIFIC PUBLICATIONS
A R R 2K
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Technology Watch: Refining (Patents) Fi AR fifi: A&k (LFD

TOTAL PATENTS
2010-2015

/

PATENTS 5010-2015 A 7705 F

via solutions electrolysis
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US8052774B2
Method for concentration of gold in copper sulfide minerals
BRAL T B <5 0 R & AR5 1
US7700343B2
Sulfur-oxidizing bacteria and their use in bioleaching processes for sulfured copper minerals
i S AL R E BT AR iR AR i
US8834715B2

Copper recovery apparatus and copper recovery method

i [ YA 2 B AN el S5 92



US2010065433A1
System and apparatus for enhancing convection in electrolytes to achieve improved

electrodeposition of copper and other non ferrous metals in industrial electrolytic cells

FESL ARG B DO F R DA% T, AT BT A EL A A € <o ) R AR A R AR

EP1903119B1

A method of manufacturing high purity copper

A v 0 P 14 75 7%

US7811534B2

Method for the treatment of copper-bearing materials

AR BT i

US8192596B2

Ultrahigh-purity copper and process for producing the same

T v 4 B A B L AR R R

US7736487B2

Process for recovery of copper from copperbearing material using pressure leaching, direct
electrowinning and solution extraction

ERINERIR B3 G SR AR U 77 NS AR b [l o 2R
US7722756B2

Process for multiple stage direct electrowinning of copper

% By EL#E F AR < B TR

US7736488B2

Process for recovery of copper from copperbearing material using pressure leaching, direct
electrowinning and solvent/solution extraction

ERINERIR B R SV AR U 77 NS AR b [l Wcdi o 2R
COUNTRIES WITH MOST PATENTS
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MAIN UNIVERSITIES
- University of Chile

- Free University of Brussels

- University of Osaka

- University of San Luis
- University of Santiago de Chile

- University of British Colombia N »
! BN 4
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MAIN COMPANIES AND/
OR R&D CENTERS

- JX Nippon Mining & Metals Corp
- Pan Pacific Copper CO LTDA

- Nippon Mining CO

- Phelps Dodge Corp

- Freeport McMoran Corp

- Qutotec OY

- Xiangguang Copper CO LTDA.

- Sumitomo Metal Mining CO = LN T /S O

INFOGRAPHIC/55 B 35
Technology Watch: Refining (Publications) i R il : K&k CH AR

SCIENTIFIC PUBLICATIONS
R AR

PRINCIPALES TENDENCIAS DE INVESTIGACION N®

Materials sciences 62
Metallurgy / Metallurgic engineering L4
Other technology-science topics 15
Physics 11
Engineering 8
Chemistry 7
Crystallography 4
Mineralogy 3
Ore processing 3
Microsocopy 2
LTS
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SCIENTIFIC
PUBLICATIONS

FrF AR 98



MOST-CITED
PUBLICATION

The role of stacking faults
and twin boundaries in
grain refinement of a Cu-
Zn alloy processed by

high-pressure torsion Bl L2 1R

HERR JE AR i 0] e IR AL T 485 <6 R 4i b IR VR F
Authors
Wang. YB.

Liao, C.Z.
/hao, YH Ve
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COUNTRIES WITH SCIENTIFIC PUBLICATIONSHi A Rk H B i Bl %

South Korea
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France

Canada 5

Czech Rep . FA. SOCRIE. M. A RE N SE. EE. ek,
I

CORE CHALLENGE; MINEOPERATIONS AND PLANNINGAZ 0ok ;s # FEAE ML AR 1)
BACKGROUNDTY 5t
The majority of ore currently extracted in Chile and around the world comes from openpit mines.



Over 3 billion tonnes of ore were extracted worldwide in 2014, of which 87% came from open-pit
mines. Chile concentrated approximately 30% of that production.

AR R A 57 A DX A5 K B 8 R0  20144F 4 BRA R 3042 AT o e R B L
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The Core Challenge Mine Operations and Planning section was drafted based on work by the
technical commission created for the core challenge, which was comprised of the following
members: Agustin Sepulveda, Andrés Pérez, Brian Baird, Carlos Urenda, Christian Schnettler,
Claudio Rojas, Cleve Lightfoot, Francisco Abbott, Hugo Toro, Jorge Soto, Murray Canfield, Nury
Bricefio, Pablo Asiain, Pierre Perrier.

ROk TIFERAERIRLR] T AR T AR T A ORI AR T R S UGE R. HRZE
WA ST B AR RO A OBk, BUA PR i : Agustin Sepulveda, Andrés Pérez,
Brian Baird, Carlos Urenda, Christian Schnettler, Claudio Rojas, Cleve Lightfoot, Francisco Abbott,
Hugo Toro, Jorge Soto, Murray Canfield, Nury Bricefio, Pablo Asiain, Pierre Perrier.

The following team from Fundacién Chile was in charge of drafting this section: Francisco Klima,
Tomds Gonzdlez, Enrique Molina, Philip Wood, Cristébal Arteaga, Manuel Arre, Nicole
Valdebenito, Hernan Araneda.

PLR RGBT LR/ IS . Francisco Klima, Tomds Gonzalez, Enrique Molina, Philip Wood,
Cristobal Arteaga, Manuel Arre, Nicole Valdebenito, Hernan Araneda.

GRAPH/ 37 [E#37
Ore extracted in Chile and the world, 2000-2030
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While it has been estimated that there will be a significant increase in production from
underground mines by 2025, open-pit mines continue to contribute the largest share of total
production, at close to 5 billion tonnes.

N TG 20202555, H NI T B2 A RIS N AL T 88 RA 2 s~ B R
150120

The surface exploitation method, known as open-pit or strip mining, is the first option evaluated
in the development of a mining project, as it is usually cheaper if the ore body is close to the
surface and is regular in shape. Depending on the concentration of the elements that are of
economic interest, the potential contaminants and in general the geometry of the ore bodies,

open-pit mines can far exceed 500 meters in depth.
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However, when the ore body is located at a greater depth or else has surpassed the economical
limit of strip mining, then the underground method will be chosen.

SRIT, QSRR R BT, BIR LI IR, — M R R N C G iR R e TP EOR, 4
PRSP E

In this case the underground method will be defined by a series of factors related to the body
shape, other characteristics of the ore as well as the rock that surrounds it, environmental and
technological factors, and economic considerations related to the ore reserves available, the
required production rate, mine lifespan, productivity, and lastly the cost per ton of ore using
every possible method.

Xy, HN R RPN MR RE, IR TR Al A A A AR
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Over 50% of Chile’s fine copper production, in any of the forms it is sold in, comes from the six
operations detailed in the table below:
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TABLE/18 1418

Largest operations in Chile (mainly open-pit) and their contribution of fine copper
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All of the above operations (Except for Anglo American Sur, which includes underground
production from El Soldado) are open-pit mines. In the case of Chuquicamata, the transition to an
underground mine is already under way and production could begin at the end of this decade.
Eventually all operations could go through this transition.

PLEFTEENL (B T Anglo American SurlA4l, Anglo American Surfd >k F El SoldadoffJh
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The main underground operations in Chile belong to Codelco (El Teniente and Andina Divisions)
The El Teniente Division contributed 8% of the fine copper produced nationally in 2014, while the
Andina Division accounted for 4% of the total., Both divisions also have open-pit mines whose
production is also included in the aforementioned numbers.

BA E N $E K [ Codelco  (El TenienteflIAndinafi™ [X ). El Tenientely” [X ££20144F K
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It is estimated that an average of 20 years pass between the discovery of a deposit and when
operation starts. The exploration phase lasts an average of 10 years, while the study, financing,
permits and construction phase takes another 10 years (Fuentes, 2010).
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FEFFC . Rt VFRT Al iE EAE 2 2 AN i 104 (Fuentes, 2010).

The majority of large porphyritic copper deposits discovered in Chile have been the result of a
detailed geological analysis in promising areas, after applying metallogenic criteria indicating the
areas that are favorable to exploration, followed by the execution of geological prospecting
programs guided by geochemical and geophysical research. In the case of exploration in areas
covered in pre-ore rocks, exploration must be guided by the extrapolation of favorable geological
patterns present in the pre-ore rocks or by the existence of geophysical and geochemical
anomalies (Zauschquevich & Sutulov, 1975).
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1975)

Estimating the size or tonnage of ore and the ore grades has habitually been based on a
geological interpretation or 3-D model of the deposit and geostatistical processing of the data
collected. This is used to quantify the Mineral Resources, which after successive phases can
become Mineral Reserves.
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According to the Mining Commiteel7, conversion of Resources into Reserves includes the
following phases: exploration prospect that gives rise to the idea; technical-economic analysis on
an order of magnitude to produce a study of the scope; a pre-feasibility study, and a feasibility
study, which offers a database that is used by a backer or financial institution to decide on a
project’s development.
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In the early stages information is fragmentary or insufficient and a high risk is involved, a factor
that diminishes as the information is improved and strengthened.
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17 Qualification Commission for Skills Related to Mining Resources and Reserves, created by Law
No. 20,235. BEAK o 212 1 2 BORHRE SR AI A R 15288, No.20235 2% K FILE .«
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Functional
Models
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Progressive transition toward reduced uncertainty and risks
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Exploration Profile Pre-feasibility Feasibility
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The successive mining studies must reflect the growing level of certainty in the relevant
exploration parameters and, in the event that favorable economic results are available, lead to
the mine’s construction, commissioning and operation.
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Operating a mine is a multidisciplinary task that must be coordinated to be undertaken in a safe
and effective way. The work teams that participate include, among others: geology, geotechnics,
planning, topography, mine operations, maintenance, administration, services, and support in
health, safety, the environment and quality, among consultants from diverse areas. The geology
team’s mission includes providing information on the physical, chemical and mineralogical
characteristics of the material to be extracted, which is the starting point of the extractive
process. This information is taken by the engineering or planning group, which integrates it with
other variables related to operation, geotechnics, metallurgy, maintenance and costs, so as to
draft a production plan or “mine plan.” This plan describes the materials that will be moved in
the operation and the resources required to do so.
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Movement of materials in the operation includes extraction and transportation of materials
comprised of different qualities and concentrations of the element of interest. That is, material
lacking in valuable content (“sterile” ), material whose valuable content does not justify
processing it and materials with different proportions (“ore grades”) of elements of interest. This
material, generically referred to as “ore,” will be destined to one of the process lines or the



respective dump.
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Mine planning is under continual development during mine operation, in a way that is similar to
what is done in the preliminary stages of the mine project or the engineering phase, but with
different information inputs.
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A team traditionally known as “mine operations” is in charge of extracting the materials from the
mine. In metals mining this is done in the following unit operations sequence: drilling, blasting,
loading, transportation.
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Together the unit operations and the equipment and/or technology used to undertake each one
make up a “mining system,” which is closely related to the “exploitation method” in question. For
example, currently the majority of large mines operating under the open pit method use a mine
system in which the stripping or extraction of the material is done with drilling (mainly rotary)
and blasting with explosives, while loading and transportation is carried out using a shovel-dump
truck system.
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As already mentioned in previous chapters, the Chilean mining industry has been affected by a
gradual decline in the quality of its mineral reserves. Copper ore grades are ever lower, mainly
due to the greater depths that mines have reached, where the rock is harder. In addition, in the
case of open-pit mines, expansion of operations habitually entails removing a larger proportion
of sterile material or waste for every tonne of ore to be recovered.
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This scenario has a direct impact on higher energy consumption per pound of fine copper
produced and it has a negative effect on the mine business’s productivity. Furthermore, the need
to move larger volumes of waste and grind more ore is added to the increasing hardness of the
ore found, which also has an impact on energy consumption (see chapter 4, Section:

“Current Scenario and Short Term Challenges”)
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Another reason behind the growing need for energy in mining has to do with the essentially
nonexistent continental waters available to supply the consumption of new operations, with an
increasing need to transport water from the sea and the energy expenditure associated with it.
KA MV BERE N B 55— R R 2 B K BRI, Bl AR ML ) B K B A T
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While the price of copper has a direct effect on the industry’s productivity (periods of high prices
foster the exploitation of mines with lower ore grades and productivity, but with economically
reasonable results), it is a fact that declining ore grades and increasing hardness and impurity, in
addition to the larger transportation distances, have made productivity a priority focus for
Chilean copper mining.
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CHALLENGES, SOLUTIONS AND R&D LINES Bkl J5 A0 A& £k

Based on the information analyzed, the group of experts who participated in the technical
workshops identified four challenges: i) Increasing productivity; ii) Increasing mineral resources
and reserves; iii) Environmental protection and social responsibility; iv) Greater workplace safety
and quality.
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As described in the Background part of this section, mine planning and operation includes four
phases. These are: i) Exploration; ii) Mine project, engineering and mine control and planning
(MC&P); iii) Open-pit mining; iv) Underground Mining. The table below indicates which of the
challenges identified applies to each of the phases.
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TABLE/19 F#%19

Challenges and phases of the core challenge: mine operations and planning
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Challenge No. 1: Increase productivity

Phik1: fRmdmE

As mentioned throughout this book, productivity is a central issue that the mining industry must
address in the short- and long term. This is a challenge that cuts across all of the phases defined
in the context of this core challenge. However, due to the reasons presented above, it gains
particular importance in the open pit and underground mining stages.
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In open-pit mining the solutions associated with the movement of large volumes of earth long
distances and the management of assets, understood as applying to the universe of equipment
for engaging in the required activities, are identified as the mine lines of development to improve
productivity.
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Meanwhile, the solutions associated with increased productivity from underground mining is
related to the development of large-scale deep mining, which among other things entails making
progress with technologies that allow operation under high levels of geomechanical stress and
the development and integration of autonomous operations.
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Solutions And R&D Lines. Challenges: Increased productivity
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assessment of projects.

Moving large volumes of
material large distances

Management of assets
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Mine Projact,
Engineering
{MC&F]

Open-Pit Mining
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mpravemeant and development of techniques for
autamation of sampling and sampling preparation.

- Impravemant, development and standardization
of methodologies and taols for selecting
equipment and calculating fleats.

- Improverment, davelopment and standardization
of methodologies and taols for calculating

casts and evaluation of mining plans. HREFIRE AR B B A AR 3T+ AR 5

WA AT SRR () e #3507 VA T R R T KRB AIARAEAL s T AR R T RIVPAR 77
A TERT RERbRHEL

* Fragmentation/blasting 7> Z%/F 0%

* High-tonnage conveyor belts = Mi{i /& 1% 7

+ Constructability of terraces V- & Hjiti T ft




* Integration of operations (mine-plant). 1EMy—4&4k (B F:-T.J )

* Online measurement of ore grades in pits, shovels, conveyor belts.
W 7% ARIRA I A S R AE L I &

* Integration of remote-controlled unit operations
2 | SR VA (S A% N A

* Automation and autonomous operations H 2L FTH E4AE

* Ease of maintenance: characterization of main equipment, others.
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* Development of systems for the continuous feeding of crushers to reduce trucks’ waiting time.
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Development of large-
scale deep mining

Management of assets.
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Underground
Mining
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Continuous mining

Characterization.

Gravitational flow.

Online measurement of ore grades.
Support and fortification.
Fragmentationfblasting

Automation and autonomous operation]
Dperation under high levels of geomechanical stress Eﬂ:jigjé
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Challenge No. 2: Increased mineral resources and reserves
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The second challenge identified in this core challenge has to do with the first two phases: Mine
Exploration and Project Engineering and Mine Control and Planning. In the case of exploration, a
possible solution identified is to improve and develop technologies that allow an increase in the
rate at which new discoveries are made. Meanwhile, increasing mineral resources and reserves in
the engineering and planning stage entails improving tools that allow, among other things, the
investment cycle for projects to be reduced, thus closing the gap in the projected and real
parameters and developing optimal strategies for the consumption of reserves.
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TABLE/217#421

Solutions and R&D Lines. Challenges: Increased mineral resources and reserves
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* Improvement and development of prospecting techniques.
BHRBOR B3R TR K

* Improvement and development of drilling technologies.
BHBOR AR TR K

* Improvement and development of characterization technologies.
REPERRBOR BT AT K

* Integrating knowledge from operations and projects.

PRV AN H B FI R — 144k

* Characterization and modeling of variables (geosciences).

-
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* New sequencing tools (based on blocs, others) that integrate operational restrictions.
TFRBE LR (ETHRXE) BEHra /R MR

* Improvement of tools for defining the transition from pit to underground mine.
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* Improvement of tools for integrated medium term mine planning in a mining district.

TER THANE — AR X 50 -

* Holistic planning that integrates relevant variables on geo-metallurgy, geomechanics, then
environment (acid, wind, others), commercialization, etc.

e BARRLRY, BEGHITAESE . W% R (R, RS IR R A

=

B

Challenge No. 3: Environmental protection and social responsibility
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As mentioned in previous chapters, socioenvironmental aspects have gained particular relevance
in the mining industry’s development and future sustainability. In this context, the R&D lines
identified in the context of this challenge are associated with the management of waste and its
potential impacts.
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Table /223422

Solutions and R&D Lines. Challenge: Environmental protection and social responsibility
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Challenge No. 4: Greater workplace safety and quality#kfii4: 25 TAFE R 22 42 1A i &

A constant concern for workplace safety is a continual focus of the mining industry’s attention.
The accident rate in mining is less when compared to other economic activities undertaken in the
country, while the mortality rate has gradually declined. This Roadmap identifies this aspect as an
important challenge for the exploration phase, in which the idea is to make progress in the
development of techniques to reduce direct intervention on the part of operators.
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Table /237 #%23

Solutions and R&D Lines. Challenge: Greater workplace safety and quality
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CORE CHALLENGE; MINE OPERATIONS AND PLANNING
Bt bl AR AL AT

4 CHALLENGES

AFhkig; 13075 35 R LR

* Research in basic sciences. &R FFF A 5T

* Universities contribute to research, instrumentation and control.

PAFE L REHIWTA . G FE BESCRE

* Advanced human capital with specialty: process modeling, management of assets,
mechatronics, robotics, characterization and modeling of variables, geo-metallurgy, geochemistry,
geophysics and the environment.
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* Training of operators and maintenance workers in Technical Training Centers who are experts
in automation and robotics.
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* Technology think tank for mining. # MV FIH AR R 2[4

* Organizations for the transfer of knowledge. F1iR#41EHLA4
SUPPLIERSAH: ¥ i

* Strengthen the development of local suppliers of instrumentation, expert control,
mechanization, automation, robotization, information management, optimization software, data
transmission, engineering design and specialized support services.
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* System structured to accompany local companies with technological capacities.
S R 48 LSRR 2 A =) R e T2 7+
ALLIANCES Bt

* Alliances with national and international universities and centers of excellence.
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* Alliances between industries and Technical Training Centers to train operators
AN AR B IO B B Vb N L3R LRSI

 Alliances between research centers / Universities / Industry / State/ Suppliers
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Technology Watch: Planning (Patents)Fi A fifi: Mkl (LF]D

TOTAL PATENTS
2010-2015

43

PATENTS

MAIN TECHNOLOGICAL TRENDS 3= 43 At 34
* Procedures for underground or surface mine operation.
R B R IR

* Diverse details related to the equipment that creates the fractures or completely frees the ore

2010-2015 A 43T1EF|

material from the vein.

AT Jok v 2 B A )R R 2

US8144245B2

Method of determining a machine operation using virtual imaging

fi F REA BB ASAUNLAS BRAE LAhoE e B B il

US8567871B2

Method for automatically creating a defined face opening in longwall mining operations
KHETFRAML Y, Bh AR BARE SRS T 5

US7925474B2

System and methods(s) of blended mine planning, design and processing
WA IR BN TR R G TTVE

Us8070394B2

Versatile grout bag type of underground support

HWON SR, 2 HEKRAR

US7853439B2

Mining optimisation KB i1k

US2010104376A1

Grout bag type of underground support i~ 37, /K4S
US8376467B2

Method for automatically producing a defined face opening in plow operations in coal mining
BT TFR T B A A R AR RO E SCHY S TR

US7681660B2

Arrangement for positioning drilling unit

TENL B HLIT

US8886382B2

Method and system for regulating movement of an entity between zones
Y X A SR IS A R G

US7883298B2

Supporting device for an advance working or mining machine
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COUNTRIES WITH MOST PATENTSHIE £ Al Z 1 E K

CEE. BRI, SR, EE. . E. EAE. BAL R, ERR
MAIN UNIVERSITIES
* University of Sydney % K22 BB K

MAIN COMPANIES AND/OR R&D CENTERS == 3% /\ &) Fll /B i A& Hcs
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Technology Watch: Exploration (Patents)f AR+l : #i#R (LF))

TOTAL PATENTS
2010-2015

PAT E N T S 2010-2015 A 3155105 F|

MAIN TECHNOLOGICAL TRENDS = B2 At 34

« Work with lasers #OEHEIA

* Seismology, Prospecting and seismic or acoustic detection.

MR A BER AR M FE B A

* Tunnels or galleries.}% & B¢ V- 4%

* Methods or guidelines for reading or recognizing printed or written character, or to recognize
patterns.

B B B BIAT BB S A7, SR EE

* Systems that use reflection or re-irradiation of the electromagnetic waves that are not radio

waves.
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MOST-CITED PATENTS BIHAE&Z/H%EF

US7860301B2
3D imaging system 3D &R 4t
US7756615B2

Traffic management system for a passageway environment
FIFHAC 0 B R S04 BLIm T8 P85



US7725253B2

Tracking, auto-calibration, and map-building system
IREE. BRI RS

US7832126B2

Systems, devices, and/or methods regarding excavating
ARG W /e

US8325030B2

Heat stress, plant stress and plant health monitor system
NS AEPPUIE R ) (e R I R 5
US8050206B2

Wireless network camera systems

TCE M 28 IEAH R 4t

US8235110B2

Preconditioning an oilfield reservoir

ToALFE A%

US2011030586A1

Carbonate products for carbon capture and storage
Aot P BRI 7 i AU SR MM A7 B

US8585786B2

Methods and systems for briquetting solid fuel

O AR BBk

US2011096168A1

Video delivery systems using wireless cameras

fi F A LA IR AW

COUNTRIES WITH MOST PATENTSHiI 4 & Il i) [ 5%

FE . AR, iR RE. EE, mmi. b, . KE. kR
MAIN UNIVERSITIES B k2
* University of Sydney &JE K
+ California Technology Institute Il ¥ T B3
* Chinese University of Mining and Technology ' [E# Mk K%
* University of Jianghan YL K2
* Catholic University of Chile ZF| K k2%
* University of Akronfi 5@/ K 2%
* University of Nevada P ik k2%
* Southeastern Universityifi il 25 B K2
* University of Utah Research Foundation#fith X 240 7 3k 4 2
* University of Western Ontario /i % K& K27



l._‘_.- .l"'-_ (AR aal? 1 D _|"'._ J I

LA
-
-

T TR

=]
i bl LENTER

- Catarpillar IMC.
- Shell Dil CO.
- Bxonmobil Upstream res CO.
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Technology Watch: Exploration (Publications) AR f#k: #h# CHARY)D
SCIENTIFIC PUBLICATIONS 2010-2015
B R)2010-2015
MAIN RESEARCH TRENDS = ZLfff T #a 3
Geochemistry and Geophysics i Jii A4, 27 3 i 47 2
Geology HiJiiz#
Ore processing H 41 /il L.
Minerola Mineralogy ogia ")
Ecology and environmental sciences 4= 2% 2F AR 2%
Remote Sensors iZEF2 /&N
Physical Geography H#RHh¥~~
Computer Sciences 115 HLFl~
Engineering LF2%
Other Technology and Science topics H:Ath £ R AR} 27 R B
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Principales Instituciones de Investigaci 6n 3 ZHF 5 A4

Chinese University of Geosciences H[E HhJfi K

Chinese University of Geosciences, Beijing campus A & 1l 57 K22 b T 1%
Commonwealth Scientific and Industrial Research Organization (CSIRO)
WAL 5 Tl 7t 4l 27

Canadian Geological Service & A5 i 25 5

Chinese University of Geosciences, Wuhan campus " [E 1 i k22 I 018
University of Western Australia FE{# K22 GERAF]IE)

Chinese Academy of Geological SciencesH [E 1 J5i £} [

Chinese Academy of Science H* [E R} 25

Islamic Azad University in Damavand 2% H i k2%

Queen’s University &5 K%

COUNTRIES WITH SCIENTIFIC PUBLICATIONSHiA H R ¥ [H 5%

L ISR BORAIE., SCHE. SE[E. (R, fEEL BN, Hidt, K
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Technology Watch: Operation (Patents)f AR f&ifit: 1EMk (FF))

2010-2015

DATENTC
ATENTS 2010-2015 FLA 212354 F

MAIN TECHNOLOGICAL TRENDS = 2 1 A4 34

* Drills especially adapted to change drilling direction, with means for collecting substances.
bR ek, R AT AR o

* Manufacture of composite layers, parts or objects based on metallic dusts, sintered with or
without compacting.
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MOST-CITED PATENTS ON OPERATION 5| 1| 5% % [fi 4/ k4l
US7776256B2
Earth-boring rotary drill bits and methods of manufacturing earthboring rotary drill bits having

particle-matrix composite bit bodies
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US7802495B2
Methods of forming earth-boring rotary drill bits i e 4l Sk 1%

US7954569B2
Earth-boring bits 444l Sk
US8517125B2

Impregnated material with variable erosion properties for rock drilling

AR 9 SR AN [F R AR AE BRI A R

US7913779B2

Earth-boring rotary drill bits including bit bodies having boron carbide particles in aluminum or
aluminum-based alloy matrix materials, and methods for forming such bits

Bl R R Sk, ELRRRL SR BRACTIBURL, R AR B A S A A R . A I X R A Sk
T3

US8156871B2

Liner for shaped charges HEJ %% 24 P #f

US7784567B2

Earth-boring rotary drill bits including bit bodies comprising reinforced titanium or
titanium-based alloy matrix materials, and methods for forming such bits

Bt el k, RS ARG SR BB LR, 0 IS R Sk i T
US7807099B2

Method for forming earth-boring tools comprising silicon carbide composite materials

i & A BACRE S SR Bl T E 1 7k

US8322466B2

Drill bits and other downhole tools with hardfacing having tungsten carbide pellets and other
hard materials and methods of making thereof

A R HE SR G2 IR SN ARG H TR, %085 & A i AL S R A Ah IR AE M . 10
Hilid bid T H A

US7977420B2

Reactive material compositions, shot shells including reactive materials, and a method of
producing same

RPIRE S B, AR , STk

COUNTRIES WITH MOST PATENTS IN PLANNINGH A k1) % Fll 5 2 9 [ ¢

SRHL fERE. AL ERL WM. JEfE. EE. H. PE. EA

MAIN UNIVERSITIES & Bk 2
* Chinese University of Mining and Technology ' [E Mk K%~
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Technology Watch: Operation (Publications) F% A& #: 1EM CHARA)
SCIENTIFIC PUBLICATIONSA} Hi il )

2010-2015

MAIN RESEARCH TRENDS = B At 3

Engineering LFg2%

Geology HiJiiz#

Ore processing H 41 /il L.

Ecology and environmental sciences =25 2F IR 2%
Water resources 7K B4

Geochemistry and Geophysics HiJii A4, 2% Al b4 2
Metallurgy / Metallurgic engineering {6 4:/i64 L%
Meteorology and Atmospheric Sciences % 2 Fl KA B2
Computer Sciences 115 HLEl 2~

SCIENTIFIC

PUBLICATIONS ®ZHIxY

MOST-CITED

PUBLICATION 5| [l % it T

TOUGHREACT Version 2.0: A simulator for subsurface reactive transport under non-isothermal
multiphase flow conditions

TOUGHREACT A< 2.0: ARFABEZ AHIAL A AU N S N A% I AL 25

Authors {E#

Xu, Tianfu;

Spycher, Nicolas;

Sonnenthal, Eric; et al.

MAIN RESEARCH INSTITUTIONS == ZLHf 7t HLKY

Tarbiat Modares University £ bt B4 052k i 1 oK 2
Shahrood University of Technology Vb i & fii 43 AR K 2
Islamic Azad University in Damavand i >4 [ i K2
Beijing Institute of Technology k& FE T. K2

Chinese University of Mining and Technology 4k k2%
Chinese Academy of Science H* [E R} 2% 5

Indian Institute of Technology E[1J& ¥ T %%



Russian Academy of Science % 5} B¢
Commonwealth Scientific and Industrial Research Organization (CSIRO)

BEHRL 5 TV T4 27
Pratap University of Agriculture and Technology Pratap % AR K2

COUNTRIES WITH SCIENTIFIC PUBLICATIONSIHA A HH i i) [ X

FEE. PE. . nER, R, EEH BRI, Y. R
%

CORE CHALLENGE: ORE CONCENTRATION #Z.0aBbiki: %t

BACKGROUND T 3t

As has been previously noted in this book, productivity in mining has declined due to factors that
exceed the decline in the quality of the geological resource (measured by sterile material ratio
and ore grades). In addition, the national mining industry’s overall demand for energy has
increased, to a great degree due to the increased processing of ore concentrate.

AL ZATCIRBNS, KA FA PR, X2 T AR R S ﬁ I 3 0 8 G T
BHEBIRT AL . BRILLLAN, BRI 7S Re & 7 AN BT, X0 BT AW in
BT TS SANY AN T

This means that concentration, the productive process that follows the extraction of sulfide ores,
is a priority aspect to be addressed if transformations are to be implemented to resolve the
productivity challenges that the industry faces.

KEWRE, B0 X RAR OO 5 5, AT RS B rh 2 B JRATT
CURT, AT P A R R fiff ok =4 i A7 I T P A 7 Bk ) B 23R 4%

The concentration process starts with reducing the size of particles, or “comminution,” which
consists in two consecutive stages: crushing and wet grinding. They account for a significant
proportion of the cost associated with the concentration process due to the high energy
consumption that grinding entails.

N R 1 S B NRRE R, BRFR B, AP B AR . XA
5 Ay in S B OS, 2 M BR 2 e keI .

The Core Challenge Ore Concentration section was drafted based on work by the technical
commission created for the core challenge, which was comprised of the following members:
Agustin Sepulveda, Andrés Pérez, Brian Baird, Carlos Urenda, Christian Schnettler, Claudio

Rojas, Cleve Lightfoot, Francisco Abbott, Hugo Toro, Jorge Soto, Murray Canfield, Nury Bricefio,
Pablo Asiain, Pierre Perrier.

B AR B AR R AR R 3 T A O PR R 2 R e O DGR R o R ZR B3 25 1 51 W Al A
R YR IAZ OBk, B LU R 5. Agustin Sepulveda, Andrés Pérez, Brian Baird, Carlos
Urenda, Christian Schnettler, Claudio



Rojas, Cleve Lightfoot, Francisco Abbott, Hugo Toro, Jorge Soto, Murray Canfield, Nury Bricefio,
Pablo Asiain, Pierre Perrier.

The following team from Fundacion Chile was in charge of drafting this section: Francisco Klima,
Tomas Gonzalez, Enrique Molina, Philip Wood, Cristébal Arteaga, Manuel Arre, Nicole
Valdebenito, Hernan Araneda.

BRI RS0 TS TAE, BAA: Francisco Klima, Tomas Gonzalez, Enrique Molina, Philip
Wood, Cristébal Arteaga, Manuel Arre, Nicole Valdebenito, Hernan Araneda.

The copper sulfide ores that one seeks to recover through flotation-concentration are normally
accompanied by other minerals of lesser or no relative economic benefit (“gangue”), with their
separation being the objective of the concentration process.

AN FERE AR, JATH) H AR Bt R AL 50 R TS A WA, 8 S
AHMTEARGFMMER TR A, SRR H R 8 T 7 B IX LY .

Thus a copper concentrate is obtained that is comprised mainly of copper sulfides like bornite
and chalcopyrite.

sk, (A3 CHRRET, EEEA BT A AR .

|”

The gangue is the “tail” of the flotation process and is dumped as tailings.

kAT R VERIETT ) R P, AR AL

Electricity, steel (in the form of coatings and grinding equipment) and water are inputs that are
critical to determining costs throughout this process, especially due to the initial process of
reducing particle sizes, or “comminution.”

BT AR CLLIRBLRII S 4 T 2D FIZK BRI LA A i v e N R 3%, JCHA)
GRMT B, AIRNRURR N, B R

The grinding process accounts for the largest proportion of the cost associated with
concentration due to its high energy consumption. In fact, over one third of the electricity
consumed in metal mining is used in the grinding process. This stage shows low levels of energy
efficiency (around 1%).

BB S I A AR A Pl K —NRAR, B RIRERER . HLSE, S IERT, 130
RESTHABTEDT R AR o XAB BB IR R (EAZ Z1%)

In the case of crushing, efficiency is 50%, while energy consumption corresponds to
approximately 1% of the total required to produce copper.

TERERT B, R AE50%, {HBEAEAH 25T 4 sl REFE R £11%

This can be observed in the following graph.

DA B A VRS

GRAPH/38 338

Detail of spending stages in operation of concentration process

AT R BRI D
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With regard to the consumption of steel goods, it has been calculated that it will reach 1.077
million tonnes by 2025, equivalent to a 127% increase over 2014 (Cochilco 2014e) currently
grinding costs account for 22% of this stage’s operating costs.

F20254F, AR 77 S RS T SO A 1077 J5 0, 7E20144FE 36 A 3 0T 127%(Cochilco
2014e). HAT, BFEE 5IXAEY BURAE A 122% .

Graph/39 [&%39

Operating cost of grinding stage. HJF &R/ BCHAE 1A

Electric power for grinding #iff B FTkE T %

M&R Services (Mech-Elec) M&R filk%5 (Mech-Elec)

Grinding balls 3 and 5 #iff EE#13 715

Rest of grinding process fiff & it £ Hp HAB AT

Water is also in high demand in concentration processes, from grinding to flotation, and to
facilitate the transportation of process tailings. Continental water sources have traditionally been
used but over recent years increased volumes of seawater have been incorporated, with the
consequential impact on energy consumption.

AT EE SRR, PR RN R, BAE iR, AUV EE. FioKBRIE— B & 2k
Ui, ANRDIE LA i TR R RO s, SR AT L AR A T AR AR

The below graph shows that the national supply of grinding balls is expected to surpass demand
between 2017 and 2018, but after 2019 national supplies will only suffice to supply those
projects classified as probable and a portion of the ones considered possible.

TR, FTLER], B E KA KB B AE20174E 2018 FE AR FF AL BT A A2, T
20194, HWHENLABERI A B A% 7, HAERZs BA B s ml ki /) i H 5 —3 00

GRAPH/40] %40
Supply-demand balance of steel balls (2014-2015)8Xk i {it 75 ~F #7175 0.

(A EZIR, MAEAD
B2, BOKFTRE. FIRE. AET). Exfts



Other problems affecting the grinding and flotation process have to do with the accumulation of
large particles that reach the rougher flotation cells and can have a negative impact on the flow
of slurry, creating dead zones and reducing the recovery rate of valuable minerals, in addition to
increasing maintenance costs. The flotation process also needs to efficiently deal with fine
particles to make efficient use of the kinetic energy that the process demands.

S M) ST JE REF SUG JAUREE 1) By — 6 ) R 1 S RHL V7 e il 1) RIORE R B AR 5 3 B0 L sh A,
TERBEIX, XAl 52 G RO, 2RI S R R A G I . PRIk R AR R e
A ROF FRRL, A BN RE .

In addition to the aforementioned operating costs, the capital cost (investment) required to
concentrate minerals is very high and can become a “bottleneck.” This makes management of
assets particularly important in concentration plants.

B 7 RIRERAESR, TP (B MRER I AR T — TUR M e AR, FIRRZ N 7.
)R B B S AR

Smart technologies18 have emerged as a means for optimizing the use of assets and improving
process efficiency. In addition to improving people’s safety, these technologies help to stabilize
processes (lower variability), cut costs, increase productivity and improve the quality of
intermediate and end products.

BRERH R, AR T B RIRI, BRI T IRAERCE . BR T EREm A AR ek, IXER)
Befedt THRAERARE T CBURIIASED . b RAS . $RTHAE 3, fgm 1 P 317 i oA i
27l TR

They are currently widely used in developments involving control of multiple variables in the
crushing, grinding, flotation and thickening processes. For their part, the providers of
maintenance services have also been adapting their models and practices to these new trends, in
particular proactive maintenance:

BRERH IZ N TR WTEE L PR ARG IR A R ] o 4RI R IR AEAS Y S b 4
FIE AR, DUERFIES, JUHGR EBhgEd:

Monitoring and registering the key performance parameters of a given piece of equipment to
analyze patterns or signals to determine its conditions and in this way plan specific maintenance
activities and program the right moment for intervening in a given asset.

W AD NSRS E W 1 F VR RES H WA 5, DAoe A AR . Rk A
RHI YT, FERFE BT 4 AN, RS IR (R AT 44

While the use of predictive models for failures to undertake programmed maintenance is an
accepted practice, there is an opportunity to increase productivity if the modeling of fatigue and
corrosion in critical parts is improved so maintenance can be carried out in consideration of the
cost and likelihood of failure. Among the trends in maintenance services is organizing
maintenance around the reliability of assets, according to their operational context and expected
maintenance costs.

S I3 R CPTIASE 2Y 1547 B 5 B 4P A2 A5 481, (B SRR IR ZI 0] 93 57 MR Tl 7 0L i A ] BE S 32
E AR AN BRI, ik, 4P AR DU B IR AR A AR R . 4R IR
FInZ I — RABIEAEAFTUA 4P A, Bl Ga 08 = n] SEE T R 44 T4 .



CHALLENGES, SOLUTIONS AND R&D LINES

Based on the information analyzed, the group of experts who participated in the technical
workshops defined the following challenges and identified solutions and R&D LINES for them,
which are presented below.

Pl 7 GBI 2

RAE A EAE R, Z5ERTAERLZ/NE LT BN HkE IR 77 AT AL, 15 WL
LESE

Challenge No. 1: Increased productivity ki1 $EmAr=%

In the current context this considered essential for making progress in the management of assets,
to reduce energy and steel consumption and also to more efficiently use and transport water to
increase the productivity of the ore concentration stage.

AT, $EmAr Rl R RTT 5 B ). FRARBEFEAENATE FE . SEA RO AN
B K BHIREIHES) Jy, TS il A i A A 3

In particular, it must be noted that there are currently concentration plants in operation with
froth flotation cell banks that have an extraordinarily high power installed and their operation
needs to be subjected to a critical cost effectiveness analysis.

FenMEAE R B, ALy AR e, 223 TR ThE, A 0EXNX AR
BEAT T ) AR T

TABLE/24 #1524
Solutions and R&D Lines. J7 & FIHT & 2k
Challenge: increased productivity #kiil: F&EEr=%

fficient water use and transportation

T7 Ge-BE P - PRI RE FE AN A Y A - 280 7K B FH S K
Monitoring of key equipment 3= %4 £ 1] W 1
Handling of Uncrushable Material iy 544} ¢ 40 3
Instrumentation’s ease of maintenance B#4E i 7 14
Robotization and autonomous operation #E/EHLERALAIE T4
Impact of the use of seawater{ii F i 7K B 5210

Fragmentation/blasting 7%/ %

Pre-classification Fi14r2&

Pre-concentration TIER"

Development of new equipment and adaptation of existing technologies.

WA R A BRI R



Classification efficiency 772 Z0%

Development of automatic sensors and controls / process optimizers
H Bl BN a8 1 K $aiil /b B A 48

Impact of the use of seawater i F ¥ 7K 1521

Grinding and coating means fiff B F1ig )2 7 v

Use of seawater or desalinated water 7K F17% 7K f4F
Reducing the water make-up [&{KHMNKE=
More efficient pumping 54 &3 i%

Challenge No. 2: Increased mineral resources and reserves$k /%2, 34144 75 YA i &%
To increase the resource base and mineral reserves, there is a need to increase copper recovery,

control for impurities and develop new technologies.

P v BRI AI P B, B A [ AR 1 2% IR AT AT AR o

TABLE/25 #4425
Solutions and R&D Lines. J7 &M & 4k
Challenge: increasing mineral resources and reserves

PRl BEIG BN fk A

Jevelopment of new technologies PRSI A, e ESE R, BRI TR
BrHR

Selective flotation of byproducts Ell7= i FIAE J6 1%

Development of automatic sensors and controls / process optimizers

H BN AR AT A&, 4l A BEAR A 2%

Pyrite depression TN A

Flotation of fines, roughers and sands A&5VFik . FHIFIEFIRDF %

Explore use of nanoparticles in flotation 4R 775 148 Vit 48 HL gl K J0ks i 37 FH
Impact of the use of seawater i ¥ 7K 521

Development of technology to guarantee the quality of concentrate
RIBHA, {RUEEN &

Development of concentration methods &A™ J52: 1K) & Ji&



CORE CHALLENGE:
ORE CONCENTRATION

2 CHALLENGES

24 R&D & i LINES
PR G

2Rk 6F TR 245 HERIZL

CAPACITIES fiE

* Research in basic sciences. &R FFF A 5T

* Universities contribute to research, instrumentation and control.

PAFE L REHIWTA . G FE BESCRE

* Advanced human capital specialized in: fluid mechanics, materials sciences, nanoscience,
process modeling, robotics, automation and control, geochemistry and environment.

S RERAT L NI BEA: WA MEREREE . GUKREA . AR, FLEAER. B3)
el Hus AL S IR 2

* Training of operators and maintenance workers in Technical Training Centers who are experts
in automation and robotics.

FEBCAREL Y prole 22 HE H SEAHLES AR L ZORPEL N SIS N 51 55

* Technology think tank for mining. # MV FIH AR R 2[4

* Organizations for the transfer of knowledge. Z1IR ¥4 1AL

SUPPLIERSAH: ¥ i

* Strengthen the development of local suppliers of instrumentation, expert control,
mechanization, automation, robotization, information management, optimization software, data
transmission, engineering design and specialized support services.

IETF AR AN R, Jas . B o5dEm] Hlblde. B3k, Flasth. /5 8E 3, Baiiik.
Bl et CARB A A L b A8 ) SR
ALLIANCES Bt

* Alliances between national and international universities and centers of excellence.

580 ) ] A R T o K 2 R 75 W 7 o TR R G R

* Alliances between industries and Technical Training Centers, training of operators

A7 BOREE I R RS TR B R

» Alliances between research centers, Universities, Industries, State, Suppliers.

WAL BT ATE BUR LR T R
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TOTAL PATENTS
2010-2015

//

PATENTS

MAIN
TECHNOLOGICAL
TRENDS

2010-2015, A 77IEF|

- Preliminary treatment
of ore or scrap

- Methods or ancillary devices
or accessories especially
adapted to to crushing
and disintegration

-Means of transport
specially adapted to

underground conditions. jﬁ%f&*%%‘
A AR T B0 R B s oy AN 7 AR 1) 7 4k Bl 2 L P A T S

MOST-CITED PATENTS

US7861955B2

Sk E iRl

Wet-grinding gypsum with polycarboxylates

SRR ARV 11

US8960337B2

High impact resistant tool with an apex width between a first and second transition
He v R 0 R 3 — RN 6 e ) ) s v LA

US8302890B2

Modular ore processor

WA PG

uS8022019B2

Method of making proppant used in gas or oil extraction
PR EA T ZE ) SCHE TR I 3 07 9%
US8434706B2

Overburden removal system with triple track mobile sizer
BUESPR ARG, A =ERR SRk
W0O2010037215A1

Method and apparatus for processing a sized ore feed



AP —5E AT R AR B

EP2319624A1

Method for fine crushing of lump material

BB RIS AR B 52

US2010044276A1

Method and apparatus to create an oil sand slurry

il I b S ) D T2 AR

DE102009018236A1

Mobile crusher for use in open-cast mining for crushing broken rock, has loading belt connected with hopper,
suspended by hydraulic cylinder on upper ring support at raised and lowered position and partially compensated by
counterweight

B R BRI R SR DL, PR FERE A O TEHORL S BBy, B mAE B IT RIS
FEVIRUREL S, B R&A —ASCE#Y), defT,

US8182601B2

Powder formed from mineral or rock material with controlled particle size distribution for thermal films

R B MR B R, BAy T SR FEE 73 A

COUNTRIES WITH MOST PATENTS

LUK

Germany

S o

Australia
Canada
UK

Russia

== [Sg] -t o]
La o

Chile
Switzerland

China

— [ o B L | | T S |

France

|
A e 2 B R AR [ 25X
el fEEL WA, nEAL SR WP B Bt hE. RE

MAIN UNIVERSITIES

- Chinese University of Mining and Technology
- University of Houston
- University of Melboune

TR
AR AR SRA K



MAIN - Tech Resourses PTY LTD
COMPANIES - Takraf GMBH

- Unimin Car
AND/OR R&D e ware INC

CENTERS - Thyssenkrupp Foerdertechnik
- Suncor Energy INC
- Arter Teknolodzhi LTD
- Harnischfeger Tech INC
- Corporacion Macional
del Cobre - Codelco

F B FRN/ B A O
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Technology Watch:
Crushing (Publications)

SCIENTIFIC PUBLICATIONS 2010-2015 SCIENTIFIC

PUBLICATIONS

/ /

) M
FRKEE14
HoR M W CRARYD
Bl R Y2010-2015; B R

Ore processing

Mineralogy

Engineering

Metallurgy / Metallurgic engineering

Chemistry

Materials sciences

Muclear Science and Technology

Fossil fuels

WAL 0% TR mEiae i s MERS BREESER: iYel

MOST-CITED
PUBLICATION

Large particle effect in
chemical/biochemical heap
leach processes - A review

Authors
Ghorbani, Y.
Becker, M.
Mainza, A.

S 22 1 R B - KURE X A 2 AR A 2 HE IR SRR R S



— (A8
((=2F

MAIN RESEARCH INSTITUTIONS

University of British Colombia

Chalmers Technical University

Chinese University of Mining and Technology

University of Cape Town

ADP Group of Companies

AGH Science and Technology University

Amec Americas Limited

Aminpro Chile

Caspen

Chinese University of Geosciences

F TN
ML RS R RS R RS EORY; ADPA R AR AGHERMFEHEIR K
¥, Amec Americas Limited. Aminpro Chile. Caspeo. H[E#h/5i K2~

COUNTRIES WITH SCIENTIFIC PUBLICATIONS

4. Africa
Australia
Chile
Usa

* Canada
China
Swedan
+ Finland

ndia

ran

AR R [ 2K
FEARS BRI BRI LE. sk, E. B, S5 B B
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Technology Watch:
Grinding (Patents)

TOTAL PATENTS
2010-2015
PATENTS

5EEELS BREHR: WHE (BFRD
2010-2015, F:AH11343EF)

2ast©

MAIN TECHNOLOGICAL
TRENDS

- Presses specially adapted
to specific ends
- General layout of
separation in the plant
- Control systems aspecially adapted
to crushing and disintegration
- Matatworking N Ry
FEFAEY
MFFeE HINIE )
TR e Ay B
B REA I R4 1) R 58

EEinL
MOST-CITED PATENTS ON GRINDING5| A& ZHFEL F

US8147980B2

Wear-resistant metal matrix ceramic composite parts and methods of manufacturing thereof
TER L EELEBEHRHIETZ

US7757976B2

Method of processing nepheline syenite powder to produce an ultra-fine grain size product
WIERIE &8 LB

US7954734B2

Disruptor system for dry cellulosic materials

FT FEZEHHBIBBYRE

WO02012016286A1

Sorting mined material

TR B HIA9 5

US7677079B2

Method and device for sensing wear

R TEY R T ERRE



US7861955B2

Wet-grinding gypsum with polycarboxylates

BB HEEAE

US8960337B2

High impact resistant tool with an apex width between a first and second transitions
EE—FE=EREERABEZHEF TR

US7690589B2

Method, system and apparatus for the deagglomeration and/or disaggregation of clustered materials
FEREBHH 5%, RAFRE

US8302890B2

Modular ore processor

7 AR RS

US8157193B2

Waterless separation methods and systems for coal and minerals

KRBT YR 5K 5 B ERIR L

COUNTRIES WITH MOST PATENTS IN GRINDING

L=A
Australia
Germany
Chile
Denmark
Indiz
Finland
LK
Japan

France

FARFAARFA R FA ARSI LRSI ARSI RSN

HETELFIRZ 8 E5FK
EE BAFIL #ZE EF AZ HE F= #E AX ZE

MAIN UNIVERSITIES

- M Gill University

- University of KwaZulu-Natal

- University of Dueensland

- University of Santiago de Chile

- University of Melboune FE A

WEAZZRAZE, BHEHENERAE, BAFLELZASE, EFZHWHFAFE, EREAZ

MAIN -Smidth 8 COASFL
COMPANIES - Unimin Corp
AND/OR R&D - puiatec 0%

- Metso Minerals France SA
EENTEF'?S - Schlumberher Technology BV

- Tech Resources PTY LTD

- Arter Technology BV

. b
KDOH Humboldt Wedag GMBH EELFH BFLE A
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Technology Watch: Grinding
(Publications)

SCIENTIFIC PUBLICATIONS
2010-2015

SCIENTIFIC
PUBLICATIONS

{5 BKZE16

FAR R B CHARYD)
2010-2015 F}2EH A

Engineering

Geology

Ore processing

Ecology and environmental sciences

Water resources

Geachemistry and Geophysics

Metallurgy / Metallurgic engineering

Meteorology and Atmospheric Sciences

Remote Sansors

Computer Sciences

TRESA HUBA A AR B ARSI Rl ORBRIR MU AL S AR B YT
A BRAR AR RN THEHLRL

=7

MOST-CITED
PUBLICATION

Large particle effect in
chemical/bicchemical heap
leach processes - A review

Authors

Ghorbanmni, Y.

Elen?l_cer. M.

Maiza A BB AR KBURIRH A2 AL SR B

({2



Chinese University of Mining and Technology

University of Saskatchewan

Korea Institute of Geoscience and Mineral Resources

University of Pretoria

Chinese Academy of Science

United States Department of Energy

University of British Colombia

French Mational Center for Scientific Research

Spanish High Council for Scientific Research

HE Mk
W T AR K o R M OB A R W BRI ST LEBIRE MRS . R SRElRE
PRESS BME LIRS IRE B S RO TUHE MR AR A

COUNTRIES WITH SCIENTIFIC PUBLICATIONS

UsA
China
Canada
Indiz
Poland
Spain
France
Turkey

Australia

LA LR ERRERNRE LNENERNERS.EJLNENEN]

Germany

AR AR B 2K
M R R B s THEE kE RHI BOCAIE
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Technology Watch: Flotation (Patents)

E R EERL7
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TOTAL PATENTS
2010-2015

ole

PATENTS

2010-2015 JLH 758811 L F|



MAIN TECHNOLOGICAL
TRENDS

- Expected effacts of
flotation agents

- Specified materials treated
by flotation agents,

specific applications Igj:ijt%%
PRI PO ROR ;s R A B R IR R, R RN
US7763166B2
Relocatable countercurrent decantation system
A EFEW R L RMTRE
US8011514B2
Modified amine-aldehyde resins and uses thereof in separation processes
K RIFHI BB E FIR T 7 BT FE P H B
US8424601B2
System and method for minimizing the negative enviromental impact of the oilsands industry
BB ST FRI L EIRNG |, HFEAERT EFIFRLSE
US8757389B2
Amine-aldehyde resins and uses thereof in separation processes
BBERIIERI R 1 5 BRI
US8133970B2
Oxidized and maleated derivative compositions
S BRBEETELSY
US9114406B2
Steam driven direct contact steam generation
BT D EREEH S
US7922788B2
Process for recovering gold and silver from refractory ores
MG BB E RR T E
US8025341B2
Mobile oil sands mining system
CN102085526B
Recycling method of blast furnace dust generated in steel making industry
HIIT AL B AP R BT T %
US2011155651A1
Separation of copper minerals from pyriteusing air-metabisulfite treatment

R/ ES L RS M ESHT F 5 BT



COUNTRIES WITH MOST PATENTS

=4,
Canada
Australia
Germary
Brazil
Japan
Russia
France

M. Zealand
Chile

HE TFRZHEF
EE WEA BAFT #E BFE AX #HZH 20 #FHE= 7

MAIN UNIVERSITIESEE K%

- Technical University of Aquisgran
Aquisgranf R K=

- University of Manchester £ ] #7 4% X %

- McMaster University &5 L H45 K%

- University of Osaka KFRAZ

- University of Utah Research Foundation#t i3t B & & K%

MAIN - Barrick Gald Corp
COMPANIES  -Basfad
AND/OR RRD - BHP Bill tunFS?M Dev FTY LTO
CENTERS ok mdusires AG

- Ex Tar Techmologies INC

- Geordia Pacific Chemicals LLC
- Sumimoto Metal Mining CO
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SCIENTIFIC PUBLICATIONS
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PUBLICATIONS
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B2 4R #2010-2015

MAIN RESEARCH TRENDS

Ore processing

Enginesaring

Mineralogy

Metallurgy { Metallurgic enginaering

Ecolagy and environmental sciences

Chemistry

Materials sciences

Fossil fuals
Bipchemistry and Maolecular Biology
Bintechnology and Applied Microbiology

TEGFES

THNL, ITEF THF BEIEF LXFFHRERZE. EF UWHBZE. 7K. E91LZF5FEY, £
WEARFBSTHEY

=7

MOST-CITED
PUBLICATIOM

Large particle effect in
chemical/ bivchemical heap
leach processas - A review

Authars
Ghorbani, Y.
Becker, M.
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AREREBEAZ, BEEAR, FEHAZ, FETWAF, AGHBIZEB RS, FIRRFLERBETAS, HEBZE,
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COUNTRIES WITH SCIENTIFIC PUBLICATIONS
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CORE CHALLENGE: HYDROMETALLURGY #.Uadkik: 1BIEVE4EA
BACKGROUNDT 5t

Copper Hydrometallurgy is the method used to process copper oxide ores and some types of
sulfides. It prompts diverse physical and chemical reactions19 to extract the copper from the rest
of the crushed material, dissolving it in an acid solution (leaching stage) before then continuing
with a solvent extraction stage followed by electrowinning to produce high-purity copper
cathodes.

TR FRA 2N TR A0 — SSBR AL 51 o IX b 7 v 8 7= A 1) % SR B A 2 S B
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frBERRMEVE R GRHED.

Oxides are formed near the surface because they are ores produced by a deposit’s oxidation
process as it is attacked by the oxygen in the air and in the form of oxidizing fluids (water, air)
(Codelco, 2008)

R 2T A XLl R B TE U o 23 B 8 DA S LA TR
TAFERER OK. 250 SR R, XM IRE I .

The industry has been going to increasingly greater depths to extract minerals (open pit mines



are ever deeper and/or are becoming underground mines, while underground mines are also
going deeper).

K AT TR, BN SRR IR T2 I (BRI BIR LSRR, B 52 AR
RTHUCTRT,  [EIRHR A E D

19 The main processes involved are: agglomeration, ROM leaching, Heap leaching, solvent
extraction and electrowinning.

FEREH: BER. ROMAHRL, HEIR . W7 AZHUR FFG 532

Thus, the industry has not incorporated any new leachable deposits to its resource base. While
an average of 2 million tonnes of electrowon cathodes were produced from 2009 to 2012, in
2013 and 2014 it fell to around 1.9 million and 1.8 million tonnes, respectively.

SRATAT MY H BT A BT AT AU RO BRIl H AR < 1 AR 4 2009 4F 22 20124F 11
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In the same way, mining companies’ project portfolios and future development plans are heavily
based on maximizing mines that are currently operating (brownfield projects), where the
increasing depth of deposits will lead to the depletion of oxide ores. This, together with declining
ore qualities, both in terms of ore grades as well as the leachable quality, has led to recent
estimates that just 12% of projected copper production in 2026 will be cathodes produced
through electrowinning, thus resulting in significant idle capacity at electrowinning plants.

[FJBE, SRl 7] B30T H H A MURR A TR 0 T i KA RILEE L 4 I (i
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GRAPH/41 Projected Chilean copper production through 2026
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N Concentrates Cathodes Sx-Ew ;{%ﬁr, BH*& Sx-Ew

In the coming years development of the national mining industry will be based on the
exploitation of sulfide ore reserves (mostly chalcopyritic), for which mineral concentration
processes are currently used. However, in this future scenario, hydrometallurgy must also address
treatment of sulfide ores.

RKIVE, R AT K AU T B i & T (EZR BT, s 2 H
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Hydrometallurgy is uncompetitive compared to concentration, as the latter allows over 90% to be
recovered in a matter of hours while the former obtains between 35% and 60% in periods of over
300 days. Along these lines, there is a clearly crucial need to endow hydrometallurgy with
technologies that allow it to increase its efficiency in terms of recovery times.

IR S RGBT AT 25648 1, JaFAE) L/ A 90%[m] W 2 11 /i # £E300 K
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In addition to this, it must be kept in mind that energy is the most significant cost item in the
hydrometallurgical process. Depending on the purchase price, it represents between 25 and 30%
of the total (with between 80% and 90% of this expense generated by the electrowinning
process)

Aangt, FATBAUE RS, WEaEd RS, MR RARITSC. RN IAR,
REAE T LA o5 SRR 19 25%-30% (REFEI80%-90% 1 FI 7E FLARIAT5)

In the case of water, while its consumption is relatively low (0.1 to 0.2 m3 per ton of ore),
potential future usage restrictions associated with the challenges mentioned earlier in this book
and the implications this might have for the leaching of low-grade sulfide ores could halt the
implementation of this process.

IKERE T, R HFERUE (R 450.1300.2°57 J72K) (BARKATReA SR ARSI, 454
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Lastly, it is worth mentioning that significant improvements in productivity could make the
extraction of marginal resources that are currently not considered part of reserves profitable. In
other words, technological step changes could turn these liabilities into assets, as has happened
before.
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Very significant new processes and technologies in the field of hydrometallurgy have been
developed over recent decades. In late 1980, the Lo Aguirre Mine in the Metropolitan Region
implemented a cathode production plant based on technologies that were new at the time,
combining a novel Thin Layer (TL) heap leaching process with solvent extraction and

electrowinning operations.

AL U4, AT T3 A S T REAEOR . )\ AR, RITT HLA Lo Aguirre
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It was the first plant in the world to apply the TL heap leaching process on a commercial scale, in
addition to being the first commercial application in Chile of the copper solvent extraction and
electrowinning process.

B LA TUEIR AR ), [R) 2IR 2 FR 28 — SR v 7R BRI Ha vk
e A ).

This new process made it profitable to extract copper from ores with grades below 0.5%, as is
currently the case in mines like El Abra, Radomiro Tomic and Lomas Bayas. TL heap leaching
integrated with solvent extraction and electrowinning became one of the most important
innovations in copper mining in metallurgy in the 1980s and 1990s, both in Chile as well as in the
rest of the world.

MEEZEN0.5% LA T B A7 R By B AR R 9 XA O BT RRE T B8 2 G ks, I N RO
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CHALLENGES, SOLUTIONS AND R&D LINES Bkl J5 AW A& £k

Based on the information analyzed, the group of experts who participated in the technical
workshops defined the following challenges and identified solutions and R&D lines.
WRIELLEE R, S 5EARTERSZ/NARH T LB e 77 SR

Challenge No. 1: Environmental protection and social responsibility

Pk FEAG RS RN 5 E

A very important issue is related to the need for a “social license” to operate, to obtain
communities’ acceptance of operations, conditioned, among other things, on full compliance
with environmental regulations. Because of this, adequate handling of hydrometallurgical wastes
is a fundamental activity for the industry.

WIRERL “AESAEMEVFR] 7, B AR AL DR AT T ARV P B ARG N, A4 b BT I AR A
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TABLE/26

Solutions and R&D Lines. Challenge
environmental protection

and social responsibility

Fhg26 TR L. Pl TEEMR R RS 5
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Challenge No. 2: Increased productivity #kfi2: #2EEr=%

Improving the efficiency of processes, both in terms of the kinetics of copper extraction as well as
the consumption of acid and energy, is and will continue to be a very important matter for
dealing with declining ore grades, the soluble content of the ores and the presence of acid



consuming varieties.
PN T FRRCR, B FERHCE 30 ) 5 AR A RE 2= M VHAE T T o R R it T A BRI S5
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TABLE/27

Solutions and R&D Lines.

Challenge: increased productivity

- - MNew leaching, solvent
1 ey il =N G W RBLhn e =3 4 . _

: and electrowinning pr
1

_______________________________________________________________________________
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Challenge No. 3: Increased mineral resources and reserves

i3 SR A %

The existence of altered materials with a low presence of soluble copper, the appearance of clays
that affect the percolation of leaching pads and refractory copper ores (primary sulfides of the
chalcopyritic type), which are aspects that must be dealt with more and more.

BACMRL T VE YRR & b - R R B AN O KO R 2R 0 3 22
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In this context, the base of mineral resources and reserves will continue to heavily determine
productivity and the business outlook, which is why it is of the utmost importance that more
efficient and versatile treatment methods become available that are capable of responding to ore
variability
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TABLE/28 #1528

Solutions and R&D Lines. Challenge: increasing mineral resources and reserves
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Use of future idle capacity

___________________________________________
! Development of new technologies
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i Leaching of low ore grade ores (ROM,
E mides, sulfides) and gravels.

| R —— ———— ————

i Concentrate leaching.

[ A —— - ————

i Leaching of white metal, dusts.

i Leaching of altered ores, cl
! soils, producers of fines.

pommm———— ———— ————

| Onsiteleaching.
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Precious metals recovery

MNew leaching, solvent extraction
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CORE CHALLENGE:
HYDROMETALLURGY

3 CHALLENGES

/I O R&D & i LINES

ZoLkik: Biki64e
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CAPACITIES

* Research in basic sciences FEAlEHEF I

 Universities contribute to research, instrumentation and control. 35142 KEKIWI R X
A B S

* Advanced human capital specialized in: surface physicochemistry, nanoscience, mineral

chemistry, electrochemistry, process modeling, management of assets, geochemistry and
environment.

FeRERIRFIRATIL N B A RINVIEAL . GOKREE . s s s, %™
EHL MU

* Training of technical workers in expert operation and maintenance skills at Technical Training
Centers

FEBCAREE Y HprOox HoR TNBEAT F S AL AT 4E 57 552 B R 551

« Technology think tank for mining. MV H+ AR R ZE 4]

SUPPLIERS

* Strengthen the development of local suppliers of instrumentation, expert control,
mechanization, automation, robotization, information management, optimization software, data



transmission, engineering design and specialized support services.
IaEI A AN R, I a5 il B3k, Flasth. 5883, Bk,
Bttt TR AR b s ) 32 HF
* System structured to accompany local companies with technological capacities.
3 SCHE R4 LSRR 2 A B I HOR BE T2 7
ALLIANCES
 Alliance between national and international universities and centers of excellence.
558 1 1] P R L B K 22 R 5 1 R 0 T B
* Alliance between industries and Technical Training Centers to train operators and maintenance
workers.

A7 BOREE I G R RS O I R A

+ Alliance between research centers / Universities / Industry / State/ Suppliers
DR SRR AT BURFS AR T B R
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US7901561B2
Method for electrolytic production
and refining of metals

US784£423382
Leaching proceks for copper concentrates

USB65800782
Oxygen-producing inert anodes for SOM process

US784£430982
Metal electrowinning cell with electrolyte purifier

UST740745B2
Naon-carbon anodes with active coatings

CNIDI 7179694
Alloy material suitable for inert anode
of metal fused-salt electrolysis cell

USBT7R44E39B2

Electrochemical process for the recovery
of metallic iron and chlorine values from
iron-rich metal chloride wastes

USBR98473B2
Bus bar electrical feedthrough
for electrorefiner system

US201100078241
Aluminum recovery process

U5B070851B82
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COUNTRIES WITH MOST PATENTS
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MAIN UNIVERSITIES FH K%~

* University of Seoul Research and Development Foundation
T RBIF TR s o Ko

* University of Alabama

(AN

* Boston University

PR

* University of British Colombia  &}¢ ELIE K%

- Free University of Brussels ffi€&-%&/K H i K2



MAIN COMPANIES AND/
OR R&D CENTERS

- Alcan INT LTD

- Aluminum OF America

- Aluminum Corp of China LTO
- BHP Billiton SALTO

- Elkemn AS

- Grean Metals LTD

- Moltech Invent 54

- Pachiney Aluminium
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Electrowinning (Publications)
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SCIENTIFIC PUBLICATIONS
2010-2015

SCIENTIFIC
PUBLICATIONS

[EAFLEEENNREELERELNRENERN.]

2012
2010-2015 B} H R

MAIN RESEARCH TRENDS N®

Metallurgy / Metallurgic engineering 30

Engineering 1

Chemistry

Materials sciences

Electrochemistry

nstrumentation and instruments

Ore processing

Optics

Physics

L I T S S O T s B =)

Mineralogy

T TGS
HaEY. TR e, MREREE. B, BERAIT A AL, Stee. MBa.
7S

MOST-CITED
PUBLICATION

The influence of alloying
elements on the
electrochemistry :\f lead
anodes for electrowinning
of metals: A review

Authors
Clancy, M
Bettles, C.J.
Stuart, A
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MAIN RESEARCH INSTITUTIONS

University of Concepcion

Commonwealth Scientific and Industrial Research Organization (CSIR0)

Glencore Xstrata

James Cook University

San Carlos Federal University

University of Alexandria

University of Laval

University of Monash

Amirkabir University of Technology

Australian Synchroton

F TN

REFEETE 5 K. BRI S TV AL (CSIRO) 32 A6 T -HkEfits . AUk 2 7 K2
LRSI R WP LLRR S R BLR R SE . ORRE AR5 FIK R R B R BT
K. HAF]I Synchroton

COUNTRIES WITH SCIENTIFIC PUBLICATIONS

. - .

* Brazil

L

+ Canada

v 5 Africa
- UsA
.
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MAIN TECHNOLOGICAL
TRENDS|

- Solid waste management
technologies

- Obtaining metals from rare earths

- Obtaining noble metals

- Metal composites

froem rare earths Igﬁﬁ%%
B AR HEAR: ML RPRINEGRE: R ESE: Mo TiERERE6Y
MOST-CITED PATENTS ON FLOTATION

SIARZHEIET R

US8177881B2

Method for extracting and separating rare earth elements
TR B L T EN 5%

US7829044B2

Phosphonamides, process for producing the same, and use thereof
BEBL BRI 1E 5 D5 R 75 0%

EP1752550B1

Method of recovering nickel and cobalt

B R T4 T2

US7686865B2

Method and system for recovering metal from metal-containing materials
MEZEYWRE FIEREETEN T ERRE

US7935322B2

Method and system for recovering metal from metal-containing materials
MEZEWRE FIEREETEN T ERRLE

WO02012149642A1

Processes for recovering rare earth elements from various ores
MTITRIT FF B L T FE R T %

US8916116B2

Separation of iron from value metals in leaching of laterite ores
A+BRTRLRELE , NP5 ELE

US8147782B2

Producing nickel hydroxide suitable for pelletization with iron-containing ore and for stainless steel manufacture
EFETGIR , FTFERT BRIX LR T HH#E

US7750066B2

Treatment of agueous compositions containing contaminants
EETRYLI KIS YRILN

JP4524394B2

Extraction Method Of Am, Cm And Ln Existing In Acidic Solution
B #EEAM, CmALn



COUNTRIES WITH MOST PATENTS IN FLOTATION

Japan
UsA,

Australia
Germany

Canada

China
France

Spain

HEZLFTFIRZHER
A £E BAFL ZE NEA F= ZE 75 ZEH FAHT

MAIN UNIVERSITIES

- University of Mevada

- University of British Colombia

- Central South University, China

- Chung Yuan Christian University

- University of KwaZulu-Matal

- Catholic University of Lovain

- Complutanse University of Madrid

- University of Mantes

- Northweastern University

- University of Osaka FE A

WA R MBI RSE PR g R G ERSE . AR S G QIS /R K2, Lovain
REHKT . SEERETHAY . EEER Y. REIERY: . HAKBCORS

MAIN COMPANIES AND/
OR R&D CENTERS

- Cognis Ip Man GMEH

- Commw Scient IND RES ORG

- Cytec Tech Corp

- Freeport McMoran Corp

- I£ Nippon Mining & Metals Corp
- Nippon Mining CO

- Dutotec OYJ

- Porcess Res Ortech INC
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MAIN RESEARCH TRENDS

Engineering

Chemistry

Metallurgy / Metallurgic engineering

Ore processing

Ecology and ervironmental sciences

Mineralogy

Food science and technology

‘Water resources

Binchemistry and Molacular Biology

Elactroscopy T B

IEF, IEF BEIEF. TAML, EXZFHFERNE, TYF BRAFERR, KFEF, EPLZFLFEY.
THEEREZ

MOST-CITED
PUBLICATION

Remaoval of transition metals
from rare earths by solvent
axtraction with an undiluted
phosphonium jonic liguid:
separations relevant to rare-
earth magnet recycling

Authors

Wander Hoogerstraete, T
Wellens, 5.

Verachtert, K SRS RY

BRI BB L TEL LR , I ER TR G FRAE | X TRt T HEB S B EW%
EE
MAIN RESEARCH INSTITUTIONS

University of British Colombia

Commonwealth Scientific and Industrial Research Organization (CSIR0)

Central South University, China

Council for Scientific and Industrial Research

Poznan University of Technology

Korea Institute of Geoscience and Mineral Resources

Mational Metallurgical Laboratory of India

University of Tehran

University of Damascus

Wroclaw University of Technology

ZEHFENH

FRHTWAZ ; BB FZETWHFFELALR (CSIRO ) | HEFFAZ | BAFDRZET W HFREES | BEREFT
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COUNTRIES WITH SCIENTIFIC PUBLICATIONS
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TOTAL PATENTS
2010-2015

/9

PATENTS sesms

BRG] . BH ( EF/) 2010-2015 HE291 G E 7/

MAIN
TECHNOLOGICAL
TRENDS

- lon exchange inwhich a
complex or a chelate is formed;
Use of a substance as an
ion exchanger that forms
complexes or chelates.

- Treatment of a substance
to improve its exchange
or iron properties forming
complees or chelates

TERRES

ran
Australia
ndia
China
Paland
Canada
Turkey
Japan
South Korea
Swedan

&
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MOST-CITED PATENTSS| A& ZH & F

US8852777B2

Methods for the preparation and purification of electrolytes for redox flow batteries

BERNESENEAEE , SIESLERBRE
US7892505B2



Hydrometallurgical process for the treatment of metal-bearing sulfide mineral concentrates
MR E S EENTRLT BT HIRE

US7858056B2

Recovering metals from sulfidic materials

ML EEIREE

US7846233B2

Leaching process for copper concentrates

BT = HRE

US2010155330A1

Target material removal using rare earth metals
ERBLITRBRERYR

US7771700B2

Target material removal using rare earth metals
ERBLITRBRERYR

US7686866B2

Recovery of copper from chalcopyrite

MNERT B YE

WO02011128061A1

Functionalised materials and uses thereof

heE LR R E R A

US8329124B2

Metal Extractant Reagents Having Increased Resistance To Degradation
SEREFIFEF , EFRSRBE#EME

US7993613B2

More efficient ether modifiers for copper extractant formulations
B = RV AR SR BT B 5 R B S

COUNTRIESWITH MOST PATENTS IN LEACHING

LI=A
Canada
Japan
Australia
Finland
Germary
Chile
China

5. Africa

Brazil
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MAIN UNIVERSITIES

- University of British Colombia
- University of Alberta

- Universidad Autdnoma Metropolitana de México

- University of Cape Town

- Central South University, China
- Donghua University

- lames Cook University

- University of Kingston

FERE

T A mMeEXM/REZEAE Universidad Autdonoma Metropolitana de México FEH A FEGBE

K2 REXE BRIERAZ SEWAZ

MAIN COMPANIES AND/
OR R&D CENTERS

- Freeport McMoran Corp

- I{ Nippon Mining & Metals Corp
- Dutotec 0Y]

- Nippon Mining Corp

- Cognis IP Man GMBH

- Basf AG

- Cytec Tech Corp

- Dutotec Finland OY
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SCIENTIFIC PUBLICATIONS
2010-2015
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Metallurgy / Metallurgic engineering

Engineering

Ecology and enviranmental sciences

Ore processing

Chemistry

Mineralogy

Materials sciences

Biotechnology and Applied Microbiclogy

Water resource

Taxicalogy
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MOST-CITED
PUBLICATION

Low grade ores - Smelt,
leach or concentrate?

Authors
Morgate, T
Jahanshani, &
SIASRZNERY - BERT A—5%. BHEREY ?

EE -

MAIN RESEARCH INSTITUTIONS

Central South University, China

South African Council for Scientific and Industrial Research

Commonwealth Scientific and Industrial Research Organization [CSIRO)

Kunming University of Science and Technology

University of British Colombia

Chinese Academy of Science

University of Concepcion

University of Quebec

University of Ultah

Utah System of Higher Education
FTEMENG

FEHEAR  EIRETUHRESES  RAFTRBBFETLHRAL (CSIRO ) ; BHREKAE ; FeI K
F; HENFEE ; REEBESAE ; BIARKE ; ERF ; MESSHERS

COUNTRIES WITH SCIENTIFIC PUBLICATIONS

China
Australia
LI=A

Turkey

India
Canada
South Korea
Iran

South Africa

Chile
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